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PREFA OE 

EWIl'l'H EDlTlO!f 

Of th.e Royal A,ricuUural Society', 'l'e:d Book, 1911 

THE Text-Book edited by the late Dr. F r. am IUld 
publishe-d , having run through seven editions, and 

met with HO great. a. demand by t.he public tho.t 
39,000 copies hare been Bold since its issue, the Society 
though t. the time had arri,'cd for a thorough revision and 
partial rewriting of the book, t his being placed in the 
hands of ProCessor J. R. Ai.u..sworl.b-Da\o"is. Principal 01 
the Royal Agricultaral College, Cireneester. Assisted by 
Dr. Voelcker, Mr. R.. M. Greaves. Mr. Cecil ·Warburton. 
Professor Drysdale Turner, )1r. C. D. Stewart, Mr. 
Ernest Mathews, Mr. O. H. H ollingworth, Mr. W. H. 
]';eild, Mr. J. Herbert Taylor. Mr. W. HlIJlson Sale, Mr. 
Sanders Spencer, and the Secretarie. of (he Breeding 
Societies, Professor Ainsworlh-Da.vis has 6pared no pains 
to bring Dr. Fream's work up to lhe present date. TL. 
plate. a.re taken from photographs or representa.tive 
animals, and the Society wish to thank Lhos. gentlemen 
who have been good enough to provide them. 

The thanks 01 the Society are e.pecialJy due to Pro
fessor Ainsworth-Davis for undertaking lhe somewhat 
ungrateful task of building upon anotLer man' s founda.
tion., and they trust that t he gratitude of .11 intere.ted 
ill .A,pkulJ;ur..a] EdlJr.aJ.ion will h" .!!om" nWJlfd fo~ .hit 
arduous labou rs. 

J. H. THOROLD, 
Ch airman of tIlt Education Com mi.ttu. 

Boy.u AGlUCOLTU1U . .L SOCUTY OJ' ENOUND, 

16, Bedford Square, W.C. 
blr, 1911. 



EXTRACTS FROM THE PREFACE TO THB 
FIRST EDITION 

Tn preparation of this Text-Book was uo.denaken by 
the Royal Agricultural Society of England, in compliance 
with the ma.ny demands that had been addressed .0 it 
ror an elementary work on Agriculture adapted [or use 
l.D. rural and other schools and classes. 

The general scheme of the work was setlled by a Sub· 
Committee appointed by the Council of the Society, aDd 
consisting of Lord Moreton (Chairman), Major ~r&ig:i e, 
Mr O. De L. Faunce De LauDe, Mr. D. Pidgeon, Mr. 
1I1&rtlO J. Sutton, and Mr. Charles Wbitehead. 

The Suc·Committee placed the preparation of tbe 
Text-Book in the capable hands of Dr. W. Fream, to 
whose skill and knowledge of the subject any succeS9 
which the work may a.tt1\ln will be chiefly due. 

The Sub-Committee uesire a.lso to record theIr 
grateful acknowledgments, for valuable suggestions and 
revision of the proof-sheets, to Sir John Lawes, Bart., 
Sir John Thorold, Ban. , ·Sir Jacob Wilson, Mr. Alfred 
Ashworth, Mr. Thomas Bell, Mr. J. Bowen-Jones, Mr. 
Ohandos·Pole·Gell, Dr. J . H. Gilbert, Miss E. A. 
Ormerod, Mr. D. Pidgeon, Mr. Clare Sewell Read, and 
Dr. Voelcker. 



TABLE OF CONTENTS 

PART I .- THJ: SOIL 

I . FOBlU'IION Ot SOIL 

Soil Ilnd 8ubsoil, 1; kinde of ~,il, 2; n&tive plan" 
growth, aoluble and ineolubte soil ooWltituente, 
3; (S'ooJogical m8p6. torm.lion 01 aoil trow ~oc .. , 
dunntc,;;ratiou, 4; water &6 &on agent or die· 
integrat.ion, 5; igneous .00 .. queo~ rocks, 7; 
weai.bering, flooeut.a.ry &oil., 8 i transported eoil8 . 
ooDBt·&nt change in soils, esrLbW'orme, ». 

II. COlfl"OSITION A.ND CUSSIFIC4TIOS OF SOILS 10 

Mincral and organic matter ... nd, 10; chi.,., 11; 

!Y::it:;ti~~~O:'i~,UU:~, ;:~::~afa.~~;'f~ 
~!aili.i~~iit:6~t ~:~i~~:,D~I~~na~;':~~'eol~: 
20. 

111. PHYSICAL PeOPERTlES OF SOIL! 

Structure 01 8Oil, 22; air aDd water DJ «iil, 2iJ i 
capillarity, tilth, wat.er·t.&ble, 25; mulches, 26 j 

paM, rzl; temperature of soil, 28. 

1 V. S OUBC1:S OF Loss A._'_D G..u:s TO SolL8 

Composit ion of drainage water., SO j waahing out 01 
nitra.t.e8, 31; bare Callow, 82; 60UTCce of gaiD, 
33 i &genta or diainte-gn.tioD, nin, 34; dew and 
hoar-ff'06t., oorupoBitioo of rain, 36 i residue. of 
<!rope, bumU8, 37; organic nitrogen, niuification, 
38; nitrogen-fixing baet.erial 39; denitrification, 
fungi of soil, to i 1D100l'bin, eymbioeie, 41. 



• ., 
c.un,,, 

COXTEKTS 

\'. llfPRV\'E~fE"'1' OF SOILS • 41 
Poor SUI Ill , 41 i lime, marl, warping, paring and 

~~r~:~~IIg~nj;;litf:r dr~i~~~~:~; ~i~~nfiiJA!~: 
4ft 

VI A r. I~I (.'t1LTr;-nAL ]}lPLEMEXTS to 
(I) Impiernof'lll8 (or working soils, 46; the ploug~ . 

47; ploughiug, 53: poinil! of good ploughing, 

~~esro~~r:'~~j~r~~~'~~~&~2)1:~1~r::ea~t::f':; 
b()will$" £let>d and distribut.ing WlLllure , drills, ~; 
Ilrlificmi rna-illite distributors. (3) Ste~m culti
"Ill i4111 , 6!J. (4) IDlplemen~ for I!;"cuting crops, 
h nn 'e.st.lug iru plemellUl, renping n1achine6, 71 j 

UI()wing machinetl. 74 j httymuking In;iehille, IUlY· 
k .. .:kE'r. f<wathe turtlel', borse-rake, 70 ; dev8.loOf 
Df "tr~ker, j"7j bay an-() straw prt!&SNI. ('arts and 
waggon'), i9. t5) Imp\emenb for preparing crepe 
for market, tb~bing machilleA, 80 j ai.ea.m 
I"'gines , oil engin~, 8:) : petrol e"-iD~, 
86; winnowing machines, 87; screentl, as, (6) 
Illlph::mente for preparing food for stock, Chllt"f 
l'utteT8, 89; tnrnip-cutt.en; or pulper6, corn 
grinding mills, 91. (7) Hand impleme.lltfl, sp&<1e, 
8i.1o\'el, foru, 92; ro.kea, D..'i; hOe6 , scythe, 94; 
sickle, fagging book, 06 j ~Ilo -hook, booge
.dasher or au-itch bill, 97. 

VII. T,LLAGE . 97 
PT~p;\.rr.ti_on of a. tBt.h , p\ollghing, cultivating, hu

rowin$. rolling, 98 j hoeing, autumn enHivation, 
99; wmter and spring cultiV6tion, 100; Bummer 
cultintion, cleaning land, 101 j features of & 

~ood t,iltb, dit'rerence6 bet.ween cultintioD of 

i;~;rilrang~, 11o~\ ~~ji.c~O!~ ·ttU::~e~Ui~.ation or 
VIn. MASURES A~D MA.;\""(!1UNG 105 

Ma.nuring land tbl"OuSh stock. 105; fr.rmy&rQ 

::d:.:,e~d~~~~ o~il:a1::ri~~gu~~!,; lri2~~ 
ftl;:obM~n:'g, liTi; :~:::tOf6:!h;hlll;h~~i: 
phate of &mmoni., c&leium CYIlDIUDide, catciu,m 
nitrate, 1'19 j manuree m.<le from &ni.m&l r efuse, 
8OOt, 120;. other organic ma.nurea" pot&6h 
~&nuree, ~m~on sslt, 121 ; g:,op8um, applica.
'LIon. of a.rhfiCial man Ul'e5, 122; ma:BUree for 
lpeC::lal crope, 128. 



CONTENTS 

PART II.--THE PLANT 
"4,T:6/C 

IX. SEEns 1.:0(0 TIITI8. GERM JNATI OX 127 
St...rncture 01 broad benD .It.'eiJ, 127; !aCW.11 oj sermj. 

nation, 128; root and 8)100\', 130; pia.nL food. 
J8J ; .seem Jike the bean, .. tructure and gel'miua
liou Qf ..... beat grlt.io , 132 j a.l buminoue alld ex-

~~~tn;:~:lll:4't:~1.)!!~ ). ~:;~~l~~~~t!.nJ~ia~: 
and oils, 137 j lJfQWinl8, eeeds .. st.oreLoU8~. 138. 

X. STRUCTU1l£ A'I(J) F rrNC1' l O:O;S OF PI.ANTij - Jicxrrs, 
SnX8, Jo.Sn LEAVt~S 199 

Sh~~n~:, rl p::C70~l.!:.; m~~n~~, rr~ ;:Jr::~ 
teef.lillg. chlorophyll, 142: breathing or reepira ' 
tion , 143; root:4, general ehllucter and struc
ture, 144; k inde of root, fUDCtioUII of roolM, 145; 

cll~~~~~ r l:~d 6:~~~tre:4t48~' nodl!Ul~'n!ei~~~~ 
• nodetl, kinds or ak'm , 149: climbing wt.enuJ, 

fl oolofU5, 150; TU I1 Ue1"8, llnderground stem.} 
tubera, 151; bulhe, oorm~. rh izomC8 or J'()C)t 
lIt.oeh, 152; 8uckel"'8, l~; func tions of fllelNl, 

~::~:: f~~r~~TI~:l:rr:c~~ 1~~~gek_t~~8;e,,~Oli~~ 
function.a or fol iage le&v~, lJ8 i clunLtion of lile, 
8tllWals, 159; bienni4.1.1, J60 j pel'E'mllaJ., et,oTltgft 
of plant food, ltil. 

Xl, STRUCTURE A~D FU~CT I OSS or PLA!'il'8 - Y LOWLIU!, 
FR'(IJTS, AKO 8t:ED~ . 162 

StrueLttte snd function of flon'ere, 162; pollination 
and fertilizalion, 164; ftowe-re a nd j,lltleci.4!l, &elf 
and cT086'poHinatio n aJJd fertiliution, 165; 
cruciferouB 8owers, 166; papilionaOf'OOB Bowc1"8, 
167; dichogamy, 169 j inC()mplet.e tlt"l wua, dico
tyledon. and monocotyledoDs, 1 iO j CI"OBll~ 
poUiuation and cr<)fM·ferlilizatioD , 171; inflor~ 

::n::Sd ~·:J~~~~~tli:!t~~t~~~i~j:dd ~1~7t 
kinde of fruit, 175 ; apu:riou& fruita, dispersal of 
aeede, 177. 

[II. CULTtVATED PLAJo.'TS 

(I) Crocifetl2. 179; turnipe and awedel . 180; ripe, 
182; cabbage, 183j lDU8tA.rd, Cl'Hs, cbll.rlock., 
radish, 186; horse - :rsd.i6b, w&ter CreM. (2) 
C.ryophl11llceae, eDick-weed, ]87 ; cora cockle, 

178 



.,iii CO~TE:\T8 

XIJ. CULTI\"AT£V PL.i....~T~-COfl!imwd. 

~~·U~~oe~~· pU~~, L~:~1ei90~&xbe:' 19141 
clovera, white or Dutch clover, JD2 j red 
or broad clover, 193; cow gr888, 194; a18ike, 
criDl60n clover or •• trilolium," 195; yeUow 
suckling cJoter, hop trefoil, 196: t.refoiJ,pf 
yellow clover, lucerne, 197; sain(oin, 198; 
"tltches or Lares, 199; birdsfoot trefoil, 200; 
kidney \'etch, Bokhara. clonr, 201 j lupioea, 
gONe, serradclla, fenugreek. (5) Rotl&cere, 202:, 
el.<One fruits, fltrawberry, apple and pellr. (6) 
Ribeaiacete, gOO6eberry Rod currant, 203. (7) 
Cucurbitacem, cucumber, vegetable warrow, 
etc. (8) Umbelliferte. 204 ; carrot, 205, ; va.rsnip, 
celery, plU"61ey , sbeep's parsley, fennel, caraway. 
206 j weed urubelliIera, 207 j poisoDous umbelli· 
fere, 208. (9) Coulpoeille, 2un i yuro" , 210 i 
chicory, lettuce, 211; da.uuehon , suntlower, 

~:~,~~a:,w2cl~ke(Ja;o~1:~~~~~e213°t17:te~~: 
pOltlO110US 6olanaceoufl plams, tomato, 214 j egg 

~ruatgin~~! ~~t~~y I~~~~~~. anto~::f:~~l;~ 
weeds, 215. (13) Cbenopodinceoo, 216. mangel 
wurzel. garden heet. sugar beet, 217. (14) 
Polyson8Cete, buck \\'.heat , rhubl~rb, polygon:.
C€CUB weed6, 218. (15) Urtic&cele, bop. 219. 
(J6) Lil il\C~l('. ouion, 220 i sballot. leek, Bepan· 
gUB, lilllloCoou:I weeds . (17) Graminere , ::!:21; 

=~e;oot7;o~~)~t~~~~; (~~::,C~'j ~~i 
grasses, 237; me~ow foxtail, 238; floating aDd 

:l:a:. f2:~~\y~41i~een!dou,~a:e;~t 2!;~~ 
250; eweet.«ented veruaJ graM. 251; Puel'i8 
vernal gra.es, 2!.3; Tilootby, 254 ; brome grllll8e6, 
256; couch graM. 2Ji; wheat graM, h&.ir grafi!l86, 

~~~ ~:~~e~/~~e:pi~ ~o~u:~~ ~~~e;::: 
wheat, barley, 26J; oatil, rye, 262; wiloi:z.e • 
.,rghum, caouy grue, 268. 

Xlll. WEEDS . 264 

(11 Rn.nuucnlacea>, buttercupe. ma.nh marigold , 
pheuant' e eye, wood a.nemone , 264. (2) Pap~· 
~eT~\e, po,,\)!, ot',um PO\)'P1, lS) Fu_ma.r\~ell6. 
tum'itory . \-t) Ger.niacete, c.ranesbiUa, 2.05. \5) 
Rubiacete, goosegr,.., be<.lstraw6 ... field ruadder. 



u 

ca"J'n.. uo. 
Xlll. W.EtDs-ronti1tued. 

16) Convoll'ulacete, bindweeds, 200j dOOdellt, 
267. (i) Scropl1ll1ariDeat, lInapdr_gon, foxglove, 
musk, toadfllU, root p:'lr&l!itt.<6, fig wort. mullein, 
epeedwel1s. 268. (8) Ol'Ohanchacele, broom repee, 
21}.9. (9) PriOJuJa(!Cte, C(]fI~)lP. primroiN1. ICU~' 
pimpernel. (10) PJantaginel8, plan&aiDII, 270. 
(11) JUl1CacelB. (12) CyperR.('e": rell1;tion of "eerl, 
toO 8grleultuTe, 2i 1; prerenti"tt DleMUr6B, 2i2; 
remtMj'ull meaIJurefl, ~i3 . 

Xl V. S£LECTIO~ OF SE!:I>S 

Germinat.ing capacity, 271 j itlentity to IJpecie., 
impurities, 2i6; rool uJue, coUe"tione or &eede. 
277. 

. 2;~ 
Temporary aud pertnBll('>llt graN. pllALllr6 a.lld 

lDeadow, 279; walt', me&.dowtl. 281 j b,ring do~o 
' land to ~. 2R3 j misllJra. for &owing land 
down to g TRAA, 287 ; UlBflagclflt!lIt or old puture. 
289 j w!l.uageweot of tneM10w iflotHl, ~;}; hay· 
making. :!96; quality or bay, SOl ; en.iI.ge, 303. 

X VI. FA-RlI CROPS 

GrsS6 !sud, arable land, 307; roiation of C'rop~. 
308. (1) Corn crop8, wllest, 31b; o.~. 3'21 i 
barley. Yl'..2 ; rye, 3!l6. (2) Pulse rr0pH. beaUB, 
trJ.7; peaB, 3311. l81 &ot CTOpd, }Jrt'pantion of 
t.h& land. 332; 6j~edjJlg of root crope, mangel 
wur&el. 336 i ~lIIredell. 338; tllrni~, 339; ca.rrotll, 
p&"wips, 840; .ubs8qu6o& cultiuLion and 

~:7t~~. o:4)Cr~~ir~~;~ Cto~~a~k::o~: :~ 
344; kohl tab;, thotl .. a.nd-}j~aded ~Rle. cabhages, 
345; I4'"bite mutdard. (5) lA'guminou8 tor.ge crops, 
1'6tchee or WlrU!l, 34l1; trifolium, lucerne, 847 i 
.&lo loi11, 848 i trefoil , cJover~ aDd , . .%e(lB, " 
849. (8) Culti .. tiou oC pot.toe!, 351. GOIt of 
gro~ing erof* in a roh.!ion, 857. 

:;07 

XVI1. H.u;wy FUUIT CUJ.TOIll'. • 300 
Introduction, S60. (lJ Applf'A and pea.re in grllM 

orebude, 361; planting, 363; tying and protect
ing. pruning, 364; [I)~Dnring orc.bardA, nrie· 
ties, 366 i Atone fruita in ofc.ba.r<ill, 361. (21 

~~ .. ~n~~\~~;\~~ti~~tf ~.~l'!:d~:n\:.\d ~~ 
pyratnid treeB, gooaebeniee, red currant., S70; 



CON'rENTB 

ca .... nft 
X VII. H/.Jlllr 1"1I1"1T CllI,TUHt - confinued. 

bla.ck curra ulB, rlWlpberries, logan berriC8, 
manuring, 372; profita.ble l'f.U'ieti~ for p1anta
t io ns, 3i3. (3) Ot.r&wlJerries l or market. (4) 
Geuer &J oomlideratioDfI , 3;4. (5) Fruit. in the 
gardcll, cspaJiura and cordons, strawberries in 
the garden, root. pruning, 3i5; BUmmer prunJ ug. 
(6) Propagation of fruit. 81.OCU, 376; budding. 
S7i ; grarting. 318 j cuttings, sao; 6uckeI"6. 
rUIlIlt:rri, 383, 

x V Ill. FtJSG us PESTS 

'J'hnlJophyts, musbroom, 383; yeast, moulds, 3B4 j 

caulo.i»f, IUIo.prophyte6, pal'lu;i t.ee, SS5; rus16, b1a.ck 
rtlet, 3BG; hCLeroecuuu, 388; yello\\ r U6t, smut, 
oat RlIlut, \\ uea! swut, bu.rley swuL, 390; buu t, 
89'2; ergot, an3; American goosoi,,{'rry mikiew, 
89.'.; PQLu.to <1i.ses!'Ic, aoo; while rtlBi, 4UO; d(lmp
ing oil', blnck 8cab or \"a.rt. diliease, 40'1; club 
rool , 403; bl.lcte r ifLl diseusel, 0105; Dle~ot15 of 
ti upprea::.iou, .j06_ 

PART I1l.- THE ANIMAL 

S88 

XIX . R Tlt UCTU llE AXil Fll~TTW~'::' 01' FARlt A.l\Ilt_\LS, • ~07 

Yertebrata, mammalia., ann.t.omy and ph,Y8iology, the 
ho rse, r egiolls of body, 407; akeleton, 408; hoot 
of t.he .horse, 418; ekelewn of t.he 03: . 420; 
ekeletoil8 01 sheep and pig, clll'SSification of fa rm 
animals, 422; muscular system, 423 j metabolism, 
<124; digestive organs, 425; ruminaut stomach, . 

~~:~~~i:~~~~e~o ;d~~~;i~n.j ~~~, ci~:: 
laiJl.ry organs, 484; blood 4!.ystem, 435: oou-ree ot 
the circul ation, 4.3i; lhe palse, 489; lympb 
system, 441; breath ing or respiratory organs, 
442; pure and impure blood, hillmosiobin, 443; 
respiratory movements, m; neceeeny Jar \'eo
l ilation, ma intenance of the .beat. of the body, 
excret.ion, lunge, liver, skin, kidneye. 445 , 
absorption of digested food, 44i i gaiuii aud 
10SlSe8 .of the blood, nervoue system, 450; sep.&& 
organs, .reproduction, 451.. 

XX. Co)(P()SlTlO!f 01' TllE ANnuL BODY • • 4.6~ 

Bone, 458 l coRneclin tiMne, er.rlu.ge, Besb. 454; 
I .. , .. 455. 



CONTENTS .-i 

O."_PTan 

XXI. FOODS AND FEEDIN G . 45,; 

Yll.iutenaJlc;>e diet, 4~; modific&t;oflS 01 diet., 
fla\'ou.r .• 56; oomp06ition of ordina.ry fOOM1 

457; oil·cak.es. 458; cereale, fmeculent roode, 

!~Je~u~62 ~roXtg~~~ us:~~~~rnet, 4~1~ur:~a 
ratio, 46S ; principles o( toodirlg. 464; data. reo 
garding {oodiJ, 465. 

XX}] . PRLNCJP1..ES OF Bll£l:DINO. . 468 

Sllecie!!l and "!U"i';tiee, 469; hyb rid!! abd mongrele. 
e~'ollitiou and origin 01 6peci.e6, .tiO ; Darwinism, 
471 j heredity. 4i2; revt!1'8iou, atllVl8m, Or t.hrow
back, 4i3; prepotency And in· breeding. tune-

M~S:1:;\A:' ~~!,~i~e~f~~~b .:~ ia~i:t~~~: 
4i9; breed recorde, 9:80; geet.a.tion, 48l. 

XXIIi. HORSES: THEm BllEEDB , FEEDI~O, A..'SD.( 
• l\1AS AGE.YEST . • )81 

Tho~on~tl~r:~~lR~8J ~~~~~~~ !S;chi~.c~r:~. :: i 
Clydesdale, 48G j Suffolk, rceding and manage· 
ment, 487; COtit of b0l'88 la.bour I 4-!l0. 

XXIV. C.4.1TLE : THEIR EllE::F.DS , Fuov:c, "~D 
MAX.1GEY-ES"T • 492 

Sbol't.born , 4!)3; Hereford, 496; North and Soulll 
Devon, 497 ; SU6.8ex, Welsh, longhorn, 498 i red 
-poll, 499; A berdeeD.An~U8, 500; G&1109o' 0.y, 501 i 
Highland, 502; AYMhlre, 503: Jersey, 504 i 

~d~:~I~~e~}~eOCJ~ ~1~O~:~:~ ~~; ~~~b~ 
lIolsteins, 656. 

XXV. SHEEP, THEIR BUtDS, Fn;nr~G J ~1) MAXAGE-

la..'''l' . ~U 

Leicester, 514; Border iAlicest.er, Couwold, 515; 

~~~Ds!~~~oo.:n.R~l~~elh~~~e~~~mo;~i: 
Down, 520; Suffolk, 521; Cheviot. 522 i bl&ek· 
face m.ountain, Herdwick, 623; Ryel&nd, 524; 
Devon longwool, South Devon, 525; Do,raet horD, 
520; Lonk, 5'1:1 i Dartmoor, EIIDOOt, Wel~h 
mountain, Derb'Vahire grHe-tcne, 528; limeetone, 
Weneleydale, 529; KeTl"J" Hlll, 530; Clun Foreet, 

- RoeoommoD, leMing .nd m.nagement, 631. 



CONTESTS 

XX\' !. P,GS : THEIIl BUEElJS, FUDING, A:-iO hlA.,."cE· MDT _ 

La r ge l'{"hit.e, 5.l5; middle white, 8lDIlU white, 5.17 ; 
Uerk6hire, Tam\\onu, 538 j large bla.clt, !;3!1; 
flUlI~1I black, Lincolu curly-eoated, f eedillg Rod 
UlIUIu.gemenl. fHO. 

x X V ll. TUE FATTEI'I;o;C Of CA1TLE, SnEEP. AXD r IGIt. 5..JS 

COlll jJosl:.ion of carcaSE'I! , ~; nit rogen Bnd mineral. 
III h.$ted Ij\'e weiglJiA, c..,u: lU68 01 ro ioen.i maiLer 
from fJ toOC'k, 545; onIDP(J8it.ion ot fa tLening in
croaee, 54(j, 

XX VIlI. DAmn 'G . 548 
(1 ) Milk. 548 ; blood fiod milk.. 550j blood 8upplr of 

mammary gland , comp<Mlition of COw 'e milk, 5!ll ; 
OOfit of keeping a dairy cow. 5::'4; milk recorM, 
555; perceotage of creall'l , 557; percentage of 
butter Cat, 558; milking, [J;j9; cienlliineM, b60 j 
treatment of milk, 501 ; lIeparst..ote, {J63: 6l,.ners, 
~;). (2) Butter, Pasteurization, cre&.m , 067; 
churning, rule6 tor butt.er·mukmg. 568; centri · 
Iugnl drying machin~, 5G9; workiug 8nd milking 
up of buLLer, chnrB.ctel'8 of good bULler, 570; 
milk re'1uiroo t.o ma.ke ] lb. of butter, clean iug 
the cliUIn. (3) CheC6e. rennet, 57J j bard chesee 
making, Cheduar, 572; St ill-on, 577; soft cheeees. 
flingle crelLlll , 580 j double crea.m. Camhridge or 
York. soll r milk. 581; Pont L'E\"equf:! , 582; 
~eulch1l.lel , Coulommier, 583; Geruis, 684. 

XX lX. POULTr.V AXD POULTUY KEEPP.'G . . 6S4 
FOll lB, origin of domCBtic. row I, 584; claMification 

of breede, 585; descript ion of common b reede, 
586; ducks. origin, common breeds, 588, geese, 
o rigin, common breerle. 589 j tl1rkeYfl, or~in, 
common bre&tld, fowl lwu8ee, 590; eelectloD. 
mating. and breeding, 592; batching a nd rear-
ing. 593 j fee(\\ng t.a.ble, fat.tening . 699 i d·\lc'l.linga, 
g06linge, 600 j turkey"" kill ing and dJ'eMling, 601; 
marketing of egge, 604; preservatio n of eggs, 
605; d iee86El6, 606. 

XX X. HARMFUL A:"D BE~"'EFICIAL ANIMALS • 608 
Groups of a.nima18. 609. (1) Mamma.le, 886h...eating 

mamma.le lCa.rn ivora), 610 ; gnawing mammal. 
(Rodentia), 611 j insect-eating ma.mmale (Inseci
ivoro.), 614. (2) B irds. 615; ",la-tion of bird. "' 



CONTE~T9 

Oll~ "I~. 

L"'{X. TIAR.Ml'UL ":"in Uf:NEPICIAL Ar-1MAI.s-('cnlllrmed. 
agriculture, 616; beneficia.l birds, 611 i uumful 
and doubtful hirdll. (3) ln8eclIJ, 618 ; Ii'll Cole
opt.erHo, harmful And ~erul beet.l6l, 620 ; (b) 
Hymenoptera, idllleumon tlieIJ, 822; bees. 
iujurio Uf) hymenopLerida, 623; (c) Lepidoptera, 
624; but.terfti~&, 625; motbA, injurious le l)lOOp
te-rid~. 626; (d) Homoptera and It) He1croptera, 

~f!id::::1 ~!~. I~~, i ('~n~~~it:ratii:O i!1)i'3~~~;~ 
tera, G3-~; injurious orthopt.cridi!, 1'hripe, tA) 
Neuroptera., 633; harmful (mil beneficial neurop
it'rida, mouth" of infl.(\CiII. G34 i matldibulat.e and 
baufilcllate i n !K'c~. liCe bistorie8 of inllecta, 635; 
f'trucLure of ineecUl , identification of larvre, 
f .. 1(;; insect allncM, 63i; natural cnemi6f5 or 
1118eCt. , G39; preventive and remedi&l meuure6, 

fi)~;jB::dd:(:r~~~~~~i~:~i~d7ni~I~~~~81(6rRcU~~ 
\\'ornv! (Nemnthelnllll). 646. (7) Flat wormA 

lI( J>latyhelmhl), 649; Dukee (Trema.tods), 6I)O; 
tapeworms (Ce6toda) , 651 , (8) Anima,lculee 
(Protozoa). 653. 

ADD&xDUloI .-Liticoln8hire red ehorthorn and Brit.ieh. 
Holstein catLle . 656 

C~7 





ELEMENTS OF AGRICULTURE, 

PART I.- THE SOn.. 

CHAPTER 1. 

FORMATlON 01' SOIL 

En:n l'TlUNG. whether plant. or aniwal, that a. farmer 
g rows can be t ra('ed back to two prizuary sources, ~he 
!oil and t he abllusplltre. Veget.able product.s, such a8 

wheat, hay, pot.aLoes, turnips, contain no chemica.l 
elements which cannot also be found either in the soil or 
in the air. The same is t.rue of ani 8 and t.hei r pro
du cts, for beef, mutton, bacon, milk, eather, wool. are 
Dbtained as e result of feeding fa.rm animals upon plant 
subs tances. he soil and the atmosphere, then, are the 
primary sources of tbe food of plants and of animals, 
but it is the soil alone which is the object of special 
attention on the art of t he cultivator. 

The soil is na.me given to the earthy matter 
which is usually ound" on the surface of the land, and 
is often spoken of as I mould,' I dirt, ' or I earth.' It is 
nowhere of great depth, and is in some places very 
shaUow. By diggmg 'into it with a spade the true soil 
IS Boon passed through. a.nd something tha.t differs from 
it is reached, as may commonly be seen when a. hole is 
dug for 8, gate-post , or a. well is being 8unk. This 
underlying material is t,he su il (Lat. lub, under). If, 
at any place, the Boil w-ere 8craped away 80 &S to la.y .. 
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bare the 8ubsoil and expose the latter to the air, in the 
COUTse of time the surfa.ce of the subsoil would change 
into Boil. Hence . tbere is a relationship between these 
t wo, and the soil way be regarded as derived from the 
subsoiL The chief agents in effecting tbe change are 
air, moisture. nnd changes (If tempera.ture, aided by 
plants and animuil'l. • 

That there are dillereDt kinds of soil i ... fact tba.t 
e\'eryuody can pro\'!~ for himself. The differences are 
visible to the eye i they aTe felt when the soils are 
walked upon. and sti ll more so when portions are taken 
up and bandIed; and they declare themselves by the 
sorLs of plant which ~row naturally upon the soils. 
Vi sible dWerenr<>s are those of COIOUT, nnd, to some 
extent, of texiure. Ht>d soils may lJe seeD in Somerset 
and Herefordshire. bluish soils in Gloucestersbire. dirty 
whif,e or greyish soils in parts of the Thames valley and 
in Kent, yellowish soils in NOl'thamptonshire. a! d hlack 
soils in the Fens of Lincolnshire, and in most kitchen 
gardens Some soils are seen to ha\·e a loose texture. 
and these rna," be either fine o r coarse, ranging from 
sandy to gravelly or ston.v. Othe rs are seen to possess a 
close, firm texture, and to a.llow water to Test in puddles 
upon their surface, as is the case with most of the clay 
soils. 

Much is lea.rnt about a. eoil by merely walking upon it. 
What is. called a loose open soil shifts beneath t.he feet, 
but shows no tendency to adhere to the boots ; su~ a 
soil is usually dry. vYbat is termed a stiff tenacious 
soil retains the iruprint of the foot &nd is very a.dhesive, 
so that wht"n such a soil is wet it is not possible to walk 
3.noss it with much rapidity. All cla.y soils parta.ke 
more or less oC this character. 

By handling a. soil. other facts may be lea.rnt COD

cerning it. A dry lc'(lse soil will run through the spa.ces 
between the fingers if a handful of it is taken up. Even 
moist"ning it with· water will not cause it to cohere for 
any length of time. The many kinds of cla.y soils, on 
the contrary. are so tenacious that they can be moulded 
by the bll.Dd, pro\'ided they a.re sufficiently moist. By 
rubbing portions of a soil betweeD tbe thumb and 
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Unger further inforw<il1ou is obtained &s t.o its texture, 
for it will be Celt whether t.be particles are nne a.nd 
unctuous (soapy or grea.!y) &s in a clay, or coaree and 
gritty as in a sandy sod. • 

Tbe wild or native plant &rowth upon a. soil is a.lwa.ys 
worthy of HoLlce where it can be ouserved. Heather. 
whorti€'berry, bracken, lal'enes. and fir.trees, are t.he 
natural prOdlHf' uf p('or balTf'1l sands often st ret.ching 
away into heal hs and moors. Oak-trees a.nd cowslips 
thrive upon clny soils, while b€'ecb Bod yew·trees do 
well upon chalk or other lim estone soils. Oais, there
(a re , flourish upon tht' ('lay snil14 whi{:h extend far up 
the \'a11('Y or Lil(' ThaOl('s, und O('('UP:'" large areas in 
lhe heart of Kent and SU!losex. ThE> heE-eh and the yew 
m&y be seen in plenty upon lht', l'ha.lk Down!\ of thr 
South of England. Hushes, BPdgcs (incl uding cotton
g rass). and sundew grow in many Ic)('alitit'!I where t.he 
land is wet and marsh\,. 

The foregoing exa.;nples Sf'r\'e t.o show tha.t, with 
ordinary care, it. is po!\sihle to learn many useful fact,s 
about a. soil , without c3.11ing in thf' Rid of special means 
of observa.tion. 

That part. of a soil which d" .. ",olvc8 in water is called 
the solubl. part. whilst tha.t which will not dissolve is 
called the insoluhle part. The di!\tinction is importa.nt, 
because pla.nts, in obtaining food from the Boil (which 
th e~Y do by means of their roots) only make use of the 
soluble part there present. ,Vhen water which has 
t rickled through a. soil flows away from it, some of this 
soluble matter-and In certain cases &. considerable 
propoTtion of it-may be drained a.way. 

It is thus possible to learn by very simple mea.ns of 
observation that soils vary in colour. in texture, and in 
the pla.nt. they naturally produce; al80 that they 
contain variable proportiODs of moisture, and that 
whilst a. part of the soil is soluble in water, by far t hf! 
larger proportion of it is insoluble. 

The !loil, as seen in arable fields a.nd gardens, is thfl 
lInal product of a long series of changes, the study 0.1 
which belongs to the science of Geology. If the land 
could be suddenly stripped of ita soila and aubsoils. 

B 2 
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there would be exposed rock surf aces very different in 
cha.racter from the soils by wh ich they are covered. 
The colours upon an oruinary map of the • solid 

.geology I of any a rea are intended to indicate the 
n&LLlre of these und erlying rock-masses, which can 
always be reacbed by digging down to lL 5utJlcient. depth. 
On the North and Sout.h Downs, on Sali~bu ry Plain., on 
the slopes of the Chiltern H ills, in t he western parts of 
Norfolk and Suffo lk, and elsewhere, the underlying 
rock is chalk. In parts of N ortbu mberla.na, Durham. 
Yorkshire. a.nd Lancashi re, on either side of the Pennine 
Cha.in, it is a hard limestone. In Gloucestershire, 
Oxfordshi re. a.nd other midland counties of England it 
is oft.en a stiff blui sh or yellowi:;;h clay- to the gt'ologist, 
clay. o('currios in a large mass, is as much a I rock ' a.s 
is granite, or limestone. or coa.l, or sandstone, or sand. 
In parts of 'Vorcestershi re and Herefordshire a. red 
sandst.one. and in Cheshire and Warwickshire red or 
yellow sandstones and marls. support the soils and sub
soils. In North ' :Vales the subsoil often rests upon slaty 
rocks, and in many districts of Cornwa.ll &nd Devon 
granite is the underly ing rock. 

For some pa.rts of Britain maps of the I surfa.ce 
geology' are also published by the Geological Survey. 
These show the dist ribution of soils and other surface 
deposits. 

It is difficult .. t first to grasp the fact that soils are 
tormed from rocks, such a.s the limf"f;tones and sa.nd
stones which a.re used for building pUTpo~es or for road
mend ing. a.nd such 8.11'0 a s sla.tY "rocks a.nd granites. If 
these rocks could be kept out of t,he rea.ch of water and 
air they would undergo little or no change. When a. 
limestone or sandstone qus.r ry is opened. the roc.k 80S 

it is hewn out comes into the light in t he sa.me condition 
in which it h ... probahly heen for thousand. of years. 
As time progresses the face of the qua.rry loses its fresh 
appea.rance. and . it is apparent that some cha.n~e is 
taking place on the su rface of the stone. This change 
is dup to the a.ction of air and moisture. 

The process whereby harn rork masses are naturally 
broken up i. termed disintegration. The agent. of 
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disintegration are dese r'f" ing of StlH.ly, beca.use they are 
quitfj as actively engaged in tbe soils which it is the 
pru\'ince uf the fa.rmer and gardener to liB, ItS in pro
UloLing the decay of tlle rocks fro lU whicll tlw soils are 
derived. 

Water is the chief agent. of disintegratioD, &Dd It 
,(iay ad, Hl t\\ 0 way!:» lJhYl'i ically lLmi .:: ht'llucLLlly. hs 
physical effect is seen ill tbe action of ict' and funning 
water, and particularly in the COD\'crsioD of waLer int,o 
ice, that is. in the process of freezing. X early every 
known su bslance dill~inisbes in \'olullo as its tempera.
ture is lowered. This is true of water a.s it cools down 
from LI.le boiliug point (212° }"' ,) till it approaches the 
freezing point (3~O F.). At about. 400 F., however, it 
begins to expand again. and at the moment of COIl

version into ice (at 32° F.) it undergoes a marked in
crea..se in - olume, 150 much so tbat 9 cubic inches of 
waler will make about 10 cubic inches of ice. The force 
of this expansion is weU-nigh irresistible. Md the fa.br ic 
of a rock is necessarily weakened by the freezing of the 
moisl,ure with which thf> rock maSH is permeated, any 
smail particles whICh may thus get broken off being 
easily carried away in the water that trickles frOID the 
rock. 

On soils that are left rough and bare through the 
winter the effects of the alternate freezing and ths.wing 
of the soil moisture aTe readily noticeable. The ex
pa.nsion of the water in the act of freezing pushes a.part 
the constituent pa.rticles of the soil, a.nd by the end of 
winter the soil may have crumbled into tha.t fine state 
of subdivision oft.en described as {meUow.' 

In districts where chalk is plenti!ul, lumps of this 
wbjte rock a.re sometimes put on the land in the a.utumn. 
By the beginning 01 spring ea.ch bard piece 01 chalk ... ill 
ha.l"e crumbled down into a heap of powder, a result 
that is very largely due to the disruptive effects of fro st. 

At one time in one part of the globe. and at anothe r 
time in another, moving ice, in the form of glaciers, 
h ... helped much in reducing hard rocks to .. £mer con
dition. As a glacier flows along the sur!ace o! the laud 
it scra.tches and grooves a.nd crua.." ea the underlying 
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rock. It also, in its course, carries with it the rubbish 
(defrihu) which results from the desiructjon of the Tocks1 

alJd runy i.ransIJorL Ihis ruub ish t.o a considerable 
distance. where it way hellJ to form a. soil far from the 
place of its origin. Sudl iI(IIIS/!(lricci or I'rraiic soils (Lat. 
frr(J. I wCllldf'r) a.re COUlluon ill many parts of Brita.in. 
In the counties of Norfolk an.d Suffulk, for example, the 
rock of t.he distril't is largely covered by Boils the 
mineral ruattff of which was thus transported by 
gll\ciers. Tbe Till. or Boulder Clay. of Lbe N ortb 01 
England. and of Scotland, had a similar glacial origin. 

Tbe physical elfect of running wat er is two·lold. I t 
dClludC3 or Jays bare the surface along which it fl ows, 
and it c(Jrrjp.~ (lImy and deposit!; el.:wwhe re the material 
which is remo\'ed from the rocks. Most of ou r Threr 
valleys have been scooPt'u out b~' the action of r unning 
water. An inspection of the sediment which' gathers at 
roadsides in a bea\-ry showe r of rain will serve to show 
how water can make runnels or channels for itself. and 
the stone beneath the village pump usually affords some 
signs o f the wear ing effect of rUf]ning water. 

Certain fertile soils which are spread out near the 
mouths of rivers have been accumulated almost entirely 
by the action of running water , and they are fittingly 
called nf1ul'ial Boils (Lat. u1l1.lrio, an overflowing). They 
are made up of the material. de rived from the wear and 
tear of rocks, which is brought down In the river wa.ter. 
Such a.llu\'ial soils are found bordering the estuaries of 
the Thames, t.he Se'\"'ern, and other rivers. Even t he 
clearest rivet' water contains sediment, as may be seen 
by al10wing a tumbler of such water to stand for 8. few 
hOUTS, when the bottom of the tumbler becomes covered 
with 4 fine deposit. This sediment is held in the river 
water in, 3u!pension, &8 it is termed, not in solution. 

Besides the mechanical action of wa.ter upon rocks 
I.nd rocky SUbstances, there is also its chemical a.ction 
La be considered. Some constituents of certain rocks 
J.Te more or less soluble in pure w8.ter- rock-salt , 
gyp8um, a.nd silica, for example. The solvent power of 
rain wa.ter is, however, much increa.sed by a. property 
which i. conferred upon it in f .. lling through the air. 
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The atmosphere· coot&ioa a very 5mall proportion of 
carbonic a.cid ga.s, or carbon dioxide. as It is also called, 
This is the same gas &8 is formed when charcoal (a 
Dearly pure fOTm of ca.rbon) is burnt iu the air. lLain 
in [all ing to the earth dis80h,t"8 some of the carbonic 
acid gas of the atmospherE'. and water thus cha rged wiLh 
carboni t: acid is capable of dl!i~olnn~ (,Nlnin subst8.oces 
which are insoluhlt" If1 purt' "atH. The most import..ant 
substf\flce thus dissolved out of the rocks ia carbonate 
01 lime, a materia.l of which limestone, chalk, and 
luarble arc chiefly comJ,Jol:led 

Silica, of which the purt'f..t. natural form is seen in 
rock cryst.al (quartz), and a less pure form in common 
sand. ia slight!.'> soluble in pure water, and more HD in 
water containing ctlrhonic acid. Various minerals 
(felspa.r. mica, etl·.) found in granite and other igneous 
rocks are .l ikewise more solu ble in ·water containing 
carbonic acid. 

Igneous rocks, to whlch rf"ferenc~ ha.~ ju~t b~en rna.de, 
are those that ba\'e cooled dO\\~D from a molt.en condition 
to the form in which we now see them; grfUlite aDd 
basalt are examples, as a re also the la.va and pumice 
poured out [rom volcanoes like VeeuviuB Md Hecla.. 
Aqueous rocks are those which have been deposited 
under water; such arc clays, most sandstones, limeillonel. 
and deposits of Tock~sa.lt. A queous rocks are usually 
stra.tified, tha.t is, a.rranged in beds or layers j igneous 
rocks a.re not. Aqueous rocks often enclose remains of 
animals a.nd pla.nts (fossils); igneous rocks never do. 
Aqueous rocks a.re usually gra.nular in texture; igneous 
rocks are commonly crystalline. The rocks exposed at 
t he surface of the earth are mostly of aqueous origin. 

The oxygen of the air co-operates with ca.rbon 
dioxide in promoting the decay of Tacks, upon the con· 
~tituents of which it may act either in the form of 

• A.tmospheric air ill a mixture (not a compound\ of 

~~~~!~t g: t~~d l:t~~~D ':~J~tti~~~th: ~~~"!~:h::e ~:~~i~ 
about four volumes o( carbonic &cid gae in 10,800 .. alume. of 
air jequa\ to 400 volumell per miWon). together with .. varying 

::'0::1 ~:llt:~::~~~, :fb~h~ri:eP:n~ r:the~!~~i~::ODia 
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gas or as a solution in wa.ter. The process is ODe of 
oxidation, and the oxides fOfmed are liable to be carried 
away dissoh'cd in waLer. Thus the disimegration of 
rocks is further effecu:-d. and the fOfllln.tion of 80ils 
promoted. 

Soils, then, are formed from rocks, and the subsoil 
may be regarded as something between the two. It 

FIG. l.- DiR.gra.:J\ illustrating t.he formation of a. sedenta.ry 
8oi! all the OolitiC' liUl~tone of tbe Coumold Hills , 
GloLlcester6hi re. 

differs from the rock, hut the changes it bas experienced 
ha.ve Dot gone far enougb ror the production of true 
soil. A cODvenient term to include the whole of the 
cba.nges which ba\te been describedJ and which result 
in the ccnversion of rock into soil, is weathering. 

80me soils are directly produced from the rock tha.t 
lies bellea.th them. as is the case with the thin soil 
resting upon the cbalk of tbe Wiltshire Downs or the 
oolitic strata of the Cotswold B ills. Such Boils (fig. 1) 
are described as local1 sedentary, or indigenous. 

In ot.her cases, soils bear no relat ionship to the under~ 
lying rock. Examples are afforded by the alluvia.! Boils 
Around the Wash, and in Holderness, and by the Boulder 
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Clay of many llort.bf'fn counties. These soils, as hll ~ 
already been st.aled (p. 6) are termed erratic or trans· 
ported. 

Th e \\ eatheri ng agents. whereby rocks are converted 
in to soils. do not l't'8.se to a.ct wben at length n soil iN 
formed. O n accuunt- uf tJle usua.lIy lomm condi tion of 
soils. t"e~' are. illotlju. Illore SUSCE'}Aib\ f' tha11 rocks to 
the inilut'ncf" of frOf-t , rain. IUHJ snow, of runllIng wate r. 
aud of oxygen and ca.rbonic dioxiut:': for these agenUi 
more ea!)i1." gaiu at'ceSK LO t.he intel'stices o f the soil t.ban 
to those of the rock. Ot.her agents, moreover- liV'ing 
agent.s in tbe form of plant" anu anllflals- work upon 
the fabric o f the soi l. ] n the case of cuiti"&Led Boils, 
crops g row 8tH.! a.re re moved. wlLilRt. their roots rcm&lll 

in the soil to increase the start" of organ.ic OJatter or 
humus. Tbi s. in th£> course of it!i dl'cuy. enricbeB the ai r 
in the soil with carbon d ioxide. which increas6B th t! 
solvent po~-er of 80i l water. Under t.he influeuce of the 
&ir and water in the soil. the fra.gments of rocky matter 
which it contains are broken up, a.nd added to t.Le st.ore 
of soil proper. 

lienee the constituent parts of a soil are ever chang
ing. Crops are continually carrying a\\Tay cert.ain mgr!;' 
client.s of the soil. whilst t.he j fine earth 1 of the soil is a s 
constantly being added to by the decomposition or decay 
of the stony fragments \\'hicb the soil contains. In addi· 
t ion, the rain which falls upon the land brings with it 
from the atmosphere certaio substances which a.re of 
much importance in cultivated soils. 

Of the animals which dwell in the soil, none approach 
the earthwol'lD in the magnitude of their effecte. EarLh· 
worms feed upon the orga.nic matter in the soil, and iJl 

order to get sufficient food they have to pass large quan 
tiLies of earth through their bodies. This earth is ejected 
in the form or castings, which may often be seen a.s little 
mOtlnds on the sur[a.ce, near the entrance of the burrow. 
Through the burrows of ea.rthworms, air and water can 
penetrate more freely into the soil, and the work of 
decomposition progresses more rapidly. It has been cal· 
culat.d tha~ an acre of ordinary agricultural land con
ta.ina a.bout W,{){)() ea.rthworms. The effect of their 
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combined labours in reducing the soil to & finer condit 
is great, whilst they also enrich the surface soil 
nitrogen. In old pastures the production of a. cle 
compact greensward is largely due to the fine ea 
which is brought to the surfa.ce by eartbworm~ ... to 
afterwards crumbled do'i\'o and levelled by the effect 
sun and wiod. 

CHAPTER II. 

COMPOSITION AND CLASSlFlCATION OF SOILS 

TK£ solid Bubst&DCeS round in soils consist either 
minera.l (inorganic) matter or of organic maLter. 'J 
mineral matter is derived from the decay or rocK.s. '] 
organic matter (humus) arises from tbe decayO of anir 
a.nd "egetable subsw.nces. The most abundant mine 
ingredients of soils are sand and clay. To a. less este 
lime also, generally as carbona.te of lime, 18 ofi 
present. 

Wbat sand is may beet be learnt by examining I 
sand on the sea· shore, or in a sand-pit, or in a. heap 
sand intended to be mixed wi1th lime for making mort 
In many country districts fine sand can be scraped 
gether on the roadside, after a heavy storm of ra.in. 
consists of a number of small hard clean particles 
stone wbich. looked at through a magnifying glass, l 

usually found to be rounded like the stones or pebb 
in gravel. Sand is, in fact. a. very fine sort of gray 
.. nd the small particles of the latter which pa.ss throu 
a sieve can afterwards be shovelled up as sand. .. 

,,,""hen sand is put into a howl and wa.ter poured UJ: 
it. the liquid at once sinks into the sa.nd. If the bowl 
turned upside down upon the ground the water v; 
drain from it. , and the beap soon becomes dry. Particl 
of sand w-iH Dot adhere to each other, and if moist sa 
i8 made into a baU in the ba.nds, it will laU to II! 

~e~_t~;I~ft~:_~_e_Jp[=8~~~e ~~e8~_~~~ce __ i~~B that s& 
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this drifting of 100s6 sand ta.kes place to & BertOll1 

extent. 
A soil consisting enti rely of sand \\ oul d be uNeless to 

the cultivator, for he cuulJ grow nothing upon it.. 
Plants would be ullable to get sutlicient huld for their 
roots. '- Besides this tbey woulJ plJle nwr.~ for lack of 
moisture. becaust" all the raio that fell u}Jon such a. Hoil 
would °t r ickJe through and leave' It dr~" The }Jhysict l 
properties of '!'la.m!, \ hnefore. an ~udl that a soil of 
pure sand would 1)0t. Le of au) \"a1ue. 

Sa.nd is equally deficient ill rebJ-lect of its chemical 
properties. 'Tt is generally ('ompohed of siliea. (SiD,), and 
can offe r lo plants but litUt< that rna." Herve tbem 
as food . A TIl tcaC'01/8 sand. howeve r. contains fragments 
or spa.ngles of tht> glittering mineral JIlI(·n. whi.cb, whelJ 
deco[fJposed. is capable or yielding pota!:!h, lime, iron, 
etc .. some of which may be used by plants as food. Sand 
may al so -,>ntll.in grains of other mill('rnl~ (felspar. horn
blende, etc.) from which plant food way be derived. 

Although ordinary s11.nd. by it se lf. has no physical or 
chemlcal qualities which ca.n (;omm~nd it to lb~ culti
va.tor, yet &8 a CQllst it !leut of soils it confers upon them 
two importa.nt physical properties. It. t.ends to mAke 
them light anel open. and therefore. perllleable to mois
ture, ai r, aDd warmth. 1n addlt.ion, its stony particles 
become warm under the l'ays of thE:' sun, and 80 the 
temperature of the soil is raised. 

Clay is made up of exceedingly minute particles 
which readily adh~re to f'acb otber, 80 that clay, when 
moist, can be moulded or kneaded uy the hand into any 
desired sba.pe. Hence its use in making bricks, tiles, 
drain-pipes, and pottery. \Vhen wa.ter falls upon a. 
'OuTface of cla.y it a.ccumula.tes in puddles, a.nd wa.ter tha.t 
i. lodged in the interstices of clay ba, very little ten
dency to drain away. ClaYJ therefore, is described &8 

impermeable to water. 
The chemica.l composition of cla.y is les8 simple than 

that of or~inary sand. The latter is made up whollY 
of silica. J;)ire clay contains silica combined with another 
substance called alumina.. Like silica, a.lumina also is &D 

oxide, being composed ot oxygen combined wi~b 8. 
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silvery-looking metal, aluminium, whicb bas a Dumber of 
useful applications in the arts. "Vater ElDters into the 
composition of all natural clays. and t.hese are accord
ingly described by the chewist as hydrated sillcates of 
alulllina, !L nam e t.hat sufficiently indjcates the presence 
of water. silica, and alumina, f hydrated J being derhed 
{jom the Greek word for water. 

From a chemical point of view, pure clay would be 
as useless as pure sand as n. source of plant food. But 
clays are a.lways more or les~ impure, and the impurities 
present usually contain elements, such as potassium, 
magnesium, calcium. and iron, wbich play an impo rtant 
part in the nutrition of plants. The physical proverties 
of clay 1.1re, in many respects, tbe re\'erse of those of 
Eand. Sa.nd is loose and non-cohesive, clay is finn, 
I.lastic. and tenacious; sand ra.pidly loses moisture, clay 
is very retentive of it; sand easily becomes bot and dry. 
whereas cla.y remains cool, and is well able ' "a resist. a. 
drought. 

It appears, then, tha.t a soil consisting entirely of 
day would be very firm, cold. and damp, and ii exposed 
to much rain tbe surface 'would become muddy, owing 
to the moisture not draining away. As one of the con
stituents or the soil, however, clay is found to possess 
many valua.lile properties. 'rhus. it holds t·be oxygen 
vI t be air; retains water, the reby keeping the soil moist; 
gives tenacity to the soil; absorbs and retains the useful 
products resulting frOID the decomposition of manures, 
such as ammonia. potash, lime, and phosphoric acid; 
and is rich in useful substances (alkalies) adapted to 
supply plants with food. . 

Most soils contain lime (generally as carbonate of 
lime), though this substance is rarely present in large 
proportion. II some powdered chalk. or Bath freestone, 
or broken marble-all of which a.re composed of car
honate of lime-is put in a tumbler, and a weak solution 
of hydrochlo.ric acid is poured upon it, the union of the 
carbonic acid gas "lith the lime will be broken. and the 
gas will escape in bubbles. {,; 
If a soil contains ljme in a.ny a.ppreciable quantity it s 

presence can be detect.ed in the ma.nner junto indicated. 
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Take & small portion of 80il whicb bas been d ri~d and 
rub it dow n La 8. PU\\ der. t.}Jtw lJlJur n re" Jrllpl'- uf '" ,,"u,k 
hydrochloriC aCid llJJon It. U CarbOll&Le of luue i. 
present. elIen' flscence will result. • 

It is necessary to distinguish between lime and lime
stone. because ul1[ortuoa.t.ely the term I lime ' is popu
larly ma.de to do duty {or both. Limestone, as bas been 
said, consists of lime conJuined wit.h ca.rbonic acid gas i 
it is a carbona.t.e of lime, or, to use stricWy chemical 
nomenclature, calcium carbonate. Lime call be obtaioed 
from limestone by burning the latter 1n a limekiln 
wherein the heat is sutftcient to drive the carbonic acid 
gas awa.y from its combination with the lime. The 
whitish substance (quickJi.fJJe) left behind crumbles when 
touche.d. U wa.tt.r \S pou'fed U\lOU it. the liquid i. 
greedily a.b~orbed. there being a mnrked rise in LClJIpera..
ture. , od the resulting mass is known as hydrated 
lime. or slaked lime. or slack lime. If quickliDle-also 
callE'd caustic lime- be exposed to the air, it will, besides 
a.bsorbing water, re·ullite with carbonic a.cid gas, &Dd 
gradually revert to the form of carbonate of lime or 
limestone. Pure lime never occurs na.turally. 

When it is said that a fanner is 'liming' his land, 
it is not always certain whet.her it is meant tha.t be is 
giving it a dressing of lime-thnt is, quicklime-or of 
carbona.te of lim. (chalk, or ground limestone). 

As 8. constituent of soi ls, lime, If sufficiently pul
verised. has useful agricultural properties. On account 
of its reaction with acids it aids the decomposition of 
orga.nic manures, such as farmyard manure, and pro
mot,es the [ormation of nitrates i.n the soil. Most lime
stones are mor~ or les8 Impure, owing to the presence 
of phosphates or sulphates of lime, magnesia, etc.) tbe 
elements of wbjcb are valua.ble &S ingredients of plant 
food. Cu.lciulD carbonate renders clay soils more friable. 

H umus consists chielly of decaying vegeta.ble matter 
in the soil, sometimes mixed with a. grea.ter or lesl 
proportion of animal substance. It bas a. da.rk brown 
or blackish colour. Well-rotted leaf-Illould, so largely 
used by ga.rdeners, is very rich in humus. The com· 
pound. produced by the decay of organic matter in the 
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!!Ioi] contain a. larger proportion of nitrogen to carbon 
than exist.s in living vegetation. tbe carbon of the humus 
being diminished owing to mucb of it gomg off in union 

I wiLh oxygen as carbon tlioxide. It \\;as fo rm erly thought 
that hUlllUS was capable of serving directly as plant-food, 
but this has been pro \-ed to be Dot [,he case. N e\-ertbeless. 
humu8 is of great value, because the fUlal products cf its 
decomposition-chie fly carbon dioxide, ammonia. and 
water-are capable of ministering to the food require
ments of growing plants. The quantity of humus usually 
present iu culti\"ated soils ranges froru 2 La 9 per cent., 
a.nd, within these limits, the soil will be the richer, or 
the more fertile, the more humus it contains. It is 
possible, uowever , for a soil to contain too much decay
ing organic matter; this is the case with peaty soils 
and boggy moorlands. 

Garden soils cOJl1monly contain wore humus than 
ordinary agricultural soils_ Sa,udy soils need td- be en
riched with humus. Ilot only on account of its con
taining _fertilizing ingredients, but equally for its 
moisture-holding ca.pa.city. Of the various constituents 
of soils Ilone are equal to humus in the power of absorb
ing and retaining moisture; hen('e, a soil rich in humus 
is better able t.o withstand drought. 1n contrast with 
the free, open. saudy soils are the firm , dense, water
holding clay soils; in these, humus has a physical value 
on acCOlint of its property of loosening, and thereby 
opening and aerating, the soil. Consequently, the ,rery 
growth of crops may improve the soil for future crops, 
because the crop-residue. in the form of roots and 
stubble. b':'es to increase the store of humus which the 
80il contains. H ence it is desira.ble in some cases to 
increase l and in others to judiciously regula.te, the 
qus.ntity of humus contained in the soi1. 

By the process of green manuring-tha.t is. raising & 

crop of mustard, rape, or any other quick-growing plant, 
a.nd ploughing it in green-the amount of organic ms.tte.r 
in a. ~oil ca.n be speedily increa.sed. 

Classification of Soils.-Soils consisting almost ex
cluliv.ly of one constituent are rare and exceptional. 
N ea.rly all soils of the f&rm and g&rden will b. found ' 
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to conum sand, day, a litt.le limcsLone, a.nd some amOun~ 
of humus. lUtlslliuclJ. ltowt:\ cr, us clay UUlI. saud are, 
in point. of quauLIL,) I b,) fax t.ht: it!aumg lIIgreliJeut.8 of 
wost.. soils, It has lH:Cll loulld l'OIl\ CUll'ut t.o classify soils • 
&ccoruwi' LV llut pcrcltnwltrvs of daJ am] SLllH.l they 
COOUllO. 

SOppose, then, for tile sake of slIllplicity. that a soli 
COUl;lsts almost. CJJLu't'ly of SiJ.lJU !lud c1l1j. 1f, itl Huch a 
~ a8e, Lhe quauLlt,) of clay Utl(!S uoL c:-..cccu f) !J~r c~uL. 
~f the weight, a samiy sent is the result. 

With from:; to 10 per ceut.. of clay I{ Hi a !ulId!llo(l fil. 

WiLl.l from 10 to 20 }Jer cent. of clay It is a loamy .oil. 
\rit.h from 20 w :30 lJcr CCIIl. of clny It becomes a day 

loum, wILli (row ~o to 40 per cent. of cla.y it. is a duy, llDd 
with over 40 per cent. of clay a IJfr'()Ij!J or flt'at·!} day . 

. .A. lo~m, it. will be no t iced, is a. Boil consisting of 0. 

mlXture o[ saud and clay. A yrawl 1.va1ll and a chalk 
loam are loarns of \\ bleb gravel a.nd chalk respect.ively 
a.re noteworthy ingredients. 

A marl is a clayey 80il cOlltainiug from £) to 20 per 
cent. of carbonat.e of lime. SLould LJIC limestone pre
sent exceed 20 per cent. of lobe toLa.l weiglit. a. ca/carcotUJ 
soil (Lat. calx, limestone ; Cl'TC1Ia, sand) IS the result. A 
sa.ndy soil containing Bome amount of carbonate of lime 
is called chalky .and. 

For nea.rly all purposes lo8.IIlS make the most suitable 
soils. If a soil happens to be excessively sandy, or 
clayey, or calcareou8, or peaty, it will be improved in 
character in proportion &s it is brought. to resemble a 
good medium loam. The object of the cuit.i,·a.tor is, as 
far 80S p ossible, to bring it into such IL conditioo. 

Experience proves that & soil is best adapted lor 
purposes of cultivation when it contains of-

Sa.nd (siliceoulS and e&lcarooua) from 50 to 70 per ce.1t.. 
Cla.y .. ... W ,,30 ,. 
Carbona.te of limE:: a ., 10 .. 
Hl mu, ... " b " 10 . . .. 
It thus contains enough sand to make it warm, and 

pervious to air and moisture; enough clay to render it 
moist, tenacious, and conservative of manures j enough 
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limestone to furnish calcareous ma.terial and to decom· 
pose organic matter; and, lastly, 5ufticlent humus to 
a.ssist in supplying the fuod J'equlremenLS of plll.nts. and 
to aid in U1al!.lttli(l~ug the caruou diu~aJe in the int.er· 
stitial air of Lhe I)OJI. Tile reason that. a.11u\'iai soils are 
generally so fertil e is the llHxed winerai ciHLJ'acter they 
possess. owing to their having been ubually derived. from 
tbe dlslUt~gratlou o[ various kUHls of rocks. Ilnd oot o[ 
oue kind ollly. Such a soil as that.. indicated in the abo\'e 
table is, however, the exception ra.ther lban the rule in 
nature, mOSL soils being charac:tenzed by LOO great a.n 
excess of oue or more of the iugredjents. 

Various agricUltural terms are applied to aoils. A 
sandy soil is described as light, and sandy and loamy 
soils are spoken of as open and free-working. Friable 
soils are readily crumbled between the thumb and fingers. 
A clay soil is described as heavy because it is sticl--y 
or tenacious; it may also be terJ.Jled stiff or stubborn. 
As a matter of fact, however, a cubic foot of sand 
weigbs more tha.n a cubic foot of clay, the terms ' light ' 
a.nd ' heavy , referring to consi~tency rather than to den
sity. A I mellow' soil is one whjch, by natural or artificial 
Dleans, has been reduced to a fine state of subdivision. 
A ' hungry ' soil is one wbich is greedy of manure and 
of wa.ter, with Lit tle power of retaining either ~ a poor 
sandy soil is an example. A' cold I soil contains an 
excess of clay or of humus, hath of wbich retain water. 
A ' shallow' or ( thin I soil is one in which tbe distance 
from the surface to the subsoil is but little; on the 
Chalk Downs some of the soils are M shallow that they 
cannot be plougned deeper than 3 inches. To go below 
this would lrring up so much carbonate of lime (chalk) 
tha.t it would exercise a.n iniurious effect for years. A 
I deep I soil, such a.s man,y clays, is of considerable 
thickness. 

Mechanical Analysis 01 SoilB.-A gi ven soil consists 
or fra.glllents s.nd particles of different size, the sort ing 
out of which is effected by mechanical analysis. The 
.ample to be examined is first dried, tbe weight of 
moisture lost being noted, and then shaken through a 
liev e with round holes 3 mID. in diameter. In this way" 
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the ' atones' are separa.ted (rom the I fine earth.' The 
latter is then tre:u,eu successi\ ely WIUt dilULe hydro
chloric aCid· and allltl)Omi1, for tbe JJUT}JUhC vi removing 
the carbonates a.nd bUUlA,Les that. ht"JIJ to bmd Its par· 
tlcles Logelber. The fiue earth is lhen air (ll'led, aiLel 
which tiue grn.\·el , (.;oa.r!-le suud. alld tine sn.nd are st::pa
rated by weaus of sieves \\ ILh hult!s of suit.able dUll en· 
sians. The very finely dl\ided flJal erial (bill. and cla.y) 
that remains is theo sorted inLe size cOIIHLituents by 
weans of water. This is SOllJeLIIUeB duue by stirring up 
the soi l in a full cylinder of \\ ater and afl el'wards allow
ing It 1.0 settle. The coarsest particles are deposited 
first a.nd its flDest ones la.st. More accura.te results are 
obtained \\ hen water currents of known force are used 
to wash Out plLrticJes of c(lr respouding size. 

The foUowing will serve as an exa.mple of mechanical 
&naJY8es :--. 

TABU I. - Soil, from CH.i.PEL Cl.08~ , R on. l. AORlOULTUJU.L 
COL LEGB, C IRtn~C t;8'TF.k 1M. KEll8HA.W). 

I Sto • .., diam. ove<lO rum. . .. 

l Small s tones. roalD . O\'cr 3 mm 

'~n trcatUlCnl wi t.b acid ... 

Fine gntveJ ( :.I IJ]W.- I 111m ) 

~:::.:ud /~ ::~= .(;~ ::.{ 
Silt ('UI nnn.- '01 llltll.) 
Fine silt \'01 mm.- ·{J· 2 mm. , 
Clal (belo w '002 rum .) 
Mourt.ure. ... ..' . . .. 
Orga.nic ma.tter. etc., !OSL 011 heating 
DiMoJved matter .. ' . .. 

(carbonatea a.nd homates) 
mo6tly calcium ca.rhonate 

&,ij C 

I,er ('('li t . !'{'r rent ver (,'ent 
" 2"2 '4 

\\'(; 

The atones ",,'ere nearly aU limestone lClilcium carbonate) . 

• Chemical Analysis 01 SoilB.-Of the chemic .. 1 ingre· 
dients of soils, silica., alumina., &l1d lime have 
a.lrea.dy been noticed. Others, usuaUy present, a.re 
potash, soda, magnesia, oxide ot iron, phosphoric 
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a.cid, sulphuric acid, and chlorine. With the ex· 
cept ion of chlorine these aTe all oxides, that is. com· 
pounds formed by thE> uuion of oxygen with some other 
element, though, in the caSe of the two acids named, 
water also enters in to the compositioJJ . Potash. soda, 
magnesia, and oxide of iron n.re compuu nds of oxygen 
with the meta.ls potassi um, sodium. ma.gnesium, SiIld iron 
respectively. Phospboric acid and sulphuric acid COD 

ta.in, as thei r na.mes imply, the non-metallic elements, 
pbosphoru s and sulphur respecti vely. combined with 
hydrogen and oxygen. The substances which have been 
named do Dot usua.lly exist free in the soil-no soils 
contain potash, soda, lime, or magnesia., as such, thougb 
Olany include free oxide of iron. The oxides of the 
meta.ls (bate" o.s they a.re termed) exist. in soils in com· 
bination with the acids, forming l alts. · All clays contain 
silicate of alumina, and frequently silica.te .pI pota sh. 
Phosphates, sulpbates, and carbonates of Erne, and of 
ma.gnesia, occur naturally in many soils. Oxide of iron, 
thougb not present in qua.ntity, is of interest in tha.t the 
colours of soils a.re more frequently due to this ingre
dient than to any other. Red and yellow sands and 
clays owe their colour to the presence of similarly 
coloured oxides of iron. Oxygen combines with ir on in 
severa.l different proportions, and the change in colour 
of a subsoil from a bright yellow to a rusty brown may 
be due to the bright. yellow ox.ide of iron becoming more 
thoroughly oxidized when the subsoil is exposed to the 
air at the surface. 

Availability of Plant Foods.-An ordinary chemical 
analysis of a soil enumerates vari ous substances known 
to be essential as plant food, but does Dot state whether 
these are immediately available for use. The roots of 
plants C&ll only absorb compounds in solution, the feebly 
acid sap and dissolved carbon dioxide constantly difiu8· 
ing out and thus helping to prepare such solutions. By 
extracting a soil with a ] per cent. solution of citric acid 
the natural a.ction of root8 is, so to speak. imitated, 

.. Acids whose names .end in ic form salts whose names lUtl:all y 
end in ate ; thulS, 8ulphuric ac id forms Bulphstc!J ; nitric a,pid , 
nitrat.e.. 
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the substances thus dissolved out representing the 
plant food which can a t once be drawn upon. and allw 
.serving all & guide Lo lUB.nurlld treatment. 'l'he citric 
a.cid metbod, howe\ er. is I,ra.cLically olJly n. guide to the 
amounts of available phoslJhoric a.(:iu aod potnsh Jlresent. 

Of the various suL..!:Ita,nces rf:'qulI'ed by crops to susLain 
their growth, there art' fou r of which the a.vailable 
supply in the soil is liable to run sho~t, 80 that the 
deficiency has to be made good by t.he cultivator. These 
are nitrogen. phosphoric acid, potash, and lime. The 
la.tter t.hree. a.s they occur naturally in the soil, belong 
to the 'mineral illyrrtii!lIts. ~ itrogell, aD the other hand, 
is deri,red from the decay of m'UclIIic '1lOftrr in the soil 
and to SOme exttnt frolD the atmol:iphere, in addition 
~o w~ich small but va.riable qU8.IlLiLies are brought down 
lD ram. 

In most ordinary st,jIs, sand, clay, and humus ms.ke 
up as mucl! as nine-lentils of the whole, the actua.l in
gredients upon which plants feed being comparati\'ely 
smail in amount (see Analysel:i. p. 20). The sand, clay, 
and humus. which constitute the bulk of the soil, furnish 
the staple or fa.bric in which the routs search for food. 
They conta.in varying amounts of Itlaterial which , la.ter 
aD, may be cOllvertf'd into plant food ready for a.bsorp-
tion, but are for the time being 'do rma.nt I or I un
availa.ble.' The quantity of sol uble matter available, 
even in rich soils, is never abunda.nt o.t anyone time, 
and to add ve ry large amounts of such matter would 
defea.t the end in view I for roots can only absorb wwk 
solutions. The object of the cultivator in his trca.tment 
of the soil-by tilling, manuring, fallowing- is to provide 
a succession of active or available plant-food. so that &8 

the nitrogen, phosphorus, potash, lime, and other matters 
existing in the soluble form are used uP. fresh 8uppHes 
m&y be rea.dy to ta.ke their pl"ce. II the soil should · 
run sbort of any ingredient of plant-food it is sa.id to 
be exhausted of tha.t substance, and crops ca.nnot b, 
grown till it is replaced in sufficient quantity. More
over, &D excess of one substance will Dot mue good 
the deficiency of another j if a. soil contains DO pota.sh 
aD a.bundance of lime will not help it, and, aimila:r1y, 



20 COMPOSITION AND CLASSIFICATION OF SOlLS 

though a Boil may be rich in nitrogen it will yet be 
inca.pa.ble of growing crops if it ha.s no phospho rus, 

A good illustrat ion of the difference between soluble 
and insoluble plant-Iood is aITorded by nitrogen. 
Organic nitrogen, as it exists in farmyard manure, is 
insoluble in water, and therefore Lbe plant cannot 
direcUy wa.ke use of it. The same nit rogen, .alLer the 
process 01 nitr ification. ta,kes the form of a nitrl1te
nitrate 01 lime usually-wh.ich is soluble, and} dissolved 
in \\ater. can be taken up by the plaut-. 

The following analyses of soils ha,\'e been specially 
selected, and are presenLed here together. as illustrative 
of the ,,'aria-tions in the composition of soils. whicb is 
the subject discussed jn this chapLer. Respecting the 
four ingredients just referred to, it is seen tha.t nitrogen 
,. \l.t it. nigne.' ('1:4~ \}er cent.) \.U t'ne 1>e"'t~ .oi\, a.nu .. t 
its \owest. ~O"'2 per cent.) in tbe sandy soil. Of pbos
ph..oric acid, lihe percentages ra.nge f r oUl o'lfi in the cllty 
soil to O' 10 iu the sandy soil. Pota.sh is a t its highest 
(0 '76 per cent.) in the clay soiJ, whilst lime is most 
abunda.nt in the chalk soil and very deficient in the 
sands soiL The student will notice the small percent
ages of niLrogen. phosphoric acid, a ud potash which are 
usuall y p resent in cultivated soils. He will also observe 
the high proportioDs of insoluble si licat,es and sand
amoun ting to foor-fift..hs or WOTe of the whole-which 
enter into t he com position of claysl loarns, and sandy 
soils. 

TABLE Il.-Compo~ition of a. SANDY SOIL.· 
Sample 9 inchu deep. 

I Or~nic matter and 108S on heaLing 
Oxide of iron ... •.. ." ... 
Alumina 
Lime ... 
lbgoesia 
POI.ash '" 
Sod:l .. , '" 
Phosphoric acid 
Suiohurlc acid .. , 
Insoluble siliceollll m3tter .. 

I Containing nitrogen .. . 
equal to ammonia .. . 

• From Rugel." Stafl'ord.bir._ 

I ~·8:? ::: ."., 
·,A 
·18 
' 12 
·07 

:::/ j 
JI)(}'Ij() 

· I~ 
' ) 0 
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TULE llI.-Com po,ition. of a CL.H" SOIL. · 
8.Jnapl, 9 ;11ell,. d,~ p. 

I OrKl-mic matter and loS!< Oil h{'uling 
(JxlIle of ITon ... .. . ..• .. 
AIUllIitw .. . 
Cu.rl"mulc of lime 
1t1:l~1I('8!:1 
P( j/H'HI ••• 

~(tda .. ' ... 
j>b"~Jlhflri(' acid 
~1l1\,h\trll" acid ... . .. 
In!Ol,l.,\,\c ",i.hc...t<!S :.1\)(1 ".,1U1 

1 COllr.lliulIIF I litr!,!~clI •• 
e</lwJ ["amaH./JI:. 

TAliLS lV .-Com /JOIli.tion of Q. Leu.». SOll. .. t 
_ Sumvlt' \) \,h('fv.a J, . p . 

• Orll'Bm. ,mauer olld JO<;jS 00 Ilelitiltg 
().'{i,jt" 01 U'UIl... ... ... . .. 

• AJunUII:1 ... 
('arOoJ};!tt.' oi lillH' 
F-ulpha\.{' of lim(' 
)laglU~lml 
l'otaoh ,,, 
R(>da ... ... 
Pbo:<pboric ~cid 
] Ilsolnblc !:Iilicat(.'S ,U1d lIam!.. . 

• COlltaining lIitNgcn .. ' 
equal to ammonia 

,,' 

TABU V.-CQmpo,ition of a CR~LK SOIL.t 
Sample 6 iI/chelf df' t:: p . 

I Organic Iilatter and JOSH on healing 
OXIde of iron .. . 
Mumma ... 
Carbonate of lime 
Sulphate of lime 
lIaf,"llesia 
Potaah .. ' 
Soda .. ' .. , .. , .. , 
Pliosphoric acid __ . .. . 
I IlIJO)uble silicates and &and .. . 

I Containing nitrogen ••• 
eq oal t.O a.nunonia 

3 ' 13 
I 'lit 
I 'GS 

'lln7 
·,8 
':Ii) 

"8 ," 
'15 

{<S'U7 

100'00 
"8 
'2 ' 

• From near Cambridg~ v : ... !>~ Th~~_aon near Sittingbotll'l1c, 
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T.6.BLJ: VI. -('om1)()8ieiQn of a PUTT SOIL, · 
Sam lilt 9 tll,he& r]t'ep. 

I Org\l.nk !l\1\.tt('r ami lo~ ... on h~tl.lit\g 
Oxide o( iron and :liumiua ... 
C'arbuJlUl'> of lim(' .. . 
POIlIo.llh, lit.da. magnesia. etc .... 
insoluble silic:ne& and liam!... 

r,·I' tjG 
13'\16 
hlO 
'~Ig 

l~ GO 

, lot'hiO 
I lontaining nitrogt.n ... 

i"'lu;L\ to ammonia 

CHAPTER III. 
PHYSICAL PROPERTIES OF SOILS 

:_!'·Ii 
<!'99 

Structure of Soil.- A soil consists, a.s we haye iieen 
(p. 17), of particles of various size and kind. The inter~ 
stices uetween these particles collectively fora: wbat is 
known as the I pore space,' which is greatest in clays 
(up LO 50 per cent. of volume), and least in some of 
the coarser sandt:; ('25 to 30 per cent.). The denslty of 
the materials making up soils (true density) is obviously 
greater than the density (apparent density) of the Boils 
themseh'es when dry, because the latter possess a. larger 
or smaller pore space. The apparent density of a dry 
soil is obtained by dividing a given weight by its volume. 
Owing to the large pore space in clay soils these are 
really lighter than sandy soils with a smal1er pore space, 
as will be seen from tbe following table (A. D. Hall) :-

TABLE VIJ. -ApPAla:~,"T Dl: .... ·SITl.' Ar."O \lEIGHT OF SOILS. 

Kind of Soil. I Apparent 
Density. 

Hea\") clay 1'062 
Sand.\· clay ... 1'279 
Sandy clay sablOi.1 1'18 
Light loam ... 

"'1 
1':!'}2 

Light loa.m subsoil ... 1' 144 
Sandy loam 1'225 
Sandy peat .. / O'18:! 
Light &and ... ] '~66 

Weight per 
cubic fOOt. 

66'4 
80 
i3'7 
164 
71'0 
76'7 
4!1 
79'2 

Los. per acre : 
of a layer 

9 inches thiok. 

2.15n,OOO 
2.600,000 
21&10,000 
2,480,000 
2,320,000 
2,·190,000 
) ,580,000 
2,560,000 . 



AIR OF THR BOlL 

Since the roots of plants derive their food from the 
thin films of moistu r~ clinging to t.he soil particles. it ia 
obvious tha.t the tOlal Rurface pre~ented hy tbese in 
different ca.ses 15 a matter of prn.ctirui as wt'il as t.heore
tical int.erest. especially as it is also rt'iatt'd to t.htl 
power of retaining WRtl'r and of taking up certain sub
stances from sulutious. Tbe foll owinp: table embodies 
the results of cakulatioll!l made to determine the Bur
faces offered by soils of d irrerent kinds. 

TABJ, E VHT. - POItE SrACES AN!) SUIlVACr:S 0,. SOlLS. 

Kind (If Soil 

Finest clay 
FilleBtcJa\" !:Iuil .. 
Loamy c~y liuil 
LO:lm 
tiJ.ndv loam 
::land)' !,{lii 

J'orl" "pace, pcrCt·nl 

:I!? ~ 

." 
·I~'~ 
·141 
a~ N 

:l:!'i~ 

:\rca oi~lIrfll~ ill 
.. 'tuan' ret·t. per l'ubic 

foot of :-ioU. 

l'a.71/(1 
I mrrtlO 
70.[,00 
4Ii,LOI.I 
HGJtOO 
11 ,OOU 

II .As a rough figure to remembe r, toe surface of the 
particles in one cubic foot. of an ordinary light loa.m 
may be taken as about. an acre j this will increase a.s 
the soil approaches more and more t.o clay. and diminish 
&s the soil become!; ilJcreasingly sandy.1> (A . D. Hall.) 

Air 01 the Soil.- The J)ore space in an ordinary soil, 
together with worm burrows and other relatively large 
cavlties that may be present, is more or less full of 
air. The oxygen required by the roots of plants to 
enable them to breathe is derived [rom this air, and 
thorough ventilation of the Boil is absolutely necessary 
if crops are to flourish. The air in the soil also plays 
a.n important part in the complex changes that are in
cessantly going on l largely as the result of the activity 
of microscopic organisms, a.nd by which the store of 
a.vailable pla.n t food is continua.lly being increa.sed. The 
object of drainage is to increase the volume of soil 
through which air can freely circulate. 

Water of tho SoiJ.-A large proportion of tbe water 
wbich & soil is capable of holding may be termed .4 free,' 
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'.e.,., i~ra.inl5 a.~"Y with greater or less readi1l6s8. But 
"f,£er~8 reID!;lVt1 a great deal of wa.ter still remains. 
Itfinpg to tbe particles of soil by meaus of • surface 
Yellsion. I Tbl meaning of this term l8 ddlicult to uuJer· 
ISta'qd without a special kn owledge of ph) SICS. but. it 
\1{ill suffice tort'our present purjJose to staLe Lhat at. 1.he 
surface ofUL . ~yer of water, where it.. is in contact with 
air, the D"Iojlcules of water a.re drawn io\\ards by t.he 
a.ttraction of deeper water molecules more powerfully 
tb th'" are drawn outwards by t.he attractJOD of ,be 

lows from this tbat tbe film of moisture adher
particle of soil may be compared to an elastic 

membrane on the stretch, and therefore trying to COD

tract. inwards. The water thus tightly held by the soil 
is of primary importance to plants, as it constitutes the 
plant food absorbed by tbe roots. 

Soils differ very much [rom one another Bas regards 
their capacity for taking up water. ThIS is greater in 
proportiq,n to the amount of clay and bumus present. 
The most fa.vourabl e or I optiiDwn' amount for plant 
growth is from 40 to 50 per cent. of the total 
capacity. 

Soils may suffer as much from containing too much 
water as trom possessing too little. By draining, on 
the one hand, ILnd by sllitable tillage, on the otber, it 
is possible for the cultivator to exercise some control 
over the moisture in the soil. Crops, especially in 
drollghty weather, draw largely upon the stores of 
m{)).'&tu.n. W\tb.\:n. tne '&{)ll. rr:{) '&ucn an exten.t \'i:I \.b.\~ 
the case tha.t cropped land genera.lly gives up more 
moisture than it would if left in bare fallow. In the 
case of a. crop of barley gro"'n at Rothamsted there wa.s 
removed from the soil more wa.ter lequivalent to 
9 incbes of rainfall] than had evaporated in the same 
time from .. n adjoining ba.re fallow . The powerful 
a.ction of 8. crop in robbing a soil of its moisture is 
mainly due to the rapidity with which water evaporates 
during daylight from the surface of tbe leaves. A deep
rooted crop. Ijke saioJoin or lucerne, ma.y be more effec~ 
tive in drying the soil than a. shallow-rooted crop, 8UGP 
as ba.rley or oats. 



CAPILI..ARITY 

The water which evaporat.es fronl 168.\'88 goea orr 68 

pure water vapour. the Bubstances dissolved in the 
waLer when it Jeaves the soil remaining beh.iud in the 
pia!JI. a.nd aidillg in its nutrition. EXJjernucntB have 
led to the conclusion t.hat from 2[10 to 3()f) lb. of water 
are eyaporat.ed from leaves for 1 lb. of dry ma.tter added 
to the ~lnllt. 

Sometwu:·s the evaporation of mOIsture from the 
lea,"es goes on [nore ra.pidly Lban the roots take up 
fre sh supplies from tile soil. This state of things may 
OfLt'n be seen III a mangel field ou a hal. suuny afternoon 
in July or August, when Lue 1e8o\'85 are all limp aud 
tln.,oping. ~\s e,"ening apIJfoaches, and the evaporative 
po'wer of the sun' s heat is iessened, the supply of water 
fl'oll1 the ~oil n~ain equal s the dema.nd of t.he leaves, 
and the iattt'r resume their crisp character, because their 
tissues l",ecome tUI gid with water. 

'fhe maintenRnce of a suitable degree of moisture in 
the soil depends largely upon its physical condition, &Dd 
especia.lly upon its capillarity. 

1\ 0 physical property is more familiar than that of 
capillarity, or capillary attraction. \Yhen So lump of 
sugar is held with one c.orne r dipping in a cup of coffee, 
tne brown liquid quickly suffuses the whole lump. \Vhen 
& fresh wick is allowed to dip into the oll· reservoir of 
8. lamp, the oil speedily travels up the fabric. These 
are instances of capilla.rity. and the phenomenon j~ 
dependent upon the presence or innumera.ble very nne 
tubes (Lat. CQpiLlus, a. bait). A.s the int.eTna,\ dia.metet 
01 tbese narrow tubes increases, &l does the power 01 
capillary attraction diminish. Myriads of 8ucb tubes 
exist jn the soil; and the finer the soil the more deljca.te, 
and consequently the more efficient, do tbese tubes 
become. On tbe other band, the coarser n. 80il, tbat is, 
the more inferior the tilth, the more do the delicate 
narrow tubes give place to others of wider bore. 

However dry and pa.rched .. cultilvated 80il m .. y 
bappen to be, it js Dot necessary to dig very deeply 
before moist soil is reached. By diggin _ r " 

depth, the water table, or line, ~of~~Sr;.-,.;lfie'1effil:a't .. CTritiih~ • • 
place, will be penetrated; .. nd it... ' 

~'-
I 
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the water-level upwards the earth is moist, though the 
actual Roil may bave lost all, or nearly a.ll , its moisture. 
The fact that such a Boil is DOt moist up to the su rface 
is partly due to eva.porat\on, though it is a. question 
not 50 much of evaporation as of capillarity. The ca.pil. 
lary tubes. having lost most of their moisture by 
evapora.ti on. haye crumbled into other more open tubes, 
too broad for the water to travel along, and hence the 
surface soil ha.s been deprived of those myriads of minute 
invisible conduits which would have enabled it to con
tinuously draw its supplies of moisture from the reser
\"oir below. Had the surface soil been kept in a state of 
nne tilth-and this can be done by stirring it sufficiently 
frequent IY~lhe moisture would ha\-e travelled up from 
below to replace tha.t which e\-a.pOrated. 

" -ben rain falls upon the soiL some of it si.nks down 
to replenish lhe stores below: buLl during lhr per iod o( 
active growth. and particularly in a droughty season, 
there is a movement of moistu re from below upwards. 
This moisture replaces t..hat, lost at the surface by 
evaporalion j and its direction is such that it tends to 
keep the soluble plant food wbere it is wanted, that 
is, about the roots of t.he plants. If enough wa.ter be 
poured into a sa ucer in which stands a flower-pot full 
of earlh. the su rface of this mould will at length becom e 
moist, the water baying travelled upwards by capillarity. 

But bere another important point bas to be con
sidered. If all the capil lary tubes are open to the 
surfa.ce, evaporation can proceed from them so freely 
that the underground store of moisture may be insuffi
cient to supply tbe continuous demand. Bence, again, 
it is desirable to keep the surface soil , by frequent stir
ring, in su~h a state that the capillary tubes a.re broken, 
or interrupted, a. little below the surface. In this ca.se 
tbe mere superncia,l covering of mou\d acts a.s 3. soil 
mulch j and. like a layer of lea.ves, or gra.ss, or fa.rm· 
yard manure: it protects the moisture benea.th. Bence 
an occasiona.l sught stirring of the superficia.l soil serves to . 
con serve rather than to d issipate t.he underlying moisture, 
and Buch operations a.s hoeing and raking (barrowm&,) 
may be usefully resorted to even in very hot we&ther. 
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1n case! wbere. from frequent ploughings at the 
same dept.h, ..... hat is called a f plough pall J has formed. 
or where a. layer of farm.vnrd llIR.uur~ has acculllulat.ed 
beneath the 80i1, tlle o\"erlYlUg Iwd 800U becomes ury. 
and speedily Bufif'l's froUl drought. The explanation, 
of cO Ln'se, is that the sur{1u:r sot} ba.s been cut oIT [rom 
capilla.ry contiuulty wit.h t.he moi sture iaden ear t.h below, 
and there has been no upward ('urrent or moisture to 
rt"pla.ce that. which haos beell lost by eva.pora.tion at the 
surface. 

'When land has been ploughed time a.fter time, to 
the sa-we de}Jih, it.. is UD unusuaJ Lhjr~g for Jl, bard layer 
or plough pan to form. 1t. opposes the passage of water, 
and the rooLs of pla.nts are unable to penetra.te it. The 
repeated Btiding of the base of the plough at one depth , 
and the 'reading of hor~e8 and men along t.he furrow, 
are the cause of the consolidat ion to which the pa:l is 
due. It is necessary t.hat all such hard or indurat.ed pans 
should be brokt"D, and this is effected either by the sub
soil plough, the trench plough, or the steam cultivaf..or. 
The subsoil plough breaks and stirs the subsoil without 
bringing any of it to the su rface. The deeper-working 
trench plougb acts more thoroughly, but at the risk of 
bringing up to thE" Rurface objectionable matter. The 
incorporation of subsoil with soil is a. procedure to be 
adopted only with great ca.ution. 

N a.tural pans are [ormed by chemical agencies. On 
calca.reous soils, or where lime btU been freely used , 
this material may form a. liIDe pan at a modera.te depth 
from the surface. The cha.nges a.re similar to those 
which take pJace when lime and sa.nd ha.rden in morta.r. 
In Boils containing an undue proportion of oxide of iron, 
this material is washed into the subsoil, and cakes the 
pa.rticles together into a.n iron pan. In the sa.me wa.y 
the links of an iron chain ma.y be cemented into one 
piece by iron rust. Peaty or moorland pans occur in 
hea.th and bog soils, and ma.y arise from the accumula.
tion of sa.lts of iron benea.th the 8urf8.(:e. The !ubsoiJ 
plough and. in the ca. •• of lime pan', tbe trench plough, 
must be set to work to reduce these obstructive ·layer., 
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&nd tbereby promote t he percola.ting properties of tbe 
soil. 

Temperature of the Soil.-The germina.tlOn of seeds 
and the general growth of plaliLs can only take place 
within cert.a.lo tempera.ture lilllits, which \'ary some· 
whal with the species. The lower limit. is kn(lWU a.s 
the minimum temper at.u re, the upper !Jrnit as the maxi
mUll1, between which is a most fa.voura.ble or optimum 
temperature. 

The following ta bles (compiled from various a.uthori· 
t ies) wi ll illustra t.e t h is question ;-

TABLE IX.~TEMPE RA. TURII:S OF GR OWTH (in degru , .1".). 

Plant. MillimuUl Optimum. M:l.1.imum. 

MmtRrd .•. 3:! "'10 9!)'O 
B:ule'v , .. 'Ii S'l'6 9!I'M 
\\'heat " 8:1-1; 101H; 
)'bize 4 !~ !l:! '(; 11[,'0 
Kidney ~~u 49 !12'G 11!}"O 
Melon G, 91 '4 111'U 

T"-BLK X .- TEJfPIlRATURI:a OF GB R MI lI.A 'T'ION (in deqreu F .). 

Plan~. I "Minimum. Opt.imum. Maximum. 

I Wb"",... '" .. I 32 to 41 77 to R8 RS to 110 

I 11'';:"' .:: :: : :\ 40 77 to 88 100 to 110 
G:! to <41 8S to 100 

Pea ... ... . .. 3~ to 41 
Scarle~ runner ... . .• .. 9l m 

\ ~~b~~' and ~elon '::. 
,g 9l nb 

60 to 1\0 ~8 to 99 110 too 1'20 

From such fa.cta as the a.bove it is obvious that investi· 
gations on the -temperature of the soil are of practical 
import&nce, beca.use they throw light upon when and 
where to sow various crops with the prospe.-.:;t o'f reasod
.. ble yield. 
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The heat of Lhe soil is mainly derived [rom the 8Wl) 

y the fall of warm ra.ID, a.nd by t.he condensat.lon 
f wa.ter vapour. Loss of b~a.i )! chiefly t.he Te-sult. 
f radlat,lOll lliLa the ol.ir, conductlOIl mLo t.he aJr or 
be subsoil, a.nd e\'aporallon frull tbe surface. The 
.alance between ga.ins 3.lld losses varies from time to 
ime, and consequent.ly the t.empera.ture of a. given BoH 
,to any gi,'en dept.h ,'aries al)"o. Tbe variations are more 
llarked ncar the s urface than lower doVlD, and Lhere
or e sha.llow-roo\ed ll.re more affe.cl.ed t UR.t\ deep"" 
'DoLed plants. K at only crolJ v1ants , but a.lso the micro
Icopic forru s that bring about. \'arlOUS IlliJ.lOrt.a.nt change. 
n t.he soi l are affec ted by alLerations In LelllveraLure, 
md a low thennorueLer not ooly checks t.he growth of 
ligber (Ortu S, but a.lso ret.ards or sUSlJend6 t-he actlvity 
)f some of Lbe lower forIlls which are enga.ged in the 
production o[.,pla.ut food. 

The amount of hea.t ga.ined by soils depends upon & 

[).umller or factors, of whIch aspect. is one of t.he most 
mportant. 1.n OU1' hemisphere slopes fa.cmg Ro uth receive 
[)Jost beat Irow the sun and, oLher Lluoga hemg equal, 
bear the most. forward crops. Colour is also an impor
ta.nt ma.tter, for the be&.t a.bsorbed is greater for da.rk 
soils tha.n for light. So much beat is lost by surface 
evaporation that anything wh ich checks this beJps to 
mainta.ln Lhe soil a.t a. higher tE>mperature. A coverin g 
of veget.atlOn, mulching, or SLOnes OD the surface. a.U 
a.ct in t.his way, and wind screens ha.ve a. simila.r effect. 
It is also clear that a. well -drained soil loses les8 moie
ture by eva.pOration than &0 jll ~dr4Jned one, aod i. 
therefore warmer. 

CHAPTER IV. 

SOUBCES OF LOSS AND GAIN TO SOILS 

Tn soil is ever changing. It is continually givin~ up 
matter, and &8 constantly receiving fresh ma.tter. Tha.t 
crops rob soils of 80me of their ingredient! is proved Dy 
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burning the pJant. and anaJysing their ashe., which 
yield substances identical with some of the mineral 
ma.tters o[ the soil, aDd different from anything which 
is cont.a.ined in the air. The soil loses water, par tly by 
direct ~ \' aJJorn.tion from the surface into the air, but 
more especially tbl'ough supplying that which the plant 
gives up by eva,pora.tion (t.ranspiration) [rom ·the leaves. 
A still more sel'lous loss is Lhat which is effected through 
the medium of the waler- drainae6 water- which flows 
a.way from the soi l. Such water carries with it p&'fticles 
of soil- fine ea.rth-in suspensioD, a.nd it inflicts even 
a greater loss upon the soil by dissolving certain sub
stances and carrying them a.way invisibly in solution. 
By a.nalysing drainage waters, and comparmg the results 
wlth ana.lyses of the rain waters which fall upon the 
soil, i t has been possible to arrive at many useful facts 
concerning the behavIOur of soils towards substance! 
which are of importance as sources of food to crops. It 
bas been ascertained that sODle of these substances are 
ea.sily 'washed out I of the soil, and a.re therefore 
commonly present in the drainage waters. Other useful 
substances, which are known to be present in the soil , 
&re usually found in the draloage waters in only minute 
qua.ntitiesj the soil exercises what is called a rtitniivt 
pOtfer over these, since it retains or keeps hold of them. 

The substances of agricultural interest which are 
most readily carried away in solution by drainage wa.ters 
are sodium a nd calcium chlor ides and nitrates, and, to 
a less degree, sodium and calcium sulp hates. The most 
important of these are the nitrates- ' nitrate of soda. ' 
a.nd I nitrate of lime, ' as they are commonly termed. 

On the other hand, most fertile Boils possess a. great 
retentIve power for ammonia, potash, and phosphOric 
acid; consequently, salts of &IIlmonia and potash, and 
phospha.tes generally, are rare1y found in any quantity 
in draina,ge wa.ters, except under exceptiona.l condjtions. 
It i. the cla.yey part of t he soil which exerts the 
retentive i:nftuence upon tbese soluble bodies, a.n.d, 'Wnen 
rain fall. upon the land, the effect of its solvent pro
perties is to cause a more equable dis tribution of.. these 
,ubst&noes, rather th&D to wa.sh tb8m out. 
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Experiments ba.ve shown tba.t the expulsion of soluble 
alta froID the soil takes place most freely when the 
tercolation of moisture is the most rapid, 150 that eo 
lea.ry rainfall, restrict.Rd to l). feov: days. does {aT more 
larm in washing the Boil, tb&O would tbe same amount 
IC rainfall spread oyer a mooth. 

The riehness of dr&ine.ge. wa.ters in nitrate.s is, in t.he 
:bmate of England. g reatest in early autumn. whilst it 
hminisbes through tbp winte r. and is least in spr ing. 
rbe summer iR, neverlhelt'BS, the sellson when nitrates 
Lre most abundantly product'd ill the surfa(,e soi l ; but. 
~s little drainage occ'urs III SUlOUJer time, owing to the 
em perature encouragin~ a.. high rat.e of {'vaporation. the 
lit ra.tes at that season accumulate in the soil. As the 
Lutumn &dvances, drainage becomes active. and the 
li"ashing out of the nitrates commeo('es; the fi rst drain+ 
Lge is not, ; owe\·er. always the richest. because the 
litraies are most a,l JunciaTlt at t.he surface a.nd must bE' 
lisplaced by ra in. and allowed time for diffusion, before 
.bey ca.n appear in qua.ntity in the draina.ge wat.er 
;hallow soils are most quickly washed out. whilst deep 
loils. possessing a. larger mass for the diffusion of the 
titrates, part with them more slowly and uni formly. 

At Rothamsted, Bertfordshire, experiments have 
JeeD made to find out wha.t qua.ntity or nitrogen ma.y 
>e carri ed away in draina.ge wa.ters, Three dr8.in ~ga.uge8 
were sunk in bare soil, each occupying a. su rface nrea. 
If nlrirr of an a.cre, but extending to depths of 20 inches. 
10 inches, and 60 inches. respectively. All the water 
ibat dra.ined through the gauges was collected. and 
,he quantity of nitrogen conta.ined in it was ascert.ained 
ell the laboratory. 

It was found tha.t the annual amount of nitrogen in 
~he form of nitra.tes removed in the dra.inage wa.ter 
w .... on &n a.verage of four years (J877 W 1881), 45·51 lb., 
16'32 lb. . and 43'59 lb. , respectiveIy per acre from the 
,hree dra.in-ga.uges, the mea.n of a.ll being 4) 'S1 lb. per 
!.ere, wbich 1S the a.mount ot nitrogen contained in 268 lb. 
t)i ordina.ry nitrate ai soda.. Supposing-and this 18 a 
f&if &Dd reasonable suppositioD-that the dra.inage water 
contained at the same time 0·5 pm of nitro6en per 



32 SOURCES OF LOSS AND GAIN TO SOILS 

million in the furm of org&nic nitrogen and ammonta. 
this gives a tot.al of 43-77 lb. as the quantity of nitrogen 
removed in one year, from an acre of uncropped soil. in 
drainage water which amounted to li-281 inches. Such 
a quauLit;\' of nitJ'ogen is equal to that contaioeu in I 
an a\'eJ'nge crop of wheat or barley i its loss to the soil 
in the drainage water is thus a matter of gruve import. 
au('e. Though 5uth loss may be. and probably is, COD · 

siderably less in nn ordinary agricultural fallow, occur
ring in rotation. than in the Roth3.lllsted drain-gauge 
experiments. the 105s must clearly be a very seriolJs out: 
whenever the Heason is wet. 

It has bf'en estimated that, upon t.he farm Boil 81 

Rothamsted. as much as 80 lb. of nit.rogen, as nitric acid . 
is formed in an acre of land during a whole year's bare 
fallow. In the drainage experiments just referred Lo. 
the mea.n annual amount of nitrogen per a.cre, carried 
away in the drainage waters OVer a 1)triad of thi-rteen 
years was 37 lb. 

By bare fallow is mea'nt, an inten'aI between the crops 
upon a soil, du ring which space of time no crop is grown 
upon the land. It i~ a pl'f'inri of Telit. 

Bare fallow can only be thoroughly successful in a 
dry climate, in which case the active production of 
nitrates, which takes place in a fallow, will doubtless 
greatly increase the fertility of the soil for the succeed · 
ing crop. In a wet climat.e the practice of bare faUow 
must result in B. rapid diminut.ion of soil nitrogen; hence 
farmers have introduced what are called ' falJow crops ' 
and t catcb crops,' the effect of which is to intercept 
t.he nitrogen which would otherwise be lost, and could 
only be replaced by the use of expensive manures. One 
method by which a crop will greatly diminish such loss 
has already been noticed, namely, by largely increasing 
the amount of evaporation from the leaves (transpira
tion), and thus dimjnishiog the amoun t of draina.ge. 

Besides the d ra inage waters [rom bare fallow land. 
tbose hom variously manured SOUt;; cT'opped with wbea.t 
have also been collected and examined .. t Roth .. msted. 
Wheat is a. crop which. so far &s js known, js entirely 
dependent for its nitrogen upon the nitrates rn the soil. 
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The average results for three ye&l'S show tha.t an un
manured soil upon which wheat was grown yielded uuly 
3'9 parts aud 4"5 p:lrts respectively of nitrogen, &8 

D1trlc acid, per 1.000,000 parts of dra.inage water. On 
the other band, a bare soil kept free from weeds a.(fol'ded 
10'7 parts of nitrogen , as nitric R('id, in 1,000 ,000 parte 
of dra.inage water. So that. there was about two Rnd & 

half times as much niLrogen washed out from the ba.re 
loil as from the Boil upon which the whea.t W&8 grown. 
The much lower proportion of nitrates in the dra.i.nage 
water of the wheat land W&8 partly owing to the ex
baustiou of the nitrogen of the soil by growing Bucces
SIve crops of wbeat without ma.nure, but it was chiefly 
due to the fact that the crop ma.de uae of the nitrate. 
which would uthtrwise have been lost in the drainage 
water. So great is the demand of the wheat crop lor 
nitrates that, during the period of most acti,'e growth, 
a.nd (or Borne time after, no nitric acid , or the mere.t 
trace only, could be found in the dra.inage waters col
Lected from several of the plots in the wheat field in 
which the experiment was maue. 

The sources of gain to the soil a re to be sought in the 
land itself, in the a.tmosphere, in the resid ues of crops, 
and in the application of manures and of other dressings. 

In the l&nd itself a slow convenion of subsoil into 
,oil is a.lwa.Y5 in progress. owing to the na.tura.l agenclel 
that have been described. In cert.a.in circumstances it 
is found desir&b1. to hasteD this cbang. by ploughing 
deepJy enough to break the Bubsoil. ]0 the cno;:e of a 
loca.l or indigenous soil every grada.tion may be seen 
(fig. 1) between the free-working surface earth .. t tb.e 
top, a.nd the hard unweathered bed-rock at various 
depths beneath. The soil itself is a transition stage 
between the rock, whjch js the parent of the soi], and 
the finely divided or soluble ma.tter which is usually 
carried away in the waters that drain from the soil, or 
-in the case of dissolved matter-is exported [rom the 
{a.rm in the form of crops. 

The stones and other coarse fragments in the soil 
are continually undergoing reduction to amaller size, 
and adding thereby to the ' fiDe eartb ' or mould amongst 

8 
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wh ich the roots of plants can travel in search of food. 
Every change of temperature thal a.ITects the soil, every 
frost that disrupts hs particl es, every sho wer uf rain 
that soa.ks into its in te rstices, and every current of air 
that. blows across its surface-each doeo:; its W"ork in reo 
ducing the soil to a fin er mecha nical condition . To these 
os.tu Tal causes must be added the powerful a'gents 01 
disintegrat ion whi ch miln has at his command in the 
plough a.nd other implements of tillage. 

T .. UL£ XL- THE :\1A XIM m" MlN I 1t1l"M , AN D ME ... , AMO C r-T& 
Of' CERTA IN CONSTJTl! E~"S 1:-: S T XT}.'~NIKE ::'A l'Ji'I.ES OF 
R.u~ \ VATr;a , ,, PARTS tOEfl. :\l n LI O N. 

~~~~f~~ pr.~~ } ~f, " "' !Ii:! h~t.i ! ":!1' 0'"'' " ~I I Ilj-o 16'0 

L~) we,:;t pro- I 
l'or\\rm ... j Ii ~ n·t ] 11"0: \ O'(J·j O'O J O' j" 0'0 1,-0 

--- -
Mean, ti~l jo;a fll - J 

ples , . . I :):)1 \1! llj {r l!! O<~; 0' ]·" U 7(1 S'l ~ ' ; 

Rain, as a source of gain to the soil, supplies on the 
one ba.nd most of the water upon which our crops are 
dependent for their growth, and on the other hand it 
carries down from the atmosphere certain ingredients 
which, though small in relative quantity, yet represent 
a. significa.nt addition to the stores of fertility within the 
soil. As rain condenses, and fa lls through the air, it 
di ssolves Bome of the ga-ses which are present in the 
a.tmosphere. In rain-water. collected in the country, 
nitrogen and OA."Ygen a·re the chief gases dissolved, 
together with a small qua.ntity of clU"bonic .. cid a.nd a 
still smaller amount of ammonia. The rain furtber COD 

~ain8 certain solid substa.nces gathered in the ,course of 
It.t descent. Some of theBe, a5 the chloridll. lulph,\tea. 
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a.no nll.raLe' of lodlum , C&IClUlll . aud IUUWOII1UW , are 
dissolved by the rain; ot.hers, 8.b particle!. or du!!t t\nd 
soot, are merely mecha.nically held, and give to ra ill 
water its USUu.lIy dir ty appearance. As a rule Lht=se 
various substances are present only in vc ry minute 
quantities. 

An example of what ra,in ·watN lIIay actua.lly contain 
is shown in Table! Xl" which affords informati on con· 
cerning the composition of raiD-water collecled at 

T .. BLB Xll.-TBB MAXIM Ull, MINIMUM, AND Ma .. N AMOUN'U 

or C ERTAI N CONSTIT UE NTS 11'0 St:\"EN 8""M I ' I , 1 8 or DEW 

.. PiD HOAR ·FuOST. IN P ARTS r~R MIl,LION, 

H~~f~~ pr,~~ f ~o,o 4'f,O 191) 2:)[ O.j!1 -1:,:, "0 '1;, '0 

I .o wcNt pro-- t 
portion ", j 26'-1 ]'\' i, O':2G 1,07 (! '2,.. I Gli 3. 13'0 

I The lUcan oi -I aWd! Mei' , 

Rothamsted. It indicates that nitrogen may occur in 
ra.in in the forms of n itrates, nitrites, ammonia, and or
ga.nic matter, The carbon a.nd nitrogen in the organic 
matter represent the soluble matter extracLed by the 
rain from the organic dust with which it has come in 
contact in the atmosphere) or on the surface o( the col· 
lecting vessels. The mea.n proportion of nitrogen to 
carbon is about I : 5 (0'19 to 0'90), ,0 that the organic 
matter brought down in rain is of a. decidedly nitro
genous cbara.cter. The chlorine of rain-water is due to 
the presence of common salt. It will be seen tha.t the 
total solid matter (33'1 pa tte) di.solved in ... in-water i. 
considerably grea.ter than the sum (!)'4 parts) of ·tbe 

• » 
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constJtuents which are spt'cified in the table; t.h e, rema.in
ing matter is made up partly of 5uipblltes, which form 
a. large ingredient of rain-water. 

Ina.smuch as dew and hoar-frost are also sources of 
Boil-moisture, the composition of several samples, like
wise ('ollectf!d at nothamstpd. is given in Table XIT. 
By comparing the figures of this table with t hose. in 
Table Xl. it will be learnt that these small deposits, 
condensed from the lower layer of the atmosphere, COD

tain on an average three or fou r times the amount of 
organic carbon, organic nitrogen, ammonia, and nitric 
TADU: XllI. - AV1:RAO & COlfPOSITION OF S.A.MPLJ:S or RJ,n' 

.. nOM" "RIOUS DISTltlCTS OF ENOL ... ND ... ND SCOTLAND, IN 
P.ARTS P E R MILLION. 

acid round in the rain-water_ The tota.l quantity o[ 
solid matter! and the amount of chlorides, are also 
la.rger, but the difference is much smaller than in the 
case of the other ingredients. The mean proportion of 
organic nitrogen to ca.rbon is 1 : 3i, as compared with 
about 1 : 5 in the rain-water. 

The cotnposition 01 rain~wa.ter varies, however, very 
considerably according to the locality in which it is col
lected, as may be learnt from a study of Ta.ble XllI. 
The rain of toWD S exhibits a large increa.se both in 
~monja. a.nd 8ulphuric acid, and a. smaller, though a 
considerable, ' increase in chlorides and nitrates. 
Chlorides are most ahundant in the ra.in collected at 
the se;{lo-coast... Rain collected a.t Valentia., on the west 
coast Q£ Treland, yielded &8 much ... 47-:15 part. of 
chlorine pe,r million. 
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Independently of the carbonic a.cid gas which raiD 
dis'Soives in its passa.ge through the alT (p. 34), nitrogen 
is by fa.r the most valua.ble 8,dd ition that ra.in makes 
to the 80i l. It. is brought down chiefly in t.he two com· 
binatioDs of ammonia and nitric acid, in which forma 
fa.rmers .pa.y large prices for Ditrogen when they pur
chase such a.rtificial fert il izers a s sulphate of ammonia and 
nitr&Le 01 sod .. (pp. 11 8- 19). AnlLlyses 01 rlLin-wlLter made 
at Dioe different places in Europe, between the yean 
1865 and 1880, gave a.n average of 10'23 lb. of nitrogen 
per acre per annum brought down in t.he rainfall , the 
least qU&Dtity being 1·86 lb. per acre at Kuscben &Dd 
the greatest 20·91 lb. per acre at Proskau. The total 
quantity of nitrogen supplied in the a110ual rainfall at 
Rothamsted is proba.bly 4 to 6 lb. per acre, which is 
considerab1 less than the 8 verage 01 10·23 lb. above 
mentioned. 

T4BL. XIV.- WJ:l0HT A1\" C OMP08JT10Joi or RUIDUEIIJ or 
Caops. 

Lb. per aore. 

I "'~~Od'. IISiUORMl ~~~<;ic Potalh. n.o:nl U • ACId. 

--Good- -Cl-o.-.-,,---roo- ,-.-.. -.--.. I--.;O-3-)-.'-.0- --2'-·0- ----
Oats,-roots and stubble ... 2200 25'0 2>1'0 24'0 
Timothy grau..- roota "'1 2240 l 81"J 7'0 8'4 

The remains 01 plants, particularly their rooto, which 
accumula.te in tbe soil, a.re an obvioulIJ source of gain, 
&nd 88rve to confer, especially upon the 8urface·soil, 
some important characters. It is true plant reruse whlch 
constitutes the main source of the humus, which is an 
indispensable constituent of all fertile &Oils. In Tahl. 
XIV. are some figur·es showing, in certa.in eaS8S, tbt. 
ascertained weight of crop residues (water-free) per 
ac,re, together with the quantities of nitrogen, phOll
phoric ..,id, &Dd potash contained by thes • . 



18 dOUBC.S OF LUdS AND GAIN TO ~OIL8 

Ta.ble XV. shows the weight of roots, atones, line Boil, 
a.nd water contained in one acre of land, to a depth of 
nine inches, at ROLhamsted. in a field that bad been in 
gra.ss for nearly t.hirty years. The proportion of stones 
is higher than in any of the arable fields at Rothamsted. 

J t is seen that, after nearly thirty years, more than 
4~ tons of air·dried roots ha.d accumulated per &CTe 

within a depth of nine inches from the surface. Thene 
roots gave on analysis O'i5 per cent. of nitrogen, equiv&
lent to 78 lb. of nitrogen per acre. 

l AB LE XV. - R ool'B, STON ES. F I NE SOIL, .llfD WATER IN ONE 

A ORE OF GRASS LAND, N I NE INCHES DEEP. 

Hootll, etc. 
Stones, etc. 
Fiuc soiJ (drr ) .. . 
Water ... 

Total 

Lb. 

10.-100 = 
904,lH!i = 

1)908,9703 = 
0-13,1&0 = 

TOllS. 

4·S 
·lOS·; 
862·2 
2<.1 2·5 

S,13()6J"ll & = 1,503·0 

Per cent. 

• 

100-0 

The intentional application in the course of tilla.ge of 
natural manures and artificial fertilizers is aD obvious 
source of gain of material to the soil. Dressings of clay, 
chalk, lime, marl, etc., UpOD soils that respectively need 
them are equally substantial sources a t gain. 

The nitrogen contained in humus is known a.s organic 
nitrogen, that is, nitrogen combined with carbon. In 
this form it is scarcely, if at all, available &8 plant food ; 
in order to bacome so it has to undergo a. chemica.l 
change known a.s nitrification. This change results in 
the conversion of the ni trogen by oxidation into n itric 
acid, the combination of which with some soluble base 
in the soil , such a.s lime, or potash, or soda, produces a 
nitra.te, which ca.n be ta.ken up in solution by the rootlets 
of plants. A plant is ca.pa.ble of acquiring uitrogen from 
the soil in t.he form of either nitric acid or a.mmonia.. 
A.s a matter of fact, however J the proceS8 of nitrificatioD 
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18 80 CODsta.ntiy going on tha.t fa.r more nitrogen i. 
ta.ken up in the form of nitra.tes than in a.ny other 
form. 

Nitrification is brought a.bout througb the vital 
activity of certain organisms that ii,'e in the soil. They 
belong to a. group of living bodies (ba('teria.) which lLTe 

80 sma.1I tha.t the highest powers of the microscope a.re 
oecessa.ry to discern them. Ammonia. is conver ted ioto 
nitrous a.cid and nitrit..es by t'"'-o orgllnism:;l named 
Ni,troJomono.! and NitroC(Jcc1l', and nitrites into nitrates 
by &notber called Nit robadtr. Under the influence of 
the nitrifying bacter ia., and of other orga.nisms. the: 
organic ma.tter in the Boil is cOO\'erted into wa.ter, 
carbonic acid, and a.mmonia., and the la.tter fina.lly into 
[litTie acid . 
• The coodi tions most fa,\'ourable to the activity at 

the nitrifyi8g bacteria are t.hat the soil shall be moist, 
a.nd porous enough to permit. free access of a ir. The latter 
is indeed essential t.o thew , and many ot.her aerobic forms. 
The temperature must he sufficiently high, nitrification 
being most active in the summer months, and cea.sing as 
the freezing poin t is approached. The soil must contain 
some ba.se with which the nitric acid produced can com· 
bioe; usuaHy this base is furnished by the lime of ca.r 
bonate of lime, so th:l.t much of the nitrogen whicb enters 
plants does so as nit.rate of lime (calcium nitra.te) 
in Bolution. Too mucb moist ure operates aga.inst nitri 
fication. and in a water-logged soil. 8uch a8 8. peatrbog, 
nit rification will not tak E' pla.ce to an appreciable extent. 
beca.use the a.ccess of air is prevented. 

It bas long been known tbat leguminous plants (clover. 
peas, bea.ns, etc.) and to the nitrogenous pla.nt.-food 
in tbe soil. and tbus pIny a. very important part in tbe 
rotation of crops. The matter was not fully understood 
until IB86, when Hellriel'el and Wilfa.rth .bowed that 
the numerOllS smaJJ swellings. or nodules, present on 
the roots of such plants contain innumerable bacteria 
(P"l!udomoncu ,.adicicola) capable of l fLUng ' the. nitrogen 
contained in tbe air of tbe soil, with tbe ultima.te pro
duction ot nitrogenoul!I compounds serving &B plant-lood. 
Boil in wbicb a leguminoua crop ba.1 beell I{I'QWII 
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cvnLa.inl:i enormous numbera of PseuJomonas in .. reelwg 
Btage, ::Lod able to become &880ciated with the roots of 
a subsequent and similar crop. Advantage bas been 
taken oC this fact in reclaiming barren heath la.nd, in
capable without special treatment of growing Bucb 
pla-ots as clover or beans to a. profitable extent. AlLer 
suitable tilla.ge in preparation for , say, clover such land 
ha.s been I inocula.ted ' with B ewt. per acre of Boi} from 
a clover field. Wben sown with clover an abundant crop 
has resuUed. 

Several partialJy Buccessiul attempts have also been 
mwe to prepare laboratory cultures of Pseudomonas for 
tbe purpose of treating seeds and inOCulating soil. 
Nitragin w"s the first material of the kind. It W&s pre· 
pared by Nobbe in various forms supposed to be a.dapted 
to different leguminous species, it being B.lf.Bumed tha.t 
Pseudomona~ radicicola exists in a number~ of traces,' 
assodated with distinct species. None of these prepara
tions ha.ve so far attained practical success. 

It ha.s since been discovered that there are other 
uitrogen~fixing bacterin. which live in the soil, the most 
important being ~.J.Z()tobacfer t:nToOcl>U1lm, a. widely diBtri ~ 
buted aerobic form, dependent for its activity on the 
presence of calcium carbonate. 

In opposition toO the process of nitrification which is 
constantly going on in the soil, there is also 8. process of 
denitrification, whereby nitrogenous compounds a.re 
broken down with the ultimate liberation of free nitrogen 
into the air. This takes place when a la rge amount of 
organic matter is present. It is t.be. work of certain 
bacteria '9,'hicb only thrive when free oxygen is excluded, 
and are therefore termed anaerobic. 

Fung! of the Soil.-The complex chemical processes 
tha.t are constantly going OD in the soil are Dot only 
associated with bacteria, but with moulds and other 
fungi that are abundantly present. The action of these 
&ffords a promising field for research in which compara
tively little has 80 fa.r been done, and the same i. true 
for the myriad. 01 microscopic animal. (Protozoa.) th .. t . 
&.180 ]jve in the ground. 
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It is, however, desirable to say & word OD mycotroph~ 
plants, e.g., heath and many trees, in which tbe roo ts 
a.re covered by a feltwork of delica.t.e fungus fibres, 
to which the general D3Jlle of mycorhlta bas been ap
plied. There can be no doubt that these are concerned 
~'ith the preparation of plant-food for t he form s with 
which t'bey a.re associated, &Dd it is not impossible tha.t 
in some ca.ses they are able to fix free nitrogen , thougb 
that rema.ins to be proved. The intimate CODDectioD 
betw een two forms of life {or Ulutua.l benefit, &8 ex~ 
eDlpiified by mycorhiza. and by the bacteria. in the root 
nodules of leguminous plants. is termed mutualism or 
symbiosis. 

CRAPTER V. 

IMPROVEMENT OF SOlLS 

Foa general purposes t.he most useful soils a.re the Ioam~ 
and the best kind 01 soil i. thaL indicated on page Iii. 
Garden Boils, that have long been subjected to spa.cie cui. 
ture aod generous ma.nuring, are of this character. As 
a rule, however, soils are more or les8 deficient in ODe 

or morc useful properties, and this is notably the case 
in the soils of farms which undergo the usual course of 
field cultivation. It is the object 01 the cultivator to 
make good such deficiencies, and so to bring the Boil 
into better condition. This may be effected in various 
wa.ys. 

Soils coo8isting to an undue extent of one jogredient. 
are poor. A soil which includes an excessive percentage 
of clay, or of sand, or of peaty matt er, needs 80me 
corrective before it can be cultivated to the beat advan
tage. The most obvious course to pursue is to apply to 
the Boil, aDd to mix with it, that in which it i. deficieDt 
Hence have arisen various processes for improving the 
soil, such &s cha.lking, liming, cla.ying. and warping, 
to which may be a.dd.d paring and hurning, o.nd green 
ma.nuring. 
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Peaty soils, a.nd otbere containing too much orgaruc 
matter, become what is termed '60ur/ owing to the 
eKcess of orga.nic acids \\-hich develop in the land as 
the \'egetnble wa.tter decomposes. Lime, by combining 
",.-it.h such acids renders them harmless; bence chalk or, 
if more cODvenient, quicklime, is carted on to such land, 
allowed to crumble. tben spread and plougbed in. 

Marl is clay cootiaining variable quantities of ca.r
bonate of lime; it may he called a calcareous clay. The 
chalk rnarl of Farnham contains 66 per cent. of carbona.te 
of lime, the clay marl of Kimmeridge bas 34 per cent., 
and the Keuper marl of \Vorcestershire 8 per cent. Marl 
is put all land chiefly for the sake of the lime it br ings 
with it, but on !8::ody soils it i! useful for increa.sing their 
coherence and water-holding capacity, on account or £be 
clay it includes. Old marl pits are common in pa.rts of 
Oheshire, and elsewhere. 

By warping is meant the covering of land with the 
sediment deposited from silt-laden streams or floods. 
It is practised in Lincolnshire and a.djacent districts, 
usually on the flat borders near the mouths of sluggish 
ri,Ters. The warp ma.kes a rich top-dressing for the land. 
and its effect will be seen for from 15 to 20 years. In 
the notable cas. of tbe valley of tbe Nile, tbe crops are 
dependent upon the annua.l overtiow of the river, not 
only for mADure, but also for moistu re. 

Parine: and burning are occasionally 'resorted to aD 
clay soils, and on soils tha.t have become very foul from 
the presence of couch and other troublesome weeds. The 
surface is pared off, gathered into hea.ps, and fired, th'e 
asbes-partly of plants and partly of burnt earth-being 
returned to tbe land. A stiff clay soil may be tendered 
more 0llen and porous if hea.ps of the clay are burnt to 
a ruddy brown colour, aDd then mixed again with the 
land. Clay tbat bas been burnt does not, wben mois
tened, resume its plastic character. The plasticity of 
clay is due to C01nbi,IW water, a.nd this is driven off in 
the process of burning. Paring and burning destroys 
~e.ed8, improves the draining ca.pacity, and render! the . 
silicate.s more soluble, potash being Bet free. Rut, on 
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"be other ha.nd. it. destroy. orga.nic m&tter) including 
nit rogenoul compound,. 

GreeD ma.nuring IS a. simpJe wa.y 01 jmprol'ing a 80.1) 
tba.t is deficient in organic matte r or humus. t;pon a 
light sa.ndy soil, {or instance, the seed of a quick-growing 
crop, such as mustard or vetches. ma.y bt SOWD, a.nd 
when tbe plant has attained a convenient height it is 
ploughed in. Tbe crop thereby returos to the land not 
only all the matter it took from the soil. but a much 
larger quantity of carbonaceous materia.l which it ob· 
ta.ined from the a.ir. L. guminous crop! (bean" clover, 
lucerne, et.c.) possess an additional advant.age, in t.bat 
they collect from the air not. only carbon by meMa of 
their le&ves, but &liO nitrogen, through the medium of 
the ba.cteria in tho root nodule. (p. 39). Such crops, 
therefore, may serve a.s sources of nitrogen to the 
soil. • 

Thougb vegeta.tion cannot thrive UpOD a soil tba.t COD

L&ine DO moisture, It does not follow that beca.use a 
sojJ_is lined with moisture it is therefore well adapted to 
plant growth. Everything depend. upon the condition 
in which 8uch moi. ture exilta. If it is stagnant, 
that is, il it takes the form of ata.nding wa.ter, the IIOi) 

1'Vill, for practical purposes, be barren. What is required 
is that the moisture in the soil should take the (orm 
of moving water, carrylDg with it pllLD~food in solution, 
a.nd dra.wing after it the atmospheric air. It is to pro 
mote this dow of water-e1peeially of r .. in water
through the . oil, that the operation of dtainlng 
is resorted to. 

Various indications serve to show when land needs 
draining. Af ter a fall of rain, the water collects in 
puddles upon the surface. upon arable land. the crops 
are poor, and ill-coloured in the spring time, whilst 
such weeds &s horsetail, coltsfoot. and bistort spring 
up. La.nd of this kind works badly under the plough, 
Md it is diJllcult to prepare seed-heds upon it. Upon 
undrained gra.ss la.nd, rushes, sedges, tussock graBS, 
and similar weed. usurp t he place of the desirahle 
ir&SSes. Plovers, starlings, and other insectivorous b irdF 
commonly fTequent land that needs dra.ina.ge. 
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nl-dralned soils are always cold. The water with 
which the land is charged slowly evaporates into tho 
air. In the cOllversion of water into vapour a large 
amount of bent is consumed, and it is the sun's beat, 
that would otherwise warm thl' land aod promote plant
growth. which is thus diverted. Independently of this, 
water has a greater capacity for beat tha.n matt other 
substances. that is, to raise its temperature a. given 
extent, water requires more heat than other bodies. 

Land is drained with the object of promoting the 
percolation of water and air. Sandy 60ils by their 
texture, some soils by their slope, and others by the 
character of their Bubsoil, are said to be naturally 
drained. . Many soils, on the otlier band, bave to be 
subjected to a system of artillcial drainage, usually by 
means of pipes, before they arrive at the best condition 
for successful cultivation. These drain-tile!\- or drain
pipes. are made of burnt clay, and unsound ones should 
alwa.ys be rejected. Tb e pipes are placed end to end 
a.t. suitable depths, with a gentle inclination of not less 
than 1 in 220, along the entire course, in the direction 
of tbe surface. 

There is .. relation between the depth of drains and 
their distance apart- the nearer they are laid to the 
surface the closer are the lines or drain-pipes brought 
together. In a very light soil, a. single drain at a. suit
able depth may serve to control a. large area.; wbereas, 
in a. stiff clay, tbe drains may need to be laid only 
15 feet apart, and not more than 3 feet below the 8ur
f&Ce. In practice, 21 feet is an ordinary distance apart 
on heavy land, with a depth of 3 or 3~ feet. On light 
lands the width hetween drains may be extended to 
about 60 feet. In determining the direction of drains, 
it does not follow that the greatest slope available 
should absolutely be taken. 

In land that drains freely, the water that fills the 
drain-pipes comes from below rather than from above. 
It i. a familiar fa<:t, proved in tbe sinking of wells, that 
at a certain deptb water is reacbed. The surface of tbi. 
undergro~nd w"ter-tb. water-table (p. 25}-oscillateB, ' 
approacbmg DeATer to the ground aft~r beavy rains a.nd 
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receding farther downwards after drougbt. Tbe chief 
function of drains is to tap this reservoir of underground 
water, a.nd 80 prevent the water-lable frorn rising to such 
a. b.eight that moistu.re would stagnate a.round the roots 
of plants and thus binder their gro"·tb. 

In cases of artificial drainlng it is necessary that 
ditches 08.nd other open watercourses should be kept 
clear and un obstructed. Attention to this point wiU 
often lead to the d isappearaoee of defects at some dis
ta.nce a.way. Main drains should be 3 inches lower than 
furrow drains, and lhe outlets sbould be turned slightly 
down etream, and be brick~faced, with a gra.ting Lo guard 

UUJU 
FlO. 2.-PUN or DR.llJii'&. 

F. furrow drain., Dot more than 600 feet. 101lg. and {rom 15 w 
60 feet apart; If, m&in drain j 0, ouUai. 

against. the entrance of raia. To prevent the accumula.
tion of sedimentJ furrow dra.ins should never enter 8 
main drain opposite each otber (fig. 2). The n~b.r 01 
outlets should he as few as possible, and ·every outl.t 
and drain ought to be marked on " plan of the farm, 
so that, if lost sight of, anyone of them can be traced. 
Where springs occur tbey must be drained a. lew incbeM 
lower tban the rest of the land. In places where there 
i. " risk lest roots of trees or of hedgerow _plants should 
enter drain.s, and thereby choke them, it is wen to 
locketed pipes, with cemented joints. 

The variou8 acts 01 tillage, 8uch 8S ploughing, 
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harrowing, rolling, hoeing, etC'. , fI rt' 1111 directed t.o the 
ameliora.tion of soils. The pnrT1ilry improvement they 
eB'e.:t is in the UJecbanicn.1 c(JuJJLion of the land, but. 
&9 a. cooseq1lf'nce of this , the weathering agenci es get 
freer access IU Lhe rf"cesses of the soil. and th e result 
18 an addition to the .. Lore of solubl e plant-food. 

OH APTER VI. 

AU RI C" ULTl;RAL [l1PLEMllNT~ 

IMPLEMENTS FOR WORKING SOILS 

TJ{ ~ impleme-nts in use at the begimllng of the last 
centur)" were of a. primitive and c\ums)" type, wood ha:ring 
been largely employed in the construction of \. hose pa.rtB 
now made with iron or steel. They were built wi t.h 

FIG. S.-Su~·GL&· FuRROW PLouaH. 

A, belLm. 
8 . handle 01' etiltA!l . 
a , handle stay or braoe. 

~: ~~;nra_h~::.ad . 
F. draug~t cbain. 
0, breast n:- mou ld-board. 
H , breast sta.y. 
T. mould ·boMd· re.t.. 

K, 8bare. 
L, laud wheel. 
H , land-wheel .tand",rd . 
N, furrow wheel. 
0, furrow-whee l stanrlard 
P , eoulter. 
Q, coult.er clip. 
B.. skim-coulter. 

little regard to . sound mechani.cal pri.nci.ples, conse
quently tbey were be".y in draught and deficient in 
execution. Improvements have g radually been made. 
but, as ma.v be gathered from the successive volumes of 
the J ournal of th~ Royal .4grieultural Society of England, • 
.nth striking rapirlity duriD¥ tho la.t th reo-quarter. Qf 
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&. centu ry . The spaue &od other ba.nd implement • ..,.. 
described elsewhere (p I)-l ). 

TNt PWUGU - The early EgYPLH1D I,[ougb had l\ sba.re, 
or, strictly speakiog, an Iron point, but DO coulter O'r 

wbeels:; t.he earl,}' Greek plough h&d wbeels as well a~ 8; 

share. The Dayeu.x Ta.lJestry ilJuslrates t.he Saxon 
J.>loughs . of the e lcventh century as ba.\'iJJ8 coulten, 
sha.res, and wheel:>. nut n Ol le of these old ploughs 
turned a. furr ow ; nnd it was nuL until t.he middle of the 
ele\·eoLeent.b century that the rude plough u[ a.ntiquity 
was impro\'ed in any iUl}Jortant part icular. Even then 
the progress was slow. and Buch imllfovelnents as Wert 
t"ITer ted WerE" usually confined to limited districts, 

,~ S;8:~S;:S;i;s;e:g;£s=~~~ 
A 

.~ 
~~ . ~ 

FJO . • . - P"ftTll 01' PLOUGh , 

" dug weight &nd cha.in. B , h .. ke .nd cb.in. 
0 , epa.nner. 

The mould-boa.rds continued to be made of wood, and 
" was DOt until 1.60 tbat Small introd uced tbe Scokb 
IIwing plough, of "hich the beam a.nd ha.ndle! were 
made of wrought iron and the mould board of ca.a.t iron. 
Wooden mould -boards were still commonly used until 
.. bout 1830. K evertheless, at the beginning of the last 
century tbe self-sharpening chilled cast-iron plough· 
shares, the same as those now universally used, wert 
invented, a.nd plough bodies were ma.de which could be 
taken to piece., and the parts replaced by th. plough
ma.n in tbe neld. 

Since that time there bave been no radical change, 
in the principles governing the construction 01 plougbs, 
although great adv&nce ba. been row. in perlecting tbe 
different parts. 

The ]"nto of lhe common plougb (fig" 3, 4, ~>--mILDY 
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or all of which are present in other ploughs-taken iD 
thp. order in wilieh it is convenient to fix them when 
flilltmg the plough together. incJude the beam, to whi ch 
iJ.re fitted the handles or stilts a t the back end, a.nd 

FlO. 5.-PARU OJ' PLOUOH. 

.. , aide -cap, or land-cap. 
B. slad e. 
c, breast: D. it~ rest. or ' footing .' 

E, eMIt frame, or body . 
f. frame coupling. 
0 , bres.sL coupli_llg. 

FlO. 6.-FoRllS OF I .)LOUGH8HAJU:S. 

... tor equate work in loams B, parrng sha re for aJrimmmg 
and land free from stone.s. stubbles. 

c, ·point.ed share for atony land. 

(fig. 4) Lhe hake and chain (sometimes called th 
bridle) at the [ront end. The beam carries all the parts. 



PLOUGII.8JUa&!. 

The bandle. a.re for .teering 80Ild balancing the plough, 
whilst "he hake LLnd chain provide t.he mea.ns for atta.ch
ing the plough to lbe Whipple Irees. The hake h&. 
!lotcbes by ,means of wbicl.t the cha.in ma.y be adjusted 
as required; if the plougb will noL draw into the ground 
readily the cha.in is lodged in ODe of the upper notches j 
whilst if the tendency is to dra.w in too deeply t.he cha.in 
is linked in one of the lower notches, tb.u8 ca.using the 
plough to run wiLbouL undue inclmation e.i ther into or 
out of the soil, and relieving both horses and man 01 
undue or unnecessary straIn. The ha.ke ca.n be moved 
sidewa.ys aJODg the quadrant head, which is provided 
with boles and a. pin in order to fur the hake in &ny 
required posjtiou. l! the plough run s away [rom the 
unplougbed land, tbe bake must be Bet to the right; and 
if it runs too much to the land. the ha.ke must be eet more 
to the lef~. In many ploughs tb. bake head (fig. 4) 
is replaeea by a draught chain attached to tbe bea.m in 
front of th. body and tbe vertical a.nd lateral adjust,. 
ment i. obtained by means of tbe slidin, head (.u fig. 8). 
Both systems have their adv&Dtages aDd advoca.te • . 

The trame or body (fig. 5, E), which carrie. tbe whole 
of the ploughing partB except the coulten, i. bolted 
to the beam. 

The share (fig. 6), tbe object of which i. to make tb. 
horizontal cut of the furrow , is fitted OD the fore·end 
of the tIa.me, or on a. lever neck, which is made adjust.
&ple, 60 that, by raising or lowering the rear eod of 

·the lever-neck the sha.re is set at a sharper a.ngie, the 
better to enter hard ground, or made to run level all 
desired; this iB called' altering tb. pitcb of the . bare.' 
A few manufacturers in Great Britain have recently in
troduced "'hat iB called a bar point sbare (fig. 7). Thi. 
OODsists o( & strong steel ba.T a.bout a. yard long, chisel
pointed at bo'th ends, which can he reversed aDd ad
vanced as wear takes place, the wing of the sha.re being 
a separate wearing part. It i. claimed lor the plough. 
Mted with sucb bar point .h .. re. tha~ they will lace 
rocky land better than anything ela •. 

The slade is attaehed to the under sid. 01 the body, 
it. duti •• heing to support tbe plough , aod to make it 
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run sleadily. 'fLe object of the side-cap or land-c'.lp l!! 

to ta.ke t.he thrugt of th e breast. a.gainst t.he lanri side 
o.nu to kec}J the earth from falling iuto the fur row. 

Tho breast or mould-board is bolted to tho frame, and 
k.ept adjustably rigid by means of the frame and breast 
couplings a.nd tbe breast-stay. The rest Buppons the 



PLOUGH WHERLS ., 
brea.st on tbe under side, and, taking the friction, pre
vents wear OD the bottom of the breast, and is itself 
replaced at trifling cost. 

The lever-neck, when us~d , is attacbed t.o the fra.me. 
under the breast. Many plough s, bowe\'er. are without 
8. lever-neck, in which case the shares are made more 
or less p1tching, in order to sui t the nature of the soil. 
The wheels are fixed to the fore-end of the beam by .. 
cross-bar and beam-clasp. The cross-bar is atta.cbed at 
right angles to the fore part of the bea.m by meaDS of 

., 
~]; 

FlO. 8 . - PLOUGH WREKLrl. 

the beam-clasp, which is held in its pla.ce by a. set Bcrew . 
The large or furrow wheel is placed on the rigbt of the 
cross-bar, and the standard which carries the wheel is 
held in position by wheel sockets and set screws (fig. 9 E). 
It runs in the furrow, and regulates the width of the 
furrow slice. The small or land-wheel is similarly a.t.
tached on the left of the cross-bar, and runs on the 
unploughed land to control the depth of the ploughing. 

The ploughing is regula<ed by the manner ill which 
the wheels are set. If it is desired that the furrow .hould 
b. ploughed deeper the land wheel i ••• t higber. o.nd 
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oia ..... 4. The width of the lorrow i8 regulated hy tho 
furrow w heel. the furrow widening in proportion aa the 
furro w wheel i. set furt.her froID the beam. The width of 
the furrow is, in fact, determined by the distance or 
widt.h belween the CUL of the coulter and the track of 
the furrow wheel. The details of tbe wheel fa.stenings 
va.ry a.ccording to the district, some localities ha.ving 
8. prererence for ODe form or another, but the above 
description gives the general principles of the adju8t
ment [or width and depth. 

The wheels are fixed to the fore end of the heam by 
one or more cross-bars. or by sliding axles to the lower 
end of the wheel standards, as shown in th e illustrations 
(fig. 8). 

The coulter is attached to the beam by mean. of the 
coulter clip and loops (fig. 9, D). Some skill is required 
to fix the coulter in the correct position, R!; it is neces
sary to place it at different angles according to circum
stances. but, as a rule, the point of the coulter should 
be set 60 that it is almost close to the share point. The 
coulter makes the vertical cut of the burow stice. The 
skim-coulter, which is attacbed to the beam slightly in 
front of the coulter, is really a plough in miniature (fig. 
9, c). It pares off the top of tbe [urrow on the left side, 
when this is rendered desira.ble on a.ccount of pla.nt 
growth upon it, or when it is necessary to cover in dung 
or other material lying on the Bur[ace. The small hreast 
of the skim-coulter turns the loose material into the 
horse-walk, where it immediately becomes buried by the 
furrow. 

Another method, frequently followed, of fitting the 
plough togetber, is to hegin with the body, consisting 
of the frame, the slade, the share-eitber with or with
out lever-neck-the breast, and the couplings which 
attach tbe breast to the frame. These practically make 
the plough. The beam is attached to the implement (or 
th~ purpose of drawing it through the ground, fOf the 
finng _of the wheels for regulating the depth, and for 
attachmg the coulter to make the clean vertical cut Tbe 
handles are put on to the rear end of the body fo r the 
purpose of guiding the plough. 



WORKiNG THE PLOUGH 

In working the plough tbe follo.wing instruction. 
sbould be observed:-

Ploughs with two wheels should, in)turning the land 's 
end, be ba.la.nced on the furrow wheeL 

In ploughing the last furro w, the land wheel is turned 
inwards or drawn up out of the 'way. 

On 'W"et, sticky soil, where the land wbeel clogs, a 
slide foot may be used instead of the w heel, and 8. short 

FlO. 9.-P.U.TB OJ' PLOUGH. 

". coulter (w , hole for attachillg 0, skim-coult.er. 
due weight and chain- fig. D , coulter clip and loope. 
t, .1). :E. wheel socket and set screw • . 

B, disc-coulter. 

breast, wbjch turns the furrow more quickly, will be 
found preferable to a long breast. 

In very bard land, ploughs go more easily ·if tb. 
draugbt chain is lengtheoed three or four feet. 

When the ground is ha.rd or stony, 8. share with a 
long pOint should be used , and. as the point wears off, 
the lever-neck-if presenir-must be rai sed higber. 

On clay or soft la.nd, or when plollghing without 
wheels, a. sbare with short P0lnt should be used, and 
the lever-neck fixed lower. Tbe hea.d or draugbt cbain 
should also be lowered, 60 &8 to preve,nt the w beel. 
cutting int.o the grounrL 
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The skim-coulter should be Bet 80 as only just to clear 
the herbage on the surfa.ce-the shallower the better ; 
tbe hinder part should not be too high from tbe ground, 
but set as le\'el as possible. In ploughing the coming
back furrow, afler drawing the first on the ridge, t.he 
skim·coulter should be set. moderately deep, so as 
eff ectually 1..0 bury the grass. 

A dra.g chain should be used on ley ground, as also 
when ploughing in green crops, stubbles, and long dung. 

On rea.ching the end of a furrow the plough should 
DOt be lifted by the ploughman to the next piece, but 
sbould,be brought out by simply pressing on the bandIes, 
thereby using tbem .s a lever. The plougb is thus 
turn ed over on the right-hand side, balanced on the 
large or furrow wheel, not the small or land wheel, 

[t~ ~ t' I ! ~ 
'v 

, 
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FlO. 10.- .oU.GR.U' SHOWING MOD. 01' PLOUORIlfG 

[NOTK.-K B=B Q=Q l'=F N=N 0=51 Yllrdi.] 

and so drawn towa.rds t.he next piece. The turning can 
be done by a boy, being a matter of slOll rather t ba.n 
of strength. 

The brea.sts of ordinary ploughs a.re fixed on the 
right-band side! so that they turn the furrow slice OD 

the right-hand side only. It is therefore necessary to 
work in ridges or lands, the width of which ma.y be 
varied from 8 feet to 66 feet, according to the cliwate 
and nature of tbe soil. 

Perhaps the best mode 01 plonghing in dry clima.tes 
with sucb ploughs is in 22-yard lands as ill ustrated 
in fig. 10. ' 

Step off from tbe leflrband boundary of the field 
22 yards, as shown in tbe dia.gram. Divide this into 
~wo "qual lengtbs of 11 yards ea.cb. M Q. Q N. Divid. 
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a.ga.in that portion nearest the hedge or boundary mto 
two equal lengths of 5! yards, M B, B Q. Upon the 
centre line A B of this, throw a furrow slice [rom each 
side to form the ridge A H. Keep ploughing round 
the ridge B, in the direction of the arrows, till 5, yards 
of ridging or gathering are doue each side, as shown 
in the diagram. This fi rst piece being finished, step 

. out 22 yards, B U, from the middle of the ridge A B, 
this distance will extend 5! yal'd ~ beyond the first new 
ridge C S. Proceed to make ridge U S, and plougb round 
it 6! yards on each side, as in the former case. There 
will then be II yards, Q N, of uDploughed land between 
the two ridges A B and S C, which proceed to plougb 
out (casting or splitting), first on one side, and then 
on the other, until the work is finished in the middle, 
where there will be an open furrow I". 

N ow pr~eed to step out 22 yards, from the ridge 
C 8, to get t.he centre for the new ridge (shown at 
D W), make a ridge on D W, and plough round it 5! 
yards on each side as before, then 5i yards on the 
right side of ridge C S being already done. there will be 
11 yards of unploughed land between ~he two ridges 
C Sand D W, which plougL out as before. 

From D, step out 22 yards to [arm the centre of 
another ridge, and so on until the field i. finished. 

If it should happen that an odd piece is left ov .. 
on one side, a separate ridge must be made for it. 

Where the fields are large, set out aU t he ridges first, 
so that several ploughs can work together in the same 
field. 

Change the position of the ridges at every fresh 
ploughing, beginning the Dew ridges in the old furrows. 
In the diagram, B A, C. S, are ridges; F is a. furrow. 

On heavy soils, as it is often impossible to get the 
8urface~water away quickly enough, unless the land is 
laid up in ridge and furrow, the mode of setting out the 
lands diffe.r.. The distance from the crown of one ridge 
to the crown of the next varies according to the nature of 
the land. Where a. strong loam rests on a ra.ther stiff 
subsoil, H)-yard lands may be sufficient; the same soil 
with 8 very retentive subsoil would not be sa.fe in more 
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tban 7-yard lands; whilst & clay 80il resting on clay 
should not be laid up in more than 6-yard lands, a.nd 
even a-yard Of 4-yard lands are practised. The smallest 
lands are laid up for wheac, when, to avoid t reading 
on the seed-bell . the): are vloughed so as to be just a.s 
wide as the coru-drill j the horses then walk. up the 
open Currows, so that all treading, and cOll5equently 
puddling are avoided. Of course, these are da.t, so that . 
the d rill rUDS evenly over them. 

FlO. IL-FoRMS OF FURROW!. 

\ 11 Rectangular furrow, unbroken ; (2) crested fur row, unbroken; 
(3) wide furrow, brOken. 

The three lorms 01 fUlrows shown in Jig. II are those 
most commonly employed. The recta.ngula.r furrow (1) 
is obtained by a Bat cutting share, and an upright 
coulter, so that the sale of the furrow is flat. The crested 
or higb cut furrow (2) is obtained by using a. share which 
is raised 00 the wing s,ide, and an undercut coulter. In 
the latter furrow ' a larger surface is exposed to the 
Influence of the weather) and it is therefore frequently .. 
&c!opted in winter ploughing, or wh.·~ broadc&8t lowing 
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iB practised. 'fhe wide bruken furrow (3) is the work of 
the digging breast plough. which is specially suitable 
fo r the wrpose of producing tilths. 

Land turned up wi th the digging plough is reduced 
to a light condition, which makes it. pra.ctically ready 
Cor planting, though if leCt exposed (0 the weather any 
heavy rain is likely to beat it down to a r Bad' condi
tion, requiring tbe work of a cultivator or other imple
ment to open it up. If the ploughed land ha.s to lie for 
a time, angular furrows (fig. 11, 1 and 2) are preferable, 
as. they withsta.nd the beating down effects of heavy 
ram. 

The following are the pOints of good ploughing:-
1. The furrowe must be straight. 
2. The ridgefi must be well set. 
S. Tbe lalf,de should be of equal size and t.he number o f lur· 

rows in each should be the lIfl.we . 

• . The furrow. should be Ileatly packed. and all flurfaCfI 
rubbjsh well oovered. 

5. The work must be well finiRherl. 
The types of plough in u.e in this country and in 

various parts of the world are exceedingly numerous. 
and differ in their most essential features, such as the 
shapes of the cutting and turning parts, wheel fasten
ings, beam, ha.ndles, etc., and no nniversal plough has 
yet been found which will suit 80\\ the var;>,ing conditioDfI. 
of soil and climate. For our purpose here ploughs may 
be divided into four classes, yiz. :-

1. Single-furrow ploughs, one of which by jUlt beeD 
described in detail. 

2. One-way ploughs, including tUfn-wrest, bailmce, a Dd turn-
O'1'er ploughs. . 

iI. Double-furrow and multiple plougllB. 
4. Special purpose plougb.s. 

Of these, Class I may be subdivided into ploughs 
for narrow unbroken work, and ploughs with short 
breasts for wide broken work, commonly known a. 
digging ploughs. In the case of t he latter, the coulter. 
rest-iron, breast-stay, and side-cap. are often found 
not to be necessary. The shin of the hreast, a.nd the 
lkim-coulter, make the vertical cut, which, however, not 
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being ex.actly perpendicular, does away with the neces
sity of tbe side cap. The digging plougb invert. tbe 
land, and, as It bas a short conCM'e breast, it throws 
the soil loosely over &nd pulverizes it . thus · effecting 
very similar work to that of the spade. The share is 

Fro. 12.-SHAREB 0)- DI QGING PI,OUGHS. 

For mixed Soil- A. Re .. ersible pointed; E, Cs.p pointed. 

usually fiLted with a ch isel point, though this is not ill ' 
va.riably the case. Some of the l'enewa·ble~ points for 
t.he shares are shown in fig. ]2. 

Singl e and double or multiple ploughs are used in 
the breaking up of land as well as in the subsequent 
operations. 

FLO . l3.-DI SC PLOUGH . 

Und er special purpose ploughs are classed t he double
br~~sted ridging or bouting ploughs, the subsoil, potato 
ra1smg, trenchin g)· and other specia.l ploughs and their 
pu.rpose is denoted in the name. 

A somewhat recent development is the disc plough. 
The share aDd breast of the ordinary plougb is replaced 
by " large steel COD clove cutting disc (fig. 13). Tn . ome 
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parLS of the world this implement. 18 cepofLed 1.0 SUit the 
conditions of soil and clima.te. 

Single-furrow ploue:hs are again subd_ivided into 
swing plougbs, one-wheel ploughs, and two-wheel 
plou.gbs, and ploughs with a. gallows Or loose fore
carriage. 

The abe-wheel implement is used O!] stick-y land, 
where it assists the holder to keep the plough steady 
without greatly interfering with the oature of the work 
done. The two-wheel plough (fig. 3) i. much more com
monly used, a.nd, when properly set.. leaves compara.
tively little for the holder to do. The furrow-slice with 
this class of ploughs is turned over by a cast-iron or steel 
mould-board, which is made on the lines of a. twisted 
stra.p, or somewhat like the screw of a steamer. This 
mould-board, drawn througb the land, causes the cut 
slice to tur~ over, and at tLe sume time consolidates 
it more or lese by pressing it against the preceding one. 
Two wheels are usually attached to digging ploughs, 
turn-wrest ploughs, and most of the special purpose 
plougbs. Ploughs with a. gallows fore-carriage and 
ploughs with a. loose fore-carriage facilitate the turning 
.t the headlands, but lack the simplicity of the fixed 
wheels. 

One-way Ploughs.-Where ploughs of this type are 
used, one setting is sufficient, as all the furrows are 
turned in one direction, thus avoiding the 1088 of time 
and extra treading caused by finishes. The turn-wresl 
plough (fig. 14) is used on hilly land, heing worked 
borizontally aJong hillsides and turning the furrows aU 
in one direction, thus obviating tbe necessity of turning 
any of the furrows uphill. The great extension 01 
market gardening and fruit farm. has led to the ex
tended use of the borse halance plough, as the land 
between the rows can be easily ploughed, as well as 
small pieces of land between the crops not yet harvested. 

Double (fig. 15) and multiple ploughs are used to 
economize both horse and manuallabour_ Double-furrow 
ploughs are frequently employed to brea.k whole land, 
a.nd now that they are made lighter, and with speda.! 
a.rrangements for turning at. the headlands, tbey might 
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be used more frequently than is a.t present the ca.se. 
The turning. a.nd also regulation of depth of working, 
are facil itated by connect.ing the wheels with a. lever. 
which adjusts thei r po.'.l ition. Th ey a.lso do good work 

FIG. 14.-TUJtN-WRIBT Pwuox. 

upon land tha.t ha.s been once moved. In Bome districts 
they are largely used, and o.ften result in a saving of 
bot:5e la.bour, as three borses will plough two furrows, 
wherea.s, with a. couple of single-furrow ploughs, four 

FIG. 15.-DOl)Bu-J'UJUtOW PLonOR. , 
hors.s .. re required. MU)Uple ploughs, which turn three 
or four small furrows, are a.da,pted for turning over light 
tilths, and for paring stubbl .. after 'harvest, and are 
much more economical than single-furrow ploughs. 
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Special purpose plouehs include many va.rifOties, and 
attention ma.y be directed to those most commonly used. 
The double-breasted or ridging plouih is employed for 
laying up land in ridges for root growing, and for mould
ing up potatoes. The subsoil plourh, either single or 
double, is made to travel in lhe furrow! behind &D 

ordinary tJlough, the tine running along the horse-wa.lk 
several inches deeper tha.n the la.nd has already been 
ploughed; or the tine is sometimes fixed to the common 
plough, and the ploughing and subsoiling are effected in 
one operation. In this way land which. &. few incbes 
below the surface, has been rendered hard th rough com
pression or from na.tura.l causes, a.nd bas formed wha.t 
is known as a pan (p. 27), becomes loosened. As a reault 
the roots of plants ca.n extend more deeply, excess of 
water can drain away more readily. and the upward 
flow of moi.'"lTe by capillarity (p. 25) i. not checked. 

The p otato-raising plough is used for splitting open 
pota.to ridges. thereby exposing the tubers, so that they 
may be readily picked up. In order to lacilitate the ex
posure of the potatoes. the breast takes the form of a 
raiser, a. few prongs being substituted for the double
breast of tbe moulding plough. so that the earth, (ruling 
through the spaces between the prongs. leaves the 
tubers on the surfa.ce. To render the work more per
fect another raiser is fixed in the place of the slade. II 
the hinder raiser is taken off an efficient moulding-up 
plough result •. 

Gripping ploughs are usefully employed on gras. land 
to cut grips, or shallow watercourses, tor promoting sur
face dra.inage; work which is not efficiently done by or
dinary ploughs. For grass land on stiff soils 3,. mole· 
draining plough for horse draught will render g reat 
service in getting rid of surplus water at small cost, 
and the effect will last for yea.rs. 

Trench Ploughing.- For fruit planting it is olten 
desirable to plough to depths far beyond the ordina.ry 
farm work, and for this purpose specia.l heavy ploughs 
which work tc a 'depth of 18 inches are made, tc b. 
drawn by horsea. . 
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U01.1I\'A'IOJt8 are used (a) for uren..kiDg u1-' whole land, 
&od ~IJ) for stirri_ng it alter it is ploughed. They differ 
from plougbs in tha.t. they Jo DOt invert the soil. 

The variety o[ implements known as cultivators, 
grubbers, sen-riners, or scufflers, and horse hoes, js in
finite, and t.here is no exact definition possible. At the 
one extreme we nnd the single-row hoe for one horse, 
M shown in fig. 16, and at the otber t.he heavy Rcu1fler 
or cultivator requiring six borses, or the horse hoe with 
ten or more tines for boeing whea.t or roots. All these 
implempnts a.re usually provided with broad or narro"", 

Fro. 16.-='S.lNOL.I-RO W ROOT B ORBE-HOB, OR GRUBB'&B. • 

... , dr&ught bOQL. 
8 . belllD. 
00, frame. 
DO, ba.ndlel\. 

E &, wheel B.nd at.&nda.rd. F., Y, knira sto.ndardl. 
GO, clamps for t.wo side kniveI , 

B B. 
D', front knile. 

ISbares or points according to the nature of the work 
required. The form of the tines, the framework upon 
whicb they are fixed, the ~heels, carriage, etc., have 
perhaps received more attention from implf'ment makers 
than the parts of any other farm tool, and hence in 8 

sbort summa-ry it is impossible to describe them. 
Harrows, however made, whether for light or beavy 
work, do not possess wheels, and this feature 
distinguishes them fro·m cultivators. 

The Disc CuJtivator- consists of a series of disheo 
steel discs mounted somewhat obliquely to a travel 01 
the ma.chine, the discs cut up the soil and ra.pidly reduce 
it t<> a fin e bed. 
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in ita hgbter [ofms it is used as a. Disc Rarro\\ 
The cultivator, scarifier, Or seumer (fig. 17), is mOre 

often used with chisel points tha.n with broa.d sha.res; 
its du t.y is to break up [urrow !3. ~o that the ligbter 
harrows may work more ireely. 

H.'\.RROW'S.-Th e curve-tined drag harrow is usually 
worked affer tbe seuHler, Rnd is one of tue moat useful 
of tbe tillage implements. TL sLirs the land and helps to 
form a good tilth. whilst by the curved f 0 1'1ll of its tines it 
drags out couch, and is thus most. useful in a.ll cleaning 
operations. Straight-tined drags are used to level down 
furrows on light chalk soils. when there is much long 
rubbish or baulrn which requires burying, and which, i f 
dragged out, would prove troublesom e. They are Dot 
adapted for clearing Jand of weeds, such 8S couch. which 
ha.ve extensive underground uevelopmeut. 

FIG. 17.-CU1.TIVATOR. 

Light harrows are commonly ma.de on the zig~zag 
principl hereby the tines are so a rranged that, while 
the whole of the surface of the land is operat.ed upon , 
no two tines follow ill exactly lbe same track (fig. 18) 

Heavy sets of harrows are made for working with 
three horses, intermedi.a.te sets for two horses, whilst 
the lightest seed harrows, used for the final covering in 
of the seed, require only one horse to draw them. Har
rowl take the place in field culture beld by tbe rake ill 
gardell work 
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Ohain h a rrowa &r~ OOllstrucLed so that they a.re quite 
8exible. They a.re coo Velllent fo r gathering couch, 
which they free from any adherent soil in the opera.tion. 
They are equally useful [or harrowing pas[u res , for 
wh ich purpose thoEe with poiut!; are best. a.dapted. 

UU1..L.J:;1l8 A.. .. O PUf.S8J:.liH are wade in many fOfrus, though 
the ma.in feaLure of rotation round au axle w; common 
to them all. The heaviest are generally called clod
crushers or presses, and a re used to reduce large clods 
to a. size more cQuv60ient for treat.ing with other im
plement-a, and also to bring the clods into a condition 

c 

D o D 
1"10. lB.- ZIGZAG HARROW . 

" A. drRught bellm. A, B, 0, A. whipplet ree. 
B. hake. D, D, D. tine markl. 
o. drsught cb&in. E , E . E . teeth or tine!!. 

more susceptible to the influence of the weatlw. Olod· 
crushers are made with discs r evolving on a tl'i n a.xle. 
In t he case of the Cambridge rollor the discs are &r
ra.nged so <tha.t the cylinder presents & t ransversely 
fl uted surface. Other pressers are made with serra.ted 
discs which present a. 9Token surfa.ce, the outside of the 
cylinder being notcbed so that the clods are chopped 
by the rough edges. 

Smooth cylinder Iron rollers are usu&.lly m &.de in two 
or Dlor. section •. tbe cylinder. being placed end to end 



on &n ule. One a.dv&nt&ge of making the cylinder in 
lections is tha.t in case one portion meets with an acci~ 
dent or is worn out sooner t.han another it. caD be re~ 

placed .. t les. cost. What i. of great importance i. 
that it i. more convenient at the end of the field to 
turn the roller round, when in sectionB, than when in one 
long cylinder, for while in this opera.tion one !:Soc !::) 

]) 
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i oing forward the otber revolv es backward. thus pre· 
•• oting the r .cr~wing ' up of the Boil, and often of the 
crop, which is liable to occur if great ca.re is not exer
cIsed in turning. These rollers a re made in vari ous 
sizes to Slut the requirements of d ifferent kinds of 
work. 

Wooden rollers , tbough comparatively little employed 
since I be mtroduction of iron rollers, are very ·useful in 
special cases, 8S when it is desired to break sma.il clods 
without cODsolidating the Boil more than is a.bsolutely 
DPcessnry, They consist mertliy of cylind rica.l boles of 
wood &i.tacned rio a (ruwe, the axle being ItO iron 
gudgeon let into the wooden cylinder, and rota.ting in 
the upright sides of the frame. 

IMPLEMENTS FOR SOWING SEED A~D 

DISTRIBUTING MANURE 
( 

DULUI.- The ma.chines uBPd for sowing seed may be 
classed as follows:-

I . Cup drill !!. 
2. Tooth ann brllllb pinion drill •. 
S. Di!lc drill! . 

i . Cbain drills. 
5. Force fef'd drill. 
6. Potat.o pl&n!e r. 

The cup-drill (fig. 19) i8 the one in most common use 
in Grea.t Britain. A long box is mounted on a. frame to 
ca.rry t he seed. T bis box is d ivided into &0 upper 
chamber, or hepper, wbich connects with 8 lower 
chamber by porta or apertures regula.ted by slides, and 
through the lower a spindle rUDS from end to end. On 
the spindle several discs nxed tranBversely carry small 
spoons or cups Bl.:: t near the outside rim . at rigbt angles 
to the direction t a.ken by the discs. These cups pick up 
tbe grain as they revolve (the motion being generally 
given to t he spindle by a na.ve gearing atta.ched to the 
travell ing wheels) and pour it into funnel. (fig. ~O), the 
latter being connected with spouts, which drop the Beed 
into the t rack: made by the coultors. TheBe are generally 
!.t ta.ched to a mortised bar in the fore pa.rt of the frame. 
Each coulter works independently, bllt various appIi&ncel 
in the form of weights, springs, etc., are atta.ched to 
rogulate the depth to which the coulten cut and at 
~hH::h the seed ie deposited. Fig. 21 &{fa-rds & side view 
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of ths drlVlI..t! gear, tLt I rIlvelllDg wheeJ bemg rWllOved 
from t he u.l6, fo r the sakE' of cle&rnt's8. Ex cept. in th~ 
detail! of r alBiIlg Lbe 8t'Jed. most drills a.re const.ructed 
00 planll very .imilar to tha.t just d t'i scr ibed 

20.-Qup D&IT.L, VKBTWH S . crI ON (ON L4.BOJ:JC BO ... L. J, 
IIBOWlNO PJ.1tT8. 

A, frame. 
• ', iron eide for supporting 

corn box. 
• J ou tline o f travelling wheel. 
0, axle. 
D, bind barrel or roller, for 

winding le .. er-chaiDi. 
. , lever-cba in. 
'P, 7 /, fore and hind leTell. 
0 , 0 1, fore and hind coulter •. 
B , COrD box. 
I , boz·re!\]l.tor. 
I , worm wheel. 

X , vertical.rack. 
L, r egulator-crank . 
LI, spindle with worm ge..nbl 

into worm wheel J . 
M, cup wheel. 
N, hopper, 01' funnel. 
0, 0, conduct{)r.. or apour... 
b l , epherical cup eonoectins eoo-

ductor with coulter. 
P , lever weight. 
Q , lever joint. 
I., steerage tongs. 

Tooth and bl'llSh plnlon drill. h .... the bottom of the 
leed box pierced with holes, which are covered by & 

Dt 
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revolving pinion having teetb alterna.ting with brushes, 
whose revolution sweeps out the seed. These drills are 
only suita.ble for level fields, and their use is restricted 
to specia.l d istricts. 

i!'10. 31.-Cup DRILL, SID_ Et..zVJ.TION (ON LllO~R SOAL.). 
SBOw-rNO D'RIVINQ GJl.A.B., 

A, index plate. 
I , D, groovell for bolt D. 
0, fixed stud of radius-arm. 
P, bolt by wbich radiue-arm i. 

held fast to index plate. 
M'pl , cog wheelan counter

IIhaft. 
:MpS, intermediau wheeL 

22, cog-wheelan cup-barrel. 
58, drop bearing for 8upportiD8 

cup-barrel. . 
68, catch for retaining drop bear

ing 'Iu pos'ltion. 
"' /, Bee fig. 20. 
z, flee fig. 19. 

Disc drills are simil"r to pinion drills, the pinion 
being in them replaced by' a disc having wa.ved edges, 
which aJterDately open and clos. t he holes in the seed 
box, bringing forward Borne Beed at the same time, &8 
&D endless screw might: Th ..... ro al.a unfitted far hill
.ide work.. 

Chain dr!ll ... Te provid.d with an endle .. chain, on 
which the seed from the hopper _falls, and i. thereby 
canTeyed ta the diBch .. rging funnel. 



IITE.u.t OULTIVATION 

Force teed drills hav. th. bottom of e&ch seed hopper 
c\o!led by 8. sma.ll fipira.lly-grooved roller, which, re
volv: .. g 8.S the machine t ravels onwards, supplies .fled 
in 8. regular stream to the discharging fuoDel. 

Potato plantsli are drills wbjch are m&de witb 
hoppers Lt> contain the potatoes, and an endless cha.in, 
c&rrying 8. series of cups, which passes through eMb 
hopper, every cup taking up a potato in its passa.ge. 
The potatoes then fall into a tube, througb which the 
endless chain itself returns, and &8 each cup emerge. 
from tho hottom of thia tu be, a potato drops into the 
furrow. Mould boa.rds a.re attached 80 &S to imme
diately cover the seta with mould. 

AaTIJ'lCu.L M.l...."'Ull.£ DtSTklBUTOR8 are m&de in 86veral 
forms, and may be divided into broadcalt and rotary 
distributors. 

The broad'casl distributor deliver. th. manure to the 
ground along a strip, the width of which is equa.J. to 
th. length of tho hopper. 

In the rotary distributor th. manure is spread by 
the centrifugal force imparted by revolving horizonta.l 
discs, and the width covered is dependent on the speed 
of the discs, the weight of manure, etc. 

Machines for Bowing Beed and manure at tbo Bame 
time ar8 also made. 

STEA.K OULTIVATION 
Ploughing, cultiva.ting, ha.rrowing, and drilling may 

all be done by ste&1ll-driven implements, and, in 80 far 
as large implements are suitable for working the land, 
very clever a.daptatioDs of borse implements have been 
w.ade. A few years aince it was confidently stated" that 
steam cultivation would supersede horse work, but this 
expectation ba.s not been realized. The large imple
ments which are requisite where expensive engine. are 
employed .. re too huvy and work. too clum.ily .. nd too 
coarsely, besides tr.ating the l&nd too roughly; mor ... 
over, whilst stirring the l&nd thoroughly, they injure 
it 80 much at times that farmers 1i.nd it more aCODo-. 

mica! to Rupport a full team of horses than to I .. y out 
put of their m<.oey in steam tackle. There &re lome 
operations which ma,. be ecoDomically don. "" .team 
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if ,b.y are well timed, but in & 0 uncerta.in clrma.te Like 
tha.t of Engla.nd, and on compara.tively small tr&cts of 
l&n d, the occasions &re few . Where. ste&m cuitivatioD 
i8 Tellorted to, it is genera.lly done-like stea.m thresb
in, often is- by ruen who own the ta.ckle , and do the 
work: for farmers at &n a.greed price per acre. 

The best work: iB done by the Iteam cultivator, which 
i. & huge grubber, a.nd in dry seaSODS, wbether in 
autumn, spring, or Bummer, this may be employed very 
satisfactorily, if not worked to too great a. depth, in 
brewog up land, &rId thus forwarding the horse work. 
It is then par-ticularly aciv&Ilta.geoll 8, 0.8 by its mea.DII 
large tra.cts can be broken up on tine days during 
seasOD! when there is Dot much wea.ther favourable for 
cle&ning la.nd. 

The .team drag-harrow is " broader inwlement th&n 
the cultiva.tor, but is lighter in construction, a.nd ie. 
fitted with a. largo number of small er tines, which work 
. imilarly tu those on the ordinary borse scuffler. It is 
very useful for stirring land already ploughed or broken. 
Ito! great breadth renders it capable of covering many 
aCfe8 in 8. day. and it is specially valuable a.s a meaos 
of forwarding horse work in spring. 

Steam cultivation, as already expla.ined, involves a 
large outlay, but considerable progress bas been made 
in ploughing by direct traction, the light motors being 
driven by either steam or internal combustion eogines, 
using petroleuIll, petrol) or alcohol. The light motors 
are ma.de for the single-furrow machine, and of grea.ter 
power f\)r working multi-furrow ploughs, and which, 
besides ploughing, will haul loads, or, by a belt, can 
be used tor driving ma.chine!.. 

So much work of this kind has been done in the 
Colonies a.nd foreign countries tha.t motor ploughs fOl 

working the various depths and widths required b&ve 
led to the design of special plough., adapted to meet 
\h •• e requirement., and to withetand the pull of the 
tra.ctors. Two main types ha.v. been evolved .ince 
the introduction of . tea.m ploughing, viz., (1) balance 
plough., a.nd (2) following the ordinary type. of bor •• 
impl.menh . ..;",,'8 and multiple ploughs, the latter 
m&k:ing from two to ten furrow • . 
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IMPLEMENTS FOR SECURING CROPS 

The scythe, sickle, fagging-book, and pea-hook were 
formerly relied upon for cutting the wbole of the corn 
crop', but the greater portion is now cut by horse 
machines. The scythe is still used when corn is bad ly 
storm -bro.ken, and sometimes, in preference t.o the horse 
ma.chine, on ba.rley. It is also employed on a. somewhat 
large Bcale for mowin g crops intended for ha.y. The 
sickle 18 DOW rArely seen. The ba.gging-hook or fa.a:ging
hook , continue! to be used with Borne frequency, espe
cially for cutting beans. The pea-hook is the best 
implement (or cutting field peas. The various band 
implement. are further d •• cribed on p. 9i 

HARVESTING IMPLEMENTS 

RE.tPINO .MACHL"a!l may be classed as : Ma.nua,l
delivery rea.pers j Self-delivery reapers j Binden. 

Manua.l-delivery reapers require the as,i.tADce of a 
man to clear the ma,chine of the sheaf. Self-delivery 
reapers dischArge the shea.! by meADS of r evolving s&ils. 
Binders cut the corn, gather it into sheaves, and tie 
the sheaf with string. 

Tho manual-dl livory rlapor i. the least complicat .d 
of these ma.chinel. llS the work to be done cODsilta of 
little beyond culliHg the corD. A Bimple fra.me, CArried 
on one or two wheels, to which iJ a ttached the ftn,er
beam, in_ which the knife works, i. all tha.t i, eSllential. 
Th. crop i. held up against t ho knivo. by tho workman, 
&Ild .. Imall Ilatted rack controllod by hi, f •• t receive. 
the corn 8.S it faUa; by lowering the ract the sheaf 
glides off . It is a dra.wback to this machine that the 
sheaves must be moved belore it ca-D work round the 
field again, for they fall in tho track the hono. h .. vo 
to walk Along. These reapers are now only uled to a 
limited extent.. They aTe very light in drauRht. 

The •• U-delivery reaplr (fig. 22) i8 more intricato 
tha.n the manual-delivery implement, as provilioD haa 
to he m&dfl for ca.using the sails to revolve. The delivery 
of the sheaf i8 effected by th •• aUa, which bring tho 
corn to the knives, and then c ... t it fro. from tho 
machine &t the aide. This Bide dEll~.ery of the ,he&r 
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leavas the borse~walk clean, 80 that if the crop is wet 
wben cut, or contains green weeds, or if hand labour 
cannOl cODveniently be found at the time, it need not 
be tied, bu t the whole field may continue to be cut 
without hindrance. 

The force expended in working the sails, although 
much lessoned by the improved construction of the 
ma.chines, is nevertheless great; consequ6ntJy the 
draught is much heavier than that of the ma.nual-deli \'ery 
machines. 

The binder is & very intricate machine, and is the 
result of the application of a Jarger number of 
mechanical principles than are to be found in almost 
a.ny other machine used upon the farm. Its construction 
bas now reached a. high degree of perfection, cOD 

sidering the many different operations which have to 
be carried ouL simultaneously. Viewing tb~ size of the 
machine and the various acts it performs, it is rela. 
tively of easier draught than the self-delivery machine. 

Making allowance for slight variations, the following 
is the manner in which the binders perform their work. 
The cut grain is first carried to one side of the machine 
and then lifted over the driving wheel by mea.ns of 
endJess webs, or canVlLB a.prons; these deliver it to 8.D 

incline. down which it falls, until stopped by a. lever 
which opposes its further progress. Against this the 
gralD IS 'packed' until 8. bundle big enough for a 
shpaf has accumulated. Then tbe lever wbicb is ar
ranged to yield before a. predetermined pressureJ gives 
way. and in doing 80 puts tbe I binder' into gear. A 
curved arm, the exact equivalent of tbe needle of a 
sewjog mncbjne and tbrcaned with string under & given 
tension, rises from beneaLh the incline and encircles 
the uUlldle wilh 8. cord, ilie end o[ which it leaves in 
the grasp of the knotter. Finally, this clever device 
first ties and then cuts the string band, leavmg the sheaf 
free to be thrown off the machine by a pair of arms 
provided for that purpose. 

MOWL~O M .... cHINEs. u'sed for cutting grass and' leeds,' 
are very similar to the manual-delivery reapers, but 
~here are two tr&velling wheels (fig. 23) in the place of 
the aingle wheel now used on &!l re .. ping m ... hin... The 
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mower has &Xl independent gear-frame, from whioh the 
outter~bar, or finger-bea~ bangs in auch & manner 
&s to follow freeJy all irregularities in the surface of the 
ground . 

FlO. 23. - MoWINQ lliOHINB. 

.... , tra.ck board. 
B, offeide (or divider) aboe . 
c, finau b.am. 
D, ftnse"', 
• , maID .boe wheel. 
r , axle plate to ditto, 
G, bracket to m&in .hoe. 
ll, ewing beam. 
I , CODl16cting rod. 
It . crack wheel. 

;', ~:~: 'r~~~: 
~J whippletree hracket.. 
0 , ,lid. to ditto. 

P, draught rod . 
Q Q . tr&vellin~ wheel • . 
R, ratche t p iDJon. 
8, guard to "pur wheel . 
T, tipping lever . 
U, litting l. ver. 
v, lifting quadrant. 
w. lifting cbain. 
", e:z:f..en. ioD piece. 
Y, eeat. 

!i, S~~~eSt~~~t~t. 
81 BI, stays to awing beam. 

The H"'YllA.XmO MAOlUNF:. which superseded the hand 
fork for t.ossing and te,lding hay consists or a number of 
tines mounted on heads attached by radia.l shafts t.o a 
revolving axle, driven at a. considera.ble speed by gearing 
",om the main drivini wheel • . 
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Whtm the tinsl I'ev{)ive in a d irection OPPOled toe *e 
tra.vel of the mach ine, the ha.y i. toned over t.he machiBe 
and spread out for drYlDg. \\"' hen they revolve in the 
OpposiLe direction the pal't. ly~made hay is merely turned 
over, th ereby exposing the und erei,de to the sun and 
air (fig. 24). 

FIG, U.- H.lYlU_K.It. 

1.. , road whee:il. 
B, tiuee or forks. 
0 , Ilb~~JJ/or fork-

D, fork ·head bar. 
E , cover of gear 

~ox. 
r, gu&rde. 

0, bo..IG. 
H , I!Ihaft.. 
I , IWIllt. 

F'w. 25.- CO MtUZ"JW 8mE l~.'\KE, WATBE Turua.,"R, 
TEDDER .AND WnmIlOWEB. 
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T,he 'action of this machine under certain circum~ 
stances being considered too vlolent, the hay~ ki cker 
and swa.the turner were evolved. The kicker consisted 
of 8. series of spring-tined forks connected to 8. crank 
axle which imparted a motion somewhat similar to t.hat 
01 a hand fork gently turn ing the hay (fig. 24). 

The early swathe turners con sisted of two interrupted 
helical discs with serrated edge (somewhat like a ship 's 
propeller) mOll-Dted on two longitudinal spindles, the 
distance between wllich could be adjusted to suit the 
pitch of the swathes, these were driven by gearing from 
the ma.in shaft, and ill r evolving they quietly turned O\'cr 
t.he partially dried swathe, exposing the underside. 

The latest development at the present time is a. 
combination CI side rake," I( Bwa.the turner," II t edder," 
and If wind rower" (fig. 25). 

The H OR •• - RAKE has long taken the plac..,1 the hand· 
rake and hand-drag Cor gathering grass a.nd unabea.ved 
corD into rows. The borae-rake consists of & light frame 
on two wheels (fig. 26). In the front of the machine 
&re fitted a number of cu rved tines, extending the full 
width from wheel to wheel; these are 80 designed as to 
collect the ma.terial , and , on being raised up, to d_is
charge it. The tines, which a.re ma.de of steel. are 
adjustable, and, by altering the pitch of the machine, 
can be ma.de to lightly skim, or closely ra.ke the ground, 
fl.8 may be desired. By means of a. ra.tchet gear, 
attached to the wheels. the work of raising and lowering 
the tines is. in the so-calJed ' self-acting ' rakes, made 
to fan upon the horse, thus enabling boy. or lad. to 
work the implements. On these machine., the driver , 
who is provided with 8. seat, has only to guide the 
hor •• and to Bet free a pawl (or catch) by hi. loot, tbe 
horse doing the rest of tbe work. 

These implements are also made with a lever for 
lifting the tines to discha.rge the collected material, and 
are easily worked hy a man whilst riding on the seat, 
or when walking behind and holding t he reins. A 
newer development of the Rake is the Side-Delivery 
Horse-rake, whicb delivers the collected crop in & con
tinuous windrow, 
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The EU'fJ.TOIt, or ST.6..CI.E& (fig. 27), is ueed to carry 
hay, stra.w, or untbresbed corn on to the stack. When 
used for the stacking of material brought straight from 
the field, a pony-gear is often employed. When used 
for stacking stra.w from the threshing machine, it is a8't 
in motion by a strap running from a pu1Jey on the 

FIG. 26.-SslJ'-J.OTINO HORSE·RAKE. 

.a. , road wheel. 
B , teeth. 
0, front band lever. 
D, back hand lever. 
• , treadle for a.utomatie 

delivery. 
F, spring for lenT. 
0, p~wl. 

H, clearing rod • . 
I, back frame. 
It , fleat. 
L, seat standard. 
M. !hatl iron . 
N, sbaft. 

thresher. The eleva.tor consists of 8. long trough . 
mounted on a frame supported by wheels. Endiesl 
chains, furnished with carrying prongs, placed at inter
vals of 8. few feet from each other, are made to travel 
up the trough, Bond to return over guiding pulley!! under· 
nea.th the' trough. In t his way the materia.l is carried 
up in a continuou8 stream. . 

HA.T A..ND STRAW PXE88E8 have lately come into genera.l 
use. They compress light, bulky material into .. small 
Ipace, &nd thu!! render it. tr&nlport lelll expensive. · 
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These pi eSl:le~ &Tt made for w ork-lUg by b&nd, U!U&_Il, 
with two levers, with some form of mecha.olcal device 
for ra ising a ud lowering the JJrt:!l.sing platen. It is a 
usefu l plan for carl.ing the matbflai to market. Iteam-

FIG. 2i.-S'J'AOKING M ... OB I N I OR ELEVATOR . 

10 , tra veiling wb &e18. 
S, frBme. 

(J, e~~~etift7:;::d~~r n.r&ifiing 

I , worm Icrew for working 

" ii:!~ng\ r~~ D~\'bich the' 
material travels. 

a. 8Ddl~8 cb . io, wi th foru 
for carrying the ma terial 
np tbe trough {seen Te-

~~~h~. beueath the 

'8'. guide pulley for eodiN' 
chain . 

J, r.dju!ltments tor Terulatiog 
.... 1_ eb.ua, 

x . hopper for recei ving 
mat.erial to be stacked. 

L, lifting gear for raising hop
per. The hopper :11 !!bown 
half-rai'f'd. By raieing 
the hopper, IU Ttiquired, 
the top eud of the trougb 
is kept continuously above 
the midd le of the Atack. 
CoDB9quently, [rom begin · 

~~~~ ~a~~~'1':~:b::~d~l! 
of the stack. 

The E levil j or is driven by a 
belt frf'l m a puUey OD the 
Tbraahiui M .. chin • . 
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power perpetual pr ..... 1Il&k. lolid b.l .. for r&i} ... ,. 
transit or for shipDJeot. The rai lway ! carry lItea.m or 
hyd raulic press b a.lE"s ttt special f llLea. These p r e ase . are 
now made to work iwmediat.ely behind t he tbreebin. 
mach int', tht' straw pa ssing d ir"ct f roUl the sha.kerll 
into th£ ,PTt' 88, and thus M,ving tbe work of On e or two 
wen. 

CA_}~T • .i.ND W .. UGONI a.re illdi Hpeu~ahle acces!\Or i ea on 
a fa.rm. Fi g 28 shows elevatioD and sect ion of a cart 
wheel. The wheel is {diebed: 80 tb a t , wlH.'n la id fla. t 

Fro. 2B.·-A C .. RT • 
A , axle .rm. », l inch -p in. 
~ 1 , box (n oL requ ired 0, hub. 

io iron-bubbed D J epoke«. 
wbeel.e ). 

., fello.". . 
r , tire or ring. 
0 , .. :l1e . 

on the ground, the rim is not on the 8ame level &8 the 
solid centre. The axle-arm ... is, moreover, bent iu such 
8. way the.t each spoke, a.s it come! betw een the arm and 
the ground, o.ssumes t he vertical posit ion, which i8 
that be.~ ..aapted for bearing tbe weight of the load. 
Further support is der ived from the circumst a.nce tha.t 
the outer end of the spoke rests upon the semicircular 
arch included in the tire. 

Another effect of ' di.hing ' i. that the dirt, which 
il dialodged [rom tbe par~ 01 the rim wbich h&ppenl 
to be 80t the highest position, f80lIs oute.ide the wheel, 
whilst there is no risk lest the rim should graze th. 
lid. of tb. vehicl. . Th. hub and the tire &re th. 1Il0lt . 
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import&nt parts of the wbeel. Bo long &! the tire l&!te, 
&oy pressure transmitted through the spokes only serve. 
to wedge the felloes more tigbtly together. 

IMPLEMENTS FOR PREPARING CROPS 
FOR MARKET 

TSllt:81lING MA CHLVES. - The modern threshing 
machines (of Doe of which fig. 29 gives a.n external 
view, Md fig. 30 a longitudinal vertical section) are all 
constructed to work 00 the same general principles, 
though a good deaJ of variation exists in the different 
mach ines with respect to the separation of the corn, 
etc. They are ailliost always driven by steam, but wattr 
power, oil-engines, and borse geara are occasiooaJly 
used. A study of the longitudinal ver tical 8. ctiOD sbown 
in fig. 30 will Berve to indicate the course taken by the 
material in the operation of threshing, separating, and 
cleaning. The corn is fed into the drum·mouth 0, 

where it is caught by the beaters At of the d_rum A, a.nd 
the grain is threshed out between these and the con
cave B. A large proportion of the grain falls through 
the concave, while that which remains with the straw 
is shaken out, together with short pieces or straw, chaJi, 
etc., by the shakers, &nd falls upon the upper collecting 
tray 1:. The straw passes Hut of the machine over the 
abakers. All the materia.! which passes through the 
concave &Dd the sba.kers iM conducted on to the floor 
of the upper shoe r, &Dd then passed over the caving 
riddle r l. The cavings (i, e., refuse ma.terial intermedia.te 
between cha.ff and Itraw) pas. over thll riddle out of 
the machine, while the grain, chaff, and small refuse fall 
through on to the collecting tray G of the lower sboe. 
The separating action of the caving r iddle is &8sisted 
by a hlast of &ir through spout :0:' from the first f&n x. 
The grain, cha.ff, a.od refuse are now taken into the 
lower shoe' ", througb which a blast of &ir from the 
first f&n x is playing. The chaff is blown away, and tbe 
grain &!ld beav:ier refuse f&ll through the chaff sieve "', 
on to the <hoh sieve B2. The grain falls through thi. 
lieve, &nd t he choba (such &8 pieces of wood. amaJl 
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.tone., thi.tlehea.ds, etc.) ride over &n a.djuot&ble lip on 
to the ground. The gra.in from the sieve B' foJls upon 
the seed sieve H oS , where a.ny weed Beede or duet a.nd 
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land Are .baken out, while t he gr&in pa.ssel Along the 
spout u· to the el evator L. The grain elevator CODl i, ts 
of buckets faste ned to &0 endlel8 b.lt working over the 
pulleys Ll and L ' , &Ild these bucket. car ry up the gra-in 
and deliver it into the a,wne r a.nd chobber M and N . 

Here the a.wns of barley and the white-bea.ds, or tough 
l11l r emoved ,chatf of th e wheat are t aken &way. The 
cbobber is adjusta.ble. so that the grain may be lub· 
jected to more or less vigorous t rea.tmeut. as desired 
The grain DOW fall s into the lecond dressing shoe r ; 
there it pa.sses through the grain sieves 1'1 and l"~ OIl 

Lo seed sieve P'. A blast of air from the second fao Q 

is directed through the second dressing sboe, &Dd blolV' 
the light refuse back jnto the upper shoe. Material 
which rides over the sieves pi and r' (ails Ilpon th e 
eiev e 1' '' , th rollgh which any grain the re ma.y be pruent 
paRBe!. The refll se passes over the sieve 1" and fall a 
down the spol1t. pll , with the Beed a.nd dllst t.aken out 
of the now thoroughly cleaned gra.in by the sieve p3 . 

The grain i3 nOw taken to the rotary acreen R, where 
it is graded. The rotary screen (for an example, see 
fig, 35) has helical ba.rs running t hrough it, ,0 that th e 
corn is carried from en d to end, the thinnest grains pass· 
ing throllgh the divisions between the wire ban of t he 
screen first; then a. second and 8. third division are ma.de 
by pa.rtition. placed in the hopper underne .. th. Tbat 
whlch p&SS6a through the whole length of the screen i. 
the dressed or finished 8&mple. The Bcreen m&y be ad· 
jllsted to take out more or less small grains, as may 
be desired. In the gene ral construction of the machiDe 
it will be noted that the collecting traya, apouta. etc., are 
inclined, but to keep the ma.terial steadily moving tbe!e 
inclined surfaces are gj ven reciproca.ting motioDs, which 
a.re obtained by cranked shafts and wood springs, called 
luspenders. 

To improve the quality of the dre •• ing of the corn. 
and to increa.se the output, the area of the riddling a.nd 
dressing surfaces has from time to time been increased 
and .. dditional bla.t has been a.dded, 

Va.rions acces!ories are now fitted to the modern 
threshing ma.chine, .. mong wiLich the mo.t gener&py 
u.ed "Te th e eleva.tor driven by .. bel t from tb. thT .. binl 
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machine, which delivers the straw from the shakers on to 
the ,tack. The chaff-sifting and lagging apparatus, etc. 

VariouB accessories may now be fitted to t.he modern 
threebine machine, among which the most generally 
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used are chall sifting and baggini apparatWl (one of 
which is shown fitted to the machine in fig. 29), and .tra .. 
trusses for tying the straw into bundles as it is delivered 
from the shakers. This latter is a. development of the 
sheaf binding a.pparatuB of the harvesting machine. 

STEAM ENGL~ES.-A view of a. farm Jocomotive, or 
traction engine, which supplies steam power for thresh
ing, hauling, sawing, and & variety of other purposes, 
is given in fri. 31. These locomotives are increasing in 
general use, and on ma.ny mrms ha.ve taken the place 
of portable engines, which are dra'yn from place to pla.ce 
by horses, and which are so largely employed in all part. 
of tbe country. 

Since their :first introduction, the steam pressure has 
been considerably increased, the compound principle ha.s 
been generally adopted except for very smail powers, 
tbey have also been mounted on springs, both lore a·nd 
aft wheels,·aJ1 of which modifications ha.ve produced 
more efficient working and improved economy. 

OIL ENGINE8.-Tbese convenient motors are now very 
largely used. They are I!I pecially valua,hle where work 
is intermittent, 8S is usually the case in a farmyard, as 
they can be started at a few minutes' notice, without 
the long delay involved in getting up steam, and are 
therefore particularly adapted for driving the di.f!er~nt 
machines used in. the preparation ()f rood, iucb as chaff
cutting and gristing, and other light machinel!l. Another 
advantage is that they do Dot require constant atten
tion while running, as is the case with a steam .engine. 
For stopping the .engine, moreover, it is only necessary 
to turn 011 he supply ,!f oil, so tbat there is little or 
DO waste. 

These engines usually run on what is known as the 
" Otto" cycle: a section is shown in fig. 32. The process 
of star ting and working this engine is as follows: 
The vaporiser is r aised to a dull red beat, by meane of 
the coil lamp shown. The tly-wheel is now pulled round . 
This opens a valve, through which, al!l the piston moves . 
forward, air is drawn into the cylinder. When the piston 
moves backward this valve is closed, and the air in 
the c.YlindeT i . comprelsed and fOTcen through th. 
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Darrow neck a t the back of the cylinder into the 
vaporise r. In tbe meantime the &earing baa call led a 
amall pump w send a jet of oil into the heated vaporiter. 
The bot walls of the vaporiser immedia.tely conTert the 
oil into vapour, lLnd the compressed air forced in by 
the piston supplies bea.ted oxygen sufficient to ma.ke a 
mixture that will cause the necessary explosion. Tht. 
explosion thrusts out the piston, the products' of com· 
bu stion following it into the cylinder. On the return of 
the piston a valve is opened, and these products &:"e 
forced into the ('xhaust pipe. \Vitb the next movement 

FIG. 32.-0IL EKOn."E. 

of th e piliton the cycle begins aga.in. The heat generated 
by the explosion and the . compression a.re sufficient to 
keep the vaporiser bot. 

'Vbere only a amaH &mount of power is required 
PETIOL ENGINE. a.re sometimes used, a.nd these are very 
conv. nien t, starting as they do a.t 8. moment' . notice, 
in tbe ma.nner now so familiar in connection with motor 
ca.rs; but it is doubtful whether luch 8. highly inil&Dl
m&ble liquid ... petrol sbould be placed in unskilled 
bands, or in the vicinity of such combustible materials 
as Are u8ually .found in • fa.rmyard . 
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WD<1fo,""" M..OllI2fZ. (fig. 33) are .Ied lor the lurther 
clea.ning of the alre&dy partially clea.ned corn, thereby 
rendering it more ma.rketable. In the best machines, 
the winnower js strong enougb to separa.te the ligbt 
grains from the hea.vier, whilst smaller heavier seede 
&T8 rem~ved by being pa.ssed over screens or riddlea. 

FIG. sa.-CORN WINNOWING 0" DB.E8!ING M. .. OBfN'S. 

.. , bandle. 
B, main wheel. 
0, raA.. 
D, pulley on fan ule to driu 

elevator. 
E, wheel drifing large roUer. 
1', wbeel driTing aman roller. 
0, bopper. 
H, Icrew to regulate feed . 
I, riddle frame. 
l , riddle. 

It, lereeD under r iddle . 
L, .pout from which stouea, 

aticke, &c., are delivered . 
)I. tailiDJ!{ corn. 
N, . creIUlDge. 
0, cha.ff. 
P, elevator CU,PI. 
Q , strap to dun .le.,.tor . 
.., el"out wheu drelterl corn 

1. deliTered into lack •. 
8, (ift-ing handl ... 

which contain the good grain and a.llow the impurities 
to fall through. Too many kinds 01 these machinel are 
provided with & blast which, though strong enough to 
blowout cb&1f, is incompetent to separate the grains of 
differ."t density. Such machines have to rely entirely 
on the screens for effecting the separation, which they 
do indifferently well. 
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Varioul B~I, luoh all the I Boby,' and rota.11 
Icr •• n., generoJly not fi tted with " blast, are us.d with 
cood effect (... fig.. 34 and 30). Th. rotary scr.en 

FIG. 84.-AD,rOBTA BLE :rU.T CORN SOIl •• N . 
... . hopper. 0 , atone l!Ieparator . 
B, fly wheel. H , ad j ustable bect 
0 , crank. r, ehoe frame. 
D, lever for adjusting reed J[ x, 8creen frame. 
E, gear wheel and p inion. L L, rollen for aboe. 
r , turn ing handle. )1[, ad j usting ecrew. 

B 

F IG. 35.-A.D.n:I I!I ~U.lSU B OT.,1LY SOU.N . 
... . • creen barrel. . . :at fixed deliv~ry ,rine-
• B , hollow span cont.1DrnB 1', handle for ad]uatlng width 

adjusti ng screw. between wirel!ll. 

:: ~~:i:~ .. }!je\ .lid •• along 0, bC:;~:t •. of wire 0Hd ia 
abaft.. 
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(fig . ~) can be supported in a.ny cODvenient, fra.me J and 
the width of the spaces between the wires is gra.duated 
by me&ns or the n.djusting handle F and the Bcrew in the 
bollow shaft, B B. The screen i8 turned by 8. handle 
fi xed at the right-ha.nd end, &8 BaeD in th6 diagram. 
Hand-sieves are usefully employed in conjuDction with 
the other eleaning machines. 

IIlPLE¥ENTS FOR PREPARING FOOD FOB 
STOCB: 

CHA.r!' L'UTTns are used to cut hay a.nd straw into 
abort pi,eces, partly to aid ma.sticatioD and digestion, 

FlO. S6.-STuM·pown CBUl"-OUTT.EB., WlTH SII'TtNG, 
DU8nNo, .A.N'D BAGGING A.PP.UUTU8. 

A. driving pulley, on wh.ich l , shalts. 
rUne belt from th re8her, 'P, riddle for sifting out tb • 

• , ef:v~t~:~~:~:h. :~~::ier. G, ct~rb~::~lY cut material. 
0, end of leed bo~. H, lever to atop a.nd reTe"". 
1), froDt trnelling wheel. \.b. feed. 



1M) .GBICULTU1UL IlU'LEK£NTB 

but more especially with a view to economy, &8 bay and 
Htraw &re much w8.Bted when they aTe given in the long 
sta.te. Besides, it is possible to mix other foods , 8uch 
8.S IDea.I, cue. and roots, mOTe economically when there 
is a. bulky mass of short dry material to stir them among. 
Chaff is therefore generally looked upon as a vehicle 
for conveying these foods to animaJs, in &ddition to being 
So food in itself. Chaff cutters are made in all sizes, 
from sma.ll hand-worked implements up to powerful 
steam-driven machines (fig. 36) ca.rrying ha.lf & dozen 
la,rge knives, capable of cutting the str&w into half
inch len'l'tbs as Cast as it can b~ pa.ssed throu!h the 

largest thresh
ing machines. 
The materia.l 
to be cut is 
p1t"ed in a 
100 g t rough, 
and is dra.wn 
fo rward by 
mea.nl of 
cogged and 
Outed rolle" 
to the knives. 
The latter .. r. 
arra.nged ra.di
.. lIy on a fly
w heel, cutting 
from the 
centre out
wards, &Dd 

Fro. S7.-Tu.1'I'"Ip-OUTT. :a.. pass ra.pidly by 
A, h&ndle. I, bsndlee for carrYlDg the f & ceo r 
II, fly-wheel. macmne mouth of the 

c, iron body. ~: !~~D~h':~:~p.Dner. feeding box. :: :~ifu:r:b;:(n.. lr, prick.r. The arr&nge~ 
1', cut fr&me. N, bot.tom hopper. ment of the 
11, thumb 8crew. 0, adju.table bearing', knives is such 
8., WOodeD lege. that there is 

no intermission in the cutting, for as one knife i8 finisb~ 
ing ita cut th 'a ne.xt ha! alrea.dy commenced to operate. 
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The la.rger ma.chine. are usually fitted with & ridd1ina 
and a. bagging apparatus, which sift out the dust and 
dirt from the chalI and elevale t·be latter in", bags. All 
ma.chines are now fitted wi th some form of safety device, 
to prevent the pou ibility of the a.ttenda.nt's ha.nd being 
drawn Y4ith the bay. etc., between the rollers to t he 
knives. 

TUlLVLP-CU'I'TEB8, or PULPE.a. (fig.. 3 7 ADd 38), A r e 

ulually ma.de with a 
dioc wheel fitted with 
knives of va. rio U 8 

forms , to produce 
• 1 ice 8, fingers, or A 
pulp. Many machines 

A 

are fi tted with device. 
for removID"g earth or 
other foreign matter FIG. SS.-TUltNIP-OUT' .... BARRIL. 
adhering to tbe roots. 

OoaN GRIKDIKG 

Mll.LB are made in 
severa.l forms, perhaps 
the oldest heing the 
Millstone, which has 

"' , spindle p .... ing through centre 01 
barrel. 

B, . teel pJ a.te. 
0, .out.e-angled knives. 
:0 , cast. barrel to which the . teel 

plate. and knives are att.acbed. 

been used from time immemorial, and is still sometimes 
ueed on large farms . This (orm produces an excellent 
aa.mple of meal, but a.t 8. considera.ble expenditure of 
time &Ild power, 8.nd it is not well adapted to grinding 
the va.riety of produce that is genera.lly used on 8. farm . 

Mills with a pair of . e'tic&l1y mounted flat discs, 
with tangential grooves formed on their faces, are very 
la.rgely used; they a.re very economica.l of power, and 
ealily a.dapted to grinding a. variety of produce, and artl 
USU&Uy fi tted with a. spring arrangement, which permjta 
of &n increase of the spa.ce between the disc! , to allow 
for the passage of hard foreign bodies through the mill 
without injury to t he discs. The material to be ground 
is led into the centre a.nd the meal .scapes at tho. 
circumference. 

Mill. similar to the aho.e, but with conoidal di.c. , 
are aJl!IO made, and are very latiafactory. 
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Another form of mill that is la.rgely used bas a conical 
grooved roll er, which revolves on a. horizontal axJe 
against a concave with similar grooves, the material to 
be ground being red into tbe BID&ll end of tbe mill. &nd 
the meal escapiog at the large end. These mills are 
economical of power, and easily adapted to various 
materials. 

Roller ~'1iUs, with rullers either grooved or smooth, 
are largely used, and are specially adapted to crushing 
Dati. 

SAND IJ(PLElIENTII 

Small implements are as necessary as t.he larger onell 
OD farms, and are of still greater importa.ncp- on a.llot
ments and small holdings, and especially in ga.rdens. 

The Bpade iB uBed lor bre&k:ing up the' ground. It 
i. forced into the soil by the pressure of the foot, and 
the e&rtb. commonly c .. !led tb. 'pit, iB lifted out a.nd 
inverted, the result being much the aame Boa in plough
ing, but more thorough in char&Cter. The spade i. held 
by the b&ndle in the right hand, while tbe left h&od 
grasps the heft lower down. The left foot iB then &p
plied, the Bpade iB t hruBt into the ground, a.nd the spit 
iB lifted out &Cd r&pidly inverted by a Bh&rp "",tion of 
the wrist. 

The shovel is very 'Similar to the spade, but, 80S it i. 
not used (or breaking hard ground, it is ma.de less rigid, 
wbilst the BideB are slightly turned up BO &B the hetter 
to bold loose m&teri&l. 

:rorkll.-The 3- and "'tined forks .. re u.ed not only 
for digging ground, hut lor filling dung C .. rtB, and for 
spreading dung or otber m&terial upon the land. Those 
witb short bandle" sUnil&t to the b&Ddl., of Bpades 
aTe far Bupe'nor to those with long handles, as the; 
afford the workman much more power over the tool and 
he is better able to nse his wrist to give & swe~ping 
stroke while spreading dung; at the s .. m. time they 
&te more convenient for digging. The neck should curve 
Ib&fply, tberehy forming & crank whioh alford.l .. ero.ge 
and thus aid. the effon. of the ",arman. ' 



FORKS AND BilK!! 113 

Fork. with two prongs or t ines fixed into & long 
handle are often called pitchlorks. The farmer applie. 
the term pitchforks only to those which are made with 
specially long tines and handJes, so as to render them 
convenient for raising or pitching bay and corn on to 
waggoDs or carts. The short.er ones are called emptying 
forks, as they are used for eruptyLog the carts. A 
skilful workman U 86S his wrists very freely , wherea.a & 

lluvice uses them but slighUy, a.nd works clumsiJy &nd 
laboriously. 

Caving lorks, cocking or pooking lorks (fig. 39) .. r. 
sba.ped very mucb like dung forks, but have excel> 
tionally long tines 
set widely apart, 
while there is a 
continuation of 
the tine. behiDd 
the tread piece, 
The continuation 
extends several 

FlO. 39.-CAVlNG 0 1 P OOKING Fo.E. . 

inches and then curves upwards and forwards, fanning 
a. scoop. They are particularly useful for collecting 
cavings, or for gathering together (or pooking) sbort 
barley into heaps ready for pitching. 

Bakes are used for collecting short materi&l, such aa 
hay, a.nd for levelling the surface of la.nd before or 
after BOwing seed. The best form of rake is made 
with 80 wooden head or crosspiece attached to & long 
handle, the head having inserted into it, at short inter
va.ls, small steel tines or teeth. This kind of rake i. 
light enough for using in the hayfield, and strong enough 
for collecting couch or twitch, whilst it is very durable. 
The rake should not he used with a. chopping or hoeing 
action, hut should be 80 held that the handle rest. 
gently in the left hand. The right hand should gra.p 
the handle near the top, and the left hand lower down, 
th. knuckles of both ha.nds being turned downwards. 
The right hand sbould retain it. hold firmly, but tho 
rake should slide freely between tbe tbumb o.nd finger 
of the relt ha.nd. The wrist. must be worked pli .. bly, 
fre.dom of r.otion being tbus obtain.d. 



Daisy rake. , with clo.!.-•• t wedge*shajJau LeelL, AI j > 

frequ ently used on the [a.rm for collecting the head! of 
Dut.ch clover when the crop is grown for seed. 

Hoes are used for cutting up weeds in cr('Jp!o:t. anJ for 
loo.eniDi the Iurtac. of the soil in order to promote 
plant i rowth. Th. b.lt form of hoe i. (fig. 40) that fitt.n 
wlLh a long curved or ' awan J neck. Any 6ther mode of 
attaching the blade to the handle pn .. ent. the free use 
of the hoe on a.ll except very c1 e&n, dry, and friable 
80ils, as the weeds or earth clog, and thus binder the 
workman in making a. long stroke. Where other forms 
are used, it is only possible to make short chops, instead 

or long strokes. Hoes ror 
use in wheat and barley 
crops should be from 41 to 
5~ in. in width; for peas, 
6 to B in. j B.I1.d for bea.ns and 
root crops, 9 in. in width. 

Several forms of cutting 
iools are used for reapmg 

Fla. 40.-SW,Hi .N . CX H OE. and mowing coro . A few 
years ago there seem ed 

great probability that large machines would totally 
supersede these, but since there has been an increase in 
the quantity of land let out in small holdings and allot
mentsJ the manufacture of small tools for harve!ting 
purposes bas revived. 

The scythe consists of a long cuned blade (fig. (1 ) 
fixed at sometbing less than a right angle to th. ,na;,th 
or handle. Th. sbape 01 the 8Daith varies in different 
localitiea, but the object a.imed at is to make & tma.ith 
which permits the workm&o to awing the scythe with 
an easy curved sweep; for this reason perfectJy etraight 
ha.ndles are in many districts not used. The &D!,le a.t 
which the blade is laid to th. snaith has to be regul~ted 
~ccording to the height 01 the workman and the nature 
of the crop to be mown. This i s effected by mean. of . 
large nails a.nd strip. of lea.ther used for packing 
b. tween the ring and the maith. 

Th. swa.rd should be cut at the "&me height through
out. The rihbing often •• en in field. after th. crop i. 
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clea.red is evidence tba.t. the workma.n ba.s uot. mOWD 

.kilfully. The point of the blade should be laid in Rat, 
a.nd the stroke should be ca.rried through complet.ely t o 
the end. If a man mues '" scooping . troke he leave. 
perhaps a foot, at both the commencement and end of 
the stroke, which will have to be mOWD th rough, and 
for this rewan it ia very annoyin g for a good scythe. 
man to have to follow a. bad one. 'Vhen mowing, th. 
mall should place his legs wide apR.rt. 80 as to bring 
nis back into the best pOl it.ioo {or it to exercise ita 
strength, Cor mowing should be done by mea.ns of a 
body stroke rather than by the arm.. The arms should 
act chIefly 8.S guiding or connecting rods between tbe 
man and the scythe, in the sa.me way as & shIfuI oanm&n 
pxerts his power s from the ba.ck , and by the use of hi" 
legs, instead of pulling the stroke t.hrough with bit 
a.rms. 

FlO. 41.-El"iGL1SU BCYTH • . 

Th e eat ly part of the stroke is easily made. as the. 
natur&l swing of th e scythe is sufficient t o cut that 
secti on of the sl\rard~ but as material collects it become. 
more difficult to complete the stroke, therefor e the body 
must then be in a position to exert its force wast freel,. 
This is achieved when the man st&nds near to the finish 
of the 8troke~. e.t as far as practicable from the com
mencement. Young beginnflT!l make the end of the 
stroke with the left hand too far in advance of the left 
leg (which should be ,. little in the rear of the right). 
After tbe first b&lf of tbe stroke the left band should 
be drawn sharply round and ne .. r to the lett leg. It ia 
wa.nt of attention to this point which cauaes difficulty to 
beginners. 

The whetting of t he blade i. &n import&nt det&il in 
mowillg. The wh.t·.ton. should b. la.id d&t &ga.inst the 



bl&de, &nd drawn steadily &long it. If the ston& is not 
laid fia.t , an angle is made with the blade, the edge of 
which is rapidly lost, 80 that recourse to the grindstone 
ia 800n rendered necessary. 

The sickle is the typical harvest tool, but is now 
rarely used on large farms. The sickle, or reaping hook, 
consists (fig. 4ll) of a sbort, curved blade, witb finely 
serrated edges, and fixed into a short band Ie. Reaping 
is done thus ;- The reaper grasps 8. handful of corn in 
bis left band at about a foot from t he ground, and bends 
back the straws away from him. He next pla.ces the 
sickle behind the handful , 80 as to pa.rtly surround it , 
and draws the implement towards him, sawing the 

FlO. ~2.-SIOK LE, South ot 
EnglR.cd pa tt.ern. 

FIG. 43. - BAOGINO BOOK oa 
F AOOINO HOOK. 

atraw8 asunder. The handful is then drawn out , a.nd 
severa.l such handfuls form a sheaf. Th e curve of the 
brJok varies somewhat in different districts. 

The fagging hook, or bagging hook, is used for cut
ting cerea.l s.nd bean crops; 8olso, when more strongly 
made, for cutting furze. Tbe f&gging hook (fig. 43) 
is very similar in sha.pe to the sickle, but is made 
without a serrated edge. In some d istricts tbe blade 
is preferred slightly cranked near to the ho.ndle, wbilst 
in others the cra.nk is dispensed with. The cutting of 
the corn is effected by first chopping the stems, and 
then collecting them by means of the hook. The leg of 
the workma.n is used in gathering the sbea.f, the corn 
being worked up against it. Fagging ia a. convenient 
way of cut ting when the crop is badly laid. Reaping 
i. more often practised when the corn i. sta.ndin. 
uprigh~ 
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The pe. hook (o f " 'bieh fig. 44 sbows the blade &nd 
socket, the latter made to receive a. wooden handle) 
is used fo r cutting peas. This crop lies about. t.ue land 
80 much that mow· 
ing is impracticable, 
beca.use ma.ny of the 
pods ,,-ould be cut off 
and lost. The pea 
hook is in reality a F IG. 44.-BEA N OR P&A fl OOIt . 

short - bladed !agg.ing 
hook Bct in a long handle , without <ln~' crank. Occa.
sionally peas are cut with a sbort book, but the work is 
then more laborious. A n old sickle ulade, with se\'eraJ 
inches of the poin ted end broken off , is alw8,Ys highly 
~alued for use as a. pea hook, on account of the good 
t temper ' it has acquired . , p -, '.-ms r r ernie t;$ mdr?if;j 

FlO. 45. -SWITCB BI LL OR SLASBER . 

Hedge slashers and switch bills are formed (fig . ~) 
of " short stout hl •. de fixed into .. long strong handle. 
The bla.des, sometimes stra.ight, a.re fa.r more of too 
81ightly curved. They are used for trimming &nd la.ying, 
or layering, bedges, 

CHAPTER VII. 

TILLAGE 

On of the prima.ry conditions of success in fa.rming 
is the proper and intelligent cultivation of the soil. 
By tillage we mean the ordinary processes of cultivation 
by which we stir the soil a.nd prepare it for the recep
tion of crops, so that they may flourish to the hest 
adva.ntage, To bring about the conditions nec'essary for 
the successful growth of crops the soil must be porous and 
in & fin e state of division; it must be clea.n and free 
from weeds j and it must contain sui5cient supplies of 
plant food a.nd moisture. A. '" preparation for these 

'" 
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oonditioDfil the Boil has to be loosened and turned over ~ 
80 &8 to allow air. ra.in. frm~t. wind, and sunshine to 
exercise their puJverizlng influeDce. This work is most 
effectually doop by the spade or fork, and may be seen 
to best adt'8.otnge in the garden. The earth) dug out 
to a depth or 8 or 9 inches. is thrown forward , thus 
leaving a trench, behind which fresb spits of mould 
a.re dug out and turned over. This method of hand 
cultivation is well suited to small &re&s, but where 
whole fields have to he denlt with, &s on the f&nn, 
it is far too costly_ Hence the farmer. having to culti
vate exten"\ive areas of land in a. short time, has re
course to the plough. The plough and barrow perform 
in field culture the same operations as are far more 
thoroul!hly effected by the spade and rake in garden 
cultivation. c 

In preparing" tilth the ground i. usu&lIy first of all 
turned over by the plough. and this is then followed 
by the cultivator. harrow, roll, and harrow , in the order 
named, the horsp·boe being used after the crop is up 
to stir the soil between the rows. 

The operation of ploughing inverts the soil. burying 
ma.nure, weeds. and a.ny otber vegetable growth. and 
exposes a. larg-t" surface to the beneficial action oC the 
weather. In the opE"Tation of cultivating the object is 
to stir and loosen the soil without actually inverting 
it, and the implements employed for the purpose are 
called cultivators, 

Harrowing is carried out with the object of dragging 
out couch and otber weeds previously uprooted so as to 
clea.n the land, and also for the purpose of reducing 
the surface to a. fine condition after the other imple
ments. The lighter harrows are also used for covering 
seed immediately after sowing. 

Rolling breaks up the clod. and gives a level surface 
to the land_ It also consoljdates the soil. RC'!ling t he • 
land in spring when it is dry has the effect· of improving 
the capillary powers of the soil so that it is abl. to 
raise mOTe moisture hom below. This is So very im
portant matter wbere young seeds are germinating in 
the ground, 
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Boeing is carried out with the special oUJcc t uf 
destroying weeds. and it a.lso sti rs and loosens the soil. 
[0 dry weather keeping the hoe going between the rows 
of a. growing crop and moving the soil to the depth of 
one or two inches makes a. mulch on the surface wbicb 
will tend to check evaporation o[ mO_lature from below, 
a.nd convey it instead t.o the roots of the growing crop. 

The plough a.nd other implements o[ tillage have 
been descnbed in detail in the preceding chapter, wbere 
their various fonns and different methods of use are 
expl8.1ned. 

Tn.1.AGE OPERAl'IO'llS are most conveniently discussed 
under the beadings of autumn, winter, spring, and 
BumIDer work, according to the time of the year the 
preparations for the various crops a re most actively 
carried out. 

Autumn 'bnltivation.-In the late Hummer and early 
a.utumn the clover and 'seed' leys are generally 
ploughed, in prepara.tion Cor the sllcceeding wheat crop, 
together with any land intended Cor wint.er beans and 
vetches; a coating o[ dung being applied previously 
where necessary. In the case of wheat OD the lighter 
80ils the furrow when turned is usually furrow
pressed or rolled, and the seed is then eit.her sown 
broadcast and harrowed in, or the soil is first worked 
down with the dra.gs and barrows, the seed being sub
sequently drilled and covered with a double stroke of 
the harrow. 

The most important part or autumn cultiv ation, 
however, consists, when tbe weatber is favourable, of 
breiling up the stubbles and making an attempt to 
remove 3 coating of couch and other weeds in prepara.
tion for next year ' s fallow crops. 

Winter beans are generally grown on the stronger 
Boils, a.nd it is advisable to put them in as soon after 
harvest as possible, so that they may be well establisbed 
before winter. This crop, a8 a rule, follows oats or. 
barley, and the seed can either be ploughed in- a small 
drill or hopper being attached to every second or third 
plough rOt the purpo8&-or, after ploullhing; the furrow 

_2 
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can be harrowed down and the beans then dnlled and 
ha.rrowed m. 

Other crops sown in the early autumn are winter 
rye, winter oa.ts, and wiut.er barley, the cultivation Te 

quired for these being simple, as in the case of whe.a\ 
Thus the la.nd is ploughed and t.he seed is sown broad 
cast on the furrow, or the fu rrow is firs t harro ,~ed down 
and the seed then drilled , in both cases the seed being 
subsequently harrowed in. 

Winter Cultivation.- Towards the end of the year 
and during winter the principal work consists in plough
ing. The land intended for roots, and which, under 
favoura.ble circuID stances, has been subjected to a se ries 
of cleaning operations during the autumn, is deeply 
plc ugbed, so as expose the furrow t.o the ameliorating 
effects of the wea.ther for as long a period as possibJe 
before moving it again. ''-Tinter ploughing also includes 
turning over the stubbles and other la.nd intended for 
spring corD, and breaking up the ground which has been 
fed off after roots with sheep. 

Spring Cultivation.-In the spring from February cn 
wards an active period of work commences on the farm , 
including the actual preparation of the tilths lor and 
drilling of spring corn, the cross-ploughing and cult i
vating of the root fallows, and a continuation of break
ing up t he land afte r the sheep fold., where this has not 
already been accomplished. There is a g reat deman d 
for horse labour on the farm a.t thia period of the yea.r, 
and consequently. the endurance of the teams is greatly 
taxed. 

The mangel fallows next call for attention, and the 
land, which should have been cleaned and ploughed early 
for this purpose, must be worked down to a deep mellow 
tilth, being fine underneath, but firm at the time of 
sowing. 

Oleaning opera.tions may also be necessary, especially 
if the wea.ther of the preceding autumn was unfavour
able for the purpose, on the root-fallows intended for 
swedes and turnips ; and as summer advances the seed 
beds lor the •• cro'ps must be prepared. The actual pre. 
pa.ratioD of these tilths is oft.en a ma.tter of som_6 
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anxiety, anti calls fo r IU tH'h skill ami €'~perl ence on the 
part of the oult.ivator; and the order III which the 
various impleoleuts, partir.:ularly Lile harrow Md tbu 
r()Uer, should follow Olle ll,Dotber at the finish of tell 
requires great nicety of jUdgment to decide. 

Summer Cultivation.-On the heM'iest 80ils a. bare 
or dead' fallow is sometimes taken during the summer, 
although the practice is not nearly so common now as 
it was formerly, and much of the land of this descrip
tion has gone out of cultiva.tion, or been laid down 
to grass. 'Vhere the system is still followed frequent 
ploughings and stirrings a.re given, so that the large 
clods on the surface are moved about. and thoroughly 
baked under the influence of the sun's beat, and thus 
the couch and other weeds contained in them are des
troyed. The exposure to the sun and rain l with alter
na.te bakmg and moistening, causes the clods to 
gradua.lly sha.tter, and in this way towards a.utumn a 
tilth composed of fine particle. an d small clods is ob
tained, which is very suitable 80S So seed bed for the suc
ceeding wheat crop. Another important operatioll 
carried out during the summer months is the process of 
I intertillage/ or ha.nd-hoeing and borse-boeing between 
the root and certain other crops, 80 as to destroy weeds 
and stir the first few inches of the soil. 

To explain the best method of obtaining a tilth and 
cleaning 8 field, it will he advisable to take the case of a 
wheat stubble wh ich is foul with couch, and intended 
to car ry a crop of swedes the following year. Mter har
vest , if the weather is favourable, the first thing to do 
is to pare the stubble shallowly either with t he paring 
ploughs or broad shares, so tha.t a section of some 'liW O 

inches in depth is removed from the surface. Or, if 
steam cultivators are a.va.ilable, they may be set to 
work to b reak up the stubble, working it in tw direc-
tions a.t right angles to one another a ever_ 
ment is used the obiect is the Slmle-to detach a t In'/, 
layer of Boil from the 8~rf ' i : which is - afte~"": 
worked with the drags to er disintelli:ale\ iii"i lt i . 
then generally rolled, h ~f.d several time8 with 
medium barrows to separ '0 t the couch and weeds, 
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and the rubbish thus drawn out is dterwards collected 
on the surface with chain barrows. The couch and otber 
refuse is then burnt in small heaps and the ashes sprea.d. 
The number of times the various implements will have 
to be used to effect the above purpose will depend to a 
large extent au the circumsta.nces of each ca.se, and 
also on the condition of the soil. II the weat'ner still 
bolds fine a. second series of operations may be a.dvis· 
able, commencing a.gain with ploughing, and following 
with the other implements, 80 as to remove & further 
oaating of couch and weeds. EYeD a. third set of clean· 
iog opera.tions may be necessary where there are very 
foul spots in tbe. fi eld. The next thing, provided tbe .oil 
is fairly reren tive. is to apply It good dressing of dung, 
where this is available, and ba\-e it spread on the sur
faee, and then follow by giving the lo.nd .. ploughing 
&s deep as possible according to the nature . ;)f the soil. 

This ploughing is called {wiDter ploughing,l because 
it exposes the furrow to the pulverizing effects of atmo&
pherjc a.gent!! during the winter months. so that it be
comes well shatte-red before it is moved again in the 
Dew yea.r. 

In tbe early spring, if tbe land is clean, it may only 
be necessary to work the furrows across at right angles 
with the cultivator, so as to break them down, and thus 
obtain a. suitable mixture of clods and finer particles, 
which can afterwards be further reduced with the lighter 
implements \V hen preparing the actual seed beds. These 
oonditions, however, are not always obtained in prac
tice. and in the majority of cases, where the soil ha.s 
settled down &nd rUD together, it win he found neces
sary to cross-plough it in the spring, and in some caseB 
" third plougbing i. ~S5ential before a suitable tiltb can 
he obtained for sowing. It i. a mistake to plough aga.in 
in spring if it can possibly be a.voided, &8, in the case 
of heavy Boils, tbe fine .urfa.ce tilth wbich bas been 
obtained by the winter's frost is 1000~t; while t urning o'ver 
light soils in spring, especially in dry weather, allows 
the drought to enter, and cau ••• them to become too 
loose and op.n. 

Tu case" where it has Dot been po8sible to carry out 
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a.utumn ('ult;""atioD, a.nd the land i.s very foul, it wiU 
be necessary to conduct a sE"rit's of cleaning opera.tions 
in the spring. even at the risk of losing th6 winter'a 
t,ilth, or letting the drought into the soi l. A way in 
wbicb it is easy to make a. mistake in spring cultiva.tion 
is when, the winter furrow is first broken up. and there 
are a number of large clods below the surface, to try 
and farre a tilth on the top by mean, of the roller and 
harrow. If thi, is daDe the ,oil will be too dry and 
open below l and unsatisfa.ctory results will be obtained 
at seed time. After moying the winLer furrow, time 
should be allowed for the larger clods to be exposed 
to the weatber, and the soil should not be worked again 
till it is in a. suitable conditjoD, when drags and the 
cultivator will further redu ce it. producing a ma.ss of fine 
pa.rticles underneath with a layer of coarser fra.gments 
OD the surface. A[ter this the harrow and roller will 
prepa.re the a.ctual seed bed, cODsisting of a. deep, 
mellow, fum tilth, composed o[ fine mould, on the sur
face of which is a. la.yer of small clods, which will act as 
a mulch. 

A good tilth may bf:; .recognized by its smooth . even 
surface, which is comfortable to walk on, and sufficiently 
firm to prevent one [rom sinking into it. The soil should 
be worked to an e"en depth all over the fie ld, and " 
stick pu'hed ill should sink to the ,arne depth at any 
point. When mored. u. line mould should be fo und below 
the surface, free from any large clods, and conta.ining 
sufficient moisture COT the germinatioD of seed. 

The land should be clean and the surface free from 
a.Dnua.1 weeds. 

There are some main differences between the culti
vation of heavy and light soils. 

Clay SOils roust never be worked when wet, for if 
thi, i, done the particle, tend to run together, and 
afterwards to bake into hard lumps, which it will b. 
almost impossible to bring down again into a suita.ble 
tilth. 

Ploughing at the proper time and making use of tho 
forces of nature by exposing the ,oil to the disinte
grating effect, of the weather, .specially frost during 
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the wint,er, are the bes~ mea.ns of brea.king down a clay 
loil a.nd obtaining a. suitable tilth in the spring. 

Exposure to changes of temperature in summer, so 
that the clods are alternately baked by the sun and 
then moistened by rain, will cause them to shatter and 
..:ome down into a fine condition. 

Autumn culth'atioll is specia,1Jy suitable fOl' clay soils, 
as the land tben is in its best condition for working, 
and can afterwards be left exposed for the wint.er. 

Clay soils are nat.urally firm a.nd close in texture, 
and tbe aim of tbe cultivator should be to lighten them 
up as much as possibJe, and this can be done to a. certain 
extent by the application of dnng in a. I long ' or fresh 
condition , and the ploughing in of any veget,able refuse 
which will take some time to decay. Lime also has a 
beneficial effect in improving the texture of clay soils. 

In dealing with light soils, on the other 'hand, the 
main object is to get them firm and sufficiently consoli
dated. For this reason sheep are almost indispensable 
to the light land farmer, for, besides manuring the land 
where they are folded, they also consolidate it by the 
t"Ten and regular treading of their small hoofs. 

Light soils very easily dry out, especially in the 
spring time, and it is therefore a mistake to over
cultivate them at this season of the year, as drought is 
liable to get in, rendering them too dry for seeding pur
poses. Cleaning operations carried out too late in the 
spring should also be avoided for the same reason. 

Farmyard manUre on light soils should be applied in 
a well-rotted condition, as long, stra",,'"Y dung would 
render the soil too light or I hover, I and also tend to 
let in the drought. 

A1ter cultivation, or Inter-tillage, refers to work that 
is carried out after the: crop is sown. Thus wheat is 
generally harrowed and rolled in spring, with the object 
of breaking the crust which often forms on the surface 
during winter, and also consolidating the soil round Lhe 
roots of the young plants. Barley a.nd oats are some-. 
times treated in a. similar manner. 

The hoe and the horse-hoe are the pr~cipa.l imple
ments, howevers used in after-cultivation, and they 
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must be kept going a.mong the root crops throughout 
the summer till the plants become too large in the rowl
ta allow their passage. It was Jetbro Tull. a Berkshir. 
landowner, farming at the beginning of the eigb t,eenlh 
century, who introduced Doe of the most ~_mportant. ilJ1 
provements ever made in. agriculture by growing cr0l'~ 
in row~, so tha.t the soil could be stirred between them. 
Tbe advantages of this method were afterwards recog
ni zed, and led to a revolution in husbandry practices, 
so that it became possible to grow large crops of root s, 
pto,-jding a.bundance of succulent food [or stock during 
the wInter. 

The beneficial effects of moving the soil vet ween 
the rows of a growing crop are, therefore: (1) to destroy 
wf>""d~: (2) to brenk up nny pan and to a.llow the air 
to enter the sui{; a[lci (3) to foral a. llIulcb 00 the SUf' 

face whick will retain the moisture rising from below. 
From the above we .ee that the cbief objects of tillage 

are therefore:-
L To clean tbe land by dr&gging out and da~roying couch 

and2.o~:re;;:!8 J.:O:!ilgp~~ti~~· to the dieint.egrn.ting action of 
the weather, thus obt.aining a. "uitable tHt.b for the germination 
of seed, and t.he d&l"elopment of a beallby foot system. 

3. To brea.k up t.he &oil a.nd improve ita roecha.nical texture , 

:e~~bJ. o.;.~e m;:~=n!( r~~te~D:~I:bi::o;'~~}nth~ d:;~8~~ 
plant food present will al60 be ha.stened. 

4. To bury !&rmytLrd manure together with etubble and Any 
?egetable rubbish on the surface 60 th .. t it. rotor decay and e.dd 
to tbe .-tock ot orge.nie matter in the eoU. 

5. To deetroy i neeet pesta. 

CHAPTER VITI. 

MANURES AND MANURING 

THo system of ma.nuring by mean. of stock is the back
bone of farming. Tbe anima.!s are eitber fed on t he 
land, or the.,.manure from the steading. i. spread upon 
the fields. The land is thus manured through the stock, 
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Iond the na.ture aud quality 01 the lood supplied to the 
.tock, equally with the character of the stock tha.t a.re 
fed, will have a direct influence upon the value of the 
ma.nure. The relationship between sou and stock is COD

veniently indjcated in the subjoined diagram :-

Ult,)p~STOCK 

I 

I + SOIL _ _ MASUHE 

Only a portion of the food that an animal receives 
enters into the composition of its body. A considerable 
proportion is consumed in ma.inta.ining the hea.t of the 
body, and is lost, in the form of carbon dioxide and 
water vapour, froU) the lungs and the skin. 

The remainder, including the greater jiart of the 
nitrogenous and mineral matter, passes from the animal 
in the fOI'ID of solid and liquid excrement, and it is 
these which are capable of being returned with much 
benefit to the soil. In 'former days, when no manufac
tured feeding stuffs or artificial manures were purchased, 
the fertil ity of the soil was kept up solely hy mea.ns of 
this refuse matter, and it was to avoid rapid exhaustion 
of the Boil that tenants were bound in their leases not 
to sell any ha.y, or straw, or roots, but to consume these 
aD the farm, in order that most of the mineral and 
nitrogenous matter they took from the land might h. 
returned to it. 

When ca.ttle or sheep are grazed upon the land, their 
excreta. fall at once upon t.he soil. so that more useful 
matter is thus recovered than when food is consumed in 
the farmyard. In the _latter case various sources of 10B8 

arise before the manure rea ches the land. 
Young growing anim·aJs are huilding up their muscles 

and bones. Hence they extract more nitrogen and 
phosphorus from their food than is the case with adult 
animals whose increase in weight is chiefly -:>f fat. All 
fa.t contains neither nitrogen nor phosphorus, the 
manure of grown-up fatting animals is more valua.ble 
~&D that of young growing stock. 
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In the !Same way, cows in calf, or cows in milk, mak. 
a. demand upon the nitrogen, phosphorus, a.nd potam 
of the food, such as does Dot arise in the case of oxen 
or barren cows, and the ma.nure is the poorer through 
the absence of those ingl'edients which go to build up 
the cal~ or LO form the milk. 

FARMYAltD MANtntE 

Where cattle are fed a.t the homesteads, a.s on ara.ble 
farms, and even on gra.zing farms at certa.in periods of 
the year, their excreta. take the form of farmyard 
manure, or 'dung. I This consists of the stra.w or other 
material supplied to the animals 88 litter, mix.ed with 

T'BU~ XVl...-CRl:MIC4 L COMPOSITION Qt" FARMYARD l\{A.NUBE, · 

Wa.ler _,. ..• ", .. _ 
I Orq-auic mat.t.er •.. . . 

OXide of irolJ and alumina .. 
Lime _ .. 
}.f3gnesia 
Potash , •• 
Soda ___ . __ 

1 Phosphoric acid 
Sulphuric acid 
Chlorine ... 
Carbonic a.cid, eto. 
Silica ". 

75'-12 

. I 16~: 

:::1 2:!: 
•.. '08 
,.. ·44 
.• , ' 1'2 

::)1 ~~! 
)00'00 

I Containing nitrogen... '69 
equal to ammonia ... '72 

'equal to phosphate of lime -96 

~: foe~ge;;~y(.~~~.t~t~r ~:; ~~~r:r5 :~~5 P~;!I~~~~cileD' 

their solid excreta., and saturated witb their urine, the 
wbole trodden into a. more or less compact ma.ss. A. 
this dung contains a large proportion of the manurial 
ma.tter yielded by crops grown on the i&rm, &B well .u 

• This is a good average (ta.ken from the Woburn Jo1xperiments) of welt 
made farm,ard manure, produced by buUocks in feeding boxes reoeiTlD, 
cake and com. 
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by purchased foods. it is a. prer i" u5 material. and is 
tbe chief mainst.ay of the fertility of the farm. Much. 
therefore, depends upon the skill with which a. farme r 
manages this product. 

Farmyard U1anure is distinguished by til(' fact that 
it contains all the constituents whl ch the land requires 
in order to g row crops. Of inorganic ingredients it 
possesses potash, soda, lime, magn esia, oxide of iron, 
silica, chlorine. phosphoric acid, and carbonic a.cid, all 
of which are found in the asbes of crops. The organic 
constituents are represented by various nitrogenous 
compounds whicb give rise to ammonia and humic acids, 
the latter forming a. considerable part of the dark
coloured vegetable material, or humus, frOID which, by 
means of nitrification, nitrogen is supplied to growing 
crops. The complexity of its c:omposition helps to render 
f&l'Dlya.rd manure a perfect, as well as a genere.1 manure. 

The 8.'\'erage composition of the solid and liquid 
excreta. of fa.rm animals, a.s shown in the follow ing table 
(hom A. D. Ra.1I), i. worth noting:-

TABLE XVll. - PEHCf.\"C.AOE C01olPQSt T101i OF EXCRETA 

AllIma.l Excreta , \Vntt'r 

Cow ,., { t~~:~id ::. ~f~~ 
-----------

Sheep .,. { Lilf~jl~id :::\ ~~:~ 

Pig 

0'35 
tmce 

U·1I 0'12 I 0'0·, 
1'0;, trace 1'36 

---------
l)'j:! 0'-14 -
1':11 0'01 -

--- --'--1---
ll'.j/:l O·a;;. 03n 
0-[1(1 0').4 O'7u 

. The solid e.x.cret& chiefly contain phosphoric a.~id , 
lime, magnesia., a.nd silica, with comparatively little 
nitrogen. The liquid excreta, on the other hand, are 
almost destitute of phosphoric acid, but abound in 
oJkaline salt. (;"cluding potesh), and in nitrogenoul 



FARAlYABU A1A:-'URE log 

orga.nic matters, includi.ng urea and uric acid, which 
yield ammonia on decomposition. 

These facts shoVo' clearly that the most valua.ble con
stituents of dung aTe contained iu the urine of live stock. 
The straw or other litter absorbs this liqaid, though 
some of it is liable to drain away unless a large 
quant.~ty ·of litter is employed. A 108s thus arises, a.nd 
a still greater loss is incurred if, in thf' course of the 
fermentation of dung, a dark brown liquor is allowed 
to trickle from the mass. This liquor contains Dot ooly 
the constituents of the urine, but the valua.ble solid 
matter which bas become soluble. 

As straw will absorb any ordinary. liquids, an en
dea.vour should be ma.de to restrict its absorbent powers 
entirely to the excreta. of the animals, and for thia 
purpose the litter should be kept out 01 reacb 01 rain 
or other w .. ter. The washing out [rom the manure of 
its fertilizing ingredients will a.t the same time be pre~ 
vented. For the better preserva.tion of dung, there~ 
fore, covered yards ha.ve been devised. A portion of the 
farmyard is covered with roofing, and though this in~ 
volves considera.ble expenditure at the outset, the cost 
is fo und to more than repay itself in tbe better quality 
of tbe m&nure. In a covered yard the floor &nd gutters 
can be so disposed & 8 to ca.use drainings from t.he hea.p 
and urine from the cattle byres to flow into a. tank, 
whence the liquid may be t&ken as occasion requires, 
or else pumped back on to the hea.p. Tanks are some· 
times provided in open yards . 

.An advantage of a covered yard is that dung may 
accumulate in it to a considerahle depth, heneath the 
treading of the stock, wbicb h elps to make the m .... 
uniform in texture and quality. The use of roughly 
cha.ffed str&w and pe&tmoss litter will aid in the forma.
tion of a well-consolidated hed of dung. 

Sooner or la.ter, the manure-unless for special 
reasons put upon the land at once-finds its way to 
the 'dung-heap,' though this will happen more fre
quently in the case of an open yard. In the dung heap 
two sources of los8 h;\ve to be gua.rded aga.inst..
dIaillage and excessive fermentation. 
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Fermentation is the nrune given to those chem.ical 
changes, brought about by the actioD of ba.cteria,1 which 
resLll~ in making the manure! ripe ' or (mellow/ and 
better adapted to the lruIllediate use of growing planta. 
It. is a process (Jf QxidfLtiOll, nnd can onJy take place 
where thera is f ree access of air. Heat is produced by 
th~ UtHU:.l of oxygen wlth the ingredients of toe dung, 
and the more rapid the fermentation the greater is the 
beat. It is obvious then that fe rmentation may be can· 
trolled by increasing or dimillishing the quantity of ai r 
that gains access to the heap, the oxidation being most 
a.c tive when the manure lies loosely, a.nd least so when 
the heap is compressed. 

Most of the nitrogen in urine is present in the form 
of a compowld called urea, which, in the course 
of fermentation, is altered into car bonat.e of ammonia. 
This, being a volatile substa.nce. passes off fo to the a ir, 
and a serious loss to the manu re heap of its most valu
able element. nitrogen, may th'lS occur Even free 
nitrogen gas may pass off, it the heap becomes too 
dry. In sucb cases tbe compression and moistening of 
the heap a re desira.ble. 

The losses in making and storing farmyard manure 
have been found , as the outcome of a number of ex
periments sprea.d over different years at t he \Voburn 
Experimental Fa.rm, to be, on an average, 15 per cent. 
of the total nitrogen of the food used during the making 
of the dung. aDd 19 per cent. more (malring 34 per cent. 
in all) in storing. As this applies to the most f .. vour .. ble 
conditions, the 10s3. under ordinary circumstances, must 
be put at 50 per cent. of the n itrogen of the food, and 
this is the fig ure adopted by L .. wes and Gilbert in their 
t .. bles. . 

Unfermented dung is known as I fresh I or r long' 
manure, the straw in it ha.ving undergone little a.ltera
tion. Well fermented dung is termed I rotten' or r short ' 
manure. Rotten is more concentra.ted than fresh manure. 
and contains a larger proportion of soluble ingredients: 
for which re&8Qn it is more immediately .. va.ilabJe ... 
pla.nt-food. 
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It 18 characterlstic of farmyard manure to leave in the 
.oil a large, tbough slowly available residue of food at 
the disposaJ of future crops. It 1S t.he nit,j'ogen of the 
liquid excreta of animals tha.t is Drst rend ered useful 
to pla.nts withilJ tbe soil, then that of the finely divided 
ma.tter whicL passes intermixed with sOUle secretions in 
the Boliq excrements, and lastly that of the litter. 

The physical effect of farmyard manure upon Boils is 
as important as its chemical lDHuence. The general rule 
according to which sbort and well·rott.ed dung 1S applied 
to light open soils, and long [resb dung to heavy COlD

pact soils, is one intimatel.Y associa.ted wit.h the mutual 
physical relations of soil and manure. The fresher the 
dung the less ready are its constitraents to enter into 
combinations available as plant-food j and in this form 
.. stiff clay soil is well adapted to hold or retain it till 
the occurrence of those chemical reactions whIch result 
in renderiol t he nutrient ingredIents of tbft manure pre
sentable to the plant. The older and the more rotted 
the dung, before application. the olor(" promptly are its 
fertilizing ingredients available; and, as ligbt porous 
soils are deficient in retentive power, it is well they 
should receive dung in an advanced state o( decom
position, and a.t a time when the crop is ready to make 
use of it, lOBS of manurial substance by meaDs of the 
drainage wa.ters being t hus avoidod. Furtbermore, long 
or green manure helps to open up still Boils; and tb, 
fresh straw provides a.ir channels along which the 
atmosphere ca.n find its way into the interst.ices of the 
soil, oxidation being thereby promoted. Oonversely, 
the application of short or much-decomposed dung to 
a light or sandy soil has the beneficial eflect of making 
it firme.t and 01 rendering it les8 rapidly permeable by 
water. 

ARTIFICIAL MANURES 

01 the essential constituents o{ tbeir food which cul
tivated pla.nts obta.in from the soil, it ha.s been stated 
(p. 19) that those which are liable to become temporarily 
exhausted include nitrogen, phosphoric acid, potasb, 
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and lime. It IS chiefly with the object or supplying any 
deficiency in ODe or more of these-particularly of the 
first three-that. manuring is resorted to, though, even 
iu this case, the ma.in source of these substances is still 
i,o be sought in the store of fertility which has accumu 
lated in most cu1tivable soils. It is partly for t.he privi
lege of drawing upon tbis reservoir of pJsnt-.food that 
t he tenant farmer pays rent to his landlord. Year by 
year the soil doles out from its vast stores of insoluble 
matter sma.ll quantities dissolved in water, and there
fo re a,,-ailaule as t.be food of crops, and to these the 
farmer a.dds contributions of his own in the form of 
nat ural and artificial fertilizers. The lat-ter help to 
ma.intain the condition 01 the soil, as djstinguished hom 
its fertility. I t is quite possible for a. soil of low natural 
fertility to h. brought into a high condition. It is the 
natural fertility inherent in a soil which is given in 
exchange for rent, whilst the I condition ' d~pends upon 
the additional fertility which the tenant brings upon 
the land at bis option. 

Artificial manures possess the a.dvantage of prescnt
ing a large quantity of fertilizing material in a small 
bulk. They were formerly described as portable 
manures, because, as compared with farmyard manure, 
they are easily carried from place to place. In other 
words, the carriage of a given quantity of nitrogen, or 
of phosphorus, from one place to another would cost 
far les8 in the form of an lLrtiDcial fertiTIzer than in that 
of farmya.rd ma.nure. Some a.rtificial fertilizers conta.in 
only one valuable ingredient, and are then spoken of as 
nitrogenous, phosphatic, or potash manures, as the case 
ma.y be; others, sucb as Peruvian gus.no, contain more 
tban one. 

Peruvian guano is the excrement of fish-eating sea.
birds whicb ha.s &ccuI!1ulated in the rainless districts 
of Peru. In former years it wa.s a rjch ammoniacal 
manure, but &8 the best deposits have been worked 
out ita chara.cter has sJtered , and it is now richer in 
pbosphate. and poorer in n itrogen. The higher qualities 
.till ohtainable yield from 8 to 10 or 12 per cent. or 
Ammonia. and the poorer grades only about 4 per cent., 
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.. ~ 
a.nd even less, with, however, from 30 to 50 per cent. 
of phospha.tes. The better qualities, when availa.ble , 
aTe a valua.ble top-dressing for corn crops. The lower 
qua.lities are cbeap enougb to be used for any of tb~ 
putposes to which fine bonf:-rneaJ is applied. The lower 
cla.ss guanos are the resi dues left after the more soluble 
ingredients of high-class guanos bave been washed out 
by rain. From 1 to 3 per cent. of potash may be pre· 
sent, besides a variable proportion of insoluble stony 
ma.tter, derived from the rock on which th e guano i~ 
deposited. After ha.ving been driven away, the birds 
are now returuing to some of the islands, where they arf" 
forming fresh supplies of guano. 

Fish guano is rather inappropriately named , as il 
is not a. rea] guano. It is obtained from fisb-curing 
establishments, a.nd consists of fish offa.l, sometimes of 
wbole fisb, d~ed a.nd ground. } 'isb gU&DOS, lLCcording 
to thei.r source, yield irom 6 to 10 per cent. of ammonia, 
a.nd from 10 to 15 per cent., or even more, of pbosphate 
of lime. More correctly speaJcing, there are two kinds 
of this fertilizer; one with a high percentage (10 to 11) 
of nitrogen, and a low percentage (II to 15) of phos
pha.te of lime; the other with So low nitrogen percentage 
(~ <'" 6), and a high percentage (30 to 40) of phosphate 01 
lime. Fish gua.nos often contain fisb-oil, which renders 
them less serviceable as ma.nures, because it delays 
decomposition. 

Bones are essentially a phosphatic manure, though 
they also yield a certa.in amount of nitrogen. The qua.lity 
depends ·upon the treatment of the bones before their 
application to the soil. Coarsely crushed bone. decom
pose but slowly, and occupy some years in yielding up 
their fertilizing' ingredients. Raw bono-meal of good 
quality contains from 45 to 50 per cent. of phosphate of 
lime, with nitrogen equal to 4, or 5 per cent. of a.m
monia. The more finely-ground the mea.l the more 
speedy is its action. Bones that have been steamed at 
high pressure_, to deprive them of the gelatin.e 
used in glue-making, contain much more phosphate of 
lime (55 to 65 per cent), but nitrogen equal to only 
about 11 or 2 per cen.t. of a.nunonia ; these ste&nled bonea 
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are often ground jnto & fine flour before use. Bones are 
chiefly used as a manure for turnipg and swedes, and 
for top-.dressing pasture la.nd. Table XVIII. gives 
'ana.lyses of a.verage samples of bone-meal a.nd steamed 
bone. 

TABLB XVIll. -Cnmpo"iti&n of average 8a.mple~ of BONB-MZ,u 

and STEUIE D B ON E. 

Moisture ... .. 
OI'g'Jo nic matter... •.. . .. 
Phosphate of liOJ~ ... . 
Carbonate of tune. magll(''1Ia. etl' 
h lSQl l1hle .iliceou" Ulaner 

I Coutaining nitrogen 
Equal to ammonia 

I Steamed 
Boue-weal. bone. 

1{'!-.,1:t I 12-4 1 
3:_J'WI If)"Oi 
-iK40 (jI' 17 

:-':_J{"l 10' 1; 

.~ __ 1·_'8_ 1 
~\;Ll'(JU J IOU lIU I 

3 71 l 'O~ 
4'il 1 1'3 1 

To hasten the action of bones, a.nd so to get a. more 
prompt return from their application to the land, Liebig 
proposed that they should be treated with sulphuric 
acid. The result is that tbe insoluble (tribasic) pbos
pha.te of lime which they contain is converted into a 
new compound of phosphoric acid J which readily dis
solves in water.* Dissolved bones are thus produced. 
Peruvian guano is similarly l dissolved J by ,means of 
sulphuric acid, and to it sulpha.te of ammonia is fre · 
quently added, thus producing a strong active manure 

It was (ound that the sa.me process could be success· 
fully applied to nUneral phosphates, the resulting 
soluble compound being called a mIneraI superphos, 
phate, to distinguish it from the dissolved bones which 
have just been referred to, Attention was first turned 

• Tbe term (euperpboe-pbate' iA applied to tbiA compound 
and the calcium sulpbate j e~c., wit.h which it i. mixed (IU 
T.&.BUi XIX.). It does not imply. as might be eupposed, th.t 
&D cDuauaUy large amount of phosphoric ,"aid illl present. 
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t.o mineral phospha.tes when it was realized (a.bout 1840) 
t.hat bones owed their value as a manure to the presencf'l 
of lJhospbate of lime. The minera.ls known as apatite 
and phospboriLe first received attention, and mat,eria.l 
of the kind imported rrom Estremadu ra (Spain) was 
used in 1843 for field trials in England. Apatite from 
Canada. aDa }\Torway has also been employed to some 
extent. ..>\.0 important ad\'au(;e followed the discovery 
in 1845 of phosphatic nodules known as 4 coprolit.es' 10 
the Cambridge greensand. These were extensively 
worked, as Were similar deposits in the Crag. Compe
tition with foreign pbosphates of sim ilar nature, but 
occurring in larger quantity. ultimately ruined the 
native industry. The pbosphates of Lahn (Germany) 
were largely worked for some time, but cont.ain too 
great a. proportion of oxide of iron and alumina. The 
objection to Ute Belgian pbosphates from near Mons is 
the low percentage (40 to 50) of phosphate of lime. The 
Somma phosphates from North France a..re superior to 
both t he preceding, containing, as they do, hut little 
(I to 2 per cent.) oxide of iron and alumina, e.nd a 
large amount (up to 70 per cent.) of phospbat.e of lime. 
Florida phosphate, containing 70 to 78 per cent. of phos
phate of lime, and very free [rom the oxides mentioned, 
is of still grea.ter value, but the most important source 
of this kind of miners.1 matter is now N anh A.frica. 
There is here an important deposit at the base of the 
Eocene, and extensively mined in Algeria.. and Tunis. It 
probably exists in Morocco, and is found in Egypt, 
though it i. there of le.s valu e than in the first-named 
countries. where it contains from b5 to 65 per ceDt. of 
phosphate, without much iron or alumina.. 

Mention must also be made of the ! crust' SUaDOS. 
from which the nitrogen bas been Almost or entirely 
washed out. These are chieBy found in the West Indies 
(Sombrero, Curacoa), the Pacific (Ocean and Christmas 
Islands), and Bolivia. The Christmas and Ocean Islands' 
deposits , containing 80 to 86 per cent. of phoaph&te afe . 
the most important ones now worked. 

In maoufacturing superphosphate the raw material. 
are finely ground, and then treated with dilute oil of 
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viLriol lsulphuric acid), wLich results in the production 
of mODO basic (soluble) phosphate of lime and sulphate 
of lime. The oxid es of iron and alumina present in some 
of the mineral phosphates are undesirable. beca.use they 
interf~re with a. proper mechanical condition of the 
manufactured product, and also lead to I reversion,' 
i.e., the conversion of soluble pbospbate int.o insoluble 
or ' reverted I phosphate (intermediate di-calcium phos
phate). There is consequently a. certain amou nt of 
deterioration during storage. Analyses are given in 
Table XIX, 

T.&BU XIX.~ompo,ition of Q.1Jera.ge ,amplu of MrNJllU.L 

S UPJ:RPHOSPH.lTE OF LIME and pure DISSOLVED BONES. 

ltf.oi.st:J.J'e ," •. . ,_, ••. .•. •. 
1 Organic matter and water of combination '" 

Monobasic pho'\ph!l.te of lime .. ... . .. 
equa.l to tribasic phosphat.e of lime (bolle 

phosphate) rendered aohlbJe by acid 
Insoluble phosphates... . . . . .. 
Sulphate oj lime, alkaline salts1 etc ... 
InloIllble silit:eous matter •.. 

I Containing nitrogen 
equal to ammOllia "I 

Yiuer:tl 

(27'28 ) 
3'O~ 

H-61 
4'68 

12'06 
32 '06 
}.l·GO 

('2'91) 
20'95 
18'87 

1-4.1 

100'00 100'00 

3'09 
a'i5 

Recent e1q)eriments ha.ve proved tha.t it is not abso· 
lutely necessary that mineral phosphates should be ' con
verted ' into superphosphates in order to be available 
as plant-food, If ground to a very fine powder tbey 
will also answer the purpose, thougb less satisfactorily 
and less rapidly, Tbe most economical and certain wa.y 
of utilizing mineral phospbates is still to change them • 
into superphospha.te before applying to the land, Even 
wben the conditions are such that a non-add or undis
solved manure is to be preferred, other SOu.rces of 
phosphoruS' are still available in the form of boneB, 
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guano. fLsh -guano, and basic slag. a.ll of which are 
better tha.n ordinary minera.l phosphat.e, however finely 
ground ~ 

li is necessary to d istingtlish between dissolved bone 
aud t.he mixed manures sold as dissolved bone--compound. 
The latttr consist of mjDf'ral superpbosphate mjxed 
with variahle'quantities of bone, blood. et.c. , and usually 
yield considerably less ammonia t.h8Jl genuine dissol ved 
bone. 

Basic slag, basic cinder. or Thomas phosphate 
powder, is a by-product, containing the phosphorus 
whjch 15 removed in the smelting of iron by the Thomas
Gilchrjst procpss. Ground down to a very fine powder . 
it makes a. cheap and useful phospha.tic manure, which 
has been extensively applied on large tracts of Uloor
la.nd in Germany. Its efficiency la.rgely depends on ,'ery 
fine grinding. ¥roru 130 to 90 per cent. of wel1 ~g rouDd 
ba$ic slag should pa.ss through a sieve having 10.000 
meshes to t.be square incb. The phospboric acid of this 
arti.ficial form of mineral phosphate exists in a. more 
readily a.vailabl e condition than that of tbe tribasic 
vbospbate of lime of natural mineral phosphate. Good 
basic .slag containB from 14 to 20 per cent. of phosphoric 
acid. 

Phosphatic manures that hILve been acted upon by 
sulphuric acid generally contain some amount oC free 
a.cid, and are therefore distinguished as acid pho8phatic 
manures, The va.rious kinds of superphosphate, includ
ing dissolved bones, are examples. The other phosphatic 
manures, which hal'e DOt been treated with acid, aTe 
ca.lIed non-acid phosphatic manure.. Ground coprolites 
and basi.c slag a re examples. 10 80me cases a.n acid 
phosphatic manure, in others a. non-acid phospha.tic 
manure, will be the more advantageously a.pplied to tho 
land. As" role, if the soil is fa.irly rich in lime, a super
phosphate or some simila.r disso],ed ma.nure will b. 
found the most efficacious and economical meaDS of ap.
plying phosphorus. On the other band, for soils dencient 
in lime, it would probably he better to use bone-melLI, 
ra.w pbospha.tic guano, or basic slag. These, therefore, 
should be a.pplied to soil, a sample of which will not 
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effervesce when tested with dilute bydrochlol'ic a.cid. 
Moorland s, beaths, and many sandy Boils are usually 
kn own to be deficient in lime, as, 00 the other hand, 
chalky and marly soils a re known to contain it in suffi
ciency. It is to thE' loams of uncertain character that 
the test shou ld be applied. 

Nitrate of soda is ao artificial fertilizer of the highest 
value, for it is readily soluble in \vate r, and the nitrogen 
it contains is in a form in which it can be imm~diately 
appropriated by the p1ant. Oonsequently its action is 
prompt Rod it is only appli ed to land on which there 
is a growing crop ready to make use of it In the absence 
of a crop, the nit rate is liable to be washed out of the 
soil, a.nd its value thereby lost. Large natural deposits 
of nitrate of Bod a are found on the soil in Peru and 
Ohili , and the salt is purified by dissolving and recrys
tallizing it. As sold in the trade it contains about 95 
per cent., and sometimes more, of pure nitrate of soda, 
equal to about 15~ per cent. of nitrogen, or 19 per cent 
of ammonia.. The foHowing is the a.nalysis of 8.n o.1lera.ge 
6&mple of nitrate of soda:-

Moisture ... 
ChJoride of sodjum (common salt) . 
Ot.bM impurities 
Pure nitr&te of soda ... 

2·611 
1·22 

·86 
95·8.'! 

100·00 

There still lingers a prejudice against the use of 
nitrate of soda, because it ;s said to act as a • wbip,' 
or 8. f scourge,' and tc I exhaust. the soiL' As a. matter 
of fact, nitrate of soda supplies an indispensable plant
food-nitrogen.· But it is only productive of its best 
effects io promoting the growth of crops when the other 
essential elements of plant-food are also available in 
sufficient quantity. Either, therefore, the soil must be 
in good condition, maintained by the liberal use 01 " 
dung, or other artificials must be supplied to supplement 
the action of the nitrate. In the case of corn crops, for 
example, it is very commonly used in conjunction with 
Buperphosph"te. 
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Nitrate of soda jJ:; put OD the lantl as a Lop~dressjDg 
to the growing crop. Besides COrD crops, it is specially 
Buited to mangel. The proper amount to use is generally 
about 1 cwt. per acre. When used with superphosphate, 
&h. &Wo fer&ilizers should not be mixed &iJJ just before 
use, or a loss of nitric acid mal' result. This may be 
altogether avoided by sowiug the superphosphate with 
the seed, and subsequently top-dressing the young crop 
witb nitrate. Oommon salt (cbloride of sodium) is the 
chief impurity of nitrate of soda, and is sometimes a.dded 
as an adulteration. 

Sulphate of ammonia, a compound of ammonia and 
sulphuri c acid. is the great riyal of njtrate of soda. It 
is perfectly soluble in \vater, but less quick in its action 
than nitrate. At the same time it is ricber in nitrogen, 
of wh'ich it contains about 20 per cent., equal to Crom 
Ut to 25i per ~nt of ammonia. Good samples yield 
more than 95 per cent. of SUlphate of ammonia.. It 1S a 
refuse product of gas· works, the ammonia, which 
results from the distillation of coa.l, being passed into 
oil of vitriol (sulphuric acid), with wbich it combines. 

Sulpha.te of ammonia may be used for all purpose8 
to which nitrate of soda. is applied. As, however, the 
salt ha.s to undergo nitrification in the soil, in order that 
its Ditrogen may be cODverted in to nitrate, sulphate 
of ammonia. may be applied to the land somewhat earlier 
tha.n would be prudent lD the case of nitrate of soda, 
without risk of loss by d ra.inage. In dry weather nitrate 
acts the more quickJy, in wet weather there is not much 
difference between the two, a.nd in very wet weather 
there is the risk lest the nitrate may get washed out 
of tbe soil before tbe crop bas been able to make full 
use of it. Which of the two js the more economical 
manure depends greatly upon the relative market prices, 
it being necessary to ascertain in which form the unit 
(1 per cent.) of nitrogen can be purcbased tbe mar. 
cbeaply. 

Ca.lcium cyanamide and ca.lcium nitra.te, now la.rgel)' 
used. have obtained their nitrogen from the atmosphere 
by electriC&1 mea.ns. The former is prepared by passing 
nitrogen gas over caJcium ce.rbide in the electric furnace. 
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It contains 19 to 20 per cent. of nitrogen. Calcium 
nitrate is manufactured by making nitrogen and oxygen 
combine in the elect,ric arc, a.nd then trpati ng with lime 
the nitric acid produced. It contains ) 3 per cent. of 
nitrogen. 

Dried blood, shoddy, hoofs and horns, etc . • are OT

ganic manures derived fz:om animal refuse . They are 
all nitrogenous manures. and are nearly insoluble in 
water. Th eir nitrogen, therefore, is yielded up but 
slowly in I he soil. wbere they must undergo decom
position. Dried blood is the most rapId of these slowly
acting manures; it contains nitrogen equal to from 12 
up to 16 per cent. of ammonia. Hoofs a.nd horns are the 
slowest in their action, which ma.y. however, be much 
accelerated by grinding them to 8. very fine powder; 
they yield a.bou t 16 to 18 per cent_ of ammoni,,_ Shoddy 
or wool waste varies in value accordinl5' to the quantity 
of wool present, and may contain from 3 to 1·1 per 
cent. of nit rogen. 

Hoofs and borns are used in ma.rket gardens a.nd 
hop yards, shoddy is chiefly applied to hops, and dried 
blood is a. good fertilizer for fruit trees, besides being 
also used for cerea.ls. 

Soot, much employed &S 8. top-dressing for oorn crops, 
is a. nitrogenous manu.re which owes its fertiljzing pro
perties principa.lly to the presence of a variable quantity 
of salts of a.mmonia., representing from 2 to 5 per cent. 
of a.mmonia.. A good sample will contain at least 4 per 
cent_ The amount of ammonia. depends largely upon the 
extent to which the soot is mixed with ashes and other 
refuse. 

Of the foregoing manures, averag~ sa.mples will COD

tain the percentages of nitrogen stated :-

::;111phalf'. of I Dried I Sbodd Boo .\ mmoma Blood. y. t. 

------1 --------1-------
per cent_ per cent. I per cent.. per cent. 

Nitrogen ••. ... 20-72 I 10-03 4'75 4 __ 14 
.eqnal to"llmmonia ... 20'16 12-18 (J"77 6'()3 
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Other Organic manures, sucb as rape-ca.k.e, mustard
cake. da.ma-ged cotton-cake, and similar refuse f.eeding
cakes, are round to be especia.lly useful on light land 
deficient in organic matter. They Dot only give bulk: 
to the Boil, but supply it a.lso with nitrogen, the quantity 
of the la.tter va,Tying according t.o the kind of cake. 
Fresh sea-weeD contains from ';3 to 1 per cent. of nitrogen, 
with some potash. 

Potash manures are le.!Js expensive than was formerly 
the ca.se, when potash was obtained almost exclusively 
from the ashes of plants, especially of young twigs of 
trees. Potash salts are now procured in quantities from 
Stassfurt and other places in Germany, where they form 
thick deposits resting upon r"ck salt. Of these salts 
the best known is kainit, a mineral composed of potas
sium sulpbate, ma.gnesium sulpbate, potassium chloride 
(muria.te of potn.!h), and water, usually with magnesium 
and sodium cblorides. An a.verage sample ga.ve on 
analysis 12'fi6 per cent. of potash, equal to 23'25 per 
ceno. of sulphate of potash. 

Muriate of potash is the commercial name of chloride 
of pota.ssium . hydrochloric acid having formerly been 
called muriatic acid. It is much richer in potash (75 to 
90 per cent. pure) than kainit, and, where the sa.ving of 
ca.rriage is an object, it may be used in preference, 
Sulphate of potash (90 per cent. pure)' is also a salt 
largely used for supplying potash to crops. 

Pasture lands are often much benefited by the use 
of potash salts, and so are clover, potatoes, 8-nd Toot 
crops. 

Potash manures cannot be advantageously applied to 
so wide a l'ange of soils 80S a.re improved by nitrogenous 
and phospbatic fertilizers. Hea.vy la.nds do not, as a. rule , 
respond to potash, because there is usually sufficient of 
this ingredient availa.ble in elaYIL Light soils, on tho 
other hand, generally yield better crops after treatment 
nth potash s';'lts. As peaty Boils are wanting in potash. 
reelaimed bog lands .. 180 pay for applications of tru. 
ingredient. 

Common salt, a.s used in a.griculture, is the same 
material as, in a. purer form , is known as t&ble-aaIt. 
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Ohemically, it is chloride of sodium. Its action in the 
soil is DOt understood, and is probably as much physicaJ 
as chemical, fo r most plants can grow healthily in the 
absence of eit-bpr or both of the elements of which it is 
composed. Salt is usually applied as a top-dressing, in 
conjunction with nitra.te of soda. and it appears to check 
the tendcoc.y which corn crops betray in the direction of 
rank growt.h when nitrate is freely used by itself. Cab
bage and mangel crops are often much benefited by the 
application of salt, though in certain districts this is 
not the case. The usefuJ effect is largely due to the 
fact that the salt retains moisture in the land for the 
us(:' of the crop, nnd so is ,-ery beneficial in dry weather. 
In localities near the sea some quantity of salt is derived 
from the wind, and may act as a fertilizer . In certain 
soils the usp of salt lends to the (ormation of a pan (see 
p. 27) , possibly through the attraction "of moisture. If 
present in too large a quantity, salt renders soils sterile. 

Gypsum, or sulphate of hme, is the same material as 
plaster of Paris. Of plant-food it contains lime and 
sulphur, and bf'nce gypsum is suited to crops like turnips 
and clover, which require a considerable quantity of 
sulphur. As, however, superpbospbates always contain 
sulpbate of lime, which is one of the products resul ting 
from the treatment of mineral a.nd oth er phosphates 
with sulphuric acid, the application of gypsum is un· 
necessary when superpbosphates or dissolved bones are 
used. As a rule, gypsum caD only be usefully applied to 
soils poor in lime. 

There is room for the exercise of considerable skill 
in the application ot artitlcial manures, 3S regards 
both time and method. It is very necessary to remember 
that the object· is not so much to manure the land &a 
to reed th e crop. Of the fertilizers put into the land by 
the cultivator of the soil, only those portions are effec· 
tively utilized which are subseq uently recovered in the 
crop. All that is not so recovered is lost, and t.he outla.y · 
upon it has been incurred in vain. The properties of 
& fertilizer afford ... afe guide to t·be time and method 
'f its application. Thus, soluble and rapidly-a.cting 
manures are preferably applied in the spring, when there 
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is the prospect of a vigorously growing crop ready to 
make use o f tbem. 'l'he most sLn kmg t'xample is afforded 
by nitrate of socia, which should never be a.pplied till the 
crop is, a.s it were, na.t.urally wait.lng for it; if Dot 
promptly taken up by tbe pla.ot. it ca.o hardly e8cape 
being washed ou l. by raIn, Tht sa.me l'ellHLTks apply in 
only a. less degree to ammonia.cal wlUlures, for, though 
fertile Boils bave a g reat reLentive power for ammonia., 
yet the latter is so soon converted into nitrates t.hat 
it is liable in th is form to be lost. Slowly~actiDg manures, 
like bones, fish gU&DO, and shoddy I may be sa.fely 
applied in the a utumn, as the process of nitrification 
requires in their case a. considerable time. 

As phosphatic and potash wanures are held by the 
soil, so that there is very little risk of t.beir ueing washed 
out, the time of their applicatioll Ulay be determined 
accordjng to cO.l)i·enience. Phospha.tes, for e.x ample, are 
very commonly sown with the seed, the one operation 
serving both for the Beed and for the finely-divided 
fertilizer. 

As far as practicabl_e, maDures should be reduced to 
the conditioD of a nne powder beioTe application, not 
only to ensure their more rapid a.ct ion but also to secure 
a more uniform distribution. With the aarne object 
artificia.l ma.nures a.re often mixed witb gypsum, asbes, 
sand, or fine dry soil, especially if intended to be broa.d· 
ca.ted by hand. 

On light open soils, of little retentive power, manures 
that are only slightly 80luble Bhould b~ uBed, otberwise 
they are liable to be speedily wLshed out. 

MANURES FOR SPECIAL CROPS 

As wheat occupie' the land about twice as long a8 
oat. or barley, it iB uBually .. ble to obt .. in .. Bufficiency 
of phosphates in the dong employed to manure the crop 
and in the residueb of phosphates which exist in the 
soil. Bnt on light soilB, especially if only II. moderate 
dressing of dung has been given, some phospba.tic 
ma.nure may be added at the time of Bowing in autumn. 
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Three cwt. of super plH,....,!lh.dt' pel .... \.0 1'" on land rich in 
luue, Or 2 cwt. of lJhosp ha.tic Peruvia.n guano , or 3 cwt. 
of fi ne b one-meal, on land poor in lime, should suffice. 
In spring, wheat is top-dressed with nitra.te of soda. 
at the ra.te of 1 to J! c'wt. per acre, but several 1l1Cltierate 
applica.tions a re better than one large dressing. 

Barley and oats should , a.t thE' time of sowing, receive. 
the same dressin gs of pbospha.tic manures a·s Tecom 
mended rO T wht'a.t. They may also be top-dres~ed with 
ni t rate of soda, though this fertilizer must be cautiously 
And spar ingly used in the ca.se of barley if the pro
ducti on of malting g ra in is the object in view. Barley 
following wheat may he more profita.bly manured tha.n 
barley following t urnips which haye been fed off b) 
sheep receiving cak • . 

In ScvLiand, uud in the northern counties of England . 
root·crops a re ma nured more heavily than in the south. 
In the north, with a. colder climate and a later and 
shorter sea son, from 10 to 1 ~ cwt. per acre of a rl.ificial 
manures are profit ably used for turnips, whereas in 
the south not more than 3 or 4 cwt. ca.n be usefully 
employed. 

Turnips and swedes usual ly recpive a full dressing 
of dung, notwithstanding which, ar tificial pbosphates 
.hould also be used. They are specially valu able in 
bel ping the young turnip plant through the most crit ical 
period of its life, a.nd thus in ca.rrying it beyond t he 
risk of destruction by t he ' .fly ' or other insect enemies. 
Mor80ver, t hese crllciferous roots are more r esponsive 
than any other crop to phosphatic maDuring. On land 
cont aining a. suffi cient supply of lime, 3 to 5 cwt . per 
&cre of superphosphate may be drilled in with th e seed, 
whilst on Boils. poor in lime ~ or 6 ewt. of basie slag 
may be similarly applied. Nitrate of soda will not b. 
required unless only a very moderate dressing of dung 
has heen given, in which case 1 cwt. of nitrate per acre 
ma.y be thrown between the rows aft er hoeing out. or· 
, singling. ' # 

It is the practice in Norfolk to grow the grea.ter part 
of the swedes a.nd almost all the turnips wit h artificial 
ma.nures only, no dung being applied. 
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Tbt! mangel U'O}-' n; .... vutlcls jes~ freeJy to phosphatic 
manuring than is the case with turnips. Therefore, 
where a. heavy dressing of dung ba.a been given, the 
a.ddition of phosphates i! not recommended for good 
80ils. If, on tbe otber band, only 10 to 12 tons of dung 
have been used per acre, then 3 cwt. of superpbosphate 
on land rich ' in lime may be given per acre, and [) or 6 
cwt. of b&sic slag, or 3 or 4 cwt. of phosphatic Peruvia.n 
guano, or of fine bone-meal, on land poor in lime. 

It is generally considered in Norfolk that pbospha.tes 
ha.ve very little beooficial action upon mangel, when 
dung is used. For this crop nitra.Le of soda. is preferable. 

Beyond the nitrogen they receive in dung it is not 
economical to a.pply nitrogenous manures to leguminous 
crops. On the otber hand, pbospha.tic and pota.ssic fer · 
tHizers may be profit.a.bly used, and, in some classes of 
soil , gypsum a~o, as these crops a.re capa.ble of taking 
up comparatively large quantities of lime. 

Rotation grasses, or j seeds,' usually pay fOT nitro 
genous manuring, notw-ithst&oding t.he presence of 
clover in the crop. As a. large and immediate yield of 
fodder is looked for, rather than the production of fine 
herbage a.nd a close greensward, liberal dressing may 
be resorted to. Nitrate of soda, at tbe rate of 2 cwt. 
per acre, and sometimes to t.he extent. of 3 cwt., or 
more, may be put on in dressings of 1 CV,Tt. per acre at 
a. time. On soils containing a. sufficiency of lime, 2 or 3 
cwt. of superphosphate or of disso1ved bones ma.y be 
used. Where lime is scarce, 3 cwt. of bone-me&! or of 
phosphatic Peru\;an guano, or 5 cwt. of basic slag, will 
be found effective. On ligllt soils, deficient in potasb, 
2 or 3 cwt. of ka.i.nit per acre, or 1 ewt. of sulphate of 
potash per acre, may be used. 

In tbe manu ring of permanent grass land tbe propor· 
tion which it is de~ired to maintain of leguminous to 
gramineous herbage must be kept in view. The best 
manure of all is farmya.rd manure, though for an occ. 
sional crop of hay artificia.l manures ma.y be used; they 
should, however, be resorted to with c&ution. Too free 
an employment of nitrate of soda, for example, would 
unduly favour the grasses a.t the expense of the eloven. 
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About 1 cwt. per acre of nitrate of soda, or of 8ulphate 
of aIlllllonia., constitutes a. moderaLe dressing. The phos
phatic ma.nures mentioned for rotation grasses, with 
k .. init [or light lands, will be found suitable [or per
manent. pasture. lJasic sla.g, bones, g~a.no, and other 
undissolved rna.nures, are best applied to pastures in the 
autumn. 

The most profitable way, however, of improving 
grass land is to manure it by feeding stock upon it with 
cake. 11 cattle or sheep are fed on the land with plenty 
of cake, there will be no need for the direct application 
of nitrogenous manul'l's. The only artificials then 
required will b. phosphates, aod perhaps pota.sh. 

For hops and truit, shoddy, rape-dust, and bulky 
nitrogenous manures, such as fish ID:'1Dure. hooCs a.nd 
borns, etc., are dug in during the autumn. Phosphatic 
manures are also used 8.S for grass lancs, the dressing 
being increased when dung is scarce. 

Plants of the cabbage tribe, iucluding kal e and kohl 
rabi, a re g ross and greedy feeders, so that bulky organic 
manures may be supplemented by guano. Three or 
4 ewt. per acre of nitrate of soda may be used, and, in 
some cases, salt. Where potash is deficient, kainit should 
be used. In dry weather a top-dressing of 3 cwt . of 
salt to the acre will be fo und very useful, as it a.ttracts 
moisture t o the plant. 



PART II.- THE PLANT. 

CHAPTER IX. 

SEElJ ~ AND THEIR GERM INATIO~ 

MoST farm and garden crops are raised from seed, 
though some, Buch as potat.oes, are not. It is difficult 
to Bee what changes are taking place when the seed 
is in the ground, but it is easy to make seeds grow under 
conditions perlpitting continuous observation. 

One method is to take a. clean piece of red roofing 
tile and place it in a shallow dish. The .eeds are laid 
upon the tile, and \~'ater is gently poured into the dish 
to rather more thaD half the thickness of the tile. The 
dish, covered wjth a board or slate, is put on a shelf 
in a. warm cupboard, and the seeds examined daily. The 
tile being unglazed the water soon rises to the upper 
surface, and moistens the seeds. During the first da.y 
or two these will swell, as may be proved by comparing 
them with dry seeds. Then the skin or coat will h. 
seen to ha.ve burst, and 8. small whitish structure to 
protrude. The seeds ha.ve 3prouted or gcrlJllillated. Broad 
bea.ns ma.y be conveniently selected for observation. 

First, examine the dry seed. Notice the hard smooth 
coat, and. at one end, a blackish mark (the hilum) 
wbere the seed was attacbed to the pod. Carefully slit 
open the coat with a penknife. and peel it off. That 
which is left consists of two similar halves, which are 
laid apart by pusbing the knire thlRde between them. 
These are the Beed~leaves, or cotyledons. 

Further examination will show that the seed-Iea.ves 
are .. ttached , not to Mch other, but to a short spindle- . 
shaped structure lying at the margin of the seed, &Ild 
&!most hidden tiU the seed-leaves are fOTced &P&rt. 
This structure is called the czi •. 
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Next, ta.ke a. bean that has lain on the moist tile 
Cor a da.y or two. The penknife now strips off an outer 
leathery coat, beneath whicb is a much thinoer trans· 
parent one. The outer coat is the testa, the inner one 
is the endopleura. These can easily be made out in a. 
nearly ripe bean or a cooked broad bean. They are 
a.lso brought into view in peeling a walnut: 

Each day the bean which appea.rs to be most ad
vanced should be taken off the tile and examined, 
cutting it if need be for this purpose. In the course 
of a. week or so it will he seen that the &.TIS has grown 
considera.bly. Tbat end of it (tbe plumule, [rom Lat. 
plumula , a. little feather) which was turned in between 

(~HrF'i k_Y 
the flat faces of tbe seed
leaves 'Will begin to develop 
small leaves. It IS, in fact, the 
primary shoot- ",e., the main 
stem wlth its lea,·e5. The other 
end (the radicle, [rom L.t. 
radiz, a root), ~hich was more 

x 2 towards the outer margin of 
FIG. 46.-SE.n or P... the seed. will also have 

DISSECT:ED. 

o. eotyledon. 
ft , radicle. or young .root. 

:: ~~t:.Ul:~d~J~1dl~;h~b! 
eodopleura. 

lengthened. and fine threads or 
fibres will ha.ve grown out from 
its sides. It is th", prima.ry or 
main root. Fig. 46 shows the 
parts of a. pea seed, twice the 
na.tural size. 

Severa.l germinated beans may be planted in the 
ground. or in a flower-pot, and still kept under daily 
observa.tion. Before long the curved plumule will peep 
above the soil, shoot up rapidly, gradually straighten 
itsell, and expand its leaves. 

By pulling 'up the young plant, or seedling, it will 
be found that the radicle has developed into the primary 
root. bearing fihrous secondary or lateral roots. 

The seed, then, consists of & dormant plantlet (con
sisting of plumule, radicle, and cotyledons) covered by 
pro~ctive coa.ts. 

What makes the bean seed germinate? A sack of 
beans may be kept in a ba.rn, or a bin of beans in • 
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shop, for an indefinite time, and they will not begin 
to grow. If, however, by Borne chance they got wet, 
sprouti ng or germination would "'>egin . Tb is shows that 
moisture is necessary in order that germina.Llon mrLy 
take place. To prove this, some bea.ns may bl" pla.ced 
on a. tile that is dry, and is kept dry. while other beans 
are put on 8 moist tile. The beans on the dry t ile wjl) 
undergo no change. 

But the presence of wa.ter is D Ot the on)." condition. 
It will be remembered that the tile in it, d ish ".as put 
in a w&rm cupboard. If, in the vlint-er time. aDother lot 
a! bean. bad been placed on a tile, and tho dish with 
ita wa.ter bad been left out of dooTs, where it we-. 
nearIy cold enough to freeze tbe wa.ter, germination 
would ha.ve been much Blower, a.nd it might not ha.ve 
begun at all. Bence it i. learnt that a certain degree 
of warmth-a certa.in temperature-is n p C"'eSF-8ry in order 
that germination may take place. It has heen proved 
that seeds do not usua.lly germinate below a. tempera.
ture of 370 F. (the freezing point is 320 F.). But the 
tempera.ture is different for different seeds. Thus, wheat 
and ba.rley will not germlJlate below 41°, nOT will peas 
below 44°, ma.ize below 49°, nor pumpkin seed below 
56°. Bence. if whea.t were BOWn at the end or November, 
8.8 it sometimes is, a.nd if the wint.e r were 80 cold that 
for weeks the thermometer did not rise above 40°, the 
whea.t would not germinate, though sufficient moistuu 
might b. present. 

In the sa.me way, &8 there is for each kind of seed a 
certain mi'ftimum tempera.ture below which it will not /orer· 
minate, 80 there is So maximum tempera ture aoot'e which it 
refuses to do 80. This higher limit or temperature ill J400 

for ba.rley, 102° for peas, 108° for wheat, and ll!)O for 
maize a.nd pumpkin seeds. 

Between these extreme tempera.tures there is, in 
eaC'b case, a.. ttmperafu.rt most fa'Courable. to {1pm iflOtion. 
but this optimum temperature is not necessa.rily midwa.y 
between the two. For wheat, barley. a.nd pea.s. it is 
&bout 890, for maize &nd pumplrin seeds it is 93°. 

The plante named b&ve onl,. been lelected &I 

• 



130 SEEDS AND THEIR OERMINA.1'lON 

eXAmpJes, and the figures are collected in the following 
tablo :-

1:4e~ds. :\1i!llm uUl . Optimum. .\Iaxiululll . 

WhW1.t. ., ~:I 10'1 
Barley 41 '9 104 
:MaLlt: 4 ~J !'l:{ 11 & 
Pell' H Ml 1l)1 
P\lml'kl~~' ~" " 11& 

For seeds in general. the minimum tempera.ture 
ranges f!'om ·10° to 5:;°, alJd the maximum from 100° w 
116°. The optimum temperature lies between 79° 
aDd 940, t. 

A nather condition of germina.tion is the presence 01 
air, though this can only be actually proved by means 
of chemical a.pparatus. Still, if a a.mall wide-mouthed 
bottle is fille.d with broad beans, & little waU!!T poured 
in. and the mouth tightly stopped. the beans will b. 
Been to begin germina.ting. After a. while, however, 
they will wither. The reason is that the small bottle 
could not hold much air, and, of that which was there. 
the oxygen ha.s been 'used up by the germinating aeed, 
and the supply exhausted. The process of germination 
involves oxidation. and ceases when oxygen gas, which 
makes up o':1e·6.fth of the atmosphere. is no longer 
&vailable. In the "nail bottle the oxygen gas has rus· 
a.ppeared, and ca rbonlc s.cid ga.s has taken its place. 

Root and shoot.-V arious otb~r facts may be learnt 
from the germinating beans. Take several sprouted 
be&D8 and pl8.nt ~them one by one upside down in th. 
ground-that 1s. with the radicle. towards the surfa.ce 
of th. earth and the plumule pointing downwards. At 
the same time. faT compa.rison, plant a few more ger- " 
minated heans uprigh.t in th~ ground. 

Let tbe seedlings grow till they ha.ve formed green 
.hoot. a.hove tho ground. then pull them up for e:n",,;n
r.t.ion. In tho ca.se 01 the inverted . eed., the plumule, 
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or a'tending a:r,ia. or .hoot, will have curved completely 
round ill order to find llli way tnto the light. At the 
sa.me time the radi cl e, or clesce1ldllV] QZi.s, or root. wlll 
ha.V6 curved over the top ot the seed and commenced 
to grow downwards into the soil and away (rom the. 
light. Ccmpare one of these curved seedltngs with a 
st.ra.lght Olle from a. bean that was plaoLed upright. 

ThIs property of the shoot to grow tawllrds the light, 
and of the root to grow iow the soil is n. IDost impOTt8..nt 
ODe. Were it otherwise, and if all seeds requIred to be 
pla.nted upright, the labour of sowing small seeds like 
thos6 of cJover, and turnips, a.Dd ODJOD& wouJd be 
enormoul!I. 

Plant rOOd.- Let Borne of the germinated beans 
rema.in on the mOIst. tIle; do not plant thew a.t a ll. 
Alter a tune they , .... 111 begin to wither, and eventually 
t.hey will dIe . • t:5maller seeds, like turnips &Dd clovers, 
WIll dJe much mare qwckly. Probably, at. th., e&me 
time, they will become covered with a dellcate mould, 
due to the growth of a. fungus. 

Why does the seedlmg left upon the tile die, whil •• 
the on., planted out bves 1 On t.he tIle the plant bu 
at. its disposal notbing but air and moieture. The other 
})i&nt not only has these, but It is brought into touch 
wItb the sou. That It comes LOto very close conta.c' 
WIth the la.tter is shown by pullmg up a growing seed
ling , a11l.i observlOg the extent. to which the pa.rtlclea of 
6011 chng to the debcate root-hairs that clothe the roots. 
It is reasonable to conclude that the pla.nted seedhng 
IS &ble to obtain from the soIl BometblDg which the 
seedling on the tile could not get. TbIs, tndeed, is the 
case. The sad contains plant food--l.t., & very diiute 
solution of certa.in mineral substances (,u p. 19)-and 
" ,. owing to the lack of this food that the unplanted 
aeedlmg perlsbel. 

At thIS sta.ge &Dother question suggests Itself. The 
unplanted seedling dies because it ca.nnot obtain from 
air and water such food as will enable it to h"e a.nd 
grow. But the seed, when first pla.ced on the tile, W&8 

Bupplied with nothing but air a.nd water at .. Buit .. bl. 
degree of w&rmth, and yet it began to grow. Whence 

.2 
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It ill now a.pparent that whilst ' the bea.n seed COD

tains nothing but the embryo of the future plant, the 
whea.t grain contains the embryo and somet.bing in 

addjt.lon. Tbjs a.dditiona.l 
matter, scra.ped out. wit.h a 
knife , is seen to be made 
up chiefly of the whitish 
powder known as flour 
(fig. 48, D). A. the growth 
of the germinating grain 
progresses, t beg r aiD 

c gradually loses this mate
riaJ 1 wbJCb js rruled upon 
to supply the first food for 
the gerlllinat ing seed, 

"hat, then, is really 
the diU'(reTlct between Bucb 
types of seed as are illus
trated by tbe bean and the 
wheat grain 1 Obviously 
this, that in the wbeat 
grain there js 8. minut.e 
embryo resting against a 
much larger mass of food 
mat.11.1 (endosperm), 
this lying outside it;· 
while the bean seed COD

tains nothing but a. large 
embryo, the size of which 
is due to the (ood ma.terial 
stored within its f1esby 

WJt.h fine-gra ined protoplasm seed-leaves. 
and conta.lDlng. granules of The term albuminow is 

D, th·i~~~~:I::dc:Jj;~r61Ied with a.pp li~d to ,seeds which 
starch granulee (Bour), form . cont&1D, besIdes t.he em
ing the man of the grain. bryo, a. store of food 

(.ndo'p<rm) lying outBide 
it; while thoBe seeds which, like the bean, contain 
nothing but a.n embryo, are called txalbuminou.. The 
difference i§ merely OM of po&ition. In the ex&lbuminoul 
.eed the nutriment ia entirely .tared in the embryo; in 
&h. albuminou .... d it i. DOt. 
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Albumltiou. ..edt V&ry con.idor&bly in r •• poel 01 
the rela-tiT" tllze of embryo a.nd endoaperm. Sometime. 
the embryo is very minute, &! in the iri. a.nd the 
poppy. In 8ucb a .eed a8 tho bindw.ed, on tho oth~r 
band. the embryo is relatively large. The pulSition of 
the embryo in the a.lbuminous eeed likewil!tI varies, In 
wheat. it lies at one side of the base. in the sedge it 
is central in the cbicl...-weed it is coiled round the Btor. 
of nutriment, in seeds of the ooion and of the potlLto 
it is coiled up in the mass of nutriment. 

Besides the seeds tha.t have just been named, the 
following aTe also mentioned as a.f!ordinp: ~a.8ily obt&ined 
examples of albuminoull Beede: Buttercup, l'iolet, 
tlpUfrey, celery, pa.Tsnip, ca.rrot, plantain, buckwheat 

'~ ~~ 
Fro. d .-FtKOTJt)'IIf or S •• D 

or BUOs.:WS:UT. 

T , , .. b. 
aN, endolperm {M a.lbomeD\. 
B , f1mbryo. eo,,. i.r.iojlt of &0 

nUt and two cotyledon •. 
c, tbe eotyledoD. folded blck. 

[ -

FlO. bO.-SEOTI ON o. S •• D 
or BE.I'T. 

T, tNta. 
•. endo.perm. 
EY, embryo, with It. t.wo 

cotyledon •. 

(fig. 49), dock, lorrel, lllangel, beet (fig. ~O), .edg •• , 
a.nd ali cereals And graIBel. The "fled! of the c&r.tor 
oil plant. procurable &t: Any cmemi&t'l!I shop, are 
particularly useful fo1' examination on account of their 
large .iz •. 

Of e:<albuminous seeds, besid •• those of legulllinous 
and cruciferous plants, noticed on page 132, ma.y be 
mentioned Buch fa.milia.r seeds as those of the maple, 
ayc&IDore, horse-chestnut, apple, cberry I vegetable 
marrow, cucumber, pumpkin, lundow-er, yarrow, 
tog.ther with the walnut. h&z.l-uut, bo.ch-nut. and 
loCO .... 



lat! 8BIID8 ~D TRIU.R U.&&MlN.TlON 

The green colour 01 pIanh.-Return now to the 
young bean plants a.nd lea.rn (rom thell1 ODe lUore lesson. 
Tbe sprouting bean UpOD the tile is u:Juk When it is 
planted out, the shoot that a.t length peeps through 
the soil is a.180 whi.te. As it straigtltens itself it turns 
green, and keeps this colour till after flower ing. If e. 
wa.tch be kept upon the ground in which seeds are 
Bown l whether in the field or in the garden, it will be 
observed that the young shoots 8.S lhey work t.heir way 
out. of the lIoil are whiLe, or nC1uiy 80. but that 
they speedily turn green. Moreover, If a. vigorou8 
seedling be pulled up, it will ue seen that whilst the 
part a.bove ground i. green, the pa.rt below ground ill 
whit •. 

In the Boil it is always da.rk; above the soil it is not. 
This !luggeaLe tha. t, light. may have an eITe.ct lU prod ucing 
the green colour. and it is easily provgd tha.t. it does. 
It 8. bean seedling is planted in a flower-pot and put in 
a dark cupboa.rd, although it continues growing for some 
time it does not turo green, but it ma.y be ca.used to do 
80 by bringing it into tbo ligbt. When a branch of " 
geranium or fuchsia ie dh~erted into a dark box. for a 
time it loses its green colour. If a sla.b 01 wood or 
atone has been la.id fla.t UpOD garden turf [or a week 
or two, the gra.S8 will be found quite bla.nched when 
the slab is lifted, and \\ill only slowly reacquire the 
green colour. The green colouring matter or pigment, 
the presence of which ia usua.lly most noticeable in the 
foliage le&ves of & plant, i. called chlorophyll. It i. 
ea.ily extracted from dried pa.rsley lea.ve. by meano of 
a.Ieohol. 

lIIaJ.tlng.-The proce.o by which barley i. cbanged 
into maJt is one of germination. The ba.rley grain is 
pla.ced under suitable conditions of moisture and 
warmth, with free a.cceS8 of a.ir. It soon begins to 
sprout, a.nd a.t the same time a. chemica.1 change ill 
eet up inside the gra.in, resulting chiefly in the conller~ 
lion. of ,tarch into f1talt-3u.gaf". Most of the floury material 
conta.ined in the grain is Bt&rch, an insoluble compound 
of ca.rb6n, bydrogen, a.nd oxygen. But pla.nts a.re 
UIUolq incapable of con.uming oolid food; their nutri· 
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ment must. be in the BUld torm. During germination 
the sta.rch, which is insoluble, becomos changed iDto 
malt-sugar, &noLber cO!l.iJ.lound o f cllrl"on, hydrogen, a.nd 
oxygen. but solublo in water. On account of its 801u
bilit.y l,..be sugar cau be carried in solution to the young 
growing plant, and there lUade use of as food . But the 
object of the malLster is a ttained when & portion of the 
sta.rch is com'8rteJ iuto suga.r, and at this st.a.ge he 
kills the young plaut by suddenly raising tbe tempera.
tufe a.bove the h UlIl. or 1040 ("ce p. l~O). In the plaee of 
In mg ba.rley-gra.ins filled with insoluble starch there 
are nuw dead rno..lt.~gralfis conta.ining soluble malt-sugar. 
The malt is steeped in wa.ter, which, by dissolving the 
sugar, is converted in&<> th e sweet wort from which 
beer is made. \\"hat are known as rnalt.-combs consist 
of the ra.dicle!! of the young plants, which are removed 
by screening. .. 

(T,'n ~ (L rn ~ ~~~ 
~~ \(J9s ~c \{iJD Or 

FlG. 5L-DlSlNTJ.GRATION OJ!' A. GRdN 0. WlBA.T 
STUOH li t DIASTA.n (h igbly m&gni6ed) . 

• , B, C, D, E, reprelle[lt euccelMlive sta.ges. 

The conversion of the starch into sugar (fig. 51) i. 
brought about by the activity of a. substance termed 
ditUttlse, a. member of a very important. group of bodies, 
known as fermenh or enzymu, which are protein com
pounds (!e' below). 

Starch is a. good example of the group of substances 
which chemists term carbohydrates, that is, compounds 
containing ca.rbon, hydrogen, and oxygen, the two latter 
being present in the same relative proportions in which 
they combine together to form water-namely, two 
<olumes of hydrogen to one of oxygen. But although 
starch makes up & Jarge proportioD of the reserve 
ma.teria.ls of most seeds, whether albuminous or ex&lbu· 
minOll8, other kinds of carbohydrates are present_ 

Many seeds &lao conta.in tat. or oils-linseed, rape-. 
seed, poppy-seed, coco-nut, and Braul nut are example •. 
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Fats, like carbohydrates, conei.t of carbon, hydrogen, 
and oxygen, but the oxygtm 18 preseot 10 8. rela.t.lvely 
smaller proportion than t hat w which it. occun in 
carbobydraLes. 

AU seeus include, amongst their reserve material, 
cart-am compounds called proteins (or proL61cis), whicb 
are distinguIsbed from ca.rbohydra.tes and faLs by con· 
ta.ming mtrogen and sulphur, together-in sOme cases 
-WIth phosphorus. 

Seeds, LheuJ are storehouses of rich concentrated 
[ood, consisting of proteins, carbohydrat.es, and often 
of fats also. Many of lhem are speCIally cultivat.ed 
&8 a.fIording nutritious food for men a.nd a ww&1s. It i. 
for this rea.son that the cereal grains, sucb 8,S wheat, 
barley, oa.ts, maize, rice, etc., a.nd the pulses, such as 
be&ns, peas, lent.ils, etc., a.re 80 largely grown. In th. 
ordinary course of nature, the stored-ui' food in these 
aeeds would be utilized in startmg the young plant 
on its independent existence, but man steps in and 
diverts this food to his own purposes. 

The changes which take place in the seed during 
germina.tion, a.nd result in converting its stores of nutri
ment. into soluble plaut-food, are very complicated, and 
not yet thoroughly understood. It ha.s been prayed, 
however, t hat dlastase is only ODe of a Dumber of fer
ments, the activity of which e~cts the transformation 
of insoluble seed-stuff into dissolved plant-food. Fer
ments that convert starch into sugar a.re known as 
omytolytit; (i.t., starch-dissolving), whlle those turning 
peaL-ells into a soluble form are termed proteolytic (i.e., 
protem-dissolving). 

Anybody who has witnessed a. wet harvest will ha.ve 
ba.d an oppor~unity of seeing wheat or barley grain. 
.prout in the ear. Warm, wet weather causes the grain 
too germinate before it can be carried off the field. This 
Buggests a highly interesting questlon. 

Before flowers are formed on the parent plant, no.. 
tra.ce of seeds can be found. The seed i8 prOduced by 
tho flower, and Obviously !]TOW' till it has attained 
ma.turity; th&t is, till the aeed is f ripe.' Why does not 
t.h. aeed; under ordinary circumstance8, oonti.nue to 
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growl Why doe. it .top growing when ripe I Wh" i. 
there what may be called a. re~ti 'n !1 ,tager Theee are 
puzzling questioDs, a.nd it ill Dot safe to Bay more tb&D 
tha.t the resting period depends aD the condition of tltt 
fe rmen.ts. Dia.sta.se and other ferments Are present in 
the germinating seed, but in very miD ute quantities. It 
is characteri stic of them that extremely small qua.ntitiea 
aTe capa.ble of effecting extensi ve chelll ical change, and 
that they are neither cha.nged nor destroyed by their 
own acti vity. Exposure of tbe seed to conditions of 
moisture and warmth) ,\-hich a re recognized by experi· 
ence as I fa.voura.ble to germination,' have the effect of 
excitlng the ferments into activity, the result of which 
is tha.t the stores of insoluble material are rendered 
8.V"ailable as plaotr-food, 8.nd arB transported in solution 
to tho •• "t8 of growth. 

A fresh se!Jd is a. living thing-it is alive just a. 
much as a hedgehog which lies motionless throughout 
its long winter Bleep at the bottom of a hedgerow. 
Inside the seed is the living pla.nt in its resting Btage
the tmbryo. In contact with the embryo, or within ita 
Bubstance, is the material which will constitute ita 5..nt 
food when it resumes growth. 

CHAPTER X. 

STRUCTURE AND FUNCTIONS OF PLilITB-
ROOTS, STEMS, A.l'lD LEAVES 

Shoot and Root.-When .tudying the seed w. found 
that tho plantlet this cootains consists of plumule and 
ra.dic!e

1 
which grow upwards and downwa.rds respec

tively during germination (n. 130), becoming the 
GlCtn.ding axi .. and ductnding ax;" of the mature pl&nt. 
The cODvenient term shoot is used to design ate a. stem 
with ita l.avos, and we m .. y therefore .poaJ< of the 
plumule ... the primaT'JI ,hoot, while the radicle ia the 
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primary root. From the sides of tbase axea secondary 
shoots and roots ari,l;{<, whi ch in their turn may give oft. 
branches, Md so for th. The final result, as a rule. is 
a complicatf'd plant-body, which stret.ebes its branches 
in all directioDs into the Boil, 00 the one hand, and into 
the air , on th& other. 

Meaning 01 the Branching Form 01 Green P lants,
If we compa.re aD a verage green plant with an average 
animal we shall see at once t hat the fOnllt!r is fixed 
a.nd more or less branched, while the laUer moves about 
and is compactly shaped. The primary reason for thes6 
differences is to be found in tht flatUTt of tilt f ood, and 
before proceeding t o consider in detai l the different 
kinds or root, stem, and leaf. as regarda their sba~ 
a.nd structure, we shall find it instructive to roa.ke a 
few simple physiological enquiries. 

Living Substance, or Protoplasm,- Th" ",.ntial part 
of every organjsw, whether plant or animal, consists 
of an exceedingly complex substance called protoplasm, 
often known as t the physical basis of li fe.' In higher 
plants it is commonly obscured, 80 to speak, by the 
products of its actiYity, such as cellulose, 'Wood, and 
cork, but by means of the microscope its presence ca.n 
easily be demonstrated. If, for example, an uninjured 
Itinging~hair from the leaf of a nettle be so examined, 
t.he interior of its swollen base will be found to present 
an interesting and remarka.ble spectacle. Lining the 
Arm external membra.ne there is a clear la.yer of semi~ 
fluid Bubstance surrounding a centra.l space filled with 
sap. This lay er is dra.wn out into branching t hreads or 
str&nds. whi ch travetse the central space. If one such 
Btrand be closely examjned under a high power of the 
aUcroscope it .will he founn to conta.in innumera.ble 
granules, which by their constan t movement enable us 
to disco,'er that the substance of the strand is flowing 
this way or that. The semHluid contents of the bas. 
of the hair, which are in. a state of such restless activity, • 
.. :fIord a good example of living BubC10tanceJ or proto
plasm. 

Jrletab9lism,-Protoplasm differs from non.living sub
atance in being tb •• eat of .. constant .erie. of chemical 



oba.nges, to which the term meta.bolism (Greek, mctaboU 
cha.nge) i. techllica.Uy a.pplied. The rea.on i. to h. 
sought in the {a.ct that living matter constantly d ia
plays \'ariou8 forms o[ aCLivity-t:.9 .. mov>eOlcutr-ar. r.eeu 
in the nettle-ha.iT, and, still mOTe obviously, in animala. 
Such a.ctivit.ies would be impo8s_lble without. a. lIupply 
of actual or kinetic energy, a.B may be illustra.ted by 
the case of 8. mill-wheel, which is made to turn round 
by the actua.l or kinetic energy of moving water. Such 
energy is obtainable in various wnys. Tn the miU~stream , 
for example, it is fiet free when the sluices o( the mill
dam a.re opened, and the wa.ter allo'Wed to esC'ape. The 
head of water in the mill-pond represents so mucb 
stored or potential energy, which becomes kinetic energy 
wheD the sluices a.re opened. Similarly 8 highly com
plex uns table chemical substance may be rega.rded as 
a store of energy, which is liberated when the substance 
breaks down i!J..to simpler compounds. Eigh explosives, 
such as cordite, a.fford an ex cellent illustration. The 
kinetic energy by which projectiles a.re driven is derived 
from their sudden decomposition or explosion. In the 
living plant, or anima.l the requisite kinetic energy 
results hom t.he breaking down of complex un stable 
protoplasm into simpler and simpler substances, the 
ultimate chemical resuJt being water, ca.rbon dioxide 
(CO,). a.nd simple nitrogenous substances, which, being 
too stable to decompose further, a.nd therefore useles8 
to the organism, are known aa waste products. That 
part of metabolism which is concerned with down
brea.king processes is known as destructive metabOlism, 
or more briefly as katabolism. 

It is clea.r tha.t if the process of waste jUJJt described 
were not in some wa.y compensated. the living oTfj!&niBlD 
would ra.pidly become sma.ller and &mal1er, aod ulti
mately perish. Katabolism, however, is alwa.ys &sso
cia.t.d with and hala.nced by constructive metabolism, 
or anabolism, including those meLa.holic changes by 
which simple substances .are built up into more and 
more complex ones, the ultima.te result being proto
pla.sm. At the same time there js a COD version of kinetic 
energy into potential. The entire cycle of chowc.l 
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cbanges in the organism is conveniently represented by 
means of & diagram l:mown as the metabolic staircase 
(fig. 52). 

Food and Feeding.- From what bas just been said, 
it is clear that, if wasting of the body is to be coun· 
terbalanced, materials for t.be uplmilding or constru ctive 
processes must be taken in from the extenor. Tbese 
materials constit.ute the food. In tbe case or a. green 
plant they consist. of carbon dioxide tCO~), wa.ter , and 
simple mineral Rll bstances in solution. It is important 
to notice that such food is entirely of gaseous or liquid 
nature, and is absorbed by the gC1If'ral ,urfact. of the body. 
There is no internal digestive cavity. We can now see 
why &D ordinary plant is of branci.llDg form. This is a 
mea.na of increasi·ng the surface by which food can be 

FlO. 52.-M&T ... BOLIC STuRo .. sa. 
It a , kinetic energy. P . , potential energy. 

abl!torbed. The le&ves collectively prel!.ent a. large area 
fo r taking in ca.rbon dioxide from the air, while the root
system comes into contact with a. considerable amount 
of 80il, and is able to absorb a. large quantity of water 
with dis80h~ed mineral subQtances. It must not be for
gotten that food provides t.he ma-terial for growth, as 
well as for the r epair of waste. 

Animals, as \f"ill appear in the sequel, require more 
complex food than green pla.nts. It is partly .olid in 
form. hence the necessity for an int.ernal digestive 
cavity. Not being everywhere present, the anima.l ha.s 
to 8eek it, bence a. compact r::hape and powers of loco. 
motion. 

Leaf-green or Chlorophyll.-Th. two sides of tho 
lIIot~bolic .. t&iro.... for groen plante (fig. 52) are of 
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• qua.!" length, Llld we CIJl broa.dly o&y th .. t ... much 
kmetic energy is convened mto potential during it. 
constructive IJroceSSt' S as IJotential mto kinetic during 
the down-breaklllS or destrucLI\"6 processes. In casel 
where growtb is taklug pla..ce the former klUd of COD
version must ob\·jously predOnllllate 1 for the {ormation 
ur tI"U' protolliasm meaus jlJcrea~(.·d swrage oC energy. 

At first sIght. therefore, there would appear w be 
no availa.ble surplus of kinetic energy produced for car
rying out the \' &rtOUS boddy act.ivitleB, wbile in growing 
organs, a.s just mentic.oed, more kInetic energy is tra.n.s
forrned iaw potelltlal dUring anabolism than IS libera.ted 
during kata.boJlsm. (;ompensatwo uf WaSLtI, to 6&y 

nOLbing of growth. would indeed be impossible if the 
green plant were not aule t.o dra.\v upon &D outBide 
SOilrce of l..1netic energy. Such a. source, bowsl'sr, il 
a.fforded by {~e kinet.ic energy of the sun's rays, which 
are ut;ihzed in the first consr.ructi,'e stage, where wa.ter 
and carbon dioxide enter into 8. chem Ical re&ction by 
which DOD-nitrogenous organic matter is produced, while 
at the same time Irea oxygen is liberated, Tbi!l ma.y be 
roughly represented thus:-

Il,O ... (;0, = CH,O + 0,. 

The green colouring ma.tter, or chlorophyll, of lea.ves 
a.nd young st.ems enables the protoplasm or tbese pa.rta 
to use the kinetic energy of sunlIght for the purpose 
indicated. The exact way in whICh chloropbyll is able 
te do this is still a matter [or conjecLure1 and affords 
one o[ the most difficult problems 1n plant pbysiology. 

A very smaU a.mount of observa.tion will show tha.t 
leaves are of wany different shapes, a.nd are arra.nged in 
a. large number of ways. Shape and arrangement alike 
have reference to advantageous display wILh rega.rd to 
air a.nd sunlight. 

Breathing or Respiration.- Th. breaking down of the 
complex substance of t"he living body, by whIch kinetic 
energy is rendered a.vaila.ble, is essentially a. process ·of 
slow combustIon or oXidation. In order that It may go 
on WILb sufficient rapidity it is neC8ala.ry tba.t free 
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oxygeu should oe introduced into the system. Bre&th· 
j]lg 01' rcspJral ion is concerned wi Lh (1) this intaking of 
(ref' oxygen, (2) t.he remo.a.! Crom the body of the wa.ste 
product. carLon dioxlde. 

it IS vary IlllportQ;n t to clearly understand that plants 
a.nd animals brea.the in uactly the lame way, and nothing 
could be mure erroneous than the second pa.rt o[ a sta.te
ment sometimes met with to the effect that {animale 
brea.the in oxygen and brea.the out carbon dioxide, while 
lJlaltis brc£ltI.e j1~ carbon dioJ-icie and breathe out oxygen. ' 
This mistaken idea has arisen from the fact tha.t green 
I,laats, IrJ the fj reSt'o ce of sunlight, gi1'e out OXygM a·" 
a Ly-prultuct during the first step ill the constructive 
processes (p. 143). The a.mount is 80 large tha.t it entirely 
swamps) so to spea.k, the ea.rbOD dioxide ,imuitaneowly 
given out a. a re.sult of breathiflg. During the night, bow
ever, the la.tt er }Jrocess becomes obviou£ , and this i! 
why grebn pla.nLs a.re undesirable in a bedroom. 

We Are now in a position to successively consider 
rootl, st.ems, And leaves. In all cases We shall find 8. 

0108& relation between form and use or function. 

!tOOTS 

Characters of Roots.- Young rooh are pale in colour, 
while old ones are brown, owing to the presence of a 
protective coating of cork. Chlorophyll is never present, 
&D.d would indeed be useless, for roots grow a.way from 
the light and into the ground, where their work is 
done. Another nega.tive character of roots is found in 
the a.bsence of leaves. In ordina.ry language the namt! 
, root' is given .to any pa.rt of a plant groVo,~ing under· 
ground. We shall see, however, in the sequel that 
many a.pparent roots a.re really underground stem I 
(p. 151). 

The root i8 further cha.racterized by cert.ain pecll' • 
liarities of structure. It possesses 8. firm central axis, 
or vascular cylinder, containing elongated tuhula. 
elements oJ two kinds-{l) some with firm, woody walla, 
constituting the wood, and (2) others ,nth soli w..ua, 
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tna.ldng up the bast. Wood a.nd bast, in the vllllcular 
cylinder of the !JO U fI'1 rOOL, have a. radial arrangement: 
i.t. , when looked at in a cross section (fig. ~3) tbey a.re 
situated on differeot radii. We also fiod that the delicate 
tip or growing point of a 
root is cuvered by a thimble
sha.ped root ~ cap. which 
serves as a. protection while 
it is pushing its way through 
the soil. The growing point 
of a stem ha.s uo 6u(;h cap, 
and its tender young cells 
are protected merely by 
their position lli the heart 
of a bud. Branch - roots 
&rise deep within the tissues 
of the parent ~oot, gradually 
forcing their way to the ex- Fla. 53.-Caos8-BIlOTION O. 
tenor. This aga.in must be YOUNG ROOT (magnified). 

regarded a.s &. prouective a.rrangement.. 
Kinds of Root.-There are two chief kind. of root 

One is the primary or tap-root, well seen in the r&dish, 
carrot ( fig. 504 ) , parsnip, sbepherdls purse, etc. Jt is the 
developed radicle of the seed (fig. 56). Th. other i. 
the fibrous foot, of which the onion, lily (fig. 60), wheat 
(fig. 55), barley, and all grasses afford good example •. 
Many of the fibres of such roots are adventitious, i.£. 
they grow from the stem. AU kinds of roots are modi 
ncatioDs of one of these types. But even cap-.roote: a.re 
furnished with a la.rge number of la.teral root"s Or root; 
fibres, and these again with rootrha.irs, as may be seen 
by pulling .. young bea.n plant-and ma.ny other plants 
-out of the ground. 

l'unctions of Roots.- Roots bave a me<hanical func 
tion, or duty-tbat of fixing the plant in the ground 
Tbey compete with one a.nother for the plant 
food contained in the soil, and the intensity of 
this competition may be realized by looking at the 
under side of a piece of turf, when innumera.ble root· 
lib ••• will be .e.n ma.tted tagether. Taj}-root. .. re able 
ta UI. th. food which il cont&in.d in the deeper 1"10n 
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Df the soil, and this is one reason why weeds Ilks plan 
taius and da.ndelions are ao well able to compete with 
grasses, or to flourish in ha.rd, dry ground ex posed LO 

the Hun. Fibrous rooted plants, such as many grasses, 
&r8 ddpeudent on the lood conta.ined in the surface 
la.yers of the soil. 

FIG. bf.-RoOT O~ 
.l CARltoT SEtD' 
UNO, the etDut 
l&p· root being 
t.bed lrect result 
ofthegrowtb of 
the ra.dicle . 

FlO. 55.-G.EBMINA'l'JNO 
WH.J;AT GRAIN,l the 
si d e (adventitious) 
rooLlets Ilnd rad icle 
(u) covered with root.
balCB. On the left, a 
gram sprout.ing. 

"-I plumule. 

Fro. bS. -S.ED. 
LIl"O PLANT or 
SPEI.DW&LL, 
illustra.ting the 
direct prolon
gation 01 the 
udicle in • 
dicoty!edonoul 
fJeed. 

It is the young roots. with their delica.te hairs, that 
&re chiefly engaged in obtaining plant-Iood Irom the 
.oil. The.e are made up 01 ceUs, through the waU. of, 
which solid matter ca.nnot pa.ss. Consequeot}y all the 
food that enters the pla.nt from the soil must. do eo in 



OBJ4OBlB 

.olutlon by mea.ns of dift'uaion of liquid, technic&1l1 
known a6 osmosis. Ii a piece of bladder or parchment 
pa.per, (ree (rom holes, is ma.de into a. Bart of ba.g, filled 
'WIth a solution oC suga.r, t.ied up, a.nd placed in & 

vessel of water, this k ind of diffusion can be readily 
oLberveu. AiLer a time tbe bag .... ill swell up and become 
ten l)8 o r turgid, showing that water has diffused lnto the 
bag (endosmosis). But. to a lesser ex.tent, Bugar solu
Lion has di(fused ou~ of tbe bag (exosll.losis), for t.he 
water in the vessel bas acquired a sweetish t&ste, and 
the J.lresence of sugar Ca.ll be proved by suitable chemica.l 
testa, A root·hair is compa.rable to sucb a. bag. lts BUld 
contents (cell· sap) correspond to the sugar solution in 
the bag, while the available plant-food, or weak 
solution of mineral substances in the soil, correspnnds to 
the water outside the bag. As the amount of liquid 
pla.nt-food diffusing into the hair is greaLer tban tb. 
amount of cell ~8ap diffusing out, it is clear tha.t. tbe 
hair will be kel-tt in a swollen or tu'rgid state. 1t d'l~S 
not burst, however, (or some of its contents diffuse into 
the underlying parts of the root, and by this process the 
crude sap, or solution of plant-food absorbed from the 
loil, ultimately reacbes the woody strands of the vascula.r 
cylinder. Thence it passes along aimila.r strands through 
the stem a.nd into the lea.ves. 

Tbe liquid tbat diffuses into tbe soil from tb. root
haira is slightly acid, partly because it contains in eolu~ 
tion carbon d ioxide, which is being breathed out, a.nd 
partly because it contains certain vegetable acids. 
Tbis liquid helps to dissolve tbe particles of soil, and 
We ca.n therefore say that roots help to prepare plant
food. H a polished slab of limestone is sunk iu a flower· 
pot containing a plant a.nd left (or some weeks, tbe 
roots of the plant will spread out on the polished 8ur~ 
fac. , a.nd, by dissolving" film of lime.tone, etcb tbeir 
own outline upon it. 

In a. good many ca.ses the root serves a8 Ii Btore~ 
house 01 nutriment tha.t tbe pla.nt can draw from when 
necessary. Good exa.mples are a.fforded by tbe swollen 
tap-roots of turnip, carrot, parsnip, radlsh, and luga.r 
beet. In tbe last cal. tb. stored mate'rial i. in tb. form 
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of a solution of 8Uga.r. This is the Bource of bttt lUgar, 
now 80 la.rgely used to replace the cane ,ugar derived 
from the sugar cane. 

Water Culture.-A sprouting bean may e ... ily b. 
sU8pended 80 that its radicle hangs in a. vessel of water. 
If certain BubstaDces are dissolved in the water the 
plant wi ll continue growing, ita leaves will turn green, 
and it may 6\ f!ll produce Bowers and fruit. The BUb

stances which the water should contain-though in "ery 
weak solution-are chloride of potash, nitrate a.nd phos· 
phate of lime, sulphate of iron, ill.1d sulphate of magDe~ia. 

By this method of wattT wlturt is learnt wha.t Bub
ata.nC6S plants require, a.nd wha.t they do not require, 
to be supplied them througb their roots. It is thus 
proved that the presence of potash, lime, ma.gnesia, 
iron, nitric acid, pbosphoric acid, and sulphuric acid 
in t he soil js absolutely uu,~t ial to the growth of &gricul-
tural pla.nts. .. 

ITEIl. 

Characters 01 St ems.-Tbe plumule of many ••• dling. 
grows vertica.lIy upwa.rds &5 the primary shoot, and 
obviously consists of a.n axis, the stem, bearing flattened 
expansioDs, the leaves. That a. stem should thus bear 
lea.ves is one of its primary chara.cters, while an ordinary 
overground or aerial stem grows towards t.he light, and, 
ll'hen young, is green from t he p resence of chlorophyU. 

Doe or two structural points &150 require notice. 
As already mentioned (p. 145), the delicate growing point 
at the end of a stem does not possess anything compa.r
able to a root-cap. Do r is a young stem t ra.versed by a 
centr&l vascula.r cylinder like that founci in a root. Wood 
&Cd bast fibres ' are associated in compound st ra.nds, 
known &5 vaseula. bundle. , in eacb of whicb tbe wood 
is Dearer the centre of the stem than the bast. This 
a.rrangement is technically known a8 collat.eral, ba.st 
and wood, in anyone bundle. being 00 the 'l1me radi us · 
&8 seen in & cross-section. wbile in a young root the 
wood 8Jld b ... t &c. disposed radioUy-i .•. , on different 
radii (p. 1111). 
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It i. convenient to Dotice bero tb .. t in tbo young 
.tem of a. Djcotyledon. the vsscular bUDdle8, AS seen 
in the cross·section. are arranged in & ring, while in 
the stem of a. Monocotyledon, whether youog or old, 
they aTe scattered. In the former, too, there 1S a.n 
o.cti'·ely dividing layer (cambium) of tbin·waned cen., 
by which thickening is t({ected. 

'We have seen (p. 145) thai branch Tooh sri.e deeply 
witbin the tissues of the parent root. This is Dot tbe 
case with br .. nch·su.ms, and it must b. "dd.d that oa.ch 
of these ariseB in the axil of a. leaf---i,c. , in the upper 
angle between tbe bas. or tbe le.r and tho stem. 

Nodes and Internodes.-The l"egioD8 of a !Item from 
which lea.ves grow out are t-alled node8. The Dawe (L. 

A B 

Medullary 
Ray 

FlO. 57.--Cxoss S.OTlON 07 YOONG ST.EM"B. 

nodUl, a. knot) ha.s been derived from cases where, a. 
in grasses, there is a. dennite swelling a.t such placeBo 
An internode (L. inter, between; nod,.,) is part of a. stem 
between two successive Dodes. In jts very early COD
dition the shoot is known as a bud. Here the internode. 
bave not yet elongated, a.nd the incipient leaves a.re 
closely crowded together. A bud may be either t,rminal 
(at the end or a stern) or axillary (situated in a leo.l·,,:<11). 
Both are well seen in a. bra.ncb of horae chestnut after 
the lea.,·es have faUen. Such winter buds ar B destiD8d 
to form the shoots or the following year. 

Kinds at Stem.- We can broadly distinguish betweon 
overground or &eriaJ Rtems, and underground or 
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8ubt,er rB.Dean stems. Among aerial_tems the most typical 
is the t:rtGt kind, whicb grows st ra.igbt into the air. But 
there are many other sorts, Buch as trailing, (;Tt:~l'ingJ 
and climhillg stems. Climbing stems are particula.rly 
interesting, because they enable a. thin stem to' a,dva,n· 
t.ageousiy dis}J lay its leaves to the SUD alld air without 
the expendjture of DJ3LerjaJ necessary in the case of 
erect forms. though some of these-t.g.) grasses- by 
adopting the bollow pillar principle make " small 
amount of mat.erial go a. long way. The meaDS of clhnb
ing are ve ry diverse. In j\"y we find ad\'el1titious root s 
growing frOID the stem for this purpose. Twining stems, 
which wind round and round a. support, are exemplified 
by hop. convolvulus, and dodder. Briars climb or rather 
scramble by means of hook-li ke prickl~8 . And we may 

Fla. 6tl-STOLOM OJ' C .U.lU.TION . 

&180 nnd slender sensitive tendrils, &8 in the vine, Vir
ginia. creeper, a.nd pea.. In the two first-n&med plants 
the tendrils are modified parts of the stem, ... hile in the 
pea. they ar6 specialized parts of the foliage leaves. 

A stolon is a. bra.nch of the stem growing out from a 
leaf axil just ahove tbe ground (fig. 58). extending 
almost horizontally along the surfa.ce, and developing 
roots and leaves wbpTe it comes in contact with the 
soil. In time the connecting part of the stolon dies, 
a.nd 8.Jl independent pla.nt results. Gardeners imitate 
this in the opera.tion called j layering,' when they bend 
down a branch from a. shrub, and peg it to the aoil, 
thereby ca.using it to develop roots , and 60 to form a 
fresh plant. Gaps in shrubberies can thus be filled up 
from the abrubs a.lready present. The curra.nt a.nd gOOI&

berry give off .to10n8, &8 also do tbe creeping buttercup 
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a.nd white clover. Varioua grasses Bore enabled to r&pidl, 
extend, owing to their property of devtlloplOg stolons, 
which are admirably ada.pted for inBinuatlDg thei.r 
alender eXLremJi,jes between oLber pllsture pJa.nta, and 
rooting a.t. interva.ls. Plants [that produce l:itolons a.re 
termed tiolufHferolu. To ger.. a good idea of stolon., 
examwe the beautiful prostrate sboots sent out. b, 
,,·hi te clover (fig. Bi), or by the creeping buttercup. 

'fbe runner is a long slender stolon, which , having 
attained it. full length a.long the ground, .trilr. •• rool 
from the til', where it develops .. new plant (fig. 59). 
A. parent strawberry plant, if a.llowed room, will thus 
develop a.round itself, by me&.ns of runners, 8. number of 
offspring. As the runnets die these offspring become 
sepa.ra.te plants, capa.ble 01 repeat..lD8 the ploce ... 

FlO. !:lg.-B.UNN~lI. o. 8T."WB~UY. 

We next come to underground or Bubterranean Slama, 
many of which a.re familiarly c&lled I roots.' A pota.to 
is known to bear I eyes,' and when pota.toes a.re cut into 
sets foe pla.nr.ing, the gardenee takes ca.re to cut in 
i1ucb &. way that eacb set shall have &D I eye' OT two. 

The I eye' is really a. leaJ~bud, &8 may be proved by 
dxamining a speouting potato, a.nd careful examina.tion 
will show that it grows from tho llXil of •• mall .cal .... 
lilr.e leaf. Consequently the potato i. a stem; that form 
of underground stem ca.lled a luber, whicb i. rea.lly .. 
swollen branch. Other exa.mples of tubers are seen ill 
tb. Jerusalem articbolr.e and eartb-nut. 

Next, exa.mine a.n onion freshly drawn from the 
ground. The fibrous rootl are leen growing down
ward, and tb. edible part of tbe plant-popularly, tb • 
• root '-a found I<> coneist of tbe tbick wbitiob Jl •• by 
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bases of leaves overlapP.lug each other around aver)' 
short axis or stem (the ' plate' or disk), the interoodes 
of which remain undeveloped. Such a structure is termed 
a. bulb, and other exa.mples are afforded by hyacinth 

e·· 

FlO. 60.-BuLB or LILY. 
A, buds or young lateral 

bulbs . 

and Illy (fig. GO). A hyacinth 
gruwing in .... ater in a gla.ss 
sh ows clearly the distinct.ion 
between the bulb and root. 
I L may bo asked bow tb. 
glass· cultivated hyacinth 
gets t Ltl food wherewit.h it 
develops its sLew a.nd sweet
smelling flowers. The answer 
is that t.he food is stored up 
in tbe bulb. The ' solJd bulbs ' 
or corms of cro('u s and cycla· 
men mostly Cf'llsist of & 

tbickened stem, with some 
scaly leaves on the outside. 

The term I bulb l is often 
applied, but Dot correctly, 
to tbe turnip and the wangel. 
These are really bulb-sbaped 
roots. 

Many plants possess aD 

B, plale or disc (the t-rue 
alem ) from which root
fibres grow down. elongated underground stem 

whjch grows horjzoDta.lly or obliquely in the soil, send
ing out a.dventitious roots from its under surfa.ce and 
lea.f-buds fr om a.bove. Such stems va.ry much in thick
ness, accordjng to the species of plant, but tbey are 
.. 11 included under tho general name of rhlsom. (llg. 81) 
or root-stock (fi g. 62). A stout, thickened form is 8een 
in the borse-radish and the primrose, a mucb slenderer 
type in the couch grass, a.nd an intermediate variety in 
tbe mint. When tbe leaves of a primrose die down "" 
the summer adv&Ilces, the root-stock. still lives: 
ben eath the ground. Moreover, it very slowly travels . 
along, faT, a.s its f:ront end grows forwa.rd its hinder 
part graduaUy decay •. 

Tho difierent kind. of wh .. t are tanned creeping, 
runalul. or JeLly ( root. J are &II va.rieties of the rhizome 
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or root-stock. They rapidly extend througb considerable 
portions of the soil, a.nd, wben tbey have once got a 
holtJ of the lam), are very diffi{'ult to extirpate. Th ey 
a.te always perennial-that is, tbe-y go on li\·jng from 
yea.r 1.0 year-so tha.t t.hey continue alive in the p.oii 
through the winter, at a. time when there maS b6 no 
indi cation of lheir presence a.bove ground. A t every 

FIQ. 61.-UNDEBORIl\:S D STE)!8 .i sn VJ:RT1CJoL L&.u' 81100T. 
0 .1 COL' en OIl.US. 

Fro. 62.-RoOT8TOCKS, OR CRF.I:PrNO UNDKItGROUND BIl.lo NOB I:I, 
o. Mntt. 

joint of these subterranean stems buds a.re produced, 
some of which grow up a.bove the ground and bear 
leaves. flowers, fruit , a.nd seed. whilst others form new 
underground shoots. In this way these structures form 
a dense bed or layer of interlacing stems benea.th "the 
ourfac. of the ground. To cut them to pieces by tbe 
hoe or plough i. u •• I •••• for it only .erve. to e.tabliah 
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Dew centres of growth. 8.1 livery little portiOD bearina 
& bud is capable of individual development. ~rbere land 
ill infested by such underground stems, the only remedy 
is to pull tbem bodily from the soil. Tbis is tbe )rind 
of work which the ocarifier does upon land foul (rom 
the presence of couch grass, sowe of the slender rhizomes 
of which call oCten be pulled out ma.ny yards In length. 

A1Lhough the underground stem (fig. 61) of tho couch 
grass is a pest upon arable land, the same killd of 
structure may. under special circumstances, be applied 
to useful purpo~es. Thus, the slender creeping stem 
of the sand sedge is valuable for binding togoLher the 
[ooae sa.nds of the sea.shore. 

FlO . 63.-SUCKER or RUt . 

"')1 , ground line . 
0, trunk of elm trse. 

D, lucker. 
z, young elm .hoob. 

An underground branch growing obliquely tow&rd. 
the surface, 00 rea.ching which it d6\"elops roots and 
10av •• , is called a sucker (fig. 63). Examples may h. 
seen around the rose, the raspberry. the elm tree, a.nd 
other plant., which are incorrectly said La multiply' by 
the root.' \Vjib the spade, remove the soil from such a 
Bucker. a.nd it will be seen to be only a creeping branch 
underground. As the sucker rots. the plant it produced 
becomes independent. A gardener a.ccelerates this inde- • 
pendenc. by cutting through tbe suck.r with the sPad •. 
In doing this h. propagates th. plant 'by division.' 

The v..nous modification. of the stem that creep 
either .,long or heneath th. surface of the ground should 
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be ca.refully studied by tbt- cultlva.tor. From their poll 

tlOD they a.re [rcq uenLly overlookeu or Ignored, WUere&1 
the vegcLatlOD tbat Lakes place 111 the sod 18 qUIte &B 

importaot. as that whICh 18 COlU;PH.:UO US{Y ueveloped 
a. bove It. 

Functions ot Stems.- The chief uscs of tbe Melli nre 
to dlSf./Jay the foli age lea.ves to best advlLlJtage &. 

regards Bun and air; to dlsjJlay the flowe ra iJO as t.o 
give them a. good chance of cros.!!-poJilDation; and 
to dispose the fruits in sucb a. wa.y lhat the seed, 
may be dlspersed by vanou! agencies. It also 
serves &8 a rne&llS of communtcatlon between roots a.nd 
1e&\"08. and {requelllly acLs &8 Ii. slorehuuse of luod . 
'I.'be last fUDctlOn 18 mOst UbVlOU8 in the case of under· 
ground stew!. In many casea. t.oo, t.he stern plays an 
illlponant. part in vegetative reproductIon, wbere propa.
gatlon t.akes p\a.ce wIt.hoUL the ageucy of Beeds, &1 by 
swIouR, runners, !ucken, etc. 

LJ:AVJ:S 

Characters and Kinds 01 Leaves.-All loay.o .. re &p
pendages 01 Lhe stem, takJUg ongln at the nodes, and, 
tn the large majOrIty of cases, fla.ttened 10 shape. 

The [ollowwg kmds of leaf are recogntzed :-

(l). SClll e.-ie.al.lu.-Tbese a..r& e8poc ia.lly ch a.nct.er ietic 01 ulldar. 
ground SLeUlS. Tbey are well "eeu 10 lhe POl l'- LO tuuer tp . Jo l ), 
&u<1 In 8o()me bulbs, lIuch ae tJlooe of lily t. UQ t.ullp tee,!), bulb_) • 
.ernl lor thtl .~orage of lood. 

(2}. FoJiafje -leat'e,.-Tbese lore Lbe oNlin&ry green le •• M 01 
plants, and wlll be ool1t1ldered 10 80me d6LL1.l. 

~~J ' .8ract.-l'h16 nawe III ap plied to 61W pi ll scale ·like leave. 
in UJe aula of \\bJcb fiowerll ante. UhV IOU,e exaw}Jlee are seeD 
lU (;OwpOBLLes .. ud lJwbeHuens. 

(4). lItowtr·leauu.-l'bMtJ make up mOIlS 01 the llowM, and 
wlll be daaJt "",.U.b l.JI W . U6st ch.pl.er. 

Charactera and Klnda 01 Foliage-leavea.-Examin ... 
tion of folIage-leaves from dicotyledonous pla.nu will 
&how t.he presence of some or aJj of the followUlg pa.rts: 
\G) UI expUlded blade or lamiD.a, (b) • l ... t-lau. or 
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petiole, (,) a sheath that clasps the stem, (d) outgrowth. 
mown a.s stipules. at the JUDction of petiole and sbea.th. 

Sus£le leaves possess no stalk, and a. leal devoid 01 
.tipules is said to lie tx'!/'pultltt. 

The leaves of dicotyledons va.ry gren-u.y in a.rrange
ment and shape, but in aU ca.ses we sba.ll find the result 
to be exposure of surface to sun and air WIthout undue 
overlapping. They are said to be alternate wben ollly 
one is attached to So Dode, opposite when there are two. 

A very interesting case is alTorded by rosette-plants, 
Buch as daisy, dandelion, and plantain, where the inter
nodes of the stern are undeveloped, so tba.t the lea-vea 
Bfe crowded together. Examina.tion of ODe of the pllLllts 
named will ahow that the leaves are 80 arra.nged as to 
take fuU advantage of a.ir and light., whIle at the same 
time the surroundlDg plants are shaded and lolled. Any
ooe who ha.s removed a plantain or daisy plant ftom a 
lawn must have Dotlced the baTe patch due to this 
ca.use. 

In simple lea.ves the blade is ODe piece, while in 
compound lea.ves it is divided into It,a{itb. The la.tter 
are either palmate, wbeD all the lea.flets are attached to 
the end of the petiole (t.g., hor •• chestnut), or pinnate 
when they are disposed ill a feather-like way, as io 
rose and many leguminous plan ts. 

The leaves of monocotyledons are usuaUy simple and 
stalkless. The sheath is commonly well developed, and & 

. cale-like outgrowth, the ligule, is often found on the 
upper side at the junction of hlo.de and sheath. Thi. 
a well seen in gra.sses (fig. 117), where the chara.cters 
of the ligule are of great unport&nce lD helping to dis
tinguish between difierent speci es. 

Structure 01 Follage-leaves.---Conducting strands of 
wood and ba8~.e. , va.-scula.r bundles-pMs from the 
steni through the le .. f-stalk (if present), and bra.uch ant 
in the fla ttened blade, where they are commonly known 
AS I veins.' 10 monocotyledons the chief velD.S a.re more· 
or l.ss parallel, ",bil. in dicotyledons they Boon brea.k 
up into 'I complex network. 

WheD .... ction through the blade of .. le .. f (fig. M) 
i. exan:rined throui'h .. mierOICOp4t, it i ••• en tbat th. 
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upper part consists of rows of elongateo cell!:! placed 
sIde by side-palisade cells LhE'Y .are cnlJed. As t.he 
luu er surface is npproached the cells are HlOTf' looseJy 
aggregated, 80 that. spaces-air-spacea-exisL between 
tbem. Both the cell. in tbi. spongy li .. ue of tb. 
leal And the palisa.de ceJJs are green. owing to the 
facl. tha.t part. of their proLopla8Dl cODsl.ta of 
chlorophyll granules, permeated by the complex sub
.t.aDce knowD .. s chlorophyll (.ee p . 136). Pali.ade cell. 

Flo. M.-SxcTION or A. LEu' (magnified) . 
.. , cuticle, ll, epidermal ooli., of upper- surface. 
0, pahsBde ceLu. 
D, cella of SpoDgy u..ue. 
X, intercellular epacee. or air ca.litiea. 
7, epidermal ceJle 01 under jlul'face. 

:', !~ia::U~:~:~t!~ ~~1:::r o!urboce. 

a.nd spongy ti •• ue are together known ... lDe.ophyll, 
which i. traversed by the vascular bundles o! the Ie .. ! 
(not shown in fig. 64). The re .. son the under lide 
o! the le .. 1 i. U8U .. lly p .. ler in colour th .. n the 
upper aurf .. c. ia that the green cella of the upper 
lIide a.re more closely crowded together. Ov,er 
the whole leaf there extends .. thin tranlp .. rent 
ilin, the epidermis. But the epide=ia ia not entir. , for 
;0. ia dotl.4od .... ith innumerable minute aperture. called 
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stomata (Or . .stoma. 8. mouth>, ea.cb atoma bl!ling formed 
by a. pair of kidney-shaped cell s. with their CODcav~ 
sides towards ea.ch oth e r. By the stra.ightening Or bend
ing of thf'lS6 I guard cells.' the size of tbe stoma. is 
controlled, and it is dependent upon external condjtioDS 
of Jjght a.nd moisture. }\s a rule the stomata ATe far more 
abund ant on the U11dtT than on the upper fa.ce of the 
10Il1. 

Functions 01 FoUage-leaves.-The most important 
fun ction of foliage-Iea.ves is carbon assimilation. Their 
chlorophyll granules a.re able to use the energy of Bun
light in bringing about a reaction between the carbon 
dioxide absorbed from the air and the water that haa 
been taken from the soil , with the formation of orga.nic 
matt.er (~t!t page ]43). Th e jntercellular spaces of the 
leaf are full of air, and d irectly contln40U8 with the 
exterior by means of the stoma.ta. The mesophyll cells 
caD therefore readily obtain the carbon dioxide they 
require for their constructive work, and can as easily 
get rid of the oxyg-en formed ns a by-product. 

The :first t'i"ible product of assimi1a.tion in the lea.f is 
starch. as C8Jl readIly be proved by 80aking to iodine 
solution a leaf t ha.t ba.s for 80rne time been exposed 
to sunltght, when it tUrns to tL blue-black colour This 
is a well-known laboratory test (or sta.rch. 

Foliage-leaves also play an Active part in breathing 
or respiration, dunng whIch tree oxygen is taken up 
ltnd carbon dloxide elimina.ted ( Itt p. J43). The in ter
ceUular spa.ces of the leaJ obviously promote th.il func
tIOn by supplying a.ir to the mesophyH ce118. 

Transpiratlon.-U some freshly-gathered lea.vea are 
put under a. cokt dory tumbler, the lODer surface of the 
tumbler becomes covered With moisture. This is because 
t.he leaves a.re cotlBt&ntly glving up water vapour. They 
at length witber----t-.t' J lose theIr turgIdity-because they 
get no fresh aupply of moisture. The eva.pora.tion of . 
moisture 110m lea.ves, in the manner descrIbed, is calJed 
transpiration. The quantity of water which thus passes 
through" ,pl&Ilt, from the soil to the atmosphe"", IS very 
gre .. t. A m8.lZe plant was observed to gIve oil between 
Mo.y ti and September " • period of 16 weeb, •• 
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much If..I 36 time. it. weight of water. B&rley, beana, 
a.nd clover, during 6 months of their growth, tra.nspired 
more than 200 times their (dry) weight of waler. A 
large oak tree will tra.nspire (rom 10 to 20 ga.lIoDs of 
water in s. day. Land under crop gives up more water 
ver acre tba.n an adjacent bare fallow. beca.use of trans
pi ration. In a bot, droughty Bummer tht!! land around 
trees Bufff'rs most, OD account of the great demand for 
nll.i!'lturl-' ).,0 supply that lost by t.he leaves. If laid out, 
side by side . the lea.ves of a. big tree would cover 
8fH'era.l a.cres. A Bundower, 5 feet high, will transpire 
from a. pint to a. qua.rt of wa.ter during a. bot Bummer 
day. As sunflowers a.re of Quick growth they a.re some· 
times planted a.round cottages in swampy situations to 
diminiRh t.hE' risk of ague. 

A few worda are here necessary regarding the pbysio
logical mea-niug of transpiration. We have seen tha.t 
roots absorb a. very weak .olution of mioeral substances 
from lhe Boil (p. 147). s.nd thi. crude sap travels up to 
the leaves through the wood of the vascula.r bundles. 
As A considera.ble amount of mineral matter is used 
up in the constructive processes, especia.lly when a.ctive 
growth i8 ta.king place. a. coo stant stream of crude sap 
i8 8B81!lltial. We rosy therefore look: UpOD traD8piratioD 
a.s a means of getting rid of the BupeM!uous water in 
this crurie sa.p. 

By ferment a.ction the sta.rch formed in leaves is 
conv erted into & 80luble form, la.rfl:ely Bugay, e.nd the 
elaborated sap, containjng this And other products of 
constructive activity, is carried from the ie&VeB to places 
where it 1S needed. In this conduction the ba.st of the 
vascular bundles plays an importa.nt part. 

DURATION 01' LI!'I: 

Annuals.-M&DY pla.nts spring up from the s •• d, pro· 
duce their leaves and Bowers, fruit and seed, a.ll lvithin 
the space of ODe yea.r, e.nd then die. Such plants are 
ca.lled annuals, and exa..mples are seen in wheat, barley. 
Date, rye, brome grasses, buckwhest, bean., p.eaa, 
vetcheB, And ' trifolium.' 
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Biennials.-Anotber group of plants i. di.tingui,bed 
by requiring two years, or at least. two seasons, for this 
work. During the first seaSOD they grow up (rom the 
Beed 8J.).d develop what are called their rrutiatij;t organs 
-the organs of gro\d,h. Then there ensues a. period 
of rest, followed by the development of the reproducti1/e 
organs-tba.t is, the flowers, producing (ruit and seed. 
Such pla.nts a.re called biennials, because they need a 
portion of two years to a.ccomplish t.he changes between 
BOWing And fruiting. Exa.mples &Te seen in the so-called 

. I root. crops '-turnips, swedes, cabbages, and their 
allies: and :in parsnips, carrots, celery, lettuce, mangel, 
a.nd beetroot. 

Both annuals a.nd biennials are usually prolific pro
ducers of seed. The effort involved jn forming 80 large 
a qua.ntity of seeds a.t one time is 80 grea.t, tha.t it kills 
tbe plant. But, tbough tbe individual die':.. ample provi
sion is at the same time made for the preserva.tion and 
perpetuat.ion of the . pecit:I, for ea.ch seed conta.ins a. 
new plant in minia.ture. 

One rea.son w by the production of seed 1S so exhaus
ting to the pareut plant is that ea.ch oSeed contains a 
store of very rich food which the parent ba.s had to 
supply. ~ seed, therefore, is a reservoir of nutriment., 
a.nd man cultivates 8eed~be&ring plants in order tha.t 
be may step ill and secure the food in the seed, either 
f OT himself. or for his domesticated animals. 

During the process of ripening there ie a steady 
migration of nutrient materia.l from the other pa.rts of 
the plant into the seed. From the leaves and .tem of a 
wheat or bean plant, for example, most of the nutritious 
matter i8 carried away in solution and deposited jn the 
seed. During ·the la.ter days of their lives, such plants 
cease to take food frgm tbe sail or air, and tbey "r. 
capable of completing the ripening of tbe seed provided 
they CM get .. sufficient supply of water. Wbeat, cut 
before it is dead ripe, will complete tbe rip10ning of tb~ 
grain while sta.nding in atook. 

In the case of bie-1Iniall there is a resting period 
between' tbe two se880ns o.f growth. Let turnip seed, 
fOl example, be sown in June, aDd by the I'utumn a 
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weU·.hllped root will be formed. Thi. root m"y be left 
in the field through the winter, and in the following 
spring it sends up lea.ves and flowers. produces fruit 
and seed, and then dies. But a. great change ha.s taken 
place in the root, for it is now small a.nd shrivelled. The 
root, indeed, serve a as a temporary reservoi r of the 
nutriment which is afterwards consumed in forming the 
seed. The reaSOD the cultivator growe such crops a.a 
turnips, carrolA, parsnips, mangels, etc., is that he CAD 
inLerfere a.t this resting si&ge, and utilize the store of 
food for himself or hi, live stocle. 

It is not necessary tha.t the roots 01 biennia.l crop.IJ, 
intended fo r the production of seed, should rem&in in the 
ground Ill! the winter. They may, if desired, be ta.ken 
up. and planted out agllin in .pring. By thi. me"n, 
it is possible to make a. seJection, and to reserve Dilly 
the most desi.rt.ble specimens for the growth or seed. . 

Perennials.-This name i. given to plant. th&t live 
for more than two yea.rs. Exanlplet &Te seen in sainfoin, 
lucerne, white clover, furze, ya.rrow, prickly com· 
frey, planta.in, aspara.gus, and pasture grasses. Also, 
in the gooseberry, currant, strawberry, T8.8pberry, plum, 
cberry, apple, pear, a.nd timber trees. In 8ucb perenni&l 
plants-as lose their lea.ves during winter, there is, before 
the fa.lJ of the lea.!, a migration of nutrient mllteriaJ. 
from those organs into the stem (certain regions of a 
tree trunk, for exa.mple), which serves as a reservoir. 
The leaf-buds of deciduous trees are formed in tb. 
autumn, and wbeD they commence to open in the spring, 
thei r first food is derived from the reservoir of nutriment 
in the stem. It i8 bec"us. thi. ,upply of re"dy-made 
food i. clos. at hand that leaf-bud. expand so npidJy 
Ullder the influence of the increa.aing temperature of 
spring. LeaJI.s. tre.. should he e""mined for their 
bud. in t he winter. Thos. of the be.ch, .. sh, han.· 
ch.stout, and willow are vo.ry be .. utiful, but tho bud, 
&ore equally noticeable on" other timber tree8 a.nd on 
orchard [ruit tree • . 

Va.rious parts of the plant, it h&a been Bee.n, mllY 
•• rve as .torlhouses of nutriment. The seed alWAYS 
contain. a r •• orn of plant-food; in bienni&l planb, th, 

• 
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root .. cis a .. a reservoir ; and, in perennials, the stem. 
Mao! such resE't'Voirs have a. special interest, because 
they are diverted by man to his own purposes. The 
tuber of the potato is stored with rood, chiefly starch. 
The bulb of the onjon and the young shoot of tbr 
a.sparagus a.re other exampJes. 

CHAPTER XI. 

STRUCTURE AND FUNCTIONS OF PLANTS

FLOWERS, FRUIT, AND SEEDS 

FLOWERS 

STRUCTURE A.ND FU:KCTlO!'f OF FLOWJ:.RS.- The flower is 
& shoot that is Bpecialized in relation to the formation 
ot seeds. It consists of flower-leaves of various kind, 
crowded together on a shortened region of the stem 
known as the Horal receptacle or torus, which is the 
,wollen end of the flower-stalk or peduncle. This crowd· 
ing of Bower-leaves on a short tblck pIece of stem is 
due to suppreSSIon of internodes. A compa.rison may 
be made WIth the rosettes of foliage-leaves seen lD 

8uch plants &8 daisy, dandelion, and plantain (Ut 
(p. Hi6). 

The flower of a buttercup is a simple and convenient 
type with which to make .. atart. Four different kinda 
of flower-leaf will he found attached to the receptacle 
(fig. 65). Beginning at the outoide, theae are: (1) Five 
sma.ll green 51pals arra.nged in a circlet or whorl, and 
collectively termed the calyx. (2) A whorl of five large 
yellow petals alternating with the preceding, and 
tOiether constituting the corolla. (3) A large number 
of thread-lIke stamens, eaclr with & thickened end . • (4) 
A number of amall flattened carpeta, making up what 
'i known &a the pistil. 

The function of the flower is to produce leeds, and 
AI ouly tbe et&men. a.od carpela &1'. direetly concerned 



STRUCTURB 01' FLOW.I!.l\S 

with th18. they Are cODveDl6ntJy termed essentla) 
organs, while the investing coroll& a.nd calyx t.CJgetber 
constitute the perianth. The relati\'e posJt ions of these 
different kinds of flower-leaf call be indicated in a. 
ground plan or floral diagram (fig. 6:). B). 

A closer examination of the essential orgaoR here 
becomes necessary. 11 stamen js seen LO consist of a 
stalk or filament, bearing a t.hickened t wo-Jobed anther. 
\rhen the latter is ripe it splits open) a.nd fine yellow 
dust (the poIlen), escapes to the exterior. It consists 
of minut.e pollen-grains, which ma.y be regarded 8.11 

male. 

A B 

~~~~./ "~K' ,.,,' ~~:~.,., 
se~~~. "e~~ ~!'j 

p iT Flower Stalk c.r~/stamen' 
FlO. 65.-FLOWlla 07 BUTTSROUP .um FLOR.lL DaOlU,iI. 

4, diagramma.tic vertical section. D, Bors.l diagr&lIl. 
R , receptacle. 

Turning now to the carpels, we shall nnd a. roughened 
sticky patch, the stigma, at the end of each, and just 
below this a narrow region, the style, wbich merges into 
a.n underlying swollen ovary. By crushing or cutting 
open the ovary we sha.ll find that it contains a. minute 
rounded body. This is an ovule, which l under [avour
able circumstances. may become & seed . Examina.tion 
of prepared longitudinal sect.ions through ovules will 
show the following puts: (1) A stalk (IUllicle) attaching 
the ovule to the ovary, and serving to convey nourish
ment to the developing seed. (2) An external .kin 
(integument) extending frolD the base of tbe ovule to ito 
tip, where, however, a. minute aperture, the micropyle 
(fig. 66) is left uncovered. (3) A cellular mass, tb. 
DucelJus, making up tb. interior of the ovul.. (4) A 

Q I 
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clear egg-shaped ba.g, the embryo-sac, within the 
nucelIus, adjacent to the micropyle. (5) A spheroidal 
egi-cell, or female cell inside the embryo-sac, close to 
the micropyle. The remaining contents of the embryo
sac, [or OUT present purpose, may be neglected. 

Pollination and Fertilization (fig. 66).-The stigma i. 
rough and sticky, 80 that pollen-grain. ma.y adhere to it, 
Their t.ransfer 18 technicaljy known as pollination, and 
when it has taken place the stigma is .aid to b. pollinat«l. 
This is an essentia.l prelim.inary to the formation of 

leeds. In cucumber and 
vegetable marrow, for in
stance, the flowers are of 
two lcind.-(a) male, or 
, taminate, devoid of pistil, 
and (b) f,mal" or pilti~ 
late, devoid of stamen •. 
If pollen i. prevented from 
r.aching the stigmas of the 
female flowers, no fruit 
will be eet a.nd no seed. 
will be formed. We must 
therefore enquire what 
takes pla.ce a.fter pollina
tion has been effected. It 

FlO. 66.-VUTIOU S.OTI01< OF will be found th&t after 
FLOW"'''', ILLOSTB..J.TING POIr reaching the Itigma & 

LIN.t..TION .t..ND F.B.TILIZ.t..TION. pollen· grain . wells up 
., receptacle. and germina.tes, send-

ing out an excessively 
delicate pollen-tube, the tip of which bore. through 
the . tyle, enten the ovary, and ma.kes its Vl&y 

to the micropyle of an ovule. A minute quantity of 
the living matter (protoplasm) with a mal, "ud<m (derived 
from one of two nuclei contained in the pollen-grain) 
passes into the egg·cell, and the ma.le nucleus ~8es 
with the fe-male 1tucl.eu.t which this contains. The process 
i. termed fertilization (or imprtgnat .... ), and the egg-ceU 
i~ .aid to be fertiliud (or impregnat«l). It now undergoes 
numerous divisions to form an embryo or piantIet, while 
the rest of the ovule become. the remaining p.rl 01 
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the eeed. The OVa.ry a.lao undergoes changes, which 
convert it into a. truit. Broa.dly speaking, therefore. a 
fruit is Do matured ovary and a. seed a matured ovule. 
The fusion of male nuclear matt.er with female uuclear 
matter that constitutes fertili zation is the essential 
part of sexual reproduction, alike in plantB and a,uiwals . 

.Flowers and Insects.- Let UB nOw return to the 
yellow corolla, which makes the buttercup flower 80 

conspicuous, and enqui.re the meaning of this, N ea.r 
the narrow ba.se of each peta.l a. slDaU pit caD be seen, 
covered over by a yellow scale. A little care will 
ena.ble us to prove tha.t the pit contains a. sweet fluid 
(nectar) , and is, in f""t, a nectar-gla.nd (nectary), wbile 
the Bca.le is a. nectar-cover tha.t prevents the aecretion 
from being wasbed a way by rain. By watcbing growing 
buttercups ill.. sunny weather we shall find variOlaS small 
insects crawling a.bout the flowers, some licking toe 
nectar, a.nd others devouring the nutritious pollen, of 
which the very numerous stameo8 produce a great 
quantity. ObservatioDs of other kinds of conspicuous 
flowers will show tha.t they, too, are visited by insecta, 
to which they offer similar attractioDs. It would seem, 
therefore, that by the possession of nectar and super
fiuous pollen tbe buttercup i. adaptcd to tbe visits o( 
insects, and the conspicuous corolla., advertising desir
able booty, attracts their attention. As a single butter
cup plant beaTS many blossoms, and numerous plants 
often grow Dear together, the collective colour effect is 
very considera.ble. The odour of many flowers constitutes 
another means of a.ttracting insects, and even butter
cups probably possess a, boney-like smell perceptible 
to these little creatures. 

It may be taken as a goneral rule for temperate 
climates that conspicuous Bowers-many of which exhale 
a distinct odour-attract insect visitors, i.e., are insect
loving (entomophllous), and provide food for tbeir 
guests. Important &ervlCeS a.re rendered in return, 8.8 
will now be explained. . 

Selt- and Cross-Pollination and PertllIzatlon.-Th. 
(low" ... of buttercups and most other flowering plants are 
""-aI, IlOnt&iIWrg both .!.&meDi and carpel.. 11 
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follow I, thuefore. that pollination of the latter, a.nd 
its lequel, fe rt ilization, may be effected either <1) by 
pollen CroUl lb. same flower, or (2) by pollen £rom some 
other fio\'fer of the same species. That is to say, either 
seU-pol!i nfllil) ll or cross-pollination may take place, to 
be followed by selt-fertilization or cross-fertilization, &s 
the ca •• 11141 be. It. appears that bealt.bier and more 
vigoroua seeds are produced by crossing, and this ex
plaina why flowen lay themselves out to a.ttract £lying 
in.eet., for t.hese unconsciously carry pollen from one 
blossom to auolber, and often effect cross-pollination. 
The buttercup flowe r attracts a miscellaneous set of 
insects, and as it.s outer anthers are ripe at a.bout the 
8&JD.e time as the stigmas become receptive, insect 
visitors do not regularly and automatically effect crOBB
ing. us in some other cases. 

The green calyx of the buttercup flower ' has nothing 
to do with pollination, but serves as a protection to the 
more delicate internal flower-leaves, especially before 
the bud e;<pands. 

One or two other characters of the buttercup flower 
requ ire notice. In the nrst place, ita sepals and petals 
are regularly arranged with regard to a set of imaginary 
lines radiating from the centre, like the spokes of a 
wheel. The flower is therefore said to display radial 
Bymmetry, or to be regular. In the second place. it will 
be seen on examining a vertical section of the flower 
thnt sepals, petals. and stamens all grow out from the 
Tece-ptacle brlulD the pistil. In technical language, the 
lIower is hypogynous. In this caS6 the pistil is sa.id 
to be superior, and the ca]yx inferior. 

For comparison with the buttercup it will be instruc
tive at this stage. to consider a few other types of flower. 
Ta.ke, for example, any of the cross-bearing or 
cruciferous flowers', such as wallflower, cuckoo flower, 
ca.bba_ge blossom, charlock, hedge-garlic, etc. These 
&Te obviously regular, and sufficiently conspicuous to 
luggest that they are ada.pted to the visits of insects, 
which ii, in fact. the case. It is convenient to distinguish 
between th~ back and front of '& flower, nearest to and 
furtheat from the main &Xis respectively. The term. 
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posterior and anterior are a.pp}jed to Hnwf"Twlt'R.ves &\ 
the back or (root. a,s the case ma.y be, ~hile those at 
the sidf's arc lateral. 

Th e a rra..ngemf'nt of parts in thr. cTucHorm flower 
is as follows: (1) Calyx, of four dif'tlnct sepalf; in two 
alternating wborls of two ~ach. all outn or n.nt~rior and 
post.eJ'ior stopals. and an inner of 1(\lprnl 8t>pal ~. ('2) 
CoroUa, or four distinct petals, arrt1.ngt"d ohliquely like 
a. Maltese cros!, whence the name t cruciferous . (c ros8~ 
bearing) as applied to plant.s bearing f!hch flowers. 
(3) Six stamens in two whorls. itO outer mittie up of a 
short lateral stamen on ea.ch side. a.nd an innf"T of two 
pa.irs of long stft,mens, placed back and [ront r~!lpec· 
eively. (4) A pistil composed of (wo lnternl carpel' fused 
together. The douhle .tigm~ indicate. what has taken 
pla.ce. Stamens Md petals a.re hypogyootlS, pi~til 
superior, &ncf calyx inferior, &8 in bul.lercup (I!'t p. 16S). 

""When calyx , coroll ... , and stamens ha.ve been renloved 
Borne little !lwellings wilt be observf"d on the Tf'cepta.cle. 
These 4re the Dectarl... In!!ect visitors al ight on the 
platform atl'orded by the carallao, and probe {or necta.r, 
often effecting cro!.~ing 3!1 they go from flower to 
Bower. An interesting explanation can be given of the 
reaSOD lor long &Dd sbort stamens in t·he crucifers. The 
anthers of the former protrude from the fl o ... er. 00 that 
their poUe,n easily &dheres to inspcts llnd often effects 
crossing. The a.nthers of the short stamens. on the 
~ontT8,ry, only reach the level of the stigma. thus seCUT
IDg self-pollination in the event of cT0ssjng not bavjng 
taken place. 

Cruciferou8 fio'\lf'"ers, as compared with huttercup!, 
are an exa.mple of reduction in the Dumber of stamens, 
and even more 80 in the Dumber of carpels. while the 
latter &re fused together. an advance on the simpler 
state of things exempljfied by tbe buttercup. A pisti l 
J5 termed apocarpous when its carpels are not united, 
syncarpous when they are more or less fused together. 

Ae a third common type of flower, characterjstlc of 
leguminous plants, we may take tbat of the pea or 
bean, and sh .. n at once be struck by tbe {a.ct tb",t it 
II not - regular, but two-sided, or, to use the technieal 
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term, Irregular (fig.. 67 and 88). It i. & ca •• of two
aided or bilateral symmetry, as cont rast-ed with the 
rad ial symmeLry of but.te rcup and wa.l1 flower. This 
weans mOre marked adapt.a tion to the visits of insects, 
especially those, such a s uees, of higher kind, wiLh well
developed sight and tHlIeli , and elongat.ed mouth-paris) 
capa ble of lJfobing deeply [or concealed nectar. 

The parts of th e flower are a s follows : (1) A green 
cup-sbapeu calyx, made up o[ fi ve fu sed sepals, one of 
wbicb is anterior. (2) A large, sbo' ... ·y, bu tterfly-shaped 
(}Japi llOliacPrllls) corolla, composed of fi ve petals, to which 
fanciful na rnes are g iven. They are : (a) a la.rge upright 

FlO. 67. - Pu BLOSl'OM FIG. 68.-PART8 or .A. 

(w i th pa.piliooaceou. UPILIONACEOUI COltOLLJ.. 
corolla) • 

.... AlE. 0, Ca.rin tt.. 8, Standard. 

standard (vexillum) at the back. (b) a pair of wings (ala), 
which serve as an alighting platform for insect visitors, 
and (c) an anterior keel (corina), which shelters the 
e.sst:otia.l flower-leaves , and (:.onsists o{ two petals with 
di.tinct stalks but united limbs. (3) Ten stamens, con
sisting of two whorls of five each. A post erior st&men is 
quite distinct from the rest, but the stalks of the remain
ing nine are fused into a tube, surrounding (4) th. · 
pistil, which is tenned .implt., because it consists of a 
ring" carpel, that mature. into the familiar pod. Tho 
latter is of -consideraDle interest, hecause it mows that 
carpela aro reaJIy 'oldod l<a_. By holding .. young pea 
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pod up to the light we .ha.ll ••• tha.t tber. M. two 
thickened edges l the peas or seeds being next. oue of 
these. Carefully split open the pod alollg this edge 
(the 1itlltrul IlAturc) and spread it out, whell it will not 
be difficult to realize tha.t we have before us u. JlJodi£ed 
leaf, bearing seed along its edges. The thickened edge 
of the pod away (rom the SCtu IS <.:ll.!llriy J..he UlH.hib of 
this leaf. An even clearer demonstration of lbe real 
nature oC carpels is furnished by mariih marlgold 
(CuLtha), cOlulnb.ine (AfJuiltYW)J aI' larkspur (lh>lphini·u,m), 
a.ll relatives of the buttercup. 

The stigma and a.ntbers of pea or beao are so close 
together in the tip of tbe keel that self-pollinatioD 
would seem inevita.ble. As in a great u1any otber 
flowers, howe\'cr, this is for sODle time prevented by a 
simple device. The stigma and anthers do Dot ma.ture 
simultaneoue:ay. Such a. flower is termed dichogamous. 
and it is clear that either the anthers may first be 
ready (pTotaudro'w) or else the stigma (prOlOl}!l1JOlLJ). 
The former is true for pea, bea.n, and the la.rge majority 
of cases. 

Suppose, now, tha.t &. bee, &ttracted by the colour 
and fragrance of the blossom, allghts upon the wings 
and clings to the .ta.ndard. The pressure exerted will 
cause first the stigma aDd then the anthers to protrude 
from the tip of the keel. If the under side at lhe bee 
has. alrea.dy been dusted with pollen from a flower pre
viously vislted some of this will probabJy be transferred 
to the stigma, and then .. fresh supply of pollen will be 
brushed frOIn the IlJlthers, and very likely carrIed to 
another flower. 

In pea. a.nd bean the nectar is secreted at the bas. 
of the pistil within the staminal tube, a.nd this expla.los 
why the posterior stamen is free. The proboscis of the 
visitor CaD be thrust into the tube OD one or otber side 
of the free stamen. (In some Bowers~.!I. , gorse or furze 
-rela.ted to the pea. and bean-there is no nectar, and 
only pollen is offered to insect visitors. In such cases 
the posterior stamen is not free, and the fi.la.ments 
of all ten 8ta.men8 are fused together.) Upon the 
Itandard e&D be seen & Dumber of coloured .tIeu., 
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which converge below, a.nd, &8 it were, pomt out the 
way to the nect.ar. Slreaks, dots. and otber ma.rkings 
of tbis kind are known aB nectar-guides, and they may 
be seeD in H'ry many different ki.llds of flower. Pansy, 
{orgetrme-not, pelargonium, &Ild azalea are striking 
instances. 

Exa.mina.tion of a. vertica.l section through a pea or 
bean tiO\\ er shows that sepals. petals, and stamens do 
notr--as in butLercup or wallflower-grow out frum the 
recep cncie below the pistil. The recepta.cle, indeed, 
instead of being couical, is broa.dened out into a. very 
shallow cup. t.o the centre of which the pistil 18 

attacheu. while the sepals. etc., spring from the margin. 
The rlon er is nOL, therefore. hypOgYllOUIL (Ie~ p. 166), 
but periiynoul-i.t" the sepa.ls, etc., are grouped arou'lld 
the pistil , wLieb. however. is Dot fused witb the recep
tacle. Rose, blatkbt>rry, and cherry are IDI!.'re ma.rkedly 
ptrigyuous tha.n t.he pea or bea.n, for in them the 
recepta.cle is a. compara.tively deep cup. 

A numb.r of plao ts bea.r 'incomplete' flowlrs, in 
wbich the perianth either consists of a. single whorl (e.g., 
beet and mangel) or is entirely absent (e.g., hazel). Such 
flowers Are small. greenish, usually odourless, and gene· 
ralJ,1 dt'rpjd of nectar. As might be conjectured from these 
chara.ct.t!rl, th~.1 are not a.dapt.ed to insect visits, and in 
many of them pollen is transferred from flower to flower 
by tbe wind-i .•. , they are wind· loving (anemophilous). 
Self-pollination is 8,lso of frequent occurrence. 

Dicotyledons and Monocotyledons.-In all the flowers 
80 far described it will be noticed tha.t the whorls of 
fiower-Ie.&ves a.re mostly in twos, fours, or fives. This 
is one feature 01 the great group of Dicotyledons, 
which .. TO Illrther ch .. racterized by the ring-like arra.nge· 
ment of the vascula.r bundles in the young stem, net
veined foliage le&ves. and two cotyledons in the seed. 

Even & cunory examination of liliaceous plants (e.g'., 
lily, tulip, onion) .. nd ira .... will show that they do not ' 
conform to thi. type. In .. lily or tulip we .h .. U fmd 
th.ree pet .. l·li.ke (l'.taZoid) •• pals, three petal., .ix 
stameDI in- two whorl. of three each, and a pistil of 
three .""pel. fuaed toiot.bor. In gra .... tho peria.nti> 
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1. much reduced, but the stamen. are usually tbree m 
number. The foregoing belong to the group of Mono
cotyledons, in which many of the flo\\'er- le&'Y~8 ate in 
threes. the vascular bundles ill the young stem ATe ICa.t.-
tared , the foliage- leaves are pa.ta.IJ~J -\'elDeu, and the 
seed possesses but a l ingle cotsleuoo. 

Cross-Pollination and Cross-Ferlillzation.-Cros.-pol
linatioD and its sequel cross·fertilil.ulwn art' ~ecurerl by Ii 
la.rge number of different devices, \\ hl(~ h have ~radua.Hy 
come into existence by a process of 6'·oluLlon. The moat 
certa.in method is exemplified by plants in w"hicb the. 
ftower!l are unisexual, being either staminate (nl al,.) or 
pistillate (Iemale). Sometimes tbese male and female 
fl owers are found on tiiffercnt plnnt.R (dioocious), as in 
willow, or both may occur on the same J.llant (monCII
CiOU8 L ae 10 hazel. 

P ollen is· transferred from on~ fio'\\'er to another by 
va.rious agents, of which wind and inserts are j he moa\ 
important. In typical wind-polliDated noweTl~.g" 
many trees and grasses-the stAin en! POFl!'lt"S8 very 
slender filaments, to wh ich the anther. al"e but ligbtly 
attached, 80 tbat tbey are moved by the least breath 
of air. The pollen is dry a.nd easily 8cllttered. some
times being libera.ted by !Sudden spring-like movement. 
of the stamens. as in nettles. The stigllla,S a re com~ 
monly bra.ncbed and bairy. protruding well out or the 
Rower to ca.tch the wind-borne pollen-grain!'!. \V ind~ 
pollina.ted flowers are inconspicuouB, odourJeBB, &Dd 
devoid of ne.etar. 

Ins.c~-pollinat.d tlowen provide pollen or nectar, or 
both. for their yisitors, which are ltttr&eted by various 
colours and odours. while .tructural arran g~mentl of 
various kinds ensure, in grea.ter or IMS o,"gree t the 
transfer of pollen from on~ blo!lom to a.nother duriog 
the visits received. 

Examination of numerous types of insect.-pollin1Lted 
Bower enables us to ma.ke out a series of specializations 
of increasing complexity, by which ctossing is rendered 
more and more certain &8 the scile is ascended. 
Regular flowers ) with free Bower-leaves, yenow or wb ite 
in colour, and rea.dily &Ccel.ibl. nectar, m&y b. OOD-
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aidered .. a comparatively unapecialized. The huttercup 
ia a good example (&ee p. 162). Such Bowen attract a 
miscf'llaneou8 set of short-tongued insects, which do not 
efiecL crossing with any certainty, Even in such cases, ' 
however, the [act that a.t least Bome of the anthers 
ripen before the stigmas have become receptive (or. 
more rarely, the con verse) Eccures some amount of 
croasing. 

From simple cases like those just indicated we ca.n 
trace specialization a10ng several lines, the net result 
being that the larger and more intelligent long-tongued 
insects (especiaI1y hover-flies, butterflies, moths, and 
bees) are attracted with greater frequency, while the 
more stupid sho rt-tongued insect~ are ex.cluded. At 
the same time the arrangements for reception oC visitors 
render crossing more and more proba.ble. 

As already mentioned. yellow and white"a.re the most 
primlth'e colours, t.bough it must be added that the 
latter is also found in flowers ada.pted to attract moths, 
80S it is conspicuous at dusk. ned and reddish-brown 
(as in pink and wallflower) attract butterflies, while 
blue and purple (as in larkspur and monkshood) attract 
bees. Bright blue, 8.S in speed wells, is sometimes an 
a.daptation to the "l sits of hover-flies. 

Irregular flowers are more specia.lized than regular 
ones, as well seen in larkspur and monkshood1 which 
are relatives of the buttercup. Other good examplea 
are the butterfly-shaped blossoms of pea., bean, etc. (lee 
p. 168). and th. lipped or labiat. Bowers of foxglove, 
snapdragon, sage, and mint. • 

Fusion of partis, and deepJy concealed nectar, also 
mark specialization. The union of petals in the ]abiate 
flowers just named is a. case in point, such union giving 
rise to a. tube, a.t the bottom of whicb nectar is usuaJly 
found. 

Specialized flowers are so constructed that an insect 
visitor is bound to touch anthers and stigma., and as thil 
means economy of pollen some of the stamens can often 
be dispensed with. Among Monocotyledons, for ex
&mple, the full number of sta.mena is six, as in lily, but 
the more apecia1.iz:ed iril only possesses three, while 
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orchids, the most complicated of all flowers, uBua.lly 
hs,\"e but one. The massing together of numerous flowers 
of the sa.me kind greatly enha.nces conspicuousness a.nd 
largely increases the chance or insect visits. Bence, in 
a.ll probability. one important reaSOD [or the e,!olutioD 
of flower-groups, or inflorescences, in tb~ majority of 
species. Obvious examples a.re n.fforded by foxglove, 
wallflower, lilac, elder, and cow parsnip. Small flowers. 
individua.lly inconspicuous, when tbus a.ggregated, col
lectively ma.ke up a. maS8 o[ colour t.hat is easily seen 
from a distance. The most Dotable case is that of 
Composites, such as thistle. dandelion. and daisy. \Vnat 
at. first sight appears to be a single Bower in plant.a of 
the kind is reaHy an aggregate of numerOU8 minute 
flowers or floret,. 

St riking colGur~e ffects on a large scale are prod uced 
by associatiop of numerous plants of the same speciel. 
Gorse, heather, and buttercup a.re good illustrations. 

The ma.ssing t ogether of fl owers distingu ished by 
Bome marked odour ma.y also secure visits, even thougb 
there may be no particular colour-effect. The delicioua 
fra.grance ex.haJed by lime-trees, for example, attra.cts 
innumerable bees. 

Artificial Pollination.-PolleD caD, of cour8e, b. 
transferred by huma.n agency, should the necessary 
insects be scarce or a.bsent. Wben cucumbers, vegc
table marrows, or melons, all forms with unjsexuaJ 
fio"-ers, are grown in frames, the ga.rdener often ensures 
pollination by 'dusting ' the female flower. with the 
Inale ones. It al80 frequently ba.ppen. that certain 
fru it- trees, such &s pea.ches, a.pricots, a.nd necta.rines, 
carne into flower before bees are a.bundant. In such 
cases it is usual for a. small camel·hair brush to be 
used lor traDsferring polleD. 

This method i. commonly employed for the production 
of Dew varieties, which often excel those previously exist,... 
ing. By selecting two plants of the sa.me species) both 
possessing exclusive characters which it would be desit· 
able to combine in the same plant, and by cross-fertilizing 
them aDd raising fresh plants from the seed, cultivators 
have been able to establish maDY of the... Some of 
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tbtlS6 crosst! are of great commercial value, pa.rticularly 
in the ca.se of ce rea ls .l.lid potatoes. Many beautiful 
mod ificatjons of flori sts' plalJts have been in like m8JlDer 
originated. 

Self-Pollination and SeU-Fertilization. - Although 
cross-polliualiou a.nd cross-fertilLz.a.tion are promot.ed in a 
great ntricty of ways, and tue latter appears to be necetl
sary at int.erval s [or maint.aining the vigour of the species. 
they arc probll.l;l~· not of the paramount importance 
once supposed, for a large number of naturally pro
duced seeds capable of germinating into healthy plants 
result from self-fertilization fo llowlDS self-poll ination. 
This is especially true for uDBpeciali1.ed Bowers hke the 
buttercup, wbere the chances of cross- and sel£-polllna
tion are about equal. It also frequently happens that 
seH-pollination is provided {or should failure of lDsect 
visits or other cause have prevented crotsing. In rox
glove, for instance, the purple corolla. to which the 
stamens are attached, falls of! and drags the anthers 
over the stigma. And, as already ment ion ed, the short 
stamens of cruciferous flowe rs appear to be a special 
provision for selocting self-pollination (.5te p. 167). There 
are also many smaH flowers (t.g ., chickweed, groundsel, 
and wheat) where self-pollination is the rule rather 
than the exception. Dog-violet, wood sorrel, and some 
few other plants. even bear, at the end of the ordinary 
flowe r ing season. smaH special Bowers that never open 
(i.t . , are cleistogamous). The a.nthers of these pro
d uce a small number of pollen-grains , from which 
p<>Uen-tubes grow directly into the stigma. 

FRUITS AND SEEDS 

Botanically speaking, a seed is a ripened ovule, 
con taining a. dormant embryo or piantlet, while a fruit 
is a matured ovary, contain.mg one or more seeds .. 
But in ordinary language the terms £Ieed and fruit are 
much more loosely applied. Thus, a gra.in of wheat or 
rye is popularly called a seed, though it is really & fruit, 
beiDa" th~ ma.tured ovary of & wheat or rye Bower. 
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By acra.ping off a. thin coat, corre&pondiug l.a tb. wall 
of the ovary, the true seed is la.ld bare. 

Tb~ cultIvator eUl}jloys t.he te rm 'ttceu I to den ott 
• tba.t which is &0\\'0, ' rather than to indica.t.e the 
ripened ovule. It commollly lH1JJpeIls, howc\ er, that 
the seed, as BOWD\ is t.he true bOLa-nica! seeu, as is the 
case wit.h cabbages, turnips, raV~, musLard, cress, Lea.ns, 
peas, clover, and oniLoDs. In 811 the8e cases, L1le Tlpened 
ovule is sown. 

Hut in the case of f seed pota.Loes.' noiJody could 
regard the t ubers which a,re plant.ed as true seed. In 
the case of the followiug crups, wha.t. the cultiva tor 
sows IS reaDy the fruit and not the seed. UIIlutdliferou8 
pla.nt.s, such as carroL, Pll,T:'U1IJ, celery, }Jan,!cy, caraway. 
Composn.e plants, !juch as sllnilo\\ er, yarrow, JeLLUce, 
endIve, tiandehon, cLucory. OLIlcr planu~. such us whea.t, 
rye, buckwhe. t. SuwtOlll is SOW11 elLlier as • un.mdled,' 
Lhat i., Lh. wrinkJed pod cOD1..ainjng the seeo. or as, 
C milled,' th e pod L.avll1g Leen rewo\'eu lind Lbe Lrue Baed 
alone being ::Io\\'n. 

In yet other cases, the fruit, wit.h tlomeibing more 
is SOwn 48 ine < seed.' This is 80 in beelrool and mangel, 
a.s well a.s in batley and oats a.nd most of the true 
graues. 

Kinds of Fruit.- 1'rue fruits are cOlJvcniently uivjded 
into dry and succulellt, ea.ch of these groulJs being further 
subdivided. A few of the comruOner kinds may here be 
considered. 

A. DRY FnuITs.-These a.re either indehisoent or 
d,h;"ctnt. In the former case the wall of the fruit 
gradually decays .. fter sowing, in tbe latter it splitB 
open to liberate the seed. I. Indehiscent Dry Fruits. 
(I) The achene is developed from a single carpel, itB 
wall is of horny texture, and it conta.ins but one seed. 
The buttercup Bower produces a group of achenes. (2) 
The term caxyopsis is applied to the fruits of cereal. 
and grasses. It contains only one seed, like an acbene, 
but differs from this in being derived from .. syncarpouB 
Dvary-i.e., it consists of more tha.n one carpel. (3} The 
nut ill a ripened syncarpous ovary, its wa.ll is woody, 
and ther. i. UBUa.lly .. Bingle s •• d. Hazel i. .. ,ood 
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.,ulJIlple. II. Dehiscent Dr)' Fruits. (1) The follicle i. a 
8ingle ripened carpel, contains several seeds, and splits 
open along the side which bears these (i.t., ventral 
suture). A flower of marsh marigold, columbine, lark
spur, or monkshood, produces a. group of follicles. (2) 
The pod or legume, characteriotic of leguminous 
plants, chiefly differs from tbe follicle io tbe fact that 
it splits open along both sides. Pea, bean, broom, a.nd 
gorse, will serve as examples. (3) Crnciferous plants 
possess a. distinctive fruit, often known as a pod, which 
is termed a siliqua if long (frg. 69), and a silicula if 
short. It results from the ripening of a syncarpou8 

ovary composed of two carpels (.tee p. l6i), 
The.e have fu sed togeLher by their edges, 
but t.he conta.ined cavity is divided into 
two by the growth of a partition known 
&8 the replum.. "When the truit· opens the 
ca.rpels separate from below upwards, 
leaving the seeds a.ttached to the replum 
(fig. 69). The fruiLs of wallflower, cuckoo
flower. ca.bbage, turnip, mustard, and 
charlock are siliquas; tho!e of shepherd's 
purse and candyLuft siliculas. (4) The 
capsule is developed from a syncarpous 
ovary made up of two or more fused 
carpels. It opens in a variety of ways 

FIG. 69.-FRurr to liber&te the seed. Exa.mples a.re 
~.eLLd~~~iFEO: afforded by the fr~it! of poppy, chi.ck. 
008 PUJo.'"T. weed, foxglove, prunrosB, scarlet PlID

pernel. lily, and tulip. 
B. SUCCULE,"" FRll:ITB ioclude many of the fleshy 

forms to which the term 'fruit' is most commonly 
applied io ord.ioary language. There are two chief 
type.. (1) In the drupe or stone-fruit, Buch aB plum, 
cherry, or peach; the hard wall of the siegle 'stone ' 
is the innermost layer of the fruit, and the kernel is 
the seed. Black.berry and raspberry are aggregates of ' 
small drupes or dMlp<l •. (2) Tbe berry containB a number 
of sma.ll hard seed., the coats of which are thick.ened 
to form protective inv'6stments. Examples a.re grape, 
cu.rrant, and gooseberry. 
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Spuriou. Fruil •• -The for.going ,.,.. tr1u fruiLs-i.t., 
matured ovarjes, with their seeds-but a nlJlDber of 
:well·known fruita are terlDed • false' or . spurious,' 
because t.hey iuclude some otber part of the flower in 
additi on. The fleshy part of a st.rawberry, for example 
is the enla.rged and juicy floral receptacle. In thi8 
ca.se the smail brown bod~C's sca.t.tered O\'er the Burf&ce, 
aud oft.en supposed to bt ~ eeds) are lobe true Cruits 
(acheues). Apple, pear, aIlQ quince a.re also SpUCJOUS 

fruits, in which the • pips I are the seeds, t.he core the 
matured ovary, a.nd the flesh the developed floral recep
ta.cle. A good example of spurious (b'Y fruits is afforded 
by the so~c&lled ' seeds' of COlllposites, such as yarrow, 
dandelion, thistle, and sunflower. Such frwt,s super· 
fi.ciaJly resemble acbenes, and conta.in only one seed, 
but they are composed of two carpels, a.nd t.heir outer
most la.yer is 'teaHy the flora.l receptacle. 

Dispersal ot Seeds.-Some plants may be said to 
sca.tter their own seeds, a.s in broom, where tbe rIpe 
pod. suddenly burst open and ftiog them to a eli.tanee. 
In many ca.ses the l'ind serves a.s an agent of dis
p'9rsai, whicb is but too. well-knawn to cultiva.tors in the 
ca.se of thistle, dandelian, and groundsel. Here the 
Iruit is crowned by a circlet 01 leathery hairs (papplU), 
supposed to represent & specialization of the calyx. 
Many Iruits or seeds are studded with hooks or 
prickles, by which tbey cling to the fur or wool of quad· 
rupeds or the feathers of birds, and thus get tran.ported 
to a distance. The fruits of goosegrasB or cleavers 
(Galium apari.ne) Wustrate this possibility. Succulent 
fruits and spurious fruits, a.gain, are largely ea.ten by 
birds, and the seeds, being protected by firm invest
ments, o.ften escape digestion, and secure a chance of 
germinating at Borne distance from the pa..rent plant. 

Such a.rra.ngement. as tho.e described help to pre
vent plants Irom beiog smothered by the springiog up 
of their own offspring close to them, and a. small per
centage of seeds reach spots where they have some 
cha.nce of germinating and attaining maturity. 
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CllAPTER XII. 

CULT1V..lTED PLANTS 

Fon. purposes of convenience farmers ha.ve devised a. 
claSSIficatIon of crops whICh is well adapt.ed to the 
end 10 view. For example, . root crops I include turnips, 
swedes, mangels, and olhers. Grall crops, or stra.w 
crops, comprise such plallLs 118 whea.L and barley, bea.os 
and peas. 'lue only obJectIon to t.his arrangement is t.ha.t 
it may lead the beginner to make incorrect inferences. 
Thus, It is sOllletimes supposed that the manuring 
suited to one kind of root crop is equally suited to 
another- that \>;·bat is good for the turnip, for example, 
is altw gooJ for the mangel. But this is no t 60, nor 
does it necessarily follow t.hat it should be so. 

In the bot.anical classification of plants the attempt 
is made to arrange together those plants whose struc
turaJ charact.ers most nearly resemble each other. In 
this way natural groups are formed. the members 
of each of which are belie\'ed to have sprung, in the 
remote past, from 8. common ancestor. Heans and 
pea.s a.re easily seen to possess 8. strong family 
likeness, and so are wheat and barley. On the otber 
band, there is grea.t lack of resemblance between the 
bean plant a.nd the wheat plant. 

Plants which a.re allied to each other usually require 
the same kind of food. They are often liable to a.tta.ck 
from the sa.ma kinds of insects, and to fall a. prey to 
the same kinds of fungoid and other parasitic pests. 
Hence the use to the grower of learning the relation
ships of plants. _ 

The method followed here is, first, to describe the 
crop pl8.Ilts individua.lly in their botanical sequence, 
by discussing them in connection with the natural orderl 
to wruch they severally belong, and subsequently 
(chap~r xvi.) to deal with them from the cultivator'. 
point ot. view. Advs.otage i. taken of thi. arrange
ment to notice the commoner weed. in connection 
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with the cultivated plantl to whieh they are mOlt 
nearly allied. Other weed plant.a are referred to in 
cbapter xiii. 

CRUCIFEll.JE.-The plants of this orde r are usually 
herbs (a .sltrtlb in the case of the wallflower). with leaves a r· 
ranged alt.ernately, The flower auu frUllliave alrea.dy been 
descTlbed (pp. ] 6i and] 76). The crucIfers pOgSe8~ a pun· 
gent Ba\,our, IIItirnula.ting a.nd sometimes a.crid, but Jlever 
poisonous; &nd are antiscorbutic. Nota.ble quantities of 

sulphur and Dltrogen are 
prc!!.cnt. a.nd these, in union 
wit.h other elellients, form 8, 

volatile acrid oil (such a. 
oil of mU8ta.rd). The unbear
a.ble odour which arises from 
.. decaying hoap of cabbage 
stumps is due in a great 
part t.o the ro rmat.ion of 
sulphurettod hydrogen and 
ammonia. By cultivat.ion, 

It 
iB the magnified fruit (.. Fro. 7).-8a:10 OF PKXN'Y 
. ilicuJa). CRESS, Thlaspi arVt'nl', L.l 

the strong fla.vours of crucileroulS plants ha.ve been 
toned down, a.nd thereby rendered a.greeable ADd 
acceptable to the palate. 

Familiar crucifers are the wa.llflower, stock, clLndy~ 
tun, sweet rocket, honesty , and Aubri etia oC gardens j 
also the woad. Amongst the weeds are shepherd'. 
purse (fig. 70), an annual growing everywhere; t he 
cu~oo-flower, & lilac~flowered perenniuL common in 
!ll0lst pastures and meadows; hedge-mustard. or J a.ck· 
tn-the-bedge. a wh;te-flowered plant w;th heart.-sjlal>ed 

'lu \.bis and .-nbsequent similar ilJu8tratione of teed" the 
'fflOll "gure indica.te. tb. NUuraJ .iu. 
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leave., frequent in hedgerows in spring, and emitting, 
when bruised, 8. powerful onion-like odour; cbarlock, a 
yellow-flowered annual, closely allied to mustard, and 
one of the worst weeds of arable land j the wild radish, 
an annual weed of cornfields; and the penny cress 
or Mithridate mustard (fig. 71). 

The cultivated food-plants of the Cruciferte are 
numerous and importa.nt. They include the turnip, cab
bage, and thei r allies, all belonging to the genus 
BrassieR j mustard ; cress; radish; horse-radish; water
cress j and sea-kale. 

Turnips, in their many varieties, are distinguished 
by the extent to which the root is developed into a 
handsome globe-like structure, often, but incorrectly, 
called a ' bulb' (se. p. 152). The leaves are rough and 
transpire very freely. Turnips are extensively grown 
as food (or sheep and cattle , the roots 81<!d leaves alike 
being eaten by stock. Turn ips are likewise an important 
garden crop. whilst turnip-tops, as the leaves are 
termed, are boiled for table use. 

The Swedish Turnip, or Swede, is the most valued 
of the turnip family, being bolh more hardy and 
more nutrit.ious than the common kinds of turnips. 
Swedes are distinguished from olher turnips by 
the leaves being smoother and of a bluish colour. 
Transpira.tion is much less than in ordinary turnips. 
But the most obvious distinction is that the swede 
usually has at the crown of the root a I neck' 
(fig. 72), from which the leaves spring, and which 
is absent from the other kinds of turnips. Swedes 
&Iso keep much better over the winter, and resist 
frost to a. greater extent. The two chief groups 
of swedes in. the market are the Green-top and the 
Purple-top, the varieties of the latter being most gene
ra.lly grown. P'urple-top swedes may again be generally 
divided into Tankard, Intermediate, and Globe-shaped 
varieties. The Tankard-shaped roots) as a rule, gro'W 
well out of the ground, and their keeping qualities a.re 
8uppq8ed to be only moderate. They generally have 
na.mes .g.ssigned to them which denote great size, such 
... Elephant, Giant, eto. The Intermediate lorts are 
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betw.en the Tankard a.nd Glob. vaneti.. in .hape, 
and grow to & certain extent out of the ground j their 
keeping qualities are looked on as better than tbose of 
tb. Tankard. The Globe-shaped varieties are charac
terized by small necks, and generally grow well buried 
in the ground. Swedes ta.ke a leading position a.mongst 
rota.tion crops) but are never grown merely a.s a catch· 
crop. They usually follow the wheat crop, and take 
the place of the fallow or cleaning crop of tbe rotation, 

FIo. 72.-SWEDZ.. FlO. 73.-TURNTl', 

No~ice the' neck' or ; collu ' of ~he Swede. 

most of the cleaning operations being carried out during 
tho tim. the land i. being prepared for Bowing the 
swede seed. . 

Turnips include a.ll va.rieties of these crucifeTous root 
crops) excepting swedes. They do not possess eitber 
the ha.rdiness or the feeding value of swedes. They 
are often grown a8 catcb-crops, or may be taken in 
tbe rota.tion instead of swedes when it bas become 1<>0 
1&1.& in the leason to sow the latter. The existence 01 
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numeroul varieties of turnip. renden it easy to mak. 
& selection suited to the time of lowing. For early 
feeding it is usual to grow one or more of the soft 
white-fleshed early vaneLle! of poor keeping quality 
with purple, 'grey, white or green skin, such as the 
Purple-wp Mammoth, Pomeralliao White Globe, and 
Lincolnshire Red Globe. Sowo of the Hybrids are al.o 
suitable for early use if sown at the begInning of June, 
particularly the Centenary, All t.he Year Round, and 
the Yellow Tankard. For late autumn and winter fced
ing, tbe hardier kinds of 'White Turnip, sucb as the 
Imperial Green Globe and Hardy Green H.ound, are 
grown, together with the Hybrid varietIes, of which 
the Purple-top and Green-top Aberdeen. are perhap. 
the best known. For sowing after corn crops, such as 
ea.rly pea.s, or others which ha.ve been harvestpd early 
in August, the St.rat.ton Green Round~ the Greystont", 
and the Early Six W ooks are well adapted. Turnip, 
are an exceedingly useful crop on light chalk soi l~, 
where they probably form the bulk of the root crop. 

The Hybrid, or yellow.flesbed varieties, are sup 
posed to be crosses between the turnip and swede. The 
leaves are like those of the turnip, but the flesh in 
colour, firmness and keeping qua.jjties m?re resembles 
that of the swede in ch&racter. 

Rape, Cole, or Coleseed, is a. plant very closely allied 
to turnips and swedes. In fact, ii neglected, these 
latter are liable to lose their large shapely roots, and 
to revert, the iwede to the form of the smooth·lea.ved 
Bummer rape, and the turnip to that of the rough· 
leaved Rummer rape. In the case of the cultivated rape, 
it is the fol iage &ad not tho root which has been the 
object of improvement. Two kinds of rape are com· 
manly grown, . the Dwarf, or summer variety, and the 
Giant. or winter variety. The Dwarf is largely used on 
chalk soils, where it is often grown after a catch·crop. 
The Gillnt i. hetter 8wtod to stronger land, and ' it 
yields immense crops on rich fen soils, where it is taken 
as a main crop in the rotation. To a. great extent the 
Dwarf - rape take. tho .&IDO place a. turnips, and the 
Gia.nt rape 8.11 swede.. Rape is valu&ble in affordinll 
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~roon food (or forward lambs in Fobruary ADd MlI.tCb, 
,-hen t.here is usua.lly & scarcity of 80ft lucculent 
'odder. 

Tbe Cabbage ha.s been modilied in 80 lUany way. by 
::ultlv3.tors tha.t nunlerOU8 varieties have resulted . But 
these are all reducible to ibe fol1u~,'ing lour groups;-

(1) The Close or Drumbeaded \-arieties, which form 
a. compact bead by the uense overlapping of t.he leaves
a.s iu the Common Cabba.ge, a.nd aU other hard -hearted 
varieties. 

(2) Those of .tra.ggling open hahit, due to a long 

FlO. 74.-1'nOUSAND-B EADED 
Ku .• . 

upright. braochiJlg st.em, 
de v e i 0 P :i n g numerous 
leaves or sprouLs, bUL Dot 
forming a j heart '-8.8 in 
cbo Thousand-headod Kale 
(fig. 74). 

FIG. 75.-KoHL )t1Bl. 
Led·sta.lks cut off abort. 

(3) Those in which the .tem divides and forme, in 
the middle of the pla.nt, a dense bead of imperfect 
flowers-as in the Oauliflower a.nd Broccoli. 

(4) Thoa. in which the stem i. abnormally developed 
a.t the base, so &8 to look like the f root I a.bove ground . 
& 8 the Kohl ra.bi (fig. 75), which used to he called the 
TuruiJ>-rooted O"bb&l!o. 
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In cuLtivAtion, all kinde of cabba.geB are better if 
tra.ospla.nted 8.! seedlings, their hard tougb roots not 
being readily withered. In this respect they differ from 
swedes and turnips, the 80ft succulent roots of which 
would be liable to wither were transplanting a.ttempted. 
Hence, where cabbages are growD, whether in farm or 
garden, it is desirable to have a seed~bed from which 
the trallsplanting may be eITected as is foun d 
convenjent. 

Common or Close-headed Cabbages can b. divided 
into two classes according to the shape of the head
viz.) 0.) Ox-heart.!, with ollal or heart-shaped beads; 
and (ii.) Dl·u,mbeadll, which are of a flatlened spheroidal 
sbape. The Ox-hearts occupy less space, and can be 
planted cJoser together than the Drumheads. There 
are at least five \\ eU-recognized types of the common 
cabbage-the Ln[lerial, the Enfield Ma\·ket, the DrllID
bead, the Tom Thumb, and tbe ned Or Piclcling 
Cabbage. 

Tbose of tbe Imperial type are tbe earliest of tbe 
Jjeld cabbages, and sbould be planted out, 18 in. by 
24 in. apart, in autumn or early spring, so as to be fit 
for feeding in J uue and July. Tbose of tbe Enfield 
Market type, planted out at the same tJme, 2 ft. by 2 ft. 
apal"t, will be ready for feeding when the Imperials 
are finished. The Drumbead, or cattle cabbage, is a 
very heavy-cropping variety, and is usually ready for 
feeding be-tween September and Christmas; it is tra.ns
planted between Februa.ry and July, each plant being 
a!lolved 3 It. by 3 It. For late spring and surumer u •• 
the plants are set out in October and November from 
BOWingS made in July and August. The Tom Thnmb8 
are garden cabbages, grown to produce the smaJ.l heads 
known as Collards. They often follow on the land a 
crop of peas or onions, harvested very early in the 
Bumrger, and are planted out from 12 in. by 12 in. to 
15 in. by 15 in. apart. Of ned Cabbage there are two 
kinds, the Ox-heart Pickler and the Drumhead Pickler, 
the former being the darker and the better kind for 
pickli11g. They are planted out 18 in. by 24 in. a.pa.rt. 
and, belide. their U6e for pickling, they ..... eqU&! to 
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any otber !rind of cabbage &8 sbeep-food_ The Savoy 
i. " very hardy cabbage, wbich will stand tbe colde.t 
winters. 

The Thousa.nd-headed Cabbage or Thousand-headed 
Kale (fig. 74) is the va.riety of sprouting cabbage mostly 
grown on the farm. Like the common ca.bbage. it Dlay 
be t ransplanted, from May to July being t.he be.t tim., 
though generally it is found more cODvenient. to drill 
it 00 the land where the crop is to mature. 1t. is a heavy 
trapper, but the mistake is sometimes ma.de of feeding 
it of[ too early, before the plants have ba.d time to 
throw out their abundant lateral branches. The ga.rden 
varieties include Cottager's Kale, Curly Kale, a.nd 
Brussels Sprouts. 

The Caulit!ower and Broccoli are market-garden and 
k.itcbeD~garden iTOps, and a.re not cultivated on the 
farm for stock-feeding. They are transpla.nted, and 
treated generally in the same W"!\, as other kinds of 
cabbage. The whitish coral-like structure in tbe middle 
of these pla.nts consists of the over-developed infior
escenc8, ma.de up of an immense number of imperfect 
fiowerL 

Kohl ubi (tbe natne is German and signifies ",booge
turnip) develops above ground a large globular stem 
(fig. 75) UpOD which scars are left by tbe bases of 
fa.llen lea.ves. The green variety is a.lmost exclusively 
grown, tbe bronze kind being but seldom cultivated. 
The big-topped Borts are more hardy than tbe short
topped forms. The la.tter come quickly to maturity, but 
a.re una.ble to f&ee the severity of winter, and are only 
available for .. utumn feeding. The seed-beds are sown 
t.n March or April, and transplanting is effected .. s soon 
&8 convenient. Or, the seed ma.y be drilled, a.nd the 
yaung plants baed like turnips_ Kohl r .. bi is especially 
useful for .oil. in " dry climate where there is a diffi 
culty in getting .. good gtowth of .wedes. or for filling in 
gaps in the m&Dgel crop, &Dd, even for this purpose 
alone, it i. warth while h .. ving .. sm .. ll .eed-bed .in 
ro",?~e .. upon .. r .. bl. farm. . The tops of the ha.rdy 
V&neti •• of kohl r .. bi make delioiou. table vegotabl .. in 
1&Qu&'7. 
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There 18 a marked similarity amongst the eeeds of a.lJ 
plants of the turnip and cabbage kind (genus Bras.ica). 
They possess a. purplish-black colour, a.nd a general 
resemblance to small shot. One reaSOD for this simi· 
larity, notwithstanding the many exte rnal differences 
between the plants themselves. is tha.t tbe efTortEi 01 
the cultivator have not been direct,ed to effecting modi· 

. fi catioD! in the seed. His endeav our, by selection and 
otherwise, bas been to modify the root (turnips and 
swedes). the stem (kohl rabi and cauliflower). or the 
leaf (cabbages and kale). Bad the improvement of the 
seeds of these cruciferouB plante been th e object in view, 
it is possible tha.t as ma.ny easily recognizable forms 
of seed could have been established as there are of 
beans, or pea.s , or of wheat grains. In ea.ch ca.se, it 
is the part that i. to be specially used a. food that h ... 
been modified. •. 

The plants of the geDU!! Brassica. a.re a.ll yellow
flowered Md biennial Sometimes. in cultiva.tioD, the 
pla.nts become precocious, and exhibit 8. tendency to 
shoot up their fiower-l!ltalks in the .first seaSOD. This 
.hould be checked hy nipping off the tlower-.hoot. 
thereby compelling the plant to restrict ito energies to 
the production of root, or stem, or lea.f, a.s the case 
may be. 

Mustard is 8. quick-growing, yellow-~owered annual, 
cultivated for ploughing in green on light ~oils All Ito 

prepa.ration for wbeat. Where sheep a.re kept, it is 
preferable to let them consume th. crop on the land. 
and then to plough. In Cambridgeshire "nd the adjoin
mg counties the crop i~ grown for its seed, from which 
the mU8ta.~d used as a. condiment is obt&ined. Thickly 
sown and allowed to germin .. te. the green cotyledons 
make the ",lad mustard. usually e.ten with the .imi
larly grown cress, Mother agreea.bly Bavoured crucifer. 
The troublesome weed charlock. with the blo"oll) 01 
which cornfields often become yellow in early summer, 
iB BornetimeB call.d wild mUltard ; it il the pllofit mOlt 
cloBe!y rei "ted to mustard. 

Til. radish mu.t be reguded ... & B"lad pl&nt. The 
root. Me either ' .... f ..... ( •.•.• Ipindl ... lb .. ped) or "",pif-
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like a turnip). In the l .. tter ca •• it i. call.d tbe turOlp
"adisb, and its colour is usually white or red. The ra.disb 
IS ex.clusively a. garden pla.nt. 

The horse-radish, which is quite distinct from the 
radish, is a. garden plant, gr own for the sa.ke of jis 
pungent rootstock, the white fl esh of which IS scraped 
down to [orUl an agreeable condiment with ronst beef. 
Sometimes the roots of Lhe poi sonous monkshood have 
been employed by ruistake inst.ead, with falal results. 

Watercress is a white·flowered salad herb growing 
nat.urally in brooks and streams, whence it is collected 
in the spring a.nd summer months lor sa-Je in towns. 
Jt is also cultivated in specially prepared sha]Jow 
st reams, where a. sufficient supply of running wa.Ler is 
availa.hle 

CARYOPRYLLACElE.-Tbe plant. of this order are 
herbs with appoti te undivided leaves. In the flower, 
(he fou r or five sepals are either joined or free, 
a.nd the {our or five petals are free. There are 
usually eight or ten sia.roen.s, and the frui t ta,ke ll the 
form of a. capsule, 
inside which the albu-
mi..nous sceds are 
clustered a. r 0 u n d 
a.nd upon a cent r al 
peg. 

Thi. i. chiefly .. n 
order or weeds, the 
only cultiyat.ed food 
plant it include. 
being the spurrey. 

Several beautiful 

••••• 
FlO. 76. -SEED FlO. 77.-SE~D 0 ' 

O F' CFtJCKWlED, N.RB.QW· I,EAVED 
Stellaria media. M OUS.-EAB.CIIlCK-
L. WE.D, r f' r"O.lJtium 

~riviale, Link. 

ga.rden flowers, as the pinks, carnations, and sweet
william.. belong to it. Amongst tbe weed. are 
the white or red campion. and catch-flies of field. 
and h~dgeB, ragged Robin, the stitcb wort., and 
the snndworts. The chickweed (ng. 76) is a common 
an~ual surface weed of ga.rdens a.nd arable fields; it ill 
& hght green plant of loose stra.ggling ba.bit, and ha.s 
a.n &.lternating line of delicate ha.irs a.long the stem. 
Th. narrow-l.&vod mouo .... u chickweed (fig . 77) i. 



188 CULTIV ~TItD PLANTS 

common in pastureB. The corn-cocklo (fig. 78) is tbe most 
troublesome c&ryopbyllaceous weed, as it grows in corn
field s to ahout the height of the corn. with which it 
gets harvested. Its blackish wrinkled seeds, known 808 
j cockle,' are easily Been in & sa.mple of corn, which 
should not be SOWD till cleaned of them. Corn-cockle 
(fig. 78) i. a.n annual, with paJe purple flower., a.nd i. 

FlO. 78.-CORN-OOCKLlI, GitAa.go 
• egetum., Deer. 

00 t.he left, the enlarged pistil , 
1'."itb five . tyle!! . 

FrG. 79.-SPOlLXICY, 
Spugulo ar"vuuu, L . 

On the right, the e.nJargOO 
Ie&! and calyx. 

recognized by it. wooUy caJyx-teeth (sepaJs) being 
longer than, and stretching beyond, the petals. Tbe 
seeds of bla.dder campioD, a white-flowered plant known 
by its inflated calyx, are found in samples of clover 
and gra •• seeds. 

Sllurrey, or corn-spurrey (fig. 79), i. a whit&-flowered 
a.nnuaJ plant of creeping babit, witb narrow fle.hy leave. 
arranged in circlet.. It grow. a. & weed in cornfield., 
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ISoDd is found na.turally upon poor B&Ddy loils. It i8 for 
such soils. upon which little else will grow, tha.t the 
cultivation of spurrey. either for sheep food or silage. 
bas been recommended. The seed is sown about April. 
and the crop is cut or fed when in flower . The seed 
usually found in the south of England bas a papillose or 
dolted 8urfa.ce; fig. 80 shows the rarer form o( Beed in 
the northern counties. 

FlO. 8O.-S •• D~J' SPUB.UY, 
Sptrgula arvtn,u, L. 

FrG. St.-FLAX, Linum 
u.1itatiuimum, L. 

On tbe right below, crOM 
eection of ovary, ISba"" 
ing 8ee&. 

LINACE.IE is & small 
order, interesting a8 in· 
eluding the fiax plant (fig. 
S1). This is a. slendel" annual 
berb, growing from one to 
two feet high, possessing 
narrow alterna.te leaves and 
deep blue flowers, the 
petals which expand in the 
morning falling off in the 
evenirig. A field 01 flax in 
bloom is a beautiful sigbt. 
The fla.ttened albuminous 
seeds (linseed) are closely packed together in " 
spherica.! capsule. The tough stem of tbe pl .. nt con
tam! the valu&ble fla.x fibre from which linen 18 ma.de, 
whilst the crushed seed yields linseed oil, and the 
residue is compressed into oil-cake (linseed cake), used 
for feeding ca.ttle. The hoiled seed added to a mixture 
of cbopped roots and cbaJI, i ... Iso often employed for 
leeding cattle in winter. Fl .. " is but little grown m 
England ; it i . much more la.rgely cultivated in mater. 
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In ]913 there were only 648 acres of flax in the whole 
of Great Britain. If this pln.nt is DOt. known to the 
student. a few of the seeds should be sOWD in the garden 
in April. It is better to soak the linseed ill water for 
twellly-four bours hefore sowing, and to wash away the 
mucilage which oozes out. The purging flax (LtlHLfn 
cuth(1rt~cul1l, L.) a slender annual whJtc-flowered planL, 
with a much-branched stem, is a weed of poor land. 

LEGUMINOSlE.-The plants of this order are either 
herbs (clover, vetches, etc.), shrubs (furze, broom, etc.), 
or trees (the introduced laburnum, acacia., etc.), The 
leaves are usually compound--i.e., broken up into distinct 
lea.flets. The flowers are very characteristic, and, 
whether large,' as in the pea (fig. 6i), or small, as in 
" c1o\'er head, they are all hui lt up on the type which 
ha. already been fuUy described (p. 168) in the caoe of 
the bean. The papilionaceous fl owers, abd the pod (or 
legunlt) which forms the fruit, sufficiently distinguish 
the British members of the order. The food product. 
of this order are speciaJIy rich in nitrogenous ingre
dients. Those Leguminosre which yield [ood.grains 
(pea" belUls. lentils) are called pulses. This name i. 
sometimes extended to all plants of the order used 
for rood , so tha.t pulse crops are leguminous crops. 

Peas are cultivated both as farm and as garden 
crops. In the former ca.se they are allowed to r ipen, 
when the seeds are threshed out, and the dry straw 
or 'baulm! is used as fodder. In the latter case the 
unripe seeds (green peas) are gathered for a. table vege
table. K ear large towns. peas are stripped OD the farm , 
and the greeD baulm is eithe r employed as fodder, or 
made into silage. Peas have weak straggling steml 
furnished with tendri ls, by tbe twining ha.bits of which 
tbe plants are pulled up into tbe light and air, and in 
garden cultivation sticks are planted along the row to 
afford them support. In field cultivation, however, stickl 
are not used, and the plants spread amongst each other 
in the sa.me w a.y as vetches. They are a. somewhat 
uncertain crop. 

Most varieties of garden pea ha.ve a white blossom; 
while field peas have bluish-purple flowers. Common 
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6eld 'f'll.netielJ 4rt! the Maple. the EttrJr Maple, the Pa.rtr 
ridge. the Early Dun, and the Common Grey. Prueela.n 
Blues a.nd many varieties of white Pf"t'ls. origina.lly intro· 
duced as garden pea.s. have found thelT way into field 
culture. Amongst the soft or wrinkled peas 'trown "8 
vegetables are the British QUf"en, Fortyfold, Ne PIUB 
eUra. Telegraph. and Yorkshire J] ero. 

Peas are a. crop suited to light land., nnd, when 
grown in a. rotation, they follow ba.rley. and thus giTe 
t.he land a reet from clover. 

Beana &Te grown &s a field crop. yielding the { .. mili a.r 
Horse Bean j a.lso, 8.8 a garden crop. the Broad Bta.n 
or Windsor Bea.n. Horse hea.ns include the huge tick! 
or negro beans, the small ticks. and the common Ta.riet,.. 
Beans a re Wore ha.rdy tha.n peas, and have 8. etitf upright 
mod~ of grow~h. Tbey are also 8. more cert&in crop 
than peas, but require 8. stronger, deeper eoiL The more 
hardy kinds, sown in th e: autumn, &re called winter 
beans j the more delicat.e varieties, SOwn in February, 
are ca.lled spring bea.ns. Field bea.ns are d rilled or 
dibbled in rows, 18 t o 24 inches apart. Under favourable 
conditions they produce pods almost down to the 
ground, as & result of the free a.dmi!!sion of light and 
air. By the t ime the crop is rea.dy to be ha.rvested for 
its seed, the haulms are well-nigh bla.ck. 80 th&t beans 
are a black straw crop. Bea.n straw is used (or feeding, 
and is often mixed with pea.-ha.ulm for the purpose. 

Broad bea.ns a.re grown in the g&rden for the 8ake 
of their unripe seeds, which, like green pea.s, ara boiled 
for table u ••. 

Tbe Sc .. rlet Runner Bean (Kidney bean) i8 .. garden 
pl~ t, with .& long twining stem and bold scarlet flowers. 
[t IS a na.tIve of Mexico, and is cultiva.ted in English 
ga.r.dens a8 a.n annual for the sake of Its unripe pods, 
w mch are sliced and cooked for t.able 1.0.. The part 
th?-t. is eaten is, of course, the imma.ture ovary COD

tain.ing the unripe seeds. 
The dwarf F rench beans are varieties of the 1cichiey 

bean. The Haricot bea.n, largely used as food in France 
and Italy, and to aome extent in En,land, ia &nothor 
variety. 
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Olovers are members of tbe genu. Trifolium. Their 
leaves aTe ma.de up of three le&fieta (whence the name 
trifolium). Notice, in a clover field , how the leaves of 
the pla.nts close up at sunset, thereby offering the 
smallest surface possible to the cooling effects of radia.
tiOD during night ; this is a.n example of wha t Darwin 
called the .sleep of p1.anta. The numerous small papiliona.
coou8 flowers are aggregated in dense he:uls. Clovers 
are not cultivated as food for man, but &fe amongst 
the most common of the Carm crops grown either for 
green forage or for hay. 

The clovers usuaUy found in cultivation &ra named 
in the following table:-

I CohHlr of Flower-
I bead . 1 

\--------------\-----------

Botanical Na me. Common N arne. 

'I'rifol.i nm repen l5 .•. .. , Wbite or Dutch ci o\'e r White. 
T rifolium pnHense ... . .. Brolild d over .. . Red or purple. 
Triiolium prateose perenue Cow-grass ." Do. 
T rifolium b"bridulll .. • A lsike ' " ... Pink lind " hite 
T rifoliu m incarnatum .. . 'Trifolium ' .. . . •• Crimson. 
Trifolium mi nus .•. • . . Yellow suckHng c.loTer Yellow. 

White clover, Dutch clover, or honeysuckle clover, 
Trifmiu,m 1"eptnl (fig. 82), receives its specific name of 
rtptnl in a.llusion to its creeping habit, numerous 
prostra.te stems or stolons being given out at the crown, 
and helping to spre .. d the plant in .. 11 directions. The 
fruit is a fiat pod, containing three or four aeeds 
(fig. 83) of .. sulphur or orange colour. It is .. well
established perennia.l pla.nt found in old feeding pastures 
of prime qua.lity, in wbich it helps to form a rich turf 
of close bottom-herbage. U SOWD by itself it i. usually 
folded with .heep, e.. it. habit doe. not permit of it. 
being profitably cut witb tbe scythe. But sbeep sbould, 
[or the lint few days, only be allowed on the crop when 
their a.ppetite is pa.rtly sa.tis.fied, otherwise tbey eat 
80 mucb that they become h"""n or blown, tbrougb the 
aecumule.tion of gaB in the .tomaeb. A luxuriou. growth 
of .. bite clover often followa a dr ... ing of lime or 
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phosphates on poor grasR land , eapeciuJly on Boil. natu
ra.Lly deficient in these ingredients. This, no doubt., ie 
due to the weak clover plants, a.lready existing in t.be 
past ure, being stimulated directly or indir~ct..ly by the 
drel!lsing applied. 

Red or bIoad clover, TTifoliu,m prat e.lue (fi g. 84). i. 
also known &s purple or mea.dow clover. It ha.a a 

fin. be .. d 01 purple 
flowers, is & very 
robust plant wi th & 

slight.ly downy lur
face , and its lea.flets 
bear a. whitish horae
Bboe-shaped or t.rian
gular mark. 

The fr uit is a one
seeded pod, ao dif
ferent from the ordi
nary pod. of the 
Leguminoll8 tha.t it 
mUlt be .pecially 

FlO. B2..-WBIT. CLove, FIG. BS.-S •• D «:rr 
Trifol'ium rtpt.N, L. WHIT. CLOV'EJ" 

examined. It does not open l.ngthwi.le, but is d ivided 
into an upper and &. lower haH. Th. upper is 
&. smooth shining cap, and the lower is &. small thin
walled box. by the tearing of which the .eed is .et free. 
Some of these curious pods a.re often present in samples 
of red clover seed though 6S they are easily sep3rated, 
they ought not to 'be. Th~ seed (fig. 85). viewed in bulk, 
is brigbt and shining. o.nd h ... a purplish ting.. A good 
seed is of a da.rk purple colour lot one end, gra.du.a.lly 
shading down to a light yellow. .. 
. Red c10ver is commonly grown &s a bay crop. but It 
IS also folded w;th Bheep. On good Boils it will stand 
two or more years. This js the clover which jg special1y 

Jl 
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susceptible to ! sickness,' & disea.se associated with the 
presence of minute eel-worms in the stem of the plant. 
As I clover sick J land usually requites some years in 
order to sufficiently recover to carry clover aga.in, it 
is not. advisable to grow itr-certainly on light open Boils 
-more than once every ten or twelve years. A healthy 
crop of red clover genera.lly affords & most abundant 
yield. [Clover-sickness is sometimes due to a fungus.) 

Cow grass (T1'ifoli'U'I1l praten,e peren'Re) is not a. true 
grass, hut is a. variety of the red clo~er, which, though 

slower in arriving a£ 
maturity, is pos
set3sed of a more 
lal!lting character, 
and is u8u&11y les8 
liable to clover 
8ick:n~88, It is, there
fore, well adapted 
fOJ: use in 8. mixture 
of seed. intended 
to remain down for 
BOtne time. Being 

FlO. 84.-RED CLOV'EB, 
Trifolium praten~e, L. 

,.: 
FlO. 85.-S •• D or 

KIID CLOVER. 

later tban the red clover, it usefully supplement. the 
la.tter, as it comes in season after the red clover has 
been cut once, a.nd before it . is rea.dy to fold or to 
cut aga.in. But, as it is cut la.te, cow grass yields 
only a modera.te a.ftermath. Cow gra.ss is thus an .ex· 
ample of & t single-cut 1 clover, whe!'eas the other variety 
i ... 'double-cut ' clover. It is not possible to distinguish 
the .eed of common red clover from that of cow ,... .... 
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~Ikl clover (Trifolium hybridum) i ... smooth pe.eo
ni"l plant with hollow stems. It. whitish ADd pinlti8b 
flowers are a.rranged in loose bea.ds on long stalks, the 
plant thus presenting an appea.rance intermedia.te 
between that of white clover and that of broad clover. 
The pod is short and contains from one to three small 
dark green seed. (fig. 86). 

AJslke grows freely on mo.t 11;,'1'(' " ' , soils , and will thrive on wet .. 
land unsuited to the older 
va.rietieB; it i. pa.rticularly 
free from clover 
sickness, 80 that when 
occa.sion arises it forms a 
v6ry useful substitute for 
broa.d clover. 

Crimson c)QJlar - sca.rlet, 
ca.rnation, or Ita.lian clover 
-Trifotium 1m.carnaium (fig. 
87), is the pJant which 

.f 

FlO. 86.-9.:&D O. 
M8ttE. 

FlO. 87.-' TRIFOLIUM,' 
T rifolium inwrn.atu"" L. 

With enlarged 8oret . 

I .. nner. call 'trllolium.' It is ch .. ractenzed by it. elon
g .. ted velvety he .. d of dark crimson flower.. There ar. 
three form. generally grown in this country-the Early 
Red Trifolium, the Late Red, and the Extr .. Late Red
in addition to which there is a. white-flowered variety, 
T. album. It is essentially a single·cut clover, and i, 
commonly grown as a. catch-crop, the seed being merely 
~8.rrowed in upon a. cereal stubble directly the corn crop 
IS oll the ground. The trifolium iB fit for feeding in 
May and June, and after it has been folded by 
'heep it may be broken up to be followed by root 
cropt, 

82 
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Yellow suckling clover~ or lesser yellow trefoil , 
TrifOlium mintu (fig. 88), ia a. small &nnual yellow-flowered 
species, of much less size than the clovers that have 
a.lready been described. It is a smooth plant, with 
slender flower-stalks. It is often grown in association 
with rye-gra.ss, and begins to shed its Beed freely alter 
midsummer, especially in bot dry seaSODB. 

The hop trefoil (Trifolium pro,,,mb,,,,,) ha.s a. rath.r 
prominent hell.d of primrose-coloured flowers. In each 
corolla, Lhe ,'exilluIll (fig. 67) is bent back somewhat, 
giving the wbole bead the appearance of a small yellow 
bop-cone. It grow l chiefly on limestone Boils, a.nd is not 

FlO. 88.-Yl;LLow SUCKLING 
CLOV!:., 1'nlQ(ium minm, 
Sm. 

With enlarged floret &Dd 
fruit. 

cultiyated. The zigzag trefoil, 
'l'rifolium m.ediunt (fig. 89). 
with a. bea.d of rose-purple 
n.owers, a,ud (. &- 8traggl~ng 
zIgzag !!tem, takes posseSSIOn 
or the soil with great 
rapidity. 

• ". 
FIG. 89.-Su:n 01' ZrGUG 

TREFon, Trifolium 
medium, L. 

Tbe true clover. belong exclusively to tbe genus 
TrifoEum. An allied genus, Medicago, contains several 
specie!! which are popula.rly regarded a·a cloven, though 
they are not .really 80. In Medic&go, a !! in Trifolium, 
each leaf is broken up into three lea.flets. But the flowers 
of Medicago are arra.nged in compact raceme3, a number 
of short-!5talked Boret!! springing from & common a xis, 
80 that the result is Dot unlike 8. clover-head. Again, 
the pod of Medicago is usually either curved or spiral, 
wbllst..in Trjfolium it is nearly straight . Two species of 
Medica.go a.re of a.gricultura.l interest. 
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Trefoil or yellow clover, Mtdicaqo lupulina (fig. 00), 
&lao known &8 black medick or nODflucb, and ca.lled I hop ' 
by farmers, ba.s some resemblance to l',.ifoliu,m min.",. 
But the whole plant is ha.iry or downy. the floret. form· 
ing t.he bead Are nUlDerOU I 
and very bright yellow, &nd 
Lhe curved pod (fig. 90) be
comes black &8 it ripens, none 
of which characters are 
true of Trifo~ium Tl'Iinu.! . More
over, in trefoil the corolla. 
falls awa.y after f10wering l 

. and the bl .. ck roughish kid· 
ney-shaped pod is exposed La 
view, whereal! in the yellow 
suckling clover the brown 
wit.hered rCllJIain8 of tbe 
corolla emprl1ce the pod. The 
seed of tr.foil has .. yol
lowiah-brown, shining ap
pearance; ea.ch pod contains 
one leed. Trefoil does Dot 
posses! the high feeding 
properties of the t rue cloven. 

FlO. OO.-TREFOIL, 
/,[ er/icago lttpuli1la, L. 

On the lett the black curved 
pod enlarged; on the right 
an enlarged floret. 

When cultivated, it is usually in .. mixture of sleds in
tended to remain down for a. sbort period only. It is 
thus grown, especially on light chalk soils) in a8socia.tioD 
with rye-gra.ss. 

Lucerne, MwicagQ &ativa (fig. 91), is a plant which at 
first appears to be very distinct from the trefoil just 
described. But an ex,amination of the characters of 
their Bowers and fruits shows their close relat-ionship. 
Lucerne) however) is a taller, more robust plant) with 
100'. raceme. of bluish-purple flower.. The fruit (fig. 92) 
is & spiral pod, turned on itself two or three times, a.nd 
containing & number of kidneY~8baped seeds. Being a 
~ery deep-rooted pla.nt, lucerne is well qualified to thrive 
In dry soils a.nd during droughty seaSODS. It is best so;"n 
by drilling, or by transplanting, as if Bown hro&dc&st it 
is impo •• ible to get between the plants to clean tbe 
land. The crop will stand for 11 number 01 yearB, ana i. 
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us.d chiefty lor green soiling (Oe< p . 263), though in some 
districts it is ma.d. into h&y. It s.flord. excellent fodder 
for horses, 

Two other leguminous plan ts largely grown are sa.in
foin and vetches. 
Sainfoin is cult.i
vated &15 & main 
crop, but thi. 
ill hardly the C&S6 

with ve t chee., 
though they .. r. 
sometimes taken &8 . 

a ma.in crop on 
he .. vy I .. nd. 

FlO. 91.-Luoun, Mediw,go FIG. 92.-TwISTSD oa 
.atitxl, L . SPIBAL POD (LSOt7X.) 

OF LuosJtl'l .... 

Saimoln, Onobrychu .ativa (lig. 93), is .. robust plant, 
with a stout woody root:, a long h&ndsom. leaf of 
12 to 20 leaBets, and bold elegant racemes of large pink 
Bowers. There are few prettier sights on the farm than 
a. field of saintoID, such as can be seen in chalk districts, 
in full hloom. The fruit is a large wrinkled pod, con
taining a single kidney-shaped seed of chocolate-brown 
colour. Sainfoin is allowed to remain down for from 
three to seven years, and is either grazed by stock or 
mown for hay. But, if folded too soon, sheep bite the 
hea.rt out of the plant, and the crop is seriously injured. 

There are two cultivated varieties of sa.infoin-(l) 
The Common or English Sa.infoin, whicb gives only one 
cut of bay in tho year, and i8 of a more perennial 
character than the otber, I ... ting some ·live year. or 
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more under su.itable circumstances j a.nd (2) The Oia.nt or 
French Sainfoll, which is more luxurious in its growth 
a.t first, a.nd gives two cuts of bay per annum. This 
\la.riet)', howeverJ is short-lived, not lasting more than 
tv.' 0 seasons. 

Vetches or tares, Vicia sativa (fig. 94), ha.ve the ter
mina.l lea.flets of the compound leaves converted into 
tendrils. The stem is tra.iling, &Dd the pale purple 

Fra. 93.-S ... INrOIN, Onobf'J/CM' FlO. 94.-VZTOH or 1' .... 2., 
.ahV(J, L . VieW: sativa, L. 

With leaflet, flower, aDd poll 
on Jarger .osle. 

flowers a.rise, one or two together a~d without stalks, 
from tbe leal a.xils. The stra.ight hairy pods are Dot 
unlike those of the sweet pea, but smaller, a.Dd they 
contains from four to six seeds. The plant is an annual 
a.nd there a.re two va.rieties, known as winter vetches 
and spring '1etches, the former being sown ill September, 
aDd the latter in February, March, or April. The crop 
.hould not be cut till the pods have formed , though 
long before they ripen. Both V&rietie. are highly nutri-
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t1OU8, and are relished by all kinds of stock. Vetches 
are often sown with a little rye, or other cereal (as oats), 
the upright stalks of which afford them support and help 
to keep them olI the ground, thereby increasing the 
useful produce. 

About a dozen species of wild vetch grow in this 
cOllDtry, the most elegant being the tufted blne vetch, 
Vioia Or-acta, with ra.cemes of blue flowers. .. 

A few other legumjnous pl&nts, occa.sionally culti
vated or grown on a. sm&ll scale, dema.nd notice. 

The common blrdafoot trefoil, Lotu. comiculah .. 
(fig. 95), may b. found in Bower through the summer 
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on grassy ba.nks a.nd in dry pastures. The head is mau e UIJ 
of a. few large bright yellow flow ers which are CrlIIL S(ln 

before they open, a.nd give place to narrow pods wUI(:1I 
.prea.d out like the toes of a bird's foot. This plant i. 
80WO on poor soils. The greater birdfl100t tre10il (Lottu 
major) is a. larger plant, thriving in moist mea.dow8 and 
OD aomewbat peaty soils, 

The kidney vetch, or ladies' fingers, AnthyUj, Vul. 
rU!f'aria (fig. 96), has a bra.nching head of conepiCUQU8 

FlO. 96.-KIDNZ:r VETCH , FIG. 97.-YKLLOW MZLILOT, 
'&7JJhylli. V'Ulnt 7'aria, L. Me/'ilotu8 o/ficinali8. L. 

With enlarged ftoret. With Boret and fruit enlarged. 

yellow flowers, the ca.J.yx of ea.ch being covered with 
white silky hairs. Tbe leatl.ets which make up the le .. r 
a.re of unequal size. This plant is but ra.rely cultiva.ted 
out of Hampshire, though it is a very useful fodder crop 
on poor sandy soils. 

The Bokhara clover, or Melilot, of which there are 
yellow (fig. 97) a.nd white tl.owered species (Melito!". 
a9icinaU• and M . alba)! grows to a height of [rom two to 
8.IX feet. When in bloom it bas an odour like that of 
fresh hay, and the hlossoms a re eagerly sougbt by bee •. 
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Lupines (species of Ltlpinm) are better known in 
England as cottage garden flowers than as forage crops. 
The narrow leaflets a1l ra.diate from a common point, 
aDd the inflorescence is a stately raceme of blue, yellow, 
pink, or white Bowers. They are not na.tives of thi, 
country. 

Furze, gorse, or whin ( L~ln tUropa'u3) is 8. prickl3 
shrub, with deep yellow blossoms of somewhat sickly 
odour. It is raised from seed) on waste land not capable 
of being otherwise utilized. Horses, cattle , aDd sheep 
readily eat the nutritiouB young shoots, as also the older 
parts a.fter they have been bruised, so as to crush the 
prickles. It provides winter 3S well as summer food. 

Serradella «(}rnithopu.., sativa) is cultivated a.s a forage 
n op on the Continent; and fenugreek (Tr·igoneUa) is 

FlO. 98.-Bultl<o"'ET, 
Sangui~orba offid11alil, L. 

With enlarged Borete. 

grown for its eeeds, which 
are used as a ·condiment. 

Other native leguminous 
plants, not cultivated, are 
the broom, re6t-harrow, snd 
meadow vetchling, the la.st,.. 
named being a yellow-
flowered plant growing 
naLurally in hayfield •. 

ROSACE.IE is & natural 
order that furnishes no farm 
crops, but includes a con
siderable number of the most 
useful plants of the garden 
and orchard. The botanical 
characters of the order are 
oxtremely varied . It em
braces herbs (burnet [fig. 
98], silverweed, strawberry), 
shruh. (raspherry, bramble), 
and trees (plum, apple). 
To understand the distinc- -
tive char&ctera of the flowers 

,n thi. order, blossoms of the hawthorn, dog-rOBe, a.nd 
blackberry should be examined. The flowers are pm.. 
gynow (p. 170), the five free sepals, five free petal., a.nd 



RIBESlACEAl: 

numerous stamens sprto6"ing from the edge of tbe cup
shaped receptacle. In the weeds called burnet (tig. 98) 
and lady's mantle there are no petals. The carpels 
range from one to Dve or more, aDd the fruits are of 
very \-arious kinds. bu t they are never legumo8--tbe 
characteristic fruit of the LeguUlinosw. 

In ma.ny rosaceous }J\a.nts the fruit is a. drupe (.tee: 
p. 176), of which lh. cherry i. an example. All kind. of 
plums (including the wild sloe or blackthorn), d8lDJlOnB, 
greengages, cherries, apricots, peaches, nectarines, and 
almonds belong to this type, and 80 do the common 
laurel and Portugal laurel of shrubberies, but not the 
bay laurel. 

In tbe raspberry, blackberry, dewberry, and other 
forms of bramble, the fruit is made up of 8. collection 
o[ small dru!>'ls or drupels. 

In the stra'.vberry the I fruit' is {a.lso or spurious (IU 

p. 177). 
The calyx is ptr3i~ttmt in the CAse of the ra.spberryJ 

blackberry, dewberry, and strawberry. It ca.n always 
be found beneath these I fruits.' There is often what 
appears to be a second caiyx--epicalyz-outside the 
ordinary one. This is in reality a. circlet of bracts. 

One other type of rosaceous fruit of industrial value 
(tbe pomo) is tbat met witb in tbe apple and poar, 
in their scorea of varieties. They are spuriou8 fruits (,tt.: 
p. 1i7). 

Other native rosa.ceOU8 plants, not previously men
tioned, are the wild rose, mea.dow-8weet, cinquefoil, 
agrimony, and cotoneaster. 

RIBESIACElE is a small order to wbich the goose
berry and tbe red and black currant belong. These shrubs 
a.re known as 'bush fruit,' and the fruit they produce 
is, in each ca.se, a true berry. The flowers a.re epigynous 
--i.t., the cup-shaped receptacle is fused with the ova.ry, 
so that, the sepals, petals, and sta.mens, springing from 
its edge, appear to grow from the top of tha.t organ. 
The ovary matures rapidly into the fruit, the I eye ' 'of 
whicb consists of withered sepals, petals, and stameIl8. 
Gooseberries and currants a re largely used both 8& fresh 
fruit for table use, and aJ..o for pre.erving. 
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CUCUl!.BITACJ:JE.-Brit .. :in possesses only one native 
pla.nt of this order-the white bryony (Bryo,lia d'ioica), a 
tendril-bea.ring plant which climbs the hedgerows a.nd 
p roduces conspicuous bunches of soft. red or yellowish 
berries, which are poisonou s. The greenish-whjte flowers 
are unisexua.l, the male a.nd female rtowers being each 
confined to separate plants. Examine some specimens 
in June or July, and notice especially the curved anther
lobes of the stamens in the maJe Bowers. Observe, also, 
th. elaborate cl&sping and coiling of the tendrils, 
whereby the feeble stem of the plant is lifted up so that 
the leaves and flowers get their full requirement of a.ir 
and light. 

T he cultivated plants of the order include cucumbers, 
vegetable marrows, pumpkins, melons, water melons, 
gourds, etc. These are all grown for tb~ sake of their 
fru its, which a re la rge watery berries possessing special 
flavours. Some of them (the melons) are consumed as 
fru its, others (vegetable marrows) are cooked as vege
tables, some (cucumbers) a.re used as sala.ds, whilst a. 
small m riety of the cucumber (the gherkin) is pickled. 
P umpkins are the la.rgest fr uits known, and even in 
this country have been grown to a size exceeding 6 fflet 
in circumierence, and to a weight of over 200 lb. 

Pumpkins and melons, and sometimes cucumbers, are 
grown under glass, upon rich warm beds special1y pre
pared. They a re raised from seed, whjch is obtained by 
washing the pulp a way from the fruit; and t hey may 
easily be multiplied by cuttings. "When grown in frames 
th ey have to he specially fertilized (see p. 173). 

Vegetable marrows and also cucumber s &Ie grown 
out in the open air, and the la.tter ar e la.rgely culti
va t ed as a. market ga rden crop, the sm aller frujts 
(gherkins) bein g reserved for pickl:ing. The seeds &re 
large, flattened. and exalbuminous. 

UHB:ELLIFERJE is the name of an order in which tbe 
inflorescence is made up of & number of Eta.l.k:ed flowers, • 
springing in all directions from a point a t the end of 
the Bora.! axis. Such an in1Iorescence i. called an umbel. 
If e""h hre.nch of the umbel hra.nches again similarly, 
• collection of little umbels results, and the whole ia 



called .. compound umbel (fig. 99). The main branche. 
spring from within a. circlet, (involucre) of bracts, and 
there are similar but smaller circlet.s (involucels) sur
rounding the base of eElcb compollfmt. umbel. The 
Umbellifere are herbaceou s pla.nts, with hollow furrowed 
stems, well-de\~eloped leaves, usually much uivid~dJ and 
sheathing bal!lelJ to the leaf
stalks. They are mostly 
white-flowered , but some are 
yellow. The flowers are 
epigynou8, and the Bower
leaves in ~1'e3, except tLe 
carpels. which are loWO in 
number and fused together. 
Many plante of the order arc 
possessed of strong odours, 
a.nd certAin species 
are poieonouB. The cultivated 
umbellifen include the ca..rrot, 
pa.rsnip, celery, parsley, fennel, 
~ar&wa.y, and coria.nder. 
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F lO. 99. - Du.ORUf OF 
J. COMPOU}'D Ual.D&L. 

The carrot (Daucus Carota), a.S It grows wild in the 
fields, is in some districts called bird's nest, because it.s 
compound umbel of white Howers-often with a. purple 
flower in the centre-bas the concav~ [arm of a. nest. 
Pull up one of these plants, notice the long tap-root, 
and break it through so as to observe ita odour. The 
cultiva.ted carrot, with its handsome weil-developed tap
root, has been obtained by cultivation and selection from 
this wild progenitor. Tbe varieties generally grown for 
field cultivation are the Belgian White, the Red Inter
mecliate, and the Yellow Intermediate. Carrots aJl"ord 
a highly nutritious food, and all kind. of farm stock 
-borses in particular-are partial to them. The t seed' 
of this, as well as of the otber umhellilerouB crops, is 
rea.lly the dry fruit (called a cremocarp, consisting of two 
one-seeded baJveS--11ltricarp$). Carrot' seeds I are 
covered with a. coarse hairy outgrowth which causes 
them to adbere together; hence, belore BDwing, they 
sbould be well rubbed between the hand. with dry a.bes, 
bran, Or powdered cha.rcoal. 
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The juice of the red carrot is sometimes used in the 
dairy to give a. colour to cheese and butter. 

The parsnip (l'a,~f,inaca, sativa) has not been much 
used as a cattle food in England, and is chiefly grown 
a.s a ga.rden crop. It is an improyed form of the wild 
pa.rsnip, w hicb is a common weed of poor grass land 
a.nd waste places, wit.h a. root possessing the chara.c· 
teristic odour of the cultivated plant. The umbel i. 
made up of yellow flowers. As a. rule, the roots of the 
pa.rsnip a.re less sbapely than those of t,he carrot. Being 
a. very hardy plant, the parsnip may be left in the 
ground through the winter. The I seed I of the parsnip 
consists of the half-fruits (mcricarp!), 

Celery is the cultivated form of a wild plant (A.pium 
gra'Vwkl1.!), with umbels of greenish-white flowers, found 
growing in salt marshes. The seedlings aT{ transplanted 
into deep trenches, which are gradua.lly filled up with 
ea.rth as the pla.nts increase in height. The access of 
light to the .ucculent lcaf-st alks being thus prevented 
the green pigment chlorophyll doe. not develop, and 
the leaf-sta.lks acquire that blanched or white appear
ance with which they come to the table. In it. wild 
",ondition it is somewhat poisonous, but in the process 
of blanching the lea.!-stalk. lose the poisonous property, 
or rather it is Dot developed. 

Parslsy i. another modification of a pla.nt found wild 
in England (CaTUm PetToselinum). The garden pa.rsley 
is So savoury herb, the part employed being the leaves, 
"'hicb are a.ls~ used for garnishing. 

Sheep's parsley is a fieJd variety, the (seed ' of which 
is sometimes included in mixtures for la.ying land down 
for sheep-grazing. It is occasjonally sown on sheep 
runB, the anima.lQ being fond of it. 

Fennel i. a gMden deriva.tive of the wild fennel 
(FamicuZum ",,/ga,,) of Bea. cliffs. It i. a perenniaJ, with 
very fin ely divided drooping leaves, and umbels of • 
yellow flowers. The lea.ves bave a strong aromatic 
odour, and a.re used in making fish sauces, &nd for 
g&miabing. 

Oar.wal. Carum Cam (fig. JOO), i. & whit e-flowered 
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na.tive plant, sparingly caltiv&ted for ita ' seeds I (balf
Cruits-'mt:r-icarps), which a.re used for fla.vouring bread. 
confectionery, and spirits. The plant is ea.sily ra.ised 
by sowing a few cara.way seeds. Coriander (Coriandrum 
lativu,m) is a. 8omewh&t 
similar plant, the ( Beede I of 
which are used in the eame 
way. 

Excepting the fennel, &11 
th e foregoing plants 
are biennia.ls, a.nd require 
two soa80n 8 in or d e r 
to bring their seed to per
fection. 

01 the weed umbellilers, 
t.he commonest are the 
hedge parsleys' (Torili. ""do
n", and T. Anthriscu.,), which 
are mostly annuals. They 
a.re a.t once recognized in 
the hedgerows a.nd on the 
waysides by their chara.c
teristic leaves, and umbels 
of white or pink flowers, 
which appear from May to 
July or August. These plants 
are sometimes ga.thered for 
leeding rabbits. The cow

FlO. lDO.-C.lBAWAV, Oo.rllm 
Oa.rvi, L . 

With enlarged flower aDd 
fruit, ILnd section of lattet. 

parsnip, or hog-weed (H erac!eum Sphondylium) io " tall 
oo"rBe plant, growing from five to ten feet high, with 
rough lea.ves and a. conspicuous white umbel. The 
shepherd's needle, or Venus's comb (Scandi", Pecten
Vel'l.eTis) is an a.bundant weed in cornfields. It is a. white· 
flowe.red a.nnua.l, a.nd derives its name from the fact tha.t 
its clusters of fruits (cremocarp') lengtben out to .. 
remarkable extent after tbe plants bave flowered. The 
earth-nut, or pig-nut (OOmJpodium denudatum, fig. 101), i. 
a perennial weed of pastures. Its leaves are much 
divided into linea.r segments, and its flowers a.re white. 
It has blackish tuberous roots, about tbe size of a cbeot
nut, which Me edible, and posseS8 a 8weetish taste; 
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(underground nuts J and f ea.rtb cbestnuts I a.re other 
na.meB locally applied to them. 

Poisonous Umbellifen.- Certain umbelliferous weeds 
are highly poisonous. Amongst these the hemlock and 
fo ol's parsley a.re land plants; the wa.ter dropwort, wa.ter 
parsoip and cow bane aTe water plants. The hemlock, 
Conium nl.(lc1J.latl.l.m (fig. 102), which grows in wa.ste places, 
a.ttaioB a height of from two to four feet. It is white-

FIG. 10l .-EA'B.'I'B-NUT, FIG. lQ2 .-H'I.MLOOK, Oonium 
Con.cpodium denudatum, Koch. maculatum. L. 
With enlarged ~ower and fruit, Wit.h enlarged flower and fruit, 

and section of la.tter. and eection of la.tter. 

flowered, and MS a smooth polisbed srem, bearing 
brownish red blotch e.. On being hruised the plant 
emit. a.n odour like that of mice. The whole plant is 
poisonous, a.nd the seeds a.re especia.lly so. Foo}'s 
parsley, .:EthuJa Oynapium (fig. 103), is a white-Howe-red 
a.nnual, a.lso growing in wa.ste pia.ces, and occasionally 
in kitcLen gardens. It r ... ches a. height of two feet, and 
ma.y be recognized by the three narroW' leaves (bracts) 
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which g row downward~ from one side of the ba.se of 
each little umbel o[ the compound umbel. It sometimes 
grows amongst parsley, from whi cb it is di stinguished 
by the bluish tint of its lea.es. It is doubtful whether 
this pla.nt is reaUy poisonous, 
and whether it has not 
80metimes been blamed in
stead of hemlock. 

Water palinip has BODle 

resembla.nce, both in the 
'hape of the le&1 and in 
odour , to the cultivated par~ 

'"'snip. I t is a. whjte~flowered 
perennial growing in dit.:::bes 
a.nd streams. I ts Jeaves 8ome· 
times get gathered with 
wa.tercreS8, {r!lm which they 
are easily distinguisha.b le 
bot h by their appea.rance 
and their flavour. There arc 
two species, a. broad-leaved 
a.nd a. narrow-leaved (Sium 
latifoliuffl a.nd S. ang1l$ii
folium). Water dropwort 
((Enanthe fl,3turOja) grows in 
ma.rshe !! and on the ba.nks of 

FlO. l03.-FooL's PARSLEY, 
£thUlla Cynapium, L. 

With enla.rged Bower and 
fruit , and section of latter . 

rivers and ditches, where it attains &. height of from 
two to five fe et. It is white-flowered, and the sub
merged leaves are very much divided. It is sometimes 
mistaken for celery. The cowbane (Cicu.ta mTo3a) bas an 
erect, much branched, furrowed stem, and grows to a 
height of three to four feet in ditches. Cattle have been 
poisoned by ea.ting its leaves. The umbels are four or 
five. inches broa.d, but the flowers a.re very sma.ll. CO'W
ba.ne, fortunately, is not of common occurrence. 

COKPOSITlE is the name given to So very extensive 
na.tura.l order of plants, the members of which are 
cha.racterized by their in,florescence. Ima.gine, in su.ch 
an infiorescence .. s the simple umbel (p. 204), that the 
individual flowers are all deprived of their stalks. The 
result would be a number of stalkless (or ,e"ilt) flowers 
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all crowded together. Such 8. structu.re is called • 
compo.tite or capitate inflorescence, or, brie'fiy, & capitulum 
or head, and it is met with in all plants belonging to 
tbe Compo,it.,. A daisy bead or dandelion head is, 
therefore, not a. flower, but a collection of flowers-8.D 
inflorescence. Examine a daisy head. In the middle 
(the di.~k) are seen a. Dumber of yellow florets, which a.re 
ca.lled tubular florets . Around the rim. (the ray) a.re many 
white florets, with the corollas developed t.o ODe side; 
these are ca.lled ligulate florets. Such florets may he 
,til! better seen by breaking open tbe be"d of a. sun· 
flower, from which florets of each kind ma.y be taken 
for closer examination. Many composite plants have 
both tubular and ligulate Borets in tbe bead-as dal'y, 
ox~eye, ma.rigold, sunflower; others have the bead com+ 
posed entirely of ligula.te florets-as lettuce, chicory, 
hawkweed, sowthistle; in some, again, the florets are 
all tubular-as ta.nsy, wormwood. The overlapping 
greenish leaves surrounding the head of a. composite 
inflorescence a.re bracts, collectively forming o.n involucre. 
Do not mistake them for sepals. The chamomiles, used 
for making cha.momile tea., are the dried in.florescences 
of a na.tive composite plant. 

Ma.ny of the Compositre possess a mill..""Y juice, con
taining bitter and other principles. By cultivation these 
a.re sllfficientJy modified to be made acceptable to the 
pala.te, especially when presented in the form of green 
salad herbs. Yet, considering the immense number of 
species included in the order, singula.rly few are culti
vated. The only species grown on the farm are yarrow 
and crucory, to which may be added the lettuce and 
dandelion of tbe garden. 

Yarrow or mllloil, Achillea Millefolium (fig 104), is " 
plant of common occurrence in pastures and meadows, 
and on roadsides. Its leaves are very much divided, 
and its inflorescence, usually white, occasionally 
becomes pink or reddish. Sbeep ea.t yarrow in modera.te 
quantities, perhaps as a condiment or a medicine. Aa 
18 the case witb all the Compositte, the t seed' used for 
Bowing is really the fruit. Yarrow is included in mix
tures of seeds fat. la.ying down light solla to gra ss, a.nd 
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its roots aid in binding loose soils together It. is & 

perennial, and grows to a. height of a.bout ODe foot. 
Chicory or Buccory, Cichorium Lntyltus (fig. 105), is a 

na.tive perennial, growing to a. height of three feet or 
more, a.nd beariug heads of handsome blue Bowers. 
which are gl,"eu off Lhe stem in pairs. It bas been 
cultivated 00 a· moderate scale as a cattle food, the 
raIla.ge being used for t.his purpose. The root, dried 
and ground, forms the chicOl-Y sold by grocers , and often 

FIG. lW.-YARROw 
MnFOtL, 

Achillea MiLle/alium, L. 

Y'IO. l05.-CHIOORY or 
SUOOOBY, 

Oichorium Intllb'Uf. L. 

mix:ed with coffee. !tij young bl&Oched leaves are used 
as a salad, 8,.8 a.re also those of the closely related 
endive. 

Lettuce (Lact_ .ati.a) is the commonest of all salad 
plants grown in English gardens. The varieties of this 
&gree&ble plant are very numerous, dif£ering in size, 
texture, colour, and period when in sea.sOD. Lettuce 
il a yellowpdowered biennial, a.nd ripens its ' Ieed ' the 
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year after it is sown, though precocious plants are liable 
to run to top in the same season, unless the flowering 
shoots are nipped off. 

The dandelion (Taraxacum olficinale) makes B.Il excel· 
lent addition to a salad, and there is no reason wby this 
plant sLould not be as largely cultiV's.ted for this pur
pose in England as it is in Fra.nce, where it is a.lso seot 
to the table cooked. 

The sunflower (Hclianth'lL$ annuus) is a. stout upright 
annual, bea.ring large termina.l heads of flowers It is 
cultivated for its seeds-really the fruit!i-wbich ha.ve 
8. higb feeding value. 

The J erusalem artichoke (Helianth,uJ tubero",'U!) is 
closely allied to the sunflower, which it much resem
bles in general habit. but the solitary terminal yellow 
Bower beads are smaller. It is a. perennial plant, some
wha.t difficult to get rid of when it ha.s ohce taken pos
session of the soil. It is grown for the sa.ke of its tubers, 
whjcb were form erly used for many purposes to which 
the potato is now generally applied. It i. both bardy 
a.nd productive, and is grown from sets like the pot.ato. 

The artichoke (Cynara ScolY7nu.), though & composite, 
is quite a. distinct plant from the foregoing. Its large 
gashed leaves, two or three feet long, and of a g rey 
colour, are very noticeable. A stout stem, three or four 
feet high, carries fiower-he&d~) at the base of which 
a.re numerous thick overlapping scaly leaves (bracts). 

Many compositaceollB weeds are furnished with stout 
perennial rootstocks, which are difficult to extirpate. 
On meadow land the only .afe mea..ure to a.dopt i. to 
pull them up bodily. But both annual and perennial 
Compositre a.re, in the case of ma.ny species, furnished 
with an easy me,a.ns of dissemination of the I seed. ' The 
Boret. are so crowded together th&t th. calyx is 
often reduced to So mere r ing of hairs, termed 8. pappus 
(su p. 177), surmounting the fruit, and as the fruit 
ripens the pel.&l. and stamens wither away. Al though ' 
this Si)"ucture is not present in all Composite-not 
in the daisy, for .x&mple-it is obvioul tha.t those 
compositaceous weeds which possess it have 8. r eady 
me&l1l of spreading themselves over the l&nd. Hence, 
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a.ny measures directed to getting rid of .uch weed. must 
be put in operation b.fore the Bower heads bave I gone 
to seed.' 

Am ongEit the commonest composite weeds a.re va.rious 
species of hawkbit (Leontodon) a.nd hawkweed (Hierac'i.um), 
a.ll of which are yellow~flowered perennia.ls. Other 
yellow-flowered species are lSow-thiltles (species of 
Son.chtu) and groundsel (Senecio r utga'ri.), SOIDe of which 
are a.nnuals and others perennials. The cOID-marieold 
(Chr y,antltert1-um ."egetum) is a. handsome yellow-flowered 
annual weed of cornfields, whilst the 
closely allied yellow and white ox-eye 
M.arguerite, C. Lt:lLcanthemu11I (fig. 1(6), 
of meadow land is a perennial , 8.8 is 
.. ho the daisy (Bt:lti3 pertlln·i.,,) , with its ' 
troublesome .rosett . of leaves lying 
close to the ground and usurping the 
place of useful p".ture plLnts. The 
scentless Mayweed (M CttricQ7'ia inodom) is 
& white-flowered annual common in corn
fields, a. is the Itinkini chamomile 
(4 nthtmil CoiuZlt), 

FlO. 106.-
• SEED I OF Ox

EYE Dusy, 
OhT'Y1a.ntrn:tnum 

[ftuca.ntMmum. 
L. 

Purple-flowered composite weed! include the v4rioua 
prickly thistles (Carduu.s, Onopordon, and Carli-na), which 
are either biennia.ls or perennia.ls, &ad the perennial 
knapweed (Centaurt(1 nigra), with its hard blackish head 
conspicuous before i1owering, Anot-her knapweed, t}M, 
bea.utiful blue-bottle or cornllower (C. Cyan",), is an&D.DuaJ 
weed in cornfields. The burdock (,4 rctium Lappa), .. coar •• 
purple-flowered biennial growing in wa.ste places, IS the 
largest-leaved British pla.nt, e.nd is often-but quite 
incorrect1y-called wild rhubarb. The bura, which ca.tch 
in the clothing Il.lld in sheep's lI.eces, .. re formed by 
booked points upon the !:'ra.ct. of the flower heads. 

SOLANACI!&,-Tbe most familiar example of tbi. 
order is the potato, the Bower of which should be ex
amined. The five sepa.ls are all joined together, as a.re 
the fi'9'e petals; while the five sta.mens, with their very 
conspicuous orange-coloured anthers, arise from the short 
coroll .. tube. The two carpels join toiether to form a 
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two·ebambered ovary, &8 may be seen by cutting it 
acrosa transversely, and t he fru it is called the pota.to 
f a.pple ' or potato ' berry. I 

The potato (,solanwn t1tbt:rosum) is culti\'ated for the 
sake of its underground stem, or tuber (!et p. 151). In 
Jersey and Guernsey it is extensively grown under glas8 . 
in order to secure the ea.rly market when prices ace high. 
For ordinary purposes of cultivation the crop is grown 
from tubers, wbjch may be cut up inw • sets' before 
planting. New varie t ies are obtained by sowing the true 
seed, but it takes sever,'],! years to establish a fresh 
strain. The introduction of these new forms is neces
sary, inasmuch as each variety appears in time to decline 
in value, becoming lese prolific a.nd relia.ble. It is obviou!3 
tha.t it is only by the cross-fertilization rendered possible 
in the flower that new strains can be originated i DO 

cross-breeding can be practised when propa.gation is 
continued year a.fter year by means of the tubers only. 

Britiah Solanacem compTise the foul-smelling hen
bane (H yo!Cya",,., niger), the woody nightshade or bitter
sweet (Solun,urn DulcarlUlra), and the deadly nightshade 
(Atropa Belladonna). These plant s all possess poisonous 
principles, and are, therefore, dangerous, as are also 
the leaves and fruit of the potato. Consequently potato 
h&ulm is burned, and is never used as food . 

Other poi&anou8 or highly na.rcotic pla.nts of tho order 
are tobacco (Nicotiana Tab"""", ) and thorn-apple (Datura 
Stramonium). The red ca.psicums a.nd the sma.ller red 
chillies, seen in pickle-jars, are fruits of this order. The 
dried capsicums, when ground. yield Cayenne pepper. 

The tomato (Solanum Lytopersicum), or love a.pple, is 
cultiva.ted for its fruit, a handsome red or yellow berry, 
which is used e.ither as a. 8&1&d, a. culin80ry vegetable, 
or 80S a. constituent of s8ouces. In Engl80nd it thrives 
best when trained against wa.lls, but since it cannot 
be relied upon to ripen its fruit out of doors, it is exten 
sively grown under gla.ss, and, being an a.nnual, it is .. 
raised from seed. It is So wea.k, trMling pla.nt, with 
80ft stem, winged leaves, and yellow Bowers. Observe 
the odour of its foliage, almost &s powerful as that 01 
benbane---. weed of W&8ts place •. 
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The egg-plant or aubergine (S . ... ""I.ntum) i. aDother 
introduced member of the order, cultivated for ita egg· 
shaped fruit. 

LABIATlE i. an order of greater interest to gar· 
deners than to fanners. To it belong many of the sweet.. 
smelling and savoury herbs, 8uch as sage (Sail>ia offici. 
nalu), mint (M,ntha 1-iT1dl.a), thyme (Thymua vulgari.), 
marjoram (Origanum 01\.1te.), balm (Meliua 0ffioinaZis), 
horehound (Marrubium t'1ll.gare), lavender (La.1iand ula tltfo), 
and rosemary (Rosrnarin.tu officinalis). It also includes 8uch 
weeds as white deadnettle (Lamium album), red dead· 
nettle (L. purpur<um), hemp nettle (Galeop<i, Tdrahit) , 
bugle (.4juga reptan,). o.nd sell-heal (PntneLla ""lgnnl
ng. 10i). The plants of the order are recognized by their 
equa.re siems, opposite leaves, two-lipped corolla.s, (our 

FlO. 107. -SEED 
OF SELP-HEA.L, 
Prunella tlul
gariJ, L. 

FIO.I09.-SEZD 
FIG. lOR-SEED 01' VIP'Ka'a OF ScoaPION 

BUGLOSS, Gans Myo-
EcAium vulgare, L_ .oti, artlen,i" 

Boffm_ 

stamens-two long a.nd two short---&nd fruit of four nut
lets (commonly ca.Iled 'seeds ') at the bottom of a 
persistent calyx:-tube. 

BORAGINElE, like Labiatre, have a fruit of four 
nutlets, but their leaves are not opposite, Dor are their 
corronas two-lipped. To this order belongs the prickly 
comfrey (Symphytum a'perrimum), an introduced plant, 
producing an abundance of coarse herbage employed for 
green soiling of cattle (p. 263) or fer making silage. The 
crop is grown from the divided rootstocks, which are 
planted at regular distances, and yield three OT four 
"uttings a year. Other members of the order are the 
commOl) comlley (Symphytllffl o/ficMuile), the purple
reddish a.nd crea.m-coloured flowers of which are seen by 
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the sides of streams j the corn groDlwell (Li tho,perm.u.ffl. 
anense), an annual " eed of cornfields; the blue-flowered 
borage (Bm-ago ojficinal1.,), employed to flavour claret
cup ; viper 's bugloss (E(hill11~ 1'1.1.1gaTe-fig. 108); the 
forget·me·not (lHHrl.wt i.~ pahutris), and the alHed weed!:! 
known as scorpion grasses (111. unell.ns, etc., fig. 109). 

CHJ:NOPOnLACE..t: is the name of the order of which 
the mangel wurzel, beetroot, and spinach are members. 

The various species of goose
foot (Chenopodium) (figs. 110 
and Ill ), wh_ich are &mong st 
the commonest annual weeds 
of arabI. land, likewise 
belong to this order. The 
flow ers of chenopodiaceou8 
plants are small and greenish, 
and possess no petals. 

Examine lome mangel 
seed. The I seed ' of com
merce consists of the Ova.ry, 
with ita seeda, imbedded in 
the .woll en base of the 
perianlh, which thickens and 

FlO. llO.-WRITE G008EFOOT. FIG. IH.-SEED or WHIT .. 
OhtMpodiu,m album, L . GOOSEFOOT, 
With enlarged 8o'Wer. Chenopodium album, L. 

hardens a.s it ripens, becoming a.ngular a.nd somewhat 
woody. Hence, ·when a mangel or beet' seed J is set to 
germinate, it is not unusua.l for two or three shoots to 
appea.r from it. 

In cultivation two or three young plants are likely 
to spring up a.t' the sa.me spot, &nd this renders the • 
' setting out ' of the mangel plant difficult, whilst it 
helps to account for th e frequently 'p .. tchy' appea.r
&nee of the crop. To promote regularity of sowing, the 



mangel I seed I is sometimes broken in a. mill, whereby 
the true seeds a.re Bet free, and are thus enabled to 
fall Illore uniformly from the drill. 

The mangel, the sugar beet, and the garden beet are 
&11 improved modificar.ions of the same ongmal wild 
plant (n~ta. Tnarih.ma), whose natural ha.bitat is on 8ea 
sbores. 

Three main types of mangol are cultivated-the long 
red, the yellow globe, and the intermediately-shaped 
tanka.rd. Bota.nically, the mangel is Car removed from 
the swede, which it rivals in feeding properties and 
excels in keeping qua.lities. The crop is Dot suited to 
feeding on the ground, but is best Btored for spring a.nd 
summer consumption (xc p. (61). An .ddition&l reAson 
(or storing it is that it will not st&nd the winter if left 
in the ground. Ma.ngel is BOWD earlier than turnips or 
swedes, and tbe crop has & longer period for its growth ; 
it h80s a much mare deeply penetra.ting ta.p-root, throws 
out a. les8 proportion of its feeding roots neM the sur· 
fa.ce, and eXJ>Oses a compa.ra.tively large area. of leaf 
to the atmosphe.re. Wit.h its more extended root range 
it ia leaa dependent on frequency of rain when growth 
is once well established, and it thrives under a higher 
temperature than the turnip. Hence the midland, 
eastern, BDd southern districts a.re much more suita.ble 
for the crop 1;h"", the north-west or north of Engla.nd, 
or than Scotland, where it is compara.tively little grown. 
Where, bowever, soil and clima.te a.re fa.vourable, much 
hea.vier crops can be grown than of turnips, provided 
very large dressings of farmy&rd manure are employed. 
The proportion of leaf to root is, as a. rule, very much 
less in the m&ngel th&n in the turnip, but more than in 
the swede. 

The garden beet is grown &s a salad plant, &nd its 
dark crimson colour renders it a. suita.ble additIOn to 
red ca.bb .. ge in the pickle-jar. The sugar beet is much 
cultivated in Germany, Austria, and France, sugar being 
extracted from the juice of the roots, and the refuse 
pulp a80rding .. valuable cattle food. It is a much 
amaJler root than the mangel, and as it grows almost 
entirely buried in the soil it is 11 more expensive crop 
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to raise. On the stronger Boile it is necessary to raise 
them with forks, Of with some specia.l digging machine, 
8.8 is done on the Continent. Another point to be noticed 
is tha.t the smaller and rougher roots generally contain 
the higher percentage of suga..r, and though these Me 

consequently best for c01DD1ercial purposes, they give a 
comparatively small yield per acre. 

POLYGONACElE is an order rendered sufficiently 
fa.miliar by such well-known weeds 8.S t.he docks and 8or· 

rels, ,ogether with the sDakeweed (bistort) and knolr 
grass. Like the chenopods they have incomplete flower8~ 
the peta.ls being absent, but the sepal s frequently assum
ing a reddish, pinlcish, or whitish tinge. The order is 
characterized by the presence of a. membranous sheath 

FIG. 112.-' SEE f) I OJ' FIG. 118.-1 8£E'O' 
COMMON SOJtP.E'L, Oil' SHlr.:BP' S SO"8.-
Rumex ..4cetolia, L_ REL, Rumex ..:fee

to.!ella, L. 

(a form of stipule) 
surrounding the 
stenr at the base 
of each leaf-stalk, 
.. nd by the fruit 
having the .. p
peara.nce of a 
polished trio.ngu
I .. r nutlet-like ,. 

\'ery small beech-nut. The presence of dock and sorrel 
'seeds' (figs. 112 and 113) in samples of cultivated seeds 
is thereby easily detected. 

Buckwheat (Polygon .. ", Fagopy"'''') .. nd rhubarb 
(Rheum hybridum) are two polygona.ceous plants, neither 
of them n .. tj"e, cultiv .. ted in Britain. The black 
tria.ngul<tr f seeds' of bucl-wheat are occasionally BOWD 

to afford So crop either for ploughing in green or for 
folding with sheep. The seed is vu.!ued as food for 
poultry and pheasant.. Rhubar b, grown for the sake of 
its succulent leBrf-stalk, containing oxa.lic acid, affords 
o.n excellent .xampl. of the .heatWng stipuie. of the 
order. 

The docks and sorrels (species of BoUrn..,) "fe u.!l 
perennial weeds, growing from stout rootstocks, which 
require to be pulled up bodily in order to suppress these 
plo.nts. Thi. is the operation of ' docking,' frequently 
Dec ... ...." """angst growing crops of com. Docb &lid 
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80rrels a.re common weeds or gr&88 land, more of hay 
fields thllJ) of pastures. 

Knot-grass (Polygof>Uffl avicular.J (fig. 1I4}---often 
called ' redshank' from the colou r of the sheathing 
stipules-a.nd the climbing bistort (P. Ucmvolvul"'J, with 
Its dark leaves a.nd its convolvulus-like habit, a.re 
amongst the commonest weeds of cornfields, and often 
occur on other arable land. 

Ull.TICACl!.t:, the stinging-nett.Ie family, is the order 
to which Briti.h botanists reler the hop (Hu",uh .. lNpulu.) 

F IG. 114. -KJiOT-OlUBS, 
Poiygonu.m avic'Uiare, L. 

FlO. 115.-Bop, 
Hum,lllu. LupultLt, L . 

(fig. 115). Till. plant grows wild in the hedgerows, but 
its cultivation is pra.ctised chiefly in Kent, the only other 
counties in which bops a.re grown to any extent being 
Sussex, Surrey, Rants, Hereford, and Worcester . In 
1913 there were 35,676 "cres of hops in England, of which 
Kent alone grew 2L,944 acres, or more than three-fifths 
of the whole. 

Hops are a. very expensive crop to grow, are 8J)ecia.lly 
liable to insect attacks and fungoid diseaseB, and are 
cultivated di1ferently from any otber English crop. The 
plant hal & twining hAbit, and .tout pole ... re thru.t 

-'61 
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into the 'bills I in spring in order to give support to 
the bine, the young shoots of which are a.t the outset 
tied to the poles. The lateral gro'"''th of the bine is en
cours.ged by st.rings of coco-nut, fibre Itretching from 
pole to pole, whereby the side shoots get plenty of light 
a.nd air. 

Systems of t wire tra.ining J a re now commonly used, 
the wires being atrained to posts perma.nently fixed in 
the ground. This is sometimes spoken of as the 'Tele
grapb system,' and bas many &<iva.nta.gea over the old 
poles, as there is a. better access of light and a.ir to the 
growing bines, and it is easier to w8.sh the hops when 
trained on wire. Again, the picking [rom the wire and 
stringwork system is simpler, as it is only necessary to 
cut the string wben throwing the bine down. In pIcking 
from poles, on the other band, the bine must be cut 
first, and this premature cutting often invvlves bleeding 
a.nd consequent weakness. 

The hop has unjsexual .flowers, the male plants car
rying the staminate fl owers in loose pale green panicles, 
whilst in the female plants the pistill .. te flowers are 
gathered into heads made up of closely packed bracts. 
It i. in the.e that the bitter principle of the hop (["puti",) 
is found l and, after fl owering is over, they enl&rge into 
the head or 'cone' which is gathered hy the hop. 
pickers. 

LILIACElE constitute a beautiful group of flowering 
plants, of which the lily, tulip, and hyacinth are familiar 
examples. The flowers possess three sepals and three 
petaJs much slike in sbape, size, a.nd colour, There are 
six stamens a.nd three ca.rpels, the latter uniting to 
form a three-chambered superior ovary containing 
numerous seeds. 

The onion (Allium O.pa), which belongs to this order, 
is cultivated a.s a -ga.rden crop ra.ther tban a field crop. 
It i. grown for it. tunics.ted hulb (similar to fig. 60), 
tbe wbite fleshy overlapping scales of which "re made . 
up of the ba.ses of the lea-ves. It is used either as a 
vegeta.ble, 80S & s&l&d, or for pickling. The crop requires 
considerable care in cultivation. 8. well-prepa.red seed
bed e.peci&lly being neee.sa.ry. Tbe seed, in germinat-
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ing, keeps the tip of the shoot inaide the sced·co&t tor 
lome tlme after emergence above the ground. 'l'be 
shallot (AUium a.lra./Qlucum) is a variety of onion with 
& fla.t side, due to two or three bulbs growing together. 
The l •• k (,Wium Fo,.",m) does not bulb proportionately 
to the same extent as the onion. It is used chiefly for 
cooking. 

Asparagus (.:lIparagu.a offrcinatiJ) is a liliaceou8 pla.nt, 
with & creeping matted rootstock throwing up n.nnuaJ 
shoots, which arc ea.ten young as a culinary vegeta.ble. 
The culture is or quite a. special character. Good p ricos 
aTe obt.a.ined in early spring 
for asparagus, which is tied 
up in bundles fOT the market. 
It is 8. native ot maritime 
coa~ts. 

The wild o'.l.ion, or crow 
garlic (Allium. vinealc), is an 
exceedingly objectionable 
weed in cornfields, 8.S the 
presence of garlic in a. 
sa.mple of whea.t detract& 
largely from ita value. 
Garlic is easily recognized, 
both by it,. general resem
bla.nce to the onion and 
by it. unmistakable odour, 
It is cleared out from a. 
growing crop by the expen
sive proce&& of hand'pulling. 

Meadow sattron (Colchicum 
autumnale) (fig, 116) i. " 
poison Due weed that grows 

FlO. 1l6.-MtADOW SAlFRO'N, 
Oolclticuffl Gtltumnalf!, L. 

With pistil and frui t enlarged. 

occa.siona.lly in meadows .. nd pastures. The slender 
leaves &lone are thrown up in spring, &nd the pale, 
purple Bowers appear in autumn, after the lea.ves have 
died down. 

GRAMINEE.-Of the natural ord ers of plants tbis i. 
by tar the most important and the most useful to the 
agriculturist, including a.s it does a.l1 cereals and gl"aSBes. 
Whea.t, barley, oa.ts, rye, ma.ize, rice, and millet are 
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gr&min.eous plants cultivated m&inly for the sake of their 
grain. Mea.dow and pasture grasses , such &s rye gra.ss, 
cockllfoot, foxtail, timothy I et.c., are gr&l1lineoll8 plants 
grown for their nutritious herbage, which is either 
consumed greeD, or is first converted into ha.y or 
silage. The sugar-cane a.rid the bamboo are examples 

A 

c 

of gr&mineou8 plants grown (or y ~t 
other purposes. 

Pull up a grass plant by the root and 
examine it. N ot.ice th8.t tb~ root con-
8iste of a. large number of more or les8 
coarse threads, cll.Iled t"oot-fibru_ In 
80me specie!, 8.S barley, these spread 
out near the surface of the ground; in 
others, &s wheat, t.hey penetrate more 
vertically into the soil. 

The upright stem in a.. gra.s! plant is 
called the culm or haulm (fig. 117). In 
most species the culm is hollow. eave 
at the bas.s of the leaf-sheaths-the 
jointl-wbere it is solid. Many grasses 
develop & prostrate sterol or ,tolon 
(fig. 150), which at intervals sends root
lets downwards and leaf-shoots UIr 

FI~~ ~l:~!~T wa.rds, and thus gives rise to a num
BTJ:H OJ' GRJ.SS ber of independent centres of growth. 

PLANT. Such grasses a.re described a.s stoloni
.t , culm. teen 
withIn the eplit 
le&!-sheath. 

B, ligule. 
0,01 jointfl. 
D. part of l&JDin& 

or leaf-blade. 

ferous; florin (p. 236) and meadow fox-
t .. il (p. 239) are examples. 

Ohserve th&t the leaf in most grasse. 
is long, narrow, and stra.p-sha.ped, 
coming to 80 point a.t its free end. 
It varies in different species between 
the fin. slender ("tacwUol or bristly) 

leaf seen in sheep's fescue , and the broad flat 
leal chara.cteristic of cocks foot, or of the grea.t 
reed (fig. 120). Rold a grass le&f between the eye 
a.nd the light, and notice the parallel ribs extending" 
from tip to base. Follow tbalea! downwards to where 
it embraces the stem by means of its l<af-&heatk. In 
mOlt kinds of grasses the leaf-Iheath is opli~ 
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down the front. Closely similar sraSbea are SUlDO

timeB distinguished by the rough or 31nooth Burface of t.Lo 
.hoath. 

By pulling tho loaf slightly away [rom tho .tem, a.nd 
Jooking at the place where the leaf joins ita sheath, 
So thin whitish outgrowt..h is in most speCles brought 
into view . Thi. i. the ligule (fig. 117), and it i. worthy 
of note, because, on a.ccount of varia.tions in itB size a.nd 
sha.pe, it is frequently or use in affording a. meanB of 
distinguishing between grasses that are otherwise much 
alike. For example, grow SOlDe plant.s of whea.t, barley, 
and oa.ts, till they are about .ix inches high, and then 
compare their Ii gules. That of wheat not only sur· 
rounds tbe culm, but ita ends overlap, and they are 
hairy j in barley the ends of the ligule sim.ilarly overla.p 
or cross each other, but they are na~dj wh.ilst in oa.ts 
the ligule is 6<? sbort a.s to extend only part of t..he way 
round the culm. Notice, a.lso, the ligules in the three 
common meadow grasses:-

Rougb-6taJked meadow grau (POG triviali.), ligule long ... nd 
pointed. 

Smoot.b-6talked meAdow grlloetl (PO(l praltnl,i.), ligule blunt. 
Wood meadow graee (Pro l1emorlllu), ligule none, .beent. 

Again :-
Fine ,bent gn.ee (Agroali, vulgtlrill). ligule .hort, blunt. 
Ma.rah bent gt"&B8 (Agrodi. alba), ligula long, acuw. 

The most distinctive characters of gra.sses are to 
be found in the 1l0wers, and {or the.e the ear or pamela 
(the infioruce_2 must he examined. Take an ear of 
some large-flowered grass, such as oa.ts. The nodding 
structures at the ends of the delicate branches are c&lled 
spikelet.. Brea.k off .. spikelet and examine it. At it. 
b&s:e a.re seen two large boat-sbaped leaves-called the 
empty or outer glumes--aimost, but not quite, opposite 
each other. Between these outer glumes are embraced 
two or more little ftowers-or florets, as they are better 
termed, on account of their small size. Ea.ch floret ba.s. 
a.t the base, two chaffy lea.ves, nearly opposite to ea.ch 
other. The larger a.nd lower of these i. ca.lled t he 
lIowering glume, the sma.lJer and upper i. the pale. or 
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pale (figs. 145-6), though sometimes they are called tbe 
outer pale (i.e . , the flowering gtume) a.lld the. i'T\1'~r p\1l.e 

respectively. 'I'be flowering glulIle a.t its edges embraces 
the pale. An awn, Of bristle, is seen to arise from the 
middle of the back of the 
flowering glume of the lowest 
floret. Between the flower
ing glume and pale a rc con
tained (fig. 118) tbe . tbree 
stamens, from the anther
lobes of which comes the 

FIG. 118.-A p,u· 
FEOT FtoIr..r OF 
TnB OAT (en
larged)_ 

At tbe b&ck iI eeen 
the pointed pa,le 
(the ftowering 
glume being re
moved). 

FlO. IJ9.-DrsSKtJTJ;J) 
FLOJU:T OF Wa.A.T 

(enlarged). 

0, e~'cf!~e:lfl;b~e:~r::Cc!t 
a epikelet.. 

;:arc:w~ri~:i~r~~~ret : 
~: fo~i~ule8 (representing 
ra~:::.h of ordinary 

B, the t.hree .tameDe. 
'I, the pistil, cOll'lpriling 

an {)'\1M) fturmounted by 
the two fe&thery stylee. 

male fertilizing material or pollen. In the heart' 
of the 6.oret, between the filament!. or sta.lks of the 
ata.mene, is seen the ovaryJ which eventually ripens into 
the gram. 
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In most grasses the fl oret. are much smaller t.han 
they are in the oa.t. a.nd there exist var ious modirlcat ion, 
of the parts just enumera.ted. In the ",heat-plant. bow
fiver, the florets (fig 119) a.re large , uut t.he ijpikeleta 
which contain them bave DO stalk8. The presence or 
absence of stalks to the 8vikelets determines, to a great 
extent, the appearance of the ear or L18.I1lde of a gra.iI. 
\Yhere the 8pikelets aTe not 
.upport.d by .talk., but 
rest directly upon the stem 
or axis, there results the 
clolSe narrow ea.r Been in 
wh.at. couch gras. (fig. 156), 
barley, barley gra •••• (fig. 
160), rye, a,nd rye grasses 
(figs. 148·9). ,wh.re tb. 
8pikelets are upon long 
stalks, tvhich spread out
ward from the axia. such 
panicles 8.8 thO!!l6 of oa.t. (fig. 
169). oat gras •• s (fig. 144), 
mea.dow gra.sses (figs. 14!-3), 
r.scu. grasse. (figs. 131-2, and 
135.6), brome gra •••• (fig •. 
156-7), bent graBse. (figs. 
137-8). quaking grasses, hair 
graBS •• (fig. 159), York.hire 
fog (fig. lSI), re.d. (fig. 120), 
and cocksfoot (fig. 124) result. 
Sometime. the stalk. of the 
8pikelets are very ehort, and 
lie 80 closely a gainst the 
• tem that the panicle looks 

Fro. 120.-Colf.llOH HI.», 
Phragm'itu communis, Trin. 
With enlarlled 'pikel.t .nd 

floret . 

&s if the spikelet! were without stalks, though examin ..... 
tion shows this is not really the C&S6; examples are BBeD 

in dogst .. il (fig. 125), foxt&il (fig. 139). timothy (fig . 155), 
and, to a Jess extent, in sweet vernal (fig. 153). It wilJ 
be noticed that just as the ear or pa.njc1e of a. grass or· 
cereal is made up of spa-elets, so is ea.ch spikelet mwe 
u~ of ODe or more florets. 

In order that there may b. no uncert,ainty ... to what 
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i. meant by .. spikelet, look at fig. 131 (meadow fescue 
gr&8s), and COunt the spikelet.s, which, in this illustra.
tiOD, Dumber twenty-three. In the specimen of barren 
brome grass, illustrated in fig. 157, there are fourteen 
.pikelets SbOWll. In Lbe specimen oC pereun ia.l rye-gra.BS 
(fig. 148) eigbteen spikelets may be counted. In most 
of the illustrations of grasses, moreover, lLD enla.rged 
view of a. single spikelet is given. 

The awn is & bristle which u.su.aUy springs from the 
ba.ck of the flowering glume (or outer pa.le), above 
r.lerred to AS helping to enclose the Boret. The a.wn 
may a.rise from the base (a.s in wavy hair grass, fig. 146), 
or from the middle of the hack (as in sweet vernal grass), 
or it may be a. mere prolongation of the tip (as in dogs
!.&iI, fig. 127) of tbe flowering glume. 'Bearded' wheat 
il awned, beardless or smooth wheat is pot awned. The 
aWDS, like the ligules. afford & means of distinguishing 
between sp~cie! oC grasses that are otherwise much 
alike. Thus, Italian rye grass (fig. 149) is awned; pereD~ 
nial rye grass (fig. 148 ) is usually DOt awned. The fescue 
gra.ne8 (FtJtuCll, figs. 135-6) &re mostly shortly awned; 
the mea.dow grasses (Poa, figs. 141-3) a.re never awned. 
In b&rren brome grass (Bro-mus IterilU. fig. 157) the awn 
i. long j in soft brame gra.ss (BromtU molli" fig. 156) it is 
.hort. In Yorksbire fog (Hoteu. lana!"" fig. 161) tbe &wn 
i. hidden, in creeping 150ft graSlS (HoZcu., moUia) it ia 
exposed. 

The true seed of cereals and grasses never, M BUehl 

finds its wa.y into commerce, the grain, 315 in whea.t, 
being realiy the fruit. The commercia.l C seed' of rye 1! 

aitnila.r to that of wheat. but in the case of barley or 
oats there is something more, for the flowering glums 
and pale have hardened on to the grain, so that the 
, seed' in this case is the dried floret. in the middle 
of which is the fruit. The I seed' of many grasses, as it 
occurs in commerce, consists similarly of the entire 
floret. this being the case with the l seed' of cocksfoot 
(fig •. 128-9), dogst&il (figs. 126-7), f .. cues (fig. 134), rye 
grasses (fig. 133), meadow grasses, sweet vernal. timothy, 
&Ild others. In some ca.ses the I seed' consists of eveD 
mOTe tho.n this, for it include. the entire spikelet.. An 
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eXAmple is afforded by {oxtail seed, to gather which it 
i8 only nece.sary to strip the spikelet. (fig. 139) 01I th. 
Tlpe ear. HPDf!t' the term (seed,' as applied 10 grasse8, 
must be unden,tood jn a. special sense-the fruit or 
grain ~nveloped in I chart '-nnd 8.$ by no weans imply
ing the true botanical seed, such as is exem}Jlilied in 
the commercia.l seed of clovers, trefoils, turnips, and 
cabbages. In ahort, the term . seed,' as a.pplied to 
gra.sses, me&ns simply I tha.t which is sown. ' 

FIG. 121.-COMMQN Rum, Fro. 122.-FIZLD Woon-aul., 
JUMtU eommt!1li, . Meyer. lAJ~ulo eampulru. WiUd. 

With enlat'ged Oaret and fruit. With enia.r,ed Boret and fruit. 

The only commonly occurring plants which .. re li .. bl. 
to be mistaken for grasses are f"'IJ,3!tu (nat. ord. 
JUNCACE.IE) and .tdg ... (nat. ord. CYFEB.ACJ:&); 
they have no feeding value. 

Rushes usually have da.rk green rounded steQlS, taper. 
ing to & point, and enclosing & continuous or mter
rupted pith. The leaves, if developed, are either fl .. t or 
like the stem. The brownish flo wers of rushe. conwu 
&l.X atamens, surrounded by six sca.ly lea.ve.. They &fa, 

1 it 
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therefore, qUlt.e different [rom t.hose of grasses, a.nd hB.'f'e 
rat,ber th~ structure of a ve ry diminutive tulip flower. 
Moreo\·er. they are Deyer a.ggregated together in 
~pikele.t •. The true rushel!l (JU7lcUJ, fig. 121) grow natu· 
rally on poor wet. lands. The wood-rushes (Luluia, 
tig. t22) occur upon heaths, meadowB~ pa8tur~l!I, 1Uld 
Iba.dy pla.ces. Their foliage is more grass-like than 
tha.t of the rusbes, but their lea.ves always hAve & 

Fro. 123.-PIN&·LSA.VG 
8EDO.

j 
o r • CA. 'RNATIOlC
G1U.I!I8, · 

Oare:r. pan icea, L . 

cottony a.ppea.rance, due to 
the presence of long wavy 
white hairs. 

Sedge. (Care:>:, fig. 123) 
IlTe at once dietinguished 
[rom gras.e. by their solid 
triangular sterne, by their 
enti re Je8.[-~'ea.th8, a.nd by 
the a bsence of ligules. In 
gras~~ the !!ot.em@! &re usually 
round and hollow, and their 
l eaf-sheath!!! Are split in 
front. The anthers of grasses 
are notched (fig •. 118-]9) at 
the end!; those of sedgeIJ 
are not. The cotton-gr&S8 or 
cotton-sedge (Eriophorum), 
growing on moors and bog!, 
develops cottony heads, 
which look in the distance 
like tufts of white wool. 

The term 'grass' is erro
Wi th male and (emal. 

flowen; enlarged. 
neously a.pplied to certain 

plants which are Dot members of the natura.! order 
Gra-ruinete. T_hus. cottoD-gras8 and carn&tioD-gra.!Ss (fig. 
123) &re rO!Lily .edge.. Knot-gu ••• (fig. 114), " trouble
lome weed on ar&ble land, is s. neM re la.tioD of the docks 
.. nd .orrol.. Goosegra •• (.fig. 165) ie the cle&vero, hariff, 
or whip-pongue, growing in hedgerows. Rib gra.ss is the 
pla.nta.i:n. Scorpion-gr&t!.15 it!. one of the blue.-ftower-ed 
forget-me-not.. Arrow-gu ••• belongs to the water plan
tain family. Scurvy-grass and the whitlow-gra8ses an 
cl"uciferou. plldlta. The gr&SA of Pa.ma.8sull i, .. member 
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of the aaxifrage r",mily. Cow-grass is " clover-the 
much-valued Trifohum pratm.ll! ]NTenm. 

Gra.sses, very closely allied to ea.cb other. may DeTer 
tbeJess possess widely different properties. Thus, wbe&~ 
i! botanica.lly related to the troublesome wet:d coucb
grass (fig. 158), whilst meadow (oxtail (fig. 139) is allied 
1-0 the field pest known as slender foxtail, or hunger. 
weed (fig. 140). In d •• cribing the grasses of agricultural 
value it will be convenient, therefore. to refer to the 
weed-gras.es re spectively allied to them. Though the 
cba.ra.cters of the panicle. spikeJets, and florets afford 
the rea.diest means of identifying grasse8, it mUl!lt be 
remembered that durwg the greater part of the year 
these plants are not 
in flower Bence, it 
it necessa.ry to 
study the leaves 
&nd roots of 
gra.!I.!e.!. and to en
deft..vour to identify 
the several species 
by the characters of 
these alone. In 
m&DY cases this is 
not difficult. 

T h. cultiv&ted 
gra,s",ea &re here 
described. as a 
matter of conveni
ence, in the follow
ing order: Cocks
foot, Dog s t a. iI, 
Fescues, Fiorin, 
Foxtail, Mc&dow 
G r 8. see s, 0 at 
Grasses, Rye 
Grasses. S wee t 

F1G. 124:. -CocKsrooT. Doaylu 
glom~rat(lt L. 

Wit.h enlarged spikelet OD the llgb't. 

Gra.s,!IU!I S, Sweet Vernal, &Dd Timothy, As has been ' inti
mated, however, incidental references are made to such 
weed-gr ...... a. are generic&!ly .. !lied to Any of th. 
[oregomg. 
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Coeksfoot ( iJuri,yl'".s y/umerata, L.) is easily recognized. 
I ts spikelets are crowded together into thick clusters
hence the specific name j glomerata '-anq they are a.ll 
turned to one side (fig. 124). It is a large, coarse
growing, a.nd of len unsightly plant, rough or harsh to 
the t.ouch. The leaves arc very charactseristic-broad, 
thick, juicy, bluish-green, and their ba.sa.l part. 
white and flattened near the ground. It is tall, and of 
quick growth. Aflter having been once mown, and par
ticularly if growing in a deep, rich soil, itl foliage 
becomes luxuriant and abundant. To this latter cir
cumsta.nce is attributed the freedom with which it growl 
in orchards (whence it is termed Orchard Gra.as in the 
United StaLes) and near farm building.. It is Ie .. 
suita.ble for pasture than [or mea.dow, because on 
a.ccount of its tufted ha.bit it forms dens\,; cushions or 
tussocks, which, owing to the strength of the stems, 
render the whole plant Eable to become uprooted by 
grazing animals. Cocksfoot has a fibrous , much
branched, and deeply descending root, so that it i. 
scarcely sensible to drought, provided the soil is suffi
ciently deep. It grows successfully in almost all soils, 
except dry sands and heath lands, generally thriving 
better in damp and heavy soils than in such as are Eght 
and dry. 

Cocksfoot is neve r SOWD alone, for its tufted gro,,-th 
would result in the formation of a. patchy irregular 
.ward. It should be cut. if pra.cticable, before flower
ing; otherwise the stems become hard and woody, and 
therefore leS! acceptable to animals as fodder. In 
meadows where cocksfoot makes up the chief part 
of the herbage, the time for commencing to mow should 
be determined by the condition of this grass. It fur· 
nishes a very abundant a.ftermath, or second growth. 

Tbe commonest impurities of cocksfoot seed (figs. 128 
a.nd 129), namely, tbe seeds of meadow fescue (fig. 134), • 
yellow oat grass (fig. 145), and rye grass (fig. 133), are 
fa.r from being injurious, and two of them are of higher 
commercial value than cocksfoot seed itself. More pr&
judicial a.~ the .eeds of brome gra... and of certain 
weed. of the composite f&mily, particularly ox-eye. 



DOGBTAIL GRABS tal 

(fig. lOS), groundsel, ragworts, nippJewortB, and hawk· 
weeds. Seeds of umbeHiferous weeds are aho found in 
badly cleaned samples of cocks foot. 

Dogstail (t'yno.mnu cristailu, L.).-Cr.sted dogst .. il 
gra.ss, though of sparse habit, a.ids in tbe production 
of a good I BoJe I in the turf of pastures. It js essentially 
a. pa.storal pla.nt, and is Dot of great value in the ha..y· 
field. In associa.tion with the narrow·leaved fescues it 
is &0 important 
constituent oC ma.ny 
of th. best sheep 
pastures, while its 
wit her e d culma 
may be seen in 
qu .. ntity at the fall 
of th. ye .. r in old 
deer - parks, 'unless 
th. turf h .. s been 
closely grazed in 
spring o.nd e .. rly 
.ummer. The 
appearance DC the 
panicl. ia tlo charac· 
teristic (fig. 12;) 
that it i. not likely 
to be confounded 
with o.ny other 
native species i its 
peculiarity is th. 
presence of & pec
tinate (or comb-like) 
bra.ct at tbe outer 

FIG. 125.-Do08TAlL. Cvno~r1" 
.ri.talw. L. 

With enlarged spikelet and, on left.. 
two of the pectinate brach. 

base of each spiltelet. The leaves are ra.ther na.rrow a.nd 
taper upwards, and the shea.ths near the ground ba.ve 
a. yellowish white colour. Dogstail is widely distributed 
in the pastures of the Brjt-ish Isles, but it never occupie. 
& le&ding place in tbe bulk of herbage produced. Th. 
pla.nt seems to be moat at home on compact. dry soi18, 
o.nd thrives a.bove .. chalk subsoil. The root ... re hardy 
and penetrate deeply, hence dogBtail is litt le Busceptible 
to drought. 
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Tbe s.ed of dogstail (figs. 126-7) i. easily identified 
by its elegant attenuated fo rm, and its bright yellow 
colouring. The usual impurities are seeds of Yorkshi re 
fog (Lbe small sbining grey-sbelled 'seeds' that bave 
fa llen froll) the dried spikeJet), sheep's fescue, and bl ue 
moor-grass (fig. 130). 

FIG. 126. FlO. 127. FlO. 128. Fro. 129. FlO. 13&. 
, Seed.' (much enlarged) 01 (680. 126. 127) dogoiail; (figs. 128, 

129) oocksCoot j and (fig. 130) purple Moliuia (blue Dloor-g-l'aa). 

Th e Fescues . (Ferluca.) comprise an important group 
of grasses, several of which are of recognized agricul. 
tu ral valu.. They· may be con veniently divided into tbe 
broad-leaved fescues and the narrow-leaved fescues. 

The broad-uavw forms include Meadow Fescue · 
(Fe.st'Uca prattn.ti,s. Buds.), Tall Feseue (F. el.o.tior, 
L.), and Spiked Fescue (F. loliacea, Huds.). These 
4Xe all, however, modifications of one type, and tha.t 
type ia beat represented hy meadow f •• cu. (fig. 131), 
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which is &. gra.SI of moderate size, with fi&t rich green 
leases. and a. nodding p:lJlicie turne-d to one side. TaU 
ff"BCUe IS larger lLnd more robust. often attaining a. 
height of six feet, and found naturally on t.he border. 
of water COl1rs~s . Spiked fescue (fig. 132) is a. more 
slender plant thI'Ln weac10w fescu e. aod in its panicle the 
apikeJets are eit;ner without sCalk" or b&ve ouly sbort 
ooes, thus conferring upon the ear some external rcsern
bJance to the ear of perenni&l rye grM;s (LoIitlm PU"n.M, 

FIG. lSl.-!\hADOw Fp:sCUJj, 
l' utUCCl pratmm. Bud •. 

With .. lingl' spik.elet on tbe right. 

FIG. IJ2.-SJllKKD FUCCI 
YeMuca loliacea. Budl. 

With ... ingle Ipikelet On tb. 

fig. H8), whence the specific n&IIJe of • lolia.cea.' The 
seeds of mea.dow fescue and rye grass a.re much alike 
in appeara.nce. On compa.ring the two (figs. 133-4), it is 
seen, however. tha.t in meadow feecue the fragment of 
stalk. at the base is usually longer 1 slightly Aeparated 
le.ngth 'wlse from the pale, circular in transverse sectioD, 
BOlDewhat attenuated in the middle and thickened at 
tho freo ond. In ryo gral., on the other hand, tho 
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corresponding structure ia usually aborter, doaaly applied 
to the pale, ell iptical in trrulsverse section, aDd not 
na.rrow in the middle. 

Mea.dow feecue is & valua.ble constituent both of 
mea.dows a.nd of pastures, thougb it is mu ch rarer in 

FIG. 133.-' S •• D· FlO. 134.-' SJ:.D ' 
o. R1'11 0 .... 8.. OF MEADOW 

FESCU •. 
(Both teD timee the Datural.ise.) 

old p a ., t u r e ~ 
than was at OD e 

time luppoaed. 
It. is rather a 
deep - roo tin g 
plant, and 
thrives best on 
damp clayey or 
marshy Boil. . It 
is an admirable 
grll!ftli for irri
gated meadow a, 
and, on the other 
hand, has not 
much capacity 
for withstanding 
drought. It. 
habit of growth 
is in com pact 
tufts, from which, 
in favourable 
situation., t h. 
stema rue to 
& height of from 
two to three feet, 
and are fur
m.hed with long 
broad leave •. 

Sheep's fescue (Fuh,C4 t>1/ina, L.) may be taken as the 
type 01 the narrow:~ved lescues. It forms a. thick tufted 
berba.ge (fig. 135) of very fine leaves-so fine tha.t they 
are often described &s setaceous (Lat . • eta, &. bristle), .. 
a.nd in the United Sta.t.s this grass i. known ... Pin. 
Bunch Grass. It is a common gra.ss 00 1ight 1imsBtone 
pa.sturcs, ,,;od 00 chalk downs gra.zed by sheep, o.nd ill 
\\lcr. \'t\l"\'(11l .• it ""\'P' \.0 \0= .. clo .. ~rp.t 0\ tun. 
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The pantel. i. not unlike that of some of tho moadow 
grasses (Foa, figs. 141-3), from which it may be dietin
guished by its abort &W'D8, the rueadow grasses hein,. 
free from awos. F""fuca Ol'il~a is susceptible of consider
a bl& va.riations, determin ed by ci r cumstJlDcea 01 l oil , 
l itua.tion, a.nd clima.te. The commonest modmcationl 
&re:-

jI"'educ& duriulcula 
FElIItuca rubr.. . 
Feetuca bet.rophylJ. 
F_tue. tenuifoli. . 

HRrd teecue. 
Red fe&cue. 
Vario.l4· leaved le.oue. 
Fine·luved C"lcue. 

Hard fe8cue (Feltuta duriu.Jcula, L.) ia &0 named in 
.. lIu,ion to the fact that tho spikelot, becomo ha.rd ... 

1'10. 135.-SH •• P's FESCUZ, FlO. J86.-H..utn F:B80Ua , 
FeAtuco ovina. L. Futuca duriu.!tulCl, L. 

With enlarged Ipikelet 00 t.he ri,bt. With enlarged Ipikelet on the l.ti 

tboy ripen. Tbe grass (t\g. 136) i ... valua.bl. conatituont 
of sbeep pastures, wber. it bolps to form .. clo .•• bottom 
{,() the turI. ItA h&bit, however, 1. not tufted, &D.d it. 
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berba.ge lB tender, juicy, and relished by atock. The 
leavt's are of a deep bluish-green colour, stiff, and rolled 
up allno:;t. inLo a. cylindtr. Hard fescue seed may be 
usefully illcluded in mixt,ures for perl1l3.lleDt pasLUres 
upon all soils that are not very wet. Being the com· 
mOll est of the Darrow-l~aved fescues its seed is the 
cht!<1pest. 

Red fescue (Felluca r'ubra, L .) derj,'es its name from 
the colour of the sheaths of the lowt:. r leaves, which, 
when the plant is spread open for tbe purpose, are seen 
to b. of a dull red. A Inore robust 1> lant than hard 
fescue, it has at the same time a. creevil-lg habit, which 
belps it to withstand drought, and suits it to poor soils. 
Like most of the narrow-leaved fescues, this variety 
does not make sufficient bulk to be of llJuch use in the 
bayfield, but it is unquestionably serviceable as a con· 
stituent o[ the bottom herbage in pastures" where it is 

"' readily grazed by stock. Its seeds are larger than those 
of hard fescues. 

Various-leaved fescue (Fe,t'Uca JIe1erop}lylln) bas, as its 
name implies, leaves which are not uniform in size and 
shape. Its foEage vades somewhat between the na.rrow
leaved and broad-Jea\red types or fescuf'. The upper 
leaves are broad, but the root:,..lea.ves are harsh and 
slender, and a.re enveloped in loose brown sheaths, 
whilst the general habit 01 the plant is tuf<ed. It comes 
into profit fa.irly {'arty in t.he season, and thrives best 
upon calcareous soils, even when they are moist or 
shady. 

FiDe-leaved fescue, or slender-leaved sheep's fescue 
(Futuca telluifoiia), is & typica.l constituent of sbeep 
pastures. Its folded , thread-like leaves are 80 attenuated 
that tbe entire plaut presents 8. wiry appearance. N ever
theless, it is juicy .and pala.table, lLnd tbere is no grass 
IIlore r elished by sheep. It is deep-rooted, and is 
natur&l1y suited to poor, dry uplands. It is useless to 
sow it on rich soils, as it gradually disappears. 

l'iorin (A.g-T06ti, alba, L., var. stolon-i{era), or creeping 
bent grass, is & stout broad-leaved grass, sending out 
prostr&to steml or stolons (p. 150), wbich creep amongl t 
the other herbage, a.nd develop rootlets wherever AD 
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opportunit.} olIen . Hence, under favoura.ble circum· 
st&nces, the pl&nt incre&sel with considera.ble rapidity. 
Its interrupted panicle (fig. 137) o[ innumerable ama.ll 
liipikeleta is cbara.cterized by the well -defined intervals 
between the point, from which the clust.ere or branchell 
arise. Fiorin thrives in moist poor soils. bot.h sa1"dy 
and peat]. Jt CAn ha.rdJy be described 48 a. i&VDUriu 
food for cattle, but it js uteru] in that It a.ffords a greeD 
bite [ar into the a.utumn. ]t canDot be recommended 8.1 

FrG. l!7.-FroB.JN, 
'1ro4ti8 alba, L. , nc. ,Jolon-ifer-a. 

itb enla.rg.d .pik.lei on the loft . 

FrG. J38,-COlfIlOloo' B.~l', 
Agro,ti. tlulgtlri., L. 

With enla.rged Ipikelet 00 tbe 1., 

.. hayfield grass. The seed of norin i. very lia.ble to 
contain the seeds of other species of Agrostls, which 
are practically indistinguilha.ble from it, and it is often 
ergo ted (p. 393). 

The Common 13ent, or the fin e bent gra.ss (AgTO.tu 
~"T;', L., fig. J 38). and tbe lla.rsh Bent (.19T".li, ,,<ba, 
L.) are two weed gra.sael, often included 10 the c?mn:'0n 
term, twitch, or squitch. Tb"y occur abund&ntly 1D poor 
mea.dowl, a.nd &5 w~ed& in acme descriptions of ara.ble 
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land. \Vhen & w bea.t crop is cut, the land i. often found 
to be covered with beut gr8J.I~es. 

}1aadow Foxtall (d(ui',tUtt,,' 1)1'alel/sis, L., fig. 139) i! 
one of the endy gral:iscs, anJ way often be found in 
oM by the ulltiillc of AJ.lru. l'lle ear lms much the 
appearance of a round tall couing in a. point, and if 
drH.wn from Lase to LIP, be twet!ll finger and thWflb, it· 
[eel. soft and silky. By doubling tbe ear upon itself 

FlO. 139.-Ms.&.now FOX'UIL, 
..4.loptcurtU praem61lf, L . 

With enla.rged spikelet on the lefl. 

at about tbe middle 
of its length J it wil1 
be seen that each 
spikelet has a very 
~hort stalk, and 
that the spikelet. 
are thickly crowded 
along the ,,"xi.. The 
silverr grey colour 
of the ear is largely 
due to the silky hair 
or bristle (the awn). 
which springs from 
the flowering glume 
of the solitary Bower 
within ea.ch spikelet. 
The lea.ves are soft. 
green. succulent, and 
very numerous; they 
are long. broad, and 
Itrongly veined. Fox
tail throws up much 
herbage in the early 
spring, and thus 

afford. valuable graziog at & period before ma.ny of the 
other grasses are rea.dy. Though a tall fine g rass, it 
is less robust than cocksfoot; at the same time it is 
less unsightly. 

A perennia.l gra.ss, of early growth, a.nd a.fi.ording 
abu.ndance of excellent forage, this is 8 most useful 
species [or permanent pa.sture. Scarcely any gras8 
resists better the cold of winter> and even late frost. 
affect it but ollihtly. It appeara to thrive equally well 
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in lunny And in abady lituatioos. e.nd therefor. grow. 
luxuriantly in orcha.rds, wbere indeed its precocious 
growt.h ma.y become well a.dvanced before leaves appear 
upon the frun-trees to in tercept the suo's raya. On 
thin, ligbt soils it gradually dIsappears, whilst it 
fiourjsbee best on deep hea.vy lands. On damp 80ils &DO 
on irriga.ted meadows it does equa.lly well, but &t&gnQ.Dt 
water 18 inimlca.l to It. 

Meadow foxtail .preads itself by mean. of .hor! 
prostrate stolons, given off in All directions from the 
ba.se of its stem. These stolon I develop root.leta at 
intervals, a.od consequently this gras. is quite free from 
tha.t tufted habit willch prevents such grasses &s coclu
foot trom forming an even sward. Meadow foxt&il 
,hares with sweet vernal the distinction of being the 
ea.rliest-flowering of all the useful gral:ises. 00 a good 
soil it is quite capa.ble of yielding three cuts in the 
year. In the .rear of sOl\'ing, however, the yield ill only 
moderate; it ie better in the second year, a.nd a"cquire l 
its greatest development in the third yea.r. As & fora.ge 
crop, therefore, foxta.il is never grown by itself. ASIIo
ciated, however, wit.h meadow fe scue, cocksfoot, ry e. 
gra.ss, and alsike clover, it is weB ada.pted [or 81!1VeraJ 
ye&rs' ley, a.nd (or permanent pasture. 

The ' seed' of meadow foxta.il, ae it oceuTI! in com
merce, consists of the spikelet (8U fig. 139) with its COD

t.a.ined strllcturt!:s. It is frequently gathered unripe, and 
this a.ccounts for the low gerrui.na.t.ing percentage which 
aampls.s often give. 

Common impurities of foxtail seeds are the I seeds 1 

at Yorkshlr. fog (Hukw lanalt ... , fig . 161), a.nd cre.ping 
80ft grass (Boku.! frtollis). Though possessing & clo .. 
"ppa.rent resemblance to the seed or foxtail, they may 
vet be easily distinguished from it, both by t.ho character 
tWd die:tribut'jOD of the fine hairs, or cilia, upoa the 
<dume. which enclo.e the grain, a.nd by tbe nature of t he 
&WD. Sometimes it happens that meadow-foxtail seed i. 
adultera.ted with the seed of it. nea.r ally (;1 lop<curu. 
GgT'uti.., L., fig . 140). va.r iously tenned .lender fo~tail, ~ 
bent, or hU'I1!/e1"-wted. Tho · teed' of thi. latter , howp 

.Vet, i. Ie.. ciliated along the b.l, of the outer 
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glulDe~ , and is usually darker in appearance than 
the seed of mpadow foxtai1. One other adulter&nt. only 
found, howe .... er. in fo re.ign fo:tte.il seed, j. the l5eed of 
the exotic ciliated meiic grass, :Melica ciliata, L. , but this 
i . at once recognized by the ex traordinary extent to 
wh ich it-a glurues are fringed with delicate white hairs 
(cilia). 

F loating foxtail (AloptC1.4,.". 9tnieuZatus, L. ) ia LIl 
«IIegant little gra..ss found in wat.e r meadow l!I , !hallow 

FIG. 140.-8LJisu.a FOXTUL, 
Jl lop~u.rtU o.gru ti., L. 

Witb .nlargtd Ipikelet on the r ig_bt. 

ponds, and ot.her 
damp situ&tions. Its 
!!It.em is too weak to 
grow upright, a.nd it 
t.hereCore re!ll t s upon 
lhe ground or upon 
lh e adjacent herb
age, • being recogniz
able by the .harp 
joints, or I knees, J 

'\:hich give to it a 
zlgzag appearance. 
When in rull flower, 
t,ne pollen covers its 
neat Ilnd shapely 
little esr with a.n 
orange-brown dust. 
Floating foxtail i. 
ne,rer very abun
dant; and though 
not. &n objectionable 
graBs in the moi.t 
localit ies which i t 
frequents, it canIlot 

be Baid to pORleas &ny special agricul tural value, nor 
i. itt! 8eed to be obtained upon the market. 

Slender foxtail . (.H opecu'1" "!Truli" L. , fig. 140) i. on. 
of the worst ~!ts of the fa.rm. It i!l 8. trouble!ome weed 
of ara.ble IZLnd, e!lpe~i&1l1 in cornfields, but rarely invade • • 
the meadow or pa.!ture. It p08se~8e8 the general habit 
of th. -ra.!u",bl. me&dow foxtail, but i. Ie .. robust, and 
it. e .. r, · beside. being more .lender, i. blotch.d with 
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blaclr--bence the name of black benl commonly applied 
to it.. Another fn,miliar name, and one i.ndicative of ita 
bad cb <l.r actt'l', is that. of "ufl')~,.-,rt'ed. It IDny be found in 
eaT in May altn .Julle. and, if not remo \'ed before it sheda 
its seed. furthH trouble may he looked for in the follow· 
iog season. L'a~es a.re recorded 10 which fields of \Theat 
have tePD quitt' de~Lroyed uy this pest. A caution h .. 1 

a.lready been givelJ as to the occurrence of it! seed in 
sa.mples of meadQw-foxt&il seed. 

Meadow gr •• ses (l'oa) are characterized by tho 
gra.ceful tree-lik~ b raDching of the pa.nicle. In gencr&l 
aj Jpearance they are 
somewhat. sllgge~tive 
of th e fe~cue.!l (Jig.." 
135,6), butche)" ne"er 
bear awns, a~ many 
of the fesc '!es do. 
Th e WO!lt " iJely dill
tribu t.ed mcm\;er of 
the group. the an
nual meadow grass 
(P()a allnua, L .. fig. 
141). ia a wef'd spring· 
ing up whereve r op
port.uni ty lI1ay offer. 
It invade s bare spots 
in pastu res. occurs in 
gateways and on 
gravel walks, grows 
in the crevices be
tweeD paving .stones, 
&nd flourishes on 
walls llrnd roob . An 
exa.mination o( 8. 

.pecimen of &nnu&l 

FlO. HJ.-AN'l'flJ.A.L M.. ..... DOW G Jl.US, 
POClIl,mUG, L . 

Wifb eolargttd . piblef OD tbe left. 

mea.dow gra.ss will bring into view the leading charactera 
of the genue Poa. K ea.r the ground the st ems a re fi&t
tened, the leAves a.re short "'ith blunt ends, whilst the 
ligule is long. pointed, whitish, and clasps the stem. 
The whol. plllDt i. limp and pale-coloured, .. nd th e l . .. vel 
are often waved. It. ,mall aize. and the brief duration 
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of ita life, Ber • ., to reDder FOB annua pra.ctically valuelesa 
to the farmer. 

Th e species of Pea of a.gricultural interest are the 
Imooth-sla.lkpd meadow gras8, the rough-st.alked meadow 
grass, and the wood meadow grass. N otwithstaoding 
their general similarity. it 11 not difficult to dist.inguish 
between these three species. For example, the ligule ( Itt 

22~) is long and pointed in Poa tTiv-ialis, obtuse but 

FlO. 142.-SliOOTH-ST.l..Lgn MUDOW 
G B.,U8, Poa pralt",.i. , L. 

With enlarged spikelet OD the left. 

prominent ic Poa 
praienlis , aud prac
tically absent in l'oa 
nemorali.s. The leave. 
of P an praten.sis are 
broader and blunter 
than those of P oa 
tri,iolj.-. If tbe plant 
is drawn through the 
hand, Poa praten.si3 is 
fouod to be smooth, 
whilst Poa tr-i'Via~i.3 is 
rough. 

Smooth • stalked 
meadow grass (Po. 
pra,ten!:", L. , fig. 142) 
thrives naturally 
upon dry \\oils or 
good quality. It i. 
rather ' a 8urface
rooted tha.n 8. deep
rooted pla.nt, i. of 
creeping babit. and 
withstands drougbt. 

Being a grass of. ea.rly growth, it is, on tha.t a.ccount, 
..... lua.ble con8tituent of dry p&stur~s. When ra.ised 
from •• ed ita produce during tbe firs t year i. but sma.1L 
Thi. i. the Kentucky Blue Gra •• of tbe United St&te •. 
p . 2~3) is long and pointed in Poa tri1..-i.ali3, ohtuse but 
143). form~rly ca.lled Orcheston Gra.ss, prefers strong 
moilt Boils, and is & conspicuous ingredient of the 
herbage of deep r ich pastures. It is. perhaps, less ha.rdy 
than P aa prat ..... ;.. o.nd it is particularly addicted to 
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shady sltua.tionB, 80 th&t, in pastu r!!s &Dd mea.dow, 
where it occurs, it may generally be found in abund&Ilce 
beneat.h trees. Fine robust specimen8 occasiona.lIy Bvring 
up in the rich soil of kitchen ga.rdens, especially a.mongst 
bU6h fruit. 

Wood meadow grass, or evergreen mea.dow gra8. (P04 
nemoraltl, L.), is less common than the two precediol 
specie" "'hilst the 
costliness of pure 
sam,::!es of the seed 
opera.tes against its 
extensive use 
for agricultura.l pur
poses. 

There is consider
able ,im il&ri ty 
a mongst the seeds of 
these three' Poa.~. 
They &·re all' webbed' 
at the base-those 
of POQ pratensis most, 
and thole of Poa nt
fnoralis lea,st--thougb 
in some samples the 
web ha.s been re' 
moved by tho web· 
bing machine. In tb. 
c&se of Poa pratemiJ, 
indeed, the woolly 
I webs ' ea.u~e the 

~ .. 
FlO. 143. -RocGB_·8T.uKsn UJUDOW 

G1U.!S, Poa. triviali., L. 
With enlarged . pikelet on tb. rilbt. 

.eeds to adhere togeth.r in fluffy ma..... AI1long.t tho 
impllritie, or adullier4nta in sample. of Paa .eed. are 
t.he seed. of annual meadow gra8l, of tuIt.ed hair grail 
(A iTa erespitoaa, L.), a.nd of blue moor gr&s. (MuLiniCl 
, .. rut.a. Moencb. fig. 130). What the buyer h ... cruelly 
to guard aga.inst, however, i, the risk. of accepting the 
,eed o( one IIpecies of Poa for that of another ~nd more 
expeneive kind. 

Oat grass •• belong to tho same genus (;l«na) &1 tho 
cereal oats, which some of the na.tive species cIa,.l,. 
r ... rubl. in habit, though th.y are ulually inf.rior ill 
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.ize. The most importtWt species are yello\v oa.t grasB 
a.nd taIl oat grass, both of which are of agricultural 
value j and dowJlY oat grass. Ilanow-I eaved oat grass, 
and wild oat grass, which are weeds. 

Yellow oat grass, or golden oat grass (.J rP11U Ila1'e&cens, 
L.), -is one of the most graceful of the British brasses 
(fig. 144), Its leaves are slender, 11at, pale green, and 
covered with short hai rs, which can casily be seen by 
bolding a specimen up to the light. The stem is dothed 

~r,5~ 
FlO. 144.-YELLow OAT GRAS8. 

.d.ve1lQ f/a1'etfcen $, L. 
With enlal ged apikelet on thf" left. 

with delicat.e hairs 
poinLing dow D
wards, wbich help 
in distinguishing 
the grass before 
it protrudes its 
ear. The pamele is 
of a shining yeUow 
colo~ r. and glitters 
in tLe SUD. LIp to 
the lime of flower
ing the ear is very 
COUlpact. and js 
beautifully sbaded 
with green and 
gold, wbijst tbe 
delicate silky aWDS 

look like streaks 
of si1 \7er . As the 
flowers develop, 
the entire panicle 
spreads out into 
8. tree-like form, 

And it is a.t this stage tha.t A 'Ct'l1a ~avtsceru {arms 
one of the most:. elega.nt midsummer .objecl:.s in 
meadows. \OVben. the blooming time is Ol'er, and 
the seeds begin to ripen. the pliLnicle closes up again, 
its lovely colours dhappear, and it becomes brown and 
withered. If panicles in the thrt-e stages-before flower- .. 
mg, in bloom, a.nd after .flowering-are placed side hy 
.ide, it is at lirst difficult to believe that they belong 
to th •• &me species. Avena !lavucen, is & va.lua.ble grass. 
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both tor forage lLDd for bay. It occun naturIJ,JJy in pa.· 
tures, bayfieldsJ and water-meadows. in all of which it 

• 8 0 

FIG. 145.-' Sr.l':n· OF YBLLOW 
OA.T GRABS (enlarged) . 

.t , inner face, showing pedicel 
or stalk of next. ; eeed.' with 
• row of baire aD e&ch side. 

8, aide view. sbo\lting 00 the 
I"i~ht the flowering glu.me, 
With its twiated awn ariaing 
from ab01:e tht middle of the 
back, and. its cleft tip j and , 
on the Jeft. the pale with i~ 
free end cleft.. 

0, ba~k view. 

In v!r :b:nsal~ ~a~h8e t~:~';:~ 
eJ um •. 

is a. desirable constituent. 
Its seed (fig. 145) i. C08Uy. 
and lbat of the wavy hair 
grass (:1 ira flexuo:Ja, L., 
fig. 146). which somewb&t 

8 

FIG. 146.-' SEED' OlP W.", 
H .HR GRABB (enJarsed). 

A. , inller face, lJhowing pedicel 
or stalk of nut' seed,' with 
a tult of ha.irs on each side. 

R, side view, fihowing on the 
t ig:ht. the Bowcring glume., 
wltb its twi5ted awn ~i.in8 
from ntar the ba,it" of . the 
back; the pale .;, h·jddtn by 
the flowering gluwe. 

o. back vj(>w. 
In ... tbe pale face. t be oble r

ver, tIood in 0 the Bow.riog 
glum4. 
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resemblea ii, baa been known to be fraudulently lub.ti· 
tuted (or it. The wa.vy hair grass is 8 product of poor 
heaths and sands, and is incapable of establishing it.elf 
in good meadow. or pastures. 

Tan oat grass, or fal se oat grass (Alltnll tiatiOT, L' J or 
~rTh~nathtruftl Ulltnuuum, Besuv. , fig. 147). may frequently 
be found in or near the hedgerows bordering graSl
l&Dda. Though often regarded &8 8. weed. yet, in it. 
proper place, ADd in association with other grasses, tber6 

FlO. 147.-T4LL O AT Ga ..... , 
A v.n4 dMwr, L. 

With .n!arg~ 'pikele' on the right. 

i . little doubt it 
poaS6lS1e. ag ricul-
tU Ta l valu e. 
Foreign agricul-
turists appreciate 
it more than do 
British farmer •. It 
thrive. beat on 
trledium soil. and 
clay loams, where, 
being & robust 
plant, it a.ttains a 
h.ight of 3 to 4 
f •• t . It can b. 
found in ear from 
early ,ummer to 
l&te autumn, its 
aprea.ding panicle 
being road. up of 
pale purpli.h Ipik.
leta, alway. of a 
ahining a.ppear
&Ilee. The hitter 

favour of the plant is hardly noticea.hle when it i. con
lamed in conjunction -with other gr&Bl8S. It i. Ipecia.U, 
liable to attack. of .rout (p. 390). 

A Va.r1l!1ty of tall oat graB', called 'onion couch: 
fomll from two to five bulb-like sw.llings, which ar. 
modification. of tho ahort internod •• , .. t the hal. of .acs 
eu.\m. It i. ,ometime& a. trouble&ome weed on a.ra.bl. 
lancL 

Of th. " •• d oat gra .... , tho dOWDY oat ,r_ (A ...... 
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pubtJ~) j. cha.rActerized by the dense coverin, of olo .... 
set ha.irs, which impart to the plant a. downy appea.r
&.Dce. It may be found in dry pastures, especialJy in 
cha.lk districts. It is readily distinguished from the 
valuable yellow oat gras3, thus:-

Downy oat. Spikeh:ta. Ligule. 
grass Avena pubeaceo., L. Few, large. LODg, POiDt.ci. 

Yellow oat 
gra" Ann. finMo.na, L M&DY, amaU. Shon, bluui. 

The narrow-leaved oat grasa (d""n<> pratt ... ", L.) h .... till 
la.rger spikeletB than AvtJl.Q. pubtutnJ, but its lower lea.ve. 
though ha.rsh and Tough, are not hairy. The wild oat 
Irass, or ha.vers (Avena fatu.o-, L.), is a. weed of corD
fields, and much Tesembles the cultivated oat. Its spike· 
leta are large, BtPd the contained florets are furnished 
each with a. long twisted aWll, and whh & number of 
reddish-brown hairs, pointing forward at the base. The 
.tem is smooth, but hairy at the ioints. This plant i. 
an annual, growjng from seed each yea.r, and dying on 
the appToach 01 winter. 

The Rye grasso! {Loli!,m) a.re very extensively cultj· 
va-ted. Perennial rye grus (Lolium peren1ll:, L.) is &D 

a.bundant species in rich old EngJish pastures, a.nd in 
laying la..od down to penna.neot gra.ss it is nea.rly a.lwAYs 
included, the proportions varying according to circum
.t&nces. Italis.n rye gra.S8 (Lalium ital.icum, A. Dr.) is Dot 
& gra.ss of permanent pasture, but is profitably included 
in mixtures for one or two years' leys, and thrives 
remarkably well upon sewage-dressed lands. 

Perennial rye grass (L<Jli"'m penn .. , L., fig. 1(8) CM 

scarcely be milta.ken for &ny other species. The Battened 
ear look. almost .1 if it had been pSlISed through & 

press. The spikeJets, free from stalks. are given off alter
n&tely on either side of the stem, to which they ar. 
attached edgewise. Each spikelet h&s only one outeT 
glume, the place of the other being, in effect, occupied 
by the adjacent portion of the stem or &Xis. The glony 
dark~green lea.ves of rye gra.ss glisten conspicuousl,. in 
the sunlight. A prominent midrib ~xteDds .. long tho 
back of oach leaf, and, al tho leaf i. tra.ced downward. 
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to it! ehe&th, it is found to be doubled on itsel! like 
the contiguous faces of a sheet of notepaper. Moreover, 
the lear·sheath! a re seen to be distinctly flattened or 
compressed, and frequently to jJossess a reddish or 
purplish tinge at the base. By the foregoing characters 
rye grass, before it is in ear, can be di st ing uish ed from 
mea.dow fescue grass, the leaf of which has no prominent 
midrib, lLDd is not doubled upon itself. Dor are its lea[
IIh ea.ths compresI!oed, but round. The Batt~ned leaf-

FIG. 148.--Pl!:ltznLl.L Rn GL&.88 r 
Loliv.m perm nt, L. 

With •• iDgle .pikel., 00 the left. 

shea.th!. o{ rye gras! 
en&ble the plant to 
accommoda.te itself 
readily to the trea-d
ing of li,'e stock. and 
to thrive under the 
h02f. of anima1e: , and 
thIS may be Olle 
reason for the abund
&nee of perennia.l 
rye graB! in well
grazed pastures. Rye 
grao. i. likely to b. 
found wherever the 
soil is rich enough to 
grow it. Bence it 
com m 0 n 1 y occurs 
amonget the berb
a.ge of roa.dsides, 
where the soil is 
enriched with the 
washings and the 
scra.pings from the 
surfaee of the road. 

Rye grass ' is one of the most v&luable plants of our 
grass lands, and in clay-land pastures it is inva.luable. 
It tiller" or stools out, very freely, by which is meant 
tha.t numerous leaf-buds arise above the C'!'own of the 
root, &Dd develop vigorous leafy shoots, so that the pla.nt 
forml!l & thick close swa.rd. It ea.sily supports frequent 
gra.zing, or pulling by hand. Trampling or treading doe. 
it no h"rm. but r .. ther enha.nce. its useful propensity to 
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tiller; this i8 the reason it gives bett.er result. &1 a 
pasture plant tha.n &5 a. hayfield plant. The yield varies 
considerably with season and soil. a.nd accordina to the 
mn-nuring nnd prepara.tion of the land. 

Many ,-arietieB of rye grass have been nlLmed-Bucb &1 
Pacey's perennial, De\'on eaver, etc. - but Lhey present 
no well-marked or permanent differences. 

Though pre-eminently a grass of permn.nent p&stufe, 
rye grass is also largely employed in mixtures of ! seed6' 
for one or two years' 
ley, intended to af
ford a hay crop, a.nd 
&180 to provide tem
porary pastures. if 
only on account or 
its prompt and luxu
riant tillering, " rye 
grass should usually 
be included in mix
turea of seeds in
tended for good soil •. 

The seed of com
merce (fig. 133) comes 
chiefly from Scot
land and the North 
of Ireland, where rye 
gr&88 i8 cultiva.ted 
upon a. large scale. It 
is collected by the 
ieed mercha.nts, and 
cleaneda.s6cond time . 
ipecial ca.re being 

FlQ. 149,-lTALIAN RYE GUJ.I!, 
Lolium il{l/ic.um. 

With a tingle Ip ikelet on tbe rigbt. 

taken t;o remove seeds of Yorkshire fog (Holeuf lanatm, 
fig. 161), 80ft brame (Bro1ll'Ua 't1Iolli~, fig. 156), a.nd rat's
tail fescue (Futuro riuroidt.l). RYf! -grasB seed is also 
liable to contain .eed. of plantain (figs. lil-2). buttercup, 
and 80rrel (figs. 112-13). On a.ccount of it.s low price, it 
run. but little risk of .. dulteration. N e •• rthele,. tA' 
leed of soft bromo i. sometimes sold in bulk as tb .. t <iJ 
rye graS8, but the fra.ud is onc which is easy to discover 
It u •• more often to happen that rye-grass seed wa, 
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itself substituted for an apparently similar but more 
expensive seed. that of meadow (escue, (or the sake of 
the extra profit. (S« figs. 133-4.) The rye-grass seed 
itself is classified into seversl commercial sorts, accord
ing to weight, purity , and germinating capa.ci ty. As the 
better quali t ies possess, in genera.l. a. greater weight, 
it is the weight which 8erveS in England &8 8. guide to 
the value of the seed. 

ItaHan rye gra .. (Loli .. m ital.icum) i. a larger IIJld moro 
rohust plant than perennial rye grass) a.nd it affords an 
.&rlier cutting, or bite, in tbo opring. Ito floreto (fig. 149) 
.. re invarillobly Awned, AI!! may be seen in the I seed, ' 
whilst thoso of porenoial ryo grass (fig. 148) very rarely 
ca.rry s.wns. It is exclusively used for a.lte.rnate hus
bandry, for which purpose it scarcely has an equal. On 
rich damp !Joils, tha.t can be irrigated with liquid ma.nure, 
It&lia..n rye grass yields enormous crop!., 'equaUy va.lu!Lble 
both for soiling purposes (" .. p. 263) and for hay. It may 
be grown a.lone, or in &l!5!ociation with cocksCoot, timothy, 
or broa.d clover. Dairy cows, gra.zed upon 8. temporary 
ley of Italian rye gra.ss, give a. grea.t yield of milk. the 
fte.vour of the butter or cbeese from which is excellent. 
This species is never found in old pastures. 

Darnel (Lolium tem,ulwtum, L.) is aD occluiona.1 weed 
of cornfields. It i. diatingni.hed from tho other ryo 
gra.sses by the circumstance that the sohtary outer glume 
i. longer (fig. 150) than tbo .pikelet to whicb it belong •. 
Poisonous or intoxica.ting properties ha.ve been a.ttri· 
buted to it. 

Sweet grasses (Glyceria) occur na.turally in water 
me&dows. a.nd in the Fen districts. a.nd are seJdom ra.ised 
from seed. In the grass l&nd. "' hich tbey f .. quent, they 
constitute acceptable and palatable additions to tbe 
herba.ge. and &re. &8 thei r na,me implies. distinctly sweet.. 
The floating sweet grass, or Boa.ting 'manna. grass (nly
ceria f1uitan!. Br.). is 8. slender a.nd gra.ceful grass (fig. 
151). li .. ble in certain stages of growth to b. mistaken · 
for tbe spiked fescue (F ... tu<" loli"",,,. fig. 132), whicb 
p;rows in association with it. The spiXelets of the sweet 
gra.ss are, however, longer, and contain a larger number 
of 1I0ret. than i. the cao. in spiked feBcue. The reed 
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Iweet ifass (Glyct.ria aguatica, Sm.) its a f a.r stouter pllUlt 
(fig. 152), and shows a. d isposition to grow in the water
cou rses, a.nd a.long their borden, f &tber than to spread 
itself over the meadow. 

Sweet-scented vernal grass (AntlloJ'01dllum odOf"utu1n , 
L.) is one of t.be ea.rllest grasses to C0I1j6 int.o flower , a.nd 
it may often be gathered in ear a.t the beginning of 

FIG. 150.-D A.RKEL. Lolium 
I~muknlum. L. 

With • single spikelet on the 
right, &nd enln,rged Aorei on 

the left. 

Fro. 151.-FLod'tNO SWZEl' 
GllA.811, (}lyceria f/uilm'l#, Br. 

With a . ingle flpikelet on th. 
tight, and th~li~f~.d floret on 

ApriL It is a plant (fig. 153) of sparse h .. bit, &nd, though 
it may be found in wa.ter-meadows, hayfields. pastures, 
copses, and hedgerows, it never constitutes more than 
an imignific&nt proportion of the total herbage. U the 
Italk of this gra.S8 is chewed, a. sweet la.vender-like 
odour, similar to that of new~moWD ha.y, is perceived. 
Tbi, odour i, given out in the process of drying, &nd to 
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it the agreea,ble scent of a. freahly -mown hayfield i! .. ttri
buted. 00 tb e sbeep-grazed Downs of the Sooth of 
Engla.nd, sweet vernal grows in association witb sheep' , 
fescue Th e lea\'cs of sweet \Te rnal are flal, broad, and 
somew bat bairy, but Ih~ g ra.ss is not of coarse growth. 
Exami ne some of the florets and notice tha.t they have ollly 
two stamens each. in stea.d of tb re~, as is the case wi th 

F ro. 152.-RJ:l:~ SWEET 
G Ulli!, Glyeeri4 aquatico, 

~:. th:if:f:.nl:~~ede~)~~::: 
floret OD the right. 

FlO. 153.-SWZET V ERNAL GIU.811. 
Anthoxanthum odoratu:m, L. 

With enla.rged cltH!lter of tbree 
spikelet. on tbe lett. 

the florets of most species of grasses. The function of 
Bweot verna.l, botb in pastures and in bay, iB prob&bl: 
that of 8. condiment, 31!1 it is capable or lmpa.rting a 
fla.vour to the associated herba.ge. It grows in compact 
tufts, tiller! freely, a.nd continues to t hrow up its lea-vee 
until la.u in the autumn. The &WDS Me hygroscopic, 10 

tb&t if .om. of t he ' l eeds' sr. pla.ced upon the warm 
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lI1oj~t, palm of the ha.nd. they will commence to writhe 
and wTlggle a.bout in a curious fashioD. 

Some of the seed of commerce comes [rom Cent ra.l 
Germa.ny, these belllg derived not from plants specla.lly 
cultivated for the purpose, but ga.t.hered in glades and 
copses. 1L is therefore obtained only by long and 
[ati guing la.bour, and genuine sam ples are necessarily 
of high price. Deriyed !rom such sou rces, however, the 
seed is seldom pure, being usua.lly mixed with seeds of 
other plants grow ins in the sBJlIe localities, notably the 
•• eds of woodrush (fig. 122) .• heop's ,orrel (fig. 1l3), and 
,beep's fescue (fig. 135). 

In the district of N ortb Luneberg. Prussia, t here ill 
frequently found growing in rye crops a. bad annual 
weed, a.llied to sweet vernal, aDd known a.s Puel's vernal 
erass (A ntlzo:r(..tn thum Pu,lii). This forms such dense 
tufts that the scyt.he can -scarcely cut thelll, and hence 
the mowing of t..he rye is rendered difficult. La.rge quan· 
tities of the seed of PueJ 's vernal grass are exported 
from Hamburg. and this worthless male· 
rial finds its way into commerce as t.he tel 
seed of the true ~weet vernal. On account q 
of this origin. the ~eed of Puells gra155 '.' 
ofien contains ihe 1ong·pointed gr ain.!) of 
rye, 8,5 well as the long-awned eeede of 
the \ .... ind grass (.4 pero Spt:ca'Tfllti, L.), t he Flg~ 15J'N:~~~D 
seeds of cornflower: and of the a.nnua.l Sclera-nlhtu ' 
Im .. wel (fig. 154). It,. Dot altogether easy a"n~.u., L. 
to determine whether a, .oHtary (8eed' 
il!l tha.t of AnthoxanthuTn. odo1-atum or of A. Puelii, but 
viewed in the bulk the latter i, of .. di stinctly lighter 
brown colour than the £ormer. Puel' s grass i . 
of little value. During its first yea.r it permit. 
scarcely any of the gra.sses near It to develop, whilst 
its de.oae tufts help to smother them. If, however, it is 
not allowed to shed its seed, it usually disappears in 
the second year . The seed of sweet vernal is sometimes 
adulterated witb tbat (fi g. 146) of the wavy bair gra .. 
(AiTa fi<xuola), but tbe latter is readily recognized by 
the lower ha.lf of its prominent basal a.wn being 
twisted. 
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Timothy ilass, or meadow cats tail (Phleum pratenn, 
L., fig. 105), derives its more familiar name from 
Timothy Hanson, by whom the cult ivation of this grals 
was tntroduced from the United States of America. about 
lhe middle of the eighteenth century. I t is 8. native 
Bri tish species, and is relished by all classes of farlfl 
atock. 

The only gras, tha.l timothy might be mi.taken for 
i. meadow foxtail , there being & general resemblance 

FlO. 155.-TnIOTBY GaUl8, 
Phleum pratemt, L. 

With enl&l"ged epikelet and, on ita 
lert, the contained floret. 

between the ears of 
these two species. A 
brief examina.tion 
will !larVa to show, 
however, that they 
are really very dif
feredt. The ear of 
timothy is green and 
rough, whereas that. 
of foxtail is silvery 
grey and smooth j 
the Baret, of fox
tail carry silky awns, 
t,haso of timothy are 
awnless. Foxtail i . 
&Il early grass, 
timothy a ls.te one; 
the former will have 
gone to seed 8.1most 
before the latter ap
pears m ear, e,1 

timot.hy doe. not 
usually flower till 
July. The leave. 

have 8. greyish-green colour, and they are broader, &nd 
-especially when dried-sti1fer, or more rigid, th&ll 
those of foxtail; hence there is no difficulty in picking 
out the loayes of timothy from a sample of hay. Ti.I:1othy · 
is .. perennial gra.ss, with well-developed ftbrous root •. 
Sometimes the ba,e of the .tem immediately above th.1 
root-fibre. becomes bulbous, especially on poor la.nd. 

Altbough timothy prefers .. cool a.nd even damp . oil, 
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it. yet; resists drough~ very well, but yields in this c .... 
smaller produce. At tbe same time, it suffers leu from 
the cold of winter than do several other cultiva.ted 
grasses, and hence it i8 useful upon soils where other 
fora.ge plants are liable to he killed by the winter's frosta. 
rt succeeds best upon cold cla.ys, and is specially valu
a.bJe lor reclaimed pea.ty Boils. On dry soils, snd upon 
shallow calcareous land8) it yields a very uDcertain pro
duce. Experiments prove that timothy respoods freel,. 
to liberal manuring, aDd even a pOOT, light, sandy Boil, 
when dressed with sulpha-ta of pota.sh, wa.a found to gi ... 
&. much increased yield of this species. 

Grown by itself, timothy produces & somewhat 
irregular 8ward of moderately close tufts. A!!lociatfld 
with other gra.sses, or with clovers, it gives a.n a.bundant 
produce, for its hay is bea,Tier than tha.t of My other 
cultivated grasl. It should be mown before flowering, 
otherwise its fibres become woody, and its ha.y is bea.vier 
&nd harder. The first cut is usua.lly more productitre 
than the second. 

Wbether grown alone or mixed wlth clover, timothy 
is more useful as green forlLge tha.n as hay, because, 
even if the crop has been cut at the most desirable time, 
this p,pecies a.lways ha.rdens in drying. 

The chief supplies of timothy seed are derived from 
N ortb America., and, in pa.rt, from 'Ea.stern Germany 
&nd Au stri&. The American seed i.s usuaUy much purer 
than the European, a circumsta.nce no dOUbt due to the 
extensive cultivation of timothy &s & crop by itself in 
North America.. The ra.w Europea.n seed commonly COD

tains from ]0 to 20 per cent. of impurities, consisting of 
harmless particles of Boil and vegetable fr:agmen ts , and 
01 the seeds of bad weeds. 

The ' seed' of timothy cODsists of the grain, closely 
invested by the ligbt dr .. b-coloured Bowering glum. 
and pale. It i. sma.ll, neat. and compact. and a. tber. 
ia no other f;eed which at aU closely resembles it, adul· 
terations or imparities in sa.mples are easily detected 
Timothy seed is used in ma.king 'a.rt.ifici.a.1 J jams, it 
which it imp .. rts tbe &ppeaTMce of genuine stu,wber,., 
, 8eedo' (p. 177). 



CULTIVATED pl..A.."n~ 

V.a.r~ous weed grasses have already been referred to, 
but It IS necessary t o notice certain others. such 8.5 th~ 
Brome Grasses, Couch Grass, Hair GTass~s. Meadow 
Barley Grass. QuakiDg Grass. aDd Yorkshire Fog. They 
cannot be said to be wittingly cultiva.t.ed by the farmer, 
but they frequently intrude, as uninvited guests, UpOD 

his domain. 
The Brome grasses, native species of HromuB. are a.ll 

weeds. They a re hand some grasses, with elegaut lance

FTO. 156.-S0FT RRO.\lE, 
Bromtu mollil, L . 

With a single spikelet on the right. 

shaped spikeiet.s. ea.ch 
containillg fou r or 
more awned flor et.s. 
By far the most com
mon is (fig. 156) t he 
soft brome grass (Bro-
71l'U'! TIlOlll ~ . L. ). n too 
abundant constit uent 
of Ihe herbage of 
water meadows. hay
fiel ds, and temporary 
leys , though bu t. rarely 
found in old pastures. 
It sheds its seed in 
June, and 18 thereby 
ena.bled to ma.intain 
its position in the hay· 
freld. It. spikelet. are 
covered with short 
hair, wbich serves to 
di8t.inguish it from the 
smooth bromo grass 
(B. racemosu.!. L.) th&t 

frequently grows beside it. The rye brome grass (B. s~ca.
tin.us. L.) is a. tall ,,-eed of cornfields, with a loose. Bome\"hs.t 
drooping panicle. Barren bromo grass (B. ,tOT,l .... L. , frg. 
l5i) is chiefly a roadside g rass, And lurks beneath fences 
a.nd hedgerows ; its spikelets are darkish. flattened. and 
long-a.wned. Hairy brome grass (D. a"per, Murr.), another 
denizen of the hedgerows, is t he tallest of the bromes, 
often towerillg abo.e the tops of t he hedges. It bas " 
large drooping panicle. with nodding spikelets. and the 
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stem is densely clothed with coarse hairs pointing down 
~~a,rds . Upright brome grass (JJ. utdus, Ruda.) is a 
short-awned grass found in fields, but chiefly in waste 
pla.ces, upon cha.lk-y soils. 

Couch grass (Triticum repen .. , L., fig. 158) is f>.xcluaivel,Y 
a. weed of a ra.ble land, and its preseuce in permanent 
gra.ss lands need only be looked for during the first 
year or two of their existence. Its vigorous underground 
stem (p. 152) grows 
with grea.t ra.pidi t.y, 
and sends forth roots 
and shoots at auch 
frequent intervals 
tha.t ODe pla.nt is 
capable of speedily 
infesting &. large 
area. The nlme 
I couch' probably 
means C quick I (i.e. I 

living), in refer
ence to the vitality, 
and great difficulty 
of eradica.tion) of this 
particularly noxious 
kind 01 gras.. The 
labour of c1ea.ning 
land from couch is 
chiefly directed to 
removing theBe trou
blesome underground 
stems-if they are 

FlO. 167.-B"-&&2" BROW., 
Brom" • • terilu, L. 

With . single spikelet on the right. 

merely cut up and lelt in the ground, ea.ch fragment will 
commence to grow All an independent plant. In Italy 
these etema, which are juicy, 8weet, a.nd nourishing, &re 
collected, washed, and .old 88 food for horses. Couch 
grass in ear may often he lound in the hedgerows of 
Q'&ble fields) where it serves &8 a great propagator of 
ruat (p. 386). The spikelet. have no stalks; they are (like 
those of wheat) set broad,ide on the stem, ",nd each ia ' 
fUnUshed w:ith two outer empt.y glumes. By the two 
l&st-na.med ch&racters, an eM of couch grass is readily 
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distinguished from an ear or rye grass (compare figs. 148 
and 158). Bearded wheat grass (1'. cani7lU7It, Buds. ) is a 
long-awned ally of couch grass, frow which it differs 
in Dot baving a creeping underground SLem. It occa,.
sionally appears in old pastures, but is Dot a cultivated 
grass. 

The Hair grasses (A ira) make up a ~retty group of 
plants, but th ey are all weeds. There are half-a.-dozen 
na.tive species. though, as a rule, only ODe is met with 

.~ 

FIG. lS8.-COUCH GRABS, 
Trlticum r ePffi-a. L. 

With a eingle spikelet on t.be right. 

upon the farm-the 
lulled hair grass, or 
tussock grass (..4. ira 
ealJpito!a, L. , fig. 159). 
It grows chiefly in 
wet mea.dows and 
pa.sture!, forming 
dark unsightly tufts 
or tUl5socks, termed 
in some districts 
j bull faces' or ' bull 
pates.' Cattle seldom 
touch the hard, 
rough, flat leaves. 
Up to the time of 
flowering the panicle 
is exceedingly beau
tiful, owing to the 
brilliant silvery lustre 
of the purplish spike· 
lets. At tho time of 
flowering the panicle 
spreads wide open, 

And does not close again, the eft'ecLive resuJt of its 
compact appearance when you.ng being thereby lost. 
Draining and manuring opera te against .'lira ca!!pitola, 
and hand pulling. or chopping with &n adze, is some
times re80rted to, the root being left to wither on the 
ground, or thrown upon the compost heap. 

The wavy hair grass (A. fi=030. L.) is named in 
allusion to the wavy branches of itB panicle. Its shining 
purplish or bro~i.h spikelet. may be .een in dry 
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woods &Dd OD sandy hea.ths, but seldom elsewhere. Its 
• sE! ed 1 is shown in fig. 14.6. 

Meadow barley grass ( [fordcum pratenlt., Hucls.) baa 
tbe appearance (fig. J60) of a diminutive plant of the 
cereal barley. It is not culti\ aLed, as the long rougb 
a.wns are unpleasant, and may prove inju rious to 
grazing :lnimaJs. 11, occasionn.ily occurs in bayfields' and 
pa.stures, but is seldom a..bundant. The aHied wall barley, 
or way bent (H . 
mu'rin.um, L .) is a. 
weed oC gravelly 
roa.dsides. 

Qua kin g grass 
(Briza rut-di a) L. ) j~ 

too well ·known to 
need descrip t io.q,. rt 
g row.!! usually on 
poor mea.dows and 
heaths, and t hrows 
up but li ttle berb· 
age. I t oeldom oc· 
CUrl!! in rich old 
pastures and gene
rally di18.ppears a s 
a resul t, of draining 
and Ebera.l man ur
ing. I ts panicle. 
with the beautiful. 
purplish, nodding, 
bo .. t-shaped opike
lets on their slender 
stalks, is an exceed· 

" .. 

FIG. 159.-TuFTI::v 11 ... 18. GaA.SIi . 
Ai"a ctupitoaa , L. 

With enlarged I5pikelet. aD t.be right.. 

ingly elegant object-it is easy to see in quaking grasB 
what is mea.nt by a (spikelet.' 

Yorkshire fog (H olcu. lanat",. L .• fig . 161) is .. widely 
distribut ed weed grass. The whole plant has .. delicate 
woolty covering, whence it is also known a.s meadow soft 
grass. This externa.l coat . the llaccid character of the 
plant, and its bitter flavour combine to render it dis· 
tasteful to stock. Its panicle. which remain. closed up 
to the time of flowering, is & pretty object, with its 

at 
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variouB shades of colour, ranging from greenish to pur
plish. Tbe panicle sprea.ds out at the period of flowering, 
and a!;l the seeds ripen it assumes a. brown and withered 
appearance. Yorkshire fog is very common in water 
meadows and in inferior hayftelds. It is less a.bundant 
ID rich pastures, frow which it is sometimes entirf'ly 
absent. As it ripens jts seeds early, hay containing 
much Yorkshire fog may be the means of disseminatlDg 
this pest on ara.ble sheep farms. The ha.y being fed in 

FIG. 160.-MBA.DOW BA.RLEY GRA.SS, 
n ordt'Um praten.at, HUM. 

With enl&rged 3pikelet on the rigbl. 

FIG. 161.- YORKSHIRr. Fa 
Holcullanatlu, L. 

With enlarged spikelet OD the J 

troughs to the. sheep, the seed. of the Yorkshire fog fill 
out upon the ground, with the result that rows of HolC1U 
lanatu8 spnog up in the places where the troughs have 
stood. Yorkshire fog shou Id be discouraged in favour 
of better grasses, and care should be exercised lest it'S 
f seed f be inadvertently introduced, either as an adul
terant, or a.s an impurity, in mixtures for BOWing. 

The closely allied creeping soft grass (E. '"011':', L .) 
is much (es8 common. It frequents hedgerowB, copses. 
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B.lld waste pla.ces, seldom intruding upon either the 
meadow or the pasture. Whilst Hole," la)latus is equa.lly 
woolly all over, H. moUiJ is more woolly at t.he j oints 
than on any oLher port.ions of the plant; by this means, 
and al,o by tho awns (p. 226) , the two specie. can be 
distinguished the O1)e from the other. 

THE CEltEALB 

Most of the Corms of wheat jn cultivation a.re va.rletiea 
of Triticum sutivtL111.. The greater Dumber of these are 
beardless, the remainder a.re bearded or awned. The 
80ft beardless wheats are djvisible into groups, accord
ing a.s the cars are white, reddish, or red; and the white 
a.nd red varietl'tB a.re again classed in accordance with 
either the smooth or downy character or the chaff. Of 
the smootb~eared wheats, whetber white or red, the final 
division is determined by the colour of the grain-white 
on the one band, red Or yellow on the other. 

White wheats, as a rule, require a. better soil and 
clima.te, and a.re less robust than the red varieties. The 
quality of the gra.in i. better, and they produce the best 
Bour. 

Red wheats, on the other hand, are more vigorous 
and generally yield better. They can generally be grow.n 
under less fa.vourable circumBtances as rega.rds soil and 
climate. 

Wheat. of the hetter cla88. as regard. both quantity 
and quauty, are the produce of alluvia.! plain. and fertile 
valley •. The wheat grain i. the true fruit (p. 175) of the 
plant, and the flowering glume a.nd pale do not harden 
on to it. 

The term (chested,' as applied to whea.t. denotes the 
number of mature grams which are formed in each 
spikelet (p. 225). In three-ehes,ed whea" for example, 
three florets in ea.ch spikelet produce ripe fruits j in four· 
chested whea.t, four florets, a.nd so on. 

Barley (HDTdwm vulgare) furnishes the varieti •• of 
two-rowed ba.rley a.nd six-rowed barley, the former dis· 
tinguished as H. a"tichum, the latter &s H. h,_ti<h"m. 
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It is a bearded cereal, the awns being long a.nd rough, 
a.nd assuming a beautiful purplish tinge at their free 
ends. The grain, as harvested, comprises the t r ue fruit, 
closely invest.ed by the light yellow flowering gluille and 
pale. Peel these off a g rain of barley, and the stru ct.ure 
wbich remains is the equivalent of the wbeat grai:l. 
When barley is subjected to a milling process wbereby 
the outer fibrous coats of the grain are removed, the 
product is called peuf"l bar ley. Barley is specially note· 
worthy for the {faY!IY, or lea.fy, nat.ure of its straw. 
Bar e is the name of 8. coarse, hardy I four-r owed ba.rley 
grown in Ireland and the North of Scotl and. 

Oats (:1 vena sativa), like barley. have the grain in
vested in the fl owering glume and pale. though they 
adhere les8 closely, a.nd a.re therefore more ea.sily 
removed. The va.r ieties commonly cultivllted are: (1) the 
Common Oat, which ha.s a. spreading panicle, and (2) 
the Tartnrian Oat, which is characterized by a one-sided 
pa.ni cle. By drying in a kiln or oven the separa.tion of 
the coats of the grain is facilitated , and, after the husk 
has been removed in a mill, the groats or grits which 
remain a.re ground into oatmeal. The t colour: in the 
ca.se of white and black oats respectively, is that of 
the dried flowering glume and pale. 

Kye (Secalt cerea,lt) produces a. grain or fruit similar 
to tha.t of wheat, though Ie sa shapely, and without 80 

well-defined a. groove. It rema.ins loose inside the flower
ing glume and pale, which do Dot adhere to it. There are 
a number of winter and summer varieties of rye, the 
former, the more commonly used, a.re sown in th~ 

a.utumn ; the latter are sown in spring, a.nd a.re quicker 
growing a.nd less productive. Young rye, growing in 
the field, may' be recognized hy the purplish tinge of 
'he stem, between the root and the first les.f. 

Of the four cereals that have been enumerated, wheat 
is exclusively grown, and barley and oats are commonly. 
grown in this country for the sake of their gra.in. In 
many districts, however, ea.ch of the two la.tter is sown 
in autumn, for spring feeding a.s a green crop, and in 
lueh case'! is usually associated with vetches, or some 
otber leguminous crop. The' winter ba.rley ' thus cnIti-
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va.ted is the six-rowed variety. Green wbe&t, on the 
otber band, is but very rarely fed on the ground. It 
seldom happens, except in the case of r proud I wheat-
that is, a crop which, owing to the effect of a. mild open 
winter, bas grov.'ll somewha.t luxuriantly and unevenly. 
Such a crop may be Ced of[ by sbeep in ea.rly spring, 
in order tha.t it may start uniformly upon its course of 
Bummer growth. The free propensi ty to tiller, which 
is cba·racteristic of the wheat plant, enables it to grow 
vigorously a.fter being gr&zed. Rye is nearly always 
grown 8.8 8. g reen crop (or 
spring f.ed, either alone or 
in aBl a ciation, and i. seldom 
left to ripen its grain in thia 
country. 

Maize, or In-tia.n corn (Zea 
may,), and sorghum (Sorghum 
~actharatt£m) are gramineous 
plants, which are cuI tivated 
&! cereal crops in wa.rm coun
t ries. They are or robust 
growth, \\ ith stout succulent 
. tems and broad Baggy 
leaves, a.nd attain a con
siderable height. In tho 
warmer parts of England 
they have been cul tiva ted to 
.. very limited extent in 
order to afford material for 
gTun .soiling-tha.t is, for cut
ting and reeding in the green 
• ta.te to cattle and sh •• p. 

FIG. 162.-CANARY GR.UJlI , 
Phalari8 canarUn8u, L. 

With enlarged spikelet on 
the left, and enlarged 
floret on the right . 

Canary seed is the prod uct of canary grass (Phalari.. 
canarie.n.1i$, L., fig. 162), a. na.tive species which is very 
sparsely cultivated in a. few districts in the south-east 
of England. It occupies the place of wheat in tbe rot ... 
tian, but th6re is only an uncertain market for the I seed,' 
which i. used a s food for c .. ge bird.. Tbe plant i. easil, 
raised by sowing a. few grains of 'cana.ry seed,' and iB 
sometimes found growing on rubbish he&ps where bird
cages are cleaned out., 
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CHAPTER XIJl . 

WEEDS 

A 'WE ED has been defined as a plant growing in the 
wrong place, so tha t a potato-pia-nt is a weed if growing 
in a cornfield , as is a wheat-plant in the kit-<:: hen gard~ll. 
Weeds commonly usurp the place of the crop it is desired 
to grow, and cultivators have to deVOLe much time and 
trouble to their suppression. As weeds are, in many 
cases, the natu,.a~ produce of the soil on which the culti
vator wishes to grow some special plant which would 
not spontaneously appear there, thjs circu_mstance tells 
in their favour. A fertile fa.rm kept free of weeds is Baid 
to be in a clean condition, and it requires the highest 
skill of the farmer to maintain such a. condition. Mucb 
of the ela.borate working wbich ara.ble l:nd undergoes is 
directed to the extirpation or suppression of weeds, 
whilst, in the case of permane,nt grass land, other means 
ba.ve to be adopted. 

Some of the commonest weeds have already been 
noticed in the preceding chapter, in connection with the 
cultivated plants to which they are most nearly allied. 
There remain certa.in other weed-plants which it is con
venient here to specify in connection with the natural 
orders to which they belong. 

RANUNCULACEJE.-An order distinguish ed by hav. 
ing in each whorl of the flower the individual parts all 
distinct from each other; the sepals are not joined 
together, nor a.re the petals (which a re absent in some 
species), nor are the stamens, nor the carpels. To this 
order belong the buttercups (species of Ranu.ncultu), 
known a.lso by such names as kingcup, crowfoot, Bpear~ 
wort. Buttercups grow as a rule on good land, and are 
amongst the commonest weeds of pastures. The marsh 
marigold (Oaltha pal1Utri,) 01 water meadows, the 
pheasant's-eye (Ad",,':' autumnali,) of cornfi.lds, and the 
wood anemone, or windflower (AlI.~one 7Mm.oTo.sa). are 
also members of the order. Excepting pheasant's-eye. 
which is an annual weed, the pla.nts named a.re 
perennials. 
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PAPAVERACElE.- To this order belongs the poppy 
(Papaver nha:a~). ODe of the very few scarlet tiowere 
native to this country_ It is an a.nnual plant, the fruit 
of which-known as the poppy head-containa a.n ellor· 
rnous number of seeds (fig. 163). The 
poppy is a most persistent. weed of corn- ~ ....,. 
fields. Examiue It specimen in bud a.nd ~{,~~ : .~) 
Olle in fulJ flower, and no tice that I,be 
calyx, consisting of two sepals, forms n. 
. kind of cap. which falls to the ground 
before the crumpled pet.als can eX}Ju,l'ld. 
Observe the many-rayed sessile stigma 

FlO. 163.
SSED 0'" POI'P" • 

P4'{IQ.tJer 
Ilh=, L. 

resting upon the oyary j and cut across t.he ova.ry 80 as 
to bring into view the turned-in margins of the lIlany 
carpellary leaves (see p. 176») which do nol, however, 
meet at t.hc centre. The opium poppy (1' . .so11lTli(erurn ) 
is aJJied t.o t~e field poppy, and , in India, opium is 
obta.ined by collecting t he juice which exudes from the 
walls of the anripe (heads,' when these are gashed with 
a. sma.ll knife. 

FUMARIACElE. - .'\. closely allied order t;o the pre
ceding, but this has only si., stamens in the fl ower, wbjlst 
the tips of tbe petals adhere together. Several species of 
fumitory (F'Umaria) aTe \~ery common annua.l weeds of 
arable land. They ha.ve much divided pa.le green leaves, 
a.nd pale red (or white) corollas becoming darker a t 
the tips. 

GERANIACElE.-There are about a dozen native 
geraniums, or cranesbills, the latter name re£erring to the 
extent to which the dry fruit 
lengt hens in the course of ripening. 
One of the commonest weeds in 
gatewa.ys) and under wa.lls and 
hedgerows, is the strong-smelling 
pink-stemmed Herb Robert (Gera
nium Robt~ia"nl'n). Two or thr~e F'l:M!~~~O~:::D or 
other speCIes, nol:.&bly the dove 5- CaAN.£sBILL 

loot clanesbill (G. maUl!) a.nd the ':eranium pwiU'Il'm, L. 
cut-leaved cranesbill (G. di"ectum), 
OCour upon arable land and in meadows, and thei r ( seed' 
(fig. 164) is sometimes introduced in unclean sample. 
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of clover Beed. The geraniums that ha.ve been referred 
to are all annuals, a.nd are small-fl owered. The peren
nial blue meadow cran. sbill (G. prate.,,), found in pas
tures, has much larger fl owers. 

RUBI ACEJE.-This is an order of plants made fami
liar by the bed straws, with t heir weak straggling stems, 
linear leaves in circle ts, and minute clustered fl owers. 
The commonest is the plant variously termed goose
grass, harH!, and cleavers (GaHUffl i1parine, fig. 165), wi th 
its knob-l ike fruits covered with small hooked bristles, 

F lO. 165. -GOOS:& -GR~SB . 
Gali um Aparim:, L. 

Wit.h enlarged flower, piat.il , 
and fruit. 

whereby they adLlere to 
clothes and to sheep's fl eeces. 
It is an ann ual weed of rank 
growth in hedgerows. Rab
bits eat it readily. On poor 
meadows a.nd down land the 
yellow bedstraw (G . "erum), 
wit.h numeroull small , bright 
yellow flowers . is a common 
perenni&l weed. There a.re 
about ten n&tive species of 
b. d. traw (fig . 166). The field 

II .• ·· 
Fro. 166.-8:1.1:D OF WHIT. 

B l:D8TU.W, Galium Mol· 
lu9'o, L. 

ma-dder. or blue sherardia (Sherardia arve1u ia), is & sma.ll 
lilac-flowered a.nnual weed common in cornfi.eld~ 

CONVOLVULACEJ£.- The lesser bindweed (Con .. !
tlulu! arvensi,), with its twining stem, and its pinkish-white 
funnel-sha.ped a.romatic flowers frequented by insects, 
is a troublesome pest of cornfields and potato beds. The ' 
manner in which it binds together the potato haulms 
renders it difficult to rug the crop. The larger bindweed 
(C. Itpiul7\) , with its much bigger white flowers, i. 
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confined to hedgerows and other lences. BoLh a.re 
p"renni&ls. 

Dodders are parasitic flowering plan t s (fig. 167 ) 
a.ll ied to the bindweeds. Their seeds germ inate in the 
ground , and, in 
the c ... of the 
clo ... r dodder 
(Ow , ,,lo Trifolii), 
t.he young .hoot, 
coming in con~ 
tact with tho 
stem of .. c10".r 
plant, develop. 
Juckt-r.s or haul' 
taria. As growth 
progresses the 
dodder prod ufo. 
more haustoria, 
with the r •• ult 
that it becomell 
entirely parasitic 
upon the clover 
pla.nt, e.nd, whilBt 
it appropria.tes 
the nutriment 
which the clover 
has elaborated 
for its own 
growth1 it gra
dually st rangl •• 
its I host.' This FIG. 167.-Ctov&Jt D ODDER. 

uneq~al st~uggle ... , clover p1:~f:~~l::t!d{'~.'it~a3~rjer. 
termmates l.D. the 8 euckere or hauetoria of dodder 
d eat h oft h e c: !lectioD of clover stem, 9bowl~g attach-
clover pla.nt, a,nd ment of dodder 6ucker:e. 
sometimes in a D, dodder teed, natural f!llze. 

E, dodder seed } . 
clover neld num- F white e:lover 8eed ma~Dlfied five 
be r s 0 f b &. reo: red clover 6eed d(ametel'8. 
p&tches !Day be . 
•• en where the crop has been destroyed by dodder. 
In Buch caBes the clover should he fed off by sheep 
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at once, the field should be ploughed up, and clover 
should noL be grown again upon the sa.me Ja.nd for 
a number of years, in order that the dodder seed in 
the soil may have time to die. Clover seed should 
always be examined , and, if it conta ins any of the 
small brownish wrinkled seeds of dodder, it should on 
no account be sown. To employ such seed is 8Jl act of 
grea.t foUy. 

Clover dodder has a yellowisb·pink straggling stem, 
with n o leaves and With uumerous clu sters of small 
fl owers. Th e pla nt grows in the fa.shi on of a heap, 
the na n o\\' stems alone being exposed to outward view, 
and the cluster s of flowers turned towards the ground. 
Pulled away by hand, the mass is felt to be rather 
sticky. 'The plant has 8. faint aromatic odour. 

Other species of dodder attack the flax , and Bome 
a.re parasi t ic upon the stinging-nettle. Hea.ther is 
wother victim, and pretty examples of tiodder-infest6d 
heather are to he seen in July and August upon m oor
lands and mountains. 

SCROPHULARINE.IE. - The snapdragon (A.ntir
rhinu 71I fnaj U$) . the foxglove (D igitalis purpurea), and the 
musk plant (Mimul'U~ moscltatus ) of cottage windows, a.re 
exa.mples of this order. 'fbere are usually four at&mens, 
two being longer than the others, whilst the fruit is 
a two-chambered capsule, and tbe corolla is in most 
ea.ses two-lipped. The toad-tlax (Linaria uulgarill) is a 
fs.miliar weed with a yellow and white flower, hence 
called I eggs-a.nd-butter. ' Various weeds of the order 
possess roots which are partly parasitic upon the roots 
of grasses and clovers. Such are the red bartsia (Dansie 
Odonlitel), common in cornfields; the yellow rattle 
(Rhinanl""" O".la-gall;), growing in meadows; the eye
bright (EupiLra.ia officina"',), lousewort (PedicuZaris .yl.a
tiM), and cow-wheat (Mel<>mpyrum praten,e). The flgwor\ 
(Scrophularia nodO!a), which is poisonous, grows in damp 
meadows, beside ditches; a.nd the ta.ll yellow-flowered 
mullein (Verba,eum 7'hapsus), with it. fi ..... tamened . 
flowers Bond l .. rge downy leaves, freq',ents t he hedge
rows. Perhaps the most geDeratly distrihuted plants 
of the order are the sma.ll blue-lIowered speedwell. 
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(species of Veronica" fig . 168), which are often abunda.nt 
upon a.rablc land and in waste places- in some country 
districts the fl owers are called I bird ' s eyes.' The (our 
petals are unequal in size, and there are only two 
stamens. 

OROBANCHACElE.-Thi. order i. closely allied to 
the Scropbulllrine83. It is ma.de up chiefly of Lhe various 
kinds of parasi tic plant,s k~own by t he genera.l Dame 
of broom-rape (Oroba'1lchL, fig. 169). The most fa.milia.r 
form j& thai which attack:s clover. 

F·IO . 168.-GE,RMANDBB SPlne!)· FlO. 169.-LJl.!J8&'a BROO ... · 
W't.LL, l' eTonica Chamadrya. L. RAPE, 

With single flower on larger Orobo:nche minor , L. 
ecale. With parte of flower on lat"!er 

• leale. 

During July and August there may be seen, in after
math clover, especially upon chalk soils, the thick fleshy 
yellowish-brown upright stems, 6 to 10 inches high, of 
broom-ra.pe. The leaves of the parasite are reduced t o 
mere pointed scales, devoid of chlorophyll, whilst 
towards the free end of the stem are numbers of dingy 
ga.ping flowers. The plants are easily pulled up by 
hand, wben the underground portion of tbe stem 18 
seen to possess .. bulb-like swelling, from the bas. ·of 
which a few straggling roots proceed. These are 
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parasitic on the roots of the clover pla.nts Hand
pulling is the best remedy against brooUJ-rape, and, 
w here a field is badly attacked, clover should oot be 
grown upon the land again for a. number of years. 

VaTJOUS otber plants are lia.ble to the a.ttack of 
species of broolJ)-ra.pe, the name of whIch apIJears to 
rela.te to the fact that the leguminous plal)t, broom. is 
ODe t.hat has its Dutriw ent t,hus stolen. 

PRIMULACElE.- The characters of this order are 
well seen in the cowslip (P·rimula I'eri.~) and primrose (P. 
ru.lyarl~,'). Th e scarlet pimpernel (. J '/ta~/(dlis art'ens-l.s) shares 
with the common poppy the TaTe distinction, in the 
British flora, of possessing scarlet petals. This is a.n 
abundant annual weed of ara.ble la.nd. It has a prostrate 
stem, with sessile oval leaves having black dots on 
their under Caces. Notice the fruit, an elegant spherical 

ca.psule, opooing by a lid, 
and containing numerous 
seeds (fig. liD) atta.ched to a 
cenlral peg or axis (free 

FlO. 170.-81::&D or SCA.RLET cen t.ral placentation). As the 
PIM.~EIttBI., ..4 naga/lil ar- petals close up on the 
't/t;71 ,tU, • approach of rain, the plant 

i.!l also called the poor man' s weather glass, or shepherd'!! 
W'e&tner giasi. 

PLANTAGINElE.-To this order belongs the rihgrass, 
ribwort, or plantain (Plantago la.nctolata), sufficiently well 
known by its fiat rosette of lanceolated leMTcs with five 
prominent ribs. The inflorescence is a spike. The 
densely aggregated flo~,rers are somewhat parchroenty 
(scarious), and the seeds, which look like small polished 
da.te-stones (figs. ]71-2), are oft,en seen in samples of 
clover .eed. The close-lying le"ves 01 the plantain. 
like those at . the daisy, irequent)y disfigure )awna, 
where the plant should be spudded up, and sulpbate 01 
ammonia used. On loose sandy soils, and on railway em~ 
b&nkments the plantain is sometimes sown for the 
binding effect of its roots. • 

The greater plantain (P. major), with larger leave., 
occurs in meadow! a.nd pastures, and on roadsides. It. 
spikes &longa.te a.fter flowering , &Ild &r& often red to 
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eagt:.-birds. The hoary plantain (1', f?lrdw) has downy 
lea.ve~. which spread out fiat Oil the ground, and are 
ovate tn shape. The species is found in close dry pas· 
tures and on lawns. 

JUNCACElE. - The ru shes and wood rushe, are 
m embf'rs of Ihi.9 order, and are referred to on page ~27. 

CYPERACE£.- This is the ext.ensive order to which 
Lhe sedges belong. They are described on page 228. 

Weeds must be considered in their relations both to 
pJant food and to Roil moisture. '''hen they occu r 
amongst growing crops-as charlock in the turnip-field, 
or poppies in the corn-they take to themselves the 
food which the husbandman desires should contribute 
to the growth of the crop. Th ey are tbUB tebbers of 

, ~ , ... 
FlO. l71.-SKED OF RIBW OR1, FlO. 172.-SKED or Hout.T 

Plantago lallctoitJIa. L. PU,NT.l.JN, Plan/ago medio.. L . 

crop-food. a.s equa.lly a.re the undesira.ble species tha.t 
find their way into meadows and pastures. Field experi. 
ments on various crops have shown that clean plots yield 
from 40 to ~ per cent. more thaD uDweeded ones. 

Nevertheless weeds a.re not always harmful. After 
harvest or during a penod of bare fallow. '\\rben no 
cultiva.ted crop occupies the la.nd, weeds spring up in 
great abundance, and in such circumstances they do 
useful work. in retaining in the soil the nitrogen which 
might otherwise be washed out of it in the drainage 
wa.ters (oe< p. 33). In thus intercepting tbe nitrogen they 
play the part of a. green crop, and, when they a.re 
ploughed into the land, the nitrogen, in the course 
of time, becomes a.ga.in ava.ila.ble as plant-food. ,A 
specially sown green crop would, no d.oubt, &D.SWer the 
purpose better, and care must always be taken to bury 
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tho weeds before they 8.re Bufficiently adva.nced t(' abed 
their seeds upon the ground. An old saying runs, lOne 
year~ s seeding is seven years' weeding.' Single pla.nts 
of 60me weeds can produce a.n astonishing number of 
seeds-1l.y .. ribwort plantain, 2,500 to 15,000; charlock, 
up to 4,000; and groundsel) up to 20,000. 

\Vhen weeds di spute the possession of the land with 
a growing CTOP, they are capable at certain seasons of 
seriously affecting the supply of moisture. It has already 
been expla.ined that. land under crop gives up more 
moisture than adjoining ha.re la.nd. 'Weeds spring up in 
a. very short time in summer, they grow rapidly, and 
they help to suck the 60il dry. Then it is t hat t hose 
crops which ca.nnot be hoed begin to suffer, and the 
farmer learns how difficult it is to raise a. satis[actory 
crop upon a foul seed-bed. Weeds a.lso compete with 
crops for air, light, and heat; whiletll many of them 
either shelte r or serve as hosts for insect and fungoid 
pests. A good example of the last point is afforded 
by charlock, tha.t harbours turnip 1 fly , during the early 
summer, besides which its roots may be infected 
by turnjp gall-weevil and the germ s of t finger-and-toe' 
disea.se. It may be a.dded that some weeds a.re polsonous, 
and others-e.g., wild onion-injuriously a.f£ect the 
Uavour of milk. 

Preventive M.e&sures.- Tbe importance of preventin, 
weeds from seeding has a.lready been emphasized. and 
tbe desirability of using clean seed is sufficiently 
obvious. It ba.s been ca1cula-ted tbat if a mixture of 
grass and clover seeds contains only one per cent. of 
dock, this means a. possibility of ten or more dock 
plants per square yard of the field sown with the mix, 
ture. Hedges and ditches, which shelter many weeds, 
should he kept in good order, and screenings used as 
food for stock should be thoroughly ground. so that the 
weed seeds they contain a.re destroyed. 

Good cultivation, "",sociated with a sound rotation, 
l'trbich gives opportunities of keeping the la.nd clean, 
i. proba.bly the best preventive measure of a.11. In 
some cases the growth of dense leguminous crops, such 
&8 lucerne., prevents weeds from coming to maturity. 
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aemedlal Measure •. -In the perpeLUal wa.r which 
It 1ft necessary to wage against weeds, the mode of 
procedure is determined partly by the length of life 
of the weeds tbemsel ves, and partly by the nature of 
the crop. On a.rable land, w here the crop permits of 
it, the hoe is kept constantly &t work. It is specially 
important that surface weeds, which are mostly those of 
annual species, should be cut out, and left to witber 
upon the ground, before t.hey begin to form their seed. 
One of the ad\~a.ntage8 of a root-crop, in a rotation, 
is that it thus permits of a. periodical crusade against 
annual weeds, such field pests as poppy, {umitory, 
charlock, and others being thereby checked. Perennial 
~'eeds are less easily subdued, and plants like dock, 
knapweed, Md garlic have frequently to b" pulled up 
by hand, a class of work that can still b. underta.kell 
when the crJp has 60 far advanced that hoeing is no 
longer prac.tica.ble. As a rule, perennial weeds develop 
stouterJ longer roots tha.n those of only annual dura.
tion; and the hoe frequently fail s to j>enetrate deeply 
enough to destroy the buds at the crown of the root. 
Where couch~grass and docks a.bound upon arable land, 
they should be vigorously attacked with the hand-fork 
directly after harvest. 

In the case of permanent grass land, generous trea.t,.. 
ment in the matter of manuring wiD, by encouraging 
the robust growth of the desirable plants, promote the 
suppression of weeds. In old grasB land, most of the 
weeds are perennials, the decreasing quantity of annua.l 
o;\reeds in newly la.id down land being one of the indic&
tiODS of success. The weeds of common occurrence 
upon grass la.nd have already been described in the 
last chapter. In the ca.se of thi.t1es and kna.pweeds, 
docks, and sorrels, the spud should be freely used: 
a.nd the "'hole plant bodily removed. Thistles should 
be cut when they come into flower , otherwise they 
a.re capahle of spreading r .. pidly by mean! of the 
seeds contained in the tbjstledowD, which is so easily 
carried awa.y upon the breeze. In some countries it 
is an offence, punishable by law. to permit such weeds 
.. s thistles and eharlock to ripen their seed. 



274 WEmDII 

Specia1 chemical treatment bas gra.dua.lly been coming 
into fa.vour aa a means of killing certa.in weeds. The 
best example is the process of spraying for cbarlock 
with 4 per cent. solution of copper sulphate or 15 per 
cent. solution of iron sulphate, used at the rate of Dot 
more than 40 gallons per acre , and applied by means of 
a. spraying machine. The same treatment applies tC, 
wild radish. 

Sulphate of ammonia is a. valuable dressi ng for stimu· 
lating the growth of gra.sses. and getting r id of weeds. 
Lawn sands, oftiE"n of great 'Value in the e1..-ti rpatioD 
of daisies. dandelions. and plantains, chiefly consist of 
a. mixtu re of sand and sulphate of ammonia. 

Common salt, for application Lo nettles. and as a 
general dressing for grass. has proved useful in some 
ca.ses, while carbolic acid (1 pint of acid to 4 pints of 
water), to the extent of S gallons pe.' square rod, 
destroys wild onion and some other weeds. 

Sodium arsenite is the eftective ingredient of ma.ny 
I weed killers. ' but it is so exceedingly poisonouB tha.t 
its use is not to be recommended. 

CHAPTER XlV. 

SELECTION OF SEEDS 

b,. the selection of seeds fOT sowing the main condjtioDs 
for the pUTchas~r to secure a.re (1) adequate germinating 
capacity, (2) identity to species, (3) freedom from 
impurities. 

The germinating capacity of a sample of seed is 
easily ascertained by following the method already 
described (p. 12;) for germinating the bean seed, count
ing out 100 seeds for the purpose. Small seeds are most 
conveniently germinated between two pieces of damp · 
blotting pa.per, which aTe placed on a piece of felt 
saturated with wa.ter, this a.gain being put on 8. plate, 
.0 that the supply of moisture C&D easily be maintained. 
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The following table (from Harold C. Long) show. 
\\·hat may be expected in satisfacto ry 8ample~ :-

TABJ.E XXI.-UeoAL Pll RITY ASD OE!UoIlSATIN(l C ... rACI T V or 
F A R.M SJ:ED~. 

Kind of Seed 

Cabbage .. 
S" ede ... 
White t.urnip .. 
Black rnu;<llIl'd ... 
White u1Ust!l,.rd ••• 
Lucerne ... 
Yellow trefoil 
Criul!mn clover it. 
Red clo.cr 
A1Bikc clover 
W bite clover 
Kidney "-etch ... 
Bi rd's-foot clover 
Sainfoin ... 
CaO"Ol 
P:lnmip ::: ... , .. 
.:\langeI wurzel (fndt", 
Buckwheat ... 
S~·t'Ct I'ernal graa'l 
MC:J,dow fol:;tai! 
Timothy .. . 
Golden Oat-gTlUIs 
Tall va.t-b'Tas~ ... 
Cr(!j<ted dogstail 
Gocksfoot ... 
Smooth-stalked 

meadow-grass 
HOllgh-stnlkcd 

meadow-grllll!> 
Meadow fescue .. 
Bard fescue 
Sbeep'. fe~r.:ue ::: 
Perennial rye-grass 
Italian rye-grass 

Purity 

I'er cent 
!Uj to YH 
!'ti to !tlj 

!16 to !!~ 
(,16 t.o !II! 

:.~ 

% to !)~ 
('Ii 10 901 
HI 1(0 ~Ia 

.8 
98 
!hi 
!Ib 
.8 

V8 to 1(/1) 
Hb 
9[1 

!,FI to j{llI 
~tI to IOu 

'fl 
ttG .. 
'8 

" ~!li 

"' 
!I~ 

" !18 
.6 
9. 

!lS to 100 
98 to 100 

G['rminatilll; 
('ap:LciIY 

P('r Cl'llt 
!.(f to \1[1 
!I(; 1 U ~In 
~ljj t (J !If, 
8!I\f) !·tl 

~Ib 

9~ to !'" 
~ (j to !l~, 

!rIO H) !I~ 
!J r. to yg 
!J.~ to ~M 
KI tl) !HI 
!II. 10 9r1 

!lb 
!l0 
;(J 
6U 

12[1 
86 
flu 

if) to 80 
!'Q 

60 to -;0 
\I{I 

80 
~O to 9u 

60 to 70 

60 to 70 
HO to l!5 
,0 to S{) 
70 to 80 

'5 
9[, 

Avemge 
TiUle of 

(;cnuinatioll • 

..j LIIG 
r, 

bi;~:~~: ~~~res rei:~i~:~:.erfn ~~d~:rt~~O~i;l~'~eO~ ~:t ~r:!~~ii~~ 
capacitYl however, up to 10 days should be alJoweo in tlJe ~e of the first 
13 I~cies in ihe lis~ and up to 14 days for the re8t, u<.:ept the meado" 
graBBea., fo r I'"hich s month should be allowed. 
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Very brjef experience wilJ show that, even in the 
sa.me sample, the time occupied in germinating wi ll vary 
considerably amongst individual seeds, and this is 
markedly the case with clovers. 'I'his is partiy due to 
the coat or covering being thicker and tougher upon 
some of the seeds than upon oLbers, and therefore burst
ing less easily. It may also be due to difference of agf'l, 
old seed not germinatiug so readily as young seed: 
whil st a.s age advances the contained germ dies, a.nd a 
dead Bccd will never germinate. 

In seekmg to express, by a. num ber. the germinating 
ca.pacity of seed, care must be taken to secure Do repre
senta.tive sample. At the same time anything that 18 

not obviously a seed should Dot be employed in 
estimating germinatic'lUs , as the questi.on of impurity 
affe-cts a separate yaluation of the sample. 

Identity to species- that is, a sample ' actually being 
that which it is asserted to be-sometimes requires 
expert knowledge for its determina.tion. This is espe
cially the case, as has been seen, with certain- grass 
seeds, and it h as' sometimes happened that an inferior 
seed has been substituted in bulk for that of a superior 
a.nd more costly species. In some cases it is rumost 
impossible to distinguish between the seeds of different 
kinds of plants-as between those of rape and s~'ede , 
or between those of broad clover and true cow grass 
(,ce pp. 193-4). It i. often desirable to learn something of 
the stock from which a sample is derived; thus, it may 
ba.ppen that a sample of swede seed germinating 100 
per cent. may be greatly inferior to another germinating 
only 80 per cent., because the former is of a wild basta.rd 
stock running to fangs aDd tops. 

The impurities in samples of seed may be classed 
a.s injurious and ha.rmless. The la.tter consist of dead 
seeds, fra.gments of pla.nts, bits of stone, etc. They do 
not influence the essentia.l character of t he sample, 
and they do no harm upon the land. Still, it i. obyious . 
that if a sample of seed contains, say, 10 per. cent. of its 
weight of such non-living impurities, then twenty 
pounds o! the seed. a s purchased, will only f_urnish 
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eighteen pounds of genuine seed, whilst the two pouuds 
of rubbish are paid [or at the saIDt:! rate as the good 
seed. 

The injurious impurities may, a.ccording to their 
nature, detra.ct \'ery l:ieriously from the vulue of a. Bample. 
They may even render it in the highest degree unwise 
to use the seed fo r the purposes of sowing. 'fhe impu
rit.ies belonging to t.his class are usually living seede 
of weeds and parasitic plants. In the section on Grasses 
(pp. 221 to 2(1) many such impurities are noticed. Gras8 
seed sometimes contains the purplisbAblack spurs of the 
fungus parasite, ergot (see p. 393), and such seed should 
a.lwa.ys be rejected. Clover seeds are liable to contain 
the seeds of the parasitic fio\rering plant, broom~ra.pe 
(lite p. 269), and of the st.ill more objectionable pa.ra.sitic 
Bowering plant, dodder (p. 267). Such seed. should never 
be sown. The .,eed of plantain or r ibgrass (p. 271) is • 
common a.nd easily recognized impurity in sa.mples of 
clover seed; cranesbill 'seed) (fig . 265) in sa.mples of 
clover seed is less promptly deLected. A.dditional weed 
seeds frequently found in samples of clover aDd other 
a.gricultural seeds include those of the bladder campion 
(nat. ord. C"r.ropbyll~ce ... ). do,'e'.-foot cranesbill and 
cut-leaved cranesbill (Geraniacere), bedge parsley and 
wild carrot (Umbellile".,), goose-grass and blue 
Sherardia (Rubiacem), scentless Mayweed) sha.rp--fringed 
sow thistJe, ana nipplewort (Composite). 

Real Value.- This is the combined perc..ent&gea of 
purity and germina.tion, a.nd is obta.ined by multiplying 
these percentages and dividing by 100; thus in a sample 
or meadow rescue having 88 per cent. purity and 95 
per cent. germ.ination, 88 znultjplied by 95 gives 8,360, 
and this divjded ·by 100 gives 83·6, the Real Value. 

Collections of Seeds,- Th. student will frnd it us.ful 
to make 8. list of the weeds the seeds of which are 
named (pp. 229 to 256) as impurities oC grass seed. The 
plants producing these respective seeds should be iden
tified in the field; and, in the SUUlmer and autumn, 
.amples of their seed. should be collected, and put into 
small bottles or boxes, correctly labelled. In the same 
wa.y, make a. collection of pure gra.ss seeds a-nd of pure 
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clover seeds. They will aU be useful for purposes of 
reference and comparison, whilst, by examining the 
samples occasionally wjtb a magnlfitr, the distinctive 
characters of each seed will be learnt; knowledge of 
this kind is always ,-aluable. Take ca.re tha.t each 
sample is well dried in the sun before it is corked up, 
or it will 600n begin to dec&y. Seeds of buttercup, 
shepherd 's purse, chickweed, ragged Robin, corn cockle, 
cra.nesbill, wild carrot, corn bluebottle, self-beal, dock, 
sorrel, knot-grass, 80ft brome, Yorkshire fog, and of 
other notorio us weeds, may t hus be collected in the 
course of a. season. Their characters learnt in this way 
in the field are never forgotten, and more useful infor
mation is thus pleasantly obtainpn t.han could be 
acqu ired by years of mere readiDIit. 

I t may be useful , however, to ';aro the student that 
the appearance of a seed-of wild carrot. for example
&s ripened in the field , may not bear much resemblance 
to the same seed as it occurs in 8. sample of elm··er 
seed. The friction induced during the several processes 
involved in the cleanin.g of the clover seed modifies the 
external characters not only of wild carrot, but of a 
number of ot-her weed seeds. Allowance should be made 
for this alteration in appearance. 

In purchasing seed it is well to remember tha.t bad 
Ised is dear at any price, and tha.t clea.n genuine 
samples aTe usually worth the extra. money asked for 
theru. Read, however, what is said about the cleaning 
of land and preparation of the seed bed on pp. 283~5. 

No hard and fast rules can be given concerning the 
depth at which the various kinds of seeds should he 
SOWD. It may be stated in a. genera.l way, bowever , 
that the depth of sowing should vary as the size of 
the seed, so that the larger the seed the greater
within limits""':"should be the depth at which it is sown. 
On t he other ha.nd, very small seed requires very shallow 
sowing. 
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CHAP'rER XV, 

GRASS LAl>D AND ITS MANAGEMENT 

Ga ... ss land. either temporary or permanent, plays & 

\"ery important pnrt in t.he economy of the farm. During 
the latter part of the nineteenth centu ry. owing to the 
depression in a.rable farmjng following on the fall in 
the price of wheat and the enhanced cost of la.bour, 
there was a stea.dy increa.se in the area under pcr~ 
rna-nent grass in Grea.t Britain, a.nd tbis has continued, 
though to a. less degree, during the first decade of the 
twentieth century. 

10 1913 there were some 17,571,360 acres under per
ma.nent gra.ss in Great Britain, of which more tha.n a 
quarter was eu! for bay. The ret urns of the Boa.rd of 
Agriculture further .how th. t the area of perma.nent 
grass cut for hay each year alone is greater than the 
a.creage of &oy other crop in Gr.a.t Brita.in. 

Considering these facts there is every inducement for 
skilful management to be bestowed upon t he grass 
la.nd in this country ; but unfortuna.tely this is often 
not the ca.e, and while the arabie llldld is liberally trea.ted 
the grass land is allowed to take ca.re of it self, the 
principle tha.t 'wh .. t i. taken out should b. put back' 
being largely neglected. 

Grass land is either temporary or permanent. In 
the former case, often spoken of as a. C tempora.ry ley.' 
seeds of gra.sses and clovers &re sown, and after a 
period of variable length, the land is ploughed up 
a.ga.in. Permanent pasture land, on the other ha.nd, 
remains continuously under grass j it lDay either have 
been gra.ss land from time immemorial, or it may bave 
origina.ted recently in the sowing of f seeds.' 

Permanent grass land is genera.lly referred to as 
pastuTe! or meadow. 

The term pasture may b. convenient ly applied to 
gra.as that is grazed, but never mown, as certain of the 
old ox-pa.sture. in some of our best grazing dilltricts. The 
term. meadow. on the other ha.nd, iB ulled to indicate gr ... 
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la.nd which i.s cut for bay each year, altLougb a.t certa.in 
periods it may be grazed. In some counties, however, 
as Glollcestershire, it is the cu stom to mow and graze 
in alternate years, although this seems to lead in many 
cases to aD impoverishment of t.he grass land, owing to 
neglect to make a sufficient return in the form of manure 
for the bay crops that are r emoved. The phrnse ptT~ 
mallent PO$tu rt is often used very loosely t o denote &DY 
grass land that ba.s not been broken up for a. number 
of years. and thus to include old meadows or hayfieldB. 
As much confusion thereby arises, it is better to restrict 
the term pasture t,Q land used exclusively for grazing. 

The distinction is important because there is con
siderable difference between pastures and meadows as 
thus defined . This difference extends not only to the 
quantity and qua.lity of the herbage, and to the rela
tive proportions of the component species, but also to 
the I condition ' or the soil . In grazing, the animals 
feed upon the pasture, and return to tbe land mucb 
of what they take from it. If they are. at the same time 
receiving addjtional food their effect upon the land is 
correspondingly g reater. Not only do animals thus 
ma.nure the land, but they improve its texture by their 
constant treading. In the case of a regula.rly mown 
mea.dow the hay is carried off the land, and may even 
be sent off the farm altogether and consumed elsewhere. 
In thus giving up its annual crop of hay the meadow 
land is impoverished to a far greater extent than the 
pasture land, a.nd this impoverishment has to be met by 
dressing the la.nd with na.tural or artificial manures. U 
8. gr&ss field be divided into two, and, whilst the one 
part is continuously grazed, the other part is regu
larly mown, !t will be found that in time the herbage 
of the pastured land will differ very materially [rom that 
of the meadowed land . The plants which thrive hest 
under the t reading and grazing of animals are not ex· 
elusively the same species a.s flourish most readily under 
the scythe. 

Conclusions to be drawn from recent experiments 
tend to show that better results a.re obtained in the 
management of grass la.nd when it is kept for one special 
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purpose, either for grazing st<.ock or mowing for ha.y. 
in the la.cter case the "fterm"tl; only being fed, lhan 
by grazing and mowing in alternate years. In this way 
the fulles t. de,>elopmeni of the gr&saes a.nd clovers which 
a.re best suited to haying and grazing respectively ate 
obtained. 

WATU MEADOWS 

Water meadows are grass lands which, by &. conve· 
nient arrangement. of wa.ter coucses Md bluic6s, can 
be periodically I flooded J or I drowned.' They are 
usually situated near n. river or strea.m, which supplies 
t.he wa.ter for purposes of irriga.tion. 

There are two systems commonly employed in laying 
out water meadows, viz. ;-

(I) The Ricige and Furrow, or Bedwork Syetem. 
(2) The Catch work System. 
The ridge-and-furrow system is generally adopted 

where the la.nd is fairly fiat. The land is laid out in 
ridges about hall a chain in width, along the top of 
which run 'feeding channels' or ' Boats I for conveying 
the water on to the la.od from the ma.in carrier, which 
brings it from the stream. Along the furrows between 
the lands a.re a. second serles of channels, which act 
a.s drains for collecting the wa.ter alter it has flowed 
over the ridges, and conducting it by mea.ns of the ma.in 
drain back to the stream. The floa.ts being at a higher 
level than the dr .. ins, when the land is flooded a steady 
stream of water trickles amongst the herbage from a 
feeding channel to a draining channel. 

The genera.l a.rra.ngement of a. wa.ter mea.dow on the 
ridge-and-furrow system is shown in the diagra.m. 

The feeding channels vary in width and depth accord
ing to circumstances, being wider a.t the end where 
they join the main feeder and narrowing towards their 
extremity. With the draining cha.nnels this is reversed, 
their widest end being that at which they join the main 
drain. The principal drawhack to this system i. ·th. 
expense incurred in laying out the land in the fir!'tt 
instance., whicb is often considerable. Tbe other kind 
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of water meadow, on the catchwork sy.tam, is specially 
adapt ed to graea lands t.hat lie on a 8tlep declivity, 
running away from s. stream, &Dd eX8JDples are to be 
lIeeD in Somerset and Devonshire. 

A series of parallel cba.nnels are cut at intervals 
runn ing &erOSB t.ile slope, and water is introduced into 
the fir st of these. till it gra.duaHy over4ows &nd runs 
ateadi ly down the 8urf&C6 of the slope, &Ccumulating in 
the second ch&n.nel, which is again a llowed to overfiow. 
a.nd the process is repeated. This goes on till the wate r, 

FIG. 173.-Du. OR.l.M BHOWING S CHF.M. or IB.aIOj.TION 
IN WATKR M E ADOW . 

",u" Ridges; BBB, Furrow • . 

having evenly saturated the surface, collects in a drain 
a.t the bottom of the field, &Od is thence conveyed to 
8. stream. . 

This system i. generally a very cheap one to Ia.y 
out where the conditions are suitable. 

The method of management consists in ll<s>ding the • 
mea.dows continuously at intervals throughout the 
winter, the water being allowed to remain on them from 
three to fourteen days &t each operation. Thi. &lter· 
na.te flooding and drying forces an early growth of gr .... , 
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and goes on from October to March, when t.he I mead.' 
remain unHooded for a. month or more, in order that 
they may be (ed off by ewe. and lamb.. Periodical 
Boadings are then resorted to till JllD6, during which 
month tbe mea.dows are dried [or mowing. Towlords 
the eod of JuJy they a.re agalD flooded, a.nd aIten ... a.rda 
grazed by borse. a.nd ca.ttle till October. 

In laying out any system of irriga.tioo the fir.t thing 
to be considered is the water supply. The best wa.ter 
for the purpose is that supplied by " clear running 
stream free [rom iron and otber soluble ma.tters likely 
to dama.ge the grass. A trout-stream is generally con
sidered suitable for the purpose. \Vheo the meadows 
a.re flooded the water should be funning a.ll the time, 
And not a.llowed to become sta.gnant. \Va.t.er should not 
be turned on turing a. frost; but if a. frost comes on 
when the water is running it should be a.l1owed to 
continue to rUD, 80 a8 to protect the ground, a.s the 
temperature of running water is higher and more 
constMlt tha.n that of the a.ir. 

The chief adva.ntage of .. wa.ter mea.dow i8 to b. 
seen in a. droughty sun:.mer, ,"'hen, owing to the coost&nt 
supply of moisture, a. crop of gra.BS C&D. b~ relied upon. 
In winter, also, the running wa.ter increases the tem
perature of the soil, so tha.t the growt.h of the grasB 
is hastened, &TId &D early bite obtained in spring. 
Further, the wa.ter a.cts as a carrier of pl&nt rood, and 
fertilizing material i8 brought on to the soil in solution 
a.nd suspension, while air at the same time is allowed 
to enter and produce its sweetening effect on the body 
of tb. soil. 

UYIll'G DOWN LAND TO GUSI 

in laying la.nd down to grass it is essential, in order 
to ensure success. tha.t the land should be clean and in 
good condition. and the seeds pure. It is useless · to 
secure one of these conditions without the other) for it 
would be as {utile to sow pure seeds upon " foul seed
hed a.nd land in poor condition 88 to prep"r. & prop"' 



284 GUBS LAND AND ITS MANAGEMENT 

Beed-bed for the reception of unclea.n seed. If the 
object is to obtain a. pasture in the shortest possible 
time, it win be necessary I besides selecting a. mixture 
suitable for the plirpose we ha.ve in yiew. to use skill 
In the preparation of the soil, and to be liberal in the 
after treatment of the young pa.sture. 

As regards tloils, the stronger ones which are cool 
aDd moist are best suited to the growth of grass; 
whereas the lighter sands and gravels in the drier dis
tricts do not form a. turf so readily. 

The most effective way to clean the land 13 to 
thoroughly work it during a. bare fallow in summer. 
when it will be ready for seeding in the following 
spring. As. however, bare fa.llowing is an expensive 
operation, it is usual to take 8. root crop, which offers 
the additional ad,' antage that it may I e well dressed 
with farmyard manure, whilst the conditioD of the soil 
is further improved when turnips are fed upon the land 
in autumn to sheep, which at the same time are con
suming cake. As soon as the land is free it is subjected 
to a deep ploughing, followed speedily by another 
ploughing, and the land is then laid up through the 
winter. In the North of England, however, deep plough
ing is not resorted to after a green crop has been fed 
of! by sheep, for, although .. second ploughing may 
bring the sheep-droppings aga.in to the surface, this 
s.oond ploughing cannot always be accomplished at 
once. As soon in the early spring as it is practicable to 
resume operations the harrow and roller are set to work, 
and are kept going till a fine firm level .eed-bed is 
produced. 

The object should be to obtain a deep mellow tilth , 
but very firm; and on th. top of this a very shallow 
and fin. seed-bed should be formed , so that the small 
.eed. are not huried too deeply. A good plant of seed. 
is often seen on the hea.dlands, which have been well 
trampled hy the hor.es in turning, when the rest of the 
field is very patchy_ The seeds may be sown alone or 
with a com crop. If the pasture is wanted a.t the earliest 
moment ~he grass seeds a.re best sown without a crop. In 
this c ... e it i. advi.able ... . oon ... the gr .... gets a.b ... d 
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to mow it at intervals, which will tend to 8trengthen 
the young gra.ss and cause it to tiller OU\.. 

Sowing with a. crop, bOW6\'er, is the usual method, 
as it 1S more economical ill ordinary practice. The corn, 
a.lso, acts as a. shade and nurse in a. bot summer, and 
helps to check the growth oC weeds. The seeds a.re thus 
usually sown with a. thin seeding of wheat, barley, or 
oa(;s, and may be put in either at the same time as the 
corn or when the latter is a little way above the 
ground. In 80me districts a preference is given to 
a.utumn-sown wheat as a. nursing crop for young seeds, 
whe,e it is thought to be less liable to 'lodge' than 
oa.ts or barley; and in this caBe there is also the 
advantage of 8. solid Boil, with a.n inch of fine mould 
on the surface ns a seed-bed. 

Tbe spring, 'rom tbe end of Marcb to tbe beginning 
of May, is t·be best time for sowing grass seeds. Early 
sowing is to be preferred, providing the ground is suffi
ciently dry. Autumn Bowing is sometimes adopted on 
certain soils, but care must be taken to 80W early, in 
order tha.t the young plant! may be sufficiently strong 
before winter, a.nd thu~ be a.ble to withstand the attack. 
of frost. 

Some skill i& required in Bowing mixtures of grasa 
Beeds, as, on &CCount of the different sizes and weights 
of the various species, irregularity may result. A still 
day is prefera.ble, 80S the ligbter grass seeds are easily 
carried by the wind. The U Se of the seed-barrow, which 
delivers the seed near to the ground, is mOTe relia.bIe 
than broadcasting by band. To Becure Ulliforznity of 
sowing, it is & good plan to wheel in the gral!s seeds 
alone in one direction, and then t.he dover seeds by 
themselves in a. direction a.t right angles to the 
former. 

To prepare the surface of the land for the seed, the 
land is generally rolled first. After sowing, the seeds 
should be covered hy lightJy 'brushing' or harrowing, 
&lld then the ground should b. firmly rolled down · in 
two directions. 

Drilling grass seeds with the seed-drill is now some· 
time. Adopted, especially on light 80i18, and ha. cort";" 
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advantages in a dry sea.SOD ; but it is importa.nt that 
t.be ground should be rolled down tightly a.fterwards. 

The skilful alter management will determine to a 
large extent the success of a. young pasture. The chief 
point during the first few years is to get the long-lived 
grasses predominating, and to encourage the develop
ment of an even 80le or bottom to the pasture. This 
can be done to a. certain extent by keeping down the 
top grasses and allowing nothing to run to Boed 80 &8 

to weaken the growing plants. 
As 800n as the corD crop is off it is sometimes found 

that the young herbage is very forwa.rd, especially after 
a damp summer. It may, therefore, be necessary to 
top it with a. mowing machine, or cattle may be turned 
00 . but it is advisa.ble to keep sbeep off a young per
manent ·past.ure for the firat two Bea.:,onB. It 111 a 
good plan to give & newly laid-down t urf 8. dress
ing of farmyard manure or compost during the winter 
after the corn crop is removed, or if this is not con
venient, an application of artificial manure may be 
used to stimulate the growth of the plants. Such an arti
ficial mixture should be a complete one, and contain 
the three chief plant-foods , nitrogen, phosphoric acid, 
And potash, and may consist of:-

aUperphOElPha.te 
&illl t . 

."Quano • 

S ewt. 
2 H 

I 

or ,,·i th soils well supplied wiili potash, the following 
may be used:-

Steamed bone Bour ... 6 ewt. 
Nitra.t.e of soda. or sulpba.te of ammoni 1 

Th.Be mixtures should be used at the ritt. of 6 cwt. 
to the a.cre. 

It is a. good practice to mow a penn anent pasture 
the first year a.fter sowing; but care shoutd be taken 
to make a liberal return in the form ,)f manure to com
pens .. te for what has been taken off. 

Gra.zing the land v,.;th bullocks which are receiving 
Ion additional a.llow&llce of food in the form of cake 
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Im.d corn will be found a very beDt~ficial treatment ... 
Boon as the pasture is esta.blished. FetJding beasts 
ta.ke very Little out of their food, and when t.hey a.re 
receiving cake the fertil ity or the lIoil a.ctually increases. 
Young and milking stock, on the ot.her hand, are DOt. 

80 Buitable for grazing on pastures while tbey are form· 
ing, &8 they ma.ke much greater dema.nda on the la.nd 
than f.eding stock. 

JlIXTUJI.:18 roll. IOWIJlG LAND DOWlf TO 
GJl.ASS 

Attention ha.s a.lready been drawn to the necessity 
for using cl ean mixtures when sowieg down land to 
grass. The 01<1 custom of mixing the sweepings of the 
hay loft with 8. few purcha.sed seeds to ma.ke up a 
mixture for sowing was often respoDsible for distribut.
ing weeds and wor thless grasses over the farm. Although 
ready-made Beed mixtures, adapted for any purpose, 
can DOW be obtained from most of the lea.ding firms of 
seedsmen, stiU it is to the farmer's advanta.ge to know 
something of the common grasses and clovers, a.nd the 
proportions in which they should be mixed to suit bis 
particular soil And climate, whet.her for permanent pas
ture or t emporary ley. A knowledge of these matters will 
oiten lead to & cODsider&ble sa.ving where A la.r ge area 
has to be 8own. In making &uy selection ea.ch gra!s and 
clover should be considered with regard to its ha.bit of 
growth, durability. and a.da.ptability to soil and clima.te. 
A number of experiments have been ca.rried out of la.te 
years by the local Agricultural Colleges with the object 
of ascertaining the best seed mixtures for ,,&rious pur
poses on the soils in their particular districts. The 
mixtures recommended a.s a result of some of these 
trial. together with others advocated by certain leading 
authorities, ate given below, a.nd may be used &B & 

basis of selection for &Dy particular Boil. 
Where the object is a. t ttmporaTY ley,) aDd the 8eed~ 

mixture. are intended to remain down for a sbon 
period only-say, one to four yean-the quicker growing 
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and ahorter lived grasses and clovers are chosen for 
the purpose. Thus in certain districts for a. one yea.r's 
ley broa.d red clover is sown by it.Belf at the ra.te of 

TABUI: XXII.-$EED·MIXTURES F(.R PZ"MAKE~T PASTURES. 

(Quanti!ie.! recomTrl'nded for ~owing per acn, \ 

Itnlian ry &-gra!l5 
Pcrlmnial rye-grUB,. 
Timothy 
Cock.foot ... :::1 
Meado,v fescue ... 
Tall fescue ... 
Hard fescue ..• 
Shep.p's fescue 
Meadow foxtail .,. 
Fiorin... ... . .. 1 

T.ll o.t-gra" "'1 Golden oat-grass .. 

:~~~b~!~!t'{~P;:a : 
Crested dog's-tail .. 
Broad l~ clover ... 
Perennial red dOTer I 
Alsike clover 
White clover 
Trefoil 
Lucerne 

" i 'j 

~ 
= ·S 
~ 

j 3 

~ 
10. 

" 

~~ f ~ ~~ 

~~~ '5 
I " 5 

~] ~ 2 

8 '~ e 1 
10. Il> 

7 

" H 
2 
3 

Sainfoin . -

:
2~ I _ 

Burnet 
Chicory ... 
Sheep'. parsley 
Yarra\v ..•. 
Kidney Tetch 

.. -

"'1- = I~-I ~ 

" ~ " ! ~ 3 
.! -" 

~ E ~ ~ ., 's 
~ 

i I .~ ~ 
] I ~ 'E "s 

~ ~ :;: 
~ 

:l 

10 lb. l b -~ , • ., 

" 
., 

I r-
2 6 , 5 6 
! 2 3 

I 2 I 
I 

10 
I 

a I 
I I 
j , 

12 to 16 lb •. to the &cre. In ..other case ... certain 
amount of Italian rye gra •• , varying in quantity from 
6 to 14 IDs., is sown a.long with the Ted clover. When 
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the intention is t.o lea.ve the lev down for more t han 
two years. a certai n amount o'r perenn ial rye gras,. 
timothy. coC'ksroot.. pPren n inl red clover and whi te 
clan-r are aclrl~d t.o th e mixture. 

Ihe [0110 \' ing are examples of BUltable mixtuTe .. for 
'temporary leys . :-

TABLE XXllJ. - SItEo-Mrx"t"GIlJl:8 FOB TEM'l'ORl RV LZY8. 

(Qlla,"i' ir~ ruom11l"ntlt'd (or #lowing 1''''' air~ .) 

Italian rn'-g'ra"" 
Perennial rye-graMs 
C()ck~i("Jt 
TiIUOLbL. . .. 
Brf):Hl it'll (')o~er " 
J"t!fl 'nnilll red clu\cr 
Alsike ... 
\\'hhe d o,;,{'r 
Treioil .,' 

II> 
fi 

18 

lb. lb. 
4 G , 12 

2 . 

26 

MANAGEMENT 07 OLD PASTURE LAND 

The mana.gement of old pasture land is spokeD of best 
• .mdeT the headings of (a) Cultural opera.tions on the 
ourface; (b) Grazing; (c) Manur ing. 

The cultural opera.tions On the surface include cha.in 
harrowing and rolling. These sbould be car ried out 
during the latter part oC winter and early spring. By 
chain-harrowing mOSB and j fog I are dragged out, BO 

that air ca.n enter the Boil, while dung and molehills aro 
distributed over the surface. .By rolling the land is 
consolidated and pressed .around the roots of the 
herbage aCter the disruptive effects of tbe winter frosta. 
T he slovenly practice oC sHowing the d roppings oC bor.les 
and cattle to remain undistur bed upon pastures ca.nnot 
be too strongly condemned, IUld ""1 mlUlUu on the 

~ 
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aurface should be constantly scattered from tim. to 
tiDJ6 by k.nocking with {ork.s. 'CnlesB this iii done the 
underlYIng IJlant.s are fo r a. l Ime destroyed, a.nd un· 
l igJJliy rJUg'H (If dark rank berLage IilJTlLlg up around 
thf'lll. 

\'" eeds al so, which grow up in unsightly patches and 
usurp Lile surface during dIe SUUlwer, ruus!' lie destroyed 
by I he sysLemaLJ C use of the spud and t.he Bcyt,be. 

Grazing is an iwportant industry in many parts of 
tb~ COUrJlr.v. 

On the first-class ox-past.ures of the Midlands, and in 
liome olher dIstricts. cBtl Je llr~ {'Oll!:iiuered LO feed better 
by themselves during the summer t.ha.n wben grazed 
with olher classes of stock. On sOlDe dairy pasture., 
a.lso, sheep, if grazed 8.t the same time, are thought 
to deter iorate the value of the pasture for the horned 
etock. The best retu rns cannot be obtai-ned from other 
gra.ss lands, however, W1Lhout a judicious mixture o f 
burses, cattle, and sheep; and it is found in pra.ctice 
that one class of stock will graze after the other a.nd 
browse O\'er coarse patches of herbage growing round 
the filFlllure left by the fo rm er SLoCk. 

Mu ch skill and car~fu l 6upen;ision are therefore 
necessary on the part of graziers 10 regulating the 
num ber and kinds of stock: fed upon the land so as to 
obt,ain the best results, and to keep the grass eaten 
down evenly. The chief c.bjects are: (1) To keep the 
.tock improving; and (2) To maintain the fertility of 
the pastu re. 

S LOck must DOt be put on too early, however , or 
kept on too late. otherwise the animals will be wan
dering about looking for & bite, and there will be a 
danger of some of the nner bottom herbage being torn 
ou t. 

The date when cattle can be turned out in spring 
will depend la.rgely on the season, but, as a Tule. pastur es 
in the South of England a.re rea.dy to receive stock 
a.bout the end of April. Further north. cattle are not 
turn ed out till the middle of May. or even later. 

Manuring Old Grass Land.-A number of experi
m.ntl.on the manuring of gr .... land h ..... been con-
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ducted of recent years, the most important of theBe 
being '" ~et of p' :"I:periments wh ich bo.ve b('en carried out 
at Rothamsled for a. period of over half·a -cent.ury. 10 
this case aD old grass field was dl\' ided into a number 
of plots. nnd each plot has received the same rnanuria,1 
t rcntm cu t end} .reitt, .1nd has been cut fo r hllY. The~e 
plot.s are of much inler.s t., a s not only do the rf'l l"u rOI 
Bhow a difference in the yield oC Lay obt lllned each 
year, but. a.o inspection shows n.n eOLire change in t.he 

TABtE XXIV.-Sfl OWI .... O ETF'l CTS 01" V,lIlT OUS At.~ u Jt .. O~ 

7'11 . rU:L[J .... ~n C() Al.I'ORtTIO~ orr HAr .IT R()THA.M~T.n. 

I 
PI",. I 

31 (-nma<""cd ... ... ... . .. 
1 Xitwl!t>1l rmi y 3S !lulm',uium !'ait" .. . 

17 S llroC'en onl" :)." nitral e- of "ocia , .. I 

"i ~l lIleral tna1!ilrl'~, no 1li1,r('~ !' 1\ '" 
4~2 JJjwsl'lJOdc acid lind Ilit.,.()~cn, uo, 

P"tl\<;}j ", ' " ," ' " 

91 ComeJo" ",an"ce, n',,"gon '" am· 
!1JrJnium !>:dt;; " '" '" " 

14 COInl-'l<:',e manure, n itrogt::u a£' ni l.ratei 
of "{Ida ", ," '" " , I 

1! -1 Cou.ple:e manure, erce;>!' of ri[I'(lb~n 

\'i .. ld 
01 

Iby 

fwt 
~I ·.-' 
3 1-: 
i-/.;'5 
4V'9 

ard~ 

{~hi 

f;f)'R 

m;'s 

:t.t:l , 'r, ['[4'2 
-; 7'1) , 1-1 t l'O 
" ,'h~ :'14 &2'0 
203 o!l3 2,1'4 

~I';) 8'5 

!lI'Z , '0 J 3 
I flq'A 8·' i!. 

,:,,!? - I O. 

I 
I 

bol-ani tal composition of the berbage of tbel severa.l 
plots. which at tbe commencement of the experiment 
was of a similar CbA.rlLcter, 

The effect of this long.contiDued manuring on the 
yield and botanical composi t ion of the herhage of the 
varlou lS plots is well ahown in Table XXIV" which giyea 
the avera.ge yield for fifty·thrce years, and also the 
cha.racter of the resul ting herba.ge, a.s .hov.'U by , .. 
botanical an~lr.i. in I~, tho fo rtY-leventh year of th. 
exp~riment. 



292 GRASS LAND AND ITS MANAGEMENT 

Certain facts are shown by this table. Thus, if graBI!I 
land is mown each year without any return in the form 
of manure not only will the yield be small. but there 
will be a great preponderance of weeds in the composi
tion of the herbage. One-sided manuring, only supplying 
n itrogen or only phosphoric acid. however successful at 
first, will eventually result in increased impo,"erishm~nt 
of the land. Nitrogenous fertili1.ers encoura.ge the 
growth of the grasses at the expense of tbe clovers. 
Minera.l manures, and particLllariy potash, encourage 
the growth of legumin ous plants, and enable them t o 
make hsa.dway against the grasses. 

These experiments also show that any specia.l ma.nur
ing or treatment follo wed continuously will encourage 
the growth of certa.in species of plants as a.gainst. others, 
aDd the best results are t.bereiore obtained by the 
trea.tment first selected. 

In a. simila.r way laying up land fOT hay will encourage 
the development of the stronger grasses; whereas when 
a. field is grazed the finer bottom grasses will have the 
advantage. Taking these facts into consideration, it 
therefore seems advisable to keep certain lands for 
mowing each year and to graze others, rather than to 
follow the custom of alternately baying and mowing, 
in which case certain grasses are encouraged one 
season and repressed the next. 

Again, it is 8. waste of money to lavish expensive 
dressings of ma.nure on poor grass-land unless a 
proper herbage is p resent to take advantage of sue. 
treatment. In such cases the character of the herbage 
mu st be first slowly reformed by judicious trea.tment j 
and it is only when the better grasses and clovers have 
been encouraged to appear that it will pay to use 
complete dressings of manure. 

Taking into account the above facts it will now be 
possible to deal sepa.rately with the question of 
manuring pasture and meadow land respectively. 

Manuring Pastures.-Pastures of the botler descriP
tion, 8uch as old feeding pastures. require very little 
manuring, as tb. stock being fattened OD such land 
remove .. few fertilizing ingredients from the Boil. When 
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ca.ke and corn are fed the fertility actually increases in 
these soils. It is a mi::!.take w use heavy dressings of 
farmyard manure all land of t.his description, as it wjJJ 
encourage the growtb of t be coarser grll~seH and. weeds 
to the exclusion of lhe clover. J 0 old paStur~6 a.n abund
ance of whiLe clover is generally In eviJellce; and this 
wjlJ accumula.te nitrogen in its growtb amI .swre it, in 
the surface soil. The cheapest met-bod of suplJ\ying 
nitrogen t.o pasture land, therefore, is by encouraging 
the growth of clove rs. 

Most grass lands. especialJy on Boils naturaliy deficient 
in lime, will pay for dressings of tbis mal~rial from 
tilDe to time. The beneficial action of lime is p,l.rticu
lady noticeable on grass land wbere organic matter 
bas accumulated through the decay of vegetation and 
a.ddition of dung. and the soil is consequently some
what sour. Tile applicatioD of lime in such n. case is 
often followed by a luxurious growth of grass aod clOver. 
owing to the aCldity being neutralized and resen'es 01 
plantrfood being rendered a\'allable for t,he use o[ the 
pla.nt by the act ion of the lime. 

Lime may be applied to grass land in the (arm of 
qujcklime, but ODe of the ha.ndiest forms to use at the 
present time is ; ground lime,' which can be purchased 
in bags, and is in a sufIicienUy dry state to sow from 
8. manure drill . by which means a small dressi.ng can 
be E'venJy distributed. Ground hID e may be used at the 
rate of 10 to 20 cwt. per acre on grass land. 

It is a practice with the graziers In the better dis
tricts to make a. compost heap of road scrapings. clean
ings from dltches and other refuse about the farm. Thi. 
is mixed with lime and turned over LWO or t.hree times, 
after which it is a.pplied as a. top dressing to grass laud 
with tbe most beneficial results. 

Good pasture land, aJthough rjch in nitrogen, ;s some
times deficient in mineral ingrtdjents, and, therefore, 
additions of potash and phosphates in some form are 
often advisable. 

Such a dressing might consist oI-

Superpbosphat& 
KiUnit 

3 c .... t.. 

2 " 
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applied at the rate of :; cwt. per acre early in the year; 
or, e!p~ciall:,· on lioils del1ci~ot. in lime, 5 cwt. of basic 
Blag put on ill the autullill will ha.ve a. good effect in 
malnLaining tu e quul!ty of the h~rLa.ge. 

Poor pastures, wit.h a thlll heri:agp Oll clay, sand. or 
chr.lk. I,t-quirt special trf'aLOJ ~nt III each case to im· 
prove them. ...lS bas alreatly beeu stated, it will not 
pay to use exvpusi\'e drt:.sioss of []Janure on these pa.s
tures Lill t.b r- herLage has been slowly r~rormf'd. 

In tb~ case of poor clay land , as a.t C(J{.'.lde P ark, 
in Korthuruberland, a heavy dressing of basic slag up 
to ]0 cwt. per acre will often bnye the effect. of stimu
lating a. strong growth of the weak clon!f J..llauts whicb 
are languis.lIing ill the soil through deficien(,y of pb08-
pbtLtes. \rhen t.his ha!l been effected nit.rogf'D will begin 
to accumulate in tb(' surface soil. aIHl t.he b~lter gr&sees 
will gradually assert theUlsehes as the d(l};er dIsappears. 
After r he herbage has been thu~ reformed a lllore libera.l 
m&During may be followed, including caking through 
the stock grazed upuu the land. 

Poor !landy soils of Leu I"('quire supplies oC potash in 
the form of kainit. in addition to lJhospbateR, to improve 
them. In these cases steamed-bone £lou r is a good form 
in which to suppl.y phosphates. 

Thin pastures on cbalk soils require very liberal 
treatment to impro-. e them. They will stand plenty 
of dung and hen.,·.y cake feeding, as well as complete 
dre.ssmgs of artificinl manures. In Ulany cases i t i. 
doubtful ... ·hether pastures of this description can be 
economically improyed. On limestone soils, such [LS a.re 
lound on the Cot,,,-old Bill., superphosphate will 
often be found to give good resulls in improving the 
herbage. 

llaDuriDg ~or lIay.-In tb. case 01 land which i. laid 
up (or hay the object is to obtain a bulky crop of stroDg 
growing grasses all coming to maturity. as far as pos
sible, at the same t:..rue. Witb this object in view it ill 
advisable to manure heavily, using la.rge rl_Tessings 01 
fa.rmyard manu re and complete dres~ing8 of artificials. 
""ber. " field is cut regularly lor hay each year, the 
most eC0!l0mical system of manuring seems to be a dres!-
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109 oC farmyard mnuure (~ome 10 tons per nrre) eVf'ry 
third or fourth year, a.nd npplic:l.tJonb of f.;ultlpJete wix
tun~s uf anillcial m;\nure~ JUrlllg lhe lutt-TH'rJmg 

pe r i\)d~. Such l.L !J]I),.lure "uulJ ClJusi~L of ;{ c,,,L 
}Jer ncre of 6I1p(·r~ltu:·q !balo ami 2 C\\ l. uf hll.illlt 
applicJ carly in lh~ yl!ur. ruIIU\\ ell b) I c\\ t.. vf 1111 rate 
of buda as ~oon as lLe grass shu.'.ed SigHs 01 starling 
gro w lli. 

Un bome of t.he stronger soils \\ here till'n' is suflll'ient 
&\'aiJablf' potash, ba~jc blag seems LO gi\'e bel t"er re .... ul r.. 
than sU IJervbospho..tf' as a. [JIanu ra for the ha~ crop. 
In such cases 5 ('wL. per 31're oi IJ!Hiic b.lag put on in the 
&u wron. followed U\' 1 ewt. of nitrate of soda. 'Wnen 
gro v. 1.b starts in tb~ spring, may be looked 011 lL gJve 
good results, kal nit bemg om itted. 

MANAGJ!MENT OF MEADOW LAND 

A permanent meadow is a field which 15 mOWIl 
8nnually for a. hay rrop. The land ;n:1Y be grazl"d ea.rly 
1O the :rea r , and then tue stock are LUrlled off buUl6 lime 
in April. and it is shut up so as j,o If'a,e rimf' for the 
g rass to grow pre\' iotls 10 cuttillg. Beror~ finally 
ahutting up it i!'; a good plan t,o "'lain-harrow thf' field 
80 as t.o SpTE'ad the dung. and a!"'() tc.) roll it j,o con
solidate the soil round the roots of thE' jJlant~. At. t he 
SfIJDe time all stick5 and ~tonc :;; . which (\lherwise Inight 
cause trouble at the time of 1110\', ing, ~l1Uult.] be picked 
o ff the surface and remo·;ed. 

The various Borts of hay commonly met with in t h is 
country a.re:-

(aJ UpJand or rueA.dow bay; the prvdu(.'E of permanenf gralll 
la.nd. 

(b) '8;>eds' hay which is yielded by tem pora.ry leyR, sown 
wi th gUlls and clover 8eeds. 

(c) Wster·mea.dow bay obt.ained (rom irr igate<) meadows. 
This &I a. rul e require. & good deal more making than 
ordinary meadl')w hay, and often hall to remain in large 
cock. aT • summer rico' in th& field betore beiDS 
AnaU,. caned home. 
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HAYMAKING 

Haymaking ib th~ operation whereby g rass and clover 
crops are corH'erfed into dry fodder. ]I, includes the 
three proc~sses of (I) Cutting; (2) Making : (3) Carrying. 

CuttjDg.~.Mpadow hay is essentially n. straw Ci"up. 
the objeCL being t.o se('u re it. befo ft" the grasses beglO 
to I lpen t hei r g ra i.n-tJlat is. before th e nut r ient ingre
dients in the stem ha,ve nrigratE"d upwards to aid in 
maturing the sE'ed. lienee. hay shonld be cut at ab'3ut 
the time the bulk of the gra~se!'i are corning into fl ower 
that is. just before the pollen dust can be freely sba.ken 
(rom them. 

The mowi.ng wachine is now \'ery gener:i.~ly employed 
(or cutting ba,l·. lllo ugh the scythe bas, still to oe used 
in wate r meauows ann on embankments. The IDtroduc· 
tiOD of the mowing machine bas increast'd the risk leFt 
too mnch p;rnss be cut at one time for the availa.bl~ 
bands to deal wltb. so that this is a. detail requi_ring 
a.ttention. The labour r)f mowing with the scythe is very 
seve re, and it b rings into play nearly e\'ery muscl~ 
in the body. An experienced workman will mow from 
! acre to 2 acres per day, according to the heaviness 
of th e crop. The line a T T('IW of cut herbage a s jt £aJls 
upon the groun d is called thp swathe. 

There is a notable difference in t.he wode of cuttinp: 
by the scythe and hy the mowing machine. The simpler 
implement efi'ectfl tho clean cut of 8. knife. The machine. 
which works on the sciRsors pri.nciple. not only cuts. but 
cru shes or bruises at the same time. The cut of the 
!Scythe is regarded as being the less mjntioll8 to the 
,tandi.ng pla.nt. and Borne farmers always p refer the 
8cythe for meadow bay. 

Making.- Tbe conversion of green grass into bay 18 
eff('cted by loss of moistu re \ which is brought about 
partly by the sun' . beat and partly by the wind. no .... 
grea.t 19 this Joss may be gathered (rom the circum· 
st,a.n('8 t hat £resbl.v ~('ut A'rass contains from 70 to 80 
per Cl!nt. of water. whilst hay has only from 14 to j6 
per c~nt. To promote the escape of water va.pour 
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i t J6 necessary for tbe cut herbage to be turned over 
a.nd shaken oui, In order to expose as large a sll r faCb 
45 p ossiJ.,Je to Lhe AlT. At thtj same til11c, the worK 

should ue carried out ill Buch Ii lllauner that. on tbe 
a.pproa.ch of raLD, lhe f)Ialcnal ca.n be quickly gathered 
togcLLer , su a~ to expose tbe h;us[' lJossiule surt1l.ce to i ts 
action. Llonce lhere 15 plenty uf room for ~kdl ill the 
operalion of hayrouking. 

Th~ grass falls frum tilt UlO\\ er 1!1 tlw,:k s\\ at.bes, 
v. bich . if left Ulldisturbtd. "auld a.t, It:ng-th rut lDR1Je. 

Therefore they must be t.edded~t.f'" shaken out or 
turned over in SOUle way. This lS uoue either by the 
hand-fork, or by meaus of a. teddlhg Illachwe, ot a 
swathe-turnt.!l'. 

It must here be r emembered that the methods of 
haymaking have undergone considerahle (:banges of 
r ecent years_ ' Formerjy the grass nus aJJ cut WIth 
the scythe, and alter wards tedded out. wiLlI lhe fork. 
The process ot hayruaking in lhese circulUstances 
being ~ntindy carr ied out, by hand was tedIOUS and 
expenSlve. 

The next step in a.dvance followed on tbp introduction 
&nd deve!oplllPnt of labour-s&vlIlg mCl.(.·uwl!ry, when the 
mowing machine, the ho rse-rake, and tbe I ted de: J 

came into common use on the [a.rm. 
More recently other implement!! have gradually beeD 

added to assist. in the hayfield, so tha.t we now have the 
. swathe-turllt>r,' • side-dcli\"cry ,-ake,' • hay-klUder.' nod 
• sweep-rake/ together 'with the ' elevator' and bay·rork. 
whjch call be used und er suitable conditlODs to m inimize 
labouT in saving th e hay cr op. 

A large portion of the hay crop is made in the 
southern portlOn of England ill the' swaLhe I by meaDS 
of the swathe-turner. When ."iufficiently dry the swathes 
can be run togethe r by mea.ns of the side-delivery 
rake into paraUei rows across the field known as 
(wind-rows, ' which can easily be split up into cocks 
when necessary as a protection from the weather; or 
t.he ba.y can be loaded directly from the wind-row .into 
the carts and waggo01;. During a wet summer , how· 
ever I &Dd when the crop" of grass are hea.vy. the teddeJ 
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will be found to ue a. machine tha.t it is almo!;t imlJ08Sibie 
to di!'oppn!o<t' wilh. 

The IJI·(I~-~',. or tl\akll\~ me:1o.l.Yw h3Y \'. ben thf; t..edding 
machine is IIs('d llla.y he df'''Icrihptl a!S f(,}lows . 

The cnlp, \~ hf'rl n',lrly, IS cut· v;Jl 11 tb", mowing 
maC'll!ne. the ~ras~ bC'lllC- [prj !11 th(' ~\\[1 1!(" so that the 
.,.,'!l.ter may eVl\VOfat.e from t.bt> surface. The next {\I\,Y 
it is 'Ledul'd.' or SJJff':ld out in a thin laye r m"er the 
Imrface of the ground to dry, S(.ori.l~tillJe5 whell the gra.ss 
is cut early in the ulornirlg, and the ~ealbt'r is fine, 
the tedder jg set to follow int[ileJi}\t~ ly after tht: mowing 
machine. The next npe r3lion iR 'h.'1{"'kmg.' or collecting 
the ha.,· togetber into small \\ inti-rows, whicb Ulay be 
run togl:'thel' into litLlf' 'plloks' or 'l'n~kt;' for the 
nigbt. 

The following morning these a.rt' throwo out into 
beds as sooo as the ~rollnd is dry. :lJi-d the tedding 
ma chine may lie again set to work along these beds. if 
oecessary. . 

The bay is then collected hy me"ns of the horse-rake 
into large wind-rows. \\ hi('b can be run up into large 
cocks for t.he night. or the hay can be earned direct 
from the rows as cjrcumsta,nc~ s require. If put into 
large cocks. these should be turned orer the next day 
a~ soon n~ the ground is dry. a.nu if the we.ather is fine 
the hal' should he fit to cart the same day. 

The foregoing instrnctious apply to a. period of fin~ 
weather. and would occupy a period o[ some three 
da.ys. , :r beo the weathe r js unsettled or catcby, how
ever, the period for carrying out these \-arious opera.
tions bas to be cOD!'iderably extended: and it may be 
necessary to continue the process or throwing the hay 
out int~ beds. and cockillg it up again for several days 
in succession. 

If ba,v.)8 caTted before it is ready, it may cause 
serious trouble b., o\'erheating when put together in the 
. tack. 

Carrying.-Tbe bay is carted from lho field to tbe 
8tack -in c;uts or waggons. the IDi\.t.er1al being loaded 
on to these by band. In SOIDe cases a machine of 
America.n origin, working 00 the elevator principle, a.nd 



CARRYI NG H AY 

called & hay~loader, jt; used for picking up and putti ng 
the hay On LO tht carl·s, thereu} Ulakll1g 1 be process of 
ba.ymaking less dt'pemit:nL On lllllhual la.bour. 

Another laLour· sn.\ Illg ilUljlt!U)~nt.. al.!:.o illt.roduced 
from ameriCa, tile usc oi willch IS graduuUy sprca-ding, 
it the sweep·rake. 'I'Lls l)lachine, \\ hicit (.'l)n~1!:H8 of a 
large frame on wheels d,'awn hy {\\' (I hOI'SCS, is ahle to 
sweep up lb. hJtY aut of the cock (II' '\\'ind rll'" :1.JH1 tak'e 
it st raight up 1..0 Lho rick, thus saving ibe expenlc of 
carting. l!s use is reslricted. h()\\~\'er. to cases where 
the aLack is builL in th(' Rallle field from whence Lh. 
crop is taken. 

The time when bay is fit to carry and Jlut. into th. 
stack will depend v~ry la rgely on tbe bulk of the crop 
and the chara.fLer of the }Ieruage. \rhen bay j~ com~ 
posed of gra.nCB of a sumewhat elry and b~I1IY nat ure, 
it. is not necessary to be so careful aLouL it.s condition 
when carting as when dealing with a. crop in which 
t here is a large percentage of bottom growt.h and clov6r. 
In this latter ('ase dis(.;rC1JOll TillIS!' be ust,tL a s otherwise 
excessive heaLing, liud iII some ca~es spontaneous cow· 
bustion may take placE' m the 5ta.ck. 

In the dampe r climato of tbe north of England and 
Scotland the custom is to PUL the hay up into large 
cocks or 'summer r icks I in the field. containing haH a 
load t o a load, with the object of allOWIng the hay to 
dry more tbo rougbJ.\· and swt"aL to a certain extenr 
before It 111 ca.rted some weeks later to the large r ick. 
This method also bas the advantage of saving time iD 
securing the hay crop at a busy time of the Yf':a.r, th. 
final carting and building inLo stacks being left till .. 
favourable opport.unity presents itself. 

The ordinary s tacker, or elevator, will be found most 
useful lor emptying the CAr ts on to the stack, and will 
sa.ve a Jot of manual Jabour in ph('hing, especially when 
the stack rises in height. The hay· fork worked by 
means of a. pulley from a cross-piece attached to a long 
pole set in the ground, will also be found a valuable 
implement when stacking hay, as it is a ble to raise a 
l&rge P&rt of a. loa.d from the ca rt On to the top of the 
ttack A~ on. J.iIt. 
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Ca.re must be taken in building a. stack tha.t the 
middle is kepL as high as possiblr . oth(' rwise the roof 
will bec'ome wo flnt when the 6tack sect.les down . and 
the thatch wil] bE" unable to rem ove the water sufficiently 
r apidly. The walls should ulso be carrieu up in 
such n \\'!lV that the Cll1;es stand well out fronl lhe base. 
so tLa.L tt)c. drip [rom the roof may fall clear of the 
sides . 

G-eneraJ H aymaking RuJes.-T() obta.in the best res ults 
attention must be paid tu the follow ing points 10 carry
ing out the process of haymnking. 

Throughout the entire ope ra tion the crop should be 
dealt with as gently a!; ]Jos!;ible. Turning and shaking 
out a re. of courSf>. nece~sa ry to assist the process o f 
drying, hu t rough handlillg should u be avoided. 
Grasses Rre covered with a delicate waterproof 
coati ng of waxy maierial. and when lhis is broken 
or inju red wate r will soak inlo lhe stalks. and the 
quality of the hay will be milch daulflged by the soluble 
ingredients bejng washed out. This loss is especially 
liable to take place when half-made a.nd tedded ha.y 
is washed by ra.in. The proper time to cut is when the 
bulk of the grasses and c1o"'ers are cornrnj:! into fl ower. 
and before they set t heir seed. Tn tbjs connection it 
must be remembered that any loss of weight in the 
crop by early cutting will be gained in the afterma.th. 
Much greater damage. howeyer. will be done to ha.y 
by cutting and allowing it to be 'Washed for days by rain 
than by allowing the grass to become fiom ewbat old 
before cutting. 

In making clover hay great care must be taken to 
handle it as lit tle as possible. and it mu st not be tedded, 
otherwise much loss may occur by brea.king off the fine 
lea.f. It is best, therefore, to let the crop remain a 
few da~~s i.n the swathe after it is cut to allow the upQ.er 
8urface to dry thoroughly. and then to gently turn it 
with the haud-rake or swathe· turner , so that t.he under 
surface may be exposed. After a time it may be turned 
back again, and then gently put together in rows-three 
or four swathes being put into ODe row- from which, when 
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fit. it sbould be carted direct, and putting it up into 
cocks should be avoided, ~f possjble. 

Lastly. it is a good rule to observe, and one of grea.t 
import&!lce nOw that, by means (Jf the mowing ro3.cbiue, 
50 much grass can be cut in a da.y I that no more hay 
should be got. on the ground than the staff at command 
ca.n work. 

Sweating.-\Vben put together in the rick certain 
chemical changes t a.ke place in the new bay whioh 
gjve rise to the production of hea.t and sweating. 

The amount of heat. developed in a. sta.ck wi]] often 
largely determine the quality of the hay when it is cut 
out. The fermentat.ion which takes pla.ce in the fitaCy 
is brought al>out by the starch in the grass being changed 
first into sugar, and then passing through the successive 
stages of alco-vol , acetic aldehyde, and finaUy acetic 
acid. 

Overheating is due to a.n excessive de'f"elopment of 
a. suffocating, inflammable gas known as acetic aldehyde, 
and where thia occurs Dot only may the hay be charred 
and jts qua) lt,jes for feeding spoilt, but spontaneouB 
combustion may even take place in the stack. 

A good Bweating will often improve the subsequent 
quality and palatability of bay of a. somewhat coarse 
character 'When put together, but the fermentation 
should stop at the sugar stage; and to obtain this the 
hay must be dry and in good condition when stacked. 

The temperature of t,he stack can be tesLed by meaDS 
of a. Lherroometer. and a good sweating can be safely 
allowed up to 14UO ¥. Danger is to be expected, how
ever, if the temperat.ure rises above 1500 F. \'{here 
this occurs it may be necessary to cut a hale in the 
stack to allow the air to enter, or even in some case8 to 
turn the stack over again. 

The quality of bay is judged by it. odour, it. colour, 
and its general 8-ppearance. Hay that ha.s been well 
saved ha.s aD agreea.ble aroma.tic odour, almost Ia.vender
like, whilst its colour is pale green. Its appea.rance ia 
uniform in all part s of the stack, and there is no sign 
of mildew. When .... tack kwb. the middle is, of coure., 



302 U!UBB LAND AND ITS MAXAGEIIlENT 

brOWDer than the outer parts. As it increases in a ge , 
hny It('quires n fuller and more prnllouuced odour, lts 
colour tle~]ll'us. ulld it cuts out. from the stack ill more 
coni pact furm. 

The de~irabJe quaiities which ha\'e been mentioned 
e.re ausen t {rom hay that ha.s been badly wilshed in the 
field, or has ueen Jlut into stack ",ben too damp, aod 
has consequent I." heatrd to too greai an eXlrnt. a.nd 
perhaps has suhs(·q uently becom(: mouldy. Such hay 
aC(IU1"~S a "ery dark colour, it has an IHlJ}l easaot Odour, 
and s~IJlPles from difierent pa.rt.s of Lhe !'>tack are likely 
to be une\'t'n in quality. ]ts feedJng prQperties a re 
iesseIJcd, aod it.s selling '7aJ ue is d ilJlllli sht'd. 

An;Aher met.hod of judging bay, t·DO little followed, 
is bast'd ullon its botanical c:olliposition. Tbe student 
should llOt be saji~fied witb If'arning to, ideotify plants 
as they grow in the meadow. Be must proceed a step 
fnrth~r. and bt; able to recognh:e thew. and even rrag· 
OlE'lii s of them. as t hey occur in we dried stai.e in the 
Mftock. Scpan\ie a bundle of ha)1 into YTQ.1n1ntO\l.s. 1~9u.mi,.. 
nOlL.'. and mur,llollt"DU<JI heap!. a.nd then t ry to id . ntify 
the 8pt'ciea present in each heap. Tb e pa nicles 01 t he 
graS1'.e!. will be rt'cognl7_ed \ .... ithout mucb difficulty , a.nd 
by pra<:tice it. becomes possible to identify tbe leaves and 
culm!! as well. I Seeds ) hay. ordinary meadow bay. and 
water-meadow hay can respecth'ely be identified by an 
examina tion which results in the recognition of the 
species of plant! present. To take t,wo extremp. c&ses. 
bay consisting largely of rye g rass and clover wo uld a t 
once be M'cepted as superior to hay in whicb the woolly 
stems and \p,a\Tes of Yorkshire fog. and the bro~u 
\\'i thered fragments of sor rel. were a.bundant 

Bay IS considered as ' new I up to Michnelm&8 Day 
(Se-ptember ~$'I). and: in some districts. till it. is a year old. 
A load of old ha~' is 36 t russes , and a.s the truss weigna 
[>6 lb. (! cwl.). the load will weigh 18 cwt. A load of 
new bay, at 60 lb. per t russ. weighs 19 cwt. ) qr. 
"lb. .A load of stra.w. a.t 36 lb. per t r uss, weighs 11 
ewt. 2 qT. 8 lb. In each case the load is 36 tru •• es. 
P referably. ha.y a.nd stt ...... M e sold by the t on, a.nd not 
by the load. . 
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ENSILAGE 

The process of pr(>s(>nin~ green fodder ill lts succu
lent condItion, lllsLel1d of first drying It, into hay. 18 
called ensliage. The Silo is the rece ~tacle u: which the 
presen t'U wacerial, to "htch the uame of silage is. gi\'co, 
I!; Slored. It is ouly \\ ithm comparati\'ely retelll years 
t.hat tue process or ensilage has been IJraC'tu;ed on any 
extensive scale in tbls country. but durmg that time 
the operatJOD bas been much sjmpUJjed. Jt. was, fOT 

example, formerly thought that an air-light receptacle 
must he a.vailable in order to make good silage. do raf, 
bowet'ef t is this [rom being tbe case, thaL silage i.!j liOW 

made without any receptade a.t all. the beap or slack 
of the material itself constituting the silo. Bu!... tbough 
tbe pra(·tJ·ce l~s been modified, there bas Dt't.'ll no 
chlUlge ill the principle. the leading fea.t.ure of which is 
the exclusion of air from the mass of green herbage. 

In the clt:o;e of farwyard Illa[Wre it. IS a fanlliiar fact 
(," p. 11 0) that lh. more ligblly lbe dung·he .. p i. com
pressed-that. is, the m{lre COUlVlet.C\Y the a.tmospheric 
air is excluded-the slower a.re the changes that. tltke 
place within the heap. OIl the other haad, ihe greater 
the freedom with which air permeates the mass the 
more raplu is the fermentation. 10 em;ila,ge the object 
is to imItate, and indeed to improve upon, the tightly 
p r es!)ed dung~heap, and. by excluding the air. to 1)(6-
vent oxidation, which brings in its train fermentation. 
decay, aud (055. The mOre tboroughly the air 18 ex
cluded. the greater is the suc('ess in making silage. 

G ra.ss is the material usually converteo into silage, 
and, in wet seasons unfavourable to bay-making, much 
useful provender bas thus been slu'ed which otherwise 
would bave been lost. The process lS, bowe\'er, equa.lly 
&pplicable to any other kind of green herba.ge. If put 
into speciaily built silos. the berbage is often cut into 
chaff .first, as jt. then packs more closely, thus promoting 
the exclu!ion of air. In stack Rilos the materia.l is pu~ 
up in the long state. . 

Specially built silos a.re cODstruct·ed of brick or atone, 
and may be a bove ground or below ground. Chalk~pitlt 
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grave j·pit..s1 a.nd other excava.tlons, particularly if on 
sloPJug g"ouud, which ra.~dILu.[,e8 filling, Ilia." lIkewise 
be auapLdd a.~ silos. in all tiuell cases, tho chopped 
berba.gt r~ylilretl LO lJ e well jJac~ed and troJdeo, 
tlslJecla.ll y li.1" the sides. ItU as to cOl.UJ..delt~ ly till the 
receptacle. Even thell, lL~ t:;br ulkage VI bi en tak es pJace 
may cn~at.e au a.lr sIJlI.ce veL\\ een tbtj Ulass of herlJage 
auo lue t»de~ o[ t.he 6il0. 

The Silo stack lJust>c:ise~ t.bc lldva.nt age u; cheaprlt"SS 
and siw(JIICllY, and notHlug ut"yond (Jrdwary ca.re 18 
necessary to ensure success. .For t.he pUf}Jose of mak.lllg 
lucb a SLack o r ciawp, gra!)s way b~ llIOWll wh en tb~ 
majority of the V1a-ul::; are LD blLlom j clon! f \\ ben the 
whoJe crop 1S ill .tioYo'er j lJeas a.nd \·e t.cbes just when 
the pods are forllilug, !Jut l, t'(ure they COUlweW.;6 filling; 
caats and ather cereals \\ hen t.he gralo. ~ COllllllellCe~ to 
form; and ro ugb lrJlUlllJUgs from banks allJ d ll(;hes al 
any Lime when they can be used LO form the fOp layer. 
in stdectiDg a. place fur the cla.mp, ad vamage should be 
Laken of hili-Sides , 60 tha.t the I dra'Wwg-up tongue,' 
lea.dIug on to Lbe ciaillp, Jllay be as sbaBow as p<Hlslble, 
thereby lessening the Qua..nUty \\ hicb \\ III require lurrung 
up when nDlsbwg the clawp. It is be}:;t to cart llllIll6-

d lat eJy after the grass IS cu t , unless the maLe rial be 
excevtionally succuJeuL. as is the case With S6\\age ·g;ro wo 
grass; the weight of the fresh berba.ge thus b~lps to 
ensile that below it. T he walt~rJal should be carted 
together in such a way t ha.t the borses and carLS cr oss 
It, tbus consolldaLlDg It; aud a ro Uer, drawn by one o r 
more horses, should be used t.o press it down. and make 
it more easy {or ho rses to cart over. Tbt: carts, r oller l 

and horses would not provJde sumcient weight to CUll
press t he mass at once into the compact condition in 
'Which it comes out as silage l and which weighs from 
50 to 60 lb. per cubic (oot. .Hut wben fermenta.tI0n takea 
place, the fi bre LD the ma-Leria.l softens, and rea.d.ily 
undergoes compression. 

}S OL more than three clays should be a llowed to elaps'9 
before carting lrash w&t.ena.l upon the heap, otherwise 
the 8urface oC t he latter will becoms mouldy. Thi. 
point mU6t. alae be considez;ed with reference to the 
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aId es, WlllCb should be ke~",t, hand pullt>d. or }Jared. dad;, 
falll1lg nhJCh Lbd J,lQrtjUI1 Ulkt::lf (Iff tl4t:: siut:1:o \~JJJ h,. 11:' 
a mouldy comhtH'u \\. hell pUL au the lOp. 'l'h~ gre.l.lt'$l 

ca.re lUU~l.. lie ll1kt!ll to k t:l'P 1..tLt'o ~l(ll' ::,I Uill1!-!,IIL. a:~u Lht:j 

shoull1 reC~l\ e !Llh.Lllvuu.i rudtug uU lb~ 11IlJ III unit-,' 
that they wuy ut:: lJrol l~rJ.!' c·1I1111Ire~.)t'J. n,t' carl. ... bJJUuJ J 
be led Touud a '1 ntar th •. ~Idc::. 3,b },ob:;iiJ1e lur LLt: b<LU'e 
r ea.sou. 1t will i.Jl: fUUllU lH't:e ... :-;ary l-u 1l1<l!l1l:l.JlI LUt) t;IJCS 

higber t.han tLe middle, u.s It. 1S lllJ}Job~;,uJe oLhl! ry.~ th..' 10 

keep the sLack llJ proper bLaiJe. \\ bCJl aU t he Ulai enal 
has been brought. Lu Lll e d:UIl V, tls t; IUdlU~d piaLIt' uf 
bel'bl1ge wh ich tOI"UIt!U lbe tongut' tihUU1U i.Jt- LUfucd up 
60 as to ensure t.ha.t LLe \\ hu1t~ 0[ the top biaa.ll Lc o j 
uniform 1e11;ht \~LeJj it lla )) St!Llh·d. The cluwlJ :'}loulJ ue 
CJi \'tn~d as soon as pusl:olLle, lOr less \\ a~tc \\ ill r e~uh 
than Wbtll it Iii a.lluy, eJ Lo lJel:u[ue drIed uu the t.O j). H, 
durtug lutervals of uHlklllg. the sur [ac\' dries, It bhould 
be walerl:'u. ill order thaL an en~1J sJ]"lJJlJJe UJBy Tel:iU1L. 
As t.o weiglitJUg, It. lS a curumon TJra.(.;lH:t! Lo bUild allay-
6tack on th~ w p of the silu stack to p rovide the J.lreSHure 
r equued, and [,his ans"\\ers adLUlrably. As t.htre it. wa.!:ite 
at the 61dvs of all siJage, It IS aJ\,lsabJe to !.JudcJ large 
stacks or silos, so that th e extent o[ t.he SlJ.t!S llUlY be 
proportionately lessened. 

Auot-her chea.p and efiicient me"hod of waking silage 
is to dig a pit in the gruund 3 to 6 ft. dee,), cart over 
it. a.nd tread it wilh horses and men on thtl outside. 
Roll It, and CO\'er it all over-sides and t(Jp-wllU the 
mould {rom ~be treoen, and knock i~ do"" li!!htly. A 
stack of hay built upon it. then ma.kes a. capItal covering. 

If care is taken to pa~k the mater ial close to the 
walls. the 10s8 is considerably less in the ca.se of silage 
made in silos than when it is ma.de in the stack, there
fore sma.ll quantities are more successfully prest:rved lD 

the specially constructed silo than in the stack. 
Silage may be fed to ca.ttle a.t any tUD t! I t. may be 

required alter i t is (.IDee pur. together. It will keep good 
for yea.rs i1 well secured. Inferior hay may be got rid 
of by chaffing it up wlth silage before ofiermg it to 
stock. 

Whether SOIll silage or sweel silalle reBults from tho 
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operation of making is determined mainly by t.he tem
perature at whiciJ fe rmentatiou t.akes place within the 
mass of herbage. Silage is sour or sweet. according as 
tbere is much ur littlf' of ('eTta-in organic uC'llis preseot. 
These aCIds lLre prill ci ,!ally acellc, lactic. a.nd butyric. 

If an oJlt.'IJ-ui r silage BLack is yjewed III section froUl 
top to bott.om. the \0\\ er layers will be seer} Lo he greener 
than tht' upper, \\ Itilst the colour gradually becomes 
brown er [oward~ til(' 101J. whicL wilJ Le allllost of a bu rnt 
coffee colour. The lHltlom layers hM'e been con\'erted 
inLo green or sour :;il:q~e becausE' the pressure of the 
material above has excludecl the air. and fermentation 
bas taken place at a low tempera.ture. there not ha.ving 
been sufncient air to supply the oxygen for u high tE"m
pp.rature fermentation. As les!; wright was llPplied to 
the uppe r portion, there \yas fr,.,.r acrel"s uf air to !'t. 
and more- air was Tetaineu among the mass- hence a. 
higher frrmeouti on. The colour thus affords au indi
cation of the telllpenttnre at which the fermentation took 
place. 

It is genera.lIy recognized tha.t silage made at a. 
temperature below 1200 F. is I sour? silage. whilst that 
which ha.s not risen abo\-e 90° F. is commonly spoken 
of as I low-temperature sour,' a.nd that vihich has ex
ceeded goo F. as 'high-temperature sour. / Between 
1200 Md 1300 • there are ge nerally ve£ns o r s~arns of 
sweet and sou r silage intermingled. From 1300 to HOO 
a. shade of urown is discernible . .Between 140° and 160° 
it is detid(':d\y brown; and above 160° it is over-htated, 
and very similar in appearance to over-beated hay, 
wbilst tbe fla "our denotes burning. In any case, fer· 
ment &tion ceases a.s soon as aU the available oxygen 
il used uP. the air tha.t exists amongst the herbage being 
then r jch in carbonic a.cid gas. 

Ina~much a.s iermentation is a. process chjefiy of 
oxidation. the loss of solid matter falls mostly upon 
the carbonaceous compounds (the carbohydra tes) of the 
herbage. The total quantity of nitrogen remains ahout 
the sam., a lthough some of it is converted into a form 
in which it is less available as food. \Vben ' sweet ' 
silage is produced it is due to the higher temperature 
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having killed the living orga.nisms whicb, under condi· 
tions of less beat, seL up an a.cid fermentation. The 
loss of so\jd ma.LleT is probably great.e.r in the makiJlg 
of 'sweet..' silage. The odour of sweet silage, however. 
being vinous or arOlllll.Lic, il:; inr from unpleasant.. 'Sour I 

silage, on the other hand, ha.s a PO\\ edul and not an 
attract.i,-e odour, wbich is read ily absorbed by milk 
fre shly dra,\\,u from the cows. Tberef(lre sour silage 
should Dot be a\1o\\ ed to lie abouL the stalls of dairy 
cows, nor should people handle it. immediately before 
milking. 

Though ensila.ge affords a. wast useful alt.ernativtJ 
wben Lhe weat.her is t.OO ullfn\,oura.Llt La penuit the 
SAving of ha...y. it sbouJd IHJt };r ft'garJed merely al:) a 
6ubstit ute for hayU)aking. Silagf' can be made in all 
kinds of weather. and it. is ca}Jahlt uf afford log a sue· 
culent and nut.ritious food t.o st.ock a.t all seasons of the 
year. Consequent.ly it. possesses a specia..J va.lue in 
iiea.sons wben there i!-l a dearLh of roots. 

CHAPTEH XVl. 

FAR:\! CROPS 

THE soil, or I tand/ as it is more comTOonly termed by 
those who work: it, is divided. for agrlcult.ural purposes, 
into grass land and a·rable land. 

Grass land is subjec1ed La very little cultivation; it 
cannot he f5tirred deeply. as the growth UpOD it is per· 
ma.n eot. The acts of cultivation are Limited. therefore1 

to harrowing and rolling. 
Arabie Jand undergoes frequent turning and stirring, 

these opera.tions beiDg necessa.ry to provide suitable 
aeed·beds for the cr ops, the seed for which 1S in most 
c&ses SOWD at least once a year. It is unusual to grow 
the s&me kind of crop frequently on the same la.nd, it 
being more economical to grow & v&riety of crop .. 
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ROTATION OF CROPS 

E:q ,p rienre bas shuwn that, by growing different 
kindq of crops in n. part,icular order, relia.ble results 
may i;e lookrd for. in t.his way there have ari1:ot'n recog· 
nized SYDLcms of crolJping_ which are called rotations. 

Thl' advantages of rotations nre:-
1. Thf>Y result in crops of greater vigour. "~beD 

crops of 1 he sUllle kind are grnwn continuously on t.he 
!lame land they are more liable to be a.ttacked by insect 
and fungoid Pf' f tS. Reveated cropping of the same kind 
cauf;es the crops to lose vigour. so tha.t they a.re ren
dered If:'sS a.ble to withstand such attacks. Therefore. 
fresh hinds of plants should be introduced upon tna 
land. This \"ariD-tion o[ the order takeS! away the food 
of insects '\\'hieb inCest a particular crop. ,;0 that.. by 
the time this crop is grown again. the inserts have either 
died out. or ba,-e gone elsewhere in search of food. 

2. Th€y are economica.l of manure. Different crops 
require difJprent kinds of manure, so that an alteration in 
cropping allows plants of the \-arlouR orders to take up 
t.he manurial foods in the re~pectit'e proportions in which 
they need them. some crops requiring more of one kind. 
and otbers more of another. A balance is thereby maw 
tained amongst the manurial ingredients in the soil. 

3. \rell -arranged rotations aU ow of an economical 
distribution of labour. ",hether applied to the cleaning 
of the land. the Bowing of the seed. or the npplicatioD 
of manures. 

4. Some ,arieties of plants (clovers, etc.) store up 
food. from the air or soil, which becomes available for 
the use 01 succeedj.ng crops. Other crops (root crops. 
etc_) are restora.ti\~e. not· in themselves. but because 
they are usually fed to live-stock upon the land. Some 
(wheat. barley) are of such a. nature that, while they 
are still growing, other l-inds mas be seeded in a.mongst 
them. and so may become esta.blished. the:eby a.voiding 
loss of time_ ShallOW-Tooted crops are alternated with 
deep-rooted ones. becausti they dra.w their food from 
different regions of the ""it 
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5. A variety of crops is essential where cattle a.nd 
other li\'e-stock are kept. 

The most typical rutation is the Norfolk or four
course system. This i!) as foll{)\\ ~:-

First ~'ear: :\ utUUlIl -sown cereal C'fOp. - Wheat. 
Second year: Eal/ow crolJ.-·l?ools: TutHil l!' , mangels, 

cabbago, potatoes, et.c. 
Third year: Spring-Bown cereal crop.-Barley or 

oa.ts. 
Fourth year: Leguminous crap.- Clover, in mixture 

f,r alon f' : p ta" , h £: al15. 
Fiftb year: Same a.s first-and so on. 
The general arrangeme[Jt, therefore. is such that 

a.bout half thp land is under whit.e st.raw crops, whilst 
the other half is carrying green crops and clo\~ er, and 
the rota.tion m~ be thus represented:-

!:I )oT" 
/ ' .._ 

WJlE.\T IL\ I; J.I. Y 

""-t ' J,O\'EI: 

This rotation is suitable for many classes of soil. 
fOf , where oDe oC the crops named would not be 
likely to prosper in a particula.r case, another one of 
the same genera.l cha.racter could be substituted which 
would do so. 

There are many rotations ex.tending over from four 
to eight years, but it will be found on ex.aruining a 
classified list oC such rotations that they are to a great 
extent founded on thjs four-course system. and that the 
chjef differences are in t.he extensi!)n or the time during 
which the clover or l seeds I crops are allowed to !'Stand, 
and in the introduction of a. wheat crop, or of some 
otber exbausting Crop, after roots, before barley is 
sown. Shorter rotations are also known, but they are 
practised less trequentJy than in bygone years. as the 
soils to which they are appHcable are DOW found to be 
unprofitable when under a.ny form of ara.ble culture; con~ 
... quently, this cla.s of la.nd ha •. to a great extent., 
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gone out of tu!t.iva.tion. Kevertheless. the two-CQurn 
system-( I) wheai, (2) beanb-doee exist. though. as an 
occasio uu.l bare fallow has to be taken which upsets tbi . 
orde r, it. cau scarcely be regarded as an txc]usi\'ely two
course system. 

An examination of tb(' fou r-course shift sen 'es to 
sbow how adlllirably a well -arranged rotation a.dapts 
itself to farm pract ice:-

F irst year : \rbea.t.-The wheat foll ows cio\-er. Sbeep 
can find but. ]it.t.le food on the clo\'er after September, 
the refore at this period it is plougbt:d. By employing 
the horses at thIS t,iwt) of 'year the work In tbt' spring 
is lightened. wbich is a very important matter. The 
clover slores ilJ.> in its roots and stubble a large quantity 
of food ingredients, pani('ulariy nitrugen <Lnd potash, 
which are ready for the use of the wh~a.t crop. These 
a.nd other ingredients ba\'e been ext racted partly from 
the air by tue broad lea.veli and root~nod ule8 of the 
clovers. and partly from Lhe soil b~' their deep-searching 
rOOLS, which are capn.ble of strikllig vertically inLo the 
la.nd for soruP yard:;. The \\ beat crop provides straw fo r 
that.cuing, and fcn fodder aDd iitLer for catl-Ie. If the 
clo\'er ley is wanted ior the sheep in the latter par t 
of au tum n or beginning of winLer, a crop of oal,8 
may be subsLituled for wheaL, as oats can be sown 
in lhe spring: this is not an uncommon pra.ctice in 
Scotlaud. 

Second year; Fallow crop.-The land bas carried, 
during the three pre\'ious years. crops which have 
afforded but few opportunities of deep stirring or clean
ing. pro\'isiou for which must be runde. Two out of the 
three crops ha\"e beec. exhansti,-e, so th!l.t. a restorative 
crop is advisa.ble . . A bulky crop of succulent food fo r 
sheep and ca.t,tle is required at the same time. AU 
these are provided for in fallowing by means of a fa.llow 
or root crop. After the spring corn is sown t work is 
requi red for the horses and meD, and they can ue em
ployed on the fallows with g rea.t a.dvantage. P erennia.l 
weed s are dra.wn out by the implements of t ill age, and 
annual weeds a.re destroyed by surface boeing after 
the crop i. up. 
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Beaides the pra(,tical advantage ari!1Dg from the 
opport.unity which t.he growth of rool! affords for t.he 
cleli.nwg of t.htJ land, thf' beue/h! of gro\\ wg this crop 
in rotation are further due to the large aUlount of 
manure appiJed for JLs gnm tL, to the Jarge residue 
of the mauure lefL It) the soil [or future crops. to tht' 
large u,UJ(Junt of mat.teT aL oocp returned as manure 
again iu the lea\'t's, to the large alllount of food pro
duced, and to the small alllouul of tLe I1J06t important 
manuTial const.Ituents of the roots which is retained by 
the animal! consuming them, t.he remainder be ing 
rei urned to the Jand as manure. 

Third year: Spring-sown ceJ'eal crap.-Rarley and 
oats tbriv~ best when seeded ea.rly in the spriug. Th ert 
is conf;~quenlly litt.le oPlJorLUnity of cleaning the land. 
Such crops are therefore a.dapLed to follow the Callow 
or cleaning crcJlp. 1n some seasons wl,en, on account 
of the weather, but little work can he done upon the 
la.nd, it is difJjcult to prepare a. seed-bed. This difficuJry 
rarely arises aft.er fallowing, as the land has been 
thoroughly tu rned. stirred. and lip;htrned only lL few 
mOf1t.hs previously. so that nothing beyond shallow 
ploughing is necessary to form a seed bed. f£hin furrows 
are more easily reduced to & tilth thau are thick ones, 
as the w~atber has betttr opportuoitit"8 of mellowing 
them, a.nd ler,s borse-power is nereSM.ry to apply the 
mechanical force required to bring the clods within the 
influence of WInd, ra.in, a.nd frost. Barley flour-ishe6 
beat when the seed-bed is just deep eoough to cover 
the .eed well, a.nd when the subsoil i, fairly light, but 
firm eDough to al!ord effIcient root-hold to the plants. 
'Then the land works rather badly, so tha.t the mellow 
tilth req uired by barley ca.noot be obtained, oa.ts ma.y 
be substituted. They are mo re vigotous, and a.re Dot 
ao susceptible to injury when 80WD on a somewha.t 
moist a.nd rough seed-bed. Aga.io, when the la.nd is too 
bea.vy fo r barley. oats ma.y serve as the crop sown at 
this period of the rota.tion. 

At thi. stage a comparison of Wheat and barley, 
wbjcb norma.lly occupy the a.lternate second years of 
the rotation, is instructive. Wheat, a e 8. rule, ia lown in 



312 FARM CROPS 

autuUlU, LD & bf'uxie r and closer soil. and has a. period 
of four or five 1lJ(}lIlbs in \~ bich to distnbute its roots, 
and tllt'lt"Ly gel PUSbt::.:;,IUU of ~1. wide rauge o f soi l aDd 
6ub~ull. bt'forp uarlt·y IS bOWJl. Rurley IS s{'eued in a 
lig!Jtt"f burfa(,f> sod, aml. Wlth a SllOrLer perlOu fur root 
de\ l:'iOPlIll'llt. IS ill a mudJ greater degree df'jlE'ndt'nt. on 
Lile s.lore:; of nutriment. withul a vcry moderate lh::ptb; 
It is , Ul facl, a . surface feede r.' It, ha.s. therefure. to 
re ly murt" especially upon the surfa.ce soil for its u itro
g-enous. anJ particularly for Its IDme ral. :;upIJiies. As 
a result. barley is mure benefited by tbe dln'CL applI
cation (Ii U"l1llt! r a i rna..Ilurps. especially of phosphatic ier
tilizers, ttJIUl is wheat under simi lar conditiolls of soil. 
As boi h crops a rt'! exhausLJ\ e of the D1Lrogen ot the 
soil. they al ike r equire-ill the ordinary course of farOl
ing-Illl r'lg euous lUanures, whd~t the sprlDg-~ow D c rov . 
barley, D£'tC'O::' su})erpho~pbate also. B4!sidt's Its p0sition 
10 the ordinar,)' course of rota.tion. Larley may Le gro\\--n 
III d irect succeSSlO n to wheat 011 t he heavier SOlIs. and. 
pro\'lded the ialld IS clea.n enough for a second corn 
cro~. will then yield well both in quantIty and in 
qUlllity . 

Fourth year: Leguminous crap.-Wbere possible, & 

restor!l.ti,,-e crop shOUld be taken after an exhaustive 
one. p~pec.ially whf're sbeep- feed for ~l1mmer use and 
hay f o r wiDLer use, are required. T hese conditions are 
complied with wben a. cjo~'er or I st"eds J crop is intro· 
duced.. Clovers require firm seed-beds, and these are 
ava.ilable when tbe clovers a.re sown after barley. A!! 
tbe clover crop is intended t,o lie for sOUle time. it 
should be SOWD not long after the land has been cleaned 
by being fall owt!d. As a rule, j hE' clover is actually 
HOwn immedjately after the fallowing. As it requires to 
be in the land a. ' full year befo re it can g ive a. return, 
it is sowo about the same time as tbe bar]ey or oats, 
80 that the two crops are on the land at once, the clover 
estnbl ishrns itseH whilst the barley is maturing. In 
this way there is a sa~rjDg of a year. wbicb would be 
lost if the dover "ere SOWD on uncropped land. Should 
the land be clover-sick (p. 350), the diJIiculty ia met by 
planting beans when the soil is heavy, and peas when 
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the soil is light nnd friable. thus giving t.he land a rf'st 
from clon'r, a.nd a.llowlog an opportulllts for it to 
becoDlE" h('a.lth.,· again. Al so. i [ the 1:\Od IS t(ln~ld('rf"d 
t,(,o foul fo r c!ll)\"er, beans or liens may like" 1M' \)" t.akE-B, 
as an OPfJOffuuit)"· is tbereby affordt'u of 1'l,'UJllng lhe 
laud slightl.r hero rp ~,..t'd/1I~. a:ld of ("t'allllig J! mor e 
thoroughly by ,II. h.1.st:t rd f<l!iow (I.t .• :1 .short. fnllo w a.t 
the end of slICDlller) immf"diu.I(·ly the crop i6 cut. and 
before wheat !s ~o\\n. In :\orfcdk. " here (.'(I"j{Ja ratlt.·~ly 
few ~ea.ns and p <.-as are grO\\'rt, n·d c!(I~·t'r 15 U!wally 
takan once in eight yea.rs. 10 Lhe Intt'rrlledllue f()tlrib 
~'ea r. a. mixtu re is sowe of t rt> f(,il. \1 hi1,' a.nd nlfilio.e 
clovers, a.nd ryr. g rasses, the crOll being \'e ry oitpn fed , 
and not cut for b .. y. 

The foregoing ind icates the principles of a wril known 
rotat ion . and (.4. one \\ hidl is found eR!',)' I() \\'Irk, dlOUgb 
it, docs n ot follow that it i" in ali cao!.:!' 'ht, ht' st. Uthers 
a.re a.aapted t o suit parti cular cir('lInIFl(1I1(,~~ . nnd a 
80und farmer sbollid be cnmpt'lf'nt to int rociuce A 

modified rotation to meet I,, '" sppcial rPQUITf·ments. 

The following a.rE' f'Xam IJI f'!'I of rotations. ne-ing 
mostly adaptations frvrn the four-cou rse followed in 
various parts of the country. 

I. S-course rotation suitable lor heavy soils formerly 
foUowed in the valp.: of Gloucester :-

1st yeaT.-rallow c:ror (velcbflfl ({llIo"q'd by L"I~a.rrl , .. How\. 
2nd Oah. 
3rd B(>ao.6 . 
.. tb Whea t. 
5th BArE' fallow 
6th Oat.s. 
7th C1Q.eT. 
8th ~ , Wb~at. 

2. 5-course rotation used on the bet te r loami in thfl 
Midl""d. :-

ht. year.-R notfl (!wec'lf"fl ~. 
2nd" Darley (!i:eedE'rl with elo~er ) 
3rd Clove:-. 
4th .. WheAt. 
5th ,. Oat. {m.Ilu~l . 
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3. 6-eourse rotation followed OD limestone 10Ua of 
the COlswold H tll.;- . 

1st ytltH .- Rulltd (8 \\tK!eel. 
2nd, HlLrlry IIr Ha.llil (seeded ). 
3rd" t"t' e<I" (moll·uJ. 
4t.h" 'Sf'~ri l!o.:raz4:Wl). 
bt.h " ·Wbellt.. 

4. 6-course rotation suited to damp climate of tbo-
Dor tb ·wetlt of England;-

hI. year.-Hou tt! (sv.edel and aomeLimel potatou) 
21ld.. O!\Ut (l>tJlMi.c!d). 
3rd S~btlli. 
4th bt->edll. 
5th ,. Seeds. 
6tb DaLs or wheat 

f> . 5-course rotation used on deep niarly loam. in 
Cbeshire:-

l~t yenc.-Rootlll (largely CQuaistiog of potatoe.). 
2nd" Wil t:at (1i6ed~). 
3rd ,) Seeds. 
4tb.. Seedal. 
5t b .. Oat •. 

6. 6-course rotation adopted on good limestone ooill 
In Derbyshire:-

1.1. yeu .-RooUi (turnipe And IIwedelfll grown with &rt.i1:i.ciaL.). 
2ud Jt Unrley or oaLe Iseede<],. 
3rd St't'di. 
4t.h" SI!'t'th, 
5t..h" W heat (ma.nu.red wjt,b fa.r:myard JDaonre). 
6t.h.. Oall5. 

7. Willshire 6-cours8 rotation suited for ahoop· 
larming:-

)Jt. year.-Cr:udl-crOp (such M Teteh &&, trifolium fie., 
followed by late 8O'fI'0 turnipI). ' 

2nd Roots (6~edE!6). 
Srd Wb~At. 
4th BArl~". 
6th Roou' (preceded by an ee.rly cat.cb·erop lueb at 

.rinter r ve). 
6tb Buley ( •• oded). 
7th Cl,pver &.Ild HecJ.: 
8Ih Wheal 



CORN CROPS 316 

COltlJ CltOPI 

WKE.4.T.-Tbe "' beat crop genera,lly follows' seeda/ 
pea.s or beans, Or potal.oes. ll.11d is occasionally takeD 
afLer r oots fed orr in the LLutUDJD, ba.stard {allows. or 
bare fallows. Before seeding, the dung should be carted 
out on the land at any COIlVetuent taue aftu harvest, 
or dIrectly the bay is oIT, 80 tha.t. it way be ploughed in. 

The soils best suited for the growc.h of wheat are 
those of the bea .. ier description, suc.h 8.5 the clays, when 
properly drained. ·Wbea.t &180 requires a. dry climate 
a.nd plenty of sun t o bri.ng it to maturit.y, and t.herefore 
it is bett.er adapted to t he south and east of EnglAnd 
tha,e to the more humid districts of tb~ north and west. 

After·8eedl/ the prepara.tlon of land for wheat ill 
generally simple, for it is Dot adVIsable to stir the 
furrows unle~ B a thorough cleaning LS intended. The 
l&od is therefo re only ploughed a.nd, on very light loila, 
ring- or furro w-pressed. T he seed is eitber drilled or 
sown broadcast. and harrowed in. 

A.fter peas or beans, the l&nd ill usually ploughed and 
stirred LO get out couch. and left to consolida.t.e , whea.t 
being found to etand the winter best on 8. firw seed
bed. Just before seeding, t he surface is harrowed, Care 
being ta.ken not to r educe the clods more than ia abao· 
lutely nt::cusary. as w ben the land is left in a fiDe state 
on the surface it rUDS together, forming a cement-like 
covering on drying in the spring, or, as It is frequently 
called, a I winter cap,' wb jcb is often very hard and 
troublesome to break. If Dot brokeD. it effectually 
prevents the wheat from growing freely. 

Aft.r potato •• tbe land is often hght . and the aim 
should be to conso1idate it, 'Without r educing ;t too mucb 
on the surface. A shallow ploughing to make tbe bed 
even a.nd level is in some cases practised, whilst in others 
the I&nd is merely drag-harrowed into a. seed~bed. thul 
retaining 311 solid a bottom a.s possibJe. 

After roots which have been fed off, the land sbould 
be ploughed very shallow, so as to r et&Ul firmness below • . 
only sufficient Boil being mo.ved on the 8urfa.ce to permit 
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the seed being covered. Occasionally, OD bea.vy land, 
it is ad\'isable to sow the seed broadcast behind the 
sheep, ami I lJlougb it. ill.' When this is done. it is only 
necessary to plough t.o a deVtb of rrom 1 to I! inch, 
letting the furrow fall fiat. Ko ha.rrowing is required 
until sprmg. as the frosLs will cause the land to shatter , 
thus providing a proper surface. 

After bastard and bare fallows the corn m list be 
drilled: othe rwise it will not be properly covered by the 
soil. The seeding should take place early; in fact. this 
is the earliest of tb" wheat land to be seeded. As the 
plant generally grows quickly and stoutly. thin seeding 
is advisable; 5 pecks per acre are sufficient on a fallow 
in September, where 8 to 10 pecks would be necessary 
on the same land if it were in clover ley not broken up 
until the end of October. The la.nd, for some time before 
seeding. should not be deeply stirred, b.It be allowed to 
consolidate. The sur(a.ce consolidation should be 
effect.ed by harrowing, to prevent lts becoming too fiDe , 
though there are occasions when wb eat land becomes 
Light and puffy, and when pressing with rough clod
crushers is necessary. 

"-heat should be 80~n on a moist seed-bed, but care 
should be taken not t.o harrow th e surface too much, or 
too soon after rain, especially on 'running ' land. On 
heavy land, water gutters should be made to carry off 
surplus water; if this is neglected the wheat at the 
bottom of the j lands J will die out during winter. 

Wheat is genrrally pickled or dressed with a solution 
of copper sulph3.te or f bluestone: before being 80"--0 , 

for the pre,entioo of certain fungoid diseases, sucb as 
bunt and smut (s", p. 390). One pound of copper sulphate 
dissolved in ] gallon of water will be sufficient to steep 
4 busbels of wbeat. 

Subsequent Cultivation.-Wheat requires very little 
attention during w'inter. If attacked by insect pests, 
such as wireworm and leather-ja.cket, or if the land is 
very loose, it is advantag&ol's to '"011 it, so as to con
solidate the Boil &round the roots; but on the majority of 
Boils, except the most fria.ble and E'asily dried, it is impos
.ible to wor~ the roller in win~er. In spring much benent 
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results from rolling a.nd ha.rrowing. Horse-boeing and 
band-hoeing a.re also pra.ctised jn aDDle djstriets wJl b 
a.dvantage, though the drilling is sometimes 80 bntllJ' 
done that the borse-boes cannot be workt"u without 
destroying a. portion of t.he pla.nt. Neverthe.lf>lis. ex 
cepting upon cert.ain soils of peculiar charart.er. t.he 
wheat crop is grea.tly improved by boeIng, and the la.nd 
remains cleaner subsequently. as Dot only are annua.l 
weeds destroyed, but seedlwg plants of ('ouch and docks 
are killed. Hand-boeing whea.t costs from 3,. 6d. t.o 
4s. 6<1. per acre. 

Often in the spring the young wheat plant tUrDB a. 
sickly yeLlo~' colour and appears to be going off. \Vben 
this is the ca.se a top dressing of some quickly-a.cting 
nitrogenous ma.nure, such as nitrate of soda. or sulphate 
of a.mmonia., should be applied at the rate oi about 
1 cwt. per acru This will generally ha\'e the efiect of 
restoring the colour a.nd the vigour of the CTOp. 

H arvesting.-\Yheat should not. be n.1l0\\ f'd to ripen 
before it is cut.. "When the straw immedIately below the 
ear assumes a yellow tinge, it is t.ime to tommence 
cutting. II left until it is perfectly rIpe. the quality of 
the grain is injured by the increase in the thickness of 
the bran (fig. 48) and a corresponding decrea~e of flour 
inside it, without gain in weight Or LJu lk. The gra in is 
also liable to be f whipped 'out by strong winds if the 
crop is allO\yed t o stand too long.. Cutting somewhat 
later has certain advantages, bowever, when the grain 
is to be used for seed purposes, as & t..hin I5kin is then 
of no a.dvantage. The yield in these circumstance8 is 
8,lso greater, the sample plumper. and the seed well 
matured. Some discretion is needed a8 t.o t.he degree 
of ripeness which ths ' kernel,' or gra.in, is allowed t.o 
attain, for, if the weather is very hot a.nd the straw is 
very thin) the sa.p cea.ses to :Bow upwa.rds 80 early tha.t 
the grain feeds but lit.tle from the !\traw and Ja.ils to 
mat ure; examples are not infrequently seen on thin 
cbalk Boils. On rich loams, where th~ straw grows stoUt 
a.nd thick, the cutting may be commenced when tb~ 
straw becomes only slightly yellow. Cutting wheat grun 
h ... quite g<>ne out of fashion. 
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Wheat. is u8us.Hy cut by reapi.ng lIlachines; but 
occasionally, in wet. s~asous. when the crops a re storm
broken and twi stpd. the scythe or the fagging-hook is 
necessary, as t.he rnacbJClcs are liable LO cut uff the eArs 

80 cJosel~v that tiwy ell,unu!; be gathered by horse-rakes. 
and nrc t.herefore IOliL. Manual labour is always wore 
highly paid III harvest- t illie l.hn.n at olher seasous. and 
perhaps t,he most COlllmon praf·tice when tbe work is 
dOlle by the das ie to doubl e t.i1C onlinary wa.ges. In those 
districts where the men receive nO e Xlra !\um or bonus 
&t Michaelma.!'. it ie cUltomary a mong f&fmCrS to pay 
roore during harvest to 1.h. perm"nent hands employed 
Oll the farm. The e ;ocLra. wage. arc, in fact. a I\ort. of rclaln
ing fee t insure a. pl~ntiful l!IupJ..Ily of workDl~n a.t tbat 
busy seaSOD. \Vork is ort.en I~t. by t.be piece. 50 tbfl,.t. the 
men are paid in accordanc~ with what Lh~y actually do. 
10 one way or a.nother the earn ing !'! of lwourers in dIf
ferent districts vary from £4 to £ 8 per ha.rvest month. 
From tbis it may be gathered tha.t the cost of the dif
ferent op~ra.tion! connected with ba.rv esting va.ries ~ery 
much according to cUltom, ll.nd what ie looked upon in 
one locality as an exceesi.e wa.ge is not considered great 
in &nother. For instAnce. tying wheat costs in some 
districts 3&. pe-r Acre, ,.hilst. a.s much &! 5". per a.cre i. 
gh-en in others. I.lld, in the C8.i!le of badly-laid crops, 
Is. or more is occasionally added to this. Cutting by 
mea·De of a machine costs about 2,~. per acre, more or less, 
according as the wea.ther is favou rable for the "Work: 
tbis, with 3". 6d. for tying a.nd stooking. brings the 
total cost to 5~. 6d. per acre. Mo"\"\""mg, tying, Ilnd stook· 
ing genera.t1y costs from 6.,. to lOJ. per Acre ; bu t, in 
sam. years, many fa.rrners giv. as much a.s 20". per acre 
wber. tbe crops are much storm,broken. By the use 
of the binder, cutting and tying costs from 33. to ... 
per acre. 

',,"beat should not be tied when it is in a. wet con
dition; but && it ha.s to st&lld in the stook for a. tong 
time, it 1S not greatly injured if it is tied ~hi.i8t the 
weeds in it are still green. The aheaves shuuJd be set 
up in stooks or shocks immediately ",fter they a.re tied. 
The stooks should b. compo •• d of not more than twelve 
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shea\'es, SIX on each side of the shock. and 80 placed 
that Lbe sun may shine equaliy on both s.id~s . Tht, sto()k. 
nlU St, lie ar rangf'd in "Ilch a. way that whilst the butt. 
ends uf the sht'Il.n"s slaud well out ou the g round 1 the 
ears are brought LOgelbtr at an a.cut.e lrngle, in order 
that tLE: r ail) lIlit\' ~IH,ot off Ihem: olherwi!"e tilt' mois
ture will sunk into the sht>a\'ps. Rlld great damlLge will 
result to the g-rain. The lJract.lce of clubb-iug the sheaves 
inLO n round heap. forlllillg a lar~e fla.t. surface of ears, 
is D10sf illjudwious. aDd is geuE"rally the result of laziness 
on the l,art of the men, or of carf'iC"ssoess 00 the pa.rt 
of the fanner. 

" 'beaL is ra rely fit for stacking in less t han n. wf"ek 
after it. is cut. and in dull sea~O[lS it fl1ny~ require to be 
left a fortnight before it is fia.fe t.o stack it. If stacked 
too sooo it will ferment., and the grain will become 
mouldy. or aC"qu *,e a permanent odour. which will cause 
the fl our made from il. t.o be unsaJeable. 

The carting a.nd sta.<'king without an elevator re-qu IT" 
a. roan a.nd II lad to loa.d, and four men tv em pty t.he 
cart.s and ma.ke the tH .. ack. They WIll clear from b to 15 

acres pe r dllY, according co tbe !'ize of the (· rop. \Vhell.t 
should not be ca.rt.ed wbile the insides of the shea;.es are 
wet, and great care should be taken that they are dry 
beneat h the band. If the sbea\'es ba\'e b een thoroughly 
dried a. heavy dew need cot, prevent carting, D Ot need 
a slig ht rain put a stop to the op~rat iou. 

All stacks should be laid on a bottom which allow! 
the air to ci rculat.e freely under thew . In b uilding, :t 
is necessary that the middle of the stal:k be kept con· 
siderably higher than t.he walls. as, in t.he proce!.8 of 
settling, the middle. owing to the great.er amount o[ 
pressure. sinks more tha.n t he outside. If the stack 
settJes in such a. u'ay that the jnner port-jon becomes 
lower than the outer, the butts of the sheaves on the 
externa.l face will be higher thaD the ears ; consequent.ly, 
whenever rain falls on them it will be conducted to the 
middJe of the stack, jJJstead of being at once shot to 
the ground. Afte r the stack has settled Bufficiently- ' 
willch is very little in the case "r a properly built stack 
-it ahould be thatched with straw, or cQ •• re<! 41 wi~ 



320 FARM CROPS 

vDe of the mod~rn "lubslituff's fnr thatch. such as corru
gdLed in>n. A weil built stat'k buifns lntle from raLD 
f"en "ht'n 111lln:lIdlt>d. "hilt' ont' whi('h 15 harlh~ con
bLTllctt>d oftPl1 !:>ufit'rs ('ollsldt'rn.bly ",hen it is Ih~IChf'd. 
'l'h(> ('(I~l llf lllllt cliinC! 1~ I~. per !'I"qllar~ of !Ut) square- feet . 
faktng Utll' crop \\ Ilh anolill"r. the harn"stlOg on a farm 
IS often :~L lit aiJout JO.5. to 12.(, per acrf', the masle, 
tilJdin~ macbines, hor&t:'s. auo boys to drn'e the !loTRes 
dunug cnniug. 

WhPRL i~ now all threshed by maellJnery. "'-hen an 
urdinnr~' eight h{lrse set IS enJJ,.doyeu, ~rJlh an f'levalo r 
(fig. 2i) to lift lL(' Ftraw. one IUan if!. required to tend 
tbe f'lIgtnt!. another to feed the machine another t.o cut 
the bands. t"o meu to throw up the shpnYf'!'. two men 
on the st.ra'..--sta.ck. OIll" LO luok aftpr the {'oro anJ {'av
ings. a.nd ODe to fetch water and clf'.:n"away the chaff. 
Ho:n~ may be f'llIplo.,-ed in the place of men in the latter 
light jobs. but th~ t'qui,·a.Ir-nL of nine to ten 1TJPr.I must 
be pro"idpd In a. dny of Len hOUTS, from eigbty to one 
hundred sa('ks of corn. accordIng to the crop and yield. 
should be thresh.d. 

The modern threshing machine!' are made with very 
efficient cleaning apparatus. so Lhat nothing but corn 
need be Jeft in the sample. Owing. however, to cnre
lessness and other causes. rubbish finds its way into 
the sack. and must be remo~p.d. A well-cleaned sample 
always sells more ea.sily, and com.mands a more 
remunera.tive price. than the sa.me sample containing 
impurities. Hence. lD practice, it is found a.dvisable to 
(urther clean grain. altbough it bas been treated as well 
as the threshing machine~ are able to do it. 'Yith this 
object the corn is dressed or winnowed (fig. 33), or is 
pa.ssed through machines which perfonn both operations 
a.t tb. same time. Wheat is DOW sold by weight. but tbe 
st.andard varies very much in diffe rent markets. The 
weighc of a.n imperia.l bushel is 63 lb .. and the net 
weigbt of II. quarter (6 bushels) is ~04 lb. Th. a~erage • 
natura l weight of ,. bushel is 61~ Jb. 

The average yield of "'it'heat in Great Britain is some 
30 bushel. of grain to the acre, &lthough good crops may 
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rea.cb fL.!! m ucb a!' W bushels. or more. Th. yield of 
straw will ,'ar)' frum 30 to 35 cwt. 

O.iR. - Ont.!; will grow on most 80i1s provided then 
18 5uIficielit 1II0i.!. tUTf> ; the question of clima.~ being 
really more important for thei r success ful g!"owth tbft.n 
that of soil. They are weJJ suited to the damp clima.te. 
of the nort.h of EII.tdand and Scotland, a.s they require 
[es8 warmth and sunshine than whea.t or barley. 

10 the dry districts of the south they prefer the 
stiffer soils, hut in wet climates the best resulta a.re 
obtained on I he light er loams Oats may ah:;o be grown 
at considerable elenl.tions abm e the SE!a level, and they 
are generally the nrst corn crop taken after breaking up 
gra.ss-Iand. 

Seeding.-Oats. as a corn crop, ate a.lmost a.iw&y. 
HOwn in the sp'!ing, but in a. few light-la.nd diBtrich 
they a.re popula.r as an autumn-SOWD crop. If BOwn in 
the autumn. they should be put in ea.rly, 80 as to become 
well estnblishl'd before the frosts begin. The spring
sown oats. which may be taken after Toots, ley.!), 
potatoes. a.nd other crops, should likewise be seeded 
early. After tbe open ing of the yea.r, no opportunity 
when a fitt ing seed-bed can be obtained should be 
missed. I t is advisable to put the seed in on &. well· 
prepared seed-bed. but. if the land is jUdiciously worked, 
it is Dot absolutely necessary tha.t the linest tilths should 
be made, as the plant is robust . and if the surfa.ce sbould 
be a. little coa.rse the fau lt may generally be corrected 
by subsequent harrowing and TollJng. Hence, theTe is 
nothing of a very special nature in the preparation of 
the seed-bed for oat8. 

Seeding ma.y be continued late in tbe .e&son, 
a.lthougb the ea.rlier-sown crops almost invaria.bly yield 
best j but. a fair crop of oa.ts ma.y be obtained when it 
would be too late to BOW harley with tbe expectation 
of obtaining" paying crop. Thus, when the root cro)l 
is not cleared by sheep until too la.te for ba.rley, quickly 
maturing varie ties of oatlf mas bp profitably sown. Oat! 
mAY h. either sown broadc&st, or d rill.d. Drilling, 01 
oourle, permits of better opportunities of clftllninR the 

II 
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crop subsequently, and on Ja.nd troubled lvit.h annuaJ 
weeds this is of much ilUp(Jrtan('e. 

The after-cultivation of oa.ts is similar to tha.t of 
whea.t, a.nd if the land is loose and open aft.er planting 
it lDay be advisable to harrow and roll just when the 
young plant is coming through. 

Barvesting.-Oats should Dot he allowed to become 
thoroughly ripe before cutting; in fact, they a.re hest 
cut a s 8000 a.s t.be gra.in is fa.irly filled, as the latter 
has great power of absorbing nutriment from tbe stout 
straw characteristic of the crop. It is advisable to cut oata 
when there is a light yellow sbade noticeable throughout 
the field; the straw below the neck will still be green. 
'rhe warning given previously in reference to the ea.rly 
cut.ting of whea.t on poor la.nd is applicable to oate. The 
crop is cut, sheaved, and stooked in the same way as 
wheat. Oa.ts, bow ever, require to be ~ the stook for a 
greater length of time than \"heat, for they retain moi9~ 
ture longer, and readily ferment when stacked. Fer
mented oats are distinguished from others by their 
brown skins. and are not so valuable bl'CClUS{' they han· 
an injuriOlls effect 00 lLoimals \""hich consume them. 
Th e stra.w makes an exceedingly useful fodder. especially 
when chaffed. 

The yield of oat!) mny vary from 40 LO 60 bushels 
of gr&in per acre, according to the crop, and the straw 
from 30 cwt. upwards. 

B.-\RLEY.-This cerea.l requires more careful cultivation 
than any of the other cereal or corn crops. It is so "cry 
necessary that a uniform sample at harvest should be 
obtained, that. care must be exercised in every operation 
before and during the growth of the crop. Barley is 
grown nlore in EtlItland than in other parts of the 
United Kingdom, and climate a.nd .eason play a.n im· 
portant part in determining the value of the crop. Th~ 
dry climate of the south and east of England .. ppe .. ra 
to be more particu_1a.rly a.dapted to the production of 
fir8~ra.te malting samples, and the crop seema to give " 
the best re..~ults on the lighter Boils, especially those on 
tile limestone form .. tion.. Strong cl .. y .oil. a.nd soil. of 
a peaty nature are not 80 well ad .. pt.d to the growth 
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of barley. Barl ey is most commonly taken after roota; 
but, as it is fouod that. a fter lL heavy crop of roots hal 
been fed on the land the Boil is too high in condition, 
and is consequently likely to produce an over-rapid and 
unrelia.ble growth , allli a coarse, uneven 8a!:uple of 
gra in, unfitted for mal ting purlJoses, it has become the 
practice with many farm ers Lo first grow a. crop of wheat 
after the rooLs. Barley grown upon a wheat stubble 
generally yields 8. far superior sample to that obtained 
after t oots fed by sheep, and, since wheat baB been so 
cheap, barley oft.en follows • seeds I in place of wheat. 
The former practice allows the high condition of the 
soil to be reduced, and the jnequalities in the fe eding
off of the roots t.o be ree-tified, before a ba.rley crop is 
taken. This js good fa.rmin g so far a8 ii, can be a.dopted j 
but the exteot to which the system is applica.ble i. 
limlted, beca.us~ whea.t is Dot often a. paying crop when 
planted in the spring, and the land on which it is grown 
must necessarily be that from which the roots fire fed 
of[ before December. Oats may be Bubstituted upon the 
later-fed-off ground with advantage. Barley is allo 
grown after potatoes, and occasionally a.fter tilths made 
during autumn, which have been produced under a.utumn 
cultivation. 

Whatever the previous crop, it is very necessary tha.t 
a thorough tilth should be prepa.red. The best tilth. 
are those wbich are obtained by the Boil having been 
exposed in the furrow to the effects of frost during 
win ter, hence the land sbould be turned as early a s cir
cumstances wiU permit. It is useless-in fact, batmful
to sti r t bis ls.nd in winter, and it should be left a.lone 
on all occasions excep t the special ODe afforded during 
moderate fro st , when, jf turned, the furrow is un
doubtedly very much me.llowed. After rootB, unless the 
land has been hadly trodden and ' poached ' whil.t 
being fed off by sheep, so that the sheep have sunk into 
the depths of the fa.lIow ploughing, the ploughing for 
ba.rley should not exceed more than 3 to 4 inches in 
depth. Barley requires & f kind' seed-bed , but it ·i l 
essential that it should also ba.ve a firm hold fOT ita 
root. ; &Ild this i. not ohta.ined when .. deep light tilth ... 
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i. prepared, as 18 not uncolIllDonly the ca.se. The tiltb 
must be light, free fr om excessive moisture, and must 
b. obtained without puddling the ground below the 
immedia.te surface, or the free percolation of rarn-water 
will be impeded, and though to outward appearances 
there may be reason to expect a healthy growth, an 
unsatisfactory crop will result. If there is time in the 
spring, the land may be ploughed again; but this iB 
not often cODvenient, and it is more commOD to work 
the land to a. t ilth by means at repea.ted stirrings and 
b&rrowings, using the implements in the usual order 
of scarifier, dra.g-ba.rrow, harrow, a.nd roller t following 
up the next workings by droppmg the hea \' ier impJe
ments, until, a.s the time for seeding approaches, the 
lighter ba.rrows only are used. 

Seedibg.-Barley should b. drilled, as it i. more 
evenly deposited in the la.nd than when it is sown 
broa.dcast on the surface and harrowed in to unequal 
depths. When the seeding is effected at different depth' 
the germination is uneven, as some of the seed ma.y not 
reach tbe moisture, while other fa.lls to the proper depth, 
and 10m. goes too deeply. A crop which comes up 
unevenly makes 8. bad start towards producing a uniform 
sample of grain, suitable for malting. The seed should 
be harrowed in so as to be lightly covered, and if the 
soil is not left sufficiently I kind,' fLOe, and mellow on 
the Burfa,ce, this must be rectified by ha.rrowing or 
rolling &8 occasIon .permits, both hefore and a.lter the 
plant is above ground. 

After Cultivation.-Barley may be rolled or harrowed 
with advanta.ge, provided the land is dry, a.t the time 
that the bla.de is a.ppearing above ground; and again 
when the plant is a.bout 3 inches high, and the second 
strong shoot is 'commencing to grow. n the work i, 
done at other periods, there is danger of the plant 
being smothered. In some districts barley is Dever boed, 
but, as in the case of wheat, jf the work is done under 
favoura.ble circumstances it proves profitable. 

Harvesting.-Barley should not be cut notil it is fully 
ripe, or & uniformly germinating sample lor malting will 
not be ob~ed. Tbe straw should be white, ""d the 
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ear should bang on one side, becol.lllog I 8jcId6~headed.' 
a. term used to denote thnt the ear bas curved down· 
wards. The grain should be hard, IUld t.he skin covering 
it should be wrilJk1ed into a fine network. H the skin 
is smooth, or contains colour, it will not !Ltlain the 
clear, light shade 80 necessary [or a perfect &&mple of 
malt.ing barley. Barley is considered to be benefited by 
being exposed to alt..ernate sunshine and light. rain or dew 
for two or three days after cuttiug, as the graio becomes 
more mellow and improves in colour. For this 
reason it is held pre[eraLle to cut barley Ly the scythe 
if good weather can be ensured. for by turning it twice 
the wbole oC the 'kernels J become bleached to the 
same extent, thus avoiding the I two colours' which 
maltsters complain that they get in a. sample which 
ba.s been sbeave9', tbereby preventing the inner par· 
tion or the sheaves from benefiting from the mellowing 
effect of genial weather after the crop is cut. In the 
north of Engla.nd, however, both opimoo and practice 
ue the reverse. 

Ba.rley is fit to stack much sooner when it lies loosely 
than when bound in shea.ves; especially is tbis the CASO 

when there is mucb green material, such &8 clover or 
weeds, present, as the SUD and wind have a. free oppor
tunity to exercise their influence, whicb is impossible in 
a tightly bound sheaf. Much smaUer los. also i. believed 
to result when the scythe is used in cutting the crop. 
a.s there Deed be DO ea.rs cut off short aD 8. la.irly up
sta.nding crop; whereas, with a machine, there a.re a.lwa.ys 
dropping ears which a.re snipped off and lost. Here, 
again, however, 10ca.J opinion is at variance, for North 
Country farmers cons.ider that there is more waste 
with the scythe than with the machine. Many farmers 
strongly support the custom of tying barley, and", gre&!. 
point in favour of the practice is that, when the barley 
is bound, there is much less trouble to cart, stack., and 
thresh it. But it is Dot uncommon, during wet period., 
for the sheaves to become saturated, and it is then found 
necessary to untie them, and spread them out. to dry" 
The fJaggy 1l&ture of the straw i. much mora likelY to 
eau8e the water to be Absorbed than is the cue witte 
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wheat j therefore the fact that the sheaves a.re stoaked 
18 not Bufficient to guarantee the safety of the crop. A 
short supply of labour ba.s compelled many farmers to 
use the binder; and this is now the general method of 
cutting jn wost districts. 

It seldom happens that ba.rley comes ou t of a. stack 
in the salUe condition as it went in; it is usually better 
or worse. If carted in good condition it, improves j 
if st acked when damp it deteriorates. It is tberefo!'6 very 
necessary to ca.rt it when in good condition. As it readily 
spoil., it. should be slacked whenever an opportunity 
.hould offer. As wheat is much less likely to be injured in 
the field, the carting of wbeat should always give way 
to the carting of barley when the wcather is fa.vou ra.ble. 
Badey st.ackB should be t.hat.ched as soon as possible, a8 
the fla.ggy stra.w prevents Lhe waler frc.'n running off the 
roof, where it soaks in and does much damage. Care 
.hould be taken. during both stacking and threshing, 
that inferior ba.rley does not get mixed with tha.t which 
i. hright and good, for a very small quantity of had 
barley is ca.pable of deteriorating a large bulk to the 
extent of many shillings per quarter. Barley, of all 
corn, requires to be well prepared for market, and, in 
addition to the ordinary winnowing, it is advisable to 
put it over the I Boby' screen. The weight of a.n 
imperial bushel is 56 lb. , which is about 2 lb. in excesl 
of the avera.ge natura.l weight. 

The average yield of barley i. from 32 to 40 bu.hel. 
of grain, and some 20 cwt. of straw per acre. 

Rn:.. - This cereal is not grown to any great extent 
for its grain in this country, but is sometimes used &s 
8. forage crop. It will grow in la.te districts and on poor 
soila unfavoura.ble to the cultivation of other corn crops. 
In the few places where it is grown as a gra.in crop it 
ta.ke. the place of wbeat in the rotation, but where cul
tivated 38 8. forage crop it generally comes in 80S a catch 
crop before root&. 

The cultivation is similar to tha.t o! whea.t, the land 
being ploughed, and a .eed-bed firm underneath and not 
too fine 00. the .urface being obtained. When grown for 
forAge , it generally follows a corn crop, the stubble of 
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which is dunged and ploughed , and then worked down 
into a seed-bed with the drags a.nd narrow8. In either 
case it is. as a rule , sown in autumn, the seed being 
drilled at the rate of 2 to 3 bushels ]Jer ncre. 

When consumed l.LS a forage crop ii has to be mown 
or eaten off in good time ill the sprillg before the ear 
a.ppears , (or as SQvD a.s it gets at all old it becomes 
coarse and unpala table to stock. 

When harvested as a corn crop it IS generally ripe 
before the otber ce reals-about the enu of July or begin
ning of August-and cutting ,Lnd suhsequen t operations 
in secnring ilia crop AJ'e the same 35 in the case of 
wheat.. 

The a.verage yield of grain iR fr'HIl 24 to 32 bushels, 
and strn.w 30 to 40 cwt. per acre. 

PULSE CR OPS 

B£LN8.-These are sometimes sown In the llutumn, 
and a.re then known as j wiDter beans.' as the varieties 
used are hardy, and are n.ble to \\ it.hsland the cold of 
a. moderately severe winter, though they a re sometimes 
killed, especi ally if the land be \\ et from want. of drain· 
age. ,"Violer beans aTe fit for }wn·esting earJjer than 
spring beans, and are less liable to inju ry from the 
green and black' flies ' (a.phides), which do much harm 
to late beans. As the ( fIi es I do not. as a rul e, appear 
until July, it. is a decided advantage for the bea.ns to 
reach a stage in whicb t.hey are past injury. 

Beans do best on the stronger soi ls. especially those 
containing a fair percentage of Ii.me; in fact, beans, a.s 
in the case oC wheat, \t 'ill grow on the bea\,iest clays 
in this country. The light soi ls in the drier distrjcta 
a.r e not so well adapted to their growth, and the crop 
is often disappointing in these cases. 

Beans are ratber aD uncertain crop, and liable to be 
affected by severe frost. They are, therefore, more 
suited to the genial climate of the southern portion of· 
Great Britain. On hea.vy land beans are sometimes 
taken a.s a clea.ning crop in the pIa.ee of roots, &nd the 
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IUCC685 of the crop may then be taken as a test of 
clay-land fa rming. As Doted elsewhere . benns. being 
& leguminous crop. form a good preparation (or the 
succeed ing wbeat c rop. 

T he seeding is simple. A piece of land which h&8 
grown wbeat on heavy soils or barl~y on the loaroR 
i, dunged and ploughed immedintely after harvest, and, 
after it has been harrowpd t·o 8. rough seed-bed, the 
beans aTe drilled and ('O\' F TE"d in by harrowing. It is 
a common practice in the north of England to ridge up 
land in the same way as for turnips, the ridges being 
24 in. apart. Farmyard or oth~r manure is put illto tbe 
ridges, the beans are 60wn broadC'8.st. and the ridges 
are split back over the manure anrl the flE"ed. The ridges 
aTe harrowed dov.-n just before the benns a.ppear ahove 
ground, and thus tIle growth of weedr~ is checked. Or, 
in other cases, the r idges ma.y be split back o\'er the 
manure Jirst, and then the seer! onJled on the top 01 
the ridge in a similar way to eowing mangels or turnips 
OD the ridge. 

Another very simple rr..etbod of pla.nting followed on 
wet soils is ' ploughing in.' In this case a small aeed 
hopper or dJ'iI1 is attached to the beam of every second 
or third plough, flcco rding to the distance apart it is 
required to place the rows, and the seed i8 simply 
dropped into the bottom of the furro\}, and covered &s 
t.he work rroceeds. 

, DIbbling' by hand i. 8Jl old a nd cherished method 
of pla.n ting beans still follO\l'"ed in a fpw places, the 
beans being dibbled in the unbroken furrow and &fter
wards harrowed in. This method hal!l the a.dvantage in 
wet seasons of allowing the planters to get on to the 
Jand weeks earlier than it would be possible to put 
horses on for drilling purposes. 

It is '·NY necessary to plant the beans early in th. 
autumn. otherwisp they are not 80 weB able to with· 
Itand cold we-a.ther. As soon a.fter harvest a8 pOSBible 
i8, tb~r8fore. t.he correct time for planting beaDS. Never· 
theleaa, the greater portion of the beaD crop is perhaps 
pla.nted iI> the spring. be&ll-sowing being the first seed· 
mg operation after winter. When be .... s .... e drilled in 
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spring the land first requires harrowing with beaV1 
harrows to produce a seed-bed. The seed-bed Deed not. 
be particularly fine. After drilling, two or three bar
rowings will be require-d to cover the aeed with Boil, 
With the exception Illt:otioned abO\'e, beans are not 
sown b roadcast, as it, is impossible in tha.t case to 
thoroughly clt:an the crop. 

AtteI Cultivation.- Beans, which Rte drilled in wide 
rows on hea.vy land which canoot be worked during 
winter, should be cleaned by the band-boe a.nd tue borse
hoe. A thorough tillage should be effected, especially 
among the winter beans. A single~row borse-hoe is the 
best implement. (or the purpose of loosening the ground, 
and this should he followed hy lbe hand-hoe. On lighter 
soils, spring bea.ns may be cleaned w iib a three· row 
bone-boe, &8 the.) object, is cleaLljng rather than tjJJing, 
The boes should be kept going until the beans have 
grown so higb tha.t further working amollg them would 
be injul'ioul. 

Harve.ting.-Bean. should be cut when the le .. f bas 
fallen, but it is not till 80me time after cutting that the 
seed becomes brown aod bard. l'Le crop tS occasionalJy 
mOWD, more ofteD cut with a Ingging·hook, Md still 
more frequently with a. reaping machine, though the 
ha.rd stalks are very injurious to the knives. When 
the pods grow close to the ground, it is necessary to 
a.llow the crop to become riper than for cutt.ing, and 
to pull the plants up bodily by hand. The cost of pulling 
is about the same &s for Lagging, 54. to &, per acre. 
Beans are cut, and aJIord work for men, w'ben tbe 
wea.ther is too wet for employment to be found upon 
otber corn crop.. They .hould be tied and .tooked, and, 
after remaining in the stook for &> long time, they are 
lta.cked in any but very wet weather. A little outside 
moisture is not. very detrimental, as tbe stout, stiff 
st&iks allow air to draw freely through the stack. Beane 
should not be used as food until they ha.ve been stacked 
for the greater pa.rt of the yea.r I and a.re better if allowed 
to stand over the summer; the threshing is best dela.yed 
u.ntil they are required. The Bale weight is 19 stono. Dol 
(= 266 lb.) per sack of 'bushols. Tho Itr&W, or h .. uim, 
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though not 50 \"aluable as pea. stra.w, is nutritious, &Dd 
the upper port-iou JS H:ry palatable. 

The yield uf tbe ueau crup " from 30 to 40 bushel. 
of grain, aud some ~:J to 30 cwt. of baulm or st.raw per 
acre. 

P£A.s.-'1'bis crop grows best. on the lighter descrip
Lions of sods, sUt"h as the sa.nds, grM"els, and (reer
working 108.1118. e!::>l-'t'cllI.lly when these 60ils contain a 
fair pefceDLag~ of Inne. 

Peas are occa~iolla.lly drilled ill the autumn, but the 
practice does DOL gam ground, Ulost g I'O\\ ers fi.oding that. 
the crop does a s well wheH sown IU the spring. Peas 
are, as a rule, planted on a barley stubble which is 
broken up in the autumn, very couHuonly after the coo
clusion of the wheaL-seeding. 1 t. is generally found that 
peas flourish best on a stale furrow , a~d that beans do 
best on a comparati\'ely new furrow; therefore ill plough . 
Ulg in the autumn, the pea laud should be turned over 
first. Peas are sowu aL diJIerellt. periods, according to 
the varieties. Th e field -pea., o[ "lilCh there are severa.l 
Barts, distingu ished by bearing a blue blossom, should 
be sown as early as possible in the spring. The white 
peas and round blues, such as the Prussian blues, all of 
which bear white flowers, should be got in lleXv---SOIDe 
time during Feuruary or March. The soft, wrinkled 
peas, grown for culiuary purposes, should Dot be sown 
too early in open field culture, and except {or very early 
picking should not be put in until April , or, being 
u!lnder, they will provably be injured by frost . 

Peas require a finely. prepared seed-bed, and should 
not he dril led when the land is at all sticky; the more 
t.ender varieties require comparatively better seed-beda 
tha.n do the b~rdier kinds. It is rarely advisable to 
plougb pea land a second time, but it should not be 
trampled On while wet below the surface, or a fine 
under-tilth will not be obtamed. It is better to delay 
the .eeding than to puddle the ground by tr",mpling it . 
too soon. If the ls.nd is barsh and unkind it should be 
stirred first with a scuffier, then with the drag-h&rrowaJ 

then With light harrows, and, if necessary, reduced by 
rollers. I{ the land is in a. mellow state the drag-harrow. 
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will be sufficiently heavy to stir it, nnd the lighter b .. r
rows will perfect tbe tilth. The seed should be drill.d 
whilst the land is friable. nnd co\'ered in by sufficient 
harrowlngs to render the peas "eC'Ure from birds. 

Aft er Cultivation.- Peas should be bn.rrowed just &s 
the shoot hegins to peep above the ground. If used a.t 
this sta.ge the barrow destroys many small weeds, 8.od 
opens the soil immedilltf."ly Ilround the individual plant! 
with beneficial effect. The crop should be harrowed 
and rolJed when auout 3 inches high. whilst hn.nd~hoejng 
should be commenced early. and continued until the 
rows meet. and the hoes can no longer be worked. 

H arvesting.-Peas should not allowed to ripen before 
being cut. or many of the pods burst, and the peas {aU 
out during the turnings to which it is necessa ry to sub 
ject them while in the field. Tt is sufficient that th. 
haulm sbould b.J yellow , nnd lh. pods tough a.nd lik.· 
wlse of a. yellow colour. A 11 peas should be cut with 
a pe&-hook (p. 97). and should b. work.d up during the 
"peration into small heaps or I wads.' If the peas are 
mown by a scythe, the pods are liable to be cut opem, 
or to be left on the ground on the base of the baulm. 
Pea·hooking costs from 5". to 8~ . per acre. After the 
crop bas la.in in wads until these have become somewhat 
dried, the beaps must be turned over. From time to 
time they must again be turned, especially in wet or dull 
wea.ther. when, if Dot turned. they become mouldy both 
in tb. middle and at the bottom or tbe wa.ds. rr carted 
before they are in fit condition. they become mouldy in 
tbe stack. rt is particularly necessary that the sotter 
or wrinkled varieties should be stacked in good condi· 
t ion, or a. very large proportion of the peas will be 
spoilt. When they are being threshed, care must be 
taken that they a re not split, or they wilJ be useless f or 
seed purposes. It is often necessary. especially with t he 
sotter varieties, to ta.ke off the steel bar from the beaters 
to avoid too hard hitting. A sack of peas (4 bush.l.) 
.bould weigb 19 stone. (= 266 lb.). Pea baulm is tb. 
most valuable of the stra.w fodders, and is particula.rlY 
suitable, when chaffed or steamed. for dairy cows aQd 
ewe,. 
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Tho yIeld of gram is from 30 to 40 bushels por acro, 
together with some 25 cwt. of Slraw or haulm 

ROOT CROPS 

PREPA,RA.TION OF TOE LL-.:n f'oa ROOT CnoP8.-Thie 
occupies to a greater or les8 extent nea.rly every sea SOD 

of the yenr. although the time at which the work is most 
actively carried on is during the seasons of autumn 
cultivation (immediately after harvest), winter plougb ~ 
ing, and spring ploughing, to which may be added early 
summer sti rrings, when the actual seed·beds are pre
pared. (8rt ch apter vii. on Tillage.) 

The proress of cleaning is much more easily effected 
when the first stirring or ploughing is <;lone on dry land 
in dry weather. The comlDinution of 'the land is very 
diffi cult when it is in 8 wet condition, and the endeavour 
in bringing la.nd to 8. tilth is to work it so that none 
of the operations cause any portion of it to f puddle' 
or become annealed. When land is trodden upon or 
worked while it is in a wet or sticky condition it dries 
into harsh clods. and these clods, when reduced by 
force. as by rollers or harrows, do Dot fall down into a 
110ft. mellow powder, but into small, angular particles 
which have Dot the power of retaining moisture during 
droughty periods. 

A specia.l effort should always be made to prepare 
& piece of land for the mangel crop, for mangel is best 
sown early in the spring. at a time when the perfect 
tilth required is often difficult to obtain. The most ap
proved method of preparing the land is to choose a piece 
which is nearly, if not quite clean, and to fork out 
any small pieces of couch, 80 tha.t the work in the 
spring may be directed solely to the obtaining 01 a 
tilth, without any hindrance heing caused by c1oa.n.ing. 
After the couching, tbe land should be dunged with . 
long dung, and turned over in dry weather, when good 
working in the spring will be ensured. 

It i. not advisable to binder th. spring B.eding 01 
tho corelloi' crops by employing the hone. ou the f.,no .... i 
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consequently, until the greater portion of the com i. 
sown, it is not usual to do much to t.he f0.1I0W8. If, how 
ever, tbe work is forward. the rallowing operation. wili 
be ma.de mor~ easy if the la.nd is ploughed or 8cuffied 
in March, pro\'ided the weather is fa.vou rable. Steam 
cultivators and steam drag-harrows are particuJarly 
va.luable at ihis SE'ason. as by thei r US6 the gre&te.t 
advanlage frofll a short spell of fine drying weather C&D 

be obtained. inasmuch as a. large tract ca.n be worked. 
By using theSe! hea.vy implements first , the hOrBe-work 
is greatly lightenf'd, as the moat severe strain on tb. 
horses occurs during the first mo\·ing of the land. A. 
the seILaon progresses. thl' cleaning and t ilth-prepa.ring 
operations should pro{'t"ed, nnd. if the dung bas not beeD 
got on during winter and the earlier pa.rt of spring, it 
",hould be car:.ed OD wbe.never a.n opport.unit,y ,hould 
offer. Dung for roots, when appljed jn tb. spring, should 
a.lways be put. on in a Totten condjtioD, AS the crop will 
speedily need toO make use of it. 80 that ther:e will be 
litt le possibility of its fertiliziDjl ingredients being 
wAshed ODt before the plant caD take them up. 

Tbe method of preparing a t,lth on the root fallow. 
bas already been discussed in the cha.pter on TiJlage, 
but 8. few further remarks on t.he subject may here b~ 
&<lded. 

The prepara.tion of the l&nd for the root crop must 
be carried out in such a rna.nner &s Co result in the 
production of a deep mellow tilth. Where the land per· 
mits it, the furrow should Le ploughed at least 6 inches 
deep, aDd the whole of the land wbich is moved should 
be mllde into a friable tilth. II the land is .. et, and in 
a moist, sticky condition below the surface, p,. proper 
tilth cannot be obtained un Ie.. tbe under side of tbe 
furrow is brougbt to the sur(a.{'(" to be subjected to the 
disintegrating effect of Lbe weather. the cbief (s.ctors 
of which-ra.in. wind, sunshine, and frost-all help to 
sbatter the clod.. If heavy land i. turned up "hen wet, 
a.nd great care is not exercised in its management. 
it is liable to aggTegate into f nubbly J brick-like clods, 
unless there are a cODsiderable number of &lternating 
trost. Md IUIlsJI showers to prevent this. At the lam. 
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time, if circumstances permit, and the clods become quite 
dry, then, on being rained upou, they will lose their 
adhesive properties, and the particles will fall down to a 
fine mould. As it is uncertain, however, when the ra.in 
will fall, there is great risk in this latter prOC~8S, as 
the se8.son may become too far advanced before advan· 
ta.ge can be taken of it" and the crop may I10L be SOWD 

BODO enough to afford as large a yield as if sown earlier. 
The light frosts Wh1Ch oft.en occur during spring are 
most useful) and should be utilized on all occasioDs. 
When frosts are likely to take place, it is advisable to 
stir the surface \'litb barrows, so that a. moist side of 
the clod may be brought under the influence of the 
cold; and when the clods are in a frosted condition, 
which may perhaps only last an hour or two after sun
rise, a special effort should be made to move them, 
as they will break much more easily fo: being stirred 
while frozen . 

There is a. large breadth of swedes and tu rn ips sown 
in the north of England, where the land is not again 
touched by the plough . alter the good stubble furrow 
which has been turned over in autumn or early winter. 
The la.nd is allowed to become thoroughly dry, and is 
then broken up by grubbers and harrows to the deptb 
of the winter furrow. Th~s the friable soil, which has 
been exposed to the action of frost, is kept at the StlT

face to braird the turnips (i.e., to promote the growth of 
the seedling plants), whilst the moisture is likewise 
retained in a dry season. 

The cleaning and tilth-preparing operations fo r roots 
are carried out on practica.lly the same lines 8.S thoa. 
recommended for autumn cultiva.tion. As, however, fine 
seed-beds are required, the final operations must be 
performed more t!arefuUy and delicately J as there &ore 
fewer opportunities of correcting errors. Great care 
must be taken not to plough during wet weather, Dor 
to ha.rrow the land while it is wet or immediately before 
ra.in, or it will run together, forming a. paste on the 
surface. which. on drying. will set like cement, and 
destroy the tiltby properties of tbe soil, whilst a largo 
.mount. of fresh work, entailing a corresponding 1011 
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of time, will have to be done. It is impossible to convey 
on paper the circumstances uuder which it ill advisAble 
to hoxe the land harrowed down on the one ba.nd, or 
rolled down On the otber, when leaving it. Trifling 
conditions with regard to moisture, the amount or work 
put into the laud, t.he weather prellent &Od prospective, 
a.nd various other circuUlstances, have La be taken into 
consideration, and can only be decided upon by observa..
tion in the field at. the time. Many crops of corn and of 
roots are seriously reduced in yield QWiltg to the final 
work.ing being done by the barrow instead of Ly the 
roller, and vice tier3d. 

The general principles to be obscTl'ed are that. it i& 
injudidoUB to leave the land rolled down when it is 
moist, or when raiD is expected before the surface has 
become C hazelled.' or dried into the light-brown colour 
peculiar to la.n~ fr eshly stirred. It 18 unsafe to harrow 
it while very wet, as it can ha.rdly fail to set hard if it 
dries quickly. 1£ tbe land i. dry and puffy, so tbat mois· 
ture may escape before seeding is commenced, and 
before the moisture which would ascend [roUl below by 
ca.pillarity ba.s bad a.n opport.unity of risi_og, it should be 
rolled in preference to harrowing. A good tiltb retains 
moisture. l[ a tilth is fine iL is a.ble to dra.w up a large 
a.wou.nt o{ water from below, but it must be 8ufficiently 
compressed for the particles of mould to toach one 
another on all Bides, or the ca.pillarity is wea.k; tbere
fore, very light dry tilth. roust be rolled. But if a tilth 
is consolida.ted while wet, then, instead of the partic1eB 
being brought close t.ogel,ber, so as to a.ssiSL the 
upward flow of moisture, these particles will be, 
as it were, driven in amongst one aDoLher, forming 
a tough paste and destroying the capiliarity, 10 

that the soil on the immediate surface will receive no 
moisture from below. As, moreover, the soil will be 
losing it by eva.poration from above, the moisture will 
80 effectually disappear, tha.t any seed sown will b. 
unable to germinate until rain falls. Want of iudgment 
in the m&Dagement of the final workings is respon.ible 
for the greater portion of the losses of plant in root 
crop', a. well as the ind..ifierent growt,h of the pla.nt. 
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!iii!:-
when up. The knowledge required can only be obtained 
by constant.ly witnessing, or ta.king pan lD, the opera.
tiODS themselves. It is considera.tions of thiS kind which, 
though apparently trilling, make all the difference 
betw een successful and unprofitable farming. 

SEEDING OF ROOT Cu.uPB.-Root crops are sown on the 
ridge or on t he fiat, according to the district and clima.te. 
The ridge system i. that in which the land i. laid up 
in ridges 2 feet 3 inch E' s or more a.part, and the seed is 
80 V.-n along the top of each ridge. This is practised 
chiefly in wet districts or on hea.\'y land, the ridge sboot,.. 
ing off excessive moisture, which would otherwise be 
injurious to the g rowth of the crop. The fiat system 
is carried out i.n dry districts, and on light dry soils. The 
moisture is retained longer during droughts th&D when 
the land is la.id up in ridges into which the sun can 
penetra.te. It is usual to put the dung ~n the land at 
some time previous to lhe final preparations [or the 
seed-bed, w hen the roots are to be drilled on the flat, 
80 that it may become incorporated with the soil; but, 
in the case o[ the ridged land, dung is applied just 
before th. !inal ploughing. The land , already worked 
to " tilth, i. ridged , and the dung i. pla.ced in the 
[urrows; the ridge is t.hen split back over lhe dung, thus 
forming a new ridge upon it, and OD Lhis the seed is 
&fterwartls drilled. 
~GEL WURZEL. - This is the first root crop 

drilled. \\llere the land is free from a.nnual weeds, the 
seeding may be commenced much ea.rlier tha.n if these 
pests a.re abunda.nt. If this freedom from weeds ba.s 
not been secured-and it very ra r ely is-it frequentl, 
bappens, during cold S88S0DS, that the weeds grow more 
freely than the mangel, and the crop becomes so foul 
that it is impossib1e to clean it without cuttjng up the 
plants, 80 that it becomes necessa.ry to re-sow the field. 
Therefore, though the nrst week in April may be looked 
upon &8 a. good season [or drilling mangel in one dis
trict, equa.lly good farmers in another district would 
not put the seed in before the first or second week in 
May. M &Dgel does best 0.0 strong loam •. though with 
lavlsh manu Ping it can be made to grow on almost any 



VANGEL wUnZItL 3S? 

soil. It is & very difficult crop to raise, beca.use of the 
trouble involved IU geUing a full plant (p. 216). For this 
reaSOn a. liLLIe swed~ ~eed is frequeully oJixed " .. ill! the 
ma.ngel seed ; if the mangel is u. full plant. t.he swedes 
are laken out, oth erwise they are left to OCl'Upy the 
gaps. The transplanting of small -topped kohl raLi is 
a. still better mea.ns of filling up such \' llcanciel' , 

A perfe-ct t i lt h is necessary, and this wben dried 
should be con solidated 1i0 tha.t the seed Clln be deposited 
at a uniform depth If the ti1th is loose, the moisture 
doee not rise 6u{fi (! iently near the surface to promote 
germination of the seed , '\ hith I/lU s t not he deposited 
a.t a depth greater than from ~ inch to I inch in the 
Boil; otherwise it does pot. come up at. nIl. The final 
working at the time of drilling must be regula.ted by the 
dryness of tbe tilth. and tbe probabiliti es of rain. The 
seed js sown either whhout manure, with Equid JDllDure. 
or with dry~coIDpost ruanure , B.S, in fact, are the seeds 
of all the root crops. 

Allhoug b rnn.ngeJ q and turnips resemble one another 
a.s far as the cul t i\·<l.t ion of the ground is concprned at 
a preparation for the crop. they differ considerably as 
regards their manurial requirements. The mangel may 
be described as a gross feeding plant. requiring a. libera.l 
a.l1~round manu ring, containing the three essential ingre· 
dients of plant-food liahle to run shorL in the aoil-viz .. 
nitrogen, pbosphoric acid , and potash. It is therefore 
genera.lly grown witb heavy dressings of farmyard 
ma.nure, to which additional supplies of artificials are 
frequently added. Mangels possess 8. strong ta.p ~root, 
which 8trik~s deeply into the 80il, 80 tha.t they a.re able 
to \reep themselves fairly well supplied with mineral 
ing redieDts during the growing perjod, but they have 
difficulty in obta.ioing Bufficient supplies of n.itrogen 
when making rapid growth. In these circumstances it 
is the custom to apply BOrne Qu1ckly.acting rutrogenous 
mann rp. suc-h as nitrate of soda, a.t the rate of 
l to 3 cwt. per acre in two or three top dressings 'Lt 
short intervals. Artificial addition s of phosphates ano 
potash or. ~l.o often added at the time of BOWing the 
crop, and although the effect of these is ont "0 mA.rked 
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as UJ the ellse (If a ultrogenous manure, still It. lIS a wise 
precaUliun 011 Ct!rtUlll sods wlalll iJulky c r olJs are being 
grOWIJ. On !:lume lawl u. urc:'~I/Jg uf C:OUlUlVll salt will 
be found to La\ t: a Lent'licH1.i elh'l.:t, alld III these cases it 
will be unnectti:,ary 10 use any f!.xt.ra sUJ-lplJes of potash. 

Manurial e.\.}JcftIlH!lI1.S CiUTICU out III ruany couuties 
Juring the last fe\\ y~ars t.end LO sh()w that moderate 
ures!uIIgs of dung- say. 12 tOilS to t.he acre-can be pro
fitably supplement.ed with 11. suitable llJlxLLlre of anificial 
IliUllureS III gro\\ illg ultl.lIgth~. 

L1 a IluwlH:! f \If tna.ls ca.rrleJ out 011 various soils 
iu Glouctslcrslure the {OllowlUg llllxturt of arllficials 
In additjou to Jung ga\ e l1H> mas!.. profiu\.ble ff' sull 
viz., 4 cwt. of sU1J er!Jbosphat~ of liml~. 1 cwt. of sul
pha.te of B.llllllonia., 4 cwt. of c()llIwon sa.lt applied 
a.t the time of Bowing. aud Ii C\llt. of nitrate of soda 
applied in uro top dreslSmgs aft.er the crop was up. 
lu most cases it would be better to apply the common 
salt a few ,,-aeks prior to drilling. In sowing mangel, 
the rows are drilled at a width of 2 feet 3 inches or 
lUore on the ridge, and f rom J8 inches to 30 inches on 
the fiat, a.ccording to the soil and its preparatlOo. 

S\\-£Dl;s.-TiJe:se art:. the lUost valuabJe variety of the 
turnip faUlily. Tile preparation [or this crop is chiefly 
wade in spring, and t.bough the seeding commences 
in the early pan of May in some districts, it is not 
begun until the second week in June, or even later, in 
wany others. TLis is beca.use t.be early-sown swedes 
a re specially liable to atta·cks of mildew , wben g rown 
on Salls wbich soon become parched in seaSODS of bot, 
dry weather. l[ swedes have grown rapidly, and then 
receive a sudden check, the mildew attacks thewJ and 
ma.y utterly destroy tbem. The early-sown swedes Buffer 
most in this r espect, as they are less vigorous. When 
la.nd is ridged j it is' inconvenient to make the ridges of ' 
less width tban a.bout 2 feet 3 inches j therefore it may 
&lw&1S be understood that crops of r OOLS drilled on the 
ridge &re drilled th&t distance or more ,-part. On the 
fiat, bowever, it is not uncommon to drill them as nea.r 
&8 18 inch~s..from row to row, though 2 feet is the most 
com.m~n distance. 
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Swedes a.nd turnips differ frOfu mangels ID being 
.lballow ~ToDted. and therefore require th(" ir food in a 
soluble form near t.he !iudace. P~osphoric aCid is the 
wgredient they ha.ve the Illost difficulty in obtniniJq:; 
fr om the soil, so art.ificial mixtures lIsed for the swede 
crop should consist largeJy of phosphate" in IiOUle form 
or other. 

Good crops of swpdes n.nr1 I UMlips can be grown wjth 
ra.rm~·ard manure a.lone. IJul bettE-f rewils :trt g<'nernlly 
obtained by using a Illoder::lle dres!-;ing of Jung sup
plemented with some quickly~acting IlhospiJatlc manure. 
such a s superphospha.te of lillie. Such a dr~b~ing would 
consist of some 10 tons of cJtJlig pf'r ncre. I'llt on before
hand. t.ogeLher with 3 to .f cwt. of sU).JNpho:;phat<- sown 
at the time of drilling. It. is to be remembered. how
ever, that in the Horth of England la.rger quantities of 
a.rtificial mnnu~e are used for the root crop t han in 
the south. In 80rne arahle distri('ts. such as the Cots
wold IJills, many acres of 5wedf'8 and turnips are g rown 
with artificials only, without, any dung. and in such case! 
~he usual drt'ssing consists of 80me 4 cwt. of super
phosphate per acre, together witb ! to I cwt. of nitrate 
of soda. or sulphate (If ammonia. '''bere the SOli 18 
na.turally deficient in potash. fro m 2 to 3 cwt. of kaini t 
may a.lso he allowed in addition. 

TunsiPs.- There are several distinct varieties of 
turnips, and there arc almost innumerable selections of 
these varieties, wbich are very similar in everything but 
thei r names. Among the most commonly grown sorts 
(&te p. 182) are the ru rpl~-iop -:"IJaml1wlh. Ponrpranian 
Whit", Globe, Imperial Green Globe. Hardy Green 
Round, Lincolnshire Red Globe, Early Stone, Green-top 
Aberdeoo, Purple-top Aberdeen, All the Year Round, 
YeUow Tankard. Fa-vourite, Early Six-weeks, et.c. TbeAe 
oan be sown so as to pro\'-ide food from July to Christ-. 
mas or later, If advantage is taken of the early maturing 
a.nd frost- resisting properties possessed by individual 
va-neties. If sown very lale 10 the summer, they will 
resist fro st. and throw up sprouts in the spring, which 
are very valuable as sbeep or lamb reed in Februa.ry 
IUld March. A good tilth is neceBBary, and tbe earliest 
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'f'arietie8 may be put in during .April; but, (or a main 
crop, May and June a.re usually the best months. Seed
ing may continue on .. he ba.stard fallows, and aft.er green 
crops generally, until tbe middle or end of August. Tbe 
stubble turnips, if sown at the latter date, are fit for 
feeding in the autumn, It is not an uncommOn practice 
to BOW the stubble turnips broadcast , but all early-sowD 
varieties should be drilled, in order to allow proper 
opportunities ror band-hoeing And borse-boeing. 

C~ROTB.-Tbese roots grow best on ligbt. Boils free 
frOID stones. If grown aD hea.vy soils they are trouble· 
some to dig UP. and sO much earth adheres to them that 
washing becomes tedious and expensi ve. As the young 
pJa.nts hll\'e very small tops, the crop is not suited to 
weedy land, Cor in cold Heasons the weeds o"ergrow 
the carrots, so tha.t it is practically, impossible to 
lepa-ra.te them. A few oats Me sometimes mj xed wjtb 
the carrol seed before drill ing, as they help to show 
up the rows alter germination. A fine tilth, prepared 
by tbe land being plougbed and dunged during autumn. 
and well stirred just before seeding, is necessary ; a.nd 
the seed should be drilled, in March or April, in rows 
from 12 to 18 inches apart. About 6 t..o 8 Ibs. of seed 
per acre is required, llud before 80\' ing it should be 
well rubbed and mixed with dry sand or ashes, so tha.t 
it will not clog in tbe drill. but will fall fre ely into tbe 
drill-rows. It should be ba.rrowed in with light harrows, 
snd not covered with more than an inch of soil. Carrots are 
p8.nicularly ,-alua.ble as food for horses anu dairy stoc.k 

In some districts & small qua.ntity of carrot seed is 
SOWD with the mangel crop, as the carrot will orten 
stand where the ma.ngel fa.ils , a.nd it grows well in 
association with mangel 

PA.RSNU8.-Tnese roots grow more freely than ca.rrots, 
a.nd, thougb they ·require good preparation of the soil, 
their broader tops are better abJe to grow away from 
weeds. Tbe .eed should be drilled in February and 
March, about 6 to 8 lb. per aere, in row! a foot apart. 

Mucb of the inIormation which bas been !<iven in this 
.action is presented in a condensed form in Table XXV .• 
1'1" 349 an& 3Q, 
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SUB8t:Q'UIiNT CuLTrV.&.TION OF RooTII.-Roota require 

much attent.ion afrer the seed is drilled. The chief 
operat,ioDS are hoeing and hor56~boeiDg. The horse-ho_, 
should be set LO w(Jrk a~ Boon as the TOWS of )'oung 
pla.nts afford 0. guid~ for steering; and, in ca.ses where 
the drill-row s have not. been harrowed out, borse-hoeing 
may witb grt:at advantage be commenced IJdore the 
pIna L!:; are visible. It is, of course-, uecessary to Bet the 
hoes so that the small plnllt. shall not Le ,mothered. 
For thi8 purpose hoes, w}Jicb arc 80 att.ached to the 
stem or standard that the mould'is not. "brown on t.o 
the tows, must be used . :\llh ough mn-ny specially formed 
hoes have been introduced to tUrn the mould inwards 
from the lJi::lD t-rO\\ s, there iij nOLhing sU}Jerior to a 
broad V-tlange hoe. with the stem J-Ilaced some dis1,ance 
ftom the to\~ ! as even when the lalld is wet and there 
is loose stra.w or litter lying upon it, tbe hoe does not 
block. The horse-boes should be put to work as ire 
quently as possible. until the roots get so big tha.t the 
horses canoot walk along tLe rows without injuring 
them. 

The ma.nual labour consist.s of flat-hoeing-ofteo 
dispensed with in the eMe of ijwt>des and turnips-with 
a. broad hoe alongside the rows, to clean sucb places as 
the horse-boe misses, and of I singling, I to set the plants 
out at regular distance!!., a.nd to separate the plant. 
10 that there shall not l..,e more than one standing 
t.ogether. Singling should commence when the plant" 
bave a width of about 3 or 4 inches across the leaves. 
The operation i. rarely done perfectly at th. fu,t 
a.ttempt, and it is usual for it t.o be done twice. Tht 
cost of the three manual operations varies from 10 •. to 
12.1. per a.ere, according to the widt.b between the rowa. 
\Vhere the rows are placed about 18 inches a.pa.rt, the 
plants may be left from 14 to 16 inches from ceDtre to 
centre j on widths of 2 feet 3 inches, a spa.ce of 11 inches 
is sufficient. In some localities, roots are boed into 
bunches, and a.fterwards singled by hand by women and 
children. 

lLuVESTIYa ar RaaTs.-Swede. are got up in the 
&ut Wllll far .toraj;e in the field where the, were fj'rowD, 
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or they a.re ca.rted to the homestead. Pulling up &Ild 
topping, an d th rowing the swedes into heaps-the ter· 
minal roots should not be cut off-costs 65. &1. to 81. 
per acre. l'ovuing the beaps in the field COSLs from 
11. to I.! , 6d. per acre in addition. l'be manual cost of 
ca.rting off the roo ts is I" to 1 ... 6d., according to the 
weight of l,he crops. These prices a re somewhat ex
ceeded in the north of Englaud. where wages are high. 
When sto red, the roots should be carefully covered with 
a layer of straw several inches in thickness, and over 
this a layer of earth SOme few inches deep should be 
placed to keep out wet. 

The mangel crop is han6sted Bome time in October 
or early November) when the leaves turn yellow, &8 

it is very susceptible to frost. The roots should be 
injured as little a s possible in liftin g to prevent bleed· 
ing, and the tops a re prefera.bly twisted off. After 
rema.ining 8. day or two on the surface to dry, they a.re 
ca.rted to Lbe pit or clamp, where they are carefully 
st&cked together, a.nd then covered fi rst with a. la.yer of 
straw and then with 8. layer of earth to protect them from 
the weather during the winter. A veu til ating sbaft, COD 

sisting of a. bunch of straw or a drain-pipe, should be 
inserted at a di8tance of every six or eight yards. 

Turnips are not usually stored, as, being BOft, tbey 
are easily gnawed by sbeep. " hen required for cattle 
they are pulled in the sa.me manner as swedes. 

Carrots must be dug with 8. fork, and st..-·red in It. 

simila.r ma.nner to swedes. 
P arsnips may be left in the l .. nd until required, &. 

they withst8Jld severe frost. They. however. must also 
b. dug. 

CltUCIFEB.OUS FORAGE CROPS 

RuE.-Tws is very simila.r in its mana.gement to 
turnips. Occa.sionally 8. small area. is sown in lia.rch to 
provide early sbeep-keep in July. This is genera.lly left, 
a.fter feeding. to produce a. second crop in spring. There 
a.re two var'ie\ ies, the Dwarf and the Gi&.nt. The Dw&.rf 
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IS usually grown on thin choJk and other light !oila j 
t.he Giant is more commonly g rown in the Fene. where 
it is sown broadcast. or drill ed in June, and ft'd off in 
September. The grcl1ler por t.ion or lhe Dwarf ra.pn i. 
g rown on land \\ Lich h as cnrried an aul umn-BOWll catcb
('rop, and is drilled ir.J :May and Jun e, at ~he rate of 
about 5 lb. pu a.( 're. in rows 15 inchef' apart. 

1\'1111. n ·\\tJ, TIIO n l'Ar-l · · HtAnt:Jl KAl E . AXil REn .A.l"D 

CUEt!'> C'ARU.lCLS.- These all belong to (he same family, 
q,nrl Elre n t'e r_y valuaule add it ioD t{. lht' g reen for&ge 
(' rop~ of the fann . ThE" chief ad\'n I Jla~(!s thl"Y pOSfte88 

H \'(>T tu rn ip!\ are that they are n ot ,,0 lia.ble to turnip 
.!IickneS8 and IlJl jpd di ,c;eases. t.hey a.re JeS8 afff>cted by 
urought and frost . they are very nutritiouB and T8.tely 
upset the health of YOllng anima.ls. a.nd tb~y ma.y be 
e&teo at any~tage of their growth with impun ity. They 
also not only stand t ransplanting, but grow more freely 
a s a consequence. tllU s affording IOll ge r time for the 
fallowing operations. Being io the fi rst place grown in 
smaH compa.ct seed-bf-ds. they are more under the con · 
trol of the grower. who is Boble t.o defend them from 
insect attacks with J!:reater SUCCl·SS. 

Transplanting. - When ca.bbage, th01J~1I.Dd -hpnrlf'ri 
kale. and kohl rabi are rai sed in sppd·beds. they ma.y 
be transplan ted nt various times, so that 8. supply of 
green ladder is R\'aiJable without intermission through
out the year. The seed-beds should be flown in March, 
April. aDd May to produce plants for transplanting 
through summer. and in August (or autumn and spring 
t.ransplanting. K Db) ra.bi should be grown in the spdog 
seed-bed only, the other va.rieties may be grown in the 
8.utumn seed-bed also. By tra.nspla.nting cabbages and 
kale frow tbe e.utuwn beds. a supply of green food 
ma.y be relied upon to be fit for feeding from July to 
Christmas. Kobl rabi from the Eipring beds, transpla.nted 
in Ma.y and June, js lit for feeding from December to 
Ma.rch ; ka.le transplanted in summer is a.t its best {rom 
Marcb to June. The cabbage tribe flouri sh •• particularly 
weJl on heavy land. The .e.d·bed. sbould b •• "r;'fully 
prepared, &8 a. fine tilth is necessary, and the seed 
.bou ld b. barrow.d or raked in ligbtly. 
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\Vhen plants are transplanted they are set out a.t 
various distances. according to the lund and the variety 
of plant.. Small early c!:lul.mges may be placed out at 8. 

distance of 2 f~t't Rvart in each direction; drumheads 
and red cntJIJnges are best planted from "2 feet 6 inches 
to 3 feef. apart. 

'fbe above crops may also be d rilled in the field in 
the same way as turnips, nnd aftPI·wards thinned out 
with t.he hoe to the required distallces a}Ja.rL Thousand· 
headed kale can in t.his way be SOWl} in Ma.rch or April 
for use from October to March, and in August for late 
spring and suwme}" feeu. Druroheaded caunage is often 
drilled iIJ the spring (or la.te autumn and early ""inter 
use. 

WHITE MOSTARD.-This is frequently grown as a. catch
crop during summer, with the object of pro'riding green 
food for feeding of[ towards autumn. S!me 1.5 lb. of 
seed per acre are generally sown broadcast a fter a fine 
seed-bed has been prepared. 

LEGUMINOUS FORAGE CROPS 

V£TClrES on Tut:s.-These are SO\Yn principally with 
the object of providing keep for sheep, and green 
fodder (or cat-tle and horses in spring. although they 
a.re sometimes taken as a crop for seed. They generally 
follow a. white straw crop of some kind, and in light 
land districts they are often grown as a catch-crop 
betn'een two main crops in the rotation. Tbere are two 
var ieties. I the ·Winter I and f the Spring.' the former of 
which is sown in the autumn and will stand the winter. 
By Bowing at suita.ble inteT\~als a succession of green 
food can be arranged on the farm for a large part of 
the year. The preparation of tbjs crop is simple, 8. 

piece of corn stubbl ~ being ploughed a.fter s. dressing of 
farmyard manure bas been a.pplied and spread. The 
Beed can then be broadca.sted and merely ba.rro~'ed in, 
or the l&nd ca.n be ha.rrowed dow-n first and the seed 
ILfterward. drilled at the rate of 2 to 3 bushel. to the 
&ere. When broadc&sted rather mote seed is genera.lly 
lI.od. 
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The crop. when rea.dy, is generally folded off with 
shee p, the aut.uwn-sown crops usually being fed off in 
May, and the srjrillg~sown Jat.er itt t.he SUHUl1er. accord· 
ing to the date of Bowing. When grown for seed the 
crop is cut a.nd liar\'t"llted in a. similar n'anner to peas. 

TR IFO L IUM OIl l'lilMSOS CLO\""EJ1.-This is sown in the 
autumn as a caltCh-crop [or slJring and early summer 
keep. The cu!ti,-ation is more simple than j,hat required 
for any other crop, 11 corD stubbJe a.fter harvest being 
merely well scrat.ched with the d rags, the Becd then 
broadcastcd on the surfa.ce, harrowed lD. and nnally 
roHed. No advantage is gained uy a. more thorough 
culti vation for this crop, us, alt.hough it. requires a. fioe 
seed-bed on the surface. it likes the land quite firm and 
tight underneath. Ploughing, in fact , would have an 
injurious effttt on thi s cro lJ by reudering the soil much 
too 100s6, so that it would b6 impossible to get an even 
plant. 

LUCERliE. - The culli,·at.ion of t.his plant has 
increa.sed considerably uu riJlg rccent YI)UfS. ] 1. i8 a 
va.luable crop On many Boils, especia1Jy dry calcareous 
loamB) such as thos~ overlying the chalk. w here, owing 
to its deep roota strjkjng into the interstices of the Bub
j&cent rock, it is able to obtain moisture. and throw 
up a.bundance of green food in n. dry season. It does 
not do so weil on soi ls where the subsoil is stiff and 
inclined to be wet. 

Lucerne is Bown either by itself or with a corn crop, 
with the object of remaining down a number of years. 
The best results , however, seem to be obtained where 
the crop is sown alone. Whiche\'er way the crop is sown, 
the land chosen for the purpose should be m good con· 
di tion, and a fin. seed-bed sbould b. prepared which i. 
free [rom weeds. The seed is best drilled in rOWB &t 
a.bout a root a.part, so 8S to give an opportunity of 
clea.n.ing the crop during its growth, for WIthout hoeing 
the plant 800n gives place to weeds. It. is sometime! 
the p ractice to give an old lucerne ley a sharp harrowing 
in t he winter with the bea""y barrows, and this rougb 
treatment lIeems in maoy ca.ses to beDe~.t t he crop b1 
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stirring the Boil around the roots. Lucerne is generzrJly 
cut green for soijing, and after it is established 6evera] 
cuttings ma.y be taken during tbe Bummer. The number 
of years a lucerne ley will stand will depend UpOD the 
length of time it can be kept free from weeds, which 
will eventually grow up and smotber it. It must then he 
broken up. 

SJ..INFOIN.-Tbia is a crop of great importance to the 
dockmaster, especially on limestone soils, such a.a ar~ 
found on th e chalk a.nd oolitic formations. It is very 
similar in its habits and cultivation to lucerne, and 
alBo, owing to its deep roots, it is able to resist drought. 
It is generally sown about April with a corn crop fol
lowing roots fed off with sheep. Importance should be 
paid to hM'ing the land quite clean before the seed i. 
lown, otherwise there is a chance of the young s8,infoin 
being choked by weeds. II 

The seed is commonly drilled in the husk in the 
, rough I or t unmilled ' state, &s it is called, at the 
rate of about 8. sack or 4 busbds to the acre. Sainfoin 
is usually cut for ha.y the year after the corD crop is 
cleAred, and the method of securing the crop is the 
s&me as for clover hay. There a.re two varieties of 
Ia-inloin, the I Common,' which is used for long leys, and 
the Freneb or Giant v&riety, wllieb iB abort-lived and 
only la.sts two yea.rs. 

8&infoiD leys are generally allowed to remain down 
from five to se,en years , in some cases longer, 
the length of time being determined by the growth of 
weeds, w bieh, b.S in the case of lucerne, finally get the 
mastery. 

Land which has recently grown sainfoin seems, in 
some peculiar way, to become heartily sick of the crop, 
a.nd it is impossible to grow it again successfully 00 the 
same soil till a number of yeMs ha.ve elapsed. 

Sainfoio is a most valuable crop to wean lambs upon, 
&lld in certain summers, when the lambs do not seem 
to make headwa.y on any of the other forage crops of 
the farm, and tb,ey are troubled with scouring, a change 
to .. sain.foin ley will often have .. beneficial effect, a.nd 
they will begin to pick up in condition and lay on fteah. 
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Both lucerne &DU s;J.Jll f l)1IJ ale crops Ulo n: partlcularl,y 
Baited to the warmer u..uJ LUOIt:: gl:lllal chmate of tb • 
• outh of England. 

TREFOIL, YELLOW CLO\' EU , N UN6tJcn, 011. HUCK M:r.D1CX 

(Medicayo ltu1)uhna).-This is a. plant that will grow aD 
almost any soil, but. is specially suited to poor Boila in 
dry climates. It is therefore cummonly grown in mix
Lures of grasses a.nd dovers 00 t.hin limestone Boils, 
but on some of these soils, where it is indigenous it 
a.ssum6S the character of a weed. 

CLOYERS ..L.,,"D I S££DS.' - C}overs, &nd. mixtures of 
clovers and grasses iol..endt>d to take a. place in a fota..
tioD, are almost always sown in a.mongst cereal crops, 
very often at the same time that the coru is SOWD, but 
occasionally after the corn has made Bome progress in 
growth. On the other band, they are but rarely SOWD 

on land which 18 not t.o carry a corn crop concurrentl,. 
with them, for' leys, ' or I seeds,' a8 they are commonly 
termed, r equire to be OD the land a. full yea.r before 
they are fit to feed. Although there IS occasiona.lly, 
during the first year, some little growt.h which may 
be fed, yet it is not sufficiently rel ia.ble for the crop to 
be sown with that object in view. The most common 
clovers grown in rotation are red or broad clover 
(l'rifolium pratense), cow-gra.ss (T. pratense peren.ne), white 
or Dutch clover (T. rtptn.J), .. l.ike (T. hybridum), IUld 
trefoil (Medicago lu.puZina). All these a.re Bown in one 
a.nd the Bame manner. 

Seeding.-When BOwn in wheat, barley, or oats, 
which bave appeared a.bove ground, 'seeds' may be 
broadcasted on the surface with a. seed-barrow, and are 
then harrowed in very lightly with the lightest .eed· 
ba.rrows, or witb a horse-ra.ke. The borse-rake is pre
fera.ble 00 loose land, &s it can be set 80 that too much 
of the surface soil is not disturbed, thereby preventing 
an excess of earth being thrown upon the seed, which 
ca.nnot successfully germinate if buried to a greater 
depth than about ha.lf an inch. The ha.rrows are most 
useful when the la.nd is firm, as is frequently the c&se 
wbe're wheat is being grown. The seed may a180 be 
drilled with a light ••• d-drill, greater I'eguJarity of 
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germinat.10D being secured thaD by broadcasting. But, 
as the plants lit and thickly in rOW8 , they htlove Dot 

quite 80 good n clHlDce of growing at subsequent peri ods, 
fo r t.bey crowd oue anolber. When dnllcd with a swall 
coulter drill, . seeds' are best rolled in. 

1'be seeding of dOl'ars l.!l often effected before the 
cereals are up, and t.hey are then harrowed in during 
t.he final harro\\ illg of the barley Or oats. This is Dot 
a.lways advisable, as somet.imes the land ' caps,' or forms 
a hard surface on the t.op, which is injurious to both the 
corn and the clovers; aud when the clover has ger
mina.ted it.. is iUl}Jossible, wit.hout. dest.royillg It, to stir 
the lanu. For .. his reasOn jt is most usual, on wet land, 
to sow the clovers just as the barl£>y is appearing 
throu gh the soil. lrhere the laud is much trouhled 
wit.b annual weeds it. ia wiser t.o pUSllJOne tbe sowing 
of the clovers until the corn bas been' baed, and the 
usua.l custom in such cases is to So\ ... • the seed shortly 
before hoeing, so as to cover it in during the process 
of hoeing, harrowing being then UDnecessary. When 
rye-grass or otber grasses are sown as a mixture with 
clovers, the seeding is o[t.en effect.ed in two opera.tioDs, 
in order to avoid undue proportions of seed in different 
parts of the field. This is, indeed, necessary when the 
seeds are drilled with a brush-drill, or sown with a 
seed-barrow J but not when they are put in with a. cup
drill. 

\Vben land is too frequently cropped with clover it 
becomes clover-sick, and is unable to carry the plant 
to maturit.y, as the crop dies off during a.utumn &TId 
winter , a minute eel-worm (Tylench.u. de1.ia"tatrix) a.ttack
ing it in the root and stem, and destroyjng its life. A 
deficiency of lime and potash is condUCIve to clover· 
sickness; therefore, wbere there is r eason to believe that 
these substances are lacking, they should be a.pplied in 
the most con venient form in which they can be obtained 
in the locality. The surest method of preventing the 
disea.se is to refrain from growing red clover too Ire· • 
quentIy. This is best arranged by fo rming & sub
rotation of do\'en in the general rotation. Thus, if 
red clover"" is ta.ken in its proper position in the rot&-
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tiOD, but cow-grass or white don>t is 8(1W[1 in its plnce 
four years after, a.nd al!;l:ke gron u rOUl" J('o"lrs IlItf'r, then 
ted clover again four yen.rs sllb!::it'qut'l"Jtly. rrd <'luver 
will only be 00 the laud. once in t\\elvc jt'arB, alld a. 
plentiful supply of sbeep-krep \\ ill he proviueu without 
risk of clover-si(·kness. In some localltil's 8. lllixtur'3 of 
a.Isike and whit.s clover is 6uwn wht"n red clover is 
omitted. [elm (>f'-si"kot·ss is SOtTI('t i'Uhi due t.o n fUr)~us. J 

Alter Management.-The after m;lna~wme1)t of the 
, seeds' crop is very simpl(', 1 r "hI' lllnd is lo\)~.' it il'i 
necessary to cOfllpress it in the autuUlD, by means of 
rollers, or by the tread ing of sheep; 11111. 'seeds ' must 
not be (ed too bard \\ ith sheep at t.hat season. Sheep 
are the most perfect compressors of the soil, as they 
pinch the mould around t.he roots, whertllS other forms 
of p ressure are usually appJied in broad l:Iections. which 
C&llnot fit intt.1 the inequalities of the la.nd. Sheep 
should not be put on heavy land in a wet autumn: but 
it is not often that clovers and 'set'ds t reqllir~ con
solidating during such seasons. The I seeds I should be 
rolled in the spring, and, if it is intended that the 
crop should be cOfl\~erted into hay, loose stones should 
be pjcked off the land, or they will prove troublesome a.t 
b&y-time. 

CULTIVATION or POTATOES 

Potatoes are a field crop of considerable importance 
in certain countieB, such as Cheshire and Lincolnshire, 
parts of Yorkshire and Lancashire, and also in certa.in 
districts in Scotland and elsewhere. A Ithough potatoes 
a.re often referred to as a. I root crop,' they are not roota 
&t &11 [rom the botanica.l point of view, but tn. tubers 
are enla.rgements of underground stems, which &Te 
stored with reserve food materials, to be used in 
caTTying on fu tu re growth (m p. 151). Fresh plants &re 
obtaiLed by a Tegetative growth or development from 
the buds, or eyes, coota.med in the tubers, and thus the 
potato differs from other farm crops which reproduce 
themselves by a process of fertilization and tbe fortna
tion of seed. Tht> potato. however. makes a fresh fStart 
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ea.ch .rear troUi tLt tube r, "hlcb 18 really a ponton of 
the old plant that has died down the preceding year. 
For this reason n. new l"arjety of potato generally begins 
to lose its vigour after a. few years ' gro\\ th, as iF shown 
by a falling ali in the yield and the crop bt'cc'lfl ing more 
8usC'eptible to attacks of the potato disease (J 'II yt o1IhthoTG 
in("$t(lnJ). Suitable changes of seed from time to time, 
ail- regards soil and climate, will help to prolong the 
life of a. variety, but on an average t.his does not last 
mOTe than from twelve to tH'entr rectrs. and of teo Jess. 
Taking the above considerations into aCColwt, it is of 
importance to the grower to discover which vari{'.ties 
of potatoes are best suited to any particular soil nnd 
district, a.nd thus to increase the producth'cness of the 
crop. Potatoes ma.y be divided into E'arly. second-early 
or mid-season, and la.te, according to the time they are 
ready to bar\Test·. On£' of the most probtable branches 
ryf potato culture is that of growing early potatoeB, 
prOl'ided they can be got ready ver.r early in the sea.son 
before the great glut of new potatoes from abroa.d and 
elsewhere fl oods the markets of the United Kingdom. 
Certain conditions, bowe\-er. are necessary to be suc
cessful in the cultivation of early potatoes. One of 
these is a. suitable climate. free from late spring frosts; 
a.nother is a. deep, WMm, well-drained fria.ble Boil, 
capable of being heavily manured. Met.hods must aho 
be mad£' use of to basten the g rowth of the crop, sucb 
AS putting the Beed tubers into .sbalJow trays or boxes, 
and allowing them to sprout previous to planting. In 
this way a g rowth is taking place in the box before 
the tuber is plantf'd. and thus the grower can afford 
to wait a week or two longer fo r suita.ble wea.ther 
hefore planting out in the field. A good deal of care 
and judgment must be used with regard to the r.gul .... 
tion of light and, temperature in the building in wbich 
the boxes are stored; the obj.ct being to obtain strong 
vigorous green shoots on the potatoes which wi}] Dot 
... sily break off. If the hoxe. are kept in the dark ' 
and .. t too high .. temperature, long, weak, .pindly 
. hoots will be produced, which easily break off. Expo
lure to h"'ght and reduction of tempera.ture win coun~ 
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teract this tendency. W·itbout the a.bove nece .. &ry 
conditions tbp ~rowing o[ early potaLOes ",il l be .. '\ ery 
preC'R.TioU8 bUKiness. 

Pota t.()pe Bourish best on dpfOP loose fr ia.b le 8oi ls. lucb 
as the lJ~hLt_'r lUl\mfl, eSll(-'C'iall.y when t.he." co ntAin a. 
f. ir a.mount of orga.nic matler. j Joo r sanoy Boil • . if 
hea vily manu red. will grow good crops. provided th" r. 
is a sufficieut. ramffdl . and {'H>D hl'a\'y (,lays. if suil-ably 
treated . roay be made to grow t hem l uc('PuJul\y . 

Big crops are often ohl aiued [rolO recently broken up 
gruB land. and tbe pot.Moee seem to r.vel in the man of 
decaying vegeta.ble matter derived from the old turf. 
Some of tbe choicest potatot's are raised on the old .red 
sandstone aJld the mula and sa.nds of the triu; tho .. 
growD on the greensand are generally of good qu ality, 
and most. of' ~he light, mixed, gravelly loam! produce 
high-claM tubers. The rich ft'D8 a nd ~'arp delJosiL8 yield 
immense crops. very good fo r change of seed, but the 
quality for eating purpoatls C&.nIlot be depended upon. 
Some hea.ry soils grow fair crop. of pot ... tofl'. but a. 
a rule these are not wited to strong clays WiLb retentive 
subsoils, and it is often a.lmost impoeaible to d ig them 
on these soils in &. wet autumn. 

The question of cultivation is a matter of vf' ry ,greAt 
importance. Althougb the methorla ma.y V&ry somewhat 
in different dIstricts and on d ifferent cl&!!.ea of loi l, 
there are a fE>w points which are esspotiR.l p"p.rywhpre. 
In tbe firot place, tbe l!l.Dd mu.t be thoroughly worked 
to a good depth, and it ill necenary tha.t tbe crop sbould 
be moulded up two or three times during it. growth. 
Where grown ae a field crop, potatoes, 80S a rule , take 
the place of Toots and follow a gra.in crop of some 
sort. often O&ta. The l&nd m&y b. ploughed lightly in 
au tumn And worked 80 as to remove aoy couch De&r 
the surf&Ce. but in &Jly case it Bhould receive a deep 
plou~bing before the end of the year, 80 that the 'urrow 
may be exposed to the beneficial action of the winter'. 
frost. It may be neCeBS&ry in some CAses to plQugb 
again in spring, but this will all depend upon circum· 
ata.nces !l.Dd the state of clewiness of tbe la.nd. F&rm
yard manure mo.y b. applied in tho autumn before tbe .. 
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"'inter ploughing, or may be spread in a. short or r otten 
cond itio n in t il" furr ow in tbf:' spr ing. T hi!' ialle r m(>lhod 
is c:"oeorally follo\\f'd on liL!ht saudy sulls \\lth porous 
6Unf:lOl la, \\ hert' t.here is ll. fea r of a l:lrge proportJon 
o f th e manure bf.:IIHl; lo.:.t by \\ D.shiog iUlu the subsoil 
jf nppl if'd too l'arl~·. 

Potalops are grown on th£' r idge or on thp flat. in 
the samf' mann pr as roots. \\'hpn on thE" fta 1 t be rows 
nrf" A:f' IH' ra.Jh· ~o In ~() ini·hps :1 f':1 I"t. :J.T1d :l di~,t:lIJ('e nf 
12 to lR in('he!' is allowf'd hpj\\{,f'n the r.~ts: on the 
r ici~e the d i~tan('e from row to row is 2-1 to :W inches 
&nd ihf' ~f'tR 10 to 15 iIU"hp~ , ac('ordinc: to variety. 

The mHhod of pl:lntlll .[! on tht" rldp:e is gene rally 
ad opted in the oampt'r (,\lTl1flIP" oi tIlt, north and 'West 
and 011 thE' h(,:1xier S(lI!". \\ ht' rea.s the fla.t srstt' m is 
mOrE~ nftpo f011 owpc] on 111£' drier soils o! .. the s~ulb and 
east wht're till" ra infall i~ !ess. 

The preparation 01 the seed~bed is similar t.o tha.t 
for roots Whf'n growine ('10 l hf> T1n,l!e. the Ia.nd. aft.er 
it hll~ bf'PD df·epl y work('u and sutlkient mould has 
bepn obtsinf'd. is set up in r idges. as soon as the ~round 
is dry enou~h in "prin .~, by means of the double hreasted 
or rid~ing plou~h. T il!' manure ('Arts then follow, and 
the dUDI!. in a roth'n staLe, is thrown nut into small 
heaps, whicb are afierwarc]s teasE"d Ollt by means of 
(arks alona the furrows. Any nrt i6ci::d mrtnure used 
i8 then generally sown O\'er the dung. and t he sets are 
then placed in th .. furrow at the required distances 
apart. After this 1 hA rinllht~ -brea !".ted plongh splits the 
rids::es. thus co\'erine up t~e seed set.s and t.he ma.nu re. 
and enclosing them in the centres of the newly-formed 
ridJt8t1, 

'll1en ~ro'W'D .on the fiRt the pot,atoe~ may either be 
plou!lhed in. the seed tubers being Bet in eyery third 
{urro \(" and then - cot'e re"j with t.he ordina.ry p lough, 
or the Fystem of 'hohn~ in ' with the spa.de may be 
a.nnpted. in which case the land is fir st redt!f'ed to a 
tilth. In this latter case the land is marked out in 
line8 across the field . and &. man with a. spade ma.kes 
boles at r,gular intervals along the rows, a boy who 
accomps.ni •• him dropping a potato into eacb bole &II 
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it is opened. They then returD, the man making bole. 
on a. line parallel to Lhe first., and as be dues th18 he 
fills in the preVlOU~ holes 50 as 1.0 cuver Lhe J1Ulal.Oes; 

in this way. the whole field is plant.ed. l 'ut.<1lue!i Ulily 

" Iso be plaoted by dlbblillg thew ill. The dluul ... " 
thick st.lck POlIltt'U at Que end , wlth wlucb h(Jles are 
made in Lbe ground, the pOlatoes bemg tlro}Jved 1I1t.O 
the boles and afterwards co\creu with earth. 

Dunng its growth the crop D)USt. be kept clE'aT of 
surfa.ce weeds uy means of COJJtilluuJ hand iJ()l!ings And 
horse ~boeJDgs, and it l~ often adnsabJe, eSlJt>ciuJI.T' when 
growmg OD the ndge, to COUlllle[J('e by ruuullIg the lIght 
harrows orer the burf.:lcc, so as w break (loy crust. 
lrhich ma.y hal'e formed, 8.IJd also to deslroy &nnlla) 
weeds. 

\\' ben the ,~ops are some B t.o 10 inches high, it. will 
be necessary to earth up the rows by lDeaDS of the 
moulding plough, aud thIS will also bM'e to be done 
a. second, and perhaps even a. !thlrd, t ime during t he 
Bummer. 

The selection of seed is a. matter of great importance 
for the success of the crop; and the newer varit:tiea 
should as far as possible be chosen ~' blCh have been 
shown to be suitable to the 8(111 and clJmale of the dis
t rict. These, as a rule, are bigger croppers, more 
vigorous in cOnStltullon, and gIve mote profitable 
returns j a.nd there is also les8 fear of loss frow dIsease. 

Change 01 seed from a. different class of soil and 
climate at frequent inten·a.ls is advisable. Such a change 
usually results in healtbier and heaviey crops. The 
best results are to be expected [rom seed brought from 
a. colder and more northerly climate; seed from a 
warmer climate will give an earUer crop, but the growth 
will Dot be so vigorous. 
. With regard to the best size of seed to use, medium 
sized set.s which wiB pas.! through a 11 in. riddle, but 
not through .. I k in. will be more profitable to pl&ll t 
than either very large, or very sma.il ones, although 
large oets will give .. better yield. 

It is usually the pra.ctice to cut large seed-tubera, 
&t leut two eyes or .hoot. being left on each •• t . The 

• I 
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results of recent experiments, however, tend to show 
that tbere js l]ot much dilIerencB in the yield between 
pl&ntlDg wbole and cut sets, when the sallle weight of 
.. ed is used per acre. I t is a mista.k.e to cut early &Od 
wbite-bloslolDed varieties, as these potatoes are more 
deiicl'J.te and li&ble t.o decompose when cut. 

The usual time of pl4.IltlDg i!l from March to the 
beginning of May. according to the season. The early 
varieti .. Ihould be pla.nted fi rst, tbe second-early next, 
and the ma in crop Ift.st. 

From lSI: to 15 cwt. of seed. according to the size, 
i . the amount ueual1y required to pla.nt &a acre, a ltbough 
in the potato-gro\ving districts the quantity of leed uled 
per Acre i , often greater than this. Potatoes are a 
,uTfAee- fee ding crop. a.nd require a. libera.l all~rouDd 
manuring, containwg the three e~sen ti a.t ingredienta
viz., ni trogen , pbospboric acid, and potash-to ensure 
a.n abundant yield. 

Kanurina.-Good crops may be grown with &rtificiala 
alone, without dung, especially af ter ' seeds I or an old 
turf, but a. drel!sing of farmya.rd manure is genera lly 
cODlider&d necessary (or the early "arietll~8. 

Potatoe. require plentiful supplies of potash fo r their 
atarch development, and where a mixture of artifici a.ls 
i. u!led it sbouJd contain .a fair proportioD of Bome 
pot aslic manure. 

\Vhen large dressings of dung are employed artifici.J 
manure. are not essenti.al , but it is now considered 
more profitable to u~e a. moderate d ressing of dung
.ay, Ii to 15 tona to the acre-and supplement it with 
a cODlplete mixture of n.rtificials. 

Such an a rtificial mjxture might consist of-sulphate 
of ammonia , 1 cwt. ; superphospha.te, 3 cwt. ; 8ulphate or 
muria.te of potash, 1 cwt.; maJcing, 10 a U, 5 cw-to per 
acre. 

Kainit is somet.imes employed as a manure to supply 
pota.h, but recMt tests seem to point to the wiBdom of • 
sowing it lome time before planting. !l0 th&t any im
puritill it contAins may be washed into the subsoil, 
&15 theBe aometimes ha ~e & ba.d effect on young 
"fe.geta.tion. ~ 
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EITIMATE AS TO COST OJ' GltoWI}(G 
CROPS IN A ltoTATION 

lOT 

Uaving con);itierad t.be (_' uitlvatiou of th~ various (arm 
\ fUII:-. it ..... lil b',' in!I'rf'!'itLIlJ.; HI C,;tIlJIIII' Ii [1'\\ flgureli 
sbowiOg the eost of production and reLurus which lUlly 

reason aLl.)' be expf'ctE'U frum the grOlA til of a. serl .. of 
crops in rotation. The ' fuur-collr~e' Ue-JIlI( tile t.YJJ1C;&J 
rOLa. Lion, on l11J1c1J IlICht others Ilre bll..·WJ. IIt~el!lB u 
f .. ir on. to take for t.his purpOl:ie. 1t is encit>ntiy unfair 
to strike a Laln.nce On olle crop of tbe roln.t1oll 0111,. 
lucb as f roots,' because, this being the clea.n Ing crop 
of the rotation , a In.-ge proportion of the expendIture 
on culti\'ations and manures mue.t be lipren.d O\'er the 
rest of the cc~rse and a part debited to ench crop. It 
~'ill thus be necessary to sumnlarize lhf' expenditure llnd 
returns on the whole rotation, so as to be a.ble to draw 
definite concJusiolis as to the true financial aspect of the 
ca.se. 

In the following estima.tes the costs or cultivation and 
produce obtalned have been taken as repre~t'ntjn8 .a. 
fa.ir avera.ge of "hat might be expect f'd on farDls in the 
Midlands, where the soil is a. medium 104m, nnd ca.p&bJe 
of being ploughed by two horses. 

In these calculations a. horse is valued at 31. per d .. , 
a.nd a man at 2,. Sd.; ha.rvest wages are taken &t ~. 
per d~y. 

FIRST YEAR (S,,"EDES). 

C08t ptr acre-. 

Ploughing in &.utumn (!lballow) 
Two draggingfi at lB. 6d. 
Rolling 
Two h&.rro,.,.ing. at 9d. 

g~I~:~tfD·;~:~I1turni~g cou'~h .. 
Filling, ca.rting "nd lipreading dUllg, 1.2 lo&da 

at. lOd. .. . .. 
Winter ploughing (deep) 
Spring ploughing (e ro_) 
T,,'o eultivatiDge at U. ed. 

£ .. d . 
0 8 6 
II 3 0 
0 I 0 
0 I 6 
0 0 8 
0 3 0 

010 
• 12 
0 8 • • 
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FlRST YEAR (S"EDES)~COd p~r Gcrl!----contd. 

D.rn.gglog 
Harr\.\\ tu g 
Bulljng ... ", •. _ 
Dnlliug 8eed amI L!lUperph06phll.te . 
S~ed. :! lb. At. 9r1 . 
SuperphOflpbal.e. 3 cwt. Dot 38. 
.Harruwlor after drill .. 

~~~l~~_tnae il;;; ~.ill ::-
H IUlrl -boeillg and IIlnsting 
H oTlle-boeing .. . _,. 
Haud ·boeing (2nd Lime) 
l:foNle·boeing ... ... .. . ',_ .. ", 
Pull lUg. toppiog . cleaning and burying on field ... 
Rent, rat-ee aDd tta..lel .•• 

Bdv.rm. 

£ e. d 
lJ 1 ::s 
o 0 g 
o 1 0 
o 2 0 
il I 6 
090 
o 0 9 
009 
o 2 0 
o 6 0 
o 2 0 
040 
020 
o 15 0 
1 5 0 

£6 S B 

18 iollS of tlwooe. a.t 56. per too (coDlluming value) £4 10 0 

SECO!\']) ,EAR (BARLEY). 

Cod peT arre. 

Ploughing ... _, 
Two ha.rrowiogtl at 9<1. 
&tHing 
Harrowing 
Drill ing _.. ," ... 
Seed. 3 buehels at 411 .. 
HalTo\'fing 
Rolling 
Weerhng 
Ra.rv"!ltmg ... 
Thresh ing and marketing , 4-t qrs . at 211. 4d. 
Rent, rates and ta:zee 

BtfvrN. 

.q qrs. of ba.rley at 2&. . .. . .. 
Straw a.t c01l8umiog "alut pet" act"e 

£ •. ". o 10 0 
o 1 6 
o 1 0 
o 0 9 

· 0 2 0 
o 12 0 
o 0 9 
o 1 0 
o 1 0 
o 12 0 
o 10 6 
1 b 0 

£3 17 6 

£ I. d . 
66 0 
o 12 0 

£818 0 



COST OF CROPS 

THIRD rEAR /SEEDS). 

Coat p~" acre. 

Sowing' "eMIR' "Ith barrol'f 
• SI:.'~d5· miIll1re 
L ip-h! l.Jarru\\iug 
Rnlhllg " 
Haymllk ing 
Relit, rat.e8 aod t.axes .. 

llrlu.rnlo. 

S119 

£. •. rio 
0 0 B 
(J 12 0 
(, 0 6 
0 0 9 
o 12 0 
1 5 0 

£:2 II S 

.£ II. d. 
30c,\t. 'eeeds'h"y ,4t£2 pee LOlL (cofl!mrning t'lllu(» 3 () 0 
value of gra.~1118 . ..... 1 0 0 

PI ('III~hiDg 
R I)/JiIlR 

' FOURTH YEAR /WHEAT). 

C08t pc'" (len. 

T\, 0 harrowi n~6 nl Pd . 
T\\{l rlragglllg6 ~I. 18. Bd. 
Hnrro"'ing 
Drilling .. 
H&.rrowing ... .. 
SCf>d. Z~ bushels at 45. 
Picklin~ s'?ed ... 
flarrowlng (spring) 
Rolli ng 
Weed ing .. ' .. 
Carting aDd 80winJl mA.nure 
1 cwt. nitrate of 80da . 
Harv(!lIting ... ., .,' 
Threfih ing and marketing. 4 qrfi. at 'hi . 6d . 
Rent. rates and taxes . 

4 qr&. of whea.t at 328. .._ ... 
Straw a.t consuming value per acre 

£4 0 0 

f. .. ri o 
o 10 0 
0 , 0 
() I G 
0 3 u 
0 0 ij 

0 2 0 
0 0 9 
010 0 
0 0 8 
0 0 9 
0 J 0 
0 I 0 
0 0 6 
o )0 0 
o J2 0 
o 10 0 
J 5 0 

£4 9 6 

£ I. d. 
B 8 0 
0. 14 0 

£ 7 2 0 
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R oo1.s (li\\ede ll ) 
Barle\' 
Sc'cd" 
W heat.. 

FA-RM CROI'M 

SUMMARY. 

R oc)! .. (cou.uming value) 
Bllrlq _,. 
Seed. (cousuming va.lue ) 
Wh.aL 

£ • . d. 
6 3 8 
S I; 6 
2 II 3 
4 9 & 

£17 1 11 

£ " II . d. 
4 10 0 
618 0 
4 0 0 
72. 

£22 10 0 

Th~ r.prCl ~ent6 & brotH or £5 as, l a. per acre Oll the wbole 
rot-aLion, or &0 a"erage profit o f ea.]' £1 7" Od. per acre per 
anbu.m. 

CHAPTER XVII. 

BARDY FRUIT CULTURE 

INTBODUCTION 

THE commercial fruit-growers of this country ma.y be 
divided ioto two classes-first, the individuah who make 
fruit-growing their business, a.nd, secondly. those who 
treat it as a. subsid iary industry, though a nODe-tbe~leSi 
important oDe. Farmers may be included in the latter 
class. and the object in this cbapter is Dot to deal ex
ha,ustively with the many phases of fruit cnltl're, which . 
,.,ould be impos9'ible in the space at comma.nd) but to 
put in simple language those principles of fruit-growin g 
which an . 'Dost Ekely to be of practical us. to the agri
eultura' student, a8 well as to the farmer who eultiv&tel 



PLATE I . 
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fruit partly for home consumption and also with 8. "ie"" 
to profit . It. should lit' utld (! r ~lood . howe\' er. that jf 
fruit. is to be a. profitable part of fanlllhg. It. lIlU~t be 
treated se riou sly. and I)t> given jURt that cnre 8l1d al ten 
tiOD in culth atl0Tl \\ Inch, in the (J",dwiLry way. HI 
accordf'-d to e,'ery ot.her crc.p that is groWD. 

APPLES AND PEARS IN GRASS ORCHARDS 
(PL,Ut: 1.) 

In distr icts that are naturally adapted for fruit there 
is no part o[ a farm which offers grealer po!'lsi bi lit ie~ 
for profit than a gOvd orchard all grass, planted with 
standard t rees of suitaLle "'arirties, but tfJe goapeJ ot 
orchard plan\ing is Dot one to be preached ill a.1J cir
cumstances, because at.tempts at forcing the band of 
nature by planting orchards in places where soil fLnu 
situation are unsuitable!: is only c()llrting fH.ilure. 'fhe 
extent to which fruit is IZro\\rn in the diF.tricr, and the 
way trees flourish, are perhllp!'I the best, guidee ll,'J to 
the a.dllptabilit.\· of the locality, and it should bt' reolem · 
bered that wbat is possible in n. ge.rden under t.he care 
of an expert is not 80 easy under the less controlled 
cond itions of an orchard. 

SoU and SituaU on.-FoT Obl·jOUS rea!ODS jt is desir
able that the orchard should be somewhue adjacent 
to the homestead, and a slope facing to the Bouth or 
Bouth-west is a.n excellent situation. It is a fatal error 
to plant fruit trees in watllHlogged soil, and if tbe3e 
conditions prevail d raining should be the initial opera
t ion. A deep &nd somewb&t retentive loam is the bel t 
for apples, and though pears will succeed under these 
conditions, they prefer a rather lighter IDt'dium. 

Tree. and their Arrangement.-In planting a grass 
orchard the object is to get fruit from the t r ees above 
and grazing (or stock beneat h , therefore strong standard 
trees should be selected in t he nursery, with stems 80 

loog t ha.t t he beads are out of t he reach of anim &.l •. 
The best wa.y of arra.nging trees is alternately, or ia 
,h. form of equilatera.! tri .. n&les, and stron&" gro,..~ 
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va.rieties. which are the best for orchards. should not 
be pla.nted closer lhan 30 feet apart. (fig. 174). 

Plan t ing ( fi~. 175. 1).-AII LblllgS CUllSldercd, Lhe 1&11 
of the y{'ar is lhe best. time for planting, Kovember and 
December being the nJOst. suitable months. Ha\-ing 
marked out the sit.e of each tree, the turf should 
be r emoved in a. circle not less than feeL 
in djameter . and the LOp foot of Boil be t.aken 
out. The next step is to break up the lower 

r. . 'l" . : .... t- .. ·r··. ! t .... +--... + 
!. ..... t······t 
i : r ... -- ... 1 ... j 
i : . 
!. .. --... ~--... --. +~ 
i j i~ 
1. ... .t ...... V ("- -,0' .. .. 

1>10. 174.-ARRA?\OEME'ST O}' ORellA- RD, IIho\~iDg treee planted 
in equila.Ler&l triangles, sDd in squaree. 

soil in the hole v,-ith spade or fork, and then 
cut up the turr -and spread it on the top of the lower 
Boil. A little of the best soil should then be Bcattered 
over the broken t'ur[ , and t he wbole be trodden d O\VD 

e,·eniy. E"er)"thing is now ready for the stake, which 
way be of sawn deal 8 feet long and 2! inches thick, ... 
and creosoted for purposes of presenTation. Alter the 
stake has been driven firmly into the ground, the tree 
should be plnced In position with roots spread out, aod 
three or four inches of soil be spread over the latter 



PLANTING 

and trodden down. As some "inking will take place, the 
soil should be h'ft/ound tht' tn'£" in tbe form (If n slight 
mounu •. and on OIl ace-Qllnt should tb", gra::ss b" o.lIowed 

FIG. 175.-A Lesso!'i rN PLASTINa. 
(1) 1, Subsoil broken up a.t lohe b otv llI1 of the bole. 2, Turf 

t.akeD from 5ur{a.ce . CUl up, Bflfl pla.ced uuderuear.b the 
root.8. 3, RooLB epread out in th~ lIui]. 

(2) St.&ndard tree pl&Dtoo, staked, and protected with wlr. 
gu&rd. 

to grow to within 2 feet 6 inches of the stem fOT .several 
yean. This ;s "ery important, as the growth of turf 
over the roots of newly-planted trees baa a detrimentaJ 
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effect on the development of the la.tter. &Dd we~18 
should be kppt dnwn hy periodically hoeing. 

Tyine and Protecting (fig. 1 ;5, 2).-] t is {'ssent ial lhat 
~e I ree ahoutJ be fllstel.lt'd ~ecurely to th e stake to avoid 
d&m&ge by cbafing or rubbing, and a. simple contrl\'ance 
i8 to wrap So strip of old sacking round the stem and 
faaten it fo the stake with tarred cord. It &nimais have 
access to the o rchard 80me form of protection is essen
tial. and nothing i. i;ettt'r than ci rcular guards of stout 
wire netting, furtber 61trengtbened by strR-ods of strong 
b&rbed wire. These guards reach to the top of the 
Itde, they Cl!.n be easjJy remo\'ed if necessary, ane! 
they alford protection against ground game as well &8 

iltock. 
Tho J'iut Pruning (fig. J i6).-Tbe prime object in prun

ing. newly-pla,nted tree ia to promote growtr. and .. much· 
debated point is whether the pruninEl should be done in 
the ,pring following the planting. or whelher it. is better 
to let the tree stand R. whole year before it is operated 
on. The bal&Dce of e\"id~n ('e points to the conclusion 
tha t tbt' best results :.tl'f" ~ellerall:' obtained wiill orchard 
standards when the first pruning is eftected not in the 
spring following r..he planting, but & year later. The 
process is a.s follows: Cut. out weak:1y side shoots that 
LT C useless for making branches. lea.ving only the 
leadlfl, or main growths. and these, in tUrD. should be 
cut back to a.bout one third their original length, a.lways 
taking care to cut just above a bud on the outside of the 
br&Dch . 

.A. ft. r-P rurung.- The process just described bas for 
ita object the multiplication of brft.Dches to form the 
he&d of the tree. &nd if there is a. sparsity of_ strang 
shoot! t.he leaders may be shortened again the second 
year to encourage more growth, but when the bead of & 

st.llndard tree is formed there should be no more shorten
ing ba.ck. and the pruning year by year should consist 
in remo'ring superfluous bTlLDches that rub and croSI 
each ot.ber, t ending to crowd up the centre of the tree. 
If the trees a re systematically t reated in this way they 
never get into th at hopelessly overcrowded condi tion 
which i . tli. fault of so many tree. in old orchards. 
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Prunini Old Orchard Tr •••. - ln dealing witb lUI old 
tree tba.t ua.s been neglect.ed in the matter of lJrU01D1 
cODsid erable judgment 18 requ Ired, or mOre harm th&o 
good may be dUlle , a.nd lhe first t.blDg is to re.nl(J'Ye 
a.1I dea.d wood. Tht' cext oJ.leration ill t o carefully 
thin the inner br.a.ncb •• where they ar. too crowd.ti, th6 

1. 2 J 

FIG. 17S.- F'IllST PaUNTNG OF .& STA'P."1>,U,D Tau:. 
1, The yOUDg Ibndard. 2, Youog .hoot. eut b..ok to about. ObI!-

~~i~~rl~b;~~. ant n;~~~~l g~fhLh~a~~~~!g ~b~:n!~~ i:~·ee~ 
8.nd foulld .. t.ion or t.ree laid. 

object being to I.t "ir and light into the tree. No hard 
and { .. ot rules can be laid down in dealing with" full
grown tree, but over.pruoing should be a voided. Thick 
limbs should be cut witb a saw quite close to the maln 
stem, and if the rough su rface lett by the saw is Sl'Doothed 
over with a knife or chi.e! and painted with Stockholm 
tar, the youog b .. rk will quickJy grow over the cut 
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surface and mnkr a p<!rfect he-al. Un the other hand. If 
rougb snngs are left. tbe latter decay, wet gels in, 
a.nd hollows '!(f'e .finally formed in the .wain limos of 
the tn.·e. 

Manuring Orchards.-Generally speaking, it is Dot 
necessary to add ma.nure to the soil when planting young 
trees, but if a. mulching of decayed manure is afte r
wards }J\aced over the roots it helps to conserve mois
ture anJ (>ncoura~es sudace root al.!tion. In addItion 
to the benefit obt.ained (rom manure drC'pped by grazing 
a.o imals. however. trees in full beanng should bave 
periodical dressings of dung spread O\-er the rOOlS. and 
it is n. good tbing to empty the contents of liquid 
manure tanks under the trees ill the" Inler wben the 
ground is damp_ Concent.rated manures supi-llying phos
phates and potash are good for orchardc.trE"es. and a. 
su itable mixture for application in the winte r may 
consist. of 4 cwt. of basic slag and 3 c'\\'t. of kainit to the 
acre. 

Varjeties.-Vvben planting an orchnrd wjth a. ,·jew to 
marketing the fruit, it is a g reat mistake to include too 
many varieties. because the result of this is that DO 

bulk of anyone kind of fruit is p,TO\\'n. The selection 
of varieties must to some ext.ent be governed by focal 
circumstances. but care should be taken to plant t rees 
which. in addition to good bearing qualities. a re P08-

Bessen of "lgorous constitutions. A short, ~jst of apples 
and pears suitable fot orchard planting is given below. 

A dozen good cooking apples :-
Ellrlr 

L ord Gr~veDor. 
E cklin'fille. 
Grenadier. 
P ott.'s SeedhnB' 

Sllcces..'1lOn 

Bi!!mn.rck. 
Warne r's King. 
L ord Derbv. 

, G8IIcoyne '6' SeedliIlg_ 

A dozen good dessert apples:-
Early. 

O eVODfibi re 
Quarren 'len, 

Beantv of Bath.. 
Mr. G·ladstone. 
YeUo", loBe8trie. 

SUcce;.siOD. 

Allington Pippi n. 
Cox'@OungePippitl. 
K ing of the Pippins. 
Fearo's P ippin. 

.wte 
Annie E lizabeth. 
Bramley's Seedling. 
BeautY of K eDt , 
Newton Wonder. 

[ate. 

Hormead Pearml\.W, 
Chri.'1tmas Pearmain. 

~~e:r~e~~n~ftap!:i. 
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Six good pears :-
Ompnl1£' (! tte. 
'WjiJIIlItI .~ BOll 

Chr~\'leu. 

" \tnlluHnu l)uchel!U. MtU'lt'l Loula . 
LUIJI~c l hJlllJe of d'Ucel. 

JCrtit:J. 
B\.'&;,!e. 

STONE FRUITS IN ORCHUDS 

CHERRll:S.-The f'ht>rrv orchn.rds in 1\ fi'nt and else
wh en· afford f'\'\ul'lll'e vf Iht" Ilst'rulnf':;~ of dllS fruit in 
di~Ir1('t~ v.lif>re tJalllr,t\ ('otH.hll(JIIS art- ~Ull:t\,Il.'. hut. the 
trtt' s ~b(Ju l d a 1\\ ll,\'!; Lt, J,lalllt-d III su fli (, I t'.IJ I quantity to 
merit tbe neceb~ary e),.jJtUUllure iu J.lrlJL~Ctlllg the fruit 
fr 01l1 birds. 

P lanting and Pruning.-Thirty feet flpart. as advised 
(or apples in un'hard;.;, is a g[)od til!\lanCe lo allow 
bel.wt'en lht' ' tfl."e~. and tbe same t1lt:~lh:HI of JllanLiug 
may be alJ}ltlE"d. (ht'rri~s hfln' a nlarkt'd dl~ltke to 
the krllfe. allu afler cuttll1g ila(·k nl'wl) pillTlIt'd trees. 
to eJl (' 0 uraff(" the fc.rJl.lnlJeJf} of a. gouri lJt:"HI, little 
prun ing, otht>r I han the removal of ;my dead branthe.s. 
IS requ irt'rl L·lh'rrie:. flourish in a !;oJ! or a calc:utf"ouB 
nBLUre, and the grass in. urdwrds /i}Jould be krJJL down 
by close grazing 'Ihe fuJio\,jng is a 1:lclectJull of sir 
good nlTielies;-

Mn\· Duke. Eltou Henrt.. 
Kt>iltlsh Bignrceau. Black Ueart. 

Rlglicrnllou Napoleon. 
ll! .. ..:b '!'a.rlll,.rlan. 

PLt;·MS.-As a rule , plums an' grown more in cutti. 
vated plantations than grass orchard!'.. but. ill what a re 
known as plum distrwls they succeed v.eIl under the 
latter cond1tions. Plums in orchards are bette r grown 
rather close logethe r, 18 feet apart being a. fair dia
tance. TheJ should be planted in the same way as 
apples. and when established very little pruning is 
required. (For a selection of "arieties, 3t( p. 3i3.) 

J)A..M.so~s.-The . damson is a. fruit "hich seem s to 
adapt Itself to certain localities, and under suitable con· 
d ltlOns there is no fruit mOre usefuL Damsons. may be 
gro~--n on the out~kirts of plantations to provide shelter, 
8.1so in grass orchards; and in some pa.rts trees pla.nted 
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in hedgerows product' good crops of fruit. The damson 
is another fruit which does not trouble the pruner mucb 
after the tree is est.ablished. The known vaTJeties are 
mostly of local origin, and the Cheshire prune is OD e 

of· the best. The Crittenden is a cl ose-growing variety 
that bears well, and Bradley 's King is also worth 
cul tiva.ting. 

MIXED FRUIT PLAKTATlOlil'S 
(PLJ.T£ n .) 

The system of growing fruit in mixed plantations 
under continual cultivation has increased cOllsidera.bly 
in recent years, a.nd is the fa"oured method of the com
mercial grower. wbose object is to get the best return 
from the land in the shortest time. 

Position and Preparations lor P lantillg -Provided 
there is Bufficlent depth and the quality is of good 
a.verage character. most soils suitable (or arable crops 
will grow fruit, but the situation should be fairly 
. leva.t.ed if po~!lble. 10 escape spring frost8, and !hel\.er 
from prevailing winds .!hould be pro\""ided if necel 
lary. The preparation of the la.nd must be thorough 
in every r espect, draining being the first opera.tion, if 
th is is neceflsary, followed by deep ploughings. and sub
. oiling or bastard trenching with the spade to ensure 
deep cultivatIon and the eradicatioD of weeds. No 
greater mistake could be made than that of planting fruit 
on foul la.nd. The question of manure must be decided 
by the condition of the land, but, if it. is needed, a 
liberal dressing of stable m&Dure should form part of 
the preparation. 

Tho Arrangement 01 Trees and Bushes.-Tbero .. r. 
different ways at setting out fruit plantations with the 
object of utilizing the land to the best advantage, and 
small fruits are inc1uded to give a return uotil the other 
trees are io full bearing, and demand the space occupied 
by the former. The types of t rees employed are half
standard a pples, plums, or pears. bush apples and pear s, 
with gooseberries, currants, raspberries, and I t ra.w
berries, in j;he way of bottom fruit, though it is some-
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t imes wore COfl\"('IlINI [; Dot to include the Inst (\\0 frui t s, 
but g row U)CI11 In fiehh tn th"wsl']\'t"s. A tspica.l meLhod 
of a rru.n~lng a. pla.nt.atJou 1~ Lo plant. bali btnn ti llrtl t rees 
2·1 fee t 8lJart. with u IJush frr'e t'qutUlsLull(, hetween t he 
standarlh In the row, and a rllw of bu!'>h tret:!s 12 feel 

",i. ,.,... 
.L l( ~ '" ~ " " ,,-- .. -.-2.1" ... _--_.;. 
)( " " " " " 

" x " " 
" x l( x " 

'1 x x i " " r 
x " " x " )( 

x 

" x x " " )( x 

*L ! " OJ · 
FlO. J71.-f'L"' ~ OF MiXED FR t lT PU!'iTATI OX. 

(l ) HBlf·6tandard trees 24 ft. apart ; bu.!h .. ppl.ea or pears mid· 
way be tween them ; 1, goo~berri&:l or cu rra nts. 

12) Gooseberrie£l or ('u rr",n ts 6 ft. apart. S traw berries or rup
bt!rr ie.l can be eubstit ul ed. 

(3) Bash apples or pear3 12 tt apa.rt, wiLh gooeeberries between. 

apart bot ween the rows of slandard. (fig_ 177)_ Thi. will 
a.lso allow for the t.eropors.ry planting of rOW8 oC straw· 
berTie!. if desira.ble. and there is room for bottom ' f.ruit 
bushes-i.t . , gooseberries and currants-i.o be pl anted a..t 
equal distances b~tween the trees. 
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Planting and CUltivating.-Favourable weather in tb. 
a.utumn or winter should be cbosen for planting, and 
though on land that has been recently cultivated th. 
process of planting need Dot be so elabora.te as tha.t 
recommen ded for ol'chard trees, holes large enough to 
accommodate the roots should be prepared and deep 
planting should be avoided. All bruised parts sbouiJ 
be trimmed off the roots, and the soil be pressed firmly 
round the latter. In the cultivation of plantations both 
horse and hand labour are employed with the desirabJe 
objects of checking weeds and keeping the surface soil 
in a crumbling condition. 

P runing H alf-standards.- The method, adopted for 
orchard t rees are applicable to half-standards in plan
tations. the object being to allow free growth after the 
heads of the trees are formed (PLAn: ... U.). 

Bush and Pyramid Trees (PLAn: II. ).-Young trees 
from the nurse ry may be shortened ba.ck, as 8.d,~j sed 
for st.andards, either the spring follow ing the plant,.. 
ing or a. year la.ter, and for several yea.rs it may 
be necessary to short.en the leading shoots about 
haIr-way, a.nd reduce the side shoots in order to get 
well-halanced and shapely trees (figs. 178 and 179). lL 
should be remembered) however. that the natural 
sequence· or severe pruning is growth, and wben the 
trees are well established the use of the knife ma.y he 
well confined to the removal of overcrowded branches. 

GOOSEBERRI.ES.-Young newly-planted gooseberries 
should have their leading shoots shortened back to en
courage more g rowth (fig. 184), but severe pruning should 
be avoided with established bushes, and judgment should 
be exercised in the pruning, which consists of thinning 
out the wood sufficiently to admit air a.nd sunlight, and 
facilitate pici..-ing opera.tions. Strong shoots of the 
previous seasonJs growth may be shortened back & little, 
but as much young wood should be left a.s is consistent 
with the .. bove principles. • 

BIn CmmA..."'TS.-ned currants fruit on spurs on the 
old wood, but at the base of the young side shoots, 
&lid the most profitable red currant. bush is one that 
is furnisDed with seven or eight m&.i.o br&Jlches that 
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produce fruit all the way down, with ndequa.te Bpa.ee 
between them. After young bushes are planted the 

.3. 

~~ 
FlO. 17B.-F o RMING A. Busu AJ' PL~, 

(I) Ma.iden tree, cut b&Ck to (1. . 

(2) Two-year old tr~e, Ah o,,"ing the result of cuttin~; the 

is) ~!J~~~ OrU}~l~:e;J~J ::~:j;~ :bt~;e:.~~t:~ o~~t~~~ with we)1· 
formed bead, 

Fro. 179.-FORMINO A P!"BAl!!D TRElt. 

(1) lbiden tree ; (I, point to which :t ill cut. back. 
(2) Two-year old pyra.mid . showing result of cutting i b, poiot 

to which shoots are cut. 
(3) Three-year old pyramid, with perpend.iculN atem tbl"Ouab 

"Dire. 
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shoots . hould be shoJ 1..!J1('d uack (fig. ]85), in order to 
ge l, more bra.llchc ~ . and wb en a suffi cient complement 
is obt.a ineJ the aunual prun ing consists of shortenin g 
back t.1l€' s ide S!lOOl8 011 the main branches to within 
t wo b uds of Lhe basc. The l ~adlDg 8boots UlUSt. .. leo be 
shortened. out .. few inch es should be left each ye&r Cor 
extension. 
-BUCK Cun .. .u.-Ts.-These bushes produce most of t hoir 

fruit on wood of the p r e\' jouB season' s growth. and newly 
plan ted bu shel . bould be cut ha.rd the fifl t year or two 
to en courage s t rong grow t.h (ng. 186). T he subsequent 
pruning CO Dsists of avoiding ove rcrowding by thinning 
out. old branches tha.t ha.ve lit lI e young wood on t.hem, 
but &s much young wood should be left a s possible. 

fuBPBEuB.!Es. - N ewlv-planted ra.spbe rrv ca.nes, wh ich 
can he p ut. out a fodt ~Pll rt in TOW S, o r r; ~ clumps 6 feet 
ap&rt. t hree ca.nes 10 a clump, should be cut ba.ck. to 
within a foot of t.be ground. and the rea.soDabl ~ result 
of th is is f b a.t t be ca.n es p roduce strong grow tbs (or t he 
next y ear, whicb C.!!..D hardly be exp ected if the cane is 
h&mpered by fruit-bearing the urst season. \\'hen an 
establ ished r&spbe rry C8.oe b &5 borne its crop of fruit , 
however . it h ll.8 done its work, llJld m ay b e cut out 
&t the end of the Bummer to ma.ke rooUi for its successor, 
which m .. y be left ita fu ll length t ill th. follow ing 
spring, when the unripE" ned t ip C&D be cut off . 

LoG.L..~ BER:K.IEs.-Tbis useful fru it bas b ecome 
deservedly popula.r in recent yea rs, &TId is suitable for 
training on tre ll iaes a.nd fences, and other places where 
it. long bramble·like gro"'Lh. can r .. mble, Th. plant 
is very blackberry-like in habitJ !LOd prun ing consists of 
thinning out the old gr owths each year, to m a ke room 
for the young CAnes. Owing to its vigorous habit, rich 
Boil is not desira.ble for loga.n berries. 
M~~ING.-it is obvious that there is 8. big stra.in 

on the resources of the land in a. fruit planta.tion, and 
deficiencies of plant-food must be made good by dress· 
ings of sta.ble manure and applicetioDs of artificials. 
Phospha.tes and potash are the chief requirements of 
fruit trees, a.nd the.e may be supplied by top dressings 
of 5 cwi, of superpbosphate, or b ... ic slag, according to 
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the natu re of the soil, l!.lld 2 C\\ L. llf Rulpl1att' of pot,alb, 
to t.he nert' . l[ Lre('S are making Kood gll'\\ th. Ililillica.
bons 01 nlt rogeu art: unneee.r, ... ary, UUl \\{ :l.J.:!y ,spe('jllleDB 
a.re helped uy light burface drl!Rsings of Jill rate of soda 
in the spring. 

PRO:rITA.BLJ: VARIETIES :rOR PLA.NT.l.TION 
CULTURE 

12 cooking apple.:-

L lrl,l". 
Ea.rl ... VICt.ori ... 
Lord Gt"OC,'etJQr. 
St.i r-linS e .. u •. 
Ecklio .. ill .. 

S"'~t·'>~.~I'W, 

~~1~i,:~~ /:1 ~:~~~. 
Biamarck. 

... Ga6Coyne 'l! Seedll1lg. 

t dessert apples :-

1"",1. 
LB JlP' lIl'nlice Alb'crt. 
Hrl\wJI',v'" ,I.,eadling 
A !lllh! El1nbeLb. 
Nell ton W ol/du . 

Worcester Pea.rmain . 
Beau ty of B,.tb. 
DucheM or 

t'ux'e(}ranp:fo l"flpm. Cbr~tmu Peartllll.lD 
J\ illS of tbr l' il'plIIff ~ClI.rlet. ~ollpa.reil. 
AIUllgtoli Pippin. H ormead Pt'srml\in . 

Oldenburg. 

9 good pears :-

W illiam'" B OD 
c.:hretien . 

Doyenne d'Kt.e. 
Clapp's Favourite . 

Doyenne du Comice 
Lollilie Bonne of 

a:;f[:el;B eY~L. 

• good plums:-

E arly Prolific. 
Vici.onll. 

Persbore. 
Cz u . 

6 good goo •• berrie.:-

Pitma6f.o n Ducheu. 
G lou M orceau 
Winwr !\'e!i8. 

Pond'" Seedlins. 
Belle de LOU 'I'&lD . 

May Duke. 
Keepsake. 

C r ow n B ob LaoC":IL'ihire Lad. 
Whinh&tD 's Industry . Leveller. 

lr..d curr&l1t.:

Raby Ca.Ue. Ne1f B6d Dote.h. 
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Black currants:-

Boskoop Giant. Baldwin'a. Lee'fI Prolific. 

Raspberries :

Superlative. Kor-wich Wonder. H ornet. 

STRAWBERRIES FOR MARKET 

T he commercial culture of strawberries is mostly con· 
fined to certain a.reas where natural conditions are 
suitable and pickers are available. the la.tter point being 
an important one if a. large quantity of fruit is grown. 
Under fa.l-ourable circumstances strawberries are Dot & 

d ifficult crop to grow. but the land should be clean and 
in good heart. Rooted rUDDers are Jplanted in the 
autumn or early spring, about 18 inches apart, with 
2! feet between the rows, which allows for culti~ation, 
and about 12.000 plnnts are required to the acre. The 
plants last three or four years, as a r ule. and cultural 
operations during the period consist of hoeing and 
manuring, littering with straw bpfore the fruit ripens, 
and trimming oU runners and old leaves after the crop 
is picked. Market growers do not fa\Tour many varieties, 
and those most; widely gro""n a re Royal SoverejgD, Sir 
Josepb Paxton, Monarch, and British Queen in favoured 
districts. 

GENERAL CONSIDERATIONS 

P icking. packing. grading, marketing, and storage of 
lruit aTe all jtems of importance to the market. grower, 
and each in-its turn must receive due attention in order 
that the produce may be disposed of to the best advaD
t&ge. In short, commercial fruit g row'ing demands the 
exercise of practical knowledge and judgment, as well 
as bu siness a.bility, and the idea which seems to prevail 
in some quarters that it is a short cut to 'Wealth is an .. 
erroneous one. It has its possibilities, and its prospects 
for th~ future &re, on the wbole, fa.voura.ble, but in 
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Al'PL.B. 

[I0RI!:OlOTA1. Tn.us"'In API'LI 
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taking up C:-uit-gro,,·ing as a. business venture due allow
ance sbould ah\"ays be made for thuse circumstances 
which a.re uDcontrolled by the grower. 

FRUIT I N THE GARDEN 

('PLATE U1. ) 

Most of the instructions already given a.re applicable 
to fruit in the garden. and t.he following hints ha.ve 
bearing on poiuts not already considered. 

U tilizing Wall Space.-~ oihing is more pleasing or 
profita.ble in its way tha.n a well -trained wall-tree. a.nd 
yet the wa.ste of wa.ll space in the country is deJJJorable. 
Fan-trained trees, espaliers. and cordons can be ob
ta.ined from a. Dutsery for a. few shilJings each, a.nd ",bile 
the warmest positions may be accorded to peaches. nec
tarines, aprjcols. peaTS aiid dessert plums, a wall facing 
the north js a suitable position for Morello cherries. The 
planting of wall-t rees entails some re6ponsibility~ fo r 
unless the work begun by the nurseryman IS carried on, 
and due attention i~ paid to pruning nnd traming, the 
tree quick.\y grows wild, and is an eyesore ra.ther than 
an ornament. 

Espa.liers a.nd Cordons (PLATt Ill. ).-E,palier appl •• 
and pears are well adapted for planting aJongside JZarden 
walks where' it is desirable to utilize space. and cordons, 
or single-stemmed t rees, are useful for furnishing com
parath>ely low walls or filling spaces where there is not 
room for spreading trees. Most of the best varieties of 
pears succeed admira.bly as cord ODS, which is one of the 
best methods of growing this fruit. 

Strawberries in the Garden.- The quickest method of 
establishing a strawberry bed is to place small pots filled 
with soil round fruiting plants in the summer and peg 
the runners from the latter into the pots, These rUnner. 
Boon esta.blish themselves in the pots. and if planted out 
in August or September they get established tbe .same 
Bea.son, and bear a. good crop of fruit the next. 

Root PruniDg.- Tbe pruning of roots i. not infr .. 
qu.ently & necessity in garden fruit culture, &lid the 
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need of It is gpnera.l!y brought about by over-luxuriance 
in the growth of young tret's, aud the severe branch 
prunill .D; to wblch older Rpecimcns nre subjected. because 
the natural ~eqLlt·t1('~ of se\'ere pruning is growth. The 
oLject Dr rl)(.lt IJruning is to check the excpssi\"e \' igour 
of growth aud encourage fruit. bearing, a.nd the best way 
to trent an on:r-Iuxuriant young tree is to take it up 
in the aut-l1mn, shonen un.ck the tap roots and replant it. 
In the case of aD older tree a. trench should be taken out 
80Dle distance from t he stern in the autumn, a.nd by work
ing underneath in the direction of the tree the t ap root 
will be found. This should be cleanly cut. and in filling 
up the trench the uninjured fibrous roots should be laicl 
out close to the surfa.ce aod cOl'ered wit.h Boij. 

Summer Pruning.~EsJ1n,Jiers, cordons, bushes, and 
pyramids in the garden may be SllmD' er pruned with 
ad,·a.otage, with the ubject of removing superfl uous 
growth and tli"erting the snp towards the development 
of the fruit and the fo rmation of froit, buds. Briefly 
ex pressed, sumnler pruning consists 10 shortening back 
la.teral shoots to about five leaves from the base 
early in A ugust . and tlli! may be done b;\' breaking 
Wle shoots over th e blade of a. knife. The shoots 
should not. be shortened closer tban fiye lea vee, 
or the object of the operation may be defeated by the 
ba.saJ buds breaking into growth instead of rema.jniDg 
dormant; and the leading shoots should be left intact. 
The necessary shortening of the latte r can be done at 
the winter pruning. a.nd the sbortenpd side sboots be 
cut a little further in. 

PROPAGATION OF FRUIT 

STocKs.-Apples. pears, and the var ious stone fruit! 
a.re propagated by budding or grafting them on Borne 
kind of stock. which has a. certain influence on the 
growth and habit of the t ree. For :nstance , if an apple 
tree is worked on the wlld crab stock. it is encouraged 
to gro}Y & stout stem aDd jg suitable fo r a.n orchard 
st&ndard. but if worked on the broad-Iea.ved Pa.radi •• 
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. tock: the fibrous fOO t a.Ct..lOfI of tbe Ia.Lter IJrev ails, Lh. 
tree comes iDlo bearing more qUickly, does not grow &0 
vigorou!i.ly, and is n}llTe adapted (or a uUbh. It. Tllfty be 
taken. then, that. with cer lalO (:H'fJ,LlonR. the Parn.dise 
is the Lest st o{' k fol' bush apJl\e~, ano til'" lIIore \'igor()Us 
crab stock for stanJ;nds. St.a.lIuard pears are Dlo!;tiy 
worked on the cOIumon pear. and pyranll. s on the 
quince BLOCk.. Dwa.rf cherriee nre gE'l1crally Ludded on 
t.he Mailalf'b l'tl ,ck , and ~La lldA.rd <; on \, I!d c.:hf' rry (gcan ) 
seedlings, while peaches, nectarines, Md plum. are 
worked on dllYNt'lnt 
types of plum sLocka, 
Damsons and some locaJ 
va-Tielje! of [sluUls t.Te 

grown on their own 
rooil. # 

BUDl>1NG (fig. 180).
This is the fayourile 
method of propagation 
with nUTserym€'n , and 
stocks are budded close 
to the ground in J ul.r 
a.nd August. To prepare 
the .tock for tbe bud the 
oper&t.or CUt! a. T -shaped 
incision in the bark, 
which is n .ised slightly 
on either side to let in 
tbe bud. Tbe bud i. taken 
from a. shoot of t.he cur

LTC. l SO.-BI'nTIl'NQ. 
(1) Preparing tho st.(lck, 
.~) Bud in pOIl1.ioc. 
f3, Bud tied ill, A , Taking t.he 

bud. B, Jjud rea.dy fM in · 
Ii&rLioD, 

rent sea.son's g ro\\ lh by inserting the knife an inch or so 
above a leaf and briuging it out an inch below, The 
lea.f is cut off , Lut a portion of the sta.lk is left t(l bold 
th e bud by. and the t.hin layer of pith undemei\tb i8 
removed with the thumb and finger, out this must be 
dont carefully so a.s Dot w i.njure or drag out t.he inte
rior of the bud, which i6 the growing ge rm. The pre
pa.red buJ must not be allowed to get dry before it is 
slipped into t bp incision in the bark. and this done it 
should be wra.pped To u.nd with worsted. The sweUing 
of the bud· is &n lDdtcatioD that it haa taken, aDd when 
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growth commences in the spring, the bead of the stock 
should be cut, all to within four inches of the UUiOD, 

this part heing left, to tie t bE' gTl)wth to the fi r st. season 
h'!)1 it .. bould be blown (III. Fig. ]81 
reprt.'!'.t'lItR a buJdcd pear. in which the 
stock 1M useJ ItS a st.LLke to suplJort. the 
YI)uug J..dant.. 

G [l,AFTI!\'G.-This operat.ion serves two 
pnrptl!'lps: 11 may hf' t"nlIJloycd in propa 
gaLion as a sub.slltute for budding. 
tbou~h it i!'l not. so good. and also [or 
Lhe puqJO!'lt' of changing the character of 
csLahlisuE'd Lrces, which is t.he Ulore 
nllun.blc purpose sery('d. 

Taking the Graft.- The gral t or scion 
is a piece of young grQ,wt.h. about four 
inches long. Hlld furnished wilh wood 
uuds. April is the best month (or graft· 
ill!!:. but il h an <'\lh'aIlItH~t' to ('lit the 
scions a month or two beforehand, and 
lay Lhem in the ground in a shady part 
of the garden. 

Whip or Tongue Grafting (fig. 182).
B:~~~;8~'~R' This I.llct hod may be employed in nIl 

cases where the 81,ock and scion are 
&bout the same thickness, and it. is highly important tb&t 
the inner layers of the bark of the two be brought into 
direct contact \vitb each other. To prepare the stock, 
make an upward sloping cut about two inches long. and 
midwa~' ill this make a downwa.rd cu.t in the slanting 
face. The scion is prepared in a. corresponding manner, 
the tongue fits into the incision in the slock. and the two 
a.re bound t.~g-etht'r ready for the wax or clay. 

Grafting large Trees.-In cutting back a big t ree for 
grafting the limbs should not. be se\'ered too close to the 
main stem, but at about the second pair of forks. and 
the tops of the branches should be made smooth with, a 
knife alter being cut th rough with a. saw. "'·ben gr afting 
an apple that is past the '\'igour of youth a. strong 
grov.·ing variety should be selected, and there is none 
b.tter for the purpose than Bra.mley' 8 seedling. 
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Crown Gr. IUng (fig. 183).- The advantages of tbi . 
U1'ct.hod . suita.ble fur big lll'C~. i~ t.hat there is on split
ting oi the limb:;, TWIl III f',ur L!raft}. mlly bf' PilL flU ('arb 
br&Dch, according to the ih it.' k.ness or t.he latter, and in 

1 
, r JJrf'paration for the 

!\('IOU u sharp down
ward slit i!i wade in 
lhE" bark about l..hrea 
inches long. The scion 

5 [ 2. 

Flo. 182.-WUIP GB.Al"TINO . 

(1 ) Stock showing upward cut. 
(2) Slock ready for tbe scion. 
(3) Scion pared d ow n, 

~~~ ~~t~: ~~::~i~~ ~nt~Uee~tD~k. 

~. 
ift~~ 
-;.;-~ 

':" J 

:~:~ 
FlO. 183. - CRow"N G U.I'TIMQ, 

0) Scion prepared. 
(2) Stock v.llh bark slit a.od 

(l1)ellf'd to receh' e tiCiODe. 
(31 Sc ion. fixed. lied, aDd eove~ 

with wa:s: or cb.y to eulude 
air. 

is prepared a.s in the case of the whip graft , but without 
the tongue cut, and, aft.e r raismg the bark on either 
.ide of the .lit in the stock. Lhe graft is slipped into ita 
position and tied round. 

Clelt Gralting.- There are some obiection. to thi. 
method. &s the stock must. necessarily be split or 
sa.wn, and there is da.nger of the wet gett.itJg in 
and ca.using decay ; but. on the other hand, it 
has its advantages, particularJy in windy situationa. 
• • the gn.fte .. re not .0 liable to blowout. 
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Either t.wo or four grafts mny be p ut on a. limb, 
8.c('ording to th e thir.k.ness of the taiter. and in prepara
tion the brantb is split across to a. d('pth of a.bout two 
inches by means of a ma.llet and chisel. After making 
the cleft, a sma.ll wedge of woocl should be Inserted to 
keep it open, nnd afti' r paring down th e bark on either 
aide of the cleft to get a smooth surfa.ce, the graft s 
should be pared down in the shape o f a triangula.r wedge 
and !)iipped into the cleft, taking care that the inner 
barks or s tock and scion are brought into immediate 
contact with each oth er. When the wedge is withdrawn 
the wood will CO IDe together, and hold the grafts securely 
in posi t ion. 

Graflin& Clay.- In all the above method, of grafting 
it is very essential to exclude air from the points of 
union. a.nd to effect this purpose- SOIDt.. persons pr~fer 
th e primiti ve clay ba.ll, whicb is made by kneading d&Il1p 
pEabJe clay and. cow-dung t ogether into a past.e, and 
mixing wit.h it some short hay. I( the hands are 
wetted and the clay is plastered round the gra.ft in the 
form of a cone, it will stick as long as it is required. 

Graft.ing Wax.- This is a.dvised in preference to clay, 
as it is equally e(:f-ecti"e and more easi ly applied. Th. 
following is a. good recipe for So gTarling 'Wax, to be used 
WIJIIl :-

1 pint olive oil. 
1 lb. Burgundy pitch. 

I lb. yellow W&x. 

2 oz. resin. 

The ingredients should be put together in &D old 
saucepa.n. me lted down slowly, and applied with So brush, 
in a. wa.rm state. but not 80 hot as to injure the tissue 
of the bark with which it is brought into contact. 

CUTTIl'CB . ....:._Gooseberries Rre readily propagated from 
cuttings taken in the au turon as 800n as the leaves have 
f .. llen (fig. 184). Young well·ripened .hoots, 12 to 15 
inch.. long, should be selected for the purpose, 
&nd they ahould be .evered just below & bud. 
The end of tbe shoot should be cut back & little, 
a.nd all the buds down the stem removed except 
lour ot five at the top. The .hoot. from th ••• 
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a re int ended to forto t.b~ first. bra nches of the 
young Luah. and tbe rematnder are reUlu\'eu in order to 

gtlt. tb~ hush with a cleau IStelll n.u(t\' e tbe ground. 
Cutt.ings may be inserted (our iliches d~ep &no a.bout 
the 8ame difitance apart. H is imporlnnt to tntl k.e them 
fi nn in t he ground by trending. Th .. cllttlngs strike root 
in the spring, and vigorous young bughes may be tr&l)'· 
planted the following auturUD. The remainder should 
have their &hoots shortened back, a.nd be le ft. a.nother 
yell.r before they &re removed (rom t.he nursery. 

FIG. 184.-PaOr,104TI NO Goo8Xn: ... ae. 
(1) Cutting ... ith lower bllilil rerno"ed, ano in&ert ed " illlJ. deep. 
(.2) leu old pl &ot; a, Poiut r.o wbich shoots Are cut back. 
(S) Two-ycr.r old bUlh, showing the fMU1L o[ pruning. 

:ltld and Whit. Currants (fig. IB5).-Cutting. of tb ••• 
fruiu are prepared in the Ia.me way &15 gooseberr ies , but 
owing to the upright nature of the growt.h it il not necea· 
lary to ha.ve such long stems a.boye t.he ground, Lnd abort 
I tu rdy shoots, a.bout nine inches long, are suit .. ble for 
the purpose. 

Black Currants (fig. 186).-Young shoots, oigbt or nine 
inch •• long, are suitable for cuttings, a Dd the tip. should 
be removed, but not the lower bud. , .s it is desirable. in 
black curr&Dts to encoura.ge young growtbs to Bprmg 
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FlO. lB5.-PHOP.lOATIXG lilD "ND n-B-Il'E CUB.B.~TB. 

II) Cutting witb 10\\ er bud:i reruo\'ed and inserted 4 ina. deep. 
(2) Yea.r old plan,,; a, Point to whic.h 8boots s.re cut. hack. 
(3) Two-yell.%' old bU6h, showing results of pruning. 

Fro. 186.-PaOPAO.ATING Bu cK CUB.K.J...NT. 

!1) Bla.ek curnnt cutting with none of the lower bud. removed. 
\2) YeJ.!' old plant; B , Point to which shoot. are cut bt.Ck. 
(3) TwO-y&&r old buah, furniahed with young wood. 
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up Crom the base. To fa.cijjtl1te tbis, t.he young 6boote 
on yea.r·old hushes should be cut. oack to t\\ (I Duds, a.s 
t.hls wIll encourage Luem t.O seud up sLroug gl'u" t.bs tLe 
seaSOll [ollowing. 

SOCKERs.-Raspberries: 1\0 fnllL IS wore eastiy pro
paga.ted by suckers tban the Ta l>JJLe rry, u.nd tLt! opera
tIOn consists of taking up yuung aud wcdJUJJJ sJzeu cane. 
in t he autUll)IJ wiLh iJllruus r OOLS a.Ltached. and planllD8 
them where they are lllLemleu \,u gro\,.', 

Logan Bernes.-These 1I.re t"e<1lhly J,lrovaga.t..ed by 
divlSIOUS o( the root in the wlllt~r. or Ii yuuug g row thB 
aTe pegged dowil 111 ibe grouml Lhty qUJckly Lake r oot, 
and may then be deta.ched froUl the parent. a..ud tra.ne· 
plant.ed. 

Itc';NElls. - Strawberries: If :;tri1V1 I,crric!; an' itLwnded 
to fruit. "he fir~t \'I.!n.r \,il!' runIl~r!\ wust be rootC'd in 
pots, as already d. e~scrib('d (p. :.r:'a), hut. rUllll(>1'5 t.hat hlt,l'e 
root.ed in thE' soil wiJI frUit I he fin,!. year jf wkcn up 
and transplanted in the autuiUu or spring. 

CHAPTER XV III. 

FUNGUS PES'l'S 

FUSGI belongs to the TJU.LLOI'fiVTA. the lowest division 
of tbe vegetable kingdom, in which the plant-body i, 
not subdl\·irl.ed into root, stem. and leaf. One of the 
most fam zliar fo r ms is the mushroom (.1yaru;uJ campu~ 
tT"S) , which g rows naturally upon decaying organic 
matter in pa.stures. Ex a.mine one, Md note the stipes 
I)r sta.lk, the pileus or: cap, and. on the under 
lurfa.ce of the latter, the lameU., or gills, from which 
a.rise the spores tha.t produce fresh mush rooms. It is. 
in fact. & r eproductive structure. and arises from a. deli· 
cate fibrou8 ma.ss, the I spa.wn,' that lives underground. 
Both this and the mushroom8 it produces a.re made up 
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of delicate branching threa.ds Or hyph:eJ closely com· 
pa.cted togeLber , and collectively knowu as a mycelium. 

Yeast (.''tlJct}ulromyreJ Ctrl'l·i3UI'), or bArrn, cOll. i&l.a of 
innumernLle minute yeast plants (&g. lSi)} which are 
ljkewise fungi. They CODsume oxygen and 6et free 
c&rboo dioxide, t.he conversi oD of solutions of suga.r into 
&)cohoJ , as in the- brewer's \'a..t. i)eing a.n a.rcompammenL 
of the proce88. 

~
Another familiar type of fungus is afforded by the 

bI br greenish-\\ hlle mouldl, such as grow upon 
() ,~. damp boot 5, or upoo j&m. or 
y- n upon bor~e ·du(lg in warm 

/~ wefl-ther. or in the !!ubatlmce 
~ of a ripening chee.se. Ex-

r--.... .,, ' arnined wah e\"l~n &0 ordinary 
\~y -, magnifying rIllS!, the surface 
""- '-_ .--...I 'J of 5uch a mould enn OrLeD 

~ .... ,...,.. .....-_T(I be seen to be covered with 
~ A . ., '-to II. fine dust. which mLy be 
el} V rubbed off with tbe finger, 
--r x .. _... This dust is made up of ex~ 

ceedingly minute spores, "'hicb 
ca.n only be studied by means 
of the microscope. 

FlO. IB7.-Tul: YJ:AST 

FUNGUS. 
SacCh4ro'ttlvc.., Oe-rtl:i,ia. 
~. two bud eoJonietIJ of 

yust.. 
B, C, Q,scmpor&s Istt p. 394) 

oonts,inins d&ugbLer celli! 
D, free spores. 

rnder suita.ble conditions 
of warmth and moi!t.u re , the 
fungu! spore, <>;shicb is filled 
with living substance or proto
pla.sm, will germinate. In the 
act of germina.tion there gro ... ·s 
from the spore a. delica.te 
threa.d-like hypha, and. when a 
nuro ber of spores genninate 
beside ~a.ch oLher, the by-phl.e, 

by interlacing, form a f"ltrlike mycelium. This la.st
na.med structure may, however. be the product of a 
single spore. . 

The germjnatioD of 3 fungus spore, it will be Doticed, 
is a. much simpler process than that of a. sef'!d. Every 
seed conta.ins a dormant embryo. whi:!b is a. sexual pro
duct, &Dd ",hen the seed goermin .. tes, it is the embTY" 
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tha.t grows. The germjnation of a. spore. on the other 
hand, is very sinlliar to that. of a pollen gralD Ul, 164)~ 
which is, in faett, a kind of spore. It, it; useful. then~
(ore, to obseryc a. clear distinction between the spore 
of & fungus and the seed of a flowering plant-. 

Short upright branches grow ou twa.rd or upward rrorn 
the mycelium of the would. lLud. a.t the £r("6 ends of 
these, fresh spores a.re produced, ::111 of which ate capa.ble 
of growing, a.Dd thereby of spreading the (uugus. 

Fungi differ from ordina.ry green platlts Ul Moher 
contain no chlorophyll. They arc, thorefor ... 
(p. 14:l) to builJ UJ! slu.rch fro til !In· elrlll{,lIls til u~r"' 
into the composition of carbon dioxide and wat.er. A •• • · 
consequence they have to obta.in food by sLcahng it from 
other plants, and e,'en from animals, n.nd hence many 
of tbem lead ~ life of parasitism. All oftrlSeeu eJ\"lLlIlpJe 
is a.fforded in t.he canker of the apple tree, produced by 
It. fungus, .l\·ec.tna (liti.uima., the spores of which lodge> 
upon any abra.ded or fractured surface of the tree. A 
struggle then ensues between t..he tree a.nd t.he fungus . 
The tree endeavours to cover up the wound by 
la.teral growths of the ruptured bark i the fungus. by 
using up the protoplasm of the tree-cells in its growth. 
kee{Js the wound open, and even extends it. Canker. 
In the younger parts of an a.pple tree, proves fa.tal to 
t hem in the first season. This fungus also u.ttatks. 
amongst other trees, the ash. elm, beech, a.nd oak. 

Certain fungi. like the mushroom a.nd Bome of thE: 
moulds, live on dead or decaying organic matter, IlDd 
&re distinguished as saprophytes <Gr. sapr03 rott.en: 
phuton, a pla.nt). Others. like the canker just referred 
to, get their food from living pla.nts, and in some eases 
tram living animals, and jt is these which a re specially 
distinguished a.s parasites. 

To the pa.ra.sitic fungi some of the worst diseases of 
crops a·re due. Gooseberry mildew! the bla,ck sca.b of 
potatoes, the m sty blotches upon the straw of cereal 
crops, the da.rk powder that usurps the place of the 
grain in. an ear of baTley, the whitish coveriDg that 
appe8J'8 upon the lea.ves of cabba.ge a.nd clover plants • 
..,d the blight th .. t converts .. crop of potato •• into .... 

<> 
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evil-smelling m&s! of putridity, are 80me of the f&mill.&r 
effects of the work of parasitic fungi . The Cew fungal 
dis8a.aes of crops it is possible to notice here must be 
taken 8.S types of many others. 

RuaT8. - Black Rust (l'uccinio gT'amini,).-Upon the 
l.,eaves &lld ~tems of wheat and other cereals. and allo 

FIG. 188.-RuST .um MILD.W, Ptucinia graminu. Per!! 
... , part or stem of o~t pIAot., at.tacked by Puccinia, gramini., Pe", 

~: fo:~ci~::r~o~~~?: ~~~~i~~~~r~::m~' ~~:a~~: ~~e rl!~~f:~e:. 0' 
the oat plant, and bursting the cut.icie at D. beneath wbich 
are aeen the t.eleutoaporee . 

• , . 1 sporel of [Tr~do l'Maru, Pen. , which lometimea lurround 
the LeleulOl!lporee of Pu.cc:1.n1a "-amin1,,. 

'J', atoma on the ruptured epiderm16. 
'0, telsDt.4:l@pore germinal,ing and producing ~poTidia at H. Theee 

,porid). Oil germinating give rise to .iEeidium berberidu, Perl. 

"pon meadow &Dd pasture grasses, brownia1- or bl&ekiab 
blotches (fig. 188). arranged more 01 IMa in linea, may 
frequ8Iltly be seen. Look for them in the growing 
orope, ~Dd in tbe straw drawn from wheat and oa.t 
stacl<s. 
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In June and July clol!e observa.tion of wheat plante 
will otten re vea.l the avvearanC6 of orange-yellow linea 
&nd spots upon the l~avel!l. Thty rapidly lOcresse in size 
and Humbers, and, when the leaf is shakeJl, a. coloured 
powder is Bet. fre&. Cuder t.he mjcro~cope the powder 
i. 8een to con.jet of minute fungal ceUI-in a. word, of 
_porea, They are called uredospore. (La!. "to, to bum), 
in allusion to the rusty a.ppea.rance they impart to the 
leaves a.nd stems which are a.ttacked. Their 8ize is 
such that "bout " thoua&Dd of tbem, placed .ide b,. 
side, would mea.sUTe OD8 inch . 

As the Bummer adva.nces, the lines Md blotches 
change colour. gradually becoming a.1wost black. When 
rubbed, the leaves r.o longer yield t.he bright ora.nge
coloured spores, but different ones of a. much darker 
colour. Exam\ped under the microscope, each or these 
spores is Eeen to consi st of tW(l thj('k-walled cells borne 
upon a single sta·lk. Because the~' appear latt'r than 
the uredospores, these darker spores 80re ca.lled 
teleutospores (Gr. tel<utai",. last). Both the uredospore. 
a.nd the teieutospores a.re produced by a. mycelium which 
grows beneath the epidermis of the leaf and robs the 
plant of its nutriment, thus a.ffecting the quantity &lid 
quality of the grain developed. 

The minute uredospores are easily carrilld by the 
v;rind to a.djacent whea.t plants. Resting upon the moll.t. 
surface of the leaf of 8uch a pla.nt., the uredospore g&r
mmates, and its hypba grows lengthwise till its free 
end finds its way through ODe ot the numerous stomata 
(p, 158) in"" the inner tissu". 01 tbe leaf. There, feeding 
upon the 8ubstance of the green celle, it forms & myce
lium, the growtb of which at length rupture. the 
epidermis (p. 386), and, in the brief spa.e~ of two or three 
weeks, & new crop of uredospores is produced. Hence it 
&ppe~rs tha.t uredospores are capable at giving riee. 
first to a. mycelium, and then to neW uredospore8. 

The teleutospores behave differently, They uauilly 
remain uncbanged for mootl_la, during which time they 
are lodged ill decaying corn-stubble and ill st&cks: Eatly 
ill the spring they germinate, o.nd their hyph .. speedily 
produce minute egg-like structure ... hich "'" called 

011 
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sporidia. Cnlike the uredospores1 neithf'r the teleuto
spo rE' S nor thC'ir sporidia appea.r to be capabl e of affect
mg the wheat-plant. Md all attempt s to Ilf(ld uce rust 
by sowing t.Le teJeutospo res uJ.1un the growing whea.t
p lan t ha\'e fail ed. 

If. however, the teleut.ospores should get ca rried in 
thE" spring, by the wind or any other agen c~'. t.o t.he 
leaH's of the harherry. which is n naljn~ British sh rub, 
they ge rminate and produce sporid ia. The laller send 
delicale t ubes iuto the tIssues of thl> ba.rLerr_v leaf, a 
mycelium de \"£:,lops, th e- leaf at the spot becomes swollen , 
and one of the forms of r clllster~cup fungus ' (aD 
_-J.nd iunt) ap pea rs upon t.he unde r surface of tia' leaf. and 
produces numerous yellowish spores called recidiospores. 
It has been sati~facLo r ily pron'd that, when th~ ft'cidio
l'pores o f the bllrberry are sown upon the l~a. \-es of wh eat 
and other granlineol1s plants. these sporrs germinate, 
infect the plant. and gi\'e ri se to ured osporf's. followed 
.I.\" teleulospores. I t is seen. therefore. that thf" ft'cid io
~pores are produced in the spring. the uredosporea 
lil the summer. and t he LeJeu tospor~ s in the carly 
on uLumn. 

'\11e re the lI!cidin.l ' bost-plant ' is absent. it is pOssible 
lor the t.eleutospore stage to be suppressed , wben com
pensation is made 10 the profu se production o[ the 
orange-colou red uredospores. Thi s a.ppears to be the 
case in A ustralia, of which country the barberry is Dot 
a nat ive. 

The facts just related were only obtained after many 
years of inn~stigation. The three forms of fungus ha.d 
pre\-iously been independentl~- described. under tht 
respective names of C redo, Puccini a (arter Puccinj , a 
Florentine botanist), and lEcidium, and the wonderful 
relationship between them was not even suspected. It 
is ob\'ious tha.t the teleutospores of the Puccinia repre
sent a resting-stage, bY' means of which the fungos i. 
c a..rried through the winter . 

This organism a.ffords an instructive example of & 

l1a.rasite which not only requires two di.fferent bast
plants in order to complete it s life-history I but which 
.,.uOIes ",-totally distinct form upon each host. To thio 
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"benomenoa th e HRUlE: of Hetermcism IS gi ven (G r. 
I,ttfTOl , difftlTent; oikol, a bouse). I t is also called 
hle~cifim. 

It "ppea.rs, then, that th. agent Wh lOh blotches, and 
blurs, and blackens COTn crops consi8t& of myriads of 
microscopic sra res. To suppo rt t.ht' rapid vegetat i \~e 
growth Wh{, Tt"by the fun gus develops these spores much 

. uutr iment. is required. and it. is all Lnk f." n r rom the host 
plant. Hence the pb.nl is una.ble to devote iis full nutri · 
tive f'ne rgy to the ripening o f t.h e gra.in , and so it 
happens that in badly in fected corn crops 1,he sample of 
g rain is th in, shrjvelJed. and of inferjor ma.rkf"t.value. In 
se\"t~re <'asps thr st raw may be so mu('h d iscoloured as to 
be worthless; such st raw ~houl d be burnt, and tb~ ashes 
returned to the soil. 

Corn crops ~ro "'Tl on damp. Jow.lying Jands surrer 
most from rust. a.nd those of elevated lands com e next 
in this respect. The mists in the lowlands a.nd t.he 
clouds on the hill-tops are believed to be favourahle to 
the development of t he spores. T be pest is also abundant 
on enclosed spaces surro unded b.\' bushes and trees, ~ bich 
imperle the current i'i of air; O}Jen wlnd-swept cornflelds 
&rt! less liable to a ttack . 'V et, warm wea.ther appears 
to greatly ra\'our the fungus, and somE'times in England 
a fie ld of grain which has been nlmost free froOi inj!H~' 
up to the beginning of the han'est month will , in the 
presenc~ of much ra.in, suddenly begin to develop the 
6pores with remark&ble rapidity. 1n England a dry 
Bummer is usual1y rnarked by but little mildew. 'When 
cereal crops are free from mildew the straw is said to be 
I clean.' 

It is a. ma.tter of observation that rust is more like-ly 
to occur after beavy dressings of farmya.rd manure and 
nitrate of soda than after mineral manures alone. Whitt
wheats are more susceptible than are the more robust 
red '·arieties. The fungus is proba.bly Jargely ma.in ta.ined 
by infected straw being used as litter, a.nd afterwards 
spread out on the fields as manure ; the uredospores find 
a congenial environment aD the first young leaves of 
a. corn crop, a.nd the work of reproduction at ooce begioR. 
Black rust also atta.cks barley, oats, and certain ,.-Utl 
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grasses, but uredospores from ana k ind of plant are 
probably Dol able to infect other kind. of plant. 

Yellow Rust (J'1Iccinia ghullarum). - This is the' !)pring 
rust ' that attacks wbeat, barley, and rye, and may be 
distinguished from the p receding species nut. only b.'f its 
earlier appeara.nc~, but by the paler colour of the strea.ks 
caused by the uredo stage. Its life,history is similar, 
except that no ICcidiulD stage ba.s 80 far been di8co~eTedJ 
LIld the teleutospoTEI stage is unnecessary; for the uredo
spores can remain dormant through the winter, a.fter 
Q,.bich they a.r~ 8,[,le to i.nfect the spring crop. Professor 
SiffeD considers this species to be the commonest and 
most destructj \' e TURt. 

Rusts are responsible for very serious losses among 
cereals in vaJ'ious localities For example. in PrusRia 
alone during 1891 the 10B8 was estimated' at £20,000.000. 
in round numbers. The b rf' euing of ,"arieties of Ct'rea18 
immune to rust is DOW found possible, a.nd may in the 
eDd lead to tbe stamping out of this deadly !cino! of 
infesla.tion. 

SlrUT .ASD B(,"~'"T.-A walk lhrough a field of oats in 
June or July may often bring to view one or more ears 
~\"hicb a.re co,ered with a dark powder. Ga.ther such 
an ear, and shake the powde r [rom :t upon a piece of 
white paper. 1t will be found that the Bora I organs and 
their chaffy eo-relopes a re quite destroyed, 80 that. no 
grain ca.n be formed. The powder i8 seen to pOSSl"S8 a 
da.rk chocolate colour. It is made up of innumera.ble 
spore. of the fungus (fig. 189) caUed oat smut, or Cstilago 
allen<!' (Lat. \LItw, burnt). The presence of much lUD.ut 
in a. fi eld or corn must lead to 8. con8id~rabl1" fnlling-QB' 
in the yield. 

S o small &fe the spores that 0. row of a.bout 4,000 
of them would not measure more than an inch, coose· 
quently they li~ unseen in the irregularities upon the 
8UUac8 of an oat gra.i.n, and it is by the introduction of 
sporea through the medium of grain used fllT seed th&t 
a· crop of oats becomes infected. 

Wheat smut (fl. tritici, JeDs.) and barley smut 
(CT. mid,., J ellS., and U. tecta. Jens.) d o not. if recen.t 
researches are conftrmed, cause infection through I he 
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&geney of the gra.ins. but attack the dellca.te floweu of 
fresh vJcLim8. 

in the ground the spores germina.te a t about the 
sa.me time as the oa.t grain on whicb the.y fe8t. ' Vbilat 
the germinaLing erubryo 
of t..he grain is extrcllleJy 
.oft and Lender, a deli
cate tube emit.t.ed by tile 
Ipore penel raLes the 
young cells of tbe for
mer. Once est ablished 
wit.bin its hosi-pln.ut, th e 
fungus develops it! my
celium, wbich grows a.s 
the host grows.. making 
its way from cell to cell 
witbout. bet.raying any 
outward sign or its pTes
ence. The para.site may 
t.hus thrive for month, 
within &n appa.rently 
he&Jthy plant. At length 
a time comes when tllf' 
long waiting of tbe fun 
gUB i8, &1 it were, 
rewarded. This is pre
cisely at the period wbeD 
the O&t pla.nt is pre.
pared to concen tT&te ita 
energies upon the matur
lotion of the grain. Then 
it i4 that the parasite 
assume. new vigour, 
develops & dense net-
work of hyph... within 
the young grain, and 
m&kea U,S8 of the nutrient 
iui .. s of the host-plant 
for th.e production of 
countleu Bpore •. Uaually 
all the e&u upon one 

FlO. J89.-S1fUT OF O ... TI , 
U .'ila.go cwena I JeDA. 

... . panicle of DatA atucked h'om 
below Dp"arda. 

B, ::~:!~;' .~~: D~:r~:~r.- iA 
0, tree eporea. 
1), .po~ germinating IllId pro 

dutiog ),ealt.-like bod ... 
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pia.nt, and all the grains in the same ear, aTC dek l.royed 
The spores crowd thickly upon t.he ear. and a.s they 
become detached they set.tle upon the ripening gram 
of healthy plants, and there they may perhaps remain 
until such grain is used for seed purposes, when the 
series of changos that ha\'c been described are liable to 
be repeated. Smutted ears aTe not. seen at harvest limp. 
for long before then all spores will ha\"e been blown 
&way! and only the ba.re rachis , or floral aXls , .. nil 
rernalD. 

The effect of sulpha.t.e of copper, or other a.ntiseptl c 
agents sometimes used. is not to destroy t.he fipores of 
the fungus, which, indeed, liyc through the application: 
but when the spores g(> rm inate the delicate young bYJ.1hre 
find tbcmseh"es in a medium which i!. fata.l to them, 
a.nd the disease is thus checked. By persistent' pickling. ' 
season a.fter season, it is possible to reduce very mate· 
rially the loss of yield wh ich would otherwise result 
through the activity of th6 SUlut fungus. 

Suitable pickling solutions are ( I) : 1 lb. of copper sul
phate to 1 goJloD of water for 4 bushel. of grain; (2) 
l pill ~ of 40 per cent. formalin to 36 gallons of water 
for 40 to 50 bu.hels. 

The former liquid is pou red over the seed grain 
heaped upon the barn-fioor, and the gra.in is turned 
several times with a shovel. This is dOlle the day before 
BOWing, and ae the water evaporates a. thin coati ng of 
the sulphr.te is deposited upon the grain. \\-ben formalin 
is used the grain is put in a. bag and steeped for ten 
minutes in the solution. It ma.y be added that by im
mersing seed oats for five minutes in wa.ter a.t a tem 
perature of 1270 F. to 133° F. the vitality of the seed ill 

not impaired. but smut is prevented 
Pick.]jng wheat and barley, in order to check 

the ravagea of their particular smutB, is useles8 .. if 
the researches already mentioned (pp. 390-1) receive 
confirmation. 

Closely allied to the smut fungus i. the parasitic 
orga.msm TiUdi.a Oariu, which produces bunt in corn. In 
thi. c&se, however, t he grain is converted into a dark 
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grea.sy mass with a foul fisb -like odour. As the mj ured 
grains are harvested with the Test or tbe crop, then'! 
results a buoted sample of corn, the flOUT Irom ..... hjrb 
can only be used for inferior purposes. Smut is easily 
seen in the field, but the detection of bunt. de.m8J)da a 
more expf'Tieu('ed eye. The offensive grea.sy ma.terial 
inside tbt' affected grains consists of the sporps of tlJp 
fu ngus, and as t.beSf' e!>C'ape in the subsequent treatment 
of the gtaln, a. few bunted SIJ("cimens may iofect a large 
number of gra.ins. The general liCe-history of bunt 
is very simiJar to thal of oat sruut. In tbis cage also, 
therefore, it is desirable to dress the seed gra.in before 
sowing. 

In this country bunt appears to confine its n.ttack!'i 
to wheat and barley. whilst in other la.nds mZl1ze also 
Buffers. Smut is of more genera.l occurrence, and atta.ckfl 
not only wheai- , barley , oats, and rye, but \'ariou!lo 
grasses, especially tall oat g rass. Smutted ears should 
be gathered a.nd burnL 

ERGOT «( 'la ricep& purpuTta).-From early in July 
onwards examine the grasses that. grow in or a.longsidE' 
the watercourses. It is proua.hle tb at some will be found 
to have dark-purplish spur·like structures (fig. J9O) upon 
the pa.nicles. These a.re specimens of ergot, this [lame 
being the French word for cock-spur. 

\Vhen e rgot ba-a been once seen it is a.lwaY8 easy to 
re~ognize it a.gain, aDd it may be looked for in mea.dows 
a.od pastures. and also in cornfif>lds. T he ergot of ry e 
is one or the best known forrns, but the structure occurJl. 
&Iso upon other cereals, and upon most of the cultiva.ted 
&Dd maoy or the weed g rasses. It is occasionally found 
growing upon other than gramineous plants-upon 
sedges, for example. 

The da.rk spur-like outgrowth is known as thE' 
Bcleroti llll1 stage (O r . • kkros, hard) in the life-history of 
this fungus. It is really a resting stage, for it is the 
form in which the organism is carried over the winter 
As the sclerotia. r ipen t hey fall to the ground during the 
&utumn, a.nd remain unaltered till the early sum.mer. 
Then, under the influence of moisture and higber t ern 
perat.ure, certain changes-which need not be described 
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beret but some o f which a.re indicated in fig . 190--t&k.e 
place. resulting fin 
aUy in tbe produc
tion of a very large 

\

' number of exceed
ingly delicate slJores, 

I which, being l(\ng 
I -I and narrow! are des-

T /' I I scribed as needle 

j 
shaped or thre&d-

, 
n ,': I" like. Theyare formed 
J in numbera of deli -

.. ,j'l ca.tc tubes (cuci ). each 

-;- I) I" 'i prod :lcing ai .Ii: to 
eight spore., which 

I ( are termed a5C05pOrCJ 

\

1:'1,:111 (Gr. '<uko" a ba.g, a 
flask). 

III This happens at 

l 
about midsurnmer-
just at the t ime. th at 

\ 

is. when most of the 
~ 10 0 grasses are in fl ower. 

The light delicate 

ij~~n l ascospores are easily 
Il , wafted on the breezeJ 

. ,}
• .', ,1/111,' # ';1 l ,_,. or transported by 
.. ~ ~ rain or insects. Some 

of them fall upon tb. 
x· 5::1 flowers o( cereals and 

OICS!:G~p,l~::p~~:TTu1. grasse8. and there 
.... rye graM ergoted. they at once begin 
. , free er~ot., or aclerotlB, natural .ae to germinat.e, and &11 
0, .olerotium gernun.ting. the result the lower 
D. one of the heads! magnifie.dJ from 0, parh of the flower 
:::~~!u.m't:~~~=la rmbed erl near become invaded by a 

I , a single peritb~cium showing ita mycelium. In the 
mouth a.nd encloeed: ... ai. course of ten days 'br 

r , a .ingle MOue from the penthecium, & fortnight the my-
*ri!li:, ::m~ear MOOSpi)re. , or c~ljum 8enda out ~e-

0, .. single •• coepore or .poridium. hca.te hyprue, which 
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fonn & network upon t.he pist.il, anti from which 
thour:.ands of minut.e conidia (Gr. I:.tUli!, dust) are sct.frot". 
At the sa.me time dlere is aecreted a thick sweetisb 
liquid, in wbjcb the cDuidio!lpor e.e are hMh~d. TLis i!J 
known as the I honey-tiel'" sLuge ,,( Lbo d I l:Iea8~. 
Inspcts carry tbe slicky fluid from OfJe grass Bower to 
&ooLI)('r. and the conidia 8.ro t.hus ea.sily spread. On 
8. fresh 60\\ er tLJe rondia gf'TTninate, CtiU!:SO Lhe "cere 
tiOD of more honey-dew, nnd 0. Dew crav of sporeB i! 
produced. 

LltiruaLely the forma.tion of honey-de\',' ceases, a.nd 
& uCD5e Lard network begins to appear. the remnants 
of the destroyed ovary being still disccrnjLJe a.t the 
free end. This ne,twork grow8 into the sclerotium; it i9 
Ia.rger than the grairJ of the pJa.nt l\-'hich it inteBt8. a Dd 
It is mat.ura at .. 8"uoul the time the surrounding com is 
ready for harvestmg, 

The'ia..oney-dew and tha sclerotium were formerly 
thought. to be distinct kinds of fungu s, and received 
sepa.rate ua.mes, in tbe same way as did the different 
stages of rust. 

Ergut is regarded a8 a dangerous pest, because it. is 
beli('ved to be capable, under certain circumstances, of 
causing cows to sllp thejr calves-that is. to gjve binh 
to t.hem prematurely-much loss thereby arising. EW6I 

and other anim&JI! a.re similarly s.ffect,ed by it-. 
Ergotad grasses should be collected aDd burnt, in 

order LO destroy t.he sclerotia.. Grass seeds ought always 
to be exa.mined for ergot, a.nd, if any should he present, 
the sample ought DOt. on &ny account to be SOWD. 

AlIEIUC.S G OO8EB£1tBY MILDEW (SphaeTother.a. mOTI·,n!ae , 

Berk. et Curt, fig, 191), which iA now 8. notifiable disease, 
first appeared in Europe (IreJand) in JOOO, Md haB sinc • 
• pread with alarming rapidity. Wlien the leaf-bud. 
open in spring it ma.y be Been upon them &8 a. whitisb 
j mildew,' which later on assumes a. powdery e.ppea.r~ 
&Dce owing to the formation o[ innumerable conidia, 
and gradually spreads to the young wood and truit. A. 
winter approaches it becomes darker in colour, and is 
then found on the ends of lbe shoots, which look dark 
&nd shrivelled. When exa.min,ed with & leos numerou. 
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blackish spots (the 'winter fruit ') can be seen. These 
aTe hard capsules, in whIch are produced the spores by 
which the fungus will be spread in the following season. 

FIG. 191. - AlI:B.R1CA.N GOOSEBERRY 
MILDEW • 

.l, gooeebe.rry twig, t.he upper pm at
tacked a.nd ·disLOrted by the fungul. 

a, part of II&m~, enlarged, showing t.he 

Though spraying 
with Bordeaux 
mixture and 
some other pre~ 
para.tionsis rouDd 
usdul for com
bating the spring 
st.age. the well
protected winter 
condition ia not 
amenable to 
treatment, and 
L);.e wholesale 
destruction of 
infected bushes 
is found to be 
necessary. 

POTATO DIS-

EASE.-The char
s.cteristics of the 
potato disease 
aTe well known 
in most pa rts of 
the count.ry. Al
though the total 
afea under cer
tain olher cropt! 
is greater. the 
pOlato is pro
babl v the most 
gene"rally culti
\Tated of all crOIIS. fungue. 

c, globula.r borly 
mycelioID.. 

(pcrichecivm) with the for italwaysfinds 

~: ~:Cni~cr:~3; ;j;:f>:g8~;:!~ore!. 
a place in kit 
chen gardens a.nd 
in allotmf"nta. 

The blackening a.nd shriveUing of the baulm proclaims 
to the e$'e, and a very distinctive odour to the nose, that 
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the potat.o disease fungus is busily at work, and when t.ile 
crop is lifLed the tubers may afford evidence of a.ll stage" 
of decay, from • 
• light a ttack tv 
thorough rott~D 
nell. I mmens. 
lums of money 
h& ve been los t . and 
great !luft'erjng has 
.. risen a t times, a s 
in the year lti45 in 
Ireland, through 
the partial Or tota l 
fa ilure o! the pota.to 
crop. The fun gus 
(fig. J9Il) a88ocj,ated 
with the disease 
i. called Phyto. 
plttMra inftltan' 
(G r .phuton, aplan t; 
phthora, dec ay . 
destruction). 

Examine th e 
under lSurfa.ce of 
tho leaf of & potato 
pla.nt in the early FlO. 192.-POTATO DISEUE PUNGU S, 

~t&ge of the dh~. PhytopltlJwra in/e8tan8, De Bary. 

e~ue. Notice the I. , p~~!o Qfl~:~ri~bO~'~DI;W:y~~r/u~ ~~ 
browniah spolS, pot.aLO fUllgus umif)' lng ILQwngst lb(· 
with It. delicat.e cellular t~8ue of the l""r. 
s j I k y mater ial 8, branchee of fungua emergtng t.hrougb 

round their mar- c, 8:~~~ :: 
gin. The spots arf' D, couidium germinating ... nd producing 
destroyed tissue mycelium. 
&nd the silky .t another conidium, it. content. djf· 
material consiiJt~ ferentiaticg into aoo.pores. 
of the byphre of P, :;,~!.um opelling, and emitting zoo· 

tbA infesting fun- 0 , free %OO! P OTM. 

gus. By the aid of 
a magnifying gla .. & whitish powder may b. leen 
amonglt the interlacing hyphte. Thi8 ia made up ol 
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myriads oC minute spores. The a.tmo8phere becomes 
laden with !ucb spore!, BOIne of which C&D..not {ail 
to get deposited upon the leaves of healthy potato 
plant •. 

Suppose a spore to fall thus upon the leaf of .. plant 
hitherto free from disease. Provid ed only the merest 
film of moisture be present, the spore bursts at ita 
narrower end, and there emerge from it &bout ten 
.maller spore. (called zoospore.) formed of the proto· 
plasm which occupied the interior of the parent spore. 
Each zoospore Rwims about &ctively by me&rul of two 
delicate wrup-Eke filaments or Bagella (La.t. flagellum, 
a whip). In le88 than aD hour it cornea to rest, loses 
its cilia, assumes a. spherical sbape, and presently 
develops a delicate hypha. which either borss througb 
an epiderrnaJ cell of the pota.t.o leaf or entece at one 
of the .tomata (fig. 192). In eieher ca •• th~ hypha reach •• 
the a.ctive green cells of the leaf, in and amongst which 
it develops a. mycelium, with the destructive effectos 
already d •• cribed. 

The 1.&1, it will be remembered, i. the organ (p. 1~8) 
in which sta..rcb i. manufactured, but the factory is com· 
pletely deranged by tho growth of the potato-di.ea&e 
fungus. This, however, is not all. The tuber is a. reser
yair in which the pla.nt store! up starch. Not content, 
al it were, with destroying the starch factory in the 
cells of the leaf, tbe byph .. of the fungus extend along 
the tissue. inside the stalks of the plant, a.nd at length 
r8&eh the great store of starch in the tuber. The mis
chief dODe in the tuber will vary with circumstances. 
The sta.rch may b. consumed. and the tuber me.y be 
converted into a rotten mass whilst still in the ground. 
On the other hand. very Little progress may be madt" 
with the de.truction of the tuber, within which it i. 
possible for the mycelium to hibernate. Hence an appa· 
rently 80und tuber may contain within itself the germs 
i)f disease, and, if such a tuber is uled for seed pur· 
po.es, tbe fungu. will develop, and th.e young plant wi'll 
become & Dew centre of infection. Tuben for seed 
abould, therefore, never be saved from a crop in whicb 
cIi ..... e )la& been detected. III general practice it i. 
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better to use lor seed tooae kinds which &ppe&r to luft'e .. 
least from the disease. 

The haulm, from,. disea.ed crop .hould be gathered 
together a.nd burnt. and rotten tubers should a180 be 
put in the fue, eo as to ensure the destructioD of all 
spores a.od bypba3. The refuse of t.he crop shou!d U'tlef" 

be thrown upon the ma.nure heap. 
Spraying ""itb ~ordea.ux mixture, WhlCh is 8. weak 

Bolution of sulpha.te of copper (blue~8tone) containing 
quicklime. bas proved a. very effective mode of treat
ment. The ordinary mixture CODsist8 of J2 lb. oC copper 
sulph .. te a.nd 8 lb. of fresh quicklime in 75 t.o 100 g .. llon& 
of wa.ter. From 100 to lM gallons per acre i8 generally 
employed. 

1.'be production of spores by the mycelium of 
Phytaphthora infe.stufl.J ill dependent upon temperature. 
Below 40° F. ft.nd above 780 F. DO spores are [armed. 
About 72° F. is the most fa.vouro.ble temperature. The 
climate of the British hIes is such that a. mean tem.pera.
ture of 78°, or bigher, ca.nnot be looked (or, otherwise 
potato disease would he les8 prevalent. But if the 
closely allied toma.to (p. 214), growo under glus, should 
be attacked, &8 it Gometimes is, the ma.intenance in the
glass-bouse of a. temperature not. below iSO should check 
tbe progress of the disea.se. 

Moisture is, a-a ba.s been Sta.ted above, 0.0 indilf
pansable condition to the spreading of the spores. Rain, 
therefore, helps them to travel .. long the leaf, Md to 
find th.ir way down the stem. It .. Iso w ... hes them into 
the .oil till they re .. ch the growing tubers, which. 
through their delicate skins ... re ... sily infected. Much 
disease origina.tes in the last-named manner. Potatoes 
grown in sandy Boils suffer les8, 48 a rule, trom the 
di8ease than those grown in he&\ry soils. The reaSOD is 
that sand is A more effective filter, and tbua wa.ylay. 
the sporos as they trickle dOWD in the rain-w .. ter. Tho 
heaving of the IIci} produced by the expansion of the 
tuber8 in their growth leads to the formation of crack. 
a.nd fi88urea in a clay soil, down which t.bb spores caD 
readily travel. A sandy .,,;1, on the other he.nd. i. COD

tinually &ccommodating itstlt to the pressure from the 
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tubers , and does not form cracks, whilst the trickling of 
v,'a.ter Fle rvt'S still further to pack the particles wget.her , 
and thereby to obstruct the pnssage of t.he spores. lD 
the sYI'tem of cultIvatIon known as "l!llt mOlllding, the 
crop 18 mouldt'd up a second time, as late before the 
appearance of disease as the growth of tbe haulws will 
perillJL. A depth of not ie!:.s than four inches of Boil 
is sutlicient to prevent the spores from reaching the 
tubers, and it. fills up the cayity at the top of the Boil 
caused by the oscillation of the sterns in the wind. If 
the moulding is brought to a pronounced ridge, the 
spore-la.den ra.in-water will flow down iow the hollowB, 
","here the spores can germinate wit-hout a.ffectIDg t he 
tubers. 

Great loss of potatoes is caused by after-sickness. 
Tubers that a re perfectly healthy whrn IifLed may yet 
cont.ract lJotaw disease in the han-est. field. \\"ben 
freshly dug. the potato has a. skin which is tender 
enough to be penetrated by the hypha! of the cOllidio
spores, and there is usually suffiCient moisture to permit 
tht" ~t.'rUlination of conidia, if pr~sent. The r i::,k 01 after -
6ickness is g rea.test amongst the sound tubers of a 
diseased crop. To pre\-ent it, the crop should not be 
dug till all the ha.ulm is dead. Should such delay be 
1II1pra.cticable. the haulms should be pulled up and 
removed from the g round before the potatoes are lifted; 
!!IO long a8 they remain in the ground the sound tubers 
&Tf> sa.fe from the d isease, but when they are brought 
Into the air , which is laden perhaps witb conidiospores, 
the tubers can ha.rdly escape infection. 

Though largely dependent 00 season. the pota.to 
,disease develops much more readily ill tubers g rov;n by 
t.he use of highly ni t rogenous manures, and containing 
• juice r ich i~ nitrogen, than in those grown under 
ordinary conditions. 

lrH ITE R ttsT . ......:..On sbepherd's-purse, one of the com· 
monest crucirerous weeds or wa.ste places, there ma.y 
ofwn be noticed a. whitish streak, such as would be left
by whitewash. Thjs is the f white ru ~.' and it is due 
to the presence of & fungus (fig. 193) called CyrtoJ11U "'",.. 
<lid",. In. lritchen ga.rdens, cabbages ILIld ca.uli1Iowera 
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Are frequently thus a.ffected, whilst. turnips and moat 
other cruciCerou8 plant.s are likewIse lia.ble to attnck Tb~ 
mycelium of this rungus invades all parMi of lhp bosl
pla.nt aboye ground, and. if a crop is att.acked in ite 
seedling stage, H, ma.y be swept. away altogt-lbcr. 

FIG. J93.-Wm'tF: RuST, r ·.'I"lopu~ canduliIJ, Le\', 
., fruiting stem of 611 P pherd'F pUfse, flwoUen and d~ 

tOTted by CydopUJJ candiduJJ. 
8, . fra.gment. of cabbage (ca{ with C'I,toplU cond,d"" 

gro\,qog in & eODc(!IItric manner. 
C, • sbort. chain of conidia of Cy'tc;pu~ candid,,,, lhe Lop 

ODe producing :z:ooe-porci . D. 

E, globular oogonium with ant.heridium attach$d (rfe :lual 
stage). 

r, oollpore or resting spore, producing ~008pO~ at o. 
fA. a.nd B natura.l ,in; tbe oibers x 400 diametcre .J 

The minute spores of Cy!toptU candidtu are rea.d.ily 
.carried by the wind 8lld other agencie6, and the, in[ec
tiOD may thus be rapidly spread. The fungus i. pre 
served through the winter by means of resting spores, 
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which lurk in decaying fragments of cruciferoul pla.nta,. 
or in tbe soil itaell. 

The obvious mea.ns of dealing with this pest are to
burn the refuse of wseased cruciferou8 crops, to give 
the laud two or three yaus' change from Buch crops, 
and to suppress cruciferous weeds. 

nA.JO>l.NG 0,,..-1,Vha.t ga.rdeners term the j damping 
off ' of seedlings is the work of a. fungue--of a Rpecies 
of Pytbium (Gr. putho, to rot, to decay). It is often seen 
in mUBt.ard a.nd cress. especially when these are BOWD 

too t.hickly, 60 that a free circula.tioll of Boir 18 prevented. 
The spores a.re in the Boil , a.nd, when they germina.te, 

tbeir bypb", bore 
into the seedling 
plants in the 
region between 
rdbt and le&v6s , 
and w eaken 
them to 8uch an 
extent tbat they 
top pIe over. 
Each young 
plant thus at· 
tacked becomes 
& centre of in· 
fection, from 
wbicb the dis· 

FlO. 194.-BuOJ[ SO.B. order spreads. 
Besides cruci-

ferQu! plants, others. such as white clover, I!Ipurrey . 
etc .. fall victims to this pest. 

Land upon whicb the 'damping off ' of seedlings b .. s 
recently occurred, should not be sown with similar aeede 
for & co.nsidetable period afterwards. 

B .... eI SC.&.B 0" W.oUI.T n'.U.E (Chrywphlytlu nodobio· 
tiro. fig. 194) is .. notifiable di."a.e which ha. e&u.ed 
serious dama.ge to potatoes during the la.at few years, 
8specia.lly when they are grown continul)usly. &8 ib 
gardena. Tbe di ..... e is lirst visible in the form of wart. 
or -ridges. situated ne&r the I eyee J of tbe tubers, which 
increas8# in &ite and fuse together, ultimatel, forming 
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black 8pongy outgrowth a of chara.cteriRtic appearance 
Exa.mination of t.h in sections under tbe microscope shows 
t.hat the (ungus cousists of isola.ted rounded ce1l8, wilbiu 
which spores are formed (fig. 195). Theft8 aTe of two 
kmds: (a) ::.oa'J)Qre.s (.set p. 398). which make lhelr CSCa}l(, 

and spread Lila disease during t.he croPPlJlg sea80D, and 
(b) resting &poru, which rewain dormant through tLe 
wint.er, or it. ma.y be for a. longer period (up to (our 
years). 

Diseased tubers sbouJd be burnt, and wust never 
be employed for seed. If the crop bas been grown in 

FlO. 195.- BuoE. SO" II 
Bpore--prodocing aelI., ma.gnifled. 

8. rotation it should be replaced by Bome otber crop 
when it ia next due, while in tbe case of continuous 
growing at lea.st ODe season Bhould elapse before pot,a.. 
toes aTe again planted, Md the soil disinfected with 
gal-lime or powdered sulphur. .. 

Ol.UB-llOOT in turnips, ca.bbag6~, ca.ujiflowers, ra.pe, 
and other cruciferoul crops (p. 179) is the name given 
to a malformation of the Toota. V;oen puUed, the main 
root i. found to be much dwarfed, whilst the side Toota 
are often swollen into spindle-shaped masse., preae'oting 
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0.0 appea.rance to which the name of finger-and-toe is 
appropriateJy applied. Lumps or nodules may also be 
seen upon the rOot.. A crop thus 3.ffect~d ultima.tely 
peri shes, owing t.o the decay of the root s. 

FlO. !tIu,-CLI: n noOT Fcsoo", Fla.&mooiophoro Braa.u;(e, Wor . 

' . radicle of young turnip aboormally .wollen fror- attack of the 
(ungus, 

II, 0, ground line. 
D, regioo of Lhe diseased root. from which the fragment E wae cut. . 
• , abnormll.lly enlarged cell of root, containing Plcumudiop1t.oro 

in i~ e!lrly stringy eonditioD. 
r . eimilaf cell to . , but with Pla.8'J1liXJiopAora in ita later or lipan 

.t"ge. 
Q, spores. 

B, 8:~lIl~::D~~i:\.;~flu!r.ru~bfp.~::~i~~~~t)~ooapore •. 
This disorder is &Ssocia.ted witb the presence of" a 

.limy fungus (fig. 196), knO'VIl &8 PkumodiopiuJTa Brauica. 
The spores of this organism. are exceedingly minute, 
o.nd they not only .. tta.ck a.nd destroy cruciferou& 
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crops, but they infest the soil to so grea.t. a.n extent tbnt 
It i5 un wise to grow sucn ('TOPS upon the sa.rue land again 
(or 8e\'e ra1 years. A "po rE' , existing in the soi l, finds its 
way into a. cruciferous pla.nt. th rough a. root- hair, and 
at Dute makes a. demand UlJon tbe protoplasm of the 
plant. The spores produce sljmy masses calJed plas
modia, a.nd these creep from cell to ctll of the infested 
planL. 

The refuse or a diseased crop should not be left in 
the fi eld Dor thrown upon the dung-heal), for in either 
case it is capable of serving as a. new sou rce of in
fection. Dressing the land with lime bas the effect of 
destroying spores in the 80il. 

This disorder, by whatever name- club.root, fing~r-aruJ
tot, Dr anbury-it may be called, must not be confused 
wjt.b a. maJfo. ma,ljoD of t.he TOOt, whirb OCCAsionally 
&rises as the result of some peculiarity in soil, seed. or 
ma.nure, and is really a case (p. 473) of I revcrsion ' to thc 
wild type. In such instances the growths, though di8~ 
torted, a.re nevertheless healt.hy. but, when t.he fungus 
is present, it is only necessary to cut. aCTORS the Toot in 
order to see that the Ia.tt.er is filled wlth decayin s 
ma.tter. 

N or, again, should the wart-like growths formed upon 
tbo Toot by Lbe smsll beeLle called the turnip-gall weevil 
(p. 620) be mistak en fo r the work ot the fungus. By 
cutting across such ga.lls on the roots of turnips &ond 
cabba.ges the legless maggots of the insect may be (ound 

B.lCTf.RU .. - The wet rot of potatoes is due to certain 
species o[ bacteria (chiefly elostridium trutyricu.m), a8 are 
&160 turnip white~rot (P.sfudomcma. dc.stT-ucfan., Potter) 
and cabbage black-rot (/'. camp"tri" Smith). Ba.cteTia. 
hO~'ever, produce but very few plant diseases, though 
they aTe the cause of most infectious or contagious
diseases of animals, Buch as anthrax. tuberculosis, and 
}Jlt"l1To~pneumonia.. 

The delicate tube-growths (hyph .. ) of tbe parasitLC 
fungi which attack Bowering plants ex.hibit , a.s bas been 
Been, two marked differences in their mode of develop
ment. Either their gro\lt"1.b is confined to the immediate
neighbourhood of the point of att&ck, or else it .preads 
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widely or unlimitedly Irom that point over and through 
the host-pl8Jlt.. The rust fungi are admira.ble e xample. 
of t.he first kind. Eacb dist.inct spot upon a grans or 
cereal plant inha.bited by the fungus is the result of the 
growth of one spore, or occasionally of several, which 
ba.vf'! come together b.v mere accident. Fresh spots are 
added ODe after anolher 00 a t:iurface, in propo rtion as 
new spores [roUl lLllY quarter-Cor instance, from those 
first establisbed on the leaf-germinate there and a.ssail 
it- Ergot is another good example of the first cla.ss; ita 
attacks are always confined to the (J",ary of the hosl. 
To the second category belongs, [or exam}Jle, tb~ potato
disease fungus; the del ica.te tubular growth resu lting 
from the germination of a. single siJore wjJJ find its wny 
into the tissues of the JJotato plant. lLnd may contlIlue 
to grow till the whole plant is vennep.ted w'ith the 
fungal threads, which here aDd there break through tLe 
epidermis of the leaf and produce sport!S. The smut 
fungus, again, ramifies through the entire plant, though 
its external eruption is confined to the enr of the grass 
or cereal which it. atta.cks. 

The methods of suppression directed against fungus 
pests are based upon a. knowledge (If the life-hist.ory of 
each injurious organism. The gene raJ rule is to Ascer
tain the cycle vf changes through which the organism 
passes, and then to att.ack it at its w8&keSl point. Thus. 
in the case of ergot, it is re('ommended to burn the pest 
in the resting stage represented by the sclerotium. The 
suppression of weeds, especially of those which are 
allied to cultivated plants, aDd which proba.bly barbour 
the spores of the same fungi as those to which the culti
vated plants fa.ll victims, is specially called fOf. 

Independently of such considerations, howe\'"er, the 
pra.ctice. of' what mllY be called good lannitlg are 
opposed to the . thriving of para.itic lung:i. The plant. 
most liable to aUllck are the weakly IlDd backward ODe • . 
Thorougb tillage, liberal m&1luring. aud .imilar precalj' 
tiona, will frequently serve to carry a crop beyond the 
risk of attack, inasmucb &8 & healthy &Dd vigorou.1 
growth imparts toO the plant a cap&city lor reusting the 
inaidiou ... adva.ncea of par&8itic fungi . 
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CHAPTER XIX. 

STRL'CTt:RE AND FUNCTIONS OF FARM ANULU.8 

To live .!Jtock of the farm, excluding poultry, comprise. 
horses, ca.ttle, sheep, a.nd pigs. all of which are bred 
and reared by the fa.rmer. 80 that it is of practical im· 
portanee for - him to learn lIomeLhing about their 
etru{'turc a.nd functions. 

Hors6s, cattle, sheep, and pIgs belong to tba.t group 
of anima.ls termed tbe Vertebra.ta., a.1I of which poasess a 
backbone. or Vertebra.ta theft are five classes-mam
mals, birds, reptiles , amph ibia.ns, and fishes. It ;s in the 
tirst o C these, the class MammaJia, or hot-bluoded, hair
clad an1mal" u')lIch Ju r)dt tbn". YCJUIi!" that horses, 
cattle, sheep, and pigS-80S also men and dogs- are 
included. 

The study of the structure of anime.1s is known Boa 
Ana.tomy. The study of the uses or fUDctions of t.be 
various orga.ns is termed Physiology. 

Horses, cattle, 6b~ep, s.nd pigs. although 60 easiJy 
distinguished by outward a.ppearance, are yet closely 
similar in their giUleraJ struceu_re and in their physio
logica.l characters. These statements equally apply to 
1D.6Jl and dogs, which aJso, in a sense, beJong to the 
fe.nn . Hence, it is not necessary fur us to study e&Cb 
a.nimaJ individually and exclusively, but one may be 
taken as tbe type of all. The hor •• i. bore taken as tb. 
type, speciaJ reference being made to tbe other animal .. 
only wben they differ markedly from it. 

REG1QNB OJ' TKE BODT.-A broad distinction ma.y be 
drawn betweon body ...,d limb.. Tho former ill dj .. idod 
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into head, neck, t runk, an d tail, wh ile the fore AIl d bind 
limbs are atlacb('d respectively to the fron t a Dd back 
of t·he trunk. The uJJper surfa.ce of the body is con 
venientiy terUled dorsal, and the under surface ventral. 
while anterior and posterior technically replace the 
ordinary words front a.nd oack. 

In the trunk of a UlaLDl1lai there a re two r egi01l'l. 
The a.nterior ont is the thorax or ("best, and the post.erior 
one the abdomen or belly- siJoken of as the I barrel I in 
& horse. The thorax is completel.v separa.ted from the 
a bdomen behind by a tran~verse partitiuD called the 
diaphragm, nnd, though certain tuLes-the gullpt and 
60me of the blood-\-essels-piC:Tce th~ diaphragm. thei r 
passage does not establish allY communication betw eeJI 
thorax and abdomen. 

\Vben t be thorax is opened, it is seen to contain the 
beart, with the lungs on either side of ~t. The beart 
is the organ wbPrl'by the circulation of the blood is 
-effected. The lungs. called C lights I by the butcher, a r E" 
concerned in the work of respiration or breathing. 

\ \o11en the abdomen is opened, the chief organs 
Been a t fi rst are the stomach and intestines. By turning 
t he lat.te r on one side, it is possible Lo bring into view 
the liver, the kidness , and certain otber organs. 

T u.r. SK:ELLTO~.-lf "6 horse were divested of all its 
BO[t par ts, t here would be left a bare fra.mework of 
bonc, gristle. and fibrous tissue, caUed the skeleton, which 
cmpports or carries all other portiorl be the bod:,-'. 

The ske~ton (fig. 197) is made up of an axial part 
IIJld an appendicular pan, the former lDcludlDg ,kull. 
backbone, rib!, bread-bo-n.e (dernum), while t he latter com
prises the skeleton of t he a.ppendages or limbs. The 
fore-limbs join, or a rt.iculate, to the axis by means 
of a ~lIollldt:r-girdle. the hind-limbs by means of a "hip' 
gi~dlt. 

The backbOlie is often te rmed the tlertdn-al column , 
because it is rea.lly a chain of bones, each of which is 
.called a vertebra. Ea ch vcncbra is a ring, of whicb 
the dorsal part. is the arch and the thickened vent ral 
p&rt the body. When the vertebrll! a.re placed end to end 
they fOllXl .. tube, which, &8 it contains the great nervoul 
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axis-the f;pinal cord-is called the neural canal. in the 
li\'ing animal. the bodies of t.he \'ertebrte are DOL actually 
in contact, tbere being between each pair an elastic pa.d 
or cushion, consisting of gristle or cartilage. 11 (,nee, 

FlO. 197.-SRELKTON or HORsa. 

I, Mrvical ~ertebrte. 
2, thoracic t'e~ebrte. 
3, lumbar ~eTtebrt8. 
4. sac Tal vert€'h"IE. 
5. caudal ¥ertehrze. 
6, parietal bonB. 
7. nllof]al bone. 
8, lllnJ[ill3TI' bone. 
9, premuiHa.ry bODe. 

10. mandible. 
lI, ribot. 
12. cO$tal cartilage •. 
13. sternum. 
14. scapula. 
15. ilium . 
16, iscbium. 

17. bumerWl. 
18, radius. 
19, olecranon proceu of wn ... 
20, carpUfl (knee). 
21 , cannon hone. 
22, lJpliot bone. 
23, p&!ltero. 
24. coronet. 
25, coffin boDe. 
26, remOf. 
27, patella (JltifJe joont). 
28, tibia. 
29, fibul •. 
80, tarltue (hock). 
31, calcaneum (heel bone). 

the backbone a-B a. whole possesses some degree or 
pliancy, &8 is seen when a cat arches its back or & lD&D 

. toops to t he ground. 
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The backbone comprises seve ral f"t!yiofl.s. In the bone. 
ILS in .nearly aU ma.mmals. there a.re se\-en cervical OJ 

neck vertebrro. These are succeeded by eighteen 
thoracic or chest verteb rfB, which support the r ibs. and 
are I1bm-e Lile chest. or thorax. ~ext come SIX 

lumbar or loin ve r t.ehrw; then five sacral vert.ebl"lll, 
fused t.ogether into one piece, the .faCTU11I .. aDd finally 
about seventeen caudal or tail "crlehrre within the 
tail. 

The neck vertebraa of the borse a.re almost cubIca.1. 
Above them pass the ligomwts of the neck, strong fibrous 
bands which hold up the bead The first neck vertebra. 
or atlas, is an ova.l ring. on the anterior side of which 
a.re two deep cups that fit on La I,WO corre!\pondiug 
knob, (occipita l ,ondyl,,) on Lb. back of !h. skull. cou · 
at.ituting a. htnge-joint. lhaL renders noddl1lg movements 
possible. The second neck "ertebra, or axis, is alao ex 
cept iona.l in charact.er. A. blunt. peg (odontoid process) pro
jPC'ts from the front of its body t.hrough the ca.vity of the 
atl:>s, and i, attacbed to the back of t be sknl!. The 
head and a.tlas can be moved from ~,de to slde round 
this peg, which serves as a. pj\·ot. The arrangement. is, 
in fact, a pivnt jojflt . The chest vertebra!: possess bony 
spines which extend upwa.rds, t.he longest ones being at 

.about tbe middJe, &ond each such vertebra supports 8. 

pair of ribs. The loin vertebne haye la.rge flat lateral 
projections, which are ..... ell seen in a t saddle' of mutton. 
In the adult horse, the five sacral vertebra! a.re fu sed 
together into one bony piece ca.lled the &acrum, which 
supports th e hip-girdles. In the sacral and in the sue· 
ceeding caudal vertebra! there is no continuation of the 
neural canal. Th e caudal ,ertebne are, indeed . reduced 
to solid bony cylinders. 

At its anterior end, the central bony axi! is. greatly 
modi1ied. and takes the form of Lbe skull. The tub. or 
canal, which extends along the ba.ckbone, here expa.nd.! 
into a large ca.vity, su_rrounded by bone j this is the 
cran,i.al part of the skull , constituting the brain-case or 
cranium, which lodge, the br&in. A ,till larger portion 
is seen .. in front and below, 8Jld comprises the facial 
part of tbe skull. The side-walls and roof of tn, 
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~ra.nlum a.re made up of fiat, thin bones, chiefly tbe 
panetat booes &L the sides, and. the fY01IilAl bonea in 
{ront., extending abovo anti bet.ween the eyes. Much of 
tue front part of the face is supported by the nmaJ 
hone8, which &Te long fiat l,riangular vanes roofing in 
t.he Ca\·jllet; of tbe no!Sc. On E"lther side of the 0&8&1 
bones are t.he 1IIll. .. ntl.ary or upper jaw bones, which ca.rry 
the upper grinding teot.h (preIllolara and malaTe). Ex
tending [orward, and carrying the upper cutt.ing tt'leth 
, incisors) are the two pre.m.u;illary bones. Two large 
tla.t bones, right. and left, make up the powerful lower 
Jaw, or mandible, in which the lower teet.h are imbedded. 
They a.re fused togel..her in front, and diverge {rom 
each other backward, a.t length articula.ting by a. CODVE"X 

lJT(Jjection (condyle) each side. wiLL t.he u}Jpcr part of the 
.kull. • 

or t.he eighteen pairs of ribs , the flattest a.re in froot,. 
and those most arched are behind. Ea.ch rib ia made up 
of A bony part above aDd of a gristly or carti jagjnou8 
pa.rt below, thi s gristly part being called the ronal earl;" 
lag~ (Lat. colta, a rib). Tn tbe first eight pR.i rs of ribs, 
each costal cartilage communicates separat.E>ly a.nd ind&
pendently with tbb sternum, or breas{'-bone, below
tbelrn are called true rib,. In the remaining teD pa.in 
of ribs the cartila.ges run together, as it were, and only 
in this way become atta.cbed t-o the sternum; theBe a.re 
called ((l / I((!. ,..il}ll, 

Th~ sternum, or bre3st·bonB, of the horse is narrow 
&lid keel-lilt.. The sternum of the ox, 00 the other hand, 
i. broad .. od Cat, and impart. to that animal the broad
chested appearance seen above the dewla.p, 

Each shoulder-girdle of tbe horse is very simple, con
sisting merely of &. ,houlder-blade, or awpula-. The fore-leg 
of the horse is restrict.ed in itlll movement, being ea.pa.ble 
only of a motion backwards and forwards_ 1~ cannot 
mOrle e;ideways, so that there is no necessity for & 

da1Ti.cU or ccllar-bont, such as exists in man, but ill &bsen.t 
in the horse. The scapula on each side is slender. and 
baa at its lowe,r extremity & shallow cup (gl,noid M-m"ty), 
in. which the head of the upper-1fnlJ bone (huIMMUJ 
works. A bony ridge extend ... long the outer face of the 
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6ca.pula. The ridge is thickened and turned bachDaf'a 
a.bove the middle, so that it is always easy to determine 
~'betber a separate shoulder-blade belongs to the right 
Bide or to the left. 

Each hip-girdle of the horse is less simple and more 
complete. It. consists of an ill1lominate oont (O!l innMTli 
nntllm). maJe up of th ree parts, which are distinct 
ill the young anima.l, bt:t. fu se into one piece as age 
advances. The large triangular bone wbicb extends 
forward, and the rougb extremity of which projeds 80 

prominently iII a lean animaL is lhr ilium, pin-bone, or 
ha.unch -bone. The bone extending backward to the side 
of the tail is the ilc1rium . The flat bone beneath , joining 
witb its fellow in lhe middle line, is the pulli&, t.he place 
of union of the t.wo pubic bones being ca.Bed the '11m. 
phyli. p1.l.biJ. The three elcments of the iIL10mlDate boop 
-ilium, ischium, and pubis-all meet together in a 
deep cup, the acetabulum, into which the head of t.he 
t.high ~bone (fe muT) fits. The two ischia. d o not meet 
s.bove, although tbey incline towa.rds ea.ch otber, the 
sloping surfaces resting ODe on each side of the sacrum. 
Bence, looked at below [raID the frout, the hip~girdles. 
w itb the sacrum , form a complete bony ring or basin 
(tbe pelvis), which is much more capa.cious in the femalt" 
than in t.he male. The long axt"s of the hip-girdles, aD 
which depends the relaLit'e size of the I quarters' in a 
borse. form an acute angle with the yertebral column. 

The limb~bones of tbe borse can be best understood 
by comparing them 'With the corresponding bones in 
ma.n. Place the hand on the bone which extends from 
the shoulder to the elbow; this is the humerus, or upper~ 
arm bone. The humerus of the horse can easily be felt. 
but it is bidden beneat.b the skin; nevertheless, when the 
horse walks, the moyements of the humerus are at once 
noticeable. . 

Lay your left forearm Bat on the ta.ble, with the palm 
of the hand facing upwards. This is the .rupint position; 
&Dd the thumb is on the outer side. Feel the two parallel 
bones which extend from the elbow to the wrist-the 
one on the thumb sise is the radius, the other one is the 
...una. These bones are separate throughout their entire 
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~engtb. so t.hat t.he ra.dius, bea.ring the wrist. and hand, 
may be made to roLate round the ulna. Without mO\'illg 
the elbow, turn the left band completely over. Its palm 
""ill now lace downwards, and the thumb, 8.8 well Il.S the 
lower end of the radius. ldl1 have des!:r iLed balr a 
circle. so that. the rad ius and ulna, in stead of being 
parallel. will now be crossed. Thie is the pront position, 
&Dd the thumb is now on the inner side At the elbow 
jo i.lll, the ulna can be felt to project backwards, forming 
the o/ecrOIlC11l I ITlICe." (the Bo-ca.lled C funny-bon~ ') of the 
ulna. 

The iore-li mb of the horae coniains the sa.me twa 
bones- ulna and radius- as tlJe forearm of man. But. in 

I~""":_lr- _____ -
C t' S£1 . VOI!')l I Ln' AIe \ S 
~_j_. __ _ u,"· .,. 

I 
I 

I 
Ut-ICII"ORM 

FlG. 198 - UuGU.MMATI C VIEW snowu.o THE P OSITI ONS 0" 

THE B OSES IX THt C ARP US , OR' K N"tE,' OF m. B o au. 

the hor se. the ulna. though il has a prominent clecranoD 
proce·ss. dies awa.y, aud terminates in a button-shaped 
end rather more than ha.lf·way dow-n the ra.di us. The 
two bones are immova.bJy un_ited together, and thE" fore· 
&rm is permanently fixed in the prone position. 

In the horse, the region popularly termed 'tbe knee ' 
corresponds with the wrist of man. The anatomica1 
na.me is the carpus, and it consists of an upper and &. 

lower row of carpal bone.. . Suppose the carpus of the 
t off' fore-leg of a. horse (i.e .• the right limb) to be ~iewed 
{rom the front, the names and positions of these bODea 
are indicated in the diagram (fig. 198). 
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There are, as the dia.gram indicates, three bones in 
t.he upper row and three in the lower row. An addI
tional bone (Lhe pi8iform) projects at the hack of the 
carpus. I t is an example of the class of ,uamoid bones, 
which aTe developed within tendons, the strong fibrous 
cords by which muscles are fixed to bones. Each bone 
hal! smooth jOlnt surfaces, and is pronded with delicate 
membranes ,,-hieh .secrete lubricating 'joint oil,' or 
synovial fluid. The whole BJrangement is Buch as to 
COD3titute entire security against concussion. At the 
same time it permits the a.nimal to use the fore-limbs 
freely without risk of fracture, even when dra.wing 
heavy loa.ds, or carrying cODsiderable weight in the 
saddle at gre .. t speed. 

The t foot I of t he horse is merely So remnant of the 
foot as it existed in the extinct form eof the a.ncestors 
of the borse. Its bony framework will be best under
stood by comparison with the band of ma.n. Lay the 
left hand on the table, and notice the five digits-I., 
thumb; II.) forefinger; Ill.) middle finger; IV., ring 
finger; V., little finger. Feel the back of tbe palm, and 
notice tha.t at the ba.se of each digit there is a. long bone 
extending between the digit a.nd the ca.rpus or wrist. 
These are the metacarpala or palm-bones, and they 
may be referred to 8.8 met&c&rpal 1 (from wrist to 
thumb), metacarpal 2 (from wrist to forefinger), etc. 
The metacarpal bones are collectively termed the 
metacarpus. 

tn the case of the horse (fig. 199, ~), the only one of 
these bones which is well developed is met&e&rp,.J 3, 
corresponding with the bone extending from the wrist 
to the base of the middle finger. It is this bone (meta
carpa.! 3) which forms the h&rd solid cannon bono, or 
shank-bone in the fore-foot (or hand) of tbe horse. This 
ca.nnon bone is flanked by two very slender bones, which 
cao be felt. one on each side. These are the spUnt bones ; 
that on the inner .ide is metacarpal 2, and that on- the 
outer side is metacarpaJ 4. These aplint honea do not 
extend the whole lengtb of the cannon bone. Met&e&rpa.! 
1 and metacarpal 5 have entirely dis"ppeared in the 
horse ; the digitsr I ._. n., IV., aDd V. Me likewise a.baent. 
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But, all i f to compensate lor th is 6uppression of foul' of 
the djgits. the remaining digit an.) is enormously deve
loped. The arrangement, in fact. ba. gradually been 
evolved &8 a.n a.dapt,ation t.o ra.pid movement on 8. ftrm 
sur[ace, where numerous sma.ll bones would be disad· 
vantageous. The origina.l stock from which horses 
have been derived consisted of sma.lI 8wa.mp·dweJling 
crea.tures, possessed of five digitR to each foot. 

A B 

FIo. 199. - DUOIU.XlIlATIC 
R'I P8.E9:&lfTATtON OF TUI 
FOB.-F OOT OF-

.._, a.n odd· toed or perillll!lodac
tyle animal. 

• , an even-toed or .rtiodac. 
iy16 anim.l. 

0, carpus or wrist. (' \tnee ' }. 
aI . metl.Cupta. 

Th~ d~f~~~d p&rtt indicate 
the bonee that are prut.n.I 
(.I. ) in the horn, lB ) in the 
0% and .beep, 

FlO. OOO .-81D. VIEW OJ' 
BON .S BELO W RNI. (01.. 
I>U8) or H OB!" . 

... , cannon bone. 
B , B f eeee.moid •. 
c f pMtern. 
'OJ coronet. 
E o coffin bobe. 
a , navicular (a 

bone). 
...amoid 

Double up the middl. finger of the left ha.nd, a.nd 
notice the three ioints-a. basal ioint next to meta-
ca.rps.! 3, a middle joint, and a terminal joint bearing 
the na.il. The bones in these three joint& are well seen 
in th .. single digit (lig. 200) of the hora.. The uppermoat 
ODO i. ca,Ued tho pastern, the middle one is tbe """ond 
(10 ca.lled hec .. u.e tho .,.""'" of the hoof i. around it), 
and the tennins.! on. {buried in the hoof} i. the co/li" 
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bone. The haof corresponds t.o the nail of a man 's 
finger, but instead of being developed on ly OD t.he back 
8urfacf' , i t extends also round the front a.od sides. 
Rebind the art.icula.tion of the coronet with the coffin 
lione, a. I floating I hone extends across from side to side. 
r eterinarians call this bODe the ( nav icular,' and it is the 
region of wha.t is known &s navicular disease. This bone 
must not, hOW6\'er, be confounded with the true navj· 
cular of anatomists, which is ODe of the bones of the 
hock ('" p. un. 

The bones of the human leg hal'e their cotlnterparts 
ill the bind-leg of the borse. The femur, or thigh-bone, 
extending from the hip to the knee, is hidden by the 
skin, but its movements can easi ly be seen as the horse 
moves. The femur bas an almost. spherical bead, wbich 
fit.s into the acet.abulUn1, t.hus forming l!. ball-a.nd-socket. 
joint. About one-t..h ird of tbe way down, on the outer 
side of the femur, is a roughened proj ection, in the form 
of a compressed ridge curving forwards, called the third 
trochanter, affording a surface of a.ttachment {or BOme 
of the powerful muscles that move the hind limbs. In 
cattle, sheep, And pigs, the femur has no third 
t rocba.nter. 

In the human leg t.here are two long bones extending 
from the knee to the a.nkle joint. Of these, the tibia, or 
shin-booe, is the stout strong haDe on the inner side , 
and the fibula is the slender bone on the outer sjde. Both 
of these exist in the horse, but the fibula. is extremely 
slender. In front of the huma.n knee may be felt a. • fl oat
ing' or sesamoid bone, the 'patella, or knee-cap, which 
0.180 exists in the borse, a.t the region termed the Iti fk 
Joint. The patella. is a.ttached by three strong ligaments 
to the tlbla.. 

The bones in the human ankle are r epresented by the 
hock in the horse. The anatomical name for this region 
is the tarsus, and the bones composing it a.re called 
tarsal bones. In ma.n, however, the tars&! bones, as '"Well 
as the metatarsals and the digits or the root, are laid 
Oat on the ground, while in the horse they a.pproach 
t.he perpendicular position. Suppose the I near ' hind-leg 
of .. !torse to be looked at from the front, then fig. iIll 
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. boWI the names alld positions of tbe bonea that ma.ke 
up the hock. 

On the outslde of the bock the bones a.re eeen to be 
two deep, the calean-tllm, o. cains, or beel-bone. projecting 
upwards and backwards, and uelow it being the r:uboid 
On the inner side of the hock the bones are three deep : 
the top row is occupied by the astra!latu.1, which baa a. 
beautiful pulley-like surface for articulation with the 
lower end of the shin-bone, or tibia; the middle row 
is occupied by the true nal'icuiur (called sCAphoid, 
cuneiform magnum, etc., by velerinarinns) i and the 
lower row comprises the intern.ul c'UMifonn lUld tb~ 
r:~dernal t'uneifoTm, most of the la.st-n&m~d hODe beiD(I: 
behind. 

,.------'--,I==-l 
___ J 

I 

NAVIC.VL .... 1t C"~'D I 
Fla . 201.-DuGUAltMA,1'1 0 VISW SHOW INO rna P081TJ O}ol l or 

TB'K BONIiS IN T'Ha T.4.B.SUB, OR ' Boo.: 01' TBa BOltla. 

The bones of the horse' B hind-foot are similar in 
name and position to those or the fore-foot, a.nd may 
be compared with those of the buman foot in the lame 
way as the horse's fore-Coot, was compared with th~ 
huma.n hand. In m.an, the instep and toes of the foot 
correspond with the palm and tingers of the band. Tb. 
bones of the instep, being beyond the tarsa.ls, are, how
ever. c.a.J]ed metatarsals, 80 tha.t the C&nDOD bone of the 
horse's hind-Coot corresponds with met.a.tarsal 3, the 
inner spLint-bone is metatarsaJ 2, and the Quter spjint 
bone is meta tarsal 4. The met atarsal hones ar. 
colloctively termed the metatanua. 
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It illl now possible to show the correspondence between 
t bi!l fon- limb a.nd hind-limb of the horse:-

Fore L iUl h 
Sbouldf! r ,nrdle. or pectora.! 

(a(apula) 
Hume rus 

l .l.ad iufI 
Ulna . . 
Carpal" (0 toee ') 
Al~tacl\rp"l11 . . . 

(cannon bone aDd .pJiDtt) 

HindLimb 
&reb. Hip-girdle or pelvic l!"Ch 

(innomina.te boDe). 
· rf'mu r 
· T ibm I 
· Fibula' 
· TlLraa1" (' bock ') 
· MetatlLrial. 

(cAnnoll bODe .lld 
eplinta) 

Di8ital region (' foot '). . . Digit.al region (' fooi ') 
(Pastern, coronet, rood como bon~) (Pallt-fOro . coronet, and 

coffin bone.) 

At t.be ba.ck of the articulation of the cannon bone 
with the pastern, there are, in each limb of the horse. 
a. couple of I floating' ~e.'(l7n oid bonesl(fig. 200, 8, '8). 

Externally they are covered with a. horny growtb, the 
ergot, overla.id by .. long tuft of bair, the {.fLock (i .•. . 
f footlock '). Fetlocks are ppculiar to the horse, a.nd 
f'ary in length ltIJd ('oa.rt:eueS8 witb the breed. 

Ta. Hoot of the Horse.-The coffin bone, the na.vi 
cular, and the lower end of the coronet. form j the a.rtl · 
cul .. tion of the foot' (fig . 202). Four ligament. bind this 
articula.tion together. In addition, the tzitrUor tendon 
passes down in front. &lld the ftezOf' tendon bebind. Out,-. 
side these structures are two {ibf'o.eartilagu, one on each 
Ride. united behind &ad below by the plantar' w ·Jiion. 
Out!id~, a.ga.in. and fitting on the foregoing like & BOCk: 

(.00 a root, is the krotogtflO'lLS (i.e., horn-producing) mem· 
brane, which secretes externally the epidermal matenal 
known as born. of which the hoof is composed. The 
entire region is richly supplied with blood-vessels and 
neT'"ea. The boof is IBen to become continuous with 
the ord!;sry skin at &. circular line extending round the 
middle of toe coronet; below, both in front a.nd a.t the 
sides, is &. semicircular pTotubera-nc6, the «Jorona1"1( 

c.ullWn. Tha.t pa.rt of the kera.togenous membt&Ile which 
lS spread over the &Ilterior face of the coffin b.one is . 
called the laminal or leafy ti .. uo, becau.e of the i .. mina 
or pJlral1el leaves seen on its surface; infl&DlJDa.tion of 
this Btructure is oalled (amini'" . 
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Tbe boof fits closely OD the keratogenous membr&U8, 
of which, indeed. it ia the product. ltll general lib.J/8 
j, t.ha.t of a cylinder CUt acrOBB vbJiQuely. IJrulungeJ 
macera.l"ioD causes II lo .separa.te lDto tbree paTLl1 -l.he 
... U, the .ole. and the frog. 

The waH, Dr crust, ls Lhat pAn which remains \,i.ible 
"ben the boof rest.s UJ.lOD the ground. The lll jddlll 

FIo. 202.-VE8.TIo.tL SJ;CTION TBIlOUOU MIDDLE 0, 
HORBE ' , BoolI'. 

.. , IIkiD of coronel. 
B, fibrel of coronary frog b!llld. 
C, fibree of .,&11. 
D, borny l.miDA. 
• , fibre.! of . ole. 
r . fibre. or (rag. 

U , IIection of cuffin ho ur . 
H. eeclion of navi cul&t If!. fie,.' 

maid bone). 
I, sectioD oJ finor k>nd l)tL 
.k . aect.ioD of coronet. bone . 
L. !!Ieclioll of fatLy frog 

&nterior pa.rt is tbe toe (out .idt and in..tide) j the lateral 
regioos &re the quarters; tbe a.ngl es of inflection at it! 
hinder extremities are t.he heels; {rom t.hence. passin!!! 
along the inner border ot the &ole. are tbe bars, wbicb 
form outwardly the extern .. ] laeos al the frog. The .ol~ 
h&8 a large external curvpd horder, &bd it much I!Ib6 rteJ 
intemrJ border w.king the fonn ol .. d .. p V-aba.p6c 
aotch. wide.t behind. Thi. latter correspond. with tb, 

pI 
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baTS, a.t the meeting of which the point of th.e frog i. 
thad . The frog is 8 pyramidal ma.ss of horn lodged 
between the tWO fe-enterIng portions of the waiL A 
mrdlUn lacuna dividf's the lDferior face of the frog into 
t.wo divergent bra.nches, tbe round, flexible. ela.stic, free 
ends of which are the y[umeJ. The Inclination of the 
wall of the boof is froID 500 to ~6':), not 4aO, &8 is often 
iupJ..Iosed. T he flex ibility of the boof is promoted by & 

fluid secreted by the k- eratogenous membrane At the 
Junction o f the waH a nd sale is the whit,t lirl-t ; it is BoH 
'-Od flexible, s.nd 80 prevents the breaking of the sole 

Flo. 2OS.-SKI:LI,TON OF Cow. 
{Reference numbers ail in fig. 197.} 

from the wall. The growth of the wall may continue in
definitely, but the 80]e and frog, after attaining a certain 
th ickness. begin to peel off. unless otherwise kept down 
'the wall grows from its superior to its inferior border. 
like the human nail. The sole and frog grow from their 
deep· seated to their external face. 

The skeleton of the ox (fig. 203) differ> from that of 
tbe horse, in tha.t the ribs are longer, wider, and Batter 
(notice a pi ece of ' rib8 of beef' in & butcher's 6hop~ 
The 8~rnum is flat, not keel·like. The scapula is much 
broa.der tit the top. The premaxillary bon.. do no 
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ca.rry teeth. 80 t.hat the 0;( hall no incisors 10 ita upper 
ja.w. t.heir place being taken by n hard pad, a.gainst 
which the inci so rs and canines of the lower jaw bite. 
In t.he skull the frontal bone is greatly deveJoppd ; it i. 
this bone that is pierced between the eye! by the 
pole-axe when a beast is slaugh1..ered. The upper pl!l.rt 
oC tbe frontal bone, in the region of t.he voll-, is ItO t.hick 
tha.t it is occupied by sinusps, or cavil-jes, a.nd it forma 
la terally t.he conical bony cores which, in horned cattle. 
IW pport the bOTos. 

The horns ate made up of a. bony core ensheathed 
by a strong horny epidermal case, the Ula1 er ial COlD 
posing which is secreted by a deep·J,riug mpmbrane 
similar t.o the keratogenouB membrane of the hoof. The 
bony core becomes hollow by the extension into it of 
the sinuses ~ the frontal bone; hence such bornpd 
ruwinants (oxen, "beep. goats, a.ntelopes) nre classed a. 
CM-icornia (hollow-horn ed). The horny sheath pf' rSiRtl 
t.h roughout life, g l"QWiDg \\'ith the bony COre. The horny 
covering grows like any otne r part of the epide rmis, 
or su rface skiD, its cells being secreted by that portion 
of the skin which is spread OVH the o!;seOuS cores of 
the frontal bones, completely enveloping the latter. Th il 
skin is richly supplied 'with blood-vessels. 

The rings on the horn increase with age, the Drst 
a.ppearing at two or three years; as age ad"anc6s they 
get obliterated from various cauM's. In the bull the 
horns are ahort, thick, and powerful; in the ox, large 
long. and strong; in t.be caw. I ~ng and olender. In 
polled Cl>ttle. such as tb. ned Poll , the Aherdeen
Angus, and t be O",Uoway, the bony outgrowths of tbe 
frontal bone have disappeared. 

In the fore-foot of the ox the cannon bone consist. 
of metacarpals 3 a.nd 4. equally developed. but joined 
t ogether along their inner (aces. The digits of these 
metacarpals are fully developed, a.nd a.rc not joined to 
each other. As each carries its own separate bopf, the 
( cloven hoof' is tbus formed. which bas been evolved 
wlth reference to walking and climbing on irregular 
luria.ce.. The hind-foot i. similarly constructed. 
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The skeleton 01 the sheep rasem bleB that of the o. 
in all essential cha.racters. 

Th e crrvica l \ er T ('h rre (If the pig (fig 20.1) ariO'. for il" 
size, shorter, wider, and stronger than those of other 
ra.rm animals. The skull bas a prominent ocripitnl ridge 
(I T crest. At the free end of the midd le bone of the 
nose, a. small 'floating' bone , called t.he prenasal 
ossicle, or Icoopi1tfl b01l.I!, strengthens the snout. The 
mandible is 80 articulat.ed to the skull that the jaw 
mOl'es freely in all directions The sternum is flat . 
M eta.carpals 2, 3, 4, 5 are all distinct. as are m("ta
tarsals 2. 3, 4, 0, but the second and fifth do not reach 
the ground, and merely forlll df"u: rlllU'~ (fig. 204, 32), Thf?Y 
prevent the a.nimal [rom sinkjng too deeply into 80ft 
ground. 

The .ubjoined table ... ill be readily understood. 

" .. 81.& XX"lI.-SR OWI'1\O THE NrllBER or VEllT&BB...tC . 

\er- T~lm"3.('ic- or 
Ll'lIIh.1T ~;'''I':\I (':1~tdal \' i~;l ~ if'·r·q] 

HI I i trL1e 1'111" 
._ I 5 false 

4, or [J ! 
coccygeal) 

iii { 8 true .. 
1\) fa1w" about Ii 

13 f~ :~l~e!, .. Hi to 20 .. 
13ftr" ... 

I 
16 to 24. b false .. 6 or 7 I 

1-1 7 true I' S or j I 21 to 23 
j fnlse ., I T'IU 

/:1 I !'I Irll~ " 10 tl.) 21 . 4fRl'e .. I DUG ... 

Cu..alD'ICJ.TlON OJ' FUll A..xnI.ALB.-Tbe r:oological 
position of the horse, the ox, the aheep, and the pig 
i. indic .. ted in the following brief note.:-

Subkin gdom, VX.a'UBlt .. T.... ClUB, M.&IIULll. Order. UNGU· 
LAT" (I ... at. ungula, a hoof) 

The Ungulata oompriae two di"i,ion.: ta} Periesodaetyla (i .•• , 
odd-tood) ; (6) Arliod .. tyl. (i .•. , ".D-Iooell. 
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!al P&R18SVO.,-.{'TYLA. - The IImb·nit! trll.\'er8ea 1.118 tlurd dIgIt 
of each foot (fig. J99, A), wJ,ich iH tI)'mmt:!tricaJ; toe!! IIf ~hl:l hwd 
fOul udd : 8Uru of t.he thorl~jc (Llld !nulbar \' erU!brll! at ltllWll ~; 
femur with a third tru,~hn.llct!r. 

E.ramplu :-Ho rse (oue-toed ). r\urJocer(WI (Lb ree-loed), t.ap" 
tthree--uled hind·(Qut, (\,ur (oeu fore-foot). 

thl A..IlTI ULI.lC'J'Y I..a.. -The iLmb-lUia runs bc!\\t_'eu tb" third a,ud 
fourth dqi~ile l)f each foul. lfig_ tW . H); no diSll IIrmmctrlca.l; 1.0. 
of the hlnti·font. "'VI III Dumber; !SUIll or dJe llir,r{i.CIC .nd 
lum bar \'ertebne IIolways jess tURU 2:! (&t·ldom ul'f'ooiug 19); DO 

th ird trochlin ter. 
The Artiod!toCtyi8. comprLsr, \11 ~oD·r1JlDinallti&, (21 R umi llan ti . 
( IJ Xon-rum inantiu IHne 51mplt' .:ItornQCM. 
Mxompl.:. : -Swine lI.nd Hippupolatul. 

Fro. 204.-SXnZ'l"ON OF PlO. 
(Reference cumbers !!WI in fig. 197.) 

32, dew -cla~fI. 

t2) RttMinfln_t i a bave complex "lomach6 11). 427); me:LtlCarpale 
3 and 4 fuAf."d into a cnnnon bone. as also Ilrf" metatar~als 3 and " 

The Ruminan1.io. inelude-
Ttagulid83. Ex. Chenot.inA. 
CameJidlf! (omasum-p. 427-B beent). Ex. CAmels, Llam ... 
Giraftld..e. Ex. Giraffe a nt) Clkapi. 
Bovide. Ex. Oxen. Sheep,. CoatI, Antelopel . Deer 

MusctTLAJI. SvsTDf..-Tbe skeleton affords support to 
the 80ft parts of the body. These soft parts consiat 
very largely of Bellb or muscle. A muscl. is made up of 
pfJ.ru, and most or t.hc muscles concerned in the move
ments of the limbs ate spindle-shaped-that ie, ... olleD 
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in the middle and tapering a.t the ends. Such mUDelee, 
under suita.ble conditions, I contract,' by which is meant 
tha.t they become shorter and thicker, 1"0 that tbeir 
two ends nre brought. nearer to each other. As one I)f 
these ends (the or!yin) is usually relati,-el.v fixed. the 
result is that whatever is atlached to the other end (thE' 
inscrtion) is compelled to move. In this way the move
ments of the limbs are brought about. The rough !HU 

faces, or ends, with which some bones are prO\-ided 
(e.rr .. the third trochanter. p. 416), se rve to facilita tE" thE" 
at,tachment of muscles, or of the fibrous corda or 
tendons, in whicb the latter often terminate. 

META80 LISM.-" rhen dealing with the functions of 
plants we saw(p. 140)tbat,yithin tbe plant body chen licai 
changes, collectively known as metabolism. are ('00 

stantly going 00. It is, indeed, cbaract(..ristic of l i\-ing 
matter. as contrasted with Don-livi_og. that there should 
be a Coof;tant chaoge of substance, a.lthough the out
ward [arm remain::! much the same. apart from modill 
cations due to growth. As represented in t.he diagram 
known as lhe metabolic staircase, (p. 142) we have, 011 

the one band, processes of up-building (ana.bolism), by 
which food is converted into }i\'ing matter (protoplasm). 
a.nd. 00 the other hand, processes of down-breaking 
(ka.tabolism), by """hich this liring matter is resoln~d 
into simpler and simpler substances, until waste 
products are reacbed. 

Much the same sort of thing takes place in an 
a.nimal, but while in a. green plant the food consists of 
carbon dioxide, water, and simple mineral substa.nces. 
an animal requires complex food of organic nature, and 
all animals, in. the long Tun, are dependent upon green 
plants for their supply of such food. An animal cannot , 
like a green pla.nt, use the energy of slwlight to manu
facture simple non-ni trogenous organic compounds frd'm 
water and carbon dio:<ide. It follows that in sketching 
a. metabolic staircase for animals the anabolic side must 
be represented as Morter- than the katabatic side, since 
the food is already on a higher level t.han the waste 
products. 

Meta.bolism is necessary in an anima.} for the sa.-me 
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Teason n9 in a. plan~.e, katabolism breaks down com 
plex compounds into simpler ones wit.h conversion oC 
potential or stored energy into the kinetic OT actual 
energy required to bring ahout, 1Il0\' emenL. et.c., wbile 
aoa.bolism repairs the wasle that. thus takes pla.ce, 
and also renders growth po!:lsible. Kat.abolisul i. esson· 
tially a process of oxidatiou, and the free oxygen neces
sary to uring this about is laken in during breathJlli 
or respiration, an essential funct.ion iu pla.nts &Ild 
a.nima.ls alike. 

DrGESTrn:: ORGAss. - The digestive organs oC the borse 
are concerned with taking in the food and digesting 
part of it---i.t., convert.ing it into solutions wbich are 
a.usorbed into the blood and carried w those parts of 
the body where repairs and growth a.re necessa.ry. ) 0 

t.his case the ~od consists of vegetable matter, together 
with the water tha.t is drunk. 

The dige'sth'e organs consist. or a. lODg tube, the 
alimentary canal or gut, which traverses the entire 
length 01 tbe body, and 01 certain glands connected witb 
it. The successive regions of the cana.l are-mouth , 
pharynx, gullet, stomach. small intestine, la.rge iutes· 
tine (CJecum, colon, rectum) (fig. 20~), a.nd these will 
DOW be separateJy considered, while at the same time 
the course of the lood tbrough the body "'ill be traced 

Comme-ncing a.t the mouth, the food is crushed 
between the molar teeth. the muscles of the tongue and 
cheeks continually guiding it to where it can be 
chewed. Meanwhile the salivary glands, that open into 
the mouth, pour out a fluid called .wlit:a, which moisten! 
the food, and every now and a.ga.in a bolus is moulded 
&lld passed to the back 01 tbe mouth, behind " fieshy 
cartain called the 'Il'I' ,>ala(o( into a dilatat.ion known &I 

the pharynx, witb which the nasal cavities 8.ro a.leo 
connected. From the pbarynx a distensible tube-tho 
gullet or <esophagus-extends through the tborax, &t 
the binder end of which it pierces the diaphragm and 
enters the abdomen. Here the gut suddenly enlarges to 
form the stomach, a. luge bag, which in some a.nimal. 
occupies & considerable part of the cavity of the 
abdomen. The exit from the stom""b i, by " o&r<o" 
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opening, called the pyla,.,.,. into the small Intostine, 
a. narrow, tbin·walled tube, many times tbe length of 
the animal to which it belongs. H ence it is doubled up 
in an intricate fashion, in order that it way be accom
modated wit.hin the restricted space contained in the 
abdominal cavity. Nor is it merely doubled upon itself 
many times-it is also slung up Bud kept in position. 

Take a pocket·handkerchief and double it lengtb· 
wise, keeping the two edges uppermost. -'Within if-" 

'): C. \~,,~~ = 
, .~ ~'-~,§'\."-., _,e. , ~'\l;W ~t;'-7r'y~, <~c -,~ " 

'f' __ ,it) < j..f. !'/~\ \.~. r:-" 
( , / -.;;;;u . r A."""\'-~ / ~ ~- ~. 
-' - 0 ';-- e·~_. ~"¥j 

[ . 
Fto. 2O:1.-DuOR,UU\UTIC BEPB'ESE~"TA.TlON Olf THE AUM..El"· 

TAlty C H.AL {the ! nles~iilaJ part'l proportionately much 
ahorrenedJ. 
1 mouth. 
2, 8urL p&.ifUe. 
3, pharynx. 
4. 008opbagu8 or gullet. 
f>.8tomach. 
6, pylorus. 

.i . trncbe&. 
B, position of luogs. 
c, rcgioll of liver. 

7, small intestine 
8. i1eo¥cfecal vahe 
9. Clf)cum. 

10, colon. 
11, rectum. 

D, region of pancreas . 
K E, poeitioD of diaphragm. 

fold, a.t the bottom. place a length of indiarubbcr tubing, 
ISO that it. reposes between the two adjoining faces of the 
handkerchief. Now g&lher together, or pucker UP. the free 
margins of the handkerchief that are in contact above, 
a.nd .... a reBull. the inwarubber tuhing will be coiled or 
doubled on itself. It is in a somewhat simila_T way that 
the loog intestinal tube is packed and slung in the abdo
mina.! c&vity. The pla.ce of the handkerchief i. taken by i. 
delicate tr&llBparent sheet of ronrw:ti1'" tiuue. called the 
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mesentery, which is doubled on itself, 80 &1 to (onn a 
loop in which th~ intestinal tube repose!, whilat. 
between the two faces of tbe uJ6fienLery, whicb adherfl 
together, dehcatt tubes or vBssels pass to and froUJ the 
intestine. The tr8.Dsparen t filmy material-bere (lnd 
there la.den " 'I t.h fat-which is often tlpread out upon & 

dish of pig ' s fry . gives a good Idea. of the Dature of t..he 
mesentery. It ·should be added that. the mesentery il 
cont.in uous with it ruOlliit membrane, tbe peritone um, 
thnt Jines the ahdomJnaJ cavltv. 

'l'ra.ced onwards, I.Lle swail intestine COUlei La an 
abrupt tertnlOation by open ing suddenly into a. LOuch 
~·i<.ler Lube, ca.lled t.he large intestme, and conKi~t.irlg of 
t.hree regions: firstly, the C(£C"1tm, or blind gut; next, the 
rotan " a.nd, finally, t-he rf!('i14ffl, which opens externa.lly by 
the vent. or ~uJ. 

Of the food which & mamma.l eat-B, part is digested
that i~, coJ1\·trted inlo (l !Wluble. form filled for o.bsorp~ 
won into the blood. The remainder, \\ bich escape. 
d iges1,j'oo, passes tbrough the canal or tube which haa 
been described. and i8 finally ejected from tbe body 80S 

dung. Tbe course taken by !lucb an undigested pa-rticle 
is, therefore, mouth, pharynx, gulle-t, stomach, sma.ll 
intestin e, Cfl!cum. colon. rectum. 

The Rumin&!lt Stomach.- It i. popularly said tha.t 
Ollen a.nd sbeep have I four stomacbs.' It is more correct 
to say that, in these animals, the stomach comprises fou r 
coroparLments (fig. 206), aU communicating with each 
other. The names of these compartments, in 1.-be order 
in which the food tra\Terses t.hem, are:-

1. The rumen or paunch (the I tripe' of butchen iI 
chiefly this). 

2. The reticulum or honeycomb stomach. 
3. The omasum, psaJrerium, or manyplie6. 
4. The a bom .. sum, reed, or rennet etomach. 
The capacity of the stomach in cattle i, enorm,oua, . 

amounting to from fifty to 8ixty gallons, and filling tb. 
gre .. ter part of the .. bdominal cavity. The pannch 
alone is nine-tenths of the entire volume of the stom.ach, 
the remaining three divisions constituting. me're chain 
Oll the front left side of the p&unch. In ~b."p &Dd 
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goaLs, though absolutely smaller, the paunch is rela.
tively as large as ill the ox. The fourth division, or 
abomasum, is the only pa.rt of the ruminant stoma.ch . 
the internal lining lllcmbrane of which secretes gastric 
juice. It is ca.lled the rennet stomach, because it is the 
fourth compartment of the cali's stofilach, which i8 
salted and presen'ed, in the form oC 'veils. I to furnish 
aat.ural rennet. (or use in cheesemaking. The secretion 
or the gastric or peptiC glands (p. 429) supplies the 
~6nnet. 

Huminant's caD stow a.way, in the rumen or plLunch . 
II buge qua.nt.ity of veget.a.ble food. This, at. a. suita.ble 

PIG. 206.-RuMINA.NT STOMAca (sbeep). 

4, gullet. or CElsophague. 
a, rumen or paunch. 
0, retic ulum or boneyC'omb 
D, ·omaBlHll Dr liber. 

B, abomuum or rennet etomaeb 
(the true digesthe ebamber). 

F , smnl1 intestine. 

0 , fi~V,~~ ~:~tr:vn: !~lg. of tbe 
time, is regurgita ted into the mouth, where it is mixed 
with the juice of the salivary gla.nds, and slowly reduced 
to & fine condition between the Leeth-this is ca.lled 
• chewing the cud,' or rumination. Passing again down 
the gullet, the masticated food is t.his time directed 
&iong " gutler (fig. 206, G). through the third division. 
which acts as a strainer, and so into the fourth 
diviaion of t.he . stomach-the reed, rennet stomach, or 
~bomasum. The gla.nds · imbedded in the lining of this 
compa.rtment of the stomach pour out abundWlt gastril: 
juice (p. (29) UpOD the lood, which i ... t the ."me tim. 
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kept in continua.l motion by the peristaltic coot.rMtionl 
(p. 430) of tho wall of l~e organ. Tbrough .. 11&'rO" 
apenure, t.he pylorus. tile Dlfllt'nal leaves the rUlUlUant 

8tomach, and lJUfsues Its COUfRe along the iut.eslll.1es. 
&8 in borses aDd [lIgs. Tbe pt(.'uliar dlgestJve orga.ns of 
ruminants no doubL gradualJy came 101.0 eXIstence &1'1 • 

means 01 protectlOD, in II. region where J1Qwt' r CuJ ca.rIIJ 
\'or OU8 a,nunah:l aLouJlucLl. They eU!lbJed h ... (,d to i.Jh 
ra.pidly swallowed, after which SODle Jllacs of Sf'rUTIlY 

VI' as 8ought.. where t.he prO(.'CSbC8 (If chewwg R.nd ULgt'!I 

tion could be earned (.Jut at leisu re. "EXisting ..... dd 
rUlllinant.s-e.fh aOll'lo!Jcs- st ill Lenefit. by Lhlls &rra.ng ... 
ment. 

The Digestive J uices.-Cunnected wit.h t.he a\imf"o
tti.t y ca.nal are certain !)truc\.urea, ca.lled gla.nds , whlcb 
possess the power of manufact.unng, out or the blood. 
wbich flows t~ rougb tht'm, specIal jUices, whlcb tbt'Y 
po ur out. in tbe form of secretions. Opening lIJLO the 
mouth are tLe salivary glands, alrea.Jy referred to 
(p. 41!!5). and innumt:rl1ble millute tubula.r gast ric or pe ptic 
glanda a.re imbedded in the lining of the sl(llll:l.C'h 
(a. bomasum in ruminants). They secret.e the gastrlc 

. Juice. In the a.bde"milJal cavity are two very importrult 
glands, the lieef', wbjtb secretes the bd.t:, and the l)anCf'ta. 
(or sweetbread). which secretes the panCTeahe jll.ict 
Besides t his, there a re va.st numbers of microscopic 
tubula.r intestinal glands in the lining of the sma.ll 
.int.estine. Their secretion is known as intestinal i'lice. 

The liver is the largest gln.nd in the br.d ;;" a.nd iB 
p ack ed , a.s it were, between the dia.pbr&gm snd Lb. 
stomach (fig. 205, c). By turning back 1t. lobe. ther . 
ma.y be exposed an olive-green pear-shaped body, called 
t.he aall-bladder, connected with a. tub~ tha.t runs froro 
the live r to the beginning of t he sm&U intestine, into 
which it opens. This tube is the bilt duct , a.nd a.long it 
fl ows the bile, a golden-coloured liquid, which the liver 
prepares from the blood , and which is poured in am ongst 
the mMS of foo£i...roaterial undergoing digest jon in t be 
smail intest ine. When tbere is not much food in the 
small intest ine the process of digestion is leBS active, 
;there ia a diminished dema.nd for bile. a.nd the flu_id ia 
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tben tempora.r ily .tored up in tbe gall-bladder. The 
bor~e is exceptional in that ita liver bas no gall-bladder. 

Til!' pancreas, JJ ~ S'\ f'l·tbread, is It pale-coloured 
glaDd . which is distributed in a. patchy fasb ion upon 
tbt'!t J,fj r tioD of the mesentery wb_icb &djoioa tbe e:Comaeh 
ADU Uig. 205, 0) lbe U-.haped first part (duodenum) of 
the smnll inte6tin~. The juice which It secretes is poured 
by lJi"ans of a. narrow tube, the fXIl1C"Tf'uh.c duct, into the 
Ilmall Intestine, in the saUie way 8.8 the. bile duct p':Iun 
io bile. 

It is now apparent that, in ItS pa.ssage t hruugh tbt
a limentary canal, the food is Buhjected to the action 
of the saliva. the ga.stric juice, the pancreatic jUice. the 
bile, and the mtestinal ju ice, the joint effect of &11 of 
which Is-in the case of a bf'aithy animal- to dissolve 
IUeb pa rt/ll o f the food all can be used fo~ repairing waite 
and effect.ing g rowl<h. But a.n -important qu elt-ion here 
.. ri •• B. Why does lood tra .el along the alimentary 
canal? How , again, can a. horse or an ox pass its food 
sl rmg '\ hen, as in grazrng, its bea.d is lower than ita 
BtomlLdlt 

If n rnbhlt , or a rat, or any other mammal, is killed . 
laid nn its back, and it.s abdomen open ed immediately 
after death, Lhe intestine!! are seen to be in continua l 
'I'Mlhi '1~1 mm·ement. During life. this wave-like motion 
iR inef"S S8ntly in progress 1 broughout the entire length 
of 'tho gut from the gullet onwards. A kind 01 gripping 
contr.lction takes pJace. travels onwards, and is at once 
{olio" ed by another, the resu lt being that the food 
ip PTOj.H·· lled in the desired direction. and. in the 8tomach, 
undergues a motion like that of ehurn.ing. This move
ment iu the gut is called perisfttltlc contraction, a.nd it 
is thE' work of the mu!cular fibles which form the middle 
ooat of the ws.J1 of the canil. The motion i. involun
tary-that is, it is not under the control of the will, and 
goes on uncea.singly. 

Classes of Food-stn1ls.- ln order to undeTBtand what 
eha.D{;es food - undergoes in the alimentary canal, it i ll 
nf'ceso::a.ry to learn something more. (Ie!!' pp. 13'7-8) of the 
general composition of the food-stuffs ~pon winch 
anima.ls subsist. Th .. e food. are Ulade up 01 (1 ) DitTo-
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genou. compounds, (2) [ats, (3) carbohydrn ... " and (4) 
minera.ls a.nd waLer. 

The nitrogenous compounds (prottin.l Or 1I1/lUmino1t1s, 
amidu) conta.in the p\truent.6 cariJon , hydrogt>ll. ')x~'gen. 
a nd nitr()9tl~ (and. in 80rue cn~ms. sulphu r nn,1 ph(l !, 
phOTUS). ExamplellJ a.re afforded by albumin, or ",b~te 

of egg ; ull1trn, which remaios &5 a slicky I"a.tcrlal 
in the; mouth v. hen ne .... wh("a\, is ch('wt"u; ~.ld tbe 
(lO.Uin of milk.. which is separatt'd in the p: 11( 'eall of 
cbeese.mnJung, uut ia left ill tbe si-aD Bulk fru :n which 
c rea.m ba.a been relDO\'ed. Ot.her ('oUl)J{Jundti or 'li e 8aJDe 

character IlTe fJlYOIUt., ",bleb 15 the chlef con),: ;lueot of 
wUlic]e (1r-un meat); fibrin, which OCCUT~ ill dotted 
blood: chl)nilnn, oblainf'd hy hoiling canilltgl' tr= n.Uc); 
And flt'Joti n, coutained IU ('oonectJ\e tissue amI III bODt's 
Tut' amidea. such Etlil ().~/I11"':.Jin and t!,"'II,'m, P'\ ,) ill i1~1 
mature vegetaJ 'I e prnductB, as graBs aDd rO(JI.~ (tu rnip, 
ma.ngel). Amides may be rega.rdt>d &6 1lI1t"rtuedil1t..e 
between the oitrat.es which occur In the soil R.ud the 
(.'orov1etely [(Inned a.lbuUllfloids wh,(:h eXIst HI plants. 
Th ey are of less food-\'alll€ than a.lLuwinoidfi 10 unripe 
m a.nge l a part ()[ the (lOll a il,uflllUOld {I;;rll~l'u actually 
exists in 1Le form (If nitl'at t.'~. 

Fats a rt' subsLances rieh in r[~rI, (JO . which ib united 
'With hydrogen and oxygen , tbe hydrogen ht'ill~ presrnt 
in greater quantity than "'ould he nect'FI~ar_" lO {vrm 
water with all the oxygen. Bence, Whf'D n fa(, ill 
oxidized or burnt, not only tbe carbon. but tilt F.\lrpJul! 
of hydrogen, is available for combining with uxygt'D 
from tbe outgide. Oily seeds are specially rich in fat; 
Brazil nuts contain 6'j per cent" palm nuts 47 per ceot., 
poppy seeds 45, coconut.s :is. linseed :H, cotton Fo' ed :l4, 
&lld sunflower seed 22 per cent. 

All -vegetable foods. indeed, contain a greater or it-1ft 

proportion of fa.t or oil-oatmeal ]0 per cent., t , '\ize 4, 
peas 2, ba.rley 1 '9. and wheat) '6 per ('eDt. 

Carbohydrates, like the fats, are compo" ds of 
earbon, byd.rogen, a.nd oxygen only. but they (ontain 
n l) more hydrag'en tha.n is sufficient to form waf· r ." it.b 
the oxygen present. Rence. wben a carboh), l:rate is 
burnt, there is only its carbon availahle for OXidatiOn. 



Ui STRUCTURE OF FARM A.NIMALS 

Starch, Bugar, cellulose, dextrin, gum, and pectin are 
examples of carbohydra.tes, and it is such compounds as 
these which form the la.rgest part of vegetable food· 
Btuffs. Maize, rye, and wheat contain between 6!1 and 
70 per cent. of digestible carbohydrates; barley ball 
64 per cent., oats 5i per cent., peas 54 per cent .• bran 
of wheat 51 per cent., potatoes 15 per cent., and pa.rsnipB 
a per cent. 

The albuminoids, fats, and carbohydrates, whi :b 
enter int.o the food of animals, are capable of being 
built up, 10 far a8 ia known, only by t.he act.ivity of living 
bodies, usually of plant.s. This is not the case with the 
mineral food-stu_ffs, of which water and common salt 
Are the most familiar examples. 

Of the classes of food-stuffl!l that have been 
enumerated, the proteins sta.Dd apart in the important 
characteristic that they alone contain nitrogen. Con
.equantly, it is only these COD1pounds that can 8upply the 
nitrogenoul requirements such as the building up of Beah • 
• te., in the animal body. Hence, the proteins are termed 
/fI-.h-'''''_rI, though they are also capable of placing 
carbon and hydrogen at the disposal or the animal body. 
So f&r as is known, the nitrogen in the inferior nitro· 
genouB compounds-t he 8.D1ides-is not available for the 
production of mUlcle, but their carbon and hydrogen are 
utilizeo in the body, 

For purposes of nutrition, fa.ts and carbohydrates 
may be cODsidered together. By their oxidation, heat 
i. produced, and they &fe also competent to add to the 
.tore of fa.t in the animal body. They are, of course. 
necessa.rily inca-pa-ble of building up nitrogenous tisBues. 
They play &D importa.nt part, however, in, as it were, 
Ibielding the nitrogenous matters from waste, because, 
in the absence of carbonaceous compounds, a. demand
for carbon &TId hydrogen would be m&de upon the 
nitrogenous sabst&Dces. 

Dig •• tlon.-H"ving acquired some knowledge 01 the 
leneral composItion of food-stufts , it is desirable now 
to enquire how such mater ials a.s hay fed to & bullock, 
or turnips ADd oil-cue led to & sheep, are converteri' 
into beef or mutton. With Buch exceptions &8 euga.r ~ 
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moat of the solid constituents of the foods of &oim&le 
are practically insoluble. By the process of digestion , 
bowever , these ingredients are brought. into a fo rm 
In wbjcb they can be a.b~orbed by or taken into the 
blood. The chief agents in this procpss are 1ermeDtJ, 
complex proteins, of which minute quantitles are COD
tained in the digestive juices, bile excepted. AIJ we ba.\·e 
alrea.dy seen when dea.ling with }Jla.I\ f.,~ (p. 13~), rennenh 
are of great physiologica.l importance, beca.use they a re 
a.ble to bring about. a very large amount of chemical 
cha.nge without being appreciably used up tbemaelve., 

The saliva which is poured into tbe mout.h not only 
lubriCAtes the food, thus softening it and rendering it 
easy to swallow, but &lso exerts & chemical Action. It 
contains & very small quantity of a fe rruelJt knowD 808 

ptyalin, that. ~Dverts slarch into malt-sugar and grape
Bug ar, which are readily soluble, and in the dissolved 
!:Itate can easily diffuse through a. moist membrane. 
Ferments which a.ct on starch in this way a.re said to 
be a'mylo~ytic--i.e., starch di8soh~ing. 

Gastric lulce is slight.ly acid , owing to tb~ presence 
of a small amount (·2 per cent.) of free hydrochloric 
acid, which a.pparently acts as a. germicide, destroying 
deleter ious ba.cteria, etc., that bappen to be Bwallowed 
with the food. This secretion contains two fe rments : 
(I) rennin, which curdles milk; and (2) pepsin, which 
COD ver ts the comparatjvely insoluble proteins into 
soluble diffusible proteins called pt}Jtonu. Rennet oweE 
its peculiar properties to the presence of rennin (.e, 
p. 428). Beca.use of Its action on proteins pepsin is known 
0.6 & proteotyt'ic--i_e., protein-dissoh'ing ferment. Gastric 
juice ba.s DO effe<:t upon starches or fats. But it helps 
to break up fa.tty tissu~ in tbat it di8!olves the 
connect ive tissue which binds the {at vesicle. 
together. 

The bile, owing to its strongly alkaline character, 
plays &0 important pa.rt in I'm'U/";'f~rin(/ the fats-tbat is , 
in red ucing them to a very fine condition, in which their 
particles are capable of being suspended in the body of 
a. liquid. New milk is a. good example of an emul8ion , 
but, after the crea.m has been allowed to risc, it.is hardly 
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pos8ible, by aoy means, to agai.n mix up the la.tty par· 
ticles with the liqui d as thoroughly a.s before. So, wben 
oil is poured 00 Yo atA:r il1 11 bo ttle, i t requires violent 
shaking to t Lul'Ougb Jy Ulix the two-that. IS, LO make a.n 
emulsion. The addition of a litLle carbonate of soda or 
similar alka.li ne sub!>lanre rende rs tbj" easy. 

The pancreatic juice carries on the work begun by 
other dl~t'sti\'e Juices-saliva, gastric ju ice, Lile. I t is 
an alkaline fluid. c'oolaining three fermtwtB: ( I) I1m1l
L-J1).fJ1'l, which is &W.)l olyt ic; (2) tTyp,nn. ,\bic b is pro 
t.colyl,ic ; and (3) ,tt'!Jl ,.ti ll , a. fat-spl itting fe rment. 

The amylopsin ('unll nues the Yo (}rk begull by tbe saliva 
of con~e rting st.a.rcb llllO sugar j th e trypsin, like gastric 
ju itl'. lu rns ord iuary protein8 int o pel,to!:les: aod the 
steapsin splits fa.ts into the gl.'·cerine and fatty acids 
o[ which t.hey are composed At the &8..!lle time the 
aLkalillt~ cUllstituent s of the pancreatic JUice assist the 
bi le in emu h;if.rwg t he fat s. 

It need only be .a.id 01 the Intestinal juice that its 
aCLion is SOWe \\ hat. F. iwilar to that of pancreatlc jU ice. 
only very lIlucb feeLler. 

The net result of the chemical uigesti on descr ibed 
IS to reducr n large pan of the starch , rat, a [Jd prlltt-ills 
of the food iota soluble substances t.hat are ab&o/iJed 
Ulto the blood , as will be subsequently eXiJlaioed (It t' 
p. 417). 

It also appears that a pa.rt. of the cellulose whitb 
makes up so much of the food of horse. ox, sheep, and 
goat, is coo,erted into a soluble form within thE" alimen
tary canal. This, however, is not the work of the 
digestive juices, but jg due to the fermeot action of 
certain bacteria.. 

CJ1tc't""U.TOnr Oncu8.-It. is clear tha.t some arrange-
ments are necessary to secure the distribution ,0£ 
digested food throughout the body, to carry \\"a!!Le pro· 
ducts 'to the p rgans by which they 4,re remof'ed from 
the system, and also to maintain a u.niform temper&
tu.re. These duties are discharged by the circulat.ory 
organs. & set of tubes a.nd othe r spaces containing the 
fluids known &s blood and lrmpb, that. serve a s medi'a 
of exchange, a.nd &Te respectively contained in the blood 
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system ADd the Iympb system, which are best cODsidered 
aeparately. 

Blood Sy.tem . -.~ drop of fresh blood. obtain.d by 
prH'king a. finger-tip (tdee r tightly ""HI ding 8 PI('Ct' of 
strmg round tbe ba.~e oC the 6lJd~J(Hnt) should b .. 
exarnilled under a high power of 
the wicroscope (fig. 207). 1 { will 
be tJe~n to consist of a liquid 
(pitumfl) and of mnuIlleraLlo t"ery 
mUlute c(l''''pu~d''j, These are of 
t\\·o kinds. 1"('0 and W!tllf', The 
Car Inore UUllltrOUS red cor
puscles are circular lJl("onCtH'e 

U A 

FIG. ~07 .-BI,QUb 
('Cl ll l' t 8l'U'.I\ 

lliKhl) lUR.suilied. 

B 

c 

" , red c(/'lwlldeH , "eell 
811L\\ 18e i tht!lf thin 
c(>utres are da..rkl, 
5h~lcd. 

II, dlLLLI, Ill'PO edgewI.Y • . 
c, \\ hire ("orplJ..8Cloa. 
11, 1H.:l'Jt:Uti, 

bodies. dt'\'oid of 0. nudeu!> (a!! 
in aLl I1lll.UlmaJs). and of a pH.le 
reudl!".b-yeUo:, colour, 0'\ illg 10 
t.be prcl:lence of a cOllllllex suh 
stance, 11(fllloy(obln, rC8emhillig In 

l onle ways the green ~Igillent 
(chlorophyll) of plants. l\'hcn 
seen in bulk these corpuscles 
are red, and to thew tba 
charact cristic coiour of bluod 
is due. Tbey are of gn'at 
imporlance in conIlPctton with 
respiration (lIf'f' p, 44:3). a.nd may be regarJeu as oxygen 
carriers. 

The white or colourless corpuscles ((.uror!ltp.) are 
larger a.nd Illuch less numerous than tbe rell (lnes, a.nd 
if trea.ted with very dilute acetic acid a.re seen to con 
tain a nude",. When kept at the temperature o( tbt: 
body they exhibit .. constant cha.nge of sha.pe. and 
era-wI about from place to pla.ce, They are, In fact. 
wandering cells, '9.'hicb perform a. \'ariety of functions, 
One important use or the colourless corpuRdcs of t.he 
blood (and lympb) is to serve as a kind of territorial 
army, engu lfing and diguting d isease ba.ct..eria that ha.ve 
entered the system, 

It is a. matter of common knowledge that blood, when 
exposed to the air, clots or coagulates, and thi. i. of 
grea.t. practical importance, as otberW16e ,an anima.l 
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would be liable to bleed to dea.tb as the result of eveD 
a. slight cut or abra.sion. The st.a.ges iD coagulation are 
ea.sily observed if a 81lJail quantity of freshly-drawn blood 
18 placed Ifi a beaker. First. of all the blood becomes 
viscid, then it set.s into i.\, jelly, 8.ud. la.stly, a. rather 
firm red Dlnss or clot is formeJ, which floats in & paJe 
yellowj sh liquid known as serum. ExaIUlDat.ion of a 
minuLt' fragllltut, of t.he clot. under the microscope will 
show t.bat. it is made up of corpuscles held together by 
exceedingly delicat.e intcrlncLllg fibres. The lat.ter are 
composed of flbrlD, a kind of prot.ein, which doe! not 
exist. llS 8uch in uncoagulated blood. 'What h&8 t.aken 
place ca.n Le represeol..ed thus:-

SItUP.\! , 

[lroCOAGrrLATED ilLOOD 

I 
PI • .A8lSA 

_L 
I 

FIBItTN 

J 

I 
(,OAGOLATErl BLOOD 

I 
(' LOT 

I 
('ORJ>USCLE"" 

The formation of fibrin is due to the action of a l!Iub· 
stance known as fibrin ferment, which is derived froID 
the white corpuscles. 

The blood moves or circulates through the. body in 
a. closed set of tubes, the organs of circulation of the 
blood, ,,·hicb comprise (1) the heart, (2) arimel, (3) ",inl, 
and (4) capillaries, 

The heart, which may be regarded &s a. central force· 
pump. is & hollow muscle, formed of two independent 
halves, right. and left. Each half is divided into .. thin· 
walled anterior compa.rtment, the auricle, and a. thick· 
walled post.eriOr CODlp&rt.ment, the t;-eniricle. The whole 
organ is enveloped in a deiic&te membrane, the periear
dium, forming a kind of double bas, with pe-Tirordial fluid 
between ita two layers, And ill lined internally by • 
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ai01tlar kiud of membrane, the fflduro'J"dl1Jm. fiu.ps of 
which proJect. in wards to fo rm cu.lre~. Such \' a.JVt'1i eXIst 

a t. the ordi(.'B l;et,ween thp aUricle aud l8utrrde Oil t'<lcb 
aide l twld also a.t the vrJfice Jeadwg /Jut of each n"ntrJde. 
Th e \nlves nre so arrallt;pd llS to pefllIlL Ihe blood to 
flow from auricle to veulnc!e-, nnd frolU "ell! ride out,... 
'wards, but to p revelll ilg va~slllg III Iht· oppOlille dlrt'c 
tioD. In a state of healthy hf t , lohf' :,lo{lu It! the Idt 
side of the Leart 1S of a unghl beariel l' lJ h'ur (urtrTlcd 
bloud); t.hat In the nght BHle is (If a \.lark pUr)JJe hue 
(ve,wus hlood). 

The vessels, or 1uhes, \\ hieh rnrry blQod frnm t.he 
hea.rt a re called arteries ; those Whldl COU"('Y hlood to 
the hea. r t are veins. The .'lrLenes 5Prlllg irow lbe ,'en· 
tricies, the vejn~ discbargB inlu the aUrlch,s, As an 
80rtery JS t.ra.ct d away frClJJl t.bp heart It 18 founu t o 
branch cOIlt..lllually, t.be brnnc'hes tbt'lUhelves brt"nklng 
UII in a similar wa.'". Th e ~llbdl\' I ~ I()11 IS ("ontlllut'ci until 
extremely narrow thin-walled 1 ube s. t.ilt> capillaries, at 
length rebult, and the!ie perllleate (' ve ry flart of til,· hody, 
excepL the epidernlls and Its appendages (balf , wool, 
born, etc,), and the cMtila~e8, 

Traced onward, tLe capilla r ies nre found to gi"e 
origin to the smaller ,'etns, wblch hE' CO rlle coolJuf'nt. int.o 
larger and larger l'cins, tbrou~h willch the blood rt.'tu rnB 
to th e h Bart. 

'Without entering at an~T length iDt.o the det.ails of the 
circulatory organs, the ~tudent can acquire a knowledge 
of the chief facts by following t.he cou rse of the blood 
from the beart back to lhf:' place of starting. The naweR 
of tbe chief vessels a.nd tubes th rough which tbe blood 
60W5 ca.n be mentioned incidentally. 

Starting, then (fig, 208). with a. pa.riicle in tbe sca.rIet 
blood of tbe left ventricle (I), it is driven by the con· 
traction (beating) of the heart through the open kmil1tnar 
vruves iuto a strong clastic art.ery (2) called the aorta. 
This curves round to the left, and whjle it,. sends a 
branch (3) towards the head. the main trunk extend. 
bacKward (4) beneath the vertebral column. and even
tually divides into two iliac arteries (benea.th the ilill, 
p. 412), one 01 wbich supplies tbe right bind-leg , and the 
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OI~'~~Jd :~:~llth~ lI~d~O~rd .!~ t~ 
Fide, aod to be laid upon ltl hack. so 
that the It{t of tllE,- IInillHii i. at the 
()hl3"rycr. righl. The nrrow/) mdi
catoe t he direction of fio\(", The 
l"t's!!c\!; ulnng whidJ llI'( ,wl(Il blood 

~~~~~/;h 11 ~~ I ;In:::~~'d ,,~i;.!6 leco~~;; 
rl't"'u· 10100.1 are r. 'p~lK'IU NI by lhe 
full h1;u.:k culuur. .."'l.(I~iL'e thaI. 11.11 

~IJ1~ecr~~~r~~M (':~:r~/~~t~~~1I Ll1::tn:13 
;dJ the Veill .... r~f',./'I tbe pulmonary 
\'cins { It; J V{,IIOU:! h](I(.J. 111 other 
words. \\ hiL .. t in the ~.'1~It'mil' cirClI_ 
I:\~ion the nrt.erie. COIIl't'Y nrtcriui 
blood ami the ~ eins V(lO OUII blood, 
:11 thf' Iwlm'>1IfI"Y circub:iOll tbi. 
!!tale of things is revenlt'd ] 

n , heart ( 17, ' 13, aurides; I, 14 
\·cntric]l·., 

T .. J .. lung~. 
T, tr:lchl'iI. or ..... indpipe. 
R. II, bn'twhi. 
K. kidne\·. 
" I, itLt.e8tinal Cfl.UA.1. 
l.1I. lj"er. 
A,I;ll't.cal .... 

4 0, t l)llr:telC dnct 

FIG . 208.-DIAGRA1dMATIC 
R:"P&E8IUfT.ArIOM L I' m. 
CU.01JL.A.TO"Y STU .. I1i .. 
lI.unuL. 

P. bloo<l'Yt"\Sels carrying blood, and 
aU-iorbed peptone", Sligar. et.c .. from 
small intestine to portal n in ( II ). 

I. left ,·en tricl e. 
2, aort.:l. 
a, artery IiUplJlying head and fore-

limbs . 
.c , dorsal aorta. 
b, bep,'ltlc artery l:Iupplying liTer. 
I), a.rtery 8uppl)illg intestines. 
7, renal anery supplying kidney . 
&, blood capiU.a.riea, 
9. po:neOor yenll. caTl •. 

10, renal \"etn. 

:~: be~~licY!~i~. . 
la, right auricle. 
14., right 'Ventricle. 
15, pulmonary art.eriee. 

; ~: fcli~~~c1 Tein • . 

18. blood capilJa.riee. • 
19, vein from for-.: pan of bod,. 
!O, anterior Tena ca ... 
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other the left. In due COUTJle the particle finds it9f'll in • 
capilla.ry (8). ei ther in the pelvic reg ion or 10 the limb 
Hurried a.long in thl'l current of the lliood, It travel! 
t.hrough the smaller ve ins, aDd ult.imately reaches a 
great vein (9), tbe posterior vena cava, \\ hich extends 
benea.th t be n>rtf'hrn.l ('olumll hlongfiide the aorta. ThiB 
vein passt's [or\\ ard. Jlle rces tfu~' dl8.1,hrapn- &s doeij tbe 
a.orta in passing bnckward and throws the pa.rtlcle int o 
(13), the rigLt aurIcle of t he 
beart. Th e ('Qnl Tn et Jon (If the 
a.uricle driyes lue pnnicle pMt 
the open tTit:1t~pid 1'(l/I'~ l..UI41 (I.t) 

the righ t 't'cnlriclc, tht> ~Ollt rue 
tion of wlllcb propels it thrularh 
t.be r iRht ' ,omil'Unar yaln:s ,,,\11 

(15) lbe pu onary artery, 
through the Dar rou'iug hrandlf's 
of which it. reaches at lenglb Olle 

of the blood capiUaries in the air· 
cells of (L) the lungs (fig, 209), 
ThE'nce. it. tra.vels through the 
smaller veins of I he l ungs, and 
ul lim a.t ely passes inLo (IG) one of 
the pulm,onary veins, wLicb ente r 
(17) t.he left. auricle of th.e hear t, FlO. 209.-LU}:OS or 
whence the particle is driven Sn"~l'. Aeen from below. 
past. the open mitral valves mLO 1 . ht 1 
(1) the le ft ~entri ('l e. and BO 2: f~~t lu~;.g· 
regains tbe point from which it ~, tra.cnea or 1'I"iodpil' e 

started :: ~:;~:jd arLerlel, rJght 
The contraction of the heart ill and left.. 

rhythmi.t, or r rgul:H F irst the 6. vena co.:. pOlt eriC'l r. 
auricles eont ract. toge.lhe r . ncx.t 
the ventricles, aDd then t.here is a pau!e, atl er 
which the cont ra ctions are repea.led. It is the 
the volume of blood suddenly thrown into the 
aorta. by the vent.r iclllar contraction, and distending 
the walls of tha.t elastic vessel, l\fhich produces the 
pulse. The number of pulsa.tions corresponds. there
fore) with the beating of the heart. A rleries arf'. as & 

rult . deep-sea.ted. but the pulse can be felt at. A (~ .... 
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pla.ces where an artery of some size pa.sses along the 
surface of a. superficia l bone; in horses, on the border 
of tbe lower jaw, or inside the elbow j in cattle. under 
the tail , or on the middle of the first rib. As the pulse 
takes time to t ravel along the arLer iel5, it is felt la.ter in, 
say, tbe foot, than at the temple. The normal pulse of 
fu ll·growD animals is. in the horse, about 36 per minute; 
in the ox, 55 j in the sheep and pig, 75. In young animals 
it is more rapid, and when an anima.l is feverish the 
pulse is more frequenL 

As the united. sectional area. of the arteries is much 
greater than that of the aorta, which supplies them, 
the pulse dwindles. and in the veins it bas disappeared 
altogether. Indeed, 80 little is the effect of t.he 
ventricular cont.raction felt in the vems that they 
are provided with valves, arranged . in 8uch a 
way as to flap idly against the walls, while the 
blood is flowing, as it should, towards the heart, 
but to fl oat aCTORS and bar the path should the 
blood attempt to flow in the reverse d j_rection. By press
ing the lower end o( the jugular vein . which extends 
along the groove on either side of tbe neck of a horse, 
it. ie possible to ' fill the jugular'; (or the moment, the 
blood is prevented from flowing on towards the beart, 
and tbe knotted appearances show the pOSItions of the 
valves. \V e can understand from the above tchy the 
blood flows from a cut artery in jets or spurt!, and 
fro m a cut vein in a steady but slower fashion . And it 
is worth remembering that bleeding from an art.ery Ca.D 

be arrest.ed by preS!llre on the side 1l1'.artr to the heart. 
while the opposite is t rue in the C8.I!B of a vein. 

It is now possible to a.nswer two important quest ions. 
Eow does the dark (venous) blood in the right side of 
tbe beart differ from the scarlet (arterial) blood in tb. 
left side' " Tbat is the cause of this difference ' 

From what has been already stated, it is obviou8 
that tbe cbange from dark blood to scarlet blood take. 
place duri.ng the passage tram tbe right ventricle to the 
left auricle-tbat is , wbile tbe blood is passing throuJ!b 
the capillaries of the lungs-this is called we pulmonary 
circulation. . On tbe other band, the blood i. cbanged 
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from scarlet to dark purple duri.ng its course lrom the 
le{~ ventricle to the tight auricle-tha.t. is, in t.he ca..pil . 
lanes of parts of the SYSlelll aLbar than the luug8-t.hi~ 
is called the .sY!lttnuc circulation. Tho chief difference 
between the Bcarlet blood and tbe dark blood is that 
the former (.:ontainSIlJOT(, Clx:'genn,nd Il's~ carbon dioxide 
than the lntler. If a l'f'in is opf.'l1('d on Ihe surface of 
the body, blood that is dark purple in colour flows from 
it. But it. immediately becomes sca. rlet beca.use, exposed 
to t.he air, it absorbs oxygen. 

The scarlet blood that leaves tbe left ventricle is 
purer than the dark blood on the other side of the heart., 
In its passage through the capillaries of the system. 
however. the blood pf'rforms certa.in work. It carrie,.. 
material where it is required , and in this way it builds 
up or repair". tho j issues, which it. also supplies with 
oxygen. But it does mo re than this, for in all partl 
of the body "Q;·asf.,e is going 00 , and Lhe products of aucb 
waste a.re swept. away in the blood , to be c8.nied tn 
o rgans by u'ruch they a.rc excreted, or removed from tb6 
system. 

It ia important to realize tha.t the art..e ria! and "cin!, 
especially the former, possess compilratively thick wa1J5, 
through which diffusion cannot. ta.ke place. The "ize or 
calibre of these vessels can be enlarged Qr diminished. 
owing to decreased or increased contraction of a. mua 
cular layer in their walls, anu the supply of blood to 3 

partICular part can therefore be adjusted. Such &djust 
ment is controlled by the nervous system. 

The actua.l exchange of material between the blood 
and the ji''-ing substance of the body takes pJace in the 
ca,piitaries, by diffusion through the excessively t.hin 
walls of these microscopic vessels. At the same time 
the maintenance of an equable a.nd constant tempera.
tU re in all parts of the body is rendered possible. 

Lymph Syatem.-Everyone must have noticed tbo 
clear Buid tbat collects underneath a blister on tbe band 
OT loot. Tbis i. a loeal accumulation of lympb, " fluid 
t hat occupies certain large spaces in the body, 8uch a 8 
the abdominal cavity, the pericardial cavity, and the 
pleural cavities, and a180 fills up the mmute · irregular 
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crevice8 in the various tissues. Microscopic examinatlon 
shows tha.t lymph consists of white or colourless cor
puscles (w p. 435) floating jn liquid pia.sma. 

Connt'et.ed with tne lywph-spaC'es art' a. number of 
delicate lymphatic vessels , re~embJing small velDS in 
structure, and ultimately opening into a slender tube, 
the thoracic duct , lying just bt>low the backbone in the 
froCit part. of the ahcloll1£'Tl Ilflll in the tllorllx. and -:or /ID 
municating with the g reat veins on the left.-hand side at 
the base of tbe neck (fig. 208, DJ, AL lhis poiut lympb i8 
constantly flowing into the blood. The lymphatic ",essela 
of the intestine ha.ve received the special name of 
lacteals (L. lac. lacti!, milk), because after 8 meal con
taining fat they a re seen to be filled with a milky· 
lookiug ft.uid. Here and tber~ in the course of lymphatic! 
r"ounded nodule·liko bodies may be ob·sen ed, a well· 
known example: being tht' • pope's eye I in 0. leg of 
mu'ttOD. These are tbe lymphatic glands, which may be 
regarded as manu£s.ctor ies of colourless corpuscles. 

BIlEATH[l';G Oil RnH' IRAT(IIlY OnG.L"\~ - Tbe windpipe 
(t ro c:hto) runs from tbo pbaryn~-below the gullet
along the ventral side of the neck into the tborax, where 
it divideR into right a.nd left bronchus, goil.1g to the 
corresponding lung. 

Each of these organs is ul\'ested in a. sort of double 
bag. the pleura, compara.ble to the pericardium (p. 436). 
The presence of a small quantity of lymph betwt>en 
the two layers of the pleurm enables the 1UD 6!\ to glide 
over the inner Bur face of the thora."t w-ithout friction a.a 
the respiratory movements take pla-ce. The disease 
known &s pleurisy results from inflammation of the 
pleural membranes, and is associated with more or lesl 
fr iction and pain. 

11 ,,'e follow a bronch~. into its lung W8 .ball lind 
that it divides in a branching manner into smaller and 
smaller tubes~ the smallest and most delicat-e of these 
being called bronchial tUb •• , inBalllmation of wbich 
causes bronchiti~. It may be noticed in passing tha.t the 
termination f itis' (met with in the names of many 
diseases) means (inBammation, J a condition associateo 
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with the local &ccumulation of colourless corpuscle. (or 
the purpose of attacking disea.se germs. 

A bronchia.l LUbe ends in a. group of mUlULe nu'·.lOc", 
thb delicate walls of whIch are closely surrounded by & 

dObe I)et.work of capillary blood· vessels. Inflammo.lion 
of Lbt lungs or ImetWlOTlla is an inflammatory disease of 
the bronchial tubes and air-sacs, and is n OL mftequeo1ly 

. &saociated with pleurisy, in which case tbe t.erm ,Jnlro
pneumonia is employed. The mischief is caused b., the 
entry of cprt.ain baderill. 

The greater part of the fiJ10agy wbstance of llia 
lungs is made up uf the hronch ial tubes, wilh tl.ll'l r alt
allCS. It is 10 t.he latLer that the essential IJarL uf \'ff'l1th· 
rug or respiration takes place. Thill is the tianlt~ ill 

H.U1UlUls IlS in p lauv8 W. l.j:~). and C',II!'i3t!:' vr ll1f' IlLklllg 
in of pure oXYiW3n, \\'h ile at the iHUllfj tmle 'be waste 
product, carbonic arid gas or carLon diox.ide, is 6l1:· 

creted or remov ed from the ,;YS1PUJ. 1Il the ammaJ tbere 
is) 80 to speakJ an exchange of mat.€'rlal LJcl \\ een the 
dark impure blood in the cnpi1larJ6s of the alr·sacs a.nd 
the air ~'hich these conta.in. OX.Vgt'D di.ffuses froUl the 
a.ir into the blood, and ca.rbon dioxide from the blood 
into the ai r. ThE" latter also rpcei\'es a. good deaf of 
water Va.POUT, Ano Ii- minute qU&Dtity of nit.rogenous 
waste, while at the same time jt,..e temperature is raiRed. 
We consequently find that the air b rea.thed out or 
exha.led diffe rs cotl"iderably from the &i r breatbed 1D 
or inhalt-d. 

The blood goi.ug to the lungs is said t o be impure 
-l.t. .. it conta.ins relat.ively litHe oxygen and 8. large 
.. mount of carbon dioxide After a. great deal of the 
latter h"" been got rid of in ,he lungs. and a fresh .upply 
of oxygen ta,ken UJ>, it becomes pure blood. and .fiowl 
into the left auricle of the heart. A word is necessary 
&8 to the marked difference in hue between these two 
kind. of blood. As alrcndy mentioned (p. 4::5) tbe red 
corpuscies owe their colour to the presence of the com, 
plex substance termed haamoglobin. Thi, i. capable of 
taking up a certain amount of oxygen int.o )00S6 chemical 
oomblnation, and then becomes ozyhlemog]obin , wbjcL 
i. bri,ght aearlet. BeDce the colour of pure Of' &rt:..eria,] 
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blood. H ... moglobin of this k ind. hov.-ev~r. ea.sHy parts 
'With its ionsf'ly comhiTwd ox.rgPD , and then becomp,:~ 
r edr,ur/ lWllloglobin. witu'h is dark purplA. The oxy 
b~moglohll1 of the pure bluod which is pumped by tbtl 
left ,'entncle of the heart to the capillar ies of the body 
gin·s up Its loosely combinl?d QXntf'D to the LisslleR. and 
becolllE's rpduud hR'llIo~loum . Hf'nce the purple colour 
of impu rt' or ,'CIlOU!i hluod. We see. therefore. t.hat the 
Te d COfplHlcies play the pa r t. of ox-ygcn-carr ipTs. They 
take up oxygen in the lungs and suppJy it to the 
tissues. 

f t. is clearly neC't"!HH\ry f(lr the ai r in the lungs to be 
constantly TPnewpd, Ilnd ohf'f' rYllr ion of a living animal 
sh ow that reSplTatolY movements are con~tantly taking 
pla.ce. During tilt" breatillng: in or inhalation of a ir the 
\·o!ume of t.he th() rax is innf'aspd. the lungs expand, 
and ai r fl ows into tht> Illrl!f' r ai r-tuues. The opposit4> 
lakes place durinp; the brt'Rlhlng out or exhalation of 
a ir. 1t i~ importa.nt to note t.hat rent>wal of ai r in the 
brnnchial tubes and air-sacs is pffected by ga~eous dif
fu sion. The lhorax il5 increased in volume from above 
downwards and frOID side to side by movements of the 
r ibs and breast bone. R~- the contraction of muscu lar 
fi bres (Intf'r('{llttnl 1111j !trll'~) running ohliquely between the 
r ibs. these swing downward!l and forwar ds. T he increase 
of \'Oillille of the thorax from b"rore hackw(lrd s is caused 
by ('0 11 traction of the diaphra~m. Th is is really a Bat 
Dlu~cle, with a fleshy mllr(tin (' skirting !'teak' of 
hu trhe rs) and fibrous or tendinous centre. There are 
a lso important mu~('uiar bands. the 1,illrJT$ of the 
dinphTOllm. runnlnp. ob\lque\y upwards and backwards' 
from tho dorsal part of this partition and h~coming 
a ttached t.o th e backbone. During a state of rest t he 
margin of the diaphragm is C(I7I1'f,r towards the thorax. 
'When a i.r is breathed t.hi!'. marp;i.n become~ flattened 
by con t ra.ction of its mu scular fibres and the pillars, 

When air ·is breathed out the thora.x is dim inished 
in volume. lar.e-el.v owing to the return of the ribs and 
s ternum to their fOnTIf'.T position. as the result of eJas
tJcity. while at the same time the dillphragm ceases to 
oontract, and once more becomes convex towards the 
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thorax. The mechanicAl part. of Tt$piration or bT6albing i. 
thu8 carr ied on, anJ the bf"hnv;Ollf of the thOTn..x ma.y 
be likeDE'd 1,0 t.hat of a. pair of btdlows wo rklD8 through 
t he Dozzle only, 

From what. bas been said it, is clear tbat aniulaJe 
const.a.ntly vitiait' th e surrounding air, and if they are 
shut up in low ill · \'ent.ilated housu, the consequt'nces 
may be serious, and mny ('.\'('0 lea.d to suffocatIOn sh(Juld 
the !tlr Lecome too hC:'8viiy c}Jnrgt'd \\'11 h carbun dloxiue. 

During t.he passa.go of tbf' blood frolll the It'ft. 
side to the right Bide of the heart the oxygen is largely 
occupied in oxidizing JJ<t.rLicies of c8.rbon~u.'eous maUe r 
in t.he blood itself. while oxida"t.ion is al so constantly 
going on in the livi ng suhRta.nce of the body . Smce 
oXlda.tion is accompanied by beat, it will b6 understood 
how the heat e! the body is maintained. 

The term excretion is aJJplied to the process of 
getting rid of the waste produtts forllled by meta.
bolism (p. 142), and organs which do thi!= work ar e kll own 
as excretory organs. Since the lung. elimina.te carbon 
d ioxide and water from the system they obviously take 
part in excretion, and the liver is also an importa.nt 
excretory organ, for bils is really 8. waste product, 
though it a.ids the process of dig-eln.ion before le8.\' ing 
tbe body. The remainlDg excretory organa are the skiD 
&nd kidney •. 

The skin , as 18 ~'ell known. is warm and moist, and 
water vapour is continua.lly passing away from it- ThB 
wannth and moisture esca.pe from tht ulood, the ca.pll · 
laries containing which exist just below the outer s&:jn 
or epidermis, a s is proved by the fact tha.t even & 

shallow cut causes blood to ooze out. A small amount 
of ~aline matter passes away by the skin alao. It. is 
for the salt upon it tha.t So calf or a cow will lick a. man ' s 
hand with its rough tongue. As horses perspIre freely, 
it is desirable to keep their skjns clea.n and free from 
dust, so tha.t the action of the skin may not be impeded. 
This object is effected in grooming. 

The kidneys are the chief orgaDs of fJitroq,nQUI excre~ 
tiOD. They are situa.ted in the dorsal part of the abdo
min .. 1 c .. vity, inunediately below tho backbon.e. T .. 
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protect them from violent shocks, each i. imbedded in 
a 80ft semi+fiuid ('u!!hioD of Cat, which in the carcase 
of aD ox o r 11 sbeep is ca.lled 'suet. ' Each kidney 
recei\'es blood LJy a short renal ortrry, gi"en off (fig. 
208. 7) by Lhe dorsal or abdominal aorta, and returns 
its blood by a ,-rnal 1,tin into the poste7";or vena MltO . 

The kidneys are made up of Do great DumLer or wicTa
scopic \lnnary lubu.k.!, intimately related' to a cOUljJli· 
cal-eu set of capillary vessels, from the blood circulaLing 
in which they remove the constituents of the urint. 
These lDclude the nitrogenous waste products known as 
urea and lii ppuric. acid, a large amount of water. aDd 
certam saline matters. It is because of the presence of 
nitrogenous waste t.hat urine has a high manurin.] value, 
and that lit.ter is &pread in stables and byres to absorb 
this liquid, so that it may he used upon t he land t() 

proUlote the gro \\ th of crops. 

Tbe blood that lea~e. lh. kidney diffen {rom tb. 
blood that enters it, in that it ha.8 lost all the ingre
dients which go 10 fOTm the urine . and 80 far as nitro
genous wastt' is concerned it is the purest blood in the 
body. The excrctjon of urine by the kidneys is COD 

stantly going on , so that some weans of getting rid of 
it are nec-essary. It continually trickle!! 8.way from each 
kidney along a. tube called the ureter. The two ureten 
open into 8. thin-walled. elastic, distensible bag, the
urin.ary bladder , situated in the hinder part of the 
abdomen. From the bladder there issues a tube, the 
urethra, through which the contents of the bladder are 
perioctically disc-barged. 

The lungs; liver, skin, kidneys are thus seen to be 
Bouree. of 10 •• to the blood. "IV ater i. lost at each of 
them, whilst t he lungs are .peeially distinguished by the 
loss of carbon dioxide, the skin by the loss ot carbon 
dioxide and .... line m .. tten, .. nd the kidney,s by the 10 •• 
of saline matters, ure&, and hippuric acid. 

With sucb waste always going on , it rema.in.s to 
inquire how the animal body is sustained, and by wb,at 
means it is prevented, not only from wasting away, 
but is, on the contrary, caused to increase in lize &Dd 
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weight. To 8.us wer lbi! inquiry it j" necesstlry t.o return 
i..o Lue food in the a.liment.a.ry eN-na.1 

The AbsorptIOn of Digested Materlals. - lt ba. b •• o 
5e{>n tp 431) dnll tilt' ,·!Tee: II:' lh\~ t1ij.:.t'!-lil\l' JUICt'l\ 1}4 til 

break Ill' all (OOd~5tu if! uno 
tL. ree main portions-(I) the 

dtssolvtd nit rogenou!! ma.tters 
and sugar, (2) .the l!1nuis'/icd 
fats. and (3) an indi!lf:.filbJe 
resiJue. The last-named 
pa.rt. consisting la.rg~Jy of 
coarse fihre, lrll\'els Ihrvugh 
the inleslinal cana.1. ll.lld , 
mixed with some of tho in· 
testinal secretions, is passed 
a.way In the ~ rm (It eXCTe~ 

mcnt. which. in the C8.St of 
horses and pigs and stEJ.lI~fed 
ca.ttle, usuaUy findB -its way 
to the dung-heap, '11 hence 
it is returned to tbe soil. 

The dissolved matters and 
the emulsified fa.ts are, on 
the other hand, takelJt up 
by Lbe blood. and can thu. 
be tTansported to all PH-Tts FlO. 210.-DIAOILUt or A 

of the hody. The ab.orptirm i~~~~~n.~~r 'l'na SlUT l

of dige-sted mltterift.ls by the 
blood is effected chi{'fi)' by 
the .nil, of the smail inles' 
tine. Ea.eh villus is a minute 
club-shaped struct ure. pro
jecting inwards {rom the in
ternal lining membrane of 
the intestine.. I t is coveTed 
(fig. 210) by a layer of deli
ca.te cells surrounding a fi nt" 
network of blood ca.pi ll&ries. 
originating in (I, minut.e 

A , hru'h- o f th t' vilitH'. 
n, t:!1't~rufll {'u rerJog of epJLtJ. 

Hum cellI. 
e, Ule $ma.ll art.E-ry entermg tbtt 

villus , Itond brell.k ing up into 
eapillr.riM, ~tueb re-ufJile W 
fonn-

n, the flm811 vain which \",avell 
t.he "iUu.; 

L , th lACteal radiele whicb 
occupie!'! l.b" midrUe nf the 
" illll6 {eolid h\l\Ck). 

artery which enters tbe viHus.. &I1d converging upon .. 
amaH veinlet which 1.av88 it,. 'Within thjs network i •• 
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branching la.ctrol radicle, opening into & lacteal ,'elld 
(p. 442), which passes away from the villus. 

Myriads of such villi line the iuternal surface of the 
ama.lI intestine. Their blood~ \'e 88els derive thei r blood
rupply from the aoria, whils t. all the veinJets whiclt 
emerge from the ,-i lli become confluent, and pou r thei r 
blood ultimately into a vessel called the portal vein, 
which passes in to the li ve r (fig. 208, ] 1). There, unl iko 
the great majority of veins, t.he portal vein break, UP. 
and the blood it. contains is submitted to the action 
of the cells of the liver. The liver also recei ,'es a 
lupply of arLerial blood througb the hepatic artery, 
which derives its blood from the aorta. (fig. 208, 5). 
Without. slopping to inquire into t.he minute struct.ure 
&nd functions of the liver, it. may be st.aLed that this 
gla.nd is drained of iLs blood by the hepatic veins 
(fig , 208, 12), which open into the po3ttrior 'Ven.a catlO, 
tbis lat.te r passing directly into the r ight. a.uricle of the 
beart. Hence the blood that tra.vels through the villi 
of the intestine passes, by way of the liver, into the 
heart. 

The blood that leaves t he inLestinal villi is, bow· 
ever, different from that which enters them. Most of 
the di ssolved products of digestion ooze througb the 
delicate covering of the cells which em'clop the villus 
much as a. thimble covers the end of the finger, and the 
solution further di.ffua6s through the extremely thin waHa 
of t he blood capillaries within the villus. Consequ ently 
the blood that flows from the villi of the intestinal walls 
carries with it the dissolved peptones and sugar, salts 
and soa.ps, that are derived trom the food, together with 
most of tbe water taken in at t he mouth. 

But what becomes of the minute pa.rticles of emul
.ified rat that exist in the small intestiDe! These par· 
ticles a.re split by ferment a.ction into fatty a.cids &Ild 
glycerine, 'which are taken up by the cells (fig. 210, B), 
covering the villus, and find their way, not into the 
blood capillaries, but into the lacteal radicle wbich the 
blood capilla.r ies surround. Here they are r ecombined 
into globule. of rat. The la.cteai vesseis which emerge 
from the villi become confluent, and ultima-tely pour . 



ABSORPTION OF Foon 

their Ulllky-looklDg contents, called chylr. into the POfl~ 
t erior end of t.he thoracic dltrt (fig. 208. n) , ultimaLely 
rea.chi_ng thf' ri~ht auricle of th~ hear t (p. <l4~ .) 

Though the yilli of the sma.ll intestine are the most. 
actIve seat s of nUlio rplion of digest.ed mater ials, Bome 
amount of absorpt.ion of d issolved matters i!lo begun 
through the blood capillaries in tlte \\nlls of the 
6t.omach. Absorption i!!. nl~o ~(lntinued. to a greater or 
less extent, thro\Jgl~o\lt the int.estinal tub!' The rapidi ty 
with \\ hieh abso rptivf1 is rapa.hle of bemg errected HI 

well illustrated ill lht' in~UlIlt a.lleviation of thi rst which 
follow a upon the taking of water iota the stomach, 
whence it JJfomp1ls J13. ~ses into the Llood capillanes. 

It appears. therefore, that. though lbry travel &long 
different rouLes, the tl hsoh'ed ppptoTlPS and sugar a.nd 
s.alts. on the one hand, ~nd t.he ctnl1i!ufied fats, on the 
uther, find thrir. way (roro tbe intestinal canal to the 
right side o[ the heart. From thl:': re, a s has bl'cn seen, 
t.he hI Dod is drlyen t.o the lungs to he oxygenated, 
thence to the lef t side of tbe hear l, and from there to 
all parts of the body S8.\-e the lungs, 1\ ot much is known 
of t he exact processeg ",herel'.f the Llood. out of tbe 
materials it derin"s from the alimentary canal, enable! 
the work of repal'ation or constrUCLJOD in nI l parts of 
the body- foT example, the buildJDg up of bone in ODe 

place, the formation of muscular fib re in nootber, and 
t he storage of fat i.e a third, We know, }Jow f', .. er. tb&t 
repair and growth depend on the cons1.Tucti\'e activity 
of the living substance (protoplasm) of the body, and tho 
ma.teriaJs faT this work are th e products of digest jon. 

But the student should now be in a po~i tjon to grasp 
t he fact that all parts of the animal body ba l'e at OD e 

time or another passed through, and formed part of, 
t/,. blood, and, further, that the blood i. the mpdium 
through which such materials as hay a.nd corD and TOOts 

a "'e man ufactured into such products as beef and mutton, 
milk and wool. 

The reader is ca.utioned $.gainst supposing that the 
lacteal T'essels, whereby the finely divided fats arc (,tlrned 
from the intestine i.oto the blood, h&ve any npeein.l con
oectioD with the secretion of milk at the mamm&!'7 

(j 
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glands. Both the chyle and the milk are emul,ion. of 
fa t., but the former, a s has been seen, is mix.ed with 
the blood i.D t he righ t sjde of the heart, and ha.& no djrect 
relations with the milk-secreting organs. 

Gains and Losses ot the :Blood.- To sum up with 
regard to the blood. It has been seen that tbe blood 
gains materia.l (peptones, carbohydrates, fats, salts, 
water) from the food in the alimentary canal; that it 
gains materia.l (oxygen) from the air in the lun gs; that 
it gains ma.terial (the products of acth'ity and waste) 
from the tissues generally ; a.nd that it ga.ins material 
(lymph) from the lymphatics. On the other hand, the 
blood loses materia.l (cnrboll dio~ide and wlliter) at the 
lungs; it loses material (urea, hippuric acid, water, saline 
substances) at the kidneys) ; it 10s6s ma teria.l (wa.t.er , 
sal ine substances) at the skin; and it loses ma.t. erial 
(used for construct.ive purposes) in the tissues generally. 
The- constitution (If the blood 15 described on p. 435. 

NERYOU8 SYSTF..M.-The various organs of the body 
are under the control of nerves, and it is through the 
nervOus system that the movements of the body are 
co-ordina.ted, so tha.t there shall be no confEct of put
pose. The brain, with its post.erior continuation
the spinal cord--constitutes the central part of the 
Dervous system. The brain a.nd spinal cord mue up 
wha.t is known as the ctrtbro-spinnC ll~no1lS axia, the whole 
of wh ich is securely lodged and efficiently protected in 
the bony cham her formed by the skull and the 
vertebroo. Processes or outgrowths, given off in pairs 
from the axis, form the cerebral and spinal nerves. 
Some of the former are nerves of specia.l sense, 8S the 
olfa.etory nerve (associated with the sense of smeH), 
the optic nerve (associa.ted wit.h sight), and the auditory 
nerve (associated with hea.ring). A number of pairs of 
very importa.nt nen'5S a.rise from a. region caBed the 
_-ulla oblongata, at the junction of the brain and spinal 
cord. Ooe of these, the pneumogastric nerve, or 'VClgUI, 

distributes it. libre. t o tne he .. rt, the lungs, and the 
stomach. -

AU muscular contraction takes place in obedience to 
DnVOU8 inftuence. This is equal.ly the: case with the 
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voluntArY movements of the mUBclea of the limb8 (a. 
in running or walking). ADd with t,be involuntary movt
ments of the intestinAl ca.na.l (peristaltic contra.ctions) 
and of the heart. lh. qu.ntity of blood which .hllll 
Bow to any part oC the hody is equal1y det.ermined by 
the nervous systenl. inasmuch as the V(l.'O-'IIQtor nf" n'es 
\::ontrol tbe ca.libre, or mtemaI dirullet.er I of the small 
arteries. Mos;t important n·tjultsB.f1se from thi!ll circum 
sta.nce. 

The sense organs of tou(."h, ta ste. smelL hearing, and 
sight are the means by whith infl,nnntiou. abont sur· 
roundin~8 is obtained. ~\ ue ~c riJfh ')n of t.heir strIJL,lUre 
&Cd modes of action is out side the S(,Ol)e of ti!]S buoK. 

REPRODUCTIO:.-.-The horse a.nd othe r k inds of farm 
stock. like a.U but the lowest members of the lUlnnaJ 
k:i.ngdOIIl, propaga.te solely 
by means oC sexual repro· 
duction, the essentia.ls of 
which &fe the Bame a.~ else· 
where described ior flo~ er· A 
ing platts (p. 164). It con
sists in the intimate fu sion 
of a. minute egg-ceU or ovum, 

Mer;nbr<)ne 

produced by the female. 1 ju~'eus.~ 
with 4- very much smaller If· ~J'''''' ~ 
sperm or sperma.tozoOll, pm~ B \~ 
dueed by the male (fig. 211). "" 1_ H.ad 
The 8perm r esembles a tad~ c)1 

P?le in. aha.pe, and is .pro- FlO. 211.-OVU" AloiD SrER.)lII. 
'nded ~lth. & slender ta.I1 by Highly magnified, 8 more I.h1ln .... 
the whip-ilke moyements of A o"um' Ilf't.",ork f,f I hrOW'l'.iu 
which it is able to move in TlU~Ij>(l~. 11, <\lwrloll; t.he 
a.bout in the search for an dark spot. in the belui n! cacu 

sVel1l1 Ui the. nuclt:m!l. 
O"'fum . 

After the ovum hI" been fertilized or Impregnated 
by union wi th .. spe·rm, it is able to g TOW into a.n 
embryo. In tb. case of the borse and .Il familiar mam
m.als the embryo is known as .\ fcetus, and develop. 
W'ithin the womb or uterus of the mother, to 'Q,'hich it is 
attached by .. complicated after-birth or placenta. Thi. 
brings tbe biood system of the mother into clo •• relation 

Qi 
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with tha.t of the fmtu8, which is tbus Dot only nouriahed. 
but ena.bled to get rid of its waste products and receive 
the oxygen DE"C'Pssary for breathing, 

In a bird the ovum (' yolk' or ~be egg) i. of large 
eize, oWing to the fact that it is crammed with Dutfi
me.ot to be used in building up the embryo. Before 
passing from the body of the mother a. furt.her supply 
of outriLi\"e material (' ,,·hlt.e' of the egg) is added, 
&Dd external to this a. double membrane (shell mem
brane) a.nd ca lcareous shell . Both tbe latter aT" per
vious to :liT, for the developing embryo needs to b reathe. 

\Vb en hens' eggs are pluced in • wa.ter gla!s I th & 
pores ill the shell are hlockeo up and breathing pre
v6Dted. Sucb eggs' keep' bE'cB.use the de\·elopment. of 
their embryos is thus arrested. 

CHAPTER XX. 

COMPOSITION OF THE ANIMAL BODY 

THE chemical p,lements entering into the composition 01 
the animal body are carbon. hydrogen. oxy~en, nitrogen, 
sulphu r, a.nd phosphoru s. together with potAssium, 
ca.lcium, magnesium, and iron. To these may be added 
the elements chlorine and sodium. found in common 
salt, and a small percentage of fluorine in the teeth. 
The foregoing elements will be recognized && those 
occurring in plants, and, as animals feed on plants, this 
is not surprising. 

There is. however. an important dist inction in the 
detB.ilB of nutrition of pla.nts and anima.ls. It ha.s alrea.dy 
been expla.ined (pp. 142-3) tha.t plant. a re capable, out of 
sucb crude ma.terials as carbon dioxide. ammonia. water, 
&Dd sunple salts, of building up the complex org&njc 
compounds o.f whjch they are formed. A.nimals. on the 
other ha.nd, Are incapable or 8uch work: they feed upon 
vegeta.ble products. and ultima.tely reduce these,. to 
water, ca.rbon dioxide, ure&, etc., wIDch have been 
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shown (p. 14~) to be the ...... 1 .• producj. of tho &Dim.1 
body, re.jected by the blood a.t the lungs. the sliD, &nd 
the Iridneys. There is thus a kind of balance maw
tai.ned between plants a.nd anima.le- plants build up 
bodies of complex composition. aniu.lllls reduce these to 
simple forms ; plants ('onsum~ carbon dioxide, an iwal. 
evolve jr. 

In cutting up the body of an animal, the 5Ilbst&!lreB 
that are mos t. obviously ~een to entcr int.o its strucLure 
are bone, flesh. and b.t, to which may be ndd~d cartilage 
(or gristle) and connect.ive tissue. It. is desirable to 
IDquire into the composition or these suust.a.,nces. fOT 
it is e"idf'Dt that the cbemi('~l element.s they contain 
mUtii be supplied to the anima,1 iu it.s food, otilenlfiu the 
huLrition of the animal will be imperfect.. 

Bone.-A simple experiment serves t.o throw much 
light on thOt composition of bODP. Take n. bODe, l8.y 
the femur, out of a bam or out of a. leg oC mutton, 
though a. much smaller bone from a. ra.hhit will serve, 
and place it i.nside a. dra.in-pipe, of width and lpngtb 
just. sufficient to bold it. Plast.er up the ends: of th~ 
pipe with clay to prevent ai r Crom pl1.sfling through, and 
then put it in t.he middle of a. fire where it ca.n be roain~ 
tamed at a. ret} heat for SODle hours. On examining the 
bone when cool. it will be found t-o reta in its original 
sha.pe, but to have lost weight. and to Lave become aD 

Lrittle as to be easily crushed to a. powder. Thi. 
powder consists almost entirely or phosphate of lime 
(calcium phospbate) and carbonate of lime (ca..lcium car
bona.te), which contain between them the element. 
ca.lcium, pbosphorus, carbon , and oxygen, all of which, 
therefore, are necessa.ry in the food. 

Put a similar bone in a. basin, and pour upon it 
dilute hydrochloric acid. After severa.! days tbe bono 
will be found to ba.ve lost its rigidity, and much of 
ita weight; it reta.ina its origina.l form, but ma.y ea.sily 
be bent. The na.ture of the soft flexible materia.! which 
remains can be demonstra.ted by boiling it for & long 
time in w&ter, ... hen it will yield .. large qU&utity ot 
gdat""" which ia & nitrogenous compoo.nd. 

Thea. ",xperiment8 prove that bone con.i,t. of • 
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fra.mework of animal ma.tter, impregnated with sa.lts of 
lime. By burning, the a.nimal matLer is removed ; hy 
trea.ting with a cid , the mineral ma.tte r is dissolved, 

Connective tissue, like the animal basis of bone , 
yields gela.tin as the result of prolonged boiling iu wate r. 
As the waler cools it form s a. jelly. Cartilage, or gristle, 
similarly boiled , yields a mal..e rial called chQlld7'in. a llied 
to gela.tin. 'rh e composi t ion of gelatin and of ch ondrin 
ia sho~'n in Table XXVIl. 

TABU: XX Y I1 .-r"rcffllagt ('ompolition of GSLUIN a n d 

C HONDRIN. 

CarllOn .. 
Ox ... ·gen ... 
1\ itrugcn 
llydrogeu 
!'tulphur _. 

Gelatin . I· Cbonorin I 
~·--· · · I ~,~ ... ... ;~:~~ I ;~ .~~ 1 

i 15 f;'76 
O'&1i U'CO 1 

~OO--\ 100 "0 I 
,----------------------

Flesh owes its red appearance partly to t he blood 
which It contruns, and partly to the intrin sic colour of 
the ultimate muscular fibres of which it is composed. 
Wben lean meat is f boiled to rags' the envelopes of 
connecth·e t.issue, which surround Dot only t he entire 
muscles, but the individua.l fibres of which tbey are built 
up, Are destroyed. The sepa.rate fibres can then be 
teased out with needles. The chief ingredient of mus
cular fibre is a nitrogenous substa.nce called myosin, 
and this forms the greater part of the compound 
(. yntonin) which ca.n be obtained frOID lean meat by the 
action of dilute acids. Muscle also contains small but 
variable quantities of other proteins ~ as well as of 
fats, besideS" certain mineral matters, which include 
pho8phoru8 ~d pota8h. Minute quantities of other 8ub· 
.ta.nces may he obta.ined from muscle, the most interest-
ing perbaps being uea\in, a. nitrogenou8 .ry~e 
ma.teriaJ, which i. proba.bly tho form in which moat of 
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the nitrogeDOU! waste of living muscle leR.vel the ti86Uft 
before its conversion iuto Ilrea (p. -totS). 11ubc\r conlllll~8 
about 75 per cent.. of water, sO that 4 lb. of lean beef 
ot len.n mutton will includt;, about :~ lb. of wat.er. 

Fat.-Tbe material called fnt , as it is accumulated 
in the animal body. consists oC oily or fauy substa.nces 
sto red up in ruiuute cells, which are bound together by 
8. lra.mel\·ork of cOnIlecli\'e tissue. Expo!)e a piece of 
suet to a gent.le hea.t beiore the flrc, aud. as the melted 
fa.t t rickles a.way. the collnpsf'd framework of cOrlnect.ige 
tissue is left behind. By pulling to pieces u. IUD1P of 
suet, the counective ti ssue is again brought UDder 
notice. The common fat.s of t.he anima.l body liTe stfrt'J'in, 
palmitin, a.nd t>k:in. The first named, used In making 
candles, is most abundant in hard fats, Hucb as Ulutton 
suet.. P9.1mitin also occurs iu quant.ity in pa.lm oil, and 
olein in olive. oil. 

CHAPTER XXI. 

FOODS AND FEEDIXG 

I:; the selection of food Jor farm animals several distinct. 
objects have to be kept in view. For all a..nimall! it ja 
necessary. in the fIrst pla.ce. that sufiicient food be given 
to meet the daily "'a,nts oE the body; in other words, 
to make good the losses that are always taking place 
through the lungs, the skin, a.nd the kidneys. Thi. may 
be caUed the maintenance diet . It is evident tha.t such 
9. diet must supply the animal with the elements enter
ing into the composition or the materials whicb are lost 
iu the wa.y just referred to; though a 8ufficiency 01 
oxygen is always obtainable Irom the air . Hence. even 
for the purpo.e of maintenance only, the food must 
include Bome proteins, because these alone contain 
nitrogen. Though an anima.l ma.y have an unlimited 
quantity of ca.rbohydrates or lats a.t ito disposal, it will 
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cease to thri~e unles8 it can a.IBO get protein I ; 

eventually. indeed, it will die of nitrogen starvation. 
The other objects to be kept. in view 10 framing & 

diet must. depcuJ upon tbe animal it.self, and upon ,,-baL 
it is intended for. A borse, {or example. haa to do 
work; this leads to much ox ida.tion and the consequent 
prod uction of bent within the body, acC'ompanied by 
the wearing or wa.sting of the muscular tissues. A milch 
cow parts daily with a large qU!1.ntity of fluid containing 
nitrogenous, carbonaceous, and minera.I mattera. A stall . 
fed ox is neither doillg work like the ho rse, nor is he 
yielding milk like the cow, but he 1S storing up (at io 
his system. A calf or a. Ia.mb is not performing external 
work, it is not yielding milk. and it. lS not storing up 
fa.t j hut it is growing, which means that it IS making 
bone and muscle and other tissues, whareb)' its body is 
increased in size and weight. 

Not much tbought is required to understand that the 
diet which would exactly meet the requirements of any 
006 of these animals 'would not be the diet best suited 
to the needs of each of t.he tlIree rem aining animals. 
The working horse, the milking cow, the Catting ox, 
and the growing lamb all make special demands which 
must, in each case, be specially met. Hence it is to the 
interest and the profit. of the farmer to learn wbat 
kinds of food are best. suited to particular cases, aod 
then to endeavour to supply these in the cheapest 
possible form. 

The idea of cheapness invoh'es, bov;ever, a. considera· 
tiOD not only of the actua.l cost of the ma.terial, if it has 
to be bought, but also of the value of the manure which 
an &Dimal y ields whilst consuming such material. (Set. 
pp .• 6rl-7). 

Flavour is a.nother condjtioD tha.t must not be over· 
looked. It ca.nnot be measured by the balance, nor can 
it be expressf?d by num bers, but it is a most important 
{&etor in inducing a.nimals to partake freely of t hei r 
food , and the skilful feeder knows the value of making 
the d iet of animaJs attractive &lld appetizing. Con
dimentaJ foods s.re useful because of the reliBh thy 
impart. 



COMPOSITION OF FOODS 

The student is nl ready r:tl1lilin.r wiUl t.he fnet (p 430) 
tha.t in food-stuffs a.re found three main classes of ava.il
abl e material: (1) the nitrogenous (proteine or albu
mino ids) j (2) t he nOD-nitrogenous or ca.rbonaceou. 

T .&.B LE XXVIl1. -Ptrctnloyt Com po,i/i!)" of QRDIlUIlY FOOD'. -

i-=-, 
\ co,~e:::tod) 

,_ ,. (Imdeoort.) ... 
LioHee<) c:..ke ... . " 
lhpe cake ... 
F,arlbllul cak' ... 
ne~D8 ... 
Pe:UI ... ... 
Whe ... t ... 
Hye ... ... ... 
Oat.8 .. _ ... 
Barley ... .. 
Maize ... 
:Malt8prOtl~' ... 
Wbeat braD ... ... 
Bre'!\'er' li grain. 

(dri~d) 
... 

" Rice meal ... 
O~t f.tra w ." 
Barlt'y liMa';': ' ." 

Wbe:lot.stra\'t' 
Pea HrtLW ... 
Bun ~traw ::: ... 
Pasture gran " , ... 
Clover (bloom l.eginnLng , 
Clo ... er bay tWf'dium) .. 
ll e3dow bay (Le=:.t) ... 

.. '1 (medium) ... 
to ,,(poor) ... 

G ralls Itilat:;e (st.ack) ... 
Clon. I>Bage (stack ) 
blal2.e8ih,ge ... ... 
PotatOH ... ... ... 
C:lbba.ge ... ... 
CanotA ... ... 
Mang'ls (l~ge \ ... 

\mlaU) ... 
Swedes ... ... ... 
Turnipa ... ... .. ' 

I lht roll'enou. 

~ 
6ub~WlO(l. 

-

\ 

i ~ ~~ ]~ 
B -,., 04:J'l "8 

l~UI :W7 ,·a 
ll -i' :!(i-\l ,., 
'"' 2t11 "6 
11 -6 If' l 19 
143 2~ '6 2!l 
wo 20'0 , .. 
134 10-7 , .. 
18'4 10'1) "0 
la-O 10'6 07 
1-1 a lO-:! 0'" 
11 -0 .8 06 
10'0 lfl '6 71 
18''1 I~ I '" iii-'.! 4' \1 0' 

9'6 1118 0" 
IU S 11 '8 , 0 

14-[, .. {IO 

J.l2 .. , 08 
-.~ 

Hili " ,aG 90 

", a'l 
7['7 2-9 ,., 
81'0 "G 0" 
111-0 W'b "5 
If,-O 102 "R 
}frO "0 1-2 
1-1 -0 6'. Ob 
[,7-0 a·. "b 
67'0 •• 27 
i!ll t ·O (1-7 

nrO 1" 0" .. , 1'7 o-a 
8,'0 0'7 O'r, 
89'0 O • o·a 
87'0 0" 0'6 
g93 0 7 07 
91-6 0'. .,. . 

~ 

-
I:\ !, 
6i, 

II , 
!I~ 
88 
1" ,., ,., 
1'7 

•• ,., 
0' 
2'2 
87 
) ' '( 

7"0 
12-0 
H 
16 

1" 
"G ,., 
0" 
0', 
"0 
2" 
2'2 
2'. 
1'0 
1'2 
0" 
0'2 
0'7 
0" 
0" 
0" 
0" 
0-' 

~~ 
~S 
~~ 
,,~ 

~ 

20-8 

"" 3R.2 
29J 
2;1\ 
411 '" 
.R7 
G'.lO 
6!1'(, 
b7'S 
66-0 
70-0 

44' 
r..f. ·O 
10', 
428 
.n'R 
R70 

"" 
394 
88'7 
81 -0 
10-\1 
,'0 

.72 
R9ri 
42'0 
"' J' I 
132 
100 
11'0 
\!I 'O 

7" 
..s 
77 

1<>' 
n 
0'7 

Ii b 7'0 
2U 0 r,-~ 

\I -U 67 
lOll i 7 

1)'2 4Y 
7 I 82 
6 4 ,..1 
I 'P J-k 
1 9 'Z 'O 

10'0 8'0 
'" b 2'6-
2-0 l 'b 

J:!-o 7'6 
, '2 bS 
(,-) 12 

WI' 4-7 
~f, 9'0 

[{Ii ri 67 
86-0 b'7 

R7' I I),a 

8h'o 66 
)16'0 (,4 

0'" "3 
t,.2 1'6 

2!)u f, a 
2-10 7'2 

, 
24'''' 6-2 
8)'0 (,1 

9'7 8'8 
J'g 2'4 
6'0 1'4 
0'7 ) '0 
2'4 ) '6 
) 'a 1'0 
1'0 1'0 
0--8 0'9 
J' J O'S 
O'~ 0'7 
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(carbohydrates and rats); (3) the mineral ingredients. 
Many of t.he common foods in use upon the fa.rm are 
dist'inguished b,Y conla.ining much more of on e o[ the!!i6 
classes of ingredients th an is present in other foods . 
and may thUR Lf' spoken of as TlihoatnOlU (oods, fally 
foods. IlClrGliy fO..:>ds. or l.I'atay foods. as the case may be. 

The percentage composition of ordinary fo ')ds is 
5hown in Tahl€' XX-VITI., compi led hy H. ",'arington. 

Not e the hi gh position occupied hy oilcakes, both a.s 
nitrogenous and as tatty foods . Inasmuch as albu-

'f 481.11; XXIX .-(',nnpmitiM! (Jf~lt'erafJt .,ampl"$ (If DIU':OJlTl CA TED 

COTTON-OAKE alld UlIo DEGORTI CA Tlm COTTO:; -CAK I and of 
al'troge ,!C"nple~ (){ LINSEED-CAK'I of d i!ftp"tnt g(.lolitit •. 

n('cl)r. I Und~or-~ /' 
ttcatcd I tiCl'lll-d I I Yerr · 
"ot tou- (' 01 t nll_ Low Good good 
Clike. I cake quality rjualLty I quality 

_- - - 1--- I I-I 
Moi8LIl!"e .. _ ... . ._ 10'(;1 1~30 1 1'9!1 I~Ul:? 11'8; 
Oil... ... ... _. 1l)'c:,1 1 b~ ) 7'02 1{1'06 1 1'.!'b9 I 

I AI!Juminow~ compollnd~ I '·I-J~I :?a1l i 8322 28'81 80'09 
I Mucilage., lIn~l\r, dige~-, I 

tiLI(' fibre, .I.-r. _. •.. 23'4~ iW':?; 83'86 
Woody fibre ( L't!lInlose)· <1 flS 20'79

1 

;-46 

Mineral matt.er (lIJ!u ) " 'J ~'~1 I~ _ ldl6 

I 100-00 100'00 100'00 

'ConLaining nitrogell) ; '0; 8'7 1 6'Sl 

3447 I R2 87 i 
830 , • • , 

~! 6~ 
10000 I :0000 

" b8 " 81 

minoids and fat are the most concentra.ted of the consti
tuents of a.nimal food, it is evident that small quantities 
of oil cake may be maJe valuable adjunct. to Ie •• nutri
tious food. In ot.her words, a little oilcak.e-particuiarly 
decortica.ted -cotton-cake and linseed-cake-goes 8. long 
wa.y. .' 

Complete a.naJy.es Me set forth in T .. ble XXlX. of th. 
kinds of oilc&ke most commonly used for feeding. 
Besides, however, affording & satisfactory result on 
ana.lysis, oilcakes-as, indeed, otber iood-stuffs-should 
pOisess good GOndition (th&t 11, loundneN, freedom 
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from mould, freshness, (Llld BwectnesA). 10 the absence 
of these qua.lities, the I.;S6 of rio fetldlO g·stuff may be 
product.IV6 of ill rcsu lLs, DUt. on accouut. of anyiJullM tba.t 
can be shown by tL u figures of an lLualys18. but 501ely 
froUl &laleness, o\'cr-bcal.lllg, bad keeping. elc. 

impure inferior Jinseud-<:ak.~ Oft.~D c..:out..n.ina weed 
Beeds (o"'mg to imperfect BCreelJlag), also saod, the 
Bweepings of fioors, etc. 

The btarchy graius of the cereal crops st&nd first in 
t.he percentage of carbohydrates. In t.Le actua.l analysee 
M~L fu r t.h in TauJc XXX., t.he carulJilyuraLcs rnnke up 
from une-hu.lC to t wo- thi rdB of t.h6 entire Bubsta.nce. 

-

T"BL. XXX.-Compo4ieion of a1.'ltragc lamplu of WHE ... T, 

• B"Jl.LEY, O ... T8 , and PE. · tt. .... L. 

Moist.ure ... 17-M 1730 12-60 16-311 
0,1 I t)u 191 II SO I aa 

1 Allmllllll~~~ cou;i:Oulld~' J 1 -~1 ,.1 18u!; 23116 
Sl.3rcil, digefltli>Je llhre, .t.::c 1JI,';.i tiiJ'JO bi 17 ..... 
Wovdy Ilure oellulO!>I!J , -1;3 'l' 7 It; ~ -!H 

Mint:nu w ... \t.er ~a3u) 2v':' 2 iO . 10 2i1Y 

1 {1(.d)O JOiJOo JuO{J() l OO-QO 

Conta.ining oitrogt"l1 ... 11t~ 142 209 8;' 

_-----
In mineral or ash ingredients, rice-meal , made of the 

husks of rice, is nota.bJy rich, as are a.l so rape-cak.e and 
malt sprouts . 

.As regards the constituents of the ash, oilca.kes a.nd 
bran are richest in phosphoric a.cid ; stra.w llJld bay are 
poorest. Potash is a.bundant in malt sprouts, oilcakes, 
bran, bea..o &tra.w, and roots, but is deficient in the 
cereal grains. Lime is largely contained in the ash of 
turnips, a.nd in the hay and straw of leguminouB crops, 
but it occors only in small quantity in potatoes and in 
the cereal grains, ma.ize and rice amongst the latter 
being specially poor in lime. 

aucx:u1en\ fooda, containing higb percent&g.. of 
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-water, a.re necessarily correspondingly poor in the 
valua.ble food ingredients. Note that the potato con
ta.ins considerably Jess water than the turnip, mangel, 
ca.rrot, etc. Whilst 100 lb. of potatoes would include 
2~ lb. of solid matt.er, JOO lb. of turnips would contain 
only 8 to ]0 lb. of solids. There is more wa.ter in 
turnips than in milk (,." Table XXV1IL. p. 457), 

In Table XXXI. below are given compJcLe analy!=e s 
of swede and mangel. 

In turnips and swedes the lea.f contains a. bigher 
percentage of dry substance than the root. and the 
dry substance of the leaf includes a. much bigher per-

T",BLE XXXI.-Compo.rition of Q.veragt 1a171pl" of SV.'ZD. 

and MANDEL. 

Water .. . _. . . .. 
'AlbuminoulI compounds. 
BUbar ... .• . . •. 
Starch, digellLlble fibre, &c 
Woody fibre (cellulose) 
llineral matter luh) 

'ContainiDg nitrogen 

B9'23 R7'80 
' !:IS l ' l:! 

["' 5-1 tHl 
2 / 4 3"08 '., ' 'id 

'GG '81 

100:00 100:001 
'16 '18 I 

cent&ge of both nitrogen a.nd total mineral matter than 
does that of the root. In turnips the proportion of leaf 
to root is much higher than in swedes. Moreo"er, ~'hilst 
in tu.rnjps a. very large amount of the matt-er grown is 
accumulated in the leaf and only serves as m&Ilure again, 
in swedes & comparati'f'ely small proportioD of the 
produce is useless as food for stock. 

Turnips, swedes! and mangels are essentially sugar 
crops. The a,,:tragt amount of dry matter may be put 
a.pproximately at 8 per cent. in white turnips, 9 per 
eent. in yellow turnips, 11 per cent. in swedes, s.nd 12"5 
per cent. in m&Ilgel, Of the dry matter of white and 
:7ellow turnip! nea.rIy one-ha.lf, or more, ma.y be lugar j 
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01 tbat 01 swed •• more tba.n one-ball ; and of tbat of 
ma.ngei nea.riy, or as mucb as, two-t.hirds may be Bugar. 
O ne rea-son for keeping mangel is tha.t the suga.r ill the 
root is only properly de).·eJoped dunng tbe proce88 of 
storing. 

The foods poores t in water-that is, the driest. or 
most sol id foous-are those r ich in £:1.t.. Fo r example, 
decorticated cot ton-rake has oil ly S pe r Ct ot. of wa le r, 
and linseed-cake abou t. 12 per celli. Ij.~I Y8 a nd s tr.uni, 
cerea.l grains. beans, nnd jJeas all c OlJ LalD \)c tween 14 
and 16 per cent. of \\ ut er. 

"-hiist concell l rn: C'u foou s arc more e~ IJ(' ci al1y called 
(or in the case o r horses and pigg, which I IOSliess com-

T A&LEXXXII.-At·t; ,.agt cO"'l'".~ili rm (I f tIl t S TRAW of WnUT, 
• li AI! 1.t' , a nd O ATS. 

)foist.ure ' " " '" 
' _\lbu tnrnOlls comprlltnd. '" 
t=ttarch, sligar, di_!!c.;\iLle fib, ... , &c, 
Woolly fibr!! ,ceUulo&eJ 
Mineral lD:ltter tu h) 

I
I \fh(',lt lJ.ltl,.y f).at 

st.ra. w "t.r~ v. , 

:::1 ;\~~ :.~~ :!~ 
•• '111'1 4 1"~ ij!l'fi 
• ' 4 £ " I -t oO 

1~J;i)IOOO 'Con!.:iining Ditrogen " , ',lfl 'bt '&4 

--- - - ----- - -
paratively sma.H stomachs, and through whose intestinal 
canals the food passes somewhat rapidly, in the Cll-se 

of cattle and sheep, on the ot her hand. fodders contain ~ 
ing a. considerable amount of indigestible fibre are not 
only useful but necessary. They iropart bulk and 
l')olidity to the mass undergoing digestion, and they 
help to keep the pa.unch full, th is dh;sloD of t.he rumj~ 
nant stomach never being entirely empty, e\'en in the 
ea.se of starving animals. A sheep is capable of diges~ 
ing about twice as much as 0. horse of the total organic 
ma.tter contained in the chnfi of wbeat straw. Straw, 
hay, and undeCOTtiicated cotton·cake are particular], 
rich in fibre. 
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The cereal straws are extensively ('ut up into cha.tf 
in order to be used & 8 fodder, though they 80re BOD..l 6-

t.imes fed to stuck in the long (,ondition. Their a veraye 
compo~hiou is shown in Ta.ble XXX Tl ., most of the 
solublo carbohydrates tn eaclJ cns(' being celJulose. 

A cOlJ1}Jari!.oll is nfforded. in TaLl€> XXXlIl., between 
the proportions of the ingredieuts found in three of 
the commonest bulky feeding-sLuffs. 

The figures gi\'en in th6 tallIlls of this chapter are 
not to be accepted in too a.rbitrary a. sense. Different 
sa.mp les of any kind of feeding-st.uff, natural or artificial, 
may be expectt"'d w yield somewhat differ ent resulLB, 
when subjected to cbeDllca.l ana.lysjs. The slight varia.-

T"'BL.I XXXll L -Compu"ilicm of alJ(r(lfJ~ IJamplu of OB.&88, 
M U.I'~)W HAY, and CLO\' );R HA'-, 

----- -------~-, 

Gra.ae. Meado .. Clover \ 
u:.y_ hay. I 

MoUiture 73fii' 17-90 18-CO 
' AlbnllliuOUIl ~~pou;;d$ _.. .., ::! Ib 7'Z5 l::! 'oO 

~\~~,~~~ ~~:ri!]~~i:~; fib~.~, &c ::: 
1;,'u2 46' Ia au-3a 
i-a6 2'l'C2 ~'G5 

Mineral matter (!1bU) I '~O 6'10 6'92 _---
J(){)-W 100-00 100-(10 

'Containing nitrogen '42 1'35 2'01 

t i ODS which may be detected in some of the percentages 
bere recorded will serve to illustrate this fact. 

Tbe chemical composition ot a tood is only .. partial 
guide to its feeding value. It is necessary a.lso to take 
into considerat.ion the ex.tent to which each constituent 
of tbe food is digestible. For exa.mple, clover bay con
tains about. 12 per cent. of nitrogenous matter, but not 
mucb more than half of tbis i. digested in passing 
througb tbe system of a bullock or 01 a. sbeep_ On tbe 
other band, the small proportion-about 2 per cent.
of fat in barley is practica.lly all digested.. Tbe propor
tion of ea.ch ingredient digested depends upon the food 
itself, upon the nat ure uf the other food~ with which 



ALBUMI:-lOID RATIO 

it is accompa.nied, and n.lso upon t.he _kind of animal, 
whether horses, catt.le, aheep, or pigs. 'fbe tenll 
digestion co-efficient is used to denot.e the propofllon 
of each constit.uent. digested for enry 100 parts s.upplied 
in the food. Thus, & horse (,IlU <.ligebt. about 60 per 
cent., or t.hree-fifths, of the fa.t in maize, n. cl'ff'al con
ta.ining :; pf'r Cent.. of this inp;nHlient. Tho digesl1ve 
co-efficient in this case, therefore, is GO. 

Young gra.ss j", milch more cligestiblf' IhflJl old gr.!'! 
or bay. 'Ibis explaws tbe bighly Dl)urj,;bwg cbarul<cr 
of r ich pastures in the ea.rly 6UllHller months. uurUlg 

which a.nimals R:-e continually gra.zing upon [rebb young 
eb(lots of the h.erh,q,ge. 

CloseJy associated with tho digestion co-efficif'nt is 
tbe ide" invol""d in Lbe te rm albuminoid ratio, All (b. 
orga.nic ingredients of a {oDd belong to ono fiT other of 
two groups-tho all,uminoiu, i.lld LUO non-alhuminoid. 
Of ea.ch of tbese a certa.in percenta.ge }s digE'stible, and 
the albuminoid ratio denolf"B the Tt!lation of the 
digest.ib le albuminoids t.o the di~esljhle non alhumi
noida. Before this retation cn.n be inrl ica.t.ed hy numerals, 
lt 1S necesRary to express all the dlJ!~ .. tible Don ~!hu
minoids in terms of one or them, and tho onc sclecU-d 
ja starch. Ry multiplying by 2'3 tbe IJor('entllge of 
digeatibJe fat in a. food 1 the equjvalent 1D digestible 
,taTch is obtaiDpd. Of the commoner [ooda Done possess 
80 high an a.lburainoid ratio as decorticated cottoD-cR.k~. 
in which it is 5 : 7, by which is fIleant that for er,"ery 
5 p&rts by weight of digestible albuDlinoids there are 
1 parts of digestible Don·albuminoids. For purposes of 
com par ison of diffe rent. foods it. is con\·enient l.dwaYft to 
express the digestible albuminoid &8 1, in which case 
the ratio just gi~en becomes 1 : 1·4. Cakes, pulse'!. and 
bran all have high albuminoid ratios; in the case of 
roots the albuminoid ra.tios Me low; aDd, in tho case 
of the cereal strn W8, 't"ery low. 

FOT tb. information of tb. student, it may be useful 
to sbow how an albuminoid rat io is calculated. Take tb. 
&nalysis of 0018 in Table XXX, ReTe the peTcental'e of 
fat i. 6'3, wbicb, multiplied by 2'3, give. )4'49, Add to 
thia 07'17 for the carbohydrates, and the sum lB 71'66. 
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Hencc, the albuminoid ratio, in the case of oa.te, is 
)3'06 : 71 '66, or 1 : 5&. Again, take the analysis 
(Table XXIX.) of [illsred ra{;f', of good quality. TIere, 
10'55 x 2 '0 = '!A'265, an d 24'265 + 34'47 = 5S·'35. Ilence, 
the allmminoid ratio is 28'31 : 56'73.:>, or as nearly && 

possible 1 : 2. The ratios, as thus ubtained, are only 
approxima.tely correct, for it ba.s been Qs.sumed that the 
organic cOllstituents Wblch ent.er into the calcula.tion 
are ent ire ly djgestible, and that all the nit rogen is in the 
albuminoid form. 

It is ob" ious, however, that, as the albuminoid ratIO 
depends upon the digestion co-efficlent. t he a.lbumino1d 
rali o of a food-stuff ,.oust vary accordin~ to t he kind 
of a.nimal to which the food is gi ven. The subject is 
too intricate to be further pursued in lin elementary 
work. 1t. may be added . however , that"sorne of t.bose 
who have ma.dE> a. stu dy of the principles of stock-feed ing 
make use of the albuminoid ratio in order to devise 
mixtures or combina.tions of foods which shall yield the 
best result in the circumstances given. 

For the prsctical stock-feede r t he problem is bow ~', 
t urn to the best commercial advantage the food-stuffs 
be ba.s a.lready got on his Farm-the hay. stra.w, roots, 
etc., which Ar~ produced in the o rdinary routine of {a.rm
mg. Hia skill is exercised in purchasing such a.dditional 
foods as can be most profitably a.ssociated for feeding 
purposes with the produce of the farm. In ma.king his 
selection. he is bound to take into consideration the 
market prices of the various purchasable foods, a.nd also 
to &llow some weight to the residual ma.nuria.l va.lue of 
the mixtures be proposes to use. 

T he most va.luable ingredients of manure-nitrogen, 
phospboric acid, and potash-will obviously be more 
&bundant in the ca.se of fully-grown animals put up for 
fattening t\la.n in the case of &nimals still growing, or 
of milch cows. Ta.ble XXXIV.1!.hows thea1.~agt percent.
age of d ry matter in certain cattle foods, and the qU&n

t ities of that dry matter which ma.y be cla.ssed 38 

nitrogen and ash respectively. The la.st two columnlJ 
.how bow much <>f the a.sh i. photphoric s.cid &Dd how 
much is potash. In other words, the ( dry ma.tter I in 
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the first column includes the I nitrogen' and I mi_nera.1 
mALter) in tho second ant! tllinl columns; wbih,t the 
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I minera.l ma.tter J in the th i.rd column includes the 
• pbospboric acid I in t he fourth column, and the 
I pot.ash' in the fifth. 

The food-stulls used on the farm fa.1l naturally into 
three cla.sses. 'I'bese nre (1) the succulent foods grown 
ou the farm, su(;b as pasture grass. clover, 8.n I root 
crops (including mangels, turnips, 8wedes, ca.bbage, kale, 
r npe, kohl rabi, etc.); (2) dry foods grown upon the r""!'ID, 
such as grass nod cloyer bay, f>t raw, a.nd grain of a.ll 
kinds; (3) purchnsed foods, 5uth as oilcakes, Lrewers' 
grains, malt culms, maize, etc. Of course it IDay h:1ppen, 
a.nd f;ometimes does, that a farmer fmds it cODYenien t 
to purchase fonds belonging to either or both (I f the 
fi r st.. two classes, but. this doe!:) not a lter t he fa.ct that 
t.hese foods a.re the direct produce of the Farms of this 
country. \\rhere live-stock are maintained upon a farm , 
part or all of wh ich is under the plough, the usual 
pra.ctice is to feed the green crops to the stock, a.s 
also in winter and partly in summer the stored roots 
and the bay and straw, and to sell off the farm the 
grain (cereals and pulses) which has been grown thereon. 

Table XXXV . gi\~es the manurial and oompensation 
Ta.lue. of the chier feeding stuffs. 

CHAPTER XXll. 

THE PRThCIPLES OF BREEDING 

THE art of breeding plants or ll·nimaIs is regulated by 
cer tain scientific principles, which are grasped without 
particular difficulty. A knowledge of principles alone, 
bowel'er, will-not make a successful breeder, whose work 
require! in adwtion skill of eye and hand, sound judg
ment, and constant. experience. But at the same time 
it is increa.singly recognized that sound SCIentific kDow
l edge will prevent mistakes, save time, and in every .. 
~ay promote tbe object. in view. 



SPECIBS AND VARIETIES 

SPEC1.1:.6 ,urn V AlLmTI!:II.-An. imals &Dd pla.nts include 
e.n enormous number of kinds or species, 6&Cb of whleh 
IDay be said to ' breed true, ' and include a a. collect.lon 
of individuals that ate sufliciently al ike LO ju~tlry tbe 
conclusion that they have all descended (rom a CODlInOD 

stock. H orse, ass, raLon , hare, barn ow}, .fJt'rtb. garden 
811aJl, Jnrge en bba.!-!~-whjJ e hutlcrlly. CUWJ)H ... Ji larlO

worlD) and li"cr fluke . will sen'e as common eX3.lll Jlles 
of anim:tl species, while on tht:: l)iu.ot side WI' lII11y take 
beech, daisy, charloc:k, dandelion. S{'ot.s pinf', urackt:o 
fern, and Meritan goosebE"rry llliidew, It will Lave 
been noticed, in Olt' JJret'edHlg part uf this hook. tha.t 
a pa.rticular kind or bP~CjC,!, of IITga..l.IIliffi hns a double 
scient ific na.IDe-t:.q., the uort;e is lermed E'}uUJ ralmllu. 
and the daisy B"lIi.; ])tn:nll i 3. The second or ·~l"'nftr name 
(i .t. , cabalhu: or· peTclI/(i$)1 is that of the SpCClel\, while the 
fi rst na.me (i.e., E'J1I'us or lJdlu), is t7rnl"Tlr, applying to the 
genus, which usually includes u. IlulULcr of aHied species. 
For example, the wild cat, tiger, aut! lion are different 
fipecies of the genus Fe113, and are respectively knOWD a8 

Fd", catu.'I, Fehs tiIlTU, and FrIts ii'O. Siwilarly a.mong 
grasses the genus Pua indudts t.bree COWIDUU SJteCles. 
rough-stalked meadow grasB (l'oa trn"tulu) smooth
sta.lked w~adow gr<:.ss (ron 1"a!t:Ii . .tu), &nU wOuu mea..dow 
gras" (Paa n,mOTalu:). 

It was a.t ODe time gener:Llly bellered that every 
species was creaTed independently, 3lld this ca.rried with 
it the idea. of a. sharp dl sLlDcuon between different 
species. Such well-marked boundaries, however , are by 
no means universally present-f:.!7., it bas a.lways been a 
difficult task to distlngujsb between t he numerous 
epecies of willo\vs and brambles. In other words, 
s imilar or I all ied' speCles mayor ma.y not be cleArly 
defined. 

Even in the days "'ben the distinctness of species 
was generally accepted, it was universally acknow
ledged that certain species included two or more 
groups of individual., each constitut ing a race or 
variety. A nota.ble exa.mple i8 a,lIorded by the 
field snAil (Heliz /tortenm), of which about ninety 
~arietie. have been delcribed, aome I aelf-.coloured,' 
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8.nd others lvith 8. number of dark band!! in addition 
The dog rose (Rosa canina) is anoLltsr good instance, for 
it includes some t.wenty-nine recognizable varieties. It 
may be added that the tenn sub-species is olten used to 
designate a subdi vision of a species presenting WOfe 

clearly marked characters tha.n a variety 
A coosiderauie Dumbt' f of variet.Ies of culti,~&ted 

plants and domesticat.ed animals have arisen uod t' r the 
artificial (·ondit.ioDs imposed by man, these being com
monly called I breeds I in the ctlse of a.nimals. Berk
shires. Tamworths, Large Bla.cks, anu so fon.h. are dis
t.inct pig breeds, all apparently bolonging to the wild 
boar specitjs I ,'''' 1)'; ~"/II/ ; ' t while the innumera.ble varieties 
of t.he pot.ato a.re all descended from t..be American POtAto 
plaut (Solanum tubero.uL.m). 

Hybrids and Mongrels.-It will DOW b. realized tb&t 
the distinction between species and varieties is Que of 
degree rathe r than of kind. I!l a. la.rge number of ca6es, 
however, though not in alI , we find that. different 
species will not. breed toget.her at all, or jf they do the 
resulting hybrids are ~ nferlile wben paired. Mules, for 
instance, are cros~es between t.be horse (Eguu" cabaUw) 
a.nd ass (Equw asin'U.!), two rela.ted species, but there 
is no authentic case of mules producing offspring. The 
same is true for the zebra ids or zebra-mules, obtained 
by Professor Cossar Ew~ by crossing zebra and borse. 

It is also nearly always t.he case tbat allied varieties 
or breeds can easily be crossed, ~-hile the mongrels thus 
produced are alwost invariably fertile . The different 
rnces of domestica ted pigeous afford a. good illustra.tion, 
while the new va.rieties of pota.to consta.ntly being pro
duced are obtained by crossing existing varieties. 

EVOLUTION ",-,,-xl OR.IGL~ or SPECIES.-]t is now a.lmoat 
universally believed that the innumerable existing 
6pecies of plants and animals have descended from pre
existing species by So series of modifica.tions, or, in ot.her 
words, have arisen by & process of evolution. We CaD} 

indeed, actually trace the pedigrees of some forms with 
more or less &CCuracy J the best-known exa.mple being 
tha.t of the horse ( ... p. (15). }jut while ha.rdly aur 
inltructed person doubt. the faa of evolution our 
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knowledge of the aetual method of evolution is etill meonl
plete, althougb Rome existil,g t.heories no doubt include 
much of the truth. 

Datwinism.-This name is cODvenient Iy a.pplit"d to 
the I theory of natural selection,' independently con
ceived Ly Charles Darwin and Alfred nu s~ f'1 Wallnct' , 
",hose view5 were simulta.neously fJuLJjshed (m 
July 1st, 1858. D arwin's OriglTl of 8prcir!, which gi\,f'5 n. 
detailed account (, f the theory, nplJeared the folJuwltlg 
year. The general nature of th e argument lS COo\ eDleot l .. 

set forth in ta.bula.r fo rm. 

PrO\,e<) fae:... 

R~pid incre:tfO,~ in nu mht'r'I .. 1, 
Limite,l tIopace and 5lJppl)' "f frJ()Ci f ~tr"g'gl~ fLor e1:~ll·lIce. 
Total ournben flurly litauoll .n'y 

StruGj:;le for eri&tenoe 
\a.ri:l.tlOD 

~atlltal .election 
Herodity 

1 :::un-it'1l.1 of t'oe fitl.Ult, or UIl!.U",J 
, st!]ectJon. 

I .\f1Ji}ific.'lI;on. in IIlrllctllTe anJ 
) ori~;u uf neY!' II p<!cit'fi. 

All plants a.nd animals naturally tend to increase 
with great rapidIty, and this has been strikingly shown 
by rabbits in Australia, sparrows in X nrtb America, and 
Scotc:'b thistles in parts of SOllth America. all threE' being 
lntroduced forms. The limjtati ol\~ of ttIJac€' and food 
supply obviously render indeflnile increase imposaible. 
and the fact that the numbers of a. particula.r species 
in a. gjven areA do not fluctuate, on the 8seragc. 
to a. large extent., shows tha.t checks to increa.se must 
exist. 1t follows that tbere is a struggle for existence 
on the pa.rt of the members of any species, partly against 
unfavourahle weather, and the like, and partly witb 
competing orS.misms lor food a.nd foothol r! , Tbe figbt 
for soil-food, light, and a.ir between the crowded plant. 
in a past ure or hedge is sufficiently obvious, and it i. 
clear that the various insect-eating birds must e'Dtel 
into & keen competition for pr.y, 
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Admitting the st ruggle (or existence, we haxe Curther 
to consider th e facts of variation. The members of the 
same family or the same litter, or the Beedlings sprout
ing from the seeds produced in the same fruit, a.re by no 
means precisely alike. They \'ary in all sorts of ~·ays. 
and sucb \·n.riation is a primary law of life in all its 
{oro)s. Sorue indhiduals a Te always £tter to caTT}' OD 

t he struggle for existence than their fellows, and t.here
fore have a better chance of li\--ing a nd producing orr· 
spring. Hence the doctrine of survival of the fittest, 
otherwise known as natUIaJ selection . f he latter tenn 
was coined by Darwi.n to express the picking out or 
, selection ' of favourable var iations by nature, just &9 

by I artificial selection.' th rough the a gency of man, varia.
ti ons which sen'e his purpose ate picked. .out for breeding 
purposes. Darwin. in fact.. ma.de a. profound study of 
cultivated plants and domesti cated animals. and every
one who de~ires to acqui re an intima.te ku.owledge of 
the art of b reeding should read his great work:, Plant. 
and Animal.! 'U nder Dome.<;tiwtiun. Some of the most im
portant facts which f,upport the Darwinian theory ar6 
drawn frow the results obtained by cultivators &Dd 
breeders, and just 8.S these are able to produce new 
¥arieties of plants ao r ] breeds of animals by artificia.l 
8elect.i oD, BO is • nature' (a. collect.ive term for 
na.tural agent s) supposed to be able to originate 
new varieties of plants and animals h;t natural 
selection. Such natural variet ies are clptly termed 
l species in the making, I becau'5e some of them a.re ~s
tinct enougb to rend er it probabJe that tbe.r may ul t i
ma.tely become sufficiently fixed in cha.ra.cter to deserre 
the name of species. 

That na.tura.! selection act.ually takes place can hardly 
be doubted, and it is also undoubtedly tbe fact that the 
offspring ' of individuals which a.re thus selected ma.y 
lnheri t th& va.riations which ha.ve given 8Jl adv8Jltage 
in the struggle for existence_ Hence the possibility of 
the formation of new varieties, and ultima.tel~ new 
epecies l by the intensification of structural modification! 
which have "risen by varia.tion. • 

HEBEDITT.-Io the sexual reproduction of plante &Cd 
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animals the structural and other cha rnrt..c.rs of (I. \'~ri('ty 
o r species are t ransmitted from one generation to 
&.Dother by means of the germ-cells, male and female, 
the former being caJled a. sperm in anllllaJs anu Jower 
}Jlants (part of lbe content.s of tlLe pollen-tube being 
equivalent in most. sced-plants) and the inLler an egg
ccli or o\'ttm (set' p. 4.51). An animal o r plant, ('xcept in 
the very lowest groups. conhl!'I:o: of body Lr soma and 1he 
germ-cells. The latter alone COUlillLule thr !Jllk ut'l ween 
6uccesI\ive generations, a.nd we may therefore spf'nk- or 
. germinal continuity.' From the point of view of 
he redity t.he most important part of a g(·nn-cdJ would 
appea.r to be its nucleus. espf'cla.II.\· that IJa.rt. of iL known 
as the chromatin, which stams def'ply when treat.ed 
with dye-stuffs, as may be seen by tnlCfQ!scOllic eX3.mmo.
t ion (fig. 21 J I A). \\'eismann supposes t !Jat. n portion of thi! 
chromatin consht.s of n special sul!s!:tncc, the germ
plasm, whence his expression C ('onlinLllty of the grrm
plasm. ' The actual existence of gt'rm-pJasm has not. 
however, been dt'lJ10nSlf3.tf'd witli cert.ainty. amI we 
must for the preRcnt be content with kno\\ illS that. germ
ceJJs do undoubtedly represent. I he inhehlance with 
which individuals st.art. their exi!;ten('e. 

Reversion, Atavism, or Throw-back.- It is importan t. 
to remember that the germ-cells t:mbody. as jt were. 
8. Dumber o{ characters which Inve been handed down 
through many generations, and during t.he d('\-elollmen t 
of an lndjl""jdual there lS a 80rt of COWPfLit.ion between 
the excessively minute particles \\ hich are supposed to 
transm it these chxracters, a struggle for eXlstence in 
minjature which may end in widely different ways, 
according t.o the influences acting UpOD lhe embryo. The 
a.verage result is t hat an organism resembles its parents, 
or ODe of them, mOTe closely than more remote ancestors. 
But it sometimes happens tha.t characters which cor
respond to peculiarities in a. grandparent, great-grand
parent, or can be traced even !urtber back, gain tbe 
upper band. \Ve then speak of throw~back, a.tavism, or 
rev~rsion, and, remembering the continuity of gerOl~eell. 
through Buece8S.ive generations, this ia • perfecti, 
wtolligible phenomenon. 
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Prepotency and In-breeding_-It often happens tha.L 
special characters possessed by an individual are tra.ns
Dlitted with great persisteo('y, thougli why this should 
be 80 caD only be conjectured. Such 8.0 individual is 
said to be prepotent, and it appea.rs t.o be the case tb&t 
prepoteul'Y is favoured by prolonged in breeding-i.t., 
hreeding between near rela.tIves. This is so generally 
recognized that in-breeding is always resorted to wben 
(\. ra.ce embodying new characters, or a. new combination 
of characters, is Bought t.o be established. The practice, 
of course, tends to emphasize undesil'able as well &8 

desirable features, and is commonly stated to lead in the 
end to reduction in size, liability t.O disease, a.nd st.erility. 
In spite of all this, in~breediug is one of the most 
powerful agents in the hands of cultivaton and breeders. 

Transmission 01 Acquired Characters.-This is a. sub· 
ject over which endless discussion bas taken place. and. 
like germinal continuity, it is closely associated with the 
name of Professor \Yeisma.nn. An' acquired' chara.cter 
is one that makes its appearance in the body or soma. of 
an indi \o'idual, as the result of tbe activity of the indi
" idua.l with reference to its surroundings, or due to the 
direct influence of the latte r. Good examples are 
a.ffo rded by bodily peculiarities a.ssociated with certa.in 
occupations, as the hardening of t.he ba.nds due to con
stant USP. of the spade, or outward curving of the legs 
in the case of men who spend a large part o[ their time 
in the saddJe. Wejsmann, and most men of science who 
ha,·e carefully studied the matter, believe tha.t such 
chara.ct.ers are not t ra.nsmitted to offspr ing, but ma.ny 
breeders think otherwise . 

• The question of acqui red chara.cters is of great prac
tical importa.nce, beca.use such a. cbaracte.r occurring in. 
say, " bull might very well b. desirable from the 
breeder '8 ata.ndpoint, but, if Weisma.nn' 8 views &re 
correct, it would be waste of tim. to try &nd establish 
it by a.rtiJiciaJ selection. Th. whole subject i. on. of 
extreme difficulty, on which the last word has not yet 
been said. The balance of evidence. so far 4S this is 
based O.D &CcurA.te obsenation. is decidedly aga.inBt the 
tranamis.uon of a.equjred cba.ra.cters. But it is on,e thin& 
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to define 8uch cbaracters 00 paper, and quite a.notbf'lt 
to recognize them wben they ure ft,C'tually prePof'ot in 
gj \-eo individuals, whethe-r plants or annnais. 

V.a.UlATIo:s.-Although it io: ,",douhtedJ.v true thai 
'like tends to beget like,' it i~ equaJl ,r t rile thnt the 
likeness is 11eVpr compll'te . anu thnt there art' al\\8)8 

differences betwfoen parents and oIT:;fil'jng. I I] other 
words, oTg-anisrns tend to vary, to ;&. fl1"1I8l1,. !" (IT largf"T 
extent. T hese differences a re belieq'cJ t.o he- due 1.0 
\'ar iat io05 that take place in the SPrtIH'pl1!i---i. (,. to 
germinal variation, and thry differ from R('quirpd 
rbara.cters o r modifications in that. there is no doubt 
about thei r bein~ inheritable. 

I.t is convenient to use the lprm ftuctuations for 
\'"a.riations of small amount.. and 10 conl'ltructlOg his 
theory of e\'olution, it was upon the exiSlence or theR~ 
that DarwiJ) m l jnly relied. ]t. js, hDw['vpr. f>:f1.remt'l.y 
doubtful whetber new vArieties of plants a.ml breE-ds of 
a.nimals can be esta.blishe d by arlificial selection of 
fluct.uations , and the origiu of !)pt'cies Ily natural selec· 
tion of such sma!! rlif1eren (' (' ~ alt·o pre~ent!! a. number (I I 
difficulties. (If which this is not t.he place to give & 

detailed account. 
Contrasting with fluctuations "'e find that. d.iscon~ 

tinuous variations, mutations, or sports, llrise from time 
to time, both in plants and animals. I t. is these which 
in aU probability ba.ve furnished the cliief malerial for 
natural selection. while their importance in art ificial 
seJ"ction is unquestioned. One not.able peculiarity about 
such variations is thei r marked prepotency. The 
I wonder horse,' Linus 1. , with nn 18 feet mane 8.nd 8. 
21 feet tail, was a good examp1e of a. sport, wh ile Shirley 
poppies and star primroses (Primula ,tt-llata) both aro~e 
by the Budden a.ppearance oC mutations. SPOTts in 
desira.ble directions. especia.lly wben occurring in males. 
obviously aJJord inva.luable material for the exercise of 
the art or the hreeder. 

MENDELIsx.-Breeding by the sel ection of ra"ourable 
variations is more likely than not to prove unsuccessful, 
for the simple reason that most obvious varlationa are 
onlylluctuatioDs, a.nd &s such unlilrely to produco marked 
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lDlprovement. It IS only when the favou rable variations> 
bappen to be prepot.ent Qlutations that progress will be 
made. and these occur in a very haphazard fa.sbion. and 
a re diflicult to recognize 8S such unless t.hey bappen t.o 
be of a kind that appeals to the eye. For example. a. 
mutation of disease-resisting kind might. suddruly make 
its nppearance. and tbls, though very reat, could Dot ba
actuaUy Irl'n, and its existence would only be discovered 
by its prepotency as maniiested in breedlIlg It is coo
sequentJ}, a long-sta.nding practice to resort to cross
breeding ..-itb th e object of ' breaking the type,' in the 
hope that something valua.ble ma.y t.urn up. 

In the a.bsence of defmiLe laws upon which to proceed, 
the resuitlJ of 8uch cross-brE'f'ding used to be very Dluch 
a. matter of chance, but of late years much light ha..s 
been thrown upon the subject by the exponents of wbat 
is known as Mendelism. Mendel wa s Abbot. of BrUnn 
(in Austria), who pubJisbed a remarkable paper on 
pla.nt-breeding in 1866, t.hough its importa.nc6 was not 
rea.Iizcd at the time) nor, in iact, until its re-discovery 
in 2000. 

Mend el experimented on the cross-breeding of pea.a, 
and observed that the different varieties of these pos
sessed certaIn characters of sbarply-contrasting kind
~.g., tallness and dwarfness. Such pairs of characters 
are DOW known as Mendelian characters. The results of 
crossing a. tall with a dwarf pea are represented in the 
following t&ble :-

"V.ARIi>'1I_ 
Cao .... lUl. 

lit mongrel 
generation 
(F,). 

TALI. X D\">ARr 
I 

All Till 

13red togetber tbfilfl gue 
I 

. 2nd mODgnl I ., 
generation ~50lo Tall M)0'8 T.U 
(i D b re d) (pure dominant.) ( impure ominanUi) 
(F.). . I I 

r I 

-, 
2bO/oDwad 

(pure rtOCeI!6iveI) 

I 
8rd mODgrel 

geDeration 
(i n bred) 
(1',). 

Tall t6°10 Ta.ll 600/0 T a.ll 2boJo DWllli D'Ka.rf 
(pure dom.) (impuredom.) (P'IU'f: reoeu.) .. 
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or the two opposed Mend elia.n charac.tera pre8~nt in 
the varieties origmally crossed-i.,., La.ltne68 and dwar(
DtlS8-tbe forrner is possessed by a1l the m~m\JE'r8 of t.he 
first generation of resulting mongrels (F.), and hence 
is said La be dominant, while d\\ arfn8s" is said \.0 be 
recessive. 'When these mongrels are bred top;f..Ither, 25 
per cen L. of the offspring are said to bf' pure dominants, 
beca.use they are t.all, and breed true in t.hls respect, 
while for a. similar r ea.SOD anothe r 2;:, per cent. of the 
offspring, which are dwarf, are termed pure recessives. 
But the remaining (10 per cent. of t.he offsprmg are called 
impure dominants, because . though tall themselves, they 
have evidently not got r id of the dwarf element, for, 
when iohred. their offspring . like Lhose or the first mon
grel genera.tion, may he divided inw 25 per cent. pure 
dominants, 25 per cent. pure rfjCeSsiV6s, and 50 per cent. 
impure domioo.nts, which, wben once mOre inbl:'ed, give 
a simila.r result. 

A very interesting case of Mendelian inheritance i. 
a.fforded by Blue Andalusian fowle. of '\I;bicb it iB im
possible. as i8 well known to b reeders. to ef'tn.blisb a. pure 
strain. They a.re obtained by crossicg black and white 
Andalusi n.D fowll, with the following result! (F I , F

" 
and 

F, have the s&rne me&D~g &1 in tbe lallt table):-

F, 21')010') Blllck 
(pure dominaota) 

I 

U'."CI: x WOITS 
I 

All Blue , 
, 

~O"' .. Blo. 
(impure do:ninaota) , 

,-- I I 

I 
Z~ ·, .. Wu i1.e 

(pur. reoeal'u) 

I 
Bla.ck. 2fPi" Blade bOo/. Blne 2i1c:t) White Wblte 

(pure dom.) (pure dom.) (impuredolll.) (purere<:e!l5' (purer~cet.l'.) 

It appea.rs. then, tha.t Blue Andalusians aTe impure 
dominants, but. have a. distinct colour of their own, 
instead of being blacK. They are, 60 to speak, permAnent 
mongrels. the hlue colour being transmitted to only half 
their offspr ing. 

Purity 01 Gorm-C81ls.-Mendel explained the remark
&ble results 01 which ox&mples ha.vo just been given bT 
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lBupposing t h&t germ·ce1l8, ma.le and female. &re I pur e I 

as tegards any pa.ir o( Mendeli&n characters. In the 
CB.se of the tall a.nd dwarf peas, for instance. he supposed 
that a. given germ-cell contained only the tall or the 
uwarf e lement, Dot both . Assuming this to be true, all 
rhe g erm-cells of the original tall va rie tr wo uld embody 
the quality I tall.' nnd nil tbose or t.h e dwarf var iety 
t.he quality ; d .... arf. ' Further. tbe germ -cells of tbe 
mongrels ( [1"\ ). obtained by crossing dH."se two v&rie ~ ies, 
v.'ould embody OOe or ot.her quality. SUPPoslDg them t o 
do 80 in equa.l proportion. then, if we ta.ke the case o{-

F~malt G~rm·t!tll, 

2 T.II 
2DYr a.rt 

Molt r. .. rm -cdl. 
2 Tl\l1 
2 Dw&rt 

8. I tall ' fema.le germ-cell has a.n equal chance of being 
fertWzed by a. 'tall J or a I d 'warf ' maJe germ-cell, and 
similarly in the case of a I dwarf I fema.le germ-cell. This 
would gi're-

Ft.malt.. Male. 
T,.U )( T . ll. 
Ta.1l X DWll1't. 
Dwarf X '1'. 11. 
DwlU'! X Dwarf. 

or the four embr.~os, flubsequently growing into adults , 
thus brought into existence. one would result from 
union of germ-cells bot.h embodying the dom inant 
character (tallness), two from the uDion of unlike germ· 
cells, and one [rom the union o[ germ-cells embodying 
the recessive character (dwarfness), The proportioD 
wou ld b. 

9 : 
equaJling 

.exa..et1y 8.8 in- the second mongrel gene ration (F ,) in the 
two t a.bles a.Lready given. 

Practical R.sult •. - By 'Working with Mendelia.n 
C3huactera vaJullble resulte bave been obtained with 



PURIl.BRED aTOCK 47t 

f;lants, and it may be ultimately p08blble to at.t.aiu 
similar success with animals, though th iB malter is at 
pres~Dt only in the experl1uental SLage. It w1l1 here hi:'! 
Interestlog to Dote 8. ft'w MendelJao chs.ra.cters IU 
a.ddltion to the t .... 0 a.lreaJy given . 

EdiblelHlI 
Sweet ~a. 

Wheat and ba.rl~y 

1"0',\111 

. 

•• ,' Ji()IWil llmtd", •• _ ••• 1 WrwlrJt'd "&f'd • . 
••• 1 C{,}ollr .. -d fiowen ,_. \'nnt~ I\"wcrp. 

{ I ~~'~,r_(~~~:'I~,~;;"~\l r\I'~i ::~:,:~~\\;\r~·ruJlt. 
," Ullllt:. COil\}> (,If W y.w- ;o;mg\{' comh of L,'!: 

dOH':a horn • . 
"' , ALII('IICe 0; hCITUJ ••• l'n:~'.!I1I:e u{ hc.rnl 

A striking insta.nce of Mendelian work is afforded by 
., the neW varIeties of wheat established Ly Professor 

Biffen. In one or these Le has fiucceeded in combining 
the vigour or English wheat with t.he inununity frow 
rust of Amerjca.n tlub wheat, )\bile a. BE-tond unite! the 
former qualit.y with the power of producing I strong' 
flour possessed by Cn.na.dlan Red Fife. 

GEXE llAL RY.l1A.RKS 0:0: F A.ftV B T\)C H. - TI16 advanta.ges 
of p ure-bred stock a.re many. In the first pla.ce, it C06tl 
practically DO J,DOrC-BomeL1IDes less-to rear a pure-bred 
a.nimal than ODe t.hat is not pure bred . In the next place, 
in the case of a butcher's anima.l , there will be (a.r leu 
I offa.l' about. it, and mote substa.nce in the useful pa.rts 
of the carcass, if it. is pure bred. 

It ia Dot to be inferred that any pu re-bred a.nimai 
will mako a desi rable parent, simply because it i. pure 
bred. Besides this, it should be healthy IUld of .ound 
coostitution-collditio~ thnt art! oot. always to be r elied 
upon even in pure-bred auima.ls. The breeder should, 
moreover, aim at the devt"loprnent of qualities that are 
useful rather tha.n of tb..,se th&t a r e merely !a.neifuL 
Tnere i . plenty of scope for the exercise of th. latter 
an IWllongst dog. and pigeon. IUld r .. bbite, but it should 
be dlacoura,sed in the mOre &eriOUl bus meal of breedina 
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calt.le. sbepp, and pigs. 8J.Don gst which the deveIopment 
fir a fancy Ilo i/it IS (July ()( value w!Jeu It indicalt'tI tile 
6lIDultaneous possession of Bome more solid q uality, 

Tbe iC' rm tb.o r01.l1~;hbred is used In !'trictness to deuOLe 
the purity of llueage of the race borse. 1n all otlw r 
case!;, the same idea is ('(Jnn'yed by r.he tenn pure-brect. 
Ac(·ordjngl~'. T he word' thorou}:thbred I is used to denote 
a ul ood·hur~t_., \\ bicb i~ "'POkt'H o f simply as I a thorough
bret.l.' The olller tf'rln l~ cOlll lllonly used a.s an adiecLive 
- (or exarujJlt' , a pltre-IJred Clydesdale, a fJure-brt·d 
DelTon, a. pure-Lred SOllthdown. a. pure-br(-J ]je,.k.~hire . 
Usually, howe\·er. the adj('cti\'e is dropped. a.nd when it 
is said that. il ftlan has :1 HacknE"Y stud. or a. herd of 
Shorthorns, or a. flock of Shr0psbires, tl r a hf'Td of 
Berkshi re swine, iI, lS lHlderstood to be pure-bred. 

A cross-bred 3J1imal is the oiTspnng or parents of tw o 
di stinct. brl"ed~. C ross-breeding is an effectl'ct' Illeans of 
ra.ising c:tu.le and E.heep fu r butchers' beast.s, and fine 
specimens of C!'os5-h"ecl animals appear a~ the "-inter 
fat-stock show!' The cross tan he spPclfied by linking 
the name::. of the hrt'cds of the parents together. putting 
thal of t he )o;lre first: thus a Shorthorn-Galloway is the 
offspnug of il Sh f\rthorn hull and a. Galloway cow. A 
Bawpshire-O.dord sheep ;':1 the produce of a Hampshire 
Down ram and nn Oxford Down ewe. 

A very useful tenn. more emp!oy~d in America than 
in England. is grade. It is applied to animals, ODe t...uly 
of whose parents-usuall;l.~ the sire-is pure bred. A 
Shor thorn grade, for example, is the produce of n. Short~ 
horn bull and of a ('ow which cannot be referred t.o any 
recognized breed. Grade animals are common in tb6 
markets. 

Breed Records.-Bref"t.1ers of d.ifferent classes of ljve 
stock ha,e found it conducive to their inte rests, and 
f:J,,'oul'able to the progress of the breed ",ith which they 
are concerned. to combiDe together in societ ies or asso
cia.tions, and to publish periodically a volume containing 
the Da.me. pedigree, breeder. ov,"Der, etc., of each pure
bred animal. Such a Tolume is called a Stud Book in the 
ca.se of horse s, a Herd Book in the cnoae of cattle and 
pigs, and a Flock Book in the c&&e of .heep. In sam! 
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ca~eB tht! volume jf) publlsbed 8.1Inually, in olben 16118 frb
queo tly . Tll~ bhJr~ 11 11r.lir 81 till Book. lht! Sh orthorn 
Herd Hook. the (hfClrd J)(.lWU Flock Uouk. and the 
Berbhlre UHU BUUh 1lI:\~ be ('llt.'d ab eX1I.11I}J les. 't h~be 
bouks. t.ht>ll. nre rt'l.{l~lt'r~ or rel'o rtl ~. lilld brt"edt'rs uf 
pure brt'd 810t:k I Uh e ~p("(.'lal ('a rc 10 get dlelT aOllna.J8 

p rupe rl y l~nl~rE'd in Ibe ('u.~ f' o f old l'SIU.Uhbht'd book.s , 11. 
is po!'\slblc LO trace Iht JJcJI~rce or lnll:g u.ulnta.l!i lJa.ck 
throuE{h lluluuers 01 J.!~nf'ra(../llll~. 

Gestation.- The tlloe Jur ill ~ which n. fema.le carries 
ber young is It' rn leu t.he ]lIrlh!l (If f/t'l/l(tUH I (Lat. !JtJlutw, 
a. beaTIng o r ('arrYlng). Tht' at'ILla! It'1)~th of lbf" fJ t' Twd 
van ~s hlLgl li ly \11 a. li alllllla l!), hLit III {iw (as" of rnrlll 
st.oc.:k is. on t he a\t·rn~t'. <1:- f(,llo\\II: [!lnft' . :\·10 da: .. " . 
cow, 2 tS!) ua,\,;; f"\\t", 14.) d;IY~. SI)\\. I :lU rla,\!'> (}r . 
rough!",·, Lhe UlurP. fo'lt'\I '1l III II II!!!:-: rht' ("0\\ 11111'- tllUllthb. 

the ewe, Dve tJoll lh~; auu lh~ bi)W, four llioutbs. 

CHA.PTER xxm. 
HORSES , '[HEIR BREEDS. FEEDING . A."1n 

MA K A G EM l?:n 

THE native breeds of Horses recogn ized in thiB countcy 
are known as-

Thoroughbred 
Hackney 
POD, 

Cle.eland 
Co.cblog 

Shire 
Clyrle&d.l. 
Su'tlolk 

The ThorouIlhbred . Hackney. POllY. Cleveland, ADd 
Coaching. are breeds or l l!I Itt hon,.... The Shire, Clydes
dale. and Suffolk are breeds of hwt'y hOTlu. 

TnOR OUGHBRED (Plate lV . 1).-.-\ lhoTou gbhre-d sullion 
should be about 16 hands in height, with oblique 
shoulders. fine wlthen. a. long muscular neck joining on 
to deep shoulders, 11 lean masculine bea.d (broad 
"'etween tb.,. f"ye8 , witb the latter welJ developed), sbort 

• 
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and deep back, barrel well ribbed UP. and well 
sprung r ibs i with muscular quarters and th ighs. fiat 
bone belo\v the knee. fi ne sinews sta nding well apart 
behin d the cannon-bonc (which should not be too long 
bet.ween the knee and pastern ). and weU-forlDed big 
kn ees and hocks. The feet should be opeD at- the beels. 
nol t.oo large. !lod joining on to pasterns which are nOl 
too long, but sloping. 

Most of the thorollghbrt'ds of the present day are 
built too much on the li nes of a greyhound, and they 
h1lve lost mucb of their constitution and stamina by 
being trained too SOO[l and ente red as two-year-olds in 
80 many short -cut races of about six furlongs, whereas 
if they were allowed to matuft> before being raced, and 
then not less than ten furlongs. it would be less of a 
scramble in ~e.ttillg off. which has such p. demoralizing 
effect on the jockeys as well as the youngsters engaged. 
There a.re not enough cup courses of from two or three 
miles for more mature animalfl. which would bring out 
the sta.ying powers and so much improve the b reed. It 
is said, with some truth , that it costs nowadays so much 
for the raw material thnt owners wou ld Dot care to 
specula.te iI they had to keep a yearling until he was 
three years old before he began to earn anything. so he 
ha.s to begin racing at two years old. and the whole 
breed suffers in consequence. 

Hunters are often thoroup:hbreds, but many are only 
partly of this stra.in, and produced by crossing thorough
bred stallions with mares of various kinds--e.g .. Cleve
la.nd Bay!. or by two thoroughbred crosses on sma.Il 
Clydesdales or Suffolk Punches. A considerable propor
tion of thoronghbred blood in the dam. however, is 
desirable. and gives a. la.rger proportion of offspring 
suited to hunting purposes. 

A good type of bunter should be thick and strong on 
the back 'and loin. with long powerful quarters and mus
cular thighs. and bocks neatly sbaped and clean. Tbo 
head should be long. lean. Md blood-like. Md tbe eye 
full. A mabogany-brown colour is in high favour:, then 
black, bay. or dark chestnut. Greys, roans. and ligbt 
chestnuts are les8 saleable. 
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, Size, 10 addu,ion La pOWE'T, st.amina.. nnd a.(:lloO. 18 0. 

g reat. dcsl{jern.tum m au) hunter, {or u. lug borliC 110:"> 

.esses the (;hnrm uf making Lhl~ rt'IIl'('~ louk !:>mallcr lhau 
they really UfC. a.ld j';r t n' I".~fj. and lhen,fore a litlle 
horae will not command the pn( 'f" that would bt" given 
for n. bigger one, hOWC\'f!T ('l~\ t:r ht' '-nny look or be, 
Every hunte r should galloJl nUll he !'nfe and quitk at 
hIS fences. IJ e must lJo ~ S('S!i fn' rdo:1l of the Rhou lder 
and a knack of bending bis hock". above all tI\lng~ . '
(Professor "'ortley Axe.) 

HA CKXU' (Pla.te lV .. 2).- The lerm fla !l, applied t.o the 
active riding or trfJ{I iag horse. i!ll deri"r'd from t.he Anglo
Saxon kr~gan, to neigh The ]\ormans brollghL ",·jth 
them thei r own word, hOqlU' n1f! , Of ),ac lj!tt'1!U , the French 
derivative from the LaLw tqUlJJ, a horse. whence Lbe 
word Ha.ckn ey, Both 1\ag a.nd UnCkJlcy continue 1.0 be 
used as syno!ymou8 Lcrms. Frequent lIlC'nLion is IDRde or 
Hackneys and Trot.ters in old farm account.s of t.he 
fourteenth century. 

The first noteworthy trott-in!]; 11 ac'knt"y stallion of the 
modern type was a horse foaled a.bout 1 '05, and "Ilriously 
known a.s the Schales Elors~, Sbleld!\, (lr Shales. and 
most of the recognized Hack-ne~'!; of to-day tra.ce back 
to him, The breeding of Hn.{'kneys l8 exteD!)iveiy 
pursued in the counties of Sorfolk. Ca.mbridge, 
Huntingdon. Lincoln , and York. 

Of modern Hackneys, some are riding horses and 
some are driving horses. but in recent )'ears more a.tten
tion ha.s been given LO the latter Thl!. breeder's object 
is to produce an animal which i8 I\a.leable at an early 
a.ge, which ca.n be bred and reared at moderate expense, 
&nd which C&IJ be broken in without much risk. ExceJ
lent results have'" followed the use of Hackney si res upon 
half-bred mares, the latter being the offspring vi 
thoroughbred stallions and trotting maTes. The Hackney 
is Doted throughout the wOTI~ f OT his higb and bold 
a.ctioD, his conrage, grea.t amiability. g rand forma.tion. 
8oundne •• , and power o[ tra.nsmitting his good qualiti •• 
{especially action) with wba.tever breed of mare be is 
crossed. 

Th. movement, or, a8 it is termed, the f action,' of 
. 1 i 
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tho Haclrney i. &lI-import&nt. He sbould go ligbt in 
h&nd, and the knee should be so ele\'ated and ad\'Rnced 
during the trot--his natural pace-as to be seen by the 
rider projectin g beyond the breast. whilst. Lefore the 
foot is put. down. the leg should be well extended. 
Above all, the Hackney should possess good hock a.ction. 
a8 dlstlnguis.hed (roUl nwre fetlock action. the propelling 
power deJ,Jendmg UpOll the efficiency of tue former. 

Ta be classed as a Hackney an animal must bfl o\-er 
14 hands high- Lhat is, exceeding 56 inches. The pony
next to be conSidered-must. on th e cQolrary, DOL 
exceed J4 hands. A ho rsels beight is measured at the 
witbers. by the vertical line falling just behind the 
fore-legs. 

Po.... (PI&'e IV. , 3).-!he native breeds of pony 
include--

English 
D&rllDoor 
Exwoor 

New Foreet 
Welsh 

, 
Shetla.nd 
fughluud 

PONtES range in height. [rom L4 hands down to 8~ or 
9 bands, many Shetland ponies not exceeding the latter. 
As in the case oC the Hackney, so with the pony, 
thoroughbred blood has been used. and with manifestly 
good results . A great object. with t.he pony breeder is to 
cODtrol Size-to compress the mOst \-aluable qualities 
into the lea.st compass. He enclea\'ours to breed an 
a.nimal possessing a. small head. perfect shoulders, true 
action, and good manners. A combination of the best 
points of the Hunter with the style and finIsh of the 
Hackney produces a. class of weight-carrying pony which 
is at ways sa.leable. 

GL£~·.t:.I.J,._"D BAY (Plate IV., 4).-There is 00 breed of 
borses in wb.ich arc combined 50 fully a.ll the most useful 
and ornamental equine qualities-bea.u ty with strength, 
cou rage w..it.h docil ity. stamina. and speed, and those im· 
pressive powers wblcb It IDherits, and owes to long and 
pure descent. ft is to this breed that North and South 
America and the Colonies, as well as Continenta.l coun~ 
tries, have long bad recourse, to improve their horses, 
and with such marvellous results. Unhappily the foreign 
demand has tended aJways to keep down the numbers of" 
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the best representatives of the breed at home. Then., 
I~ no Imp erlor . gellera.i util it.J borse' to the Cleveland 
)j ay; aud there IS no better uase or fountlatiotl fur 
crosslllg to oblain hunters, clLvn.1ry horses, o.ud barne ~'1 
borses. 1t is tile only urecd whicil caB Le crussed with 
blood and give a.ddt:d uone, st rength, staulIlla., anJ 
action. wiLhoul. at the salue tilUe serJuul)iy d·~tmctinj.{ 
from appearance. quality . aud a.ctivity. 

Co,ll': 1H~G.-'l.'he Yorkshire coach-horse, deri\'f>d £rolll 
the Clevelood Hay ove r a. century IlgO, IS eXl.ensi vely 
bred HI the ~orth and East Hit1l1lgs of the county , and 
the thoroughbred has taken a share III its deve lopment. 
The colour is usually bay Or LrClw ll , the legs Leing black. 
The mane a.nd tall are abundant, but not curly, and 
bJack in colour. A fine hea.d, slopiug shoulders, st.rong 
loins, length)il quarters. high·st.cppmg actIOn. flu. \. legt'l , 
and sound feet arc looked for, a.nd tiJo re sltould be an 
abund.ance of bone and muscle. The height varies from 
16 hands to J6 Lands 2 inches. 

Sflllt.£ (Plate V., l).- lu the closing years of tl,e 
eighteenth century, Arthur Young. describing his agn · 
cultural tours, made reference to Lhe la rge black old 
English horse, I the produce principaJly of Lba ;Sld,lt. 

counties in the hea.rt. of England.' L Ollg previous 10 

this, however, Lhe word Shire. jn conneclion 'klt.h horsell, 
was used in the st.a t. ut.es of Henry Vll. By t.he variou8 
Dam es of lhe War Horse, t.he Great Horse, t.he Old 
English Black Horse, and the Shire Horse, the breed has 
fo r cent.uries been cult.ivaled in the rich fen·lauds of 
Lincolnshire and Cambridgeshire , and in maIlY counti es 
to the west. 

The Shire is the largest of draught horses, th e 
sta.liioD commonly attaining a. height of 17 bands or 
Ipore. Thougb the black colour is frequently met with, 
bay and brown a.re now more usually seen. The Hghtt' r 
colours, such as chestnut, roaD, and grey, are not viewed 
with much favour. With their immense size and weight 
-1.800 lb. to 2,000 lb.-the Sbires combine great 
strength and they a.re witba.l docile a.nd intelligent. 
They stand on big massive legs, II; to 12; inches below 
the knee, with Ii to II inches more below tho bock. 
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There is a. plentiful CO\ pring of long hai r extending down 
t.he ba.ck (Jr the limbs from knees and hocks to pa.sterns. 
Th e bend is of llIpdiuU) sizt', and broan between th~ 
eyes. The u~ck is fR.lrl~~ long. and weB arched on to the 
shoul der!;, whi ('h are dE"t'p and st rOIl~. and olOderately 
ouiIque. The chest is wide and full . the back short and 
straight. the rihs atE" rounu aud deep. 1 he binu quarters 
long . level, and well let down into the muscular thighs. 
The catlnon bOfH'~ should be Oat, hetH'Y, a.nd clean. and 
the feet "ide, touJ{h. and open at the hef_'ls; pasterns 
with sufficient slope, but not long and consequently 
weak. A good type of Suiro borfle combines sym· 
metrical outlille. and str&igut, free. forward action, 
with clean, hE"M"Y, flat bone, and plentiful bair, not 
wi ry . but st.rong and dec ided, wilohout any t.endency to 
Vioollineu. 

CLYDI"SIlil.£ (Plate V .. 2). - Tbe bome of this Sco tch 
breed of heavy harM!' is in the valley of the Clyde. The 
Clydesdale is Bamewbat sma1ie r tban the Shire, the 
a.verage height of .. be forrnpr being a.bout 16 hands 
2 inches. The sbauldPr is mOre ahl ique tha.n is the case 
with the Shire. The fa\'ourite colour is brown, parti
cularly if of a dark shade . or dappled. Black is also a 
common {'olour. but grey is not encoura.ged. 'Vbite mark
ings on one or more of the legs, with a white star or 
stripe on the face. are quit.e uE;ual. The ( feathering ,
that is. the development of silky hair on the ba.cks of 
the legs- is a point to which Clydesdale hreeders attach 
much importance. it being regarded as an indication of 
strong. healthy bone. The bones of the legs should be 
short. fla.t. clea.n. aDd ha.rd. With symmetry, activity, 
strength, a.nd endurance, the Clydesda.le a.ssociates a 
good tf!mper a.nd witling disposition, and is easily broken 
to harness. 

The breed i. in great demand for e"pon. The 
following figures of export certifica.tes issued by the 
Breed Society are of interest;-

1903 411 1907 . 1]72 
1~ 536 19O!l 531 
1905 . 653 1909 . 1&19 
1906 . 1817 1910 . 1531 

1911 
lDl~ 
1915 

. 1617 

. '1548 
837 
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B UFTOLK (Plat. V . . 3).-V,rhilst tho Shi ro and the 
Clydesdal e present many point s in COl1lWOlJ, the Suffolk 
is 8. hors6 which is qUlle Jist inc! froUl cilhf'r. Iu ht'i~lH 
it ran ges frolll 16 hands to an (lccllsiol\llj Ii hands, and 
sta.nds on short leg:.. free frOtH lit(.· 'f(·al.ber· ,\ htrh i~ 
so much admired in the t.w~ other IJl'nv~y breeds. Ho w 
long the Suffolks have oeen a.~SOl"ial eC "all the ('oullty 
a.ft,eT which they are nallled is unknown. but they a.re 
mentjoned as long a·go as l.'Jti6 jl) L'amdf>.n'a JJritrl1mio . 
;\ str iking testimony to the purity of the race is found 
in the fa.ct t.hat they always breed true to c:%ur. Thtt 
Suffolk B orse is always a cheslnut. nlthough the shade 
may va.ry from the light, ~o rrel to Lhf< dl\,rk mahogany. 
Owing to the purity of the ureed it has uef'1I found of 
considerable value for crossing with lla.ii\(~ mares in the 
Colonies and ,"merica, 8,nu c.()nsc(}lH'nlly of recent. yea-r8 
a.n increasing export d~malld has been established. The 
Suffolk is of a ha.rdy cOl1!>l.itur,ion nml an en!o:y keeper, 
when mature weigltiug lip t(J 2,400 Ib Owing to his 
deep weUvr ibbedvup a.ppearance, he is known a. the 
Suffolk Punch. 

J'EEDIJ!lG AND MANAGEMENT OF HORSES 

Treatment of the Foal.-When a mare gives birth to 
a. young a n imal she is said fo foal, and the ofTRpring 1"1 
called .. foal,-.. colt 100.1. if a male; a fiTly foal. il ~ 
female. Sbe suckles the foaJ for five or sUe month ll , 
during which time it r uns with its dam. occasionall.v 
Accompanies her 1.n her work. Rnd lea.roa to ~r8ze . and 
to partake of such lodder as crushed oa.ts and bran
nitrogenous loods that help the young creature to build 
up it. muscle. At tbe end of tbe period named . tbe foal 
is separated from the mare and weaned. I ts diet then 
consists of oata. bruised or whole. and hay, and it should 
have two or three meals a day. with & little bra.n Df 

boiled linseed added at the evening meal. II .kim-milk 
from COW! is a vailable. it may be given to the foal for 
lome time after weaning, and, though housed at night, 
the toal maY have a. run on a. Dasture duriall daytime 
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A foal will thrive better in Qompany witla oWer foah 
than if kept alone. It should be accustomed to the halter 
even before it. is wea.ned. and later to harness. Kind 
but firm treatment will be fouud more effectual than 
rough usage, and the young an.iwaJ should be taught to 
obey the voice ratber than be driven with the \\ hip. 
A good ploughman works his horses almost entirely by 
t.he \·oice. 

Soft. spongy pastures, growing 8. rank. but good 
berbage. a re t he bese, kinds of grass land for rearin g 
young borses during summer. &s t.hey favour the growth 
and expansion of the hoof. In winler the young animals 
are usually housed, but ha "C access to large airy yards, 
Etta exercise is absolut,ely essential t.O their healthy 
development. Some of the DlOlit successful breeders, 
however. prefer to let the (oal run a.lI 'the wint.er on 
grass. sheds being available for shelter in bad weather 
a.nd for feedi ng in. Regular feeding with generous food 
must be cont.inued. Linseed cake, beans and peas, O&ia 

a.nd hay, with a few cut swedes, arc suil-a.ble fooda. 
Brealdng-in to Work.- At tbe age of two to tbree 

rears the young a.nimal should be broken to regular 
work ou t.he farm , 8. sta.rt being made in the plough 
t.ea.m bet.ween two stea.dy old horses. A heavy roller 
is a.lso useful [or the same purpose. It is not wise. how
ever, to do much carting wit.h a. young horse. or to work 
it on the ha.rd roads till it is between four and _five years 
of age. 

The feeding and management of the mature horse 
muat be determined strictly in accorda.nce with the 
objects for which it is kept. \rhet.her used for 
riding or driving. or for purposes of draught. in towns. 
or on farms. the borse is a working animal. The perform
anCe of work involves, especially jn the case of under-fed 
animals', & wa.st.e of tissue. a.nd, to make this good. 
nitrogenous food is necessary. 

But the performance of work equally re!mlta in the 
evolution of heat, ana this is largely due to the oxidation 
of carbon. Consequently the horae requires a- liberal 
.upply of earbonaceou8 food along with the nitrogenoJ1s 
materi&l. For horaea of apeed-r&ceta a.nd bunt.ere-
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bea.ns, oats. and ha.y are (ound most suita.ble. For 
drlL.ught auilllais a. ration cOllLainiug a ~ol1lewh8.t greater 
proporl ion of carl'ohydratc9 \\ Ilt be found mo re 
economical , auo a cert.8.ill alliount of siraw may be fou 
111 the form of chaff. 

The hasis of a win l.er r&lioll for a fanl.l borse may be 
Laken at. a.bout. equal weights of oals and hay, day

'Oat-s, 12 Ibs. per da.y = 84 11M. (o r 2 bUflhell8) per week 
1:Iay, JIj Ib8. !' = II:! Ib!l. lor 1 cwt.. ) t. 

[0 practice & cerla.in amount. of t.be hay is replaced by 
straw, v.hich is usually fed as chaff. and in sowe of the 
northero counties Lhe farm horses aro [cd on oa.t. straw 
a. nd GaLs alone without. addition of hay. In SOUle casea 
wbere there 18 a good market for oaL8 it may be more 
economical to . use a rnixwre of mai7.c and beans in the 
proport.ioD of 2~ of lobe former t.o J of Lbo laUer. especially 
"ben maize IS 8.[, a reasonaLle PrlCC. When maize j r; 
used it is advisable t.o give clover hay or good quality 
along with it in order 10 supply a sufficient quantity 
of Besh-formers in the diet. 

A horse has not the capaciouB stomach of &0 o~ or a 
sheep, neither has it the power o[ ruminat.ing its food. 
For these reasons, it is necessary that. horses should have 
[,heir food in 8. more concentrated [arm and a t. regular 
inter vals. 

Ali corn is best given crushed or bruised along with 
bay or straw chaff, BO a8 to preveo~ bolting and to eOBure 
compleLe mastication. 

The qua.ntity of food .given a t aoy seS!ion should be 
regula-Lcd by the amount or work on hand. and every 
increa.se in work should be met with &D increase in tho 
quantity of food. 

Spring and autumn a.re two busy periods. And farm 
horses , 8.8 a rule. should recei ve a. more liberal ration at 
these times. 

Digeetibility i. promoted by well mixing the ch .. fl 
&lid other ingredients together, and moistening the mAS.!! 

with water the day before it is required for U8e. A 
moderate allowance of rooLs, or other green foods.a. they 
come in 8e&100, ahould be given . A lump of rOCk-talL 
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bhould always he kept either in the manger or in any con 
venienr pla.ce where tbe llnirnaJs lllaJ hl1~e access to it. 
Regularity of feedHlg 8hould be practised. moderate 
meals at fairly shon intervals bemg, on a.ccount of the 
nature and dUlles of tlle horse, preferable La hea,rier 
meals a.t longer inLen~a1s An abundant supply of pure 
water. 80 ft. ralher than bard. shuuld always be 
&\·aila.ble. 

The stable should be commodious, freely veutilat.ed. 
well-drained, a.nd withal 'Wann a.nd cOUlfon.a.ble It is 
most importa.nt that s ta.ble drains should be on tbe sur
face, and should eUlpt y into traps oULside the sta.ble. 
A horse 10 a fa.irly warm stable will require les8 food 
for the maint enance of the heat. of the body than if kept 
in a cold, drau!!hty building. At the same time. it is a 
serious error Lo secure \\' armt.b at. the sa'crifice o[ pure 
a ir. Hones ohen incur more risks of m -healLh in ba.dly 
constructed stables than they do .in the field. and when it 
is remembered t.hat, in winter time. farm horses oiten 
spend I!ixteen hOUTS out of the t,lTenl'y-four in the stable. 
the importance o{ a. healthy dwelling-bouse is at. once 
aeen to be very grea.t. 

COST 07 HORSE LABOUR 

As the basis of all charges for tillage operation! 
depends on the cost of horse Ia.bour it will be worth 
while here to make an eSLlmate or the actual coat to 
the farmer o{ keeping a worki.\}g horse fo r a year. The 
ques tion of feeding must first of all be considered, and 
it will be found that the ra-Lions suggested below approxi
mat.e very closely to those used aD well-managed fa.rms 
throughout the country:-

Cost of reeding. 

Win.t~.-Say. Bome 32 weeks-October w May . 

2 bushell of oatil pel' week o.t 2a. 3d. 
1 cwt. of bay pel' w&ek at a.. 
1 cwt.. of fit-raw per 'Week at- 9d. 

{lol' cbatt and litter) 
Lioaoed tdld .. few root. 

•. d. 
• G 
3 0 
11 v 

~ 8 
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COST OF FEEDII"G-rrmtinurd. 

SUt1lfll~.-S&YI aome 20 weeks- May to October 

1 bu"bel OB.tfi at 2. 6d 
(..nJ.l.tng t~t. 2,. 6d 
Cut (vd.]":r 6lrIIoW . lIIay 

•. d 
:! 6 
2 6 
\ G 

6 G 

This, Oll the n\.'era.g-f', would be 0. little uver lif &1, 
per week throughout. the year. 

The other items cunneCl ed with keeping 8. fawl hone 
may be estima.t.ed as foHows: -

Cost ot Keeping" Farm Hotse for a Year. 

£ • d 
Food. ..' . . .. ... . 20 0 0 
Sboeiug and .ebll.re or blacksmith'. work con· 

necl..ed with team. tI"Y 2 0 
Depreciation of harne~ .... 1 10 
DepreciaLiuo on ulue (I f hor~e, 10 per cent. 

(in £40 . " .. .. ... . 4 0 n 
I ncideutale, including \ {'terinIlrY anendaoc6 

a.nd medicine. rent. of btabls ,wc'l PIt.TII. 

labour, .ay 

£lIO 10 0 

A.ccording to the class of soil and the wea.ther, t.he 
tota.l number of horse days in the year wi.lI vary. as a 
rule, On farms in di~erent parts of the count ry from 220 
to 260 full worling days. Taking the a.verage; 3S 240 
da.ys, and dividing this into £ao IO~., we see tha.t. the 
actual COSt of horse Jabour per day ttmQUnlH to & lit.tle 
OVer ha.lf -a-crown. 

U an extra 5d Lo Gd. per day is atlowed for JOSI of 
time and upkeep of implements of tillage, such 88 
ploughs, cultivators and harrow., the tola1 COlt per 
horse works out at 3$. per day. 

Thr&e 8hillings per borse per day, therefore. seems 
a fair charge lor &. farmer to a]]ow when estimAting 
the COlt of hi. cultivation •. 



492 CATTLII 

The amount allowed for depreci&tion on t.he original 
value or the horse in Lbe a.bove calculat,ion may in BOmf'l 

l:&Ses appear too high. Thus in some cases where it, is 
I he prActice to breed, rear, and break· io young horsell, 
working them for a. yea.r or two before selling them 
rOT town work, t.he cosl of horse labour t.o Lbe farmer 
18 cODsiderably reduced. 

Ago.in, where teams of aged horses are used t.hey 
way go on for n. number or years with scarcely any 
ueprecia,i ion in vaJ ue. 

CHAPTER XXIV. 

CATTLE , THEIR BR EE DS. FEEDlNG, A.ND 

MANAGEMENT 

Tn native breeds of cattle recognized in this country 
include:-

Fthortborn 
Hereford 
North Devon 
South Devon (Ham, ) 
!-'uaeex 
Welsh 

Longhorn 
Red PoU 
A berdee ll -Angue 
Galloway 
HigbJand 
Ayrshire 

Jel'8ey 
Gller-tlaey 
Kerrv 
Dext.er 
Li~',~oln Red . l. II r.nfi 
liru.ISh -Holstelfl J" 

With t hree e>.ceptions (Shorthorn, Longhorn , and 
n ed Poll) these a re all distinguished by geographical 
narnes, which indica.te what may be called the' bomes' 
of the breeds, lLnd which serve to show where they 
severa.lly· originated. The Shorthorn, Hereford , 1\ orth 
Devon, South De,'on. Sussex. Longhorn , and Red Poll 
breeds belong to England. The A.berdeen-Angus. Gal
low"y, Highland, and Ayrshire breeds belong to Scot-
land. The J ersey and Guernsey are tb. Cba.nnel fsland. 
breed. , and the Kerry and Dexu.r are Irish breeds. • 

.Bome bre..d. of cattle are speci&lly distinguished 4. 
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beef-ma.kers. These include the Shorthorn, Hereford, 
Nortb Devon, Sussex , Welsh. Aberdeen - AnguI, 
Galloway, and Highland. 

Certain breeds h avt: become famous 8.8 milk' produ(,bt"lI , 
and make e.'{ceJJent da iry ca,ttJe. Such are the Short
born, South DeVlIn Lon~horn. Red }'oll. Ayrshire, 
Jersey, euerl}sey. nNr.". 1Jt'.xtt'f. :!od HntH.h·B o)st.{·iD. 

Besides Lhe Shortho,'n, however. till' Soutb Dp.von, the 
Welsh. the lted P oll. the Dexter. nerry. and one o r two 
other breeds a"re Cl8.11ned. by those '" ho have bestowed 
care and attention upon d,t'lt irurJrOVeweoL, &s u.e/ul for 
both beef-producing and dairy }.lUI J>O~('8. 

The biggelJt and 11(,8.t'j PM CRt lip ceJlfJe from the beef
making breeds. a.nd at llll! Chn~lUlas fat.-SLock shows 
huge oxen ma.y sometimes ht' £of'flU 1,\ f>IKhlng & ton o r 
more each. Utese, h Ol,\ fWer. being oflen cros! bred. Very 
large bea8ts, if fJu re bred. URu1llly b~lor,g to either the 
Shorthorn. Hereford SUS!it.' x. ,\ elsh. Aberdt'eo Angus, 
South Devon. or Gallll\\'ay br~t'ds. The .:'.'ortb Devon, 
Red Poll , and Guern:-.e.\ are nlf'dlum ·J:oii z.ed cat.tle; the 
Ayrshires are sma lle r The Jnsf",Ys are 6uHI.II gra.('e(uJ 
cat.tle, but the L\\o lrish bre eds furnir:ib the smallest 
cattle of the British lslt's. 

As to colour. n ·J (·huracLeri7,..8 thf" Lio('(,lu Red, 
North Devon. SUR~ex. and Red Pu!L Black is the 
dominating colour (If the Wehh. AUf!rdf'en , .~ngus. Gal· 
loway , Highland. nt"rr.\, and Ve"ter. A yellowish colour 
is common in the G uem!lf'y and South De\'on breeds. 
Various sha.des of fawn (.'olour are seen in the Jersey 
catt.le. Tbt' Hl'r{'fo rd s, th/')u~h \\ It.h red h(,die-s, haH' 
white faces , manes, and dewlaps, whilst white prevails 
to a grea.t.er or less exteut. in the Shorthorn. Longhorn, 
and Ayrshire breeds. The Sborthorn breed is exceed· 
ingly va.ria.ble in colour; pure bred specimens may be 
either red , or white. or roan, or may be marked witb 
two or m.ore of these colours , the roa.n resulting from 
a. blending of the white and red. Bla.ck is not seen in 
a pure bred Shorthorn 

SRoRmo",~ (PI&te VI .. I &nd 2).-This i. the most widely 
distributed of all the breeds of c .. ttle both at home and 
"broad. Although its origm i. lost in &ntiq uity, it m&1 
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be sa.id to have been brought into prominence during 
the last quarter of tbe eighteenth century by the exer · 
tions of the brothers Cha..rles and Robert Colling, wbo, 
by careful selection and breeding, g Teat1y improved the 
Shorthorn caLtIe of the Teeswater district, in the county 
of Durham. It is indisputable that the effort. of t he 
brolheTIi Collings had a profound influence upon the 
fanunes of the breed . wbich is still te rmed the' Durham I 

breeds in most parrs of the wotld save in the )a.nd of 
its birth. Other shrE'wd breeders t.ook the Shorthorn in 
baud and established famous strains, the descenda.nts 
of which can be traced down to the present day. Of 
such breeders. the best known lire Thomas Booth, of 
Wa rlaby and Killerby. in Yorkshire. who originated the 
I Booth I strains of Shorthorns; Thomas BI;l.tes, of Ki rk. 
levington. in Yorkshire. by whom the I Ra.tes' famili es 
Were established; a.nd . in later yeats, the brothers Amos 
s.nd Anthony (. lruickshank. of Sittyton, Aberdeenshire, 
the origina.tor s or the ' Cruicksba.nk ' st rains of ca.ttle. 
When Shorthorn breeders of to·da.v talk of I Booth' 
blood, of f Bates' blood. or of 'c"ruicksbank:' blood , 
lhey refer t.o &Dlmals bred from th e respective h erds of 
these breerlers. 

Shortho rns vary in colour, ranging from & bright or 
rich red to pure white, The most popular colour is a. 
mixture of the two fonning a roan, which may, bow· 
ever, vary froUl light roan (nea.rly white), in different 
gra.des of colour, to da.rk roa.n (a.lmost red). .. 

The breed is distinguished by its symmetrical propor· 
t ioDB and by its great bulk on a compa.ra.tively small 
frame. The head of tbe lDale is somewha.t sbort, bron.d 
across the forehea.d, but gradually tapering to the n08e ; 
it should show strengtL &Dd masculine character. th e 
nostril fun and prominent. the nose itself of a. r ich flesb 
colour j ey<,s bright. prominent, and placid. The bea-d. 
crowned \\';th curved and rather fl at horns (UDusuaJly 
~bort in comparison with other Brit ish breeds), is well 
set into a lengthy, b road, muscular neck j the cbest..wide. 
deep. and project ing ; shoulden fine, oblique, and well 
formed into the chine; lore-legs .hort aJld wide &pa~ 
",jib the upper arm large &Dd powerful ; ba.rr el round, 
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deep and well ribbed up towards the loiot! aud hips. 
which should be wide ami levd; ba.ck stra.lght from the 
shoulders eo the 6t'Ltlflg oE the ta.iJ j tbe fuud quarters 
lengthy, but well filled up J tb{, ba.ir lJlt'ut.lful. 80ft.. and 
mossy, whb a. hide Dot wo thm, and ha'ing n. fUle and 
mellow touch. 

The (('male ppssesses DNLrl,v the salll{" charactl'rlBtu'1S 
8.8 the ma.le, exctpt. that dlf' 1Jt.~a.tl is finer, louger. u,nd 
more tapering. the Deck thin ner and alLugeLbH ligbter. 
and the shoulders mOrt' inclJllC'd to na.rrow towards the 
chine. The uddf>r should ue square and full. and the 
teats placed wide apart. 

The popularity of the Shorthorn a.rises from lt8 

u.urivalled range oE adaptability, thriving in all coun 
tries and all climates. lL is unsurpasspd fl,S 0. lJf'ef pro 
ducer. being .rema.rkable for its quick-feed lUg properties 
a.nd early maturity. aniIllals of tll£' hrped a.tta.ining to 
very grea.t weights. I t IS nol less \\tll h.,IOWn (or the 
production of milk. ]n sOllie herds the production of 
beef is the chief ObjN.'t. whilst in ot.hf\ rs the milking 
qualities are specially considered, a.nd it is t.his dual 
capa.city for the production of bf"ef and milk which ha.s 
led to tbe Sbortborn bping designated 'the dual pur
pose animal.' Shorthorn cows h;ll'e yielded upwards of 
six gallons of milk per day, a.nd 2! lb. o[ butter in 
twenty-four bours. Three-fourt.hs of the milking cattle 
in Grea.t Britain and Ireland are Shorthorns, a. striking 
testimony to the utility of this breed for dairy pur
poses, its value in this respect being enhanced by ita 
ability to put on Besh quickly when dry, and become 
a. good carca.se of beef, a quality not possessed by any 
other breed in the same degree. One characteristic ot 
the Shorthorn breed or cattle is its grea.t prepottney--i.t .. 
the power to sta.mp its own good qualities on any and 
every other breed on which it ma.y be crossed. Fat 
crossing purposes, therefore, the breed is unrivalled, 
and there i. more or the Shorthorn than or any other 
blood in the majority of cross-bred cat.tle. Improvement 
ha.s followed the use of the Shorthorn in size. form, 
quality, ra.pidity of growtb, and aptitude to f~tteD at 
an early age. In this country its importance exceeds 
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tha.t of aay other breed. «-bether Jt be viewed as a 
grazier' s beast or & da.lrYLll&n"s cow, and 10 numbers 
it probably equals those of all other breeds taken 
togetht>r. Shorthorns may be seen at nearly all the 
fairs and c8.LLie market.s lD this couuLry, a ~ta.tetDent 
Lha t. carJ be made of DO othe r breed. 

Ht:llHOllU (Plal.e VI., 3).-'l'be c&l.t.ie of t.his breed a.re 
typical of Hereforushi re and the aUJolumg couutles. The 
bull should bave a. moderately sbo rt h~ad. broad (ore
bead, and borns nea.rly resemllling Lhe colour of wax, 
springing straJgbt out from the side of the forehead and 
slJghLly drooptng; those with black tips or turning up
wa.rds a.te not regarded with favour j the eye should 
be full and prominent, the DOse should be broad and 
clear (a. black nose is objeclionable), the body should be 
ma.sslve and cylindrical on short- Jegs, " the outline 
straight. chest full and deep, shoulder slo}Jing but lying 
well oven at the top between the blades, neck t.hlck and 
arched from the bead to the shoulders. ribs well sprung, 
fi&nk deep, 'buttocks broad and well let down to the 
bock., the tail neatly get and evenly filled between the 
setting of the ta.il and the hip bones, wbich should Dot 
be prowioe,ot. tbe whole carcase should be e~'enly 
covered with firm flesb , the skin should be thick and 
mellow to the touch, wilh soft curly hair of a red 
colour, but the face, top of neck, and under-pans of the 
body, should be white. 

The same description ~'ould a.pply to the cow, ex
cepting tba.t she should be grown upon more feminine 
&Od refined lines, the bea.d and neck being less mn.ssive, 
&Od the 6yes should show a quiet disposition. The Here
ford eow under the system of management usually 
pursued in Herefordsbire! on the North American ranch., 
and on the South American estancia-that is, allowing 
each cow -to raise her own ca.LI, both running together 
in tbe pa.stures) does not develop the milking properties, 
but there are ma.ny instances of Hereford cows brought 
up to the pa.il making excellent dairy cattle, the milk 
being very rich. _ • 

Berefordl 61'e practic&1ly immune {rom tuberculosis. 
onlJ" two per cent. rea-eting in a large number telted 
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each year. They also st.and the drought in dry cUIJjJ.Ln~1i 
bett.er Lhan auy other breed 

The lleretu l'd IS e:.sellllalh a. ut!t" f l"reed . &Od rel.Lche. 
matu ri ty at au earlier age ~nn ll til It'SB cost t bn.n noy 
ot.her breed. l'he FiLt:eni r~lltlfl.r faueu n.t. two ~ t'a rs old 
On gl'a,3S alone, anu III lh\' SUIUlucr IIiOlll"US they 
cODlmand. the La}) pnce ill Lilb Lo udun market. 

l\UltTH Uuo", (Plal e \ L, 4). TUt! callie of t.hili lnceo 
-t.be • l{ubles of Lhe \\ e!4[. us d.H·Y are often terUJod, Ul 
allusiull Lo tbelr colour a rt' fl'a.red chu:lly I U »l'\lOO 

and Somen,et. 'fb t',Y n:rr of a \\ Lolio reu colour, tbe 
depth 8.nd Tlchness of \\iJicb "'a n~' s ",itu the H1UIVidun.l , 
and which 10 l)uruUlf:' r lJt'coruelj mott led '" ItL darker 
SpOts. The skw 18 typically orauge ,.\ ~JI(J". but ura,ug~· 
r rd inside ibe ea.rs. They !) Ia.nd 61JflU'w ha.t. low , nrc fl t-a.t, 
compact, a.ng pluDip, lJOliSC!\K aU[,IJ irallie k)'lllllleLry , and, 
tho ugh they do D OL at[.u,IU the size of [..h~ Shortbor rJ 
or the lJereford, yeL, LaklJlg theJr height iUl,o considera
tion, they perhaps weigh t,et..t.er dHUl ell lin. in the 
male animal the thick-set borns proJect stra.ighl out. at 
right a.ngles to t.he leugt..b of tbe body; ID the (('U1ale 
Lhey are more sJt:ncl L'r, Ji.ud ohen curve neatly upwards. 
Being fine-limbed, a.cLIVe animals. they are well adapted 
for gra.zing t.be poor past.u res of thei r native hIUs.&nd Lbey 
turn tbeI r food LO the best account, yielding excellent 
beef. They have not att,..a.ined much celebrhy as milch 
kine, fo r. thougb t hei r milk is of first-class qual ity , its 
quantity is usually swall. A.ttempts are being made to 
improve the milking qualities, &Dd in time they are 
likely to become a general utiJjty breed. 

So UTE D EVOl" (or H.uts) (Plate VIl., l).-Originating in 
the southern por t.lon of Devonshire. the breed ha.s spread 
throughout Devon and CornwaH, a.nd since the esta.b
lishment of the Herd Book. in 1800, the •• cattle have 
been exported in large numbers to South Africa., the 
Argentine, and Australia. They are claimed to be the 
heaviest cattle knOv.'n, steers o( t wo years of a.ge commonly 
turning the scale at 7, cwt.; their beef js weH inter
leaned, and the cows Ilre hea.vy milkers, with a h1gh 
percentage of butter f&t. Colour, from da~k red to 
orange; face long; horns " .. hiLe a.nd spreading; a.nd 
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constitution hudy, They st.and the tuberculin test well , 
and possess Lbe charaCLcnstics of the ty pica.l but.cher ' s 
a.nd da.iryman' s animal. 

SUSSEX (Plate VlL , 2).-Thi. old-eBL&bli. hed breed, 
which lakes it.s name from ita native county, is in great. 
fa\'our on t.he wealden clays a.nd the marshlands of 
Sussex, Ken t, and Surrey. It. bas lDaDY points of r eseID
blance LO tile Devon breau. The Sussex catl1e, however, 
are bjggeJ', Jess graceful in outline, and of a deeper 
browll-chestllut, colour than the Devons. 

T hey nre one of the ha.rdiest of breeds, able to thrive 
a.nd do \\ e11 under Lbe lllost unfavourable circum stances 
as regards food. soil, and climate. and practically free 
[row disease. They a re highly \"'"alued ill Lheir na.tiye 
districts, where they bave been rapidly improved 
during recent years. They are essentil\Uy a beef
producing breed , the cows baving little reputation as 
milkers. lJy stall -feeding they can be ripened oII for 
the butcher at a.n early age. The Sussex cattle are said 
to ( die well '-that is, to yield .& large proportion of 
Ulea.t in the best parts of the carcase. 

\VELSH cattle (Plate VlI .. 3) constitute one of the most 
ancient breeds. of which several varieties are recog
nized in \Vales. They are mostly bln.ck in colour, though 
a chocolate or brawn tinted black is favoured in some 
districts. Th~re are a. few white halts in the tip of the 
ta.il and near the udder in the cow. The long borns are 
of a deep blood-tinted yellow I with da.rk points. When 
fully grown they make big. ponderous beasts, and, 
though they do not mature very rapidly. their beef is of 
prime quality. being firm and nicely grained. The cows 
often acquire considerable reputation as milkers. As 
gra.zier 's beasts they are well knOv,""1l in t he Midla.nd 
counties of England] where, under the name of W·elsh 
Runts , la.rge herds of bullocks are fattened upon the 
pastures, or .rtopped up ' in the yards in winter. Welsh 
cattle are extremely hardy, and it is claimed that they 
a.re unusually free from tuberculosis. 

L Ol'GHORN (pl .. te VTI. , 4).-Before th~ advent of the 
Shorthorn this gr&nd old breed ';\-·&a 'widely sprea.d over .. 
Engla.nd a.nd Rome pa.rts of Irela.nd, not only in the 
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Midl.."d. of England, but also on the bleak pa.ture. of 
Oumberland RJld Vlestmorland . They wtre inva.lun.b\e 
to cheese-makers. a.s their milk produced 80 much curd. 
Bakewell. of Djs}J]ey. iu his day did much to improve 
T,hem. and they soon realized high pric6B; but (or want 
of greater ca.re in breeding, a.nd with the DeWl.l'-llrri\'cd 
fashionable Shorthorn tllking hold of popular fa.ncy. the 
old breed became greatly roilll('.cd. During the pa8t 
twenty years they blwe mu('h improved . and are .. lowly. 
but surely, winning t hei r way back iut,O public {avour. 
They are splendid milkerR. WE'iglity beasts, producing 
first-rat.e beef, and po~stssed of marv{-l1(JUS constit.u
tions. An ox of this breed. when matur('cl. is a mnjt'stic 
a.nimal, whilst the Crogse~ make th~ bt'lit of steers; firat
cross cows, too, are magnificent milkers , LOIl~horD 
milk, as proved a.t the Royal A~ricu ltural Society of 
England's Show, 1910, contains no les8 than 4'72 butter 
fa.t , n.nd was only very slightly exceeded by three Jersey 
cows in a. total of seventy cow s t.esteri , and with n. butter 
yield of 2 lb. 2t oz. per diem. 

The cows have wide-branching horns, and many 
have borns incurved. The ca.ttle are preferred 10 
be of 8. mulberry I cla.y, or brindled cotour, with 8. 

white line a.long the spine, The la.st. point i8 a.bsolutely 
easential. 

RED POLL (Plate vm., 1).-Thi. i. the only hornle .. 
breed of English cattle, originating by tbe alriJful mating 
for over ooe hundred years of the old Norfolk and Suffolk 
Red Poll. An excellent type of animal haa been evolved, 
which combines the red colou r aDd beef-producing 
qua.lity of the Norfolk "ith the milk production of the 
Suffolk. The quality of the milk given has alway. borne 
a good reputation. At the London n&iry Show, 1909, tbe 
a.vera.ge percentage of butter fat given by the breed 
w ... -

yl)rni D~ 

3'54 
4·46 

one heifer giving over 6 per ce'Dt. 

F.vtning 
8'51 
8·90 
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In the Herd Book of 1909 eleven herda publish recorda 
of 220 COW8; of tbese-

33 cow, avenge over 8,000 lb. of milk per annum. 
8" " ,,9,000 " " " 

11 " " 10,000 

Tw o sm all herds average 8,000 lb. and the largest herd 
7,291 lb. per cow. 

Early maturity is evidenced by the a.ges a.nd weights 
(l[ winning stee rs at Smllhfield Fat. Ca.ttle Show , 1909:-

Ye.n. Mont.bs DlIYI l \'it" Qld Ll,l. 

10 II " 9 > 12 

• ., lb 
II • Ib 

Experience in cross-breeding confirms the ~xpecta.tjon 
tha.t a Red Poll parent mated with a horned breed will 
produce hor nless animals. 

ABERDEEN-ANGUS (Vla.t.e \7m .• 2}.-This bla.ck hornless 
breed is native to the nonh-easl..ern COUll ties of Scotland. 
where it. can be t raced back as early 8.S the first qua.rler of 
the sixteenth century. A t the present time it is found in 
a.lmost every Scotch county. and there a.re also many 
berds in England and ]reland. Outstanding names 80S 

improvers of the breed a.re those of Hugh Watson, 
Keiller. Forfarshire (1 808·60), and. fOT Aberdeensbire, 
William McCombie. of Tillyfuir, and Sir G. M. Grant, 
Bart., of Ballindalloch. 

Althougb Aberdeen-Angus cattle have ~&luable dairy 
qualities. their milk being rich, be rapid rise in popular 
esteem of the breed during the last twenty-five years is 
mainly due to.its value in beef production. Combined 
wi th early maturing properties and mea.t of fine quality, 
the proportion of dead to live weight is unusually hi~h. 
and holds the.record with 76t per cent. yield. Aberdeen· 
Angus cattle are valua.ble for crossing purposes, a 
prominent characteristic o( the breed being its grea t 
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potency in transmitting its properties of beef~production 
and early maturity. It may be added that the bre.d 
IS highly esteellled in Canada. and the l "nit.ed State •. 

OUl.OlrAl' (Plai..e VHLJ).- This hardy ADd impressi ve 
brt'ed of JJoJled elll de LOok its nalJJe from tilf' province of 
Gal!o\\a.v, wblch IS now cunfined 1,,0 the two sout.h· 
western counties of Scotland, uut which in Ilncieat tiroe. 
comrJrised the six. counties which lie LO t.he west of a
fine drawn from Gla.s~ow to Ca rl is le on tbe Englisb 
border. The sl\we race of catOe ha.s been kept ftom 
tjme immemorial in Cumberland, the most north
westerly couni_y of England. 

Gallow&.rs as a breed ('annat. lay claim to any specia.l 
superiority a.s milku8. Their milk is r ich in Quality, 
but the quantity they gi\'e is not Ia.rge. Jt is mainly &6 

a. beef-produ . ing breed tha.t Galloways ha.ve made a 
name (or themselves. The qua.lity of tneir heel is ex· 
ceptionally good. In respect of proportion Jf dead to 
live weight. GaUoways km unusually welL 

The Galloway is admitted on all hands to he t.he most 
hardy among Briti sh brf"eds of cat.tle. except the shaggy, 
long horned West 'Highla.nder, and the difference 
between them and that lJicturesque breed in this impor. 
tant qtlality is very slight. A Jarge tlumber of Ga.lJaways 
are wmlered in the open a.ir in Scotla.nd and the N ortb 
of England. and this fa.('t. along with their exceptionally 
\'i gorou~ ('(lQstitutioos. are probably the reasons why 
t.ubf'rculosi~ is a.lmost. unknown in the hreed 

They not only are now, but have been frorn time im· 
memorial. polled or hornless. O riginally t.heir colou rs 
wel"e \·aried- black. red. brjndJed, a.nd duns being not. 
uncomml)lJ. but for many years, wHL trifling exceptioDs 
of a few dUD ones, they have beeD I black and a.ll 
black.' 

The remarkable impressiveness of the Galloways is 
a characteristic for v. bieb the breed Las long been dis" 
tinguished where it is known . Alike in respect. of colour, 
absence of horns, and general outline and symmetry. 
their offspring from cows of other breeds have very 
closely resembled the black Galloway Polls. When a 
Shorthorn or other apotted bull ia put to Ga.llow .. ), COWl 
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the produce shows Il. mixture of black and white ha.irs
• blue-greys, I as they aTe popularly termed in Britain. 
Their impressiveness ilJ fre~ing their produce from horns 
is marvellous. 

HIGIILLq, (.Plate \"111.. 4).-h is thought by many tha.t 
this picturesque b reet! is an aborigi_ual one, but, whether 
this be 80 or Dot. it is cenain that DO ca.ttle in Lbe 
Unit.ed Kingdom bu\ e reta.ined in grea.Ler uniformi(J the 
SlLwe charact.erist.ic as a distinct breed than the H igb 
landers have done, and this aeems to point t.o the con
clusion t.hat there has been litlle change in the cha racter 
of this class of caLl.Ie e}.;cepL thai produced by u more 
careful system of breeJing. The outstanding charac
teristic of the breed is i;,.e. hardjuess. HighJand cattle 
seldom suffer Crom any of the diseases to which other 
breeds a re li&ble, and t..uberculosis is urumowD. The 
ha.rdiness of their constitution enablel! them to stand a 
great amount of cold and wet., and during the winter 
they can be left outside wiLhout shed or other artificial 
shelter. Highla.nd cattle can also exist .on pasture 
where ot.her softer kinds would sl arve. while no breed 
thrives better on good pasture. They a re also u!!eful 
in clearing up rough and rank gras!! left by otber stock. 
The qua.lity of their beef is exceptionally good, and that 
of well-finished anima.J! meets with a. r eady sale, and 
fetches the highest price in the market. 

The leading points are as follows: Head propor
tionate to the body. broad between the eyes, and short 
from the eyes to the point of the muzzle, Forelock 
between the eyes wiue, long, and busby. Eyes bright 
and full. Horns, in the bull. strong, coming level out of 
the head, slightly inclining forwards, a.nd slightly rising 
towards the points. The horns of the cow should rise 
sooner than those of the bull and be somewhat longer, 
and should' have a rich reddish appea.rance to the very 
tips. Some · prefer tha.t the horns of the cow should . 
come more level from the head. with & peculiar ba.ck-set 
curve and very wide sweep, which gives a grac..!'fuJ 
appeara.nce, Neck clear and without dewla.p below , 
forming, in the cow J a str aight. line from ht"&d to 
.houlder. Shoulder thick, fi.lling out I{re&tly •• it 
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descends froUl the point to the lower ext.remtty of l..ba 
forearm . Hack as straight 8.8 Vosslble. fully doveloped, 
and rounded fr oUl behind Lhe shoulder. i{.ti.)s 8pnnging 
boJdly OUL, ndJ roulH.leu anu U(,>CIJ UroauL!:l across LLtI 
hips very grea.t.. Thighs wdl de\'eh'!'t,J, Slh)\\' lIIg great 
{ulness. Quarters well u(,\tci()peu frot1l lile lup back 
?'a.rds, square hehn'en bl}Is and ta 11 . Lr !;s !;hUfl and 
8trong both uefore aud Lehmu, bUUl~S "trollg, broad, and 
straight ; legs well feaLhcreu wlLh utUf. !to(Jf! \\ elJ seL 
in and large. Tho llnimal B)JDuld be !:lei \\ JJt) uri ween 
the [ore-legs. Hair "ery profuse. mort! pa.TLlcullLrly on 
the parts indic .. Led j long. W IlhoUL an)' LC!u J ~·uC) \..0 curl. 
Tail long and well co\'erl'u with half al the eud. ~kiD 
thick, bur. pliable. Csual coloura: bla.ck. Lnudled, red, 
yeHow, a"Dd dun. 

An,suIllE iPlat. IX .. I). - This e.selltlally dairy br.od 
was already established in the nonh of its Ila.t1\ e county 
by the end of the sevent.eenth century, and it.. is now 
widely distributed lhrvugh Scotiand, Englaod (especially 
a.round London), and ~orth lrala-ad. Ayr8hirea a.rc also 
exported in large numbers to most of the British 
Dominions, and to the r niled Stales. They a.re cha.rac
terized by their wedge-shaped formation and j Becky,' 
weH-defined m .. rking!! (varying i rom deep red to light 
mahoga.ny) on a whiLe ground. Of r ecenL years there 
has been an mcrea-s6 in white a.nimals, some being aU 
white. eave for dark markings on the head and neck. 
The cha.racter of the horns ma.y be ga.t.hered iroID the 
illuetration. 

The following are the chief point. to b. looked lor 1D 
the breed: Hea.d Bhort, broa.d forehead, muuJe la rge. 
without coa.rsenes!!, and eyes full aDd bright; neck fine 
throughout, of good length, and free frolD loose skin j 
forequa.rtere thin and light j the body set OD et.raight, 
ahort legs, well apart; the ba.ck etrong and stra.ight j 
ribs, long, broad, ~'ide a.pa.rt, a.nd ~'ell sprung, with 
.. bdolllOIl cs.plLcious, deep, but firmly held up ; hind
quarters wide, level, and long, hocke wide a.part., t.highs 
thin, long, and wide apart; tail long, fine, set on a level 
with the b .. ck- Gre .. t .tr ... is pl&ced on the .ha.pe of 
tho udd.r, which Ihould b. long, wid., .. Dd d.ep, but 
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not pendulous nor fleshy, and should be firmly a.ttached 
to the body. The \"essel should extend well up behind, 
and far forward, quar ters even, Bole nearly level. and 
mamm ary veins large. long. aaJ tOrlUOIJS, bl'anchlllg and 
enlering large orifices. The Lents should he evenly 
placed, lengLb 2i LO 3! inches. bang perpendIcular. 
slightly taper, a.nd give a free tiow of nulk on pressur!). 

Ayrshire cows yield on the 8.\'€'ragEl aLout :;00 ga:lons 
of milk per annuUl . bUL manr are capahle of gi\' ing from 
800 to J,ooo. The ilyrshire is peculiarly tbe cow of the 
sm&ll fa.rmer. H er pr ice is wit bin hIS reach. She takes 
kindly to care a nd att.ent.ion. a.nd no cow will yield 8 

great-er re lurn for labou r besto\\ ed on bE':r. 
J ERSEY (Plate IX,. 2).-Th18 race of cattle is native to 

the isla.nd of Jersey. auJ ha5 been kel-ll pure ior llIallY 
generations by means uf stringent. llllport.!tlion regula· 
tionlS. It cla.ims to be ODe of the oldest pure hrceJs 
extant, is noted for it.s ualry qilalities a.nd tho richness 
of ita milk, the old breeders having turned their atLCJl

tion to lhese points only. without. COllKider iJ.lg lhe beef
producing properties of their ca.ttle. The J ersey does 
not claim to be 8. dual-purpose cow, and therefore she uoe8 
not easily put on flesh . She is a. great faVOUrIte in 
England. where he r va.lue as the best butter-producing 
cow has been demonstrated in Lbe public butter lest lTJa18 
that have been carried out during t he past twenty-four 
yeara, the averaGe results from whic.b. are as follow a-

YieldJl per day. 
Number of Val" in __.._ Ratio . 

COWl tested milk. Milk_ lhltter. 

2,902 ... 106 ... 32 lb. 14 0.. ... 11 b. 121 0'. 18·62 
Or abDut 8 quarts of milk required to make 1 lb. of butler. 

The eoloura of the Jersey Bore light. and dark lawn, 
laver-grey and mulberry, mixed occasiona.lly with white. 
At one time the fashion in England demanaed whole or 
ootid coloured a.nimals, but this ha.s practica.lly died 
out. 

The following are the points characteristic of • the 
breed : Bea.d, small a.nd Jean ; face dished, eye" full a.nd .. 
placid ; born. neat, well formed, small and eonvex. well 
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tinged with seHow; ears smnll , thin, and yellow inside i 
neck a.nd th roat 4lraighL. thi.n. and clean i back: level , 
and Lroad at loins j barrel well sprung, deep at flauks; 
legs shor t and smull. and genl'raJly tino iu oone through
out; Ulil long and fine; hiue thin, lUellow, and of 11 

)'e11 ow18h tinge; )lair soft; udder HymmeLr ical- fulJ 
for ward and behind; teMB squarely placeJ anJ nOL LoO 
5hor t ; milk veins large and long ; escutcheon lnrge and 
full on thigh. 

The quesLion of pcdi~rpe in Jerseys is peculiarly im 
por t.ant to breedrT!!, as I he influenc~ () f Lbo Bi.re in 
carr;ring on the milking p rocli\'i tics of the breed is moat 
marked. 

The cows a re gentle and docile, but. t.he bulls. despite 
their small size. aro often fierce. 

GUERsst:r . (Plat.e l X .. 3}. - T he is lands of Guernsey , 
Aldcrney. Sark . a.nd llerm a.re the homes of the 
Gue-rnsey cattle, which are kept pure t here by t.he same 
kinds of rest r ictions as are adopted in J en ey for t.he 
proLeclion of the native breed of that isla.nd. Herds 
of pure-bred Guernseys exist in the Islc of Vlight and 
in various southern counties of En~lu.nd . They have 
not. the r efined and elegant appearance of the J er8eys, 
but they exceed the Ia.t.ter in size. They are usually 
of a. shade of fawn. with or without whit,e markings. 
whilst in some ca.ses thei r colou r almost merits the appel. 
lation of j orange and lemon. J The n 08e is crea.m
coloured and free from black markings, wherea.s jn the 
JerS6,l"S Lhere is a. dark wuzzle. encl_rclcd by 4 light 
colour. th us giving & I mealy-mouthed' appearance. 
Points Laken toO indicate the colour of the milk (or in 
bull that of offspring): Skin yellow in ear, on end of 
tail. ba.se of borns. and body generally (also udder and 
teats in cow) j hoofs a mber -coloured. The hea.d should 
be fine and long; the muzzle expanded, with wide 
nostrils i eyes large &lld genUs j forehead broad; borns 
yellow a t b&8e, curved, a.nd not coarse. The neck should 
be long (thin in tbe cow and ma8culine in tbe bull). and 
tbe throat clean. Tbe back .mould b. level to root 01 
tail. broad a.nd level acrO$S loins and hip, running 10Dg ; 
thigh. long r.nd thin; t&il fino, and re""bing to bocb, 
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good . witch. Th. rib. sbould be amply and fully sprung 
and wide apart; the barrel large and deep. The hide 
Bhould be mellow and flexible to the touch, well and 
closely ("overed with nne h .. ir. The cows, lal'ge~ bellied 
and narroll' in front, are truly wedge-shaped, t.he grea.Lly 
developed milk ~ba~ adding to the expanse of the hinder 
part of the body. The udder should not only b. large, 
but ela.! tic. silky, aDd not fl eshy j teata wpll ::pnr t. 
squarely placed , a nd of good and even size. They yield 
an a.bundance of milk. rich in fat. so that. like the 
Jerseys. they a re admirable butter-producing cattle. 

KERR. (Plate IX., 4).-This is a black breed of c_liIe. 
indigenous to the southern and western distr icts of 
Ireland, and no doubt deriving its na.me from the county 
of K erry, KeTries are now 'well known a.U over the world 
for their excellent milking properties ana- economic up
keep. They easily adapt themselves to thei r surround
ings. a re able to subsisl on the scantiest of fare. and 
thrive where other cauJe would starve. 

The Kerry is actl\'e in habit and graceful in form, 
The cow should be long. level. and deep. her bead long 
and fine, horns line at base. motLled or white, t ipped 
with black. upright and cocked; eyes soft and pro
minent; bone fine; coat soft. and glossy in 8ummf'r , 
long and t.hick in winter ; udder large, 50ft. and sym
metrical, coming well under the belly; tail long and we-II 
put on. with long. fi116 , black hai.r a t the end ; weight. 
about 900 lb. 

A small amount of white on the udder and underline 
does not disqualify for the herd book. 

The bull should be whole black without a whi te bair ; 
he should have a long' head. wide between the eyes. &nd 
be of masculine chara.ct.er; th roat cleaT cut; horns 
medium -length_ with black tips turning ba.ckward, 
withers fine : back straight; weight about J.OOO lb. 

KerTles aTe not only in themsel ves an estima.ble 
breed. but invaluable as a cross with other breeds; the 
firs t cross between a K erTy a.nd a Shorthorn gives ex
cellent results, both for feeding and milking properties}' 
The oross with a Red Poll &lao gives satisfactory results 
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to the dairy farmer a.nd g ra.zlor; aod & cross of especwl 
a dvantage for da.iry purposes is Lhat of t.Le Jersey-Kerry 
At. tile Liverpool Show of the itoyal Agricultural SocieLY 
to UilO th ree KerrioA tested for cuilk Yielded au 8.\'erH.ge 
of 37 lb. 4 oz. lU Lwonty·four hours. runy-t.wo days ah,er 
calving 

DEXTER (Plate X., l).-TLis breed. which 19 an offshoot 
of the Kerry, is said to have dcrj\'(~d iltl name irom a 
Mr. Dexter, and tha.t it wus the result of a cross bet ween 
a nerry bull and a deep-bodied Irish cow, wit.h short 
Jegs and capacious udder. 1L has quit.e a uH~t. inct. appear 
a.nce aud charact.er to a. Kerry , althlJugh silarlllg wll,b 
t.hat breed exceUcnt. dairy properties, being small or , 
deeper in the body, shon.er in t.be leg , nnd alLogether 
more compact. Dexters are invaluable cat t Ie for beef 
production and excellent anuIJala fo r t.be da.i ry. They 
are either black or reu. The bull should be whole 
coloured, although a IjtU e white on the organs of g enera
tion is allowable; average weight, about 900 lb. The 
cow should a-Iso be of Olle colour, but there may be " 
little whit.e on the udder, inside the flank. or unde rside of 
the belly, or aD t.he end of the t.ail. The bead of a. Dexter 
should be short and broad, very wide bet.w(.'(:n t he eyes, 
and ta.pering gracefully t.owards t.he IIluzzle, which ehouJd 
be widej with extended nostr ils j Deck shor t, deep, aDd 
t.hick, well set into t.he shoulders j brea.st coming well 
forward ; horns Ahor t Md modera tely- thick. 6pri.nging 
out well from the head. wit.h an inward and slightly 
upward curl'e; body square and thick; r ibs wel1 sprung. 
The cow should have a straight underline, udder well 
shaped, and well under beUy; tail weH eet on, snd level 
with hack; weight, about 800 lb. 

The propensities, to feed or to milk, of t.hi. breed 
are valua.ble for crossing purposes, a!l in tho case of the 
Kerry breed. Crossed wi th the Aberdeen.-Angul, the 
Dexter produces a. most perfect anima.l for feeding pur
~e8, &nd evidence of this has been witnessed at t.be 
Smithfield Club shows for many yean past . 

.AJl unique breed. the I Dexter-Shorthorns.! was 
form.ed by the uae of pedigree Shorthorn bulla on one 
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Dexter heife r a nd h er [em ale progeny d ur ing thirty-four 
y ears, a tLe r wards followed by the waLing of the m alA 
and felllale progeuy. 

Dextcr~ a re shown not only for Geer at. the Snuth· 
field Show, but also in Lila dairj tTla ls at. Lhc Royal 
Ag ricultu ral Society 's shows. At the wceling at Li"Cl'
pool. 1910, Lhree Dexters yielded Hl l\\ enty -four hours 
an a verage of 35 lb. 4 oz. o[ milk. rorty-three c.la~ s afLer 
calving. 

FEEDING AND MANAGEMENT OF CATTLE 

There a re three methods of rearing calves!-
(1) The tint , t.he oldest method- stii! followed in the 

ca.se of va.l uable pedigree stock- is to lel.. the calC rUll 

with its dam du r ing tLle first seaSOll. /lod der i\'c ils 
nourishmen t. di rect from Lhe udder of the cow. 

(2) The method conilllon in the .:\ onh of England , 
wbere t.he calf is removed at. birth and hand-fed for tho 
first. week on the mother's milk given warm. For lhe 
n ex.L week or so new milk is conunued, nOL necessarily 
the mot.her 's, lLnd then separat.ed milk is gradually iulro
d uced un t.il the diet consists of separat.ed milk only made 
up to t.he standard of whole milk wlth sume substitu te. 

(3) The rneLhod usually ioUowed ill tbe South. the 
calC being a llowed to suck the cow [or t.he first. week a T 

&0, and t hen g rad ually being pu 1 on La a diet of 
separa ted milk, made up with some substitute as abO\·e. 

On farm s where no separated or skimmed milk is 
ava.ila.ble: gr uel made [rom calf-meals (either purchased 
or compounded a t home) have to be depended upon 
enti rely for r ear ing calves. In these cases a. limit.ed 
qua.nti ty of neW milk is general1y used for the first few 
,"'eeKs. 

Male calves a.re ei ther destined to be sold off young 
to the butcher, t o be k illed fo r veal; or, in the case of 
bullocks, they are generously fed in the stall , in order 
to produce beef a.t as early an a ge as possible; or, again , 
the best of them are kept for breeding pu rposes~ 

"Wben cows are a.llowed to suckle t heir calves, it is 
convenient, if it C&Il be .. rranged, for the l&tt &r to b. 
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dropped carly in the year. and 8. heifer should give birth 
to her first culf in April or May. Euch yC ll.t 'S call tbon 
comes a Jade earher than t.Le JJrecedwg one, so that 
\\ben at Cull profit , at, auoul t1H' tlll rd or fifth calf, tlu.> 
eo" ~ are Hush of milk a t Lhe L1WC It. fetcbes iIIost mOlley 

- nawdy. in winter. 
Ca lves born Ia.te iu Lhe yelLr ra rely do !!o well Uti those 

born carller. The best calves nrc those born 10 ,January 
and February, fur lLese UCCUUlC strong enough La t.urn 
out du rjng summer, Some Ln·cJers. bo\\ eVer . prefer to 
keep calves under cover until they are a year old. 

Whert Lhe cat[ is taken tl\\ ay from the da.m. DUWCrOUI! 

met.hods, as slau'd abo\'c , are resurted 1.0 by different 
breeders . 10 some cases Lhe calf is rClUO \ ed at it!S birth, 
in otbers it, is allowed t.o rcmain with the cow from 8. few 
days up Lo a. r~rjod of somo \\ teks. 

The object in view is an ingenious one. It. is to st.ill 
feed the calf upon cow ' s wilk. bUL milk frotn which the 
na.tural bUlter·fa.t ha.s been rt.~ nH.)\'ed. and a. cheaper kind 
of fa.t , or some equinLienl carLonnceous mn.lerial ~ flu b· 
sLitut.ed {or it. Alth ough it. is cheaper, it. docs (Jot follow 
that.. the subst.ituLe is any lhe 1(:88 \'f:llull.ble as a con
stituent of the fo od of the calf. yet the farmer secures, 
for his own purposes, the bULLer \nth it.s relal"ively high 
commercial value. SkiIlL-n11Ik. wLethE': r ohtained by lhe 
old syst.em of 561 ting 'he whole mil k. or by t.he newer 
method of passing it th rough a. sepa.ra.tor , contains prac
ticaUy aU t.he valuable nitrogenous, sa.ccha.rine, and 
mineral matters of fresh milk: iL has simply lost the fat. 
When skim-milk is used for feeding ca.h·es. boiled linseed 
is an excelJent. malerial 1,0 mix with it in order t.o t ake 
the place of the cream thal bas been removed. 

Other substances which bave been used of recent 
yea.rs as cream equivalents with a. fa.ir amount of success 
are :-

(1) Cod liver oil; the amount used being 2 oz. per 
day . carefully stirred into the separat.ed mi.lk. 

(2) Pure linseed cake ; being first finely ground, e.nd 
then steeped in hot water from 8 to JO hours. 

(3) Mixed me .. ! consisting of equal part. by weight of 
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o&tmeal, maize mea.l, and pure linseed, st.eeped in boiling 
water and o1a.de in t.o gruel. 

.A young ca.lf requ ires at first &bou~ th ree quarts of 
llew milk daily, gradually increasing to si..\: quarls, and 
"it sh ould get. this ill equal portioo! at regular intervab. 
it should be kept a s quiet and undistu rbed as possible. 
8.8 t.hiEl will hasten g r owt.h. 

Considerabl e pat.ience and 80Ule skill a re required in 
t.eaching n young calf to drink. \Vhen the little creature 
ha.s fasted for some hOUTS, the first and second fingers 
of the right hand are extended befor e the cali, which at 
once seizes them and commences sucking. A pail of 
lukewarm milk being held in the left hand, the r ight 
hand is gradually lowered till t.he caif's lip.!l enter the 
milk. which the young olle Bucks up. care being t aken to 
keep its nostrils clear of the liquid. After a few lessons 
the pupil becomes proficlent, and is stimulated to 
persevere by hunger. 

AI!! growth progresses and s t rength increases. small 
wisps of hay are offered to the calC; theso it tint eucks, 
then- nibble. , ILnd finally elLtB. Ohopped turnipB or 
carrots, with sweet hay, follow . and w hen the calf is 
able to dispose of these a furt her advance may be made 
to linseed and crushed oats. 

In the calf-feeding trials recently conducted by the 
IriBh Department of Agricul tu re at the Oork Exhibition, 
the rat ion fed to calves aft.eT a month old which gave 
the best results was as follows , viz. :-

: a,~a~l;~~8:~e~t.ed milk. 

f lb. calf melLl (ooDaisting of 89.ua1 put. by weight of 
oat.meal, ma.izemeaJ. and pure l..i.nseed). 

This ration cost h . Sid. per week, and the average gain 
in li~e weight per calf during the same period was 
12! lb. 

Production of Beel.-Oalve. intended to be ripenod 
off as beef at about two year! old or les8 are kept in 
& constantly progressive state, and are never allowed to 
lose their I calf fiesh.' as 8\:ch 1018 would have to be 
made good before lUly further growth could take placo. 
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At four to six months old the supply of milk is stopped, 
linseed ca.ke and oatmeal being correspondingly in 
creased. Animals cake~fed in this way under cover 
produce much valuable manure. 

Where beef cattle are not illtended 10 ~o to the 
but.cher so 800n, the yearling calves grR7c clover' seeJR; 
or pastures, through tbe summer. iu SOIn(': caS(,H rece iving 
a.t the same Lime a. daily allnwo.nce of up to 3 lb. of cakE' 
or meal per head. It, bowever. thpJ' are 011 good paBluT(' 

they do not get cake. which iy ollly Ri\'('n uurillg the 
sea.son jn which they flre fatlrnf'd off. Early in aUlumn 
they arc tra.n~[erred to yards. and fed upon straw or 
ha.y, with a. supply of rools. a.nd 3 lh. or 4 lb. of cake 
or meal, this being gradually incr('8.!;co up to 10 lb. 
or 12 lb. per head pu day. the yOllTlg hefuits going to 
t be butcher &t from (\"0 years to tV,ll and a half yeara 
old. 

On many grass-Ia.nd farms caltle are Dot bred but 
only fat.tened. The;\' arc bought in as lit are catlIe 
about. April at May. when the pastures bep:in to grow . 
and are aold off fa t in t he cOll r ~e of tlw !iummf'r and 
autumn. La.nd of DrstrclaSR quality \"ill fa.tI~n (Inc bea.st 
per a.cre without a.ny addit.ional food . It is . however. 
becoming more the custom t.o giv(, artificial food. 
especially cake. as both the a.nimal and the past.o re are 
benefited thereby. Hitherto store cattle have been 
usually bought in. and fat catt.le sold off. hy guesswork. 
the contracting parties relying upon the keenness of 
their sense of sight. and t.ouch. Owing to lhe unreliable 
results of 811ch a system of dealing. the weighing machine 
for ca.ttle is coming more iota use. 

Winter Fattening of Cattle (II'" ,·J'''l' :otX'·ii .. p.54:\).
The fonowing may be t&ken a! nn average f'stima.te of 
the quantity of food consumed. and the return which 
may be expected when feeding two or three ."ear old 
bullocks in winter durin~ the last four monlhs. 

The &mount of roots con!umed (pnncipal1y swede.) 
will vary from Borne 60 up to 112 IbB. per day; tb. 
lar,(rer qU&Dtity b('in.e used by North Country· feeden 
ond tho .m&ller in tbe South. 
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The amount of cake And meal und wtll Rent"u.liy 
a.ve rage some 8 lb. per day. 5t an Illg with 4 to '" Iho l 

and Illcreaslng, say, 2 IIJ. IJer mOllth up to 10 to 12 lb. 
More cake is used ill the South. as & r ule. than in the 
North. 

The qua.ntity of hR.., and btraw used &s fodder "'i ll 
\'"&ry accordwg 10 C1TCIlfl)SlaUren, bUI, Log elher they 
should amount to some 20 Jb. vet day. 

Calculation 01 Cost 01 Feeding Bullocks per Week. 

I Per .lay 

, - ----
R Of>ts .'10 )b 
Cake 4 
Meal 4 " 
H:iy H .. 

Per week 

:ld ((,OJllluwing vlIlUl' .-... , -
:!tl. (<,o05llming vallie) 

COlt of producing \ '1 lb. of beef 

('Olot rtr .... cci. 

, 
I 

3 Ii 

I U 

5 , 

The value of the ma.nure produced 1S considered as a 
Bet-off against the SLraw consumed (&8 fodder a.nd l itter) 
and the Jabour. 

The live:weigbt increasf' of large bul1ocks. 80S above, 
during the latter sta.ges of fattening. may be Lak en at 
an lL '~crage or 201b per wt'pk. and llllo\\,;ng the propor
tion of dres~ed carc:lse to fntted li\'e-\\ eight (during the 
fina.l sta.ges) at 70 per cent .. tbis re presents an increase 
of Borne 14 Ib, of dressed beeC per weelt. A ga.il1 of 
2 to 3 lb. livt'-weighL per da;..- during a ft't'ding peri od 
of 16 to 20 we'l'ks muy be considered as good. 
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CHAl'TER XXV. 

SHEIlP, THEIR BREEDS , FEKDINO, AND 
llANAGEMENT 

1'nE chief native breeds of sbeep recognized iD t.hil 
country include;-

Leicester 
Border Leicesler 
Cot8\'1I1d 
Lincoln 
lienLlsh. or Romney 

Mllrsb 
Odord Down 
Soutbdowll 
Shropshire 
1I1\wrJshiro DOIT'1l 

f-;ufJ'olk 
Chf'viot 
Bln.("k·f~6 Moull 

tfl.in 
JIerdwick 
Ryelund 
{)c"OfJ Long ..... oCJj 
South 06\"On (or 

Ii lUllS ) 

Dorsel. Horn 

Lank 
Oartmoot 
EzmuDr 
Welsh MOlllluun 
lJerbY6hlreOnLtlwoe 
Llm~t.(lne 

Wem:llc\daJe 
Kerry ilill 
CIuli FOlcln 
Roscommon 

The Border Leicester, Cheviot , Ilnd Black·faoe 
Mountain breeds may be a.~sigDed to ScotlallHl , tht- Wl' )sh 
Mountain and Kerry Hill breeds belong to \Vnlr'~, IlIle! 

the Roscommon breed to Ireland. AU the atbern are 
English. 

These breeds may be fur ther grouped as long-wool 
breeds, short wool breeds, and mountain breeds. 

The IOltfJu:oul breeds are the Leicest.er, Border 
Leicester, Cotswold . Lincoln, Kentish, Devon Long· 
wool, South DevoD, \Vensleyda.le, and Roscommon. 

The $hortwool breeds are tbe Ox.ford Down. South 
down. Shrop<;hire. llamrshire Down. Suffolk, HycJb.ud. 
Dorset Born, and CLOD Forest. 

The mountain breeds include the Cheviot, Black~faoe 
ltountain, Herdwick. Look, Exmoor. Welsh Mountain. 
and Limestone. 

The t rue mountain breed.! a re all }lornef}-usually the 
males onJy in the case of the Cheviot, the Herdwick, 
&lld the Welsh b reed. The only other horned breed i. 
the Dorset, in which both sexes are furnished ,,·itb 
horns. All the rema.ining breeds are polled, or ho-rnUSJ, 
though there is a tendency amongst certain breeds, Buch 
&8 the Hampslllre and the Shropshire, to develop hQrnl , 

which are only kept down by means of selection. 
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As regards colour, the Leicest.er, Border Leicester, 
Lincoln, KcuLish, Cheviot.. Ryeland, De\'oo Longwool. 
t;outh Devon, Dorset. Horn. DarlmooT, Exmaor. a ... d 
i'oscotumon are whit.e-faced breeds. The flampsf1ire 
~nd SulTolk are black-faced breeds. whilst tbe Black 
fBce Mountain Ilnd t.he Lank hu\-e more (IT Jess disLinC! 
black colour upon lrlle fa co. 

L >:ICESTEll (Plale X., 2).-This is the breed of sheep tbat 
Hober t Bnkewell~ of Disbley, improved by rus judgment 
tllJd skill . Leiceslers are the oldest. pure breed of sheep. 
and have been used in t.he imprO\'60lcrrL by crossing of 
many other breeds. . Th~ 1'imll~!, in it.s agricultural 
columns, in (909, rererred to the Leicester n8 I tba.t grand 
old Dishley breed,' The Bocks arc eSlaulished chiefly 
III York.hire (East and X orlh Ridings). Durham. Cum 
berland, \YesimorJa.nd, Lancashire, aud Lpic6steTshire. 
The Leiccsler bas been wonderfully in1proved of laic 
yean,. a.nd is now produced in regaro l.0 scale and bone 
a.lmost equal to \..he Lincoln; and it. is noteworthy that 
&.L the Smilltfield Club Show in 190-; LeieesLers were 
n,wardfou t.be championship for longwools of any brcE'd. 
:\_ Rradford specialist has st.aled that tbe Leicester
.)terLno crOss produces the ch&mpion croHsbred clip of 
the world. 

The following is t.he official description of t.he Engli !'o.h 
Leicester: Lips a.nd nostrils bla.ck; Dose slightly 
na.rrow a.nd ,Roma.n. but the general form of the 
iace is wedge--sha.ped, and it is covered wit.h short while 
ha.irs j forehead covered with wool; no vestige of hOTns j 
hl ue ears (sometimes whiLe), tbin,. long. and mobile. a 
hl3ck speck on face and ears Dot uncommon; a good 
eye; neck sbort Ilnd }e\"el with back, thick, and tapering 
from skull tQ bosom; breast deep, wide, aDd pr-ominent i 
shoulders somewha.t upright. &nd wide oyer the tops; 
gre .. t. thickness from blade to blade, or through the 
heArt;_ well filled up behind the shoulders, giving & great 
grrth; well sprung ribs, wide loins, level hips~ st raight 
:md long qUDorters; tall weU set Oll, good legs of mutton, 
llreat depth of carca,S6, fin e bone; & nne curJy lustrous 
(I".ce (the sheep are well-woolled &ll over) free from 
hlack hain, with firm fiesh, springy pelt, and pink .. Jrin. 
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BORDER LEICESTERS ASD COTSW OLOS :,," 

Thf" gf"nC'ral form of t.he carcn~t' is sc\uare l)f ft'ctnu . 
gular ; legs well 8Ct OD, straight hock.s, good plltitcrns, 
a.nd Heat feet.. 

Bonm:u L.ElcEsn:J( (_PJate X. , 3) - Tbcsc shoep llilvf!o 

held a prominent. place. for l he purpose of cToHl':ing \\ ilb 
slower [ai.lening hreeds. such as t.he ('lw\'ioL LLud SClltcb 
Mounta.in Black~ [a.ce , the produce of which by the Horder 
Leicester r&I.D gives a crOli8 difhcult. Lo ('qua.I fo r enrly 
maturity a.nd qual ity oj mutlOli. GeOf,l.{f" llllll Mattl !" w 
(·u lley. ,ludenls of Roberl [lakc"'ell. of D,shl .·S. 
lol'ou~bl w.s improyed Lei"t'sters to !\onhulIluC'rl l1I1J 
(a uoul 1';67). from which LLcy Rp relLd into other Bur,lcr 
tounlies. They did not receive Lhe distinct.i\'e naIDl" or 
Horder Leiceslers UDLil about 1869. The characten. of 
the breed are as follows: SlllLrp profilp. da.rk full nOfilrll, 

bold eye, hea.d .higb seL on a. regular talJering IJ eck. .1\. 
ram at about 18 months old sLa.nds about 32 inches in 
height at the shoulder. with wide level back weU covered 
with firm fl esh, wide we11-sprung rihs, fiat. and wide lui n. 
Il.nd light offal. ena.bling easy ano graceful movement.l. 
Horder LeicesLcrs ma.tu re quickly and fu.Lt,en earJy, pro 
dueing in under no year a dressed ca.rcase of 80 lb. and 8 

good-combing fleece of 10 to 15 lb. 
COTSW OLD (Plate X" 4).-Thie large and handsome 

Gloucestersbire breed can definitely be tra.ced back to 
t.he early pari of tl.te fou rieent.h century, and it ha-a 
played an impor t.an t. part in Lhc history of the English 
wooJ trad e. Over a century ago jt W&8 much impro"cd 
by the introduction of Leicest.er blood. Tbe point> of 
the modern breed are as {ollows: The head should be 
wide between the eyes, a.nd the eye i tself full , dark, 
and prominent, but. not COMse a.bout the brow. The face 
should be wide in proportion to the space between the 
eyes, not Loo fla. t; nostrils well expa.nded, and the nose 
dark in colour. The head should be of moderate length, 
with I> well-marked tuft of wool on the forebead. The 
neck should be la.rge a.nd muscula.r, with a gentle curve 
enabling the head to be carried well up, The sboulDers 
,bould lay well baek ; shoulders .. nd chines well
fleshed. The ribs should be deep and well sptung; 
hips and loin wide, I>nd well-fleshed. The rump 

• ! 



516 SHEKP 

should b. l •• el with Lh. back, lh. leg of wu lton 
weB tet. down LO the hock and lh ick out.side. The 
legs should be straight., of moderal,e length, and well 
sct apart. The Beece should be thick. long. and lustrous. 

T he Cots wold mut.ton, thougu juicy, is somewhat fat. 
The breed is valua.ble fo r crossing, 8.S it impart.s size. 

LLN('OLN {Plate Xl.. l).-These longwoolled while faced 
sheep a re descended from the old native breed of Lin
colnshi re. impro \'cd by the use of Leicester blood. They 
are n bardy prolific breed, only r ivalled in size by Cob· 
wolds and South Devons. For the product ion of wool 
they have no rival among British breeda. The carriage 
should be good and tbe form sYDuneLrical. The body 
should be d eep and '''-eJl-proportioned. witb good bone 
a.nd lengt.h; straight wide back, and deep wide breast; 
hjnd quaners broad; t.highs wide and ful9, and legs well 
apart; skin soft and pink-coloured. The head should 
be covered with wool to tbe ears ; forehead tufted; eyes 
large, b right. and expressive; ears fairly long , and 
spotted or mottled. Tbe neck should he of medium 
lengt.h. well set on. and with good muscle. The legs 
should be broad, well-shaped . woolled to the knees, and 
white in co lour. The fl eece sbould be of even length and 
qua.lity, not less thaD 8 inches long for a year'$ growth; 
wool long. strong, ra.ther nne, and lustrolls, without 
tendency to become matt.ed. 

K"", OR R Ollsn MAnsH (Plate XL , 2).-A typical 
descr iption of the breed is as follows: Head wide. level 
between ea rs. with good thick fore-top. no horns Dor da.rk 
hair on the poll. which !Should be co\-ered wilh wool. Face 
in ewes full and in rams broad and masculine in appear
a.nce. Nose in a.U cases broad a.nd bla.ck. Neck well set 
in a.t the shoulde rs, strong a.nd thick. Shoulders wide, 
well put in, Bond level wi th the ba.ck. Cbest wide a.nd 
deep. Back straight, «'ith "'ide and flat Join. Rump 
wide, rong. and well turned. Tail set almost level with 
the chine. Thighs well le t down and developed. Feet 
large aDd black. The fleece of el-eD textu re.. uniform, 
and of gOJd decided staple The skin should be of a 
clean p ink colour. a.nd every j!fforl should be made to 

• improve the quality of the breech wool 
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ROMNEY MARSH b17 

T he breed is much a.ppreciated in its nat.ive dist.rict 
and equally 80 in t.he cOlJLinuaUy ext.endlllg area In t.h~ 
Colollies and abroad, to \\blCb this brcet.l is Ill'inp 
exported yC:'ariy in increasing nun.bers. Ill! Ilardi 
ness enables it. to wnhslI:l.Ild tho extremes of 
climatic cbanges with indifference. Brt'd as it tu .. !!! bf."en 
fO T genera.tions upon the cXJ.lmwd mar~hes , ;-';8.lure hR.! 
durHlg Lhie penod gra.dually hut surely left nOlle but 
those with vigorous and sound conKlillittOn8. None 
others could successfully c.hri\·c in the c(HHlnionH ul.der 
which it is generally kept. 

Tbe BarnO testimony is "ouchcd for hy its breeders in 
~orth AUJerica. AU~lralasia. Tierra. dt'! Fu ego, the Falk 
land Islands, Punta Arenas. ChiJi, Rood tJlC l\rgcnr.ine. 

]1. has great adapta.bility flU" lhri\'('S UpOIl rH'h nnd 
poor pastu",. In its native distrjct. times of nbundn.Jlcl\ 
and times of scarcity nrc cxveriencecl , and the rf'8.ROD 

why the breed has been a.ble 1.0 acquire Lbe cha.rnctl'Ti!ll,ic 
referred to is because it. has no variation in it.s food 
like many other breeds. being on grassland the whole 
year. 

In lambing time there is no need or CCl!lLly shelt.er 
They breed la.mbs in the open. and the danls take carf' 
of their lamb". Natural treatment such as this hreed 
generally gets bas given it this valuable trait. of ht"in~ 
.. ble to take care of and prot.ect its young Wil hout 
artificial aid. Probably lhe most desirn.ble characteri"Lir 
of the breed from the grazier'" point of view, and ",Iso 
from that of Colonia.l and foreign export buyers, is that 
they do not flock togelher and t.aint their land, but feed 
and graze singly. 

The wool is demi-Iu~lre, and has become very much 
m.ore valuable in recent years by rea;,lon of the closer 
a.ttention given it by those who are int crested in tht 
improvement of its fleece: in {act. thc fleeces of the 
Romney Marsh 8heep a.t the present time are becoming 
much nearer perfection than a t any previous pe riod. 
Its flesh is excellent, when grazed and fed on marshland 
only. It If>cds rapidly and produces mutton of high 
quality, with grea.t depth of lean Hesh and eTha.1l pro
portion of fat , It" freedom from fluke and other 
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infectious di!Scases is notable; 80 high, indeed, h 
the reput.a.t.ion of t he breed in this respect jr' 
Au stralia and New Zealand that it is termed praclicall). 
Buke-p roo f. 

OXl"OltD D OWN (Plate Xl. , 3).-Thill b reed bas been 
gradually built up since 1820 by CTOSSlIlg sboriwool 
Ualll JlshiT'C and Southdown towes with l(Jn~\\'ool ('ot l
wol ll rams. Al t.hough the fore'lock of t he latLer h."l.8 been 
inherited, Oxford Downs appro.xu:nate mor e nearly t.o 
the 8hor1.\\'001 type. and are classified as such. Twyman. 
of Whitchurch , Hants, WllS the first to establish the 
breed. L'haract f"TS as foll ows: Bold masculine hea.d. well 
set. on stroug neck; poll well cO\'ered wit.h wool. Face 
uniform dark colour. black bring p referred; car! of 
good lengt h; shoulder hroad ; breast. broad and well 
forward; back full and level j rihs weJl-sp;c;ung ; barrel 
deep. i hick. a.nd long, with straight underline j It'gR shon 
a.nd dark-coloured. standing square and well apart. 
Ent.ire body covered with wool of close texture, good 
length. fine qualit,V. and without cu rl . :\luUon fi r m. lea.n , 
and of oxcellent quali ty. 

Oxford DO .... -08 are ha.rdy sheep. m8.tu r ing early. and 
DoLed for their excellent all -round qualities. Fat la.mbB 
Lhree LO fou r months old. often Yield dressed cnrca!'et; 
weighing 40 to 50 lb. , while ma.ny are sold for muttoD 
when nine mont.hs old, and gn'e dressed carC8.ses of 
BO lb. They are the heaviest of all the Down breed •. and 
seoond heaviest oI all British breeds. They thrive 
equally weJJ on both arable and pasture land and in 
every climate. and fatten on a comparat ively smaller 
quantity of food than any other breed. Unlike 80rne 
kindts of sheep, Oxford Downs flourish everywhere. and 
they are exported to nea.rly e \~ery country in the world.. 
They ar:e grea.t favourites either for keeping 8.8 a pure 
breed or for crossing with other breeds, which t.hey 
inva.ria.bly improve. 

SourliDoWN (PI .. te XI .. 4}.-Thi. ahort.-wooUed homl ••• 
breed is known to have exi8ted for many ages in its 
native home on the Sou.thdown Hills, and W&s noted 
even .. century ago for its hardy co.nstitution and tJte 
€me flavour of ita mutton. Characters a8 fOJJOW8: Head 
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wide, level hetween t.he ea.rs, With no sIgn of alug 
or uark poll. Face full. not t.oo long from C)08 to DmH', 

of one even mouso colour, not. apfJroachwg black (lr 
slJl'ckled; under·ja.w lI ght. Eyes large. b r ight, and IJfO 

DIIIlCUl. Ears of medIUm size, and cO \' cred \\ iLh shurt 
woul. Neck WIde al hase. stro llg ant] \\ ell set on 1..0 
shouIdprs, throa.t clean. Shoulders well set. l he tupll'\cl 
with t.lu:' ba ck. L'hc!'t. wide and dCC!lJ. Hll.ck 10\'01. '" ah 
8. wlde flat loin. Ribs well sprung, well n bb()u up, thick 
th rough the hearl, wiLL fore (Lod h ind flallks fully ue 
\'eIopetl. Rum p wide , long. and weillu rurd. T ll. ll1arge , N.,L 

ou almost level wiLu chiDe. Leg~ of mutton (IIlCluulllg 
thighs. ,,·hie!. should be full) .• ell let dowlJ. wltb dee p. 
",ide twist. \-fool of fine textu ro, great donsit y , ilnd 
s:dlicient lengt.h of staple. co\ erl1lg t.he ",11010 uouy down 
to hocks and. knees. and right UIJ Lo cllt·e.ks, " iLh full 
fureLOp. but. not round eyes or acrus!:! bridge of no~c. 
Skin of a uelicn.tt) LriglJt pil.lk. LC'gs short. straip:ht. of 
OtiC' f\'ell mouse colour , and Rc-L on outside tll8 body. 

The Soulhdown is the foundation of ali olher modern 
, I \o\'.-n' breeds. and is cRJJeclnlly notf'd fo r its pro· 
duction oi !Dutton. lts chief characlerist.ics arc Il hardy 
cvllslit.ution. an adaptability t.o almost a.ny climate, a 
hiLbit of thr inng on bare pastu re, and the gf'nerOllS 
rei urn wbich it gives fo r good ffOcuing. a cllmparative 
freedom from lameness, a general a pt.iwue to improve 
01 her breeus by crossing, a. fine quality of nlUt.lon and 
e:....cellence of wool. In wool production Soulhdowns 
compare fa,'ourably with other b reeds, Lbei r fi ecces 
hei.ng of a fine quality, close. t hi ck. and heavy in pro
por don to LLe size of the sheep. l'he "'oo} rea.lizes the 
highest. price of a.ny native b reed of sht'ep. The Svuth· 
clown excels as a mut.ton producer in its quickness of 
feeding. ea.rly roa.turity, and prime quahty. 

~4.s the sheep withlita.nd extremes of heat and cold, 
they are suitable for ~e\'ery climate. Southdowns excel 
for j crossing I or j grading up ! purposes, because, being 
the oldest pure breed or sbort-woolled sheep, they 
possess in & marked manner f prepot.ency,' or Lbo power 
of impressing t.heir good cha.r acteristics on other breeds. 
Southdown rams ha.ve been used Cor crossing on nearly 
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8\'ery breed of British sheep, and they have beeD 
expor wd to aU par ts of t he world. 

Half-bred Sout.bdoWD lambs bs.,'e almost. idealJy 
perfect. conformation and aLt.ra.{'.t the a t.tention of the 
exper ienced buyer more rtadily t.han any other cross
bred la.mb. Tho body is square and set close to the 
p; round, the bone is light., and the leg of nJutton perfect 
Exlensive experiIlJcnls carried out. in Kcw Sautl.! Walee 
aLow that. crosses with the SOUtbdowll produce the best
~bapcd , best. fleshed, and earliest. maturing lambs. 

SHltOPSf{IR.E (Pla.te xn., l}.-Though heavier in fleece 
and bulkier in CtHell.!H:,1he Shl'opshlrc sht't'p has IllllCh jhf' 
a.ppearance of an enlarged Southdowu. It. was deriyed 
from the old nati"e shc('p of Shropshire and Stafford
shire, an infusion of SouthdoWD bJood having a.ided in 
Its impro\·cmcul. Tbe progress and develCl;Jment of the 
breed have been remarkably rapid. and it is extendinp: 
in all diroctions. Points: As distinguished from tLe 
SouLhdown, Lbe Shropshire has &. darker face, eoft black 
&8 :I. rule , with very neat ears. whilst its head is more 
ma.ssive, and is botier em'ered with wool on the top; 
lpg'S short aod bla.ck in colour ; ba.ck lean and .fleshy: 
le:gs of mutton deep nnd full; skin a bright cbprry 
colour. 

buropshircs are very proii£c, ]50 to 175 lambs per 
100 ewes being the usua.l average, The ewes are eXc"el , 
lent mothers, and yield a large a.mount of milk. The 
fleece is very hea.y a.nd of good Btaple, fine in texture. 
Sond very dense; there is lillie loss in scouring. The 
breed matures early. If well cared for, with rela.ti\·e}y 
moder&te consumption of rood, the wethers a.re fit for 
the butcher a.t ten to twelve months old. As fat lambs 
they ma.ture very ea rly. as also do Shropshire crosses. 
Tbe mutton is rica in f1a. vour. close-grained , a.nd juicy, 
wit.h a la rge percenta.ge of lean, Great ha.rdiness. sound 
constitutioD , aptitude for making the best of &\'nilab\e 
rood, a.nd great adaptability to various soils and 
clima.tes are notable characteristics. Shropshires are 
found to thrive well in all parts of the world. 

H.&J<PSKIIU: Do"",, (Plate Xli., 2).-Early in the rud ... 
~th century the old Wiltshire Homed Sheep and the 
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SUFFOLKS 

Herksbire Knot roaDled over l.bo DOWDS of their Dative 
counties. Bot.h t.hese old~{ashioned types hM'e long 
since disappeared , but their descendants are seen in the 
modern Hampshire, which originated in a CrOl\8 y. iLh 
the Soulhdown. Ead.)' m8.wnty Bud great size have 
been the objects aimed at and a.L t.ained. l'oil1l8: WLubt 
hea.vier than Lhe Shropshire, the Uampsllire Down sheep 
are less symmetrical. The Hampsillres ha,\'o dark fa.cel 
a.nd legs, big heads. well v. oolled over l.ho crown ft,od 
forehead, Wlt.h Roman nose. darkish (JaTS seL weH blick. 
and a broad level back well filled in with lean meal 
-rhe mutton of the Down breeds is of superior quality 
This valuable breed has in recenL year8 wade Buch rapjd 
strides in its improvement as to sland almost pre 
eminent amongst aU the English nnietics. Tho won 
derful aptittJ,dc to de\'elop early maturity with such & 

large proportion of lean meat, the fine quality and 
a.mple fleece of wool, and Lbe ext-reme hardiness of COD 

stitution rendering it suita.ble for any country or 
climate, ha.s brought the HampshIre Down iDLo moat 
prominent favour, both at home and abroa.d, the demand 
a.t the time from Nortb America alone being unprece· 
dented in the case of aoy breed. In this country 
lhere are upwa.rds of 270.000 regislered sbeep, the 
flocks being spread oyer DO les8 than nineteen English 
countiea. 

SUTTOLK (Plate xn., 3).-These shorlrwooUed, black 
faced and hornIes8 sheep, which originated in tbe 
crossing of horned Norfolk ewes with improved Soutb 
down rams, have been recognized a.s s. pure breed 
since 1810. 

Points: Head, a.nd legs belo9.T the knee, free froOl 
wool and glossy bl~ck. Neck o[ moderate length and 
well set (in rams stronger. l'o'ith good crest). Shoulden 
broad; chest deep and wide; back long and level j rib. 
long and well sprung; Jegs straight, with tine fiat bon • . 
iore-Iegs set weU apart, hind-legs well filled with mutton. 
Skin fine, 80ft, a.nd of pink colour. Fleece modera.tely 
ahort, ol close fine fibre, without tendency to mat 01 

felt , and well denned--i,t., white, not shading off into 
dark: wool or hair. 
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Suffolk sheep excel in the production of fine lean 
mu ttoll, and hold &0 unequalled record in the annu~1 
car(;ase competitions, open to all breeds at the Sruith 
field Club Show, London . Their proclivity for enrlj' 
maturity is highly developeu. Ram lambs are so Ian.::.: 
and" ell developed j Itat for breeding purposes they lirt' 
largely used in preference t.o older sheep. As regar d:! 
fecundity, 150 lambs reared per Joo ewes is a frequ enL 
averag~. Suffolks possess Ii ver,\' hardy constitution, 
and, as they have not. been pampered. th<'y will. if neef'S 
sary, find a living on uaTe pasture, where many breeds 
would starve, and they can be driven long distances 
wit.hout. suffering. Suffolk rams are also much in 
demand for crossing purposes, Crossed with t.he long
wool breeds, they produce a fiue carcase of lean m('at. 
a hea\'y fieece of good quality, and i!lcrea,s6 tho 
producL-lv6 and milking qualities. 

l'1H;nOT (Plate xn .. 4).-Tbese wbile-faced sheep are 
na.tive to the Cheviut Hills , and though they have spread 
over wast of Scolla.nd and a good dea.l of England, still 
lhri \'e vest au grassy uplands, thus diff(' ring fro!Jl 
Black-faces, which do best on coarser, mossier land . For 
symmetry they arc uuequalled, being probably t.he mOst 
beautiful of all breeds; ewes hornless. rams generally 
80. though inclined to develop scurs or short. horns, and 
sometimes come with horns. The withers are sharp. 
The carriage should be lively. wit.h plenty of actioH. 
&nd the eye bright. The head should be 01 medium 
length, well covered with sbort. fine, whiLe hs.ir; ears 
nicely rounded, erect and not too long j nose arched and 
hroad. with full and widely open black nostrils: 
neck strong, but Dot too long j ribs well sprung, and 
carried well back towards the hock-bones; tail well 
bung apd nicely fringed with \\'001 ; legs broad and Bat, 
covered with short, ha.rd, white hair. 

Cheviots come next to Black-faces in their ability to 
subsist on the scantiest fare; t.hey e&n live through lhe 
severest winters wit.hout any artificial food. though when 
there is any depth o[ snow a l;uJe hay should he given. 
The mutton is the best produced, being generatJy 
q!,oted ;d. per lb. higher thaD &I1y other in lhe market. 
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and Cheviots divide wit.h Suffolks lobe honour of wrnuing 
morc ('arcase cOHl}JeLitwul:! n.t. Dlllithfif'ld tha.n nil th~ 
other breeds put t.ogel ber. The wewer lambs are mOl:ltiy 
if·d oft' at fro In 10 to l~ mont.hs (lId. \\ hcn tlwir (!U.I·(·f~M"1J 
yield 40 to 60 lb. of wutton. The ewes are 801t1 at five 
or six yea.rs old t.o Lowland farmers, wLo breeu frolJ) 
t.hern by t.he Border Leicester Tam t.he far-fawed I half
bred I sheep. 

The wool is of medium qua.ljty and fiUeUe!18, and the 
fleeces average about. 4! lb. each. From t'hc·viot. wool 
~ho famous Scotch tweeds llro ma.de, a.nd th(lu~h CoJonJa.J 
wools are now of len employed in its manufacture, cloth 
made from the pure Cheviot. Jar oulwearH all odlcrs. 

l{UC ' K-YAC't MvU:-;TAi!\ ( Plale XTT1. , I).-ll. i~ ooubtful 
\\ here t his breed ha5 Jts origin, but It i~ cer talDly now the 
r!Jost impo~nt, 80 far as numbers go, in the Hriti!h 
Isles. It occupies almost exclUSively all the IlIgber 
gral.wg!i of Scot.land (wll1ch have not been clel\.red for 
clear), and is found in large .numbers lfl du;' c(JulILies of 
XorLbumlJer1and, CUUlberland , YorkJ>l..iire, Lancashire, 
aud in many parts of Ireland. The chief churact.eristic!l 
of the sLeep a.re their great hardwes8 lLnd the fine 
qua.lity of the lllutwn they produce. 

The face and legs slJOuld be black or mottled . free 
from dun or brown. smooth, and glossy. Wool should 
not ap}Jear among the hai.r. The nose "ho\lld be Rl.rong, 
broad, and prominent, with wide black nostrils. The 
1'1on19 of the ra.m should be large, nol joined at. t.he 
base, but springing level [rom the crOWD. and its spiru.II 
should hide the short ears. The tail only reachea to 
the hock.s, a.nd it is therefore not necessa.ry to dock it.. 

The wool is a. unique product, a.nd 18 now a.lmost 
en tirely used by 'he carpet trade, the great bulk going 
to America. The Beece weighs, on a.n average, 3' to 
4j lb. for ewes, &nd from b! to 6! Ih. for three-year
old wethers. It is wavy, loose. and strong, but should 
be &8 free as possible from kemp and blue spots. The 
rams command high prices at the autumn S&lell. 

HmnWICR.- Thia ext.remely hardy breE.'d th~ve8 upon 
the poor mountain land in Cumberland. Westmorland, 
and Nort h Lanes.bire. The ram. sometimes have curved 
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boros, but the ewes are horoie35. The colour of these 
,beep is whiLe. with a few darkish spots here and there 1 

the fuce alay be either whiLe o r light grey in a.dults 
The head and neck should risc well from the shouJJen. 
ILDd be carr ied gaily. The withers are usually sharp. 
The walk should be free, a.nd tbe body squa.re aD the 
legs durUlg moveUlent. Good cuat and good bone are 
the two most esscnlial chara.cters. The wool is strong , 
coaTse, and open, and inclined La be hairy aboul the 
neck. The forehea.d ha.s 8 sUJal1 LOp-knOt, and the Ls iJ 
ill broad and bushy. 

U¥EL.t....·W.- YOl.\~lt (1537) speaks of the Ryeland &! 

being ono of the ha.rdlest alld IDoat valuable o[ our 
Englisb breeds. In writing of the sheep bred in Bere· 
fon.lshirc. he says that Its distinguishi.ng breed is t.he 
Ryclallll , so cliUed [rom a district in the sC7Jthern part 
of the county. in which a g reaL quantity of rye used to 
be grown, and where many o[ t.hese sheep were bred 
He then says that the Ryelaud bas that form which at 
once bespeaks it. to be patient. of hunger and capable 
of tbri\'ing on very scanty fare. It scarcely admits of 
dispute that U1 6 old Ryeland would endure pri \'&tion 
of food better than nny olher breed. Sir J oscpb BankR. 
who was weH acqua.inted with t.heir constitution and 
habits. used to say that the Ryeland desen'ed ( a. niche 
in the Temple of Famine. ' 

The R~'ell1nd of the present day retains to a great 
eXLCIli. the hardy constitution of its progenitors; at the 
same time it is enlarged in size, and its wool-cutting 
properties have been much increased. The breed, whicb 
is generally very symmetrical. has face and legs of a 
dull white colour (as distinguished from the china-white 
of the Cheviot and the Cardiel. The Beece is el08ely 
let. on t.he skin a.nd is of a deep staple j tbe wool well 
covering the body in every pa.rt) coming well up to the 
cheeks and ears and covering the top of t he head. 
According to Youatt, Ryeland wool in the early part of 
the last. century w&.s much the finest produced by any 
Brit ish breed, excelling even the Southdown in fineness 
of fibre and in the number of its serrations to the ineG. 
In .. recent yeara the wool bas taken & very leading poli· 
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tiOD in competition with other breed. at the showl of 
t he Royal Agncult.ural Society. 

'fho mullon is of nne quality, and lhe weight.! of 
yearliog sheep \-ary (accordmg to management. and 
fpodillg) froUl 15 Ill. to 20 Ill . }J(l f qUb.rt~r, ami Lbf>tr 
fleeces from 6 Ill. t.o 8 lh. prf Lea.d. 

The Hyeland ralll i!; much in favour as a. Bire of rAt 
lambs, and Lbe she('p g\"I)("ru.Uy are nOled for thriving 
on cold damp soils (]lfotlUClIlg infer ior herbage), where 
many other hrt'eds would ~tur\'fl. 

DE\'O!'o' Lo'S(;\~OnL.-T!Jis is a \\bite-f&cf'.d b r e-ed loca.l1v 
developed in the Yalll.'ys of WesL Somenel, N ort b a.nd 
East Oe\'on, and paris of Cornwall. It Ori~lI)lll.ed iD 
a strong infusioJJ of Leic(-};l er hlood a mllng151 1 he old 
Bamplon stock in Devonshire. The long-woulled fleece 
is of excellent quality. 

S UUTJI D£"ON (J)late XJU.. 2).-The dt'IH'riptjoJI 
of a typical SOUl h Devun sheep is alii (01101'.'8 : 'Tho heRod 
is broad and ral.ile r long, weli covered OD uJJpe r ponion 
with wool; nostrjJs open a.ncl of dark cutOUT 
muz.zle broad; ears fairly long. or medium thickneM8 . 
covered wllh hai r . often spOt led ; neck t;lrong, of 
medium length j bnck straig}JI and Jevel from wltlJeT!l to 
selting on of t.ail : shoulder s Ha.t. a.nd wel1 covert-.J; r ibe 
well sprung; loin wide; chest deep and fu il ; t.ail thick 
&11d big; legs sLraight, squarely placed, welJ on outs;de; 
hind quarters deep and squa.re j skin mellow and of 
pink colour ; fl eece dense and even, wi t.h great lengtb 
of staple, curly, and free frow kemp and hair.' 

This ha.s been for generat.ions a breed covering South 
Devon and pra.cticaLly the wbole of Cornwa.ll . Tbe prac· 
tice throughout the districts in whi ch we find this breed 
is (or the owner t.o be his own Ihepherd. EKcept at 
rather rare intervals, such as when one or the Illrg,., 
&hows was heJd in D evon or Cornwall, the outside 
breeders, other tha.n t.hose resident in the county had 
hut rare opportunities to see the breed. 

The establishment of the Breed Society seven or eight 
years b&ek (which, by the by, is representat.ive of up· 
warda of 200 flocks at t.he present time), la.rgely altered 
t hilJ for since that date exhibits have been fOUlld at 
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the Roya.l Agricul tural Show as far away as Liverpool, 
and the Bath a.nd \\~est of Ellgland as far away ae 
Rochester, in Kent., and specimens have also been ex
hilHted a.t Smithfield. a t. which show a. pen of wether 
lambs gave the highest daily I;I.verage gain of any breed 
at tbe 1900 show. 

Thill wider exhibition of the breed has resulted in 
specimens being shipped to Australia, South Africa . 
Argentina, etc. 

There are few breeds equal to it for production 
of wei ght and dept.h uf lean fl esh, none thllt excel 
it in respect. to early malurity when gi\'en til(' 
(ullest opportuni ty for dc\'eioIJlllent. It bas a heavy 
good fle~ce of wool , full of that curl or crinkle 
that so UI&ny wool users admire and a.ppreciale 
I ts: characteristic appearaLJce is well depicted by Lbl' 
photograph o[ Lhe ram that is givell as : specimen of 
the breed, t.he evennCSb of the fleece (Jf lhe ram is indi 
ca.til'e o[ the superiority, quality, and evenness of fleece 
that careful selection can produce_ The breed in 
its uwn u isiricl is iermed & 'reot payer,' and thoBe 
wLo have tested its value in respect to cros8~breeding . 
particula.rly upon the Dar trnoor and the Down breeds. 
baye fouod it a. very valuable cross indeed. 

DuRSET Hons (Plat. XlII .. 3).-Tbis breed bas beer. 
na.r,uralized in the county of Dorset from lime im
memoria.L It is mentioned in Lisle's I Observations in 
Husba.ndry.' published in 1 if>i, and embodying obser
vations made from 1693 onwards, as possessing grea t 
fecundity, 8. character hy which they are st ill distin 
guished, as they produce lrom J30 La ISO per cent. of 
lambs. The ewes will receive the male a8 early as April 
or May, so that the la.mbs are born in September or 
October, and ready for the butcber by Christm .... 
During the l ... t few decade. they haye been greatJy im· 
proved, and have supp lanted Down sheep in m&ny 
places. 'Points of improved breed: Body st raight and 
deep, ribs well a.rched, loin broad, neck well set on, 
shoulders full , without coarseness, hind-limb "Well sel 
down towards the shank, forming a good Jeg of mut~n 
with .m&ll bone. General features pleasing, head .tand-
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109 "ell up, horns t.hin WJl.h a. symmetrical curl, eye qUirk 
and lively, fa.ce ratber long aud thin, iLJJH a.IlJ nose PIUt: 
or 8esh·coloured. 

Do rset Honl!~ are Lardy . tllld du \\ell (In most lanu!. 
They are excelleut nUTselL guod fuJdlllg slicel), tHO DO\.(·J 

for early uUlluril.Y, and 'yIeld "eli fluvourcu mutlon. 'fht'! 
woo} cOlJuliunds high pnCCb, and is nOleJ for its whit!;)· 
lJe~5 and fiIJt' poinl. Lal1Jb~ .l'IeJJ frow ~4 1.0 :J lb., elt'",. 
[rom 5 to i lb, aud ,Yearling raJll~ frultl 10 10 14 lb. 
Allboug[l tile cillef honle of tue breed HI DIJUlh .. nd 
West Dorset and Lhe Isle of J' ur iJeck. It alsu cOUJlUanJ., 
!ouch U,l,tcutlOIl in oth('f c(JuULios of the L' nited 
KmgdoUl, lUJ "'elJ liB In North Alllenca, AUl:ilralil4, and 
S'ew Zea.la.nd. 

LosK.-These sLeeJ.l /lfC fvulJd chiefly ill j\.E. Lan· 
cashi re and ·S.W. YOl'kbllire, deri\'illg tbeir Dame of 
Lank or Lonk from the fUl' uwr coullty. Lonks do aciollr 
ably weil in tile disLrjct~ rucntivueJ, {(If, belllg hanls 
and clo"Sc·coatt:'d, Liley can wlthsland. ule wea.ther. 

Tbey are of t.he horn~J class. 8.lId have been in the 
count.ry for se\'eral gencrn.ljoDs. A purc-1l red Lonk shepp 
should have a black !lod white or 8peckled (to use eo 
local term) lace c.nd legs, witb a Ii'tle more black tbltO 

whiif'. The nuns should LS\'e large horus, "iLlCh proj" ct 
weU out [roIU the f:lce and lurn onte or tWICe round, 
according to their age, well apart at the r001B. not 100 
high, &nd set upon a good hell"·Y bead; nose (RODJ&71) 
weH sprung, and jaw deep, giving. on the whole. 8· bold 
appearance j a long, st ra.ight, broa.d ba.ck. \\ ide loins J,IJd 
shoulder s, well-spr ung ribs, and strong busll.r tail, reach· 
ing to tbe ground. The legs sLuuld be weB set on, 
""'ide &lJart., and short jointed. 

Considering his site and weight, tbe Lonk is a neat 
~hecp Iilnd Dimble walker. A good ram may \'o'(·igh lU 

much aB 200 lb. The fleece should be shor t. and close, 
not too soft to the touch, tilling the hand well, and not 
of the .trong h&iry kind. lt ought to grow ve ry evenly 
over the body, with a. tuft on the fo rehead. A good 
r&rn fleece will weigh &bou t 12 lb. The breeding ewes are 
Dot quite 80 large as the rams, more compa.ct in body, 
And having more slender horns, which aTe not turned 
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&8 much as those of the ram. They are good breeden, 
oft.en rea.ring two or somet.imes three lantha each seaSOIi. 
The wethers and young ewes which have not. had lambs, 
are kept for their wool and mutton. They are good 
grazers, living mostly on the moors. After the first 
leaSOD they will weigh from 80 to 100 lb. dead weight, 
and are considered the finest mutton we haver there 
being such a ama.iI proportion of fat to the lean, 

DAllTKOOR.-Tbis ancient hornless breed is practically 
restricted t,Q the district from which its Dallle is taken. 
It is tbe largelt kind of native hill sheep, and owes 
Borne of its qualities to an infusion of Leicester blood . 
Dark markings in the face and legs arB considered 
desirable. Tbe head should be large and well form ed. 
the ears of good size, set on level, and covered bot.h 
inside and out with hard ha.ir marked wit.t. black spots. 
The wool should be long, atrong, very fine, and even in 
quality. It extend. 00 to the poll (which possesses a 
forelock) and well down on to the legs. The skin should 
be clea.r pink. The mutt.on is of excellent quality. 

ExMoon.-The Exmoor H orn or Porlock moorland 
.heep are probably direct descendants of t.he old forest 
or mountain breeds of England. They b.<e white legs 
&od faces and black nost.rils, and are horned, the horna 
curling more closely to the head th .. n in the Dorsets. 
The wool is short and the fleece is close and fine. The-y 
.. re delicately formed about the head .. nd neck, but tbe 
carcase is na.rrow. They a.re exceedingly bardy, aod 
yield finely flavoured muttoD. 

WELSH MOUNTliN (Plate XIII., 4).-On the Welsh hilb 
thia hardy, active breed has probably remained unaltered 
for centuries, but its size ba.s been increa.sed in the 
lowlands by infusions of Leicester, Lincoln, and Down 
blood. . The face &Cd legs a.re yellow; the ram.s possess 
curled borns, while the ewes are generaliy bornless. The 
body is narrow, descending towards the shoulder; the 
tail long, !Strong~ and bushy. The wool is white, short) 
fine, and thick. The mutton is lean, and of excellent 
quality. 

DEltBTBB:I.RE GRlTSTON'!l.-This breed is one of great 
foIItiquity, and there i. plenty of existing proof of it 
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having bred withouL t.he iULroducLioll of oULliide blood 
for considerably over ItlO yea.rs. hs origin ill Jost. in 
obscurity. Latterly a considerable amount, of alu:m blood 
(Lonk, Limest.one, and ScoLch Bla.ckface) bas been intro
duced, but still the Gritstone character jn such cr08S611 

always strongly predominates. thus provlllg tha.t the 
sheep must have for many genernllolls been bred pure . 
or ot.herwise thei r characteristiC" would have entirely ot 
almost. disappeared in recent t.imes. Tue I homo I of the 
breed is, 8.S the na.m e implies, on t.he hills of N onh 
Derbyshire, but they or thei r crosses arc to be found 011 

lhe borders of St.affordshire, Cheshire, Yorkshire, and 011 

the NotLinghamshire side of Derbyshire. They are 
extremely hardy and stubborn disease resistent. They 
produce. under natural conditions. good Jean mutton of 
medium we~ght and prime quality, aod Quick growing 
lambs. There is no breed of sheep in Great Britain 
wore profitable to tho larmer, butcher. and consumer 
&like. 

The prices act.ually paid to Borno broeders ror t.heir 
wool afford an absolut.e proof of ita genuine quality , 
which is equal to the finest Shropshire, and it. is Bald 
by Bradford experts to be one of the finest hosiery wo(dll 
procura.ble in Grea.t Britain. 

L1.1arESTos-£.-This hardy. active, horned breed a 
almost restricted t.o the limestone feBs o( \VcsLmore 
land, and 15 probably au offshoot oC the Black-lace 
Mountain. The face, legs, and wool are white in colour 
The ewes are very prolific, and. like Dorset Horns, come 
into season unusua.Uy ea.rly. 

WE:ssLEYDA.LI:.-The Wensleydale longwool sheep 1S • 
la.rge, high-standing, long-sided , firm-fleshed Yorkshire
Leicester breed, with a. characteristic deep-bJue colour 
in the skin of the face , legs , a·nd ears. which sometime& 
extends over the whole body, though the shade is darker 
on the ba.re or ha.iry parts. The dark coJour is fa.voured 
because of the extensive use of the ra.ma in cro8Ring with 
Scotch Blackfa.ce ewes, aa they t.hrow dark grey-fa.ced 
lamb •. 

The chief characteristic of th! WOlIsleydale i. that 
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the head should be of good sile (with 8. stroug lll unle. 
espeC'ially in the ram ), Rud gaily carried on a medium
IOll g. strong neck, wcU set up on the shoulders. giving 
a Inon· !u,"\ish ELppearance 10 this thaD any other Enghsh 
Louftwool 'I'he wool is of a brjgh~ I luslrous, long . u.nd 
(,pelt cbaracl.cr. diviciE'd into uuiform little knots or 
pirIs. "ilic:h COV('f the whole surface of the body. A fine 
turt growli on th(> rorehead and finely piTied wool on the 
back of the head. round tho ears, on the back of the 
bind Jegs down to the hoof. and 6\'(>11 on the ba.ck of the 
for~ leg", as "ell as on the belly and seral urn. IfaiQ 
wool on the thighs is objectionable. 

l( E:lIl!r lllu. - This is the most imporlRtlt of the 
numel'ous breeds of sheep which are found on the 
uplands of " ' ales , and was originally dist.iJ1ct frow aU 
olhcrb in bei..ng bred ouly on the hills within 1 wCllly 
miles of Kerry. Montgomer,\'shire-the village fruw 
which Lhe breed derives its nal.ll~but since the estah
jj:.hiJJg of the FJock Book SocielY. jn J894. Lbe breed has 
Il1creased largely in POIJula.rity, a.nd regist.ered flocks 
a.re no\,,' t.o Le found not onl.Y in Montgomeryshire and 
Hadnorshirc, but. also in Cardiganshire, Breconshire, 
DeniJighshire, CR.rma1'lhensuire. Shropshire, Chc:-hire. 
1:1 ere(ordshire, Worct':-Lcrshire. and elsewhere. 

The chief charact.eristics of t.he breed a.re a speckled 
fa.ce and legs. fuJl length tail. compa.ct body wilL tlght 
fleece. combining a fir~t-rate quality of wool and a clea.n, 
pink skin. 

These sheep are eagerly sought after by the butcher 
owing to their b8 ving n large proportion o[ lean meat, 
and as tbe mutton is of ex,cellent. quality a rea.dy ma.rket 
is easily obtained. 'Wbpn well kept from thei r birth they 
grow iBto big weights. but wethers 15 to 18 months. 
under ordinary circumsta.nces, do not exceed 16 to 18 lb. 
per quar'te r dead weight, and T&m8 of the same age 
for stock purposes 240 to 280 lb. live weight. 

The ewes arc very prolific and extrn.(Jrdinary 6"Uckler!, 
And in addition to rearing or feeding their la.mbs. grgw 
&nd tbri\le ra.pidJy when taken to better pa.stures. The 
draft. are usually bought by farmers in the Midlands 
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and western coull t ieR for 1"he fa t la·wh trade, and &r8 
cOJlsidcrf'd one of the very Lest. broeutl obta inable for dUll 

pu rvoso 
CLU" FOIU:8T,-A local breed LU West SbroptdllTC and 

the a.djaccnt parts o[ Walf'l:I. It is uelilcended fr011l I he 
small e}Jeckl6~faced sheep that ollce uccupit'<! thr dl" 
triot. but ha~ been much modified by cro:-~llIg Wit" the 
blal'k-facf'd Lunglll.\-nd Mount.nm rums, whu'h 110\\ nn 
longer exist, ADd 8uh8equeDtl~r with Shru).1slllres. lUi 
"-001 is rather coarsrr lhan that. of tile Sbrll}J~hires. The 
fir~L cruss with the ShroJltllllre 1s II fll."uurate wnh 
butchrr3. 

ROSCOM.M!l .... - l'bi! IS the unly uu.lin' Irish br('('d o f 

sheep. and the general consensus of OPlIlIO!} lllll(JlIgHt 

old tiock-o "'ners is that Iheoj' h&\'e heen ilfj[J ro\'cd hy 
judicious blPJlding of the various prl"dnminanl qualilleb 
of the !'iire with the flock-thai IS . h.v laking a.dvantage 
of the valuable point8, (·ncouraging their development. 
and by degrees rendering dJem JJt!fUIUlilmt , !'IO tbH.L 11) 
such crossing the old type of sheep hali 110en altered to 
mc-et. tb~ a.dvancemeni of tlte times and the req uirement.! 
of soils and locl1.lities. 

The Roscommons are famous for the qualit~· !to(} fla vou r 
of thei r mutton. the prortOrlioll of lean nlJd fal. HO beau 
tifolJy mixed; and for t.heir fine. white. hrtghL. and 
lustrous wool. which is considered by experts the best 
reaching Bradford market.. 

The leading characteristics of the breed a.re plenty 
of size. with a good round rib, broad level back, sLrong 
bone, and fine , long. white, staple wool. 

\Vhen fed for show pnrposes they comA to great size 
and weight, as is well known to Vi8it.ou III DubJID Show 

FEEDING AND MANAGEM.!:.NT OF SHEEP 

Sheep-breeding, especially upon a.rable farm! , affords 
interesting and instruct.ive occupat.ion a.ll t.Le year 
round. The farmer has to look well a.head. in order t.o 
secure a. due succe8sio~ of appropriate crops, and be 
ha.s practica.lly to decide a cOlllliderable t.ime beforehand 
"" here each aecLion of his flock i. to be ioeated a t. any 
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given p eriod. Even t.ho sit.. of hayrjcJu and corn-sta.cks 
i8 often det.ermined with a ,'iew to conveniently afiord
ing a suVply of hay and straw during winter, and 6spe· 
ciaUy at Illwbwg lime, wit.h as little carLing as p08slLle. 
The shevherd is a very important person on a sheop 
br eedl1lg farm, and OHe wllO thorougbJy undersl..aJld .. bll:l 
duties. and can perform them efficiently, is a. weU· 
qualified lUall of sound experience. 

In this country the arrangements are so made that 
the e\\ es or a urecJing flock shall lamb down dUring the 
""1D1 er. In tbe Dorsel H orD flocks tbe Jambs are drovved 
a s early as Octoucr. About Christmn.lj timo the HaUlp
shire D OWDS begin t.o lamb; laier tUft Oxfords, Soulh
downs. and ShrolJshi rcs; whilst it ia March, or 6H' n 

early Apnl, beiore the lambs begin to aJJJJear amougst. 
the UpJHTJd fl ocks of tbe 1\orth 01 EngJnJld,and of SCOI · 
laud. Tile titue when tbe rams are put t.o the eWeB is. 
therefore regulated according to the date when the lambs 
.. ra required. 

In the first place, it is well to consider the case of 
a Down flock upon light arable Jand, where a.bunJan~ 
crops of roots are grown. au such farms the sheep are 
, folded I aD t.he land carrying the roots, clover, or ot.her 
crops upon which the animals feed. A portion of t.he 
laud is hurdled off, and the outer row o[ hurdles is 
advanced day by day, whereby t.he sheep a.re compelled 
to eat off tbe crop with but little wa8te, whilst they 
tread and manure the ground wit.h uniformity. 

It is a bad plan, especially in winter, to feed sheep 
upon turnips ex.clusi~ely . They are a very wa.tery food, 
10 lb. of LUrDlps containing a.bout 9 lb. of wa.ter. To 
get enough solid rood from turnips alone, the sheep is 
compelled to take into its system far more water than 
it requiJ-es. As, moreover, this water has to be raised 
to the temperature of the body, an enormous waste of 
anima.l hea.t is thereby incurred. Bence, it is proper 
to supply sheep folded on turnips ",~ith hay or some 
other dry rood, the effect of which is to red!.lce the 
quantity of wa.ter consumed m.ore nearly to the proper 
ratio, a sheep requiring about two pa.rte of water to one 
p~rt of dry food . 
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Preparations for Lambing .-WbilsL it is a seriouK 
mistake LO get ewe~ into t.oo high a condilion-tha t. 18, 

Lo wake t.hew t.oo fat-durwg the breeumg periuli, yet, 
as tho lam blDg Lime 8JlJJrt.HI.CUCS, it is u.dnsablo lO focd 
them rather ~are generously. Turnqns do nul contain 
much nutritious ruaHer. aud are sJ..lt.'cl:lily lJoor ill I1It.ro 
genuus suostance. lienee. ns tbe e\\ e has nul only to 
D.lu.intai.o he r seH, but 1.0 sll JJ})ly the requlrCW('lIlK of t..b a 
rapidly growing lamb. to \\ fuch she u I1J in due cou rse 
gn'e blTlh, a. 81lUill qU8utity of J11trogcnolls food 8uch 
as walt·duiit , Lran, peas, or coltu1l -cake, l\ ILL .'Iome hay . 
ahould bo given dunu£: tho last IlJonth prccer.hng 
ls.wbing. 

111 some dist r icts H. is the custom 10 run the ewe. 
on gra.ss-Iand up LC Christmas. bringing them 011 to 
the I roots' \",· Ll. en lamuing COUII)lf"nCC~. In 8uch case. 
if hard weather is experienced before Lbe end of the 
year, 8. liu.Ie hay and a few r OOL8 may {JC given on t.he 
pa.st ure. 

Lambing and Care 01 Lambs.- The yeaf/t ll !! Sf>B.son
that is, the lambing period~is the busiest time of the 
year with tLe shepherd , and he gencndJy remain! jn 
or near the lambing pen all night. The pen is usually 
made of hurdles, either around or on the warm side of 
a. stack of straw, which will affo rd malerial [or litler. 
Around the inside of the pen srl1a.1l coops or compart
ments are hurdled off, and in t.hese the newly delivered 
ewes can be isolated jf neces~ary. Othe r perul , adjoining 
t.he first, are built with hurdles as occa.sion requires, 
and into Lhese the ewes and lamus are draft-ed- perhaps 
the ram lambs in to one, and the ewe lambs int.o 
another. 

In the la.mbing pen the ewes should receive Bome 
cake and oats, with root.s and hay, and, as tLe Iambs 
are now caJ.ling for milk, the feeding o[ the ewes should 
continue to be of 8. generou!l charact..er. A8 800n SIS the 
La.mbs a.re strong enough, they are encouraged to run 
forward t.hrough t creeps' in the hurdles, aDd to nibble 
the young shoots of turnip tops, and ea.t & litt le ~round 
linseed-cake, provided for them in small troughs. Tho 
young creat ure8 a re thu8 fed through the not!, &1 well &1 
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dlrectiy. A mix ture of cake, oa.ts~ and beans. Amounting 
to aboul ! lb. per head per day, togetber wilb I lb. of 
hn.,)'. and what.ever green food may be convenient., will 
suffice to keep lhe e\\'e~ in n free mi lk-yielding condition. 
Perhaps t.here is no food equal La oats for promoting a 
good tlow of milk a t lambing Lime. As spring ad,'ancce 
tbe ha.y may be discolllinueti, and the sheep allowed 
to run upon (seeJs.' or permanent. pa.sture. At t.he stillle 
lime, the cake should gra.dually be wit.hdrawn from the 
e\\cs, and g iven direct to the lambs. 

When about three Or four months old, the lambs are 
wca.ned, and t hey bleat perseveringly for a. day or two 
on being separated froIn thei r mothe Ts. It 18 well t.o 
cull out a1J the' scr ubby.' unthrifty, or unpromismF! 
lamus, aDd to dispose of t.hem. 1I Ibe flock i! a ram· 
breeding one, special pains are taken to ~bring the ram 
lamus forward in attracLive slack condition. Wether 
lambs-the young males intended for the butcher and 
not for breeding pUTlJoseS-are fed upon the best the 
fa rm can an'ord, and fattened off a! early as possible 
Thp ewe lambs a.nd stock ewes a.re not so liberally fed . 

The purchased foods- which are most. in favour &r~ 
linseed-cake, beans. and peas, all broken. and bra.n and 
malt. But a consta.nt. succession of crops has to be pro 
vidcd-grass in the early spring, t.hen rye and winter 
ba,rley . followed by such succulent crops as t rifolium . 
vetches. rape, elm·er . cabbage, and early t urnips, by 
which time the winter feeding on roots will re·com· 
mence. Cake Rnd cor'n, and somet.imes bay. may COD· 

tinue to be given t.hroughout. 80 that, in this system 
of producing lamb or mutton, no opportunity is lost of 
tempting the appetite. a.nd furthering the object in 

~ew. '. In . pra.ctice. numerous modifications occur of tlie 
method whicb has been described, but the general prin. 
ciple is ' the same in all. A forcing diet is given when 
mutton or lamb is the immediate object. and merely a 
maintenance diet--save at eert&i:1 periodsY""to the 
section of tbe flock kept for broeding purposes. 

Where o-pen upland pastures are available, huraIe& 
f ro dispenoed witb, and the .beep Are .. !lowed to 
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'spread,' the shepherd's dog being then 011 duty. \\ hCII 

roots Ilre given, it. is prefera.ble to 1m!. them Lhrougll 
the t.urnip-cutter, as, although the eost of labour i ... 
mcurred, this is proba.bly repaid, for the shet·v I'al lIJ 
the slices without. wn.~Le. auu wIth much lesR ftHigut' 
to thewselves. While lurrllps, hO\\{" 'e l' , belt..Ig I\p~ci!llly 
80ft, a rc commonly fed off In the ground. Ha.y IS usually 
fed in 8beep~crdJ~ or Ttl.cks. and H lump of rock-salt 
should always be acc6ssiLle; Lhe lalll1)8 ill pari icuJar 
will show their approciatlOll of it If wllle r is not 
otherwise available. it sliould be flujlphpd in trnughl:i. 

l'HAPTEH XX\'!. 

PIGS THEIR BREEDS, FEllllJNO, AND 
MANAGEMEX'! 

THE nath'o breeds of Pigs recognlz.ed in this COUnlQ 

include :-

~~~~~p \~;~~. 
Small White. 
BerkBhire. 

The classifica.lioD of the breeds of lags IS in 11 leBft 

8a.tisfactory st.aLe than that of either cattle or sheep, 
and in maul' counties of England there arc. numbers of 
Iwine wh.ich could not be fa.irJ", g rouped under any of 
the a.bo~e heads. The Large, Middle, and SrnaU ,"' Illt e 
breeds are, 806 t.heir name indicat.es, while in c.olour i 
they used all to be included in t.he term I Yorkshires. I 
Lincoln Curly-coated pigs are also white. The Large 
and the Smail Bla.ck are Darned from their colour, while 
Berkshires are bla.ck, with while points The Tam ..... orth 
pigs a re red. 

L AnGE WHITE (Plate XIV., l}.-No variety of pig. hal 
made 8. greater adv&nce in public· favour durin~ the 
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last quarter of &. century lhan the Large White breed. 
Probably Olle of the chief reasons for thia increa.s~ 
demand ha.s been tile extreme BUllRbility of t.hese pigs 
and crosses between Large ""hite boars a.nd sows of all 
other varieties for Lhe purpose of t..he curer of bacon, 
an art.icle which has become one of the most general 
breakfast dishes. The white colour which it also im· 
presses 80 invaria.bly on its produce from sows of a.ny 
other colour is 8. valuable asset, as is proved by !lome 
ba.con curers actuaHy paying a. premiuI!l on white pigs, 
since bacon from animals of that colour sella more 
rea.dily and at 8. higher price on some of the ma.rket!! 
tha.n bacon manuracLUred from pigs of a dark colour. 
This, of course, is fancy on the part of the consumer 
to a certain extent l but. it is also a.n admitted fact that 
the Large Whi.te pigs furnish a larger Q proportion of 
lean to fat mea.t than almost any other breed, 80 that 
the consumer who may not be a keen judge of the 
merits of bacon in an uncooked state has one easy and 
8ure test of the probable leanness of the meat by noticing 
the colour of its skin. Amongst other adv&ntages pos
seased by pigs of the Large White breed are their 
quick growth, their early ma.turity, and their readiness 
for slaughter at an early age where small pork is in 
fashioD) or for the production of those very fat and 
heavy pigs of 300 to 500 lb. dead weight, which are in 
demand in some parts of the so-called Black Country. 
The sows, like the boars} a.re of quiet disposition and 
very prolific j the sows produce a full flow of Illilk 
which is continued until the piglings are old enough to 
be weaned. These la.st are hardy and quick growers. 
being greatly in demand in those dairying district. 
where cheese and but.ter are ma.nufactured for the pr{'l 
duction of the greatly esteemed dairy-fed pork. 

The La.rge \Vhite pig will grow into a. la.rge 8ize 
when fully matured, boars of 10 cwt-_ and sows of 85 

much as 9 cwt. live weight having been known. They 
should be long in the head, with ears slightl.ll inclined 
forwa.rd, jowls light but thtt forehead wide, the neck 
fairly muscular, the shoulders obliquely placed (00 £bat 
I.J1 appeArance of narrowness is given to the shoulder). 
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the nbs well sprung, the lJack long, tue IJodj' decp. 
wit.h a well-developed fla.nk, the loin mU8cullLr. the hmd 
quart.ers long and wide, and Lhe bams ext.ending qUll(" 

1,,0 Lbe hocks. The legs should be sct. woll auundo the 
body, the ankles firm, the bone fine and hard, t.he tikllJ 

firm llnd t.bin, Lhe bair plent.iful, straight, and of ." 
fine texlure. 

MW1ILE: \VHln~ (Plat.e XLV., 2),-'1'110 description gi"cn 
ab(J\'e of Large White pigs will apply in mOBt of Ule 
part.iculars La Middle '''hile IHgs, save as to cKtreU1e 
size, lengl.h of body, Ilnd t.he sill.lpc of tho head, whlcL 
IS much shorter, with hea.vier jO\\ Is, and slludh.' f a.nd 
1I1vre erect.. ears. The 'Middle 'Wbite pig is a.180 finer 
10 tbe bone, skin, 1lJld hair, anu I.dlogeuler Jlcu,ler 111 
appeara.nce. AlLhough the Middle ·White boar is pre 
{erred for crQssing on lo the large and coarse SOWIi 

m some dist ricts for Lhe production of 1HgS suitable for 
the manufa.cture of bacon, and a number of boars of 
this breed ha\'e been exported to HU8sia, Australia, a.nd 
Borne other foreign countries for thc !JAme purpose, yet 
the Middle \Vbite is mOre .!Suit.able for the fresh pork 
trade, whether in the form of London porkers, weighing 
alive about 100 lb. , or in the country where pigs of 
the weight of 120 to 150 lb. are most. in demand. A 
very large Dumber of pigs suitable for the (resh pork 
trade are also begotten by Middle \fhit.e boa.r! from 
BOWS of olher breeds, partjcularl.v tbose of tho Larg,.. 
White and Berkshire breeds, Pigs of lbe latter ero •• 
have been shown of late year. al lbe Smithfield Cluh 
shows which nearly approach to perfection in form and 
quality of fat pigs. Not Duly SOl but these cross Midcl 1-

\,Thites and Berkshires ma.l.Ure early, a.nd furnish Cb.I 

ea.ses oC fine pork by the consumption oC a comparat.i\·eJ.{" 
small quantity of meal. The cross between Large White 
and Middle White i. probs.bly Lbe best type of pig fo r 
farmers' purposes, especially in those districts where 
hea.vy fat pigs a.re more in dema.nd th&n t.hose of a. 
medium size. 

SllA.I.L WHlTE.-These were in grea.t favour some for ty 
yea.rs ago, when pork with a much Jarger proportion of fat 
to lean mea.t was in more general demand than at tba 



jJrC8t"ut time. TLese pigs were .... bit e in eoltlur. They 
posMcssed I.l hea\-y co\'cn ng of hair. were ve ry comr~CI 
1I1 fOTIO. fine iu hOllt~, and cawe early to Illnt.urity. 

llll:.KSlIlllt: (Pla t.e XIV. , :i). - These anlLnnls a.re 
c1a.illlcd LO ha.ve been Ultroduced allJ dcvcluJ..IeJ into a 
distinc t breed in \-\' cst. BerkHhire. and t1urll1g the pa.st 
fifty years mOSL ca.reful atteut ion bas been gj\'en to their 
HliprOVellJent, wi th the object of I1rodueing t.he best lype 
of animal for the Lut.eher. 

The colour of t.he Berkshire is black, witb feet white 
LO about the ankle joint., white tip to la.il, a.nd white 
on the face . 

The gcnera.l conformatIon should be long, low, level, 
a.nd deep , straight back, tail set high , bead moderat.e 
length and dished, wide between t.he ears, ears fai rly 
c reCl. (not drooping over t.he face), frin~ed with bair ; 
ribs well sprung; good length from hip-bone to ta.il j 

legs strong. straight. aod eel square j hair plentiful and 
fine nil over t.he pig. 

They are regular breeders, bardy a.nd most suita.ble 
for export. being especia lly adapted fo r aU climates j 
not affect.ed by sunburn. Quiet disposition, good 
mothers. easy feed ers, and good foragers; active, and 
mature very ea.rly. 

They a.re DOW a. leading type in all t.he principal 
showyards. where dis tinct classes are given for them, 
in which the best specimens of the breed may generally 
be seen t.o a.dvanlage_ From a. judge' s point of view , 
the first considerations for merit are the desired colour. 
with fine hair and skin ... shapely head and weely set 
ears, and large hams, combinod with length and depth 
of body and quali ty. 

TAMWORTH (Plat.e xrv., 4).-This breed is most 
abu.ndant in the Birmingham dist rjct, and is more closely 
related to the wild boar than the other kinds of native 
pig, as indicat ed by its hardiness. active habits, long 
snout, a.nd compara.tive lea.nness of the meat it produces. 
The old type, however. has been modified by the 
in t roduction of Yorkshire blood. • 

Tamworths showcl conform to the following atandard 
of excellence: Hair golden-red (free from bl&ek), on & 
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6esh-colou red skin, abundant. long. straighT, ami 1. 111'. 
beau fairly long, 8nout flIoueratcly long and quilt. 
st raight. fa.ce sligL.lly dished. wide bl,t'" eell the \.·a r~. 
ears rather large, wilb fine fr inge. ca. rn ed r igllJ lind 
lncJioed slightly forward; flf'ck fairly long and mUHcu!tlf 
t"l'Ipecially ill boa T; Cit('SL wlc1c and doeJ'; l'li(lultlf'fli uu('. 
s.lantUlg, and well set; Jess slrvug JUJU SllllpCJy, wid, 
plenty of bone and well oUl-side hQu.r; past.erns "tr,ms 
a nd sloping: feet stroll.J!;. and of fair S1ze; ba.ck 10llg a,ud 
IJlraight, 10m !Strong und lJn1nli, la il ~t': (HI Ing-h III Hj 
\\'eU t&8sellf'd; sides long and de('p; ribs \\ (-II tlJlfling 
a.nd eXlendl1;g well up to fla.nk ; bell,\ u('cp, Will! ~lraIJ,dll 
uuder-l ine; flan k full and Wf'1l Jet. Oll',\ ll; qunrlen JUII~ . 
wide. &nd st raight (rolll hip to laJl: JlalllS "roa.d llll " 
full. well let.. do\\ n to hocks; (lt't 1011 til'll' nnd fre(.· . 

Tamworth ('j'osses llre notc·J fo r their }wrdUIe86. 
L.utCE Bu et (I'ln.le XV. , l ) - Tllis is onc (.If llic (1 ldcst 

breeds. a.nd lhere are ino orj;:ilJaJ lypes, one from D('l'on 
a.nd Corn wall, tue oLher froll: RllfTolk alld Essex. The 
former a.re larger and. more refilled. U1C ial te r tlardle r 
and more prolific. The good qUILlil..ics of l,olli s1rl1111s 
will no doubt ulUmaLely be fu ll .v blended The LarKe 
Blacks can claim t.o be a utility breeu, suited Lo the 
needs of Lhe modern breeder. feeuer, bacon-cu rer . and 
consumer. They were form erly fed to enormous weighls, 
but. weight has now given way to greate r qunlity . and the 
breed yields a.t & very early a.ge the ch.ief desidera.1 um
\-iz., a long. deep-sided carcase (I f 160 to 190 lb. , d£'arl 
weight, light jn sh oulder . jowl. and oITa l. and showing 
& larger proportion of lean meal tban any ot.her breed. 

Large Blacks a.re very docile1 and the forward car
riage of the ears is supposed to conduce t.o qu iet fi.eld 
grazing. The colour is claimed to enable Bummer pas
turing or field feeding wi t.bout risk of sun-scald. The 
sows a r e not.ed for their fecundity. 

Large Blacks should conform to the following 
at.&od .. rd: H e .. d of meclium length, a nd wide between 
the ears ; ears thin, inclined well over the face. and 
not extending beyond point of nose; jowl of medium 
.ize; neck fa.irly long and m uscular ; chest wide and 
deep ; shoulders well-developed. in line with the ribs; 
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buck loug aud Jevel . and ribs well sprung; lOll broad, 
and sides very deep; quarters long. wide, and not 
drooping; hams large, und well filled 1..0 hocks; lail set 
high and of moderate size j legs shorl, stra.lght.. fiat , 
and strong; skin fine and soft., with 8. moderate qua.ntity 
of straight. silk-y hair. 

SMA.LL Hw.c!\.-This name is given to local racee 
characteristic of Suffolk and Essex. aod much re~ernbling 
the Small Whi te, except in colour, the J,J08sesslOO of 
scantier hair, and grealer length of body and leg. Small 
Sincks have n. small we'll-formed heau and symmetrical 
figure. They fa.uen well. yielding a. good proportion of 
lean meat, and mature early. 

LI~COL~ CURLY-COATED ( Plate XV., 2).-Vntil the )as l 

few years this ancient breed of large pigs was only 
well known in East Lincolnshire. The Lbundant white 
bair is curly, as the name indicates, and the skin ie of 
the same colour, though some blue spots are u!'Iually 
present. The face is shorter than that of the Large 
'''hile, and the enrs (which should be of moderate lenglh) 
faU over it, while the nose is straight. It is claimed 
to be unequalled for early maturity and development, 
and is undoubtedly hardy and vigorolls. It crosses well 
with ot ber breeds, particularly Berkshire. Large White . 
a nd Large Black. 

FEEDING AND MANAGEMENT OF PIGS 

Young pigs usually thrive beet when they are born 
in February, so tha.t it is desirable to arrange for the 
BOW to far row during this month, as the offsp :ng then 
have the best months of the year before them. August. 
is the next most favourable month. For the ten weeks 
after. farrowing no food will suit the sow and he r pigs 
better tha.n that of which sha.rps is the basis, about 
one·sL"{th par t of broa.d bran being added. 

As soon as the little pigs begin to feed, 80me skim· 
milk, placed bpyond reach of the sow, should be allowed 
them, '8.nd the quantity may be increased for a. time 
a.fte r the pigling8 are wea.ned, a t six to e ight w·eek s 
old. 
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From the time of weaning. also, barley-meal ehould 
uo added [.0 the sharps, and gradually Lhe laller !Iot,ould 
be withheld. till. a t fn'c mOllths oill. tho food conststs 
almost entirely o[ meal. If sklm-Ulilk is Dvailuble, It 1& 
always useful , as it produces. in conJunct IOU with barley 
focal. the choicest of meal. An additional two to t hree 
months o f such liheral feE.'uing should rClJder tho Plio; fil 
\0 kill at:. 0. uead weight of eome 8 score (lnO Ill .), bClIi8 
then S{!Ven to eigh t monlh!! uld, anJ lhi~ should be ailvlll 
70 }Jcr cent. of the live weight. Well ·hn'J JHg~, properly 
fed. will give an increase of 1 Ib of nleat. for each fl lb. 
ot meal consumed in the iaed. 

1n 80Ule cases it is the practice lo warm pigs' food 
before feeding, and no doubt. in cold \\ t'ather Llle a.nima.ls 
t.hnvc better with such t.rea.trnent. 1 t IR \ cry doubtful, 
however, if .the pra.c tice is all econoClilcaJ one \\ hen a 
large number of pigs are bemg fed at tlte homestead. 

Peas. oats. and maize make useful IldJilional food. 
for pigs. and dllring their second lll()nLh, \\ hen young 
pigs arc gradually u-calling them.'lch'c.'I, thei r appetlt,e 
should be templed by frequent 1;111&ll meals of a llUx.ture 
of such food •. 

In t Ile process of fattening pigs. a too exclusive use 
of maize is liable 1.0 render lbp, Arsh Yf>Jlow and flabby, 
OD the other band. if beans and pea.s are toO extensively 
t'mplo.ved, the pork is likely to be hard and etringy. 
Tht' pig is pre-eminently an animal for which a. mixed 
dit't is sUllable. 

Th t' purcha~cd food~. such as sharps, barley-meal, 
peas. oats, maize. and brewers' grnins. constitute the 
expensive items of pigs' food. Pigs. howe\'er, have a. 
epecial value. in that they will clraT up nny kind of 
refuse from the house or dairy. All kind~ of food -scraps 
from the boul\e find their \'.'ay int.o the C ""ash-tub,' 
whilst. wbey and butter-milk from the daIry can always 
be put to good use in the pig-t rough. 

ft is not always a commendable practice to allow pigs 
to wander over stubble! after harvest, for by their 
activity they rapidly reduce any fa.t thC'y m.lly have 
a.cquired. a.nd a t the same time their propensity for 
I rooting ' is greatly encouraged , unless r inglDg of the 
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IllOUt. hus uecn resorted to. In defence of tbe practice . 
howen:r, it mn,y be claimed that tLe IJig is a scavengi·r. 
and that, whil~ on the sLubbles. the an 1I11al IS dC\'clopillg 
fr ame which can ail.crW lLrd~ be filled in wilen the pig 
is urouglJt inlo the yard Th(' prol!edure to be foU(J\\ed 
must be dClermillcd according to the object for \\ hich 
pig!:> arc kepi. 

During summer Lbe food may be varied by tL~ addi
tion of green c.:io\-er, luce rne, vetcbes. or even grass. 
whiJst. in wint.er the use of swedes, kohl rabi, mangel. 
a.n d Sl.eamed or bOIled pot-aloes is beneficial. Pigs con 
thl€'d in sties should I.e allowpd a sbo\'dful of mouhl 
occa::tioually . and also some coal and cinders, whilst 8 

lum p of rock-salt should always be within 8ccess. 
A \'srieLy or materials may be used for uctiJing pigs 

-coarse dried grass, dead leaves. wood shavings, saw, 
dust. moss litter. sea-sand, and all kinds of straw, For 
Bucking pigs. JlOWel'PT. wheat-straw should always be 
e(llplo~'ed as litter Fa.t1.ening pigs need no IiI Ler, aJld 
a bare boarded 1100 r will suffice j Lhey usually keep clean 
the place wbere t hey )ie, 

Rpcause 1.he pig js an omnivorous fCf'dcr. the idea 
has-u nforlunatelj fo r the pig-become prevalent that 
ue is nawrally a di r ty anima,I, and delight.s t.o wallow 
in filth. This is made an excuse for a.llowing the sty LO 
remain in a condition which is often repul sive. ''''it.h 
\-ery little trouble a. pig ' s I'ty ma.y be kept clean and 
!weet, besides which it should be roomy and well yen
LiJaLed. but frl'e from draugllls_ It should, if possible. 
have a southern a.spect . for pigs love sunshine. On 
account of their compara.t.iveIy small stoma.chs, pigs 
requ ire their food to be more concentrated than is Decca· 
sQ.ry in the case of cattle or sheep. Frequent feeding, 
but with no mare food ilia.D the &n..imaJ.a can clean up 
a t each ·mea.l, is desirable. 
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CHAPTER XXVJ]' 

THE FATTENING OF CATl'LE, SUI>El', AX!J j 'lGS 

Is Table XXXV!., belo ...... is sho\\u lill' prrcent.age 
compoBiLion, 8.8 deiermined in tho HOLbnmsl('d e,.pori~ 
Inents of the carcase of each animal lIfUlH,-'d, th(> tNm 
carcase being here ernil loyeu in th{' St'IUi{' in ,\ hl('h the 
butcher uses it. and the term I store t i>f'IOS appliod 
to animals not yet. put.. upon faltemn g foo~ . 

TARI.E XXXVL-l'errf7l (au" COM"O~IT10N or thc CAROA.!n; ... 
(If ('ATiLt. SHEU' , a.nd Pros. 

Fat ('..:,h " .. 
Ba lr·fOL t 0 :1 
FatOl: 

j 
j 

···1 
F:u t.mh _" ... j 
Swre IihN"P •• _ 
Hali-f;;.! uhl .. heep 
t-:1'L sl~('t!V '. . . ... ( 
" f'ry tat I!lOep.I' ...•. 1 
s,t.orc piS 
F~ll'ig 

;."h Ih.) 

Ill. :::"'4; I ~~ ,';,~;:,_, 
1I!;ltt~l .. ui.;.\ .• !w.· 

''''i ';-K 
l[Ju 

Ill'!1 
11'~' 
1-19 
11 ." 

" 
HI) 
1(.1' 5 

R:= 1t 
(.4(· 
1f,.{j I 

Some inst.ructive facis may be learnt from I..his table. 
It. shows the la.rge proportion of wat,er which the Lodiee 
of a.nimals contaln. and it demonst.rates that. as an 
animal becomes latter, the percentage 01 water 
diminishe., Further, by comparing (I) the half-Iat OlI 

and the lat ox, or (2) Lhe slore sheep, Lhe fat ,heep, 
r.nd the very fat sheep, or (3) the store pig and the fat 
pig, it is seen that. during the accumulat ion of fat.. 
hoth the nitrogenous 8ubsta.nce a.nd t he ash undergo 
.. rela.tive decrea.se. Notice a.lso that. excepting in t.he 
ca.ae of the calf, there is a very much larger pr.oportinn 
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oC ("oLal fa.t, than of total nitrogenous lubatance. 10 
t.h e carcases of fat. sb eep and pigs, the quantity ( I f fat 
may be five or six times tha.t of the nitrogenous matter. 
Observe, further J tha.t. the nighest. proportions or nitro
genous matter a.nd ash are found in the beef-producing 
animal. 

The weights of certain const ituents in 1,000 lb. 
fa .sled li1t , W4!iflht of each of the animals already r eferred 
La a re g'iven in Table XXXVll. The constituents named 
- n it.rogen , phosphoric acid. pota.sh, and liIDe~are those 
the removal of which from the soil necessitates a special 

TAl'LK xxxvn.-Qu~ntif ic, of N1TROOEN a.nd Ml!'o""ERALS in 
1,000 lb. ra.~tf'd Ti"e wrigld .• of CA.TTLB, S HEEI>, and PIOS. 

Fal (,,,Ii 
Half-fulos 
F.lt (l J: 

II> 

23 18 

Fat lamb .. , I!\-i;;{ 
SlOl'e ~hCt:" ~3 (;~ 
D all·f:lI old !'lleep 22';1!1 
_f;l t ab('ep . .. 1!1'I 1 
E xlra fa. t sheep 1~'G4 

Btllre pIg 21'S!1 
Fat pig 1,'52 

J"=-~l 
"boric 1'01:.1.1111. 
.• cid, J 

lb, I' I II. 

: ~.~~ . ;:~~ 
1;, .. ;)1 1",(i 

10'(;6 
6'(11 

Total I 
l1linerOl.l~ I 

lh, I 
3;'7·; 
·U;·O!I 
:~8'83 

ret urn being made in manure . The phosphoric acid, 
potash , and lime are. of course, included in the column 
hea.ded r Total minerals,' the ingredients of which, in 
addit.ion to those just named, are iron peroxide, mag
nesia, sgds, BuJphuric acid, carbonic acid, chlorine, and 
silica. Of these, the most important is magnesia, but 
the high.~t weight of this i. only o·s;; lb. per 1,000 lb. 
f ... ted live weight (half-fat ox), whilst it falls as Iow a. 
0·32 lb. (rat pig). 

The table showl1 that the nitrogen undergoes & mark~d 
decrease in percentage &8 the animal progresses from 
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the . tore to the fat condition. By moving the decimal 
point one place to t.he lefl in t.he nuulbers gj\' o.n in t.he 
table. it is learnt. t.hat., of the beef-yieldiug &!lima}", t.he 
whole body of t.he half-fat ox con l.a.ina les8 than 2-1 per 
cent. of nitrogen. and t.ha. t. of the [at ax le815 than 21 per 
cent. The {at call is in termedia.te in thIS reapect. a.nd 
contains nearly 2~ per cent. of nitrogen. The enure body 
of the fat lamb yields leBs than 2. peT ~ent... of DjtTo~en; 
whilst, of the mut.t.on·producing a.nimals, the at.ore ahAep 
coot,ains less than 2~ per cent.. , alld t.he very {Bot. ebe&p 
scarcely exceeds 1 j per cent. In the aLOre pig there 
is 2 ~ per cent. of nitfogen , but in the fat pig only 14 
per cent.. 

An inspection of the figures relat ing to tot,a] mincrall 
&hOW8 tha.t 1.000 lb. li ve weight. of calves or oxen will 
carry off much more miueral ma.tter t.han 1.000 lb. live 
weight of lan'bs or sheep, whilst these in their turn car" 
off more than pigs. 

By adding together the f phosphoric a.cid I and f HIDe 
figure.! for ea.ch animal, it wiiJ be learnt that wbilat 
1,000 lb. live weight of calves or oxen may carry off froUl 
30 to 40 lb. of phospha.te of lime. the Batne "'·eight of 
.heep would carry off only about 26 lb. or less. and an 
equal live weight. of pig~ much les8 still. With each 
de8cript ion of animal the quantity of phosphate 
ill leaa 1Il a. given live weight ot the fa tter than ot th~ 
leaner individuals, and this is particula.rly the ca'!.e 
with pigs. 

It i. thus learnt that the production and sale 01 the 
animals of the farm result in carrying off comparativel, 
imma.terial quant.ities of mineral constituents, but. tha.t. 
& given weight of oxen ClLrries off more minersls than 
the sa.me weight of sheep, and the la.tter more than 
the same weight of pigs. Four-fift..hs of the whole. or 
even more, will be phosphate of lime. whilst the quantit, 
of potash will be very smail. On the other band, the 
1088 t.o the land, or to the ma.nure from purr-based rood, 
.. ill be considerably more in the "" •• of groWIng allimala 
!.han in !.hat of merely !att.~g animals. 

The weight of mineral constituents lost to the farm 
by mere ftJltening increM6 is. indeed. almolt inliFDificant 

T 
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In Table XXXVIII. i. recorded the e.timated compo.i
tion of the incrtaM during the final four or six month, of 
th. fattening period of oJten , sheep, and pig. :-

I 
I 

T .... L. xxxvru.- Oolculott'd CoMPOSITION of 100 P o"" 
INoa.lo8E whil" Fatt~n ifl.{} . 

Oxen Rbeep. P i gti 

Mm erallllat.ler J-5 :J'O 0 -5 
Nitroge nou8 lUah~r 7'7 ,'2 7'g 
Fat I:!:~ 7001 ti;!"I 

TOtal d ry maLler ;;,4 79'1\ 71'4 
WlI.ler 2-1 Ii :.tU.j :!d 6 

L 100-. IO!),() 10&1'0 

_---
Her.) the top line of figures shows that the material 

which oxen and sheep accumula.te during the fattening 
process does not oontain more than from I! to 2 per 
cent. of mineral matter, whilst in the case of pigs it if) 
much 1088. 

Comparing lat animal. with other products 01 the 
farm. and speaking in general terma, it ma.y be ata ted 
th .. t of ph .. pJwnc acid .. n acre of lo.nd would lose more 
in milk, and four or five times 8.8 much in whea.t or 
barley grain, or in hay, &s in the fa.ttening increale of 
oxen or sheep. Of lime the la.nd would lose about twice 
&8 much in the anima.l increase &s in milk. or as in wheat 
&nd barley grain, but perha.ps not more than one-tenth 
a8 much a. in hay. Of pota.ah o.n acre would yield only 
.. fra.otion of a pound in animal increase, six or eight 
time. a. much in milk, perhapi twenty or thirty tim .. 
as much. in wheat or barley grain, and more than ODe 

hllDdred times a. much in h"y. 
ne 10lIl 01 minerals to the land In animal mereu. 

ha. been seen to coll.8i8t chielly of pho.ph .. te 'of lime, 
o.nd the quo.ntity rOollge. from 5 to 10 lb. per acre. ·In 
",ill the losl i. greater in pholphoria a.c:id, 1 ... in lime, 
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a.nd more in potash. In wheat and barley gra i-n the lOll 

of phosphoric a.cid i, several timea &8 great, and it i8 

chiefly &15 phosphate of potash j wbjj8l in hay the los. 
of phosphoric acid is much ihe same as in "hea.t !toed 
barley grain, bUL th .. t of botb lime Md pota.h (e.peC1 
&.I1y of the (ormet) 18 very much greater th&D in any of 
the other products. 

Another view of the exportation 01 minoral mattor 
Irom the larm through the agency 01 anima", may bo 
obt&ined by the consideration of indivldu a.1 cases. Thu8, 
a calf weighing 160 lb. carries off les. than 10 lb. of 
mineral a, including between 8 and 9 lb. 01 phosphate of 
lim. and about ~ lb. 01 potash. An ~~ weighing Irom 
1,200 to 1,400 lb. carries off from 55 to 60 lb. of min6ndl, 
including Ie .. th .. n 50 lb. of phosphate of lime, and about 
2, lb. of potash. A fat 14mb ""rries off about 2i lb. 01 
minerals, inc!Juding about 2 lb. 01 pho.pbate of lime, and 
from 21 to 3 oz. of potash. A st oTe sheep carries off les8 than 
3 lb. of minerals, including over 21 lb. 01 phosphate 01 
limo, and from 2* to 3 0 •. of potash. A fat ,http take. 
a way from 31 to 3llb. 01 miner&18, including 2~ to 3 lh. 
of phosphate of lim., and from 2i to 3 0 • . of potash. A 
"try fat ihup, of 240 lb. live weight., C&rrJ6H away more 
th&n i lb. of mweral •. 

It mUlt DOt be supposed that a I lean ' animal eon
taizuI no fat. On the contrary, it bas been pro\'ed by 
lI.ll&lyois ( ... Table XXXVI.) that luch an unal. as a balf
fat bullock, & leaD young sheep, and a slore P\B, may 
contain, in their entire bodies, more d.,..y fat tha.n dry 
n1trogetWtU substances. Of &.nimaJ8 l ripe I for the butcher, 
• bullock ,.. .... found to contain rather more than LW;ce ... 
much dry fa.t && nitrogenous substance; & moderately fat. 
sheep nearly three times as much; and " ,\'ery [at one 
more th&D. four time8 &8 much. A moder8.tely fat piS 
contained in its entire body about lour times & 8 much 
dry fat a. dry muogenou. matter. A fat calI yielded 
rath.r Ie .. fat thlldJ. nitrogenoua matter, & circumst.a.nce 
quite in a.ccordance with the recognized char&eter of 
.... I, the leanne •• of which i. tho rea.on that fat b .. con 
;. eaten with it: th. pig eupplying I .. t in .. hich tho caJl 
;. deficieni. 
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CHAPTER XXV ill. 

DAIRYING 

THt incre&~cd demand for milk, but.ter, and cheese-
eepeciaLiy for the firel·named product-has led to the 
rapid development of the important vranch of the agri· 
cultura.l industry k-nown as Dairy Farming. Many hold· 
ings are worked exclusively as dairy fa.rms: olhers, aga in 
&r6 mixed farms upon which dairying is only ODe of two 
or three leading features. such as shoep breeding and 
corn-growing. Independently. however, of such farms &8 

these. it is a common custom. on other kinde. of farm. , 
tr, keep 8. few COW! fo r the sake (lr the mifk and butter 
"'. hich they yield. 

MILK 

Milk, like gastric juice, bile, pancreatic juice. saliva . 
and urine, is 8. secretion. It is prepared [rom the blood 
hy th e activity of the ceils tha.t make up the mammary 
gland s (fig. 212). which are contained in the cow's udder, 
or milk-bag. This latter i. provided with four delivery 
tubes. Of t.ea.ts , each of which, with its gland, is termed 
a. ( quarter.' When a cow is said to have ( lost 8. quarter,' 
it means that ODe of the teats has ceased to yield milk. 
Besides the external co'Vcring which binds together the 
",;bole of rhe udder. each gland has its own special fibrous 
e.m"elope. a.nd is distinct. from, and independent of, t he 
other glands j bence, though the fundion of one gland, 
or C quar ter .' ruay be impaired, the otbers may continue 
to act in the usual way. The orifice at the free end o[ 
the teat. _ie & narrow t ube. which is ordinar ily closed. In 
the body of the teat this tube i. much wider, but 
becomes constricted again at the region where the teat 
mer~es in to the udder. Above th e constriction is & 

la.rge space (the I milk cistern ,' or rcseryoir), . which 
becomes di stended with milk as the secretion accumu
late.. Into each ef the four milk cisterna innum.rabl'e 
tu~e. open Anyone of theae may be traced back into 
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roUlute tubes or ducts, which end blindly in Beveral small 
saC8 or bags called alvetlji (Lat.. ah'cohu, 0. h tLI., hollow), 
The delicate walls of Lbe duels and the a.lveuli an 
lined by a single Jayer of minute Jjvwg ceU., and 
J1. is these which arc the sccrCl.Ory purt of the Illa mmary 
gland. The whole gl&lld is richly su~plied with blood 
by means of tb in·walled blood capillaries, a. dense oet,.. 

FIG. 212.-Cow's DUOEB. 8TRII'I'.D o r ITS SKJ·~ . 

Dne (If the anterior glandl! em open in order to e;rpose--
Ii., t.he milk cistern or reflcno ir, lDto whirb • lube is seeD W ~ 

pal'sed t.hrough the tent . !inrl around which ere em811~r 
reservoiMl, B. 

D, mammary vein!! . 

~:'t~~i'~~tO~ i~~e :t~~~r.~~~r~b?a0~~;~ll~~IJ~u~r· :~a:i~; th~ 
~~!C~; ~~a:tt~ ~~i:lkh~:~~ ~t~~ ~::;:r~nce. pro 

work of which surrounds every alveolus. Out or the 
blood thus placed at their disposal the secreting cell. 
manufacture milk, which flows along the ducts , a.nd 
&c'Cumula.tes in lhe milk cistern a.t the top of each teat. 
The general plan, here described, upon which th~ mam· 
mary glands are constructed, is similar to that of the 
salivary glands of the mouth. 
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The det&ils of the method whereby the secreting celli 
of the mammary gl&nd prepare milk [rom the blood wnich 
is eubmitted to their a.ction are too int.ricate to be dis· 
cussed here. But, inasmuch &8 milk is prepared from 
Lhe bloodJ it is useful t.o notice the resemblances and 
dillerence. between blood and milk. 

Blood. consists of & liquid plasma, or medium. in 
' whioh a re suspended enormOUB numbers of microscopic 
solid bodies called rorpu!clu, and the red colour of the 
great majorit.y of these impar ts the characieristic tint. 
to blood ( ... p. 435). Physically, milk resemble. blood. 
in that it &Iso consists of a. watery fluid in which are 
suspended immense numbers of minute solid bodies, the 
ra~t !//!Olnt!t. which impart to whole ruilk its very fa.int 
yellow appea.rance. I The opacity of separa.ted milk, 
from which most of the fa t globule. have ,heen removed, 
is possibly due to the condition of 80me of t.he ca.sein, 
for this ingredient. is Dot a.U in a. st.ate of t.rue solutIon. 
Blood is slightly heavier than milk, the specific gravity 
of the former heing 1·055, and of the Ia.lter 1·032. Blood 
placed in contact with nOD-living matter, as in a. basin, 
speedjJy coagulat.es (8t!e p. 43.:;) j milk in similar circum 
. tauces does n.ot. Coagula.ted blood consists of 8. soft clot 
(corpuscles bound together by fibrin) and liquid serum. 
In round numbers the percenta.ge composition of the 
.erum is---of water, 90 j cf nit rogenous subst.ances, from 
8 to 9; of fa.t. extra.ctives, and sa.line matters, from 
II to l. 

Of the blood corpuscles there are two kinds, the red 
and the colourless (,'" p. 435). The former are nearly 
& thoussnd times &8 numerous &8 t he la.tter , and contain 
56'6 per cent.. of water, and 43'5 per cent. of Bolids, the 
Ia.tter being almost entir ely nitrogenous organic ma.tter. 
Tbe fibrin ia a.Jso made up of nitrogenoDs orga.n.ic matter . 
When the corpuscles, on the one h&nd, and the serum, 
on the other, are dried and ignited, &Dd their ashe. 
!l.nalyzed, the leading mineral con1!ltituents 0,( the cor~ 

in ~~e!:!.g10~~:; ~ l~r;'Z: i;O%~J~ ~~f C~a~Dce~ 
1.oland. breed •. 
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puseles are found to be the chloride and phospha.te of 
pot.a.asium, and of t.he plasma Boda and chloride (If 
sodium. 'the ext. ractives of lohe blood. t.hough not. 
abundant in quantit.y, a re numerous IUld variable, lhe 
ehiel ones being urea, kreat.in, Bugar. aDd lact.ic acid. 
These de-tails ser ve to show what a very complex fluid 
the blood is, and what. 1S the natu re of t.he m&tcrial. 
from which the mamm ary gland haa to elaborate t.he 
milk. 

The Blood Supply 01 the MamOlary Gland.-Tb. 
course taken by the blood on it.s way t,o and from the 
mammary gland should be underst.oi.ld. The arter ial 
blood is pumped [rom the left side of the heRrt. into 
lhe aort..&, passing a.long wb.ich the blood reaches t.he 
external iliac a r telY (p. 4:\7). and t hi!1l is cont.inut>u ali 
into the fernol al artery, ext.endlng more OT 108S paraHe~ 
to the femur , or t.high-bone. The femoral gives oft' a 
branch, the prepubic, which in t.urn gives off a branch. 
the external pudic. and this. after paRsing th rough the 
inguinal ring, divides into t-wo branches, the ant-erioT, 
or subcut.aneous a.bdominal a rtery. Rnd Lhe posLerior 
abdominal , or mammary artery. It ill from Lhese tha.t 
the blood supply of t.he capilla.riell of the lll&rnmary 
gland is immedia.tely derived; of the two, the n10mrnary 
t'~rtt:ry is the la rger . 

The blood, after pas.ing through the c"pillari •• of 
the m&mmary gland, is collected into the abdominal 
subcuta neous vein, commonly known &11 the f milk vein.! 
rn cows, this vessel is part icularly large ; it exterid. 
along the under su rface of the abdomen to near the 
end of t he sternum, or br east-bone, where it turn s 
inwards to join the internal thoracic, or int.ern.a.1 mam
ma.ry vein, the openings in the abdominal wa.ll through 
which these vessels pa8B being known a& the I milk 
fountainB 1 or doors. The internal mam mary convey. 
ito blood to the vein of the fore-limb, and thia join. 
the &nterior vena cava, which empties into t he right 
auriole. By this rou te, then, the blood which haa boen 
aubmitted to the action of the mammary gland i. 
ret urned to the hea.rt. 

The average percentage composition of cow'. mllI< 
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is shown in the first column of figures in Table XXXIX .. 
a.nd, for the purpose of subsequent reference, t.hai. of 
8kim ~milk and t.ha.t of whey are placed alongside. 

The a lbuminoids, or nitrogenous compounds, aTe 
CAsein aDd albumin, the latter in ordinary cow 's milk 
cODstituting not more tha.n one· nin th of the total albu
minoid!!. The Ash COD!ists of lime, pot.ash, Boda, mag
nesia, and iron, with phosphoric acid a.nd chlorine. The 
figurc! relating to skim milk show tbat most of tbe fat 
is removed in the cream. It is fu rthp,r apparent that 
the liquid par t of the milk, after separaLion of the 
fa t globules, still retains all the milk-eugar and most 
of the albuminoide. It is wor Lhy of note, too, l.bat 
. kim milk contains t.he same proportion of water (90 
per cent.) as the serum of blood. 

T.l..kLJI XXX1X - PerunifJ(Jt COMP081T1 0 J'l; 01' WH OLK MIL" , 
SKIM MlLK . and WHEY. ---,-

lVhnll' I Skim· Wh 
mil k milk. t.y. 

Water Si' 10 90'0 93'''' 
AlbutD.in·~id8 (~ein, ~i h urui;; ) iloM 9. 7 0-' 
Mi1k~8u car (bctose) ... .t o;r- , .. 4·~ 

Fat (bu tter) • 'J,·!I(I 1J '1l 0·3 
A,h O'7j 0·7 O' t,j 

l l)(j'it I 100°0 100'0 

Hence t he mammary gland, by the activity of its 
secreting cells, appears Lo be ca.pable of prepar ing, from 
the blood, typical representati,·es of the three great 
classes of food-stu1!s-{l) p roteins. albllminoids. or nitro
genous orga.nic compounds, represented by the casein 
and albumin; (2) car bohydrates, represented by the milk· 
IUgar; (3) fats , represented in the fat or oil globules. 

I t is because it contAins these three cla.sses .pr bodies 
in suitable proportions. together with &D appropria te 
addition of mineraJ matter, that milk fu rnl!bes wha.t it 
~ed a ' perfect food' for the young animal. The 
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atudent wilJ aga.in 8pecialiy DOLe th&t milk i. obt.&ined 
from the blood, and he has a.lready learnt (Cha.pLer 
XIX.) t.h8.[' bJood is dependent for iU:i nou r ;Sbme[.lL UpOll 
the food. In accordance with this it. is possible. wiLbin 
certain limits, to 80 modify the food of t he cow al to 
regula.te the quantity and quality of t.he milk which Ihe 
yield •. 

The composition of cow's milk varies-{a) in different 
breeds, (L) in different an imals of the same breed, (c) 
in t.he same cow 8.t different pe riod s, aDd even (d) in 
the earlier and lat.er portioos of the same milking. Th is 
J&8i varia.tion is due to SOUle 8cpara tioD 01 the fa l 
!lobu les. or cream , taking place whib .t t.h . milk ia stili 
in th e udder , in consequence of wbich the mil k i. richer 
in rat the Inter ills drawn in the !UUJle milking, ~'bil!l 
the milk In!. dra.wn of n.1I-lhe t strippings '-is oft-ell 
ve.ry r ich in fat. 

The amount of solid lllaU e.r conta ined in dlrferent 
sa.mples of milk may {aU as low &8 10 per cent.. aDd rile 
as high .. s 16 per cenl.. corresponding respectively t o 
90 per cent. and 84 per cent. of wa.ter. But it j . Dote 
wonby t.ha.t. such poor milk as contains •• milch & 1 

go per cent. of water yet includes more solid matter 
tha.n turnips, which (p. 457) posse&s on an avera.ge &bout 
92 per cent. of water. 

The milk yielded by the cow directly after calvin@ 
ia ca.lled colostrum, aDd it differs from the ordinary milk 
in it! high proportion-20 per cent. or more---of alhu 
minoids, whilst the water does not much exceed 70 p~t 
cent., and the Bugar abou t 3 per cent. Colostmm i . 
specially suited to the needs 01 the new-born call, and 
i. exclusiveJy used for that pu rpose. A cow is uBu&llr 
in full milk-tha.t is, the flow is more copious-from the 
second to the seventh week after calving. The yield 
then begins to diminisb in quan tity, till eventually tbe 
cow 'goes dry.' By a plentiful supply of weU-select6d 
rood, however, it is possible to materially prolong the 
period ot most copioua flow . 

It is evident,. from the &mOllnt of albuminoid. in 
mil.k, that dairy cows require a nitrogenous eliet, and 

. that they should not be fed on th ... me lrind of food 
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&8 will serve in the CAse of 8. fatting bullock. Young 
grass and growing clover afford the kind of food which 
is necessa.ry. On the ot..her hand, where, from circum· 
.tances of situation or BeaSOD, hay, straw, &nd chopped 
roots have to be largely employed, these must be 8Up' 
plemented by Buch nitrogenous food! 88 cake, or pea!, 
or bean8. Bruised oats and wheat-bran are good foods 
ror cows in milk. whilat green fodder of all kinds and 
brewers' grains, will increase the yield. I t is thus 
possible to improve the qua.lity of cow.' milk by .. dding 
to the diet cake, beaos, etc., And to increa.se the 
quaotity by the use of succulent fooda. 

If a cow has t.o rely chiefly upon a large quantity 
of poor barb&ga. or other watery food , the milk will 
oorrespondingly become poorer in soLds, the butter-fat 
being the constituent most. likely to fall r in quantity. 
"t'{hen COW8 are kept for the sake of butter, sucb arldi 
tional foods &8 oats, wheat-bran, malt-dust, and cotton
cake give excellent results . whilst palm·nut mea.l ill 
also useful Pea8, ou tbe other band, are likely to 
produce a ha·rd butter, and linseed-cake, if given too 
freely. &. 80ft oily butter. Where roots a re fed to milch 
COW8, the mangel is fs,r preferable to swedes and white 
turnips, o'n account of the undesirable flavou_r the latter 
are lia.ble to impart. Cabbages a.re superior to either 
of these. Kohl-rabi, carrots, and parsnips are also useful 
!ucculent foods. but in all cases decayed leaves .hould 
be removed. Brewers' grains (wet) should not be given 
t.O cows at the time of calving. 

Estimate 01 Cost lor Keeping a Dairy Cow lor One Year. 
lPinter.-R6 ttiUk". 

Daily ntioD
-Roote, 32 Lb. 
Cu.e, SIb. 
M •• I, 3 lb. 

tHay. 18 lb. 

Cost per bead. 
per week . 
.£ , . d. £ •. d. 
008 
o 2 10 
020 

Labour 

Tot&! cost per week 

0- 5 6 
o 1 6. 

010 
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s:. •• d. £ t . ,J, 

020 
o 1 0 

3 Ii 
Labour () t) 

Tot.1 COl t ~r week 036 

£. •. d. f. •. d. 
9 2 0 
'11 0 
2 2 0 

15 15 0 

Ret~rns from an average Datry Oow. 

Mdk S,Ui" y. 

600 gallons of milk lit 7c1. per gallon 
CoIf . 

£. " d . 
17 JO 0 
1 10 0 

£19 0 0 

The production and sale of milk are much wurt
&~'t..hlluBtive of the food resources ot a farm thAn Are 
the £a.tLening and sale of cattle (p. M6), and the manure 
from da.iry cows i.s much les8 vaJuahle tha.n tha.t {rom 
.tall-fed oxen (p. 464). Whore cbea.e i. ma.de. and lbe 
whey ia fed on the f~m, the lo!! is les8; and it is 
less still where butter only is Bold. and the skim milk ift 
used on the farIll. Butter is essentially a carbonaceoul 
product, and the farmer geLs carbon from the a.ir (or 
nothing. The student who haa read thus far ought to 
be a.ble to give the reasons for the facts stated in this 
paragraph. 

Kilk Recolds.- Although the practice 01 keeping 
ea.re'ful recorda increases year by year, the number of 
recorded herd. i. still extremely oWllll. Tho quantity 

• Boote nlued at Be. per £00 as tbe oomu..o:Uog ... Jue. 
-+ Har valued at £2 per Won aa oooeu.ming .aJo.. 
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and quality of milk yielded by different COW8 vanes 
considerably, 80 in order to get the beat f eturDa it 111 

imperative to weed out unprofitable animals, keeping 
Bod breeding from the best. Hence the necessity of 
exact milk records, for these alone can give the n eC6S

lary information. A difference of one pint at each 
milking would, during an average milking period of 
300 day., amount to no less than 75 gallons, which, if 
lold at, say, Sd. per gaHan, would realize 50s. A well
leept record not only ma.kes it possible to determine 
the value of individual cows, but also showl the influ
ence of & change of pasture or food , the effect of 
different climatic conditions, and 80 lorth. In fact , the 
useful knowledge obtained far more than counlec
balanceA the t rouble and expense incurred in keeping 
the record. 

A milk recorder, or balance (fig . 213), is used [or 
determining the weight of milk produced. This should 
be entered on a weekly Milk Return, drawn up in the 
following form :-

W IU!1l aND1Nl; B ATtlilDAV 

Name of BUll. MON. To. WED. Ts. FRI. SAT. TotaJ Cow 
M . o. ". E. ~ . .. ~ . E If . • . M . 11:. M. K. --

~= 
~I 

i I 
1- 1- 1- - -f- 1--- - '- f-

Tot.a.l ... -\ 1--;----- -1- - 1- L-
To e&}ves .. 

I To dau-y .• 
I i 

K = evening's milk. 
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of the year. the following headings being used in botb 
COts.,. :-
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Th. 1.LV;ight of the milk is taken in prererence to tLe 
\.'OlUf1l.t, because it caD be determined with great.er 
accuracy. A ga.llOD of miLk or a verage q uality weigh. 
about 10'32 lb. An approximate milk 
record can be obtained by weigh ing 
each cow's milk on one day- prefer. 
ably the middle day of each week 
a.nd enteritig t he weight given &s the 
daily average for the week.. At the 
end of tbe year these &saumed 
weekly aveTages &re added logether 
&Jld multiplied by seven , the t.otal 
thus obtained approximating closely 
to the actual weight yielded for the 
year. 

Determination 01 the Percentage 
01 CreaDl.-For this purpose tbe in- FlO. 2J3.- MIL& 
strument generaily used is the R.CORDltR. 

creamometer, which is aim ply a. 
glasl tube marked with &. graduated scale, divided 
mt.o one hundred equa.l part!, The tube is filled 
with milk, and when the cream haa ruen ita percentage 
volume can easily be read on the scale. The 
test i. only a rough one, for cream it not & substance 01 
constant. composition, and its amount varies with dif
ferent circumst&nces-----t.g., if milk h&a been much shaken. 
as by &. long ra.ilway journey, the volume of crea.m 
obtained is reduced. In spite of these object ions the 
ereamometer is very useful when the milk of COWl in 
the 8&IDe herd is to be compared, though to give a 
reliable reBult the different samples mUlt bi t reated in 
precisely the aame way. 
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Dotorminatlon of tho Porcontago of BuUor-fat.
The befit and quickeBt result s in testing for butter-fat 
are obtained by the Gerber Milk Tester (fig. 214). a 
cent rifugal machine. in which specially shaped t •• t
bottles &r6 revolved for about five minute. at & fair 
.peed. The narrow graduated parte of the test-bottle. 
are directed to the centre of the machine, .0 that the 
lighter fat remams in them after centrifuging1 aDd it, 
amount caD be read off on t he graduated 8eale. Befo'l"CI 
tre .. tment .ach testrbottle is filled wit·h 11 C.c. of milk, 
10 C.c. of dilute fmlphuric a.dd, and 1 C.c. of amyl &lcohol, 

FIG. 2l4:.-GIRBAB MILB. T.8T.1t.. 
One t·abe ie ahOWD 68p&n.t.ely to left.. 

th& object of the •• additions being to dis.olve th& ea.ein, 
ete. , thus liberating the fat in an oily form, this being 
further aided by keeping the machine .. t .. fairly high 
temperatur.. Exact detail. aro sUI1plied with each 
m&ehine .. 

The importance of accurate mill< rocordl to the dair,r 
farmer and breeder can hardly he over-estimated. They 
Dot only 6D&ble 'wasters I to be weeded out, but. alao 
.upp!y th& information nece •• ary for eat&bli.hing pro-
6table milking hord.. It must not be forgotton in tha ' 
eonn!'otion th&t oniy hull. from " good milking .train 



llILK1NG 

.bould b. uBed in breeding d .. iry c .. ttlo, lor tho hore
ditary oharacters derived from the mAle parent. are fully 
as importa.nt AI tholle derived frOID th. female, pern.pI 
even more 80. Uareful a.ttent.ion must also, o( coune, 
be given to the general character and point! of the 
a.nimala selected (or building up &Jld improving .. herd. 
J eney CAttle ~ord an excellent illultr.tioD 01 the 
e.tabliohment of a butter breod by bro.ding COII
tinuDuaiy on the linel indicated. 

MlLJUNG.-There is DO farm operation which require. 
more akill, when effectively carried out, thAn tha.t of 
milking. We m UBt bea.r in mind that. dairy cows are 
sensitive creatures; there!ore t.o e08ure the beat. reBult.. 
they should b. trea ted quietly and kindly. Thoro ,hould 
be no ta.lk:ing or noile permitted in the ahedl, aDd the 
operation Iliouid b. Quickly aDd thoroughly carried out., 
lor the more expeditious and comple~e the milking the 
better the result. A special D16t.hod, known •• th. 
e Hegelund system' (named a.f ter PrOfe!l80r Begelund, 
who introduced it), is much pra.cti!led in Denmark j but 
it requirel too much time to !luit mOl t Englilh {&rmer .. 
It consists of & method of manipulation of t.he udder~ 
in th. belief that more milk i. obtained. 

The milker should alwayo opeak to the cow wheD 
appro&ching, taking the ltool in the l.ft ·hand and tb. 
milk-pa.iJ. in the right, and bringing th •• tool into po.i
tion &8 he lits down. Commence the front quamra "firlt, 
by taking the nesrer teat in the left hand and re .. chins 
across to the other with the r ight hud.. The fmgen 
Ihould pa81 partly rOllIld the teats, &nd thon t he poinh 
of the lingers turned in, 10 a l to pr." tho teau again,t 
the palm of the hand. There .boald be no pulling or 
jerking. The motion should come from the wriati , and 
not from the elbow. There i, .. bad practice amongat 
lome milk. ro 01 drawing the thumb and fult finger down 
th. teat, and thi. Ihould b. condelDDod, for it hal a 
tendency to produce aore teate and result, in & ab.rin.k:age 
in the milk lupply_ To ke. p the udder Ihapely and en
ooursg. milk in the fore-quartera, thOl. should not only 
b. milk.d lirat, but rlrippod "9ai .. after the hind-quartera 
have been dealt with. 
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Cleanliness.-As milk ill commoolv recommended for 
infa.n ts and In\"'"alids, and is lJecul~8.r1y liable to con· 
tamlna.t.ion, the greate&i" care should be Laken to secure 
cleanliness. The sheds should be kept as clean 8,8 it is 
possible to keep them, when necessary Lhe cows should 
be well groomed, egpecialJy the hind quarters, to remove 
Any dirt, &lld the udder washed or Wiped well with a 
damp cloth before milking cOllunences. If staHs are 
properly constructed, grooilling will be reduced to a 
minimum, and the washing of udders silved a.lmost com· 
pletel.r. Sucb washing "hould be avOided as much as 
possible, or udder t rouble may result. 

• Tho mistbktJ in oowsheJli is that. too o ften thp mansel'll are 
pillood at the 8ame height. IiI6 if fot 11 hurse, and t.he 8lallding. 
!Lrc wade Loo wids and too 101)g. lHll.Jlgers for COMI 8buuld be 
on the I\oor leveL Tho length froOl the wnll or back of tbe 
Illn,ngor 1.0 the ba.ck of the SlaB, or SLIU,d!ug. sh.)uld be just. 
"lIillelcnt for the CO\\ to stand up or lie dOW-II in. ber hew in 

~~~~hr:~ t~~~~g~i~gl~v~:r t~:f,,~fl ~~~ri is ~~~ Il\\-~~::igtrt. t~~ th~~ 
being ",ble to tUrD round and lie ~cr068 iL The gutters behind 
the staUs 6hould be eight inches deep and of sufficient width to 
IlUOW shovels MId brooUis to be used freely for clea.uing oat 
the mnnure. 

'The COI'i8 Bbould be fastened bv the Deck wilh 8 ch a.in or 
"'trap 8.LL8.cbed to 1\ Tilll on 1\ 8ho~rt length of chain. with • 

:h~~~~' beo~~~~n~ :~~tic~~; ~ bt~~e o!j(\:o~fL7J~e f:~!I:o:~u7bti: 
inches in front of the manger. The cbnin or strap should be 

~~II~ !~~h ~~: :!~ u:~d~o:d t~o.a~ ~ ~~et ea~e~~co: :;JL;~~ga:f~~ 
8et free. 

, I give below the meuuremenf,g of cow stalls, each to hold 

~i~e:i:~5 ~h!&;:tt~~u:~llbh8 e~~:~:::~i!~I;l ~~ea8~ls TO;oU::: 
at figure6 h.ve beeD giTeD to auit the larger a.nd emaJ.ler breed. 
of cattle:-

SbonhorD. Jersey. 
Total leDgth of at-all from outside wall ft. iD. ft. in. 

of maDger t.o back of the standing. 7:J 6 9 
Width of stall to take two cows. . 8 0 7 0 
Width or manger from front. to back . 1 10 1 10 
Depth of manger from front to back 0 9 0 9 
Depth ot gutter beh.ind cows . 0 B I). B 

:-~1~:t O~,u~!;r r~k f~m bott~m of 2 0 ! 0 
mllJlger to bot.tom of bay rack 

.. Height of bar rack . . . 
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, The 800r of the etall!! shou ld be It>\'c l. and botb the .t.a.lt
aud the gutter should be ""ell Iil1 ered wit.ll 8traw. 

I In lIuch !It.alldlnt'' cattle IIlaw ld keep clean, while l\·jt~ 

:~:tr~~mb~~ld;n~il~o"~ ~l~~;;~ ~~ ~~t ~~~!. tbe ·co~ ~ree N~!~~ 
eJ:&ctly ill the 8'Uue "pot. "I,{'r(' Liley ~1"lId to feed, and tbla 
ca.n on ly be lI.ttl\ined by uuildLlIg the mange"", on tbe fl oor . e1'1'11 

and of such a. he igbt tho.t lhe COW!! (.ft,1l r"ellt tht'ir be~h 0"";-

~.~,S.E~~~ol~' ~;:1 1Jb~:1~)Jl~101\~::. ~() .) (Ernea!. Ma.thews, Journal 

Milking througb gau:r.e, n.s is dOUl' ill Jerst1Y, C&O be r600o; 
me ude<1. 

The milkers should wRsh their handa well be fort: 
commencing La milk, and also rinse them After complet 
ing ea.ch cow, a5 this wlil obnale teal trouble. A clo&D 
overa.11 or a.prOD should be worn , which mUlt be kept 
for milking omy. anti repla.cf'd wilh n clcan one as IOOD 

.s it becom es soiled. The int crvals between the timea 
of milking should be as nearly equal as possible, for 
the longer the interval between the times of milkine 
the poorer will be the milk, and rice vtnd.. A Itrict look · 
out must be kept. for any udder troubles, great carr 
being taken noL to use milk from a cow suffering 
from garget, Or cold in the udder , as the milk from on!> 
cow so affected will spoil 
the whole IOL i[ mixed 
with it. 

TRE .... T1£E.",7 or MIL1\. - As 
loon as the milk has been 
drawn from the cow it. 
should be taken away [rom 
the shed. or byr •• for milk 
quickly absorbs odours, and 
il5 thus liable to become 
tainted if len in the sheds 
for My length of time. The 
milk should then be strained. 
The best kinds o[ strainers FlO. 215.-MJLK BTa.I1f aL. 

(fig. 215) are those containing 
a pad or medium of prepared cotton wool, which remove. 
the very finest particles of dust or dirt th .. t would p .... 
through the ordinary gauze Btrainer. 
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Ooollng.- Where the milk i. sold in bulk, and hI" 
to be sent any distanee by rail, it ill neCeS8&ry to reduce 
it. tempera.ture. to prevent it from becoming BOur. 

Thi. i. done by pa.sing the milk 
over a refrigerator (fig. 216), 
through which a. CODsta.nt stream 
of cold water i. running. If the 
milk can be reduced to a tempera~ 
ture of 50° F .) it will travel a.long 
distance without becoming SOUl, 

providing the ve!sel in which it is 
placed be clean and sweet. I The 
most com1enient method of con vey
ing the milk is in large cans, 
commonly ca.lled j milk churns.) 
Thege so-called mil.k. churns are 

FlO. 216.- made of tinned steel , a.nd bold 17 
RUBIG.1U.TOB.. imperia.l ga.llODS or 8 barn gallons 

(1 b .. rn gallon equal. 17 pints). 
When the milk i. kept .. t home for cheese-making, 

It should be removed to the dairy &8 800n as it; is drawn, 
&nd pas.ed through &. sieve into the vat or milk-tub. 
where it should be &llowed to sta.nd over-night. The 
next morning the cream is skim med off, added to the 
morning' s milk and returned to the ... t (ito p. 573). U 
the weather is very hot and thundery, or if ther. is a 
oonsider .. ble quantity of milk, it is a good plan to run 
" little cold water into t he jacket which aurroonds the 
milk, stirring OCCAsionally to reduce the temperatore and 
prevent the milk from becoming over ripe. 

Milk intended for butter-making may be ps.s.ed 
lhrough & separator or set in pans. In either ea'e this 
must be dODe whilst the milk is fresh a.nd warm from 
the cow to get the be.t resuitB. If it is to be .et In pans, 
they should be covered with muilin, and ple.ced in & 

0001, li8ht, airy room, free from objectionable smellB 
or odours. The pans should never be placed in " living 
room or larder where meat or any .trong I!Imelli.ng food. 

• It iA important t.lwBye to nee .. t:ofTt.eI thermometer .... heD 
Jempentur .. hue to be determined. 
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Are kept. To get the b6!t Teault.. from seLtillg, t.he 
room should be abou t. aOo lower than t.he ~elllperat.ure 
of the milk, auu t.he pans ehould be left. Ulldi8wrbed for 
24 to 36 bours before skimming. The time w111 \'8.ry 
a.ccordiug to the ae&80n of the year and the keeping 
properties of the milk, but in any eale Lhe cream muat 
be skimmed off before the milk t.urn8 150ur , or a very 
unpleasant flavoured butter will be produced. (For the 
after treatment. or ripening of the cream, lice p. 667.) 

SEP.l.B..tTOns (fig. 217).-Thea8 important. appli&llce. , of 
which the first continuDu8 working form", 0.8 invented by 
De La.\·s.l, are put on the market by many Ul&nufacturen, 
&nd are made of various sizes, capa.ble of doaling with 
from 9 to 880 gaUona of milk per bour. The principle 
is the same in ali, the milk and cream being I separated I 

by means 01 . entriIugal Corce. The milk is allowed to 

run into a. bowl, which generally contains a Dtlmber of 
discs arranged eo that t.he liquid is centrifuged in thin 
layers, whIch largely increases t.he separating capa.city 
of the machine and greatly reduces the neC6S8a.ry speed. 
A grea.t eaving of labour is thU! effected, a.nd wear a.nd 
tear of the running pa.rts of the machine reduced to a 
minimum. During separation the butter-Cat, which 
is the lighter part of the milk. passe. to the 
centre, together witb & litt.le c&sein, wa.ter, etc., which 
with it form the cream, 80nd this g0611 through a emaIl 
opening ca.lled the cream-screw, and is delivered t.hrough 
&0 outlet tube into 8. vessel placed to receive it. The 
separated milk passes to the outside of the discs, and 
flow a out through a separate tube. When all the milk 
has passed through the separator it is So good practiC4 
to run 8. little separated milk or warm water t.b.rough, 
as this will remove the cream that rema.in. in the bowl. 
and which would otherwise be loot. 

The conditloDJI necessary lor successful separation are 
al follows:-

1. Th& m&ehine mUl!!t be in proper working order and Hi 
OD .. firm foundation ao N to be perfectly free from ,ibnt.ioD 
when running. 

2. It mD1J' be well lubricated with a «uit ... ble 011. 
3. The .peed of tbe bowl mUlt be up to and kept. . t. ib. 

n.ted rate before. lourDing on tbe flow or milk. 
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FIG. 217.-' ALPA LAVAL' BnT POWI& SIPJ.JU,TO.a. 
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STARTERS 

4. Tbe milk mu.at be at. Il IUIt.able Lemperl~lure, I.t I 9:)0 i
to 1000 F. 

5. The milk lJluet be weU ILra..ined borort' 8cpa.mting 1.0 

r&mo"e lllUr8, eW' 1 which are the C8.Utla o f mUCh t.rouble If Itlll 
ID t.be wilko 

STA..UT£ll:s. - Before milk is employed lor making 
butter Or cheese it. is allowed to stand for u. lime in order 
t..o I ripen,' or develop a certain amount of acidity . a 
process brou ght about by the action of lactic acid bac 
t('ria. These UTC int roduced by means of what is 
t.echnica.lly known a s a. starter. The star te rs u8('d at Lhe 
preseut. day may be divided into two classes :-

(I) Tbe home-made o r natural star ten 
(2) The commercial or culLura st.a.ners. 

The 8ta.rt~r8 in t.he first class generally consist of sou r 
milk, butt.er-milk, or whey, and in each cue the process 
of ripening bas taken place under ordinary conditions 
in the dairy, and so we may have present. in tbc st.arter 
any number of different kinds 01 bacteria. H, hOVl6\'er, 
the cows are properly fed and tended, and the dairy 
work good, and carried out with scrupulous regard to 
clea.nliness, the risk oC undesirable bacteria. is minimized . 
and 80rne autheri t ielS are oC opinion that. natural 
start.et s are preferahle under 8uch conditions. 

The starters in the second class-viz., the cultUla 
darters-are prepared by bacterioJogists, and may con· 
t.ain one or more kinds of bacteria, 'which have been 
IIpeciaJ1y selected on account of their ability to produce 
desirable ripening. Hansen' s lactic ferment powder is 
a cult-ure widely used in £bis country. This culture ill 
said to CODsist of two Bor ts of lactic acid producing 
organism. 

This form of starter requires f building up ' beCore 
ose, and thi.8 is done by a.dding the femlent. powder 
to 8. gallon of fresh separated milk which has been pre· 
viou!!ly heated up to 180° F. , and cooled to about 
700 F . It is then left in & cool, well·ventilated room 
at about 000 F. , covered over with a piece of but.ler
mUllin. or, better _till , a dilc of cotton-wool. and left 
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for 24 houn. At t.he en d of this time the top layer is 
• .k:imwed off and discarded, and the remaining portion 
is Btirred well, &. haIr-pint is taken and a.dded to & galloD 
of fresh separated milk, lreated as before, and again 
a.llowed to stand for 24 hours. This is repeated for 
2 or 3 da.ys, when the milk will be Boftly coagulated, and 
will be ready for use. Milk starters can be obt.&ined 
from the leading dairy schools and dairy firms. They 
have been buil~ up from commercial st.a. rters . and are 
more convenient to dai rymen aDd fa.rmers-

(1) Bec8.use they are ready for immedia.te use. 

(2) Because the cost i. very small. H .. lf & pint of 
,uch a starter ca.n be purchased for Is., and this i. 
sufficient to propagate ODe gallon of milk. 

In propagat.ing a. starter the greatest. \!are must be 
taken to prevent it from becoming too ripe, as this tendfl 
to weaken the desirable bacteria, wit.h the result that 
the st.arter undergoes fermentation by undesir&ble 
germs, which produce objectionable .flavours in cheeee 
and butter. 

The quantities of such a. starter t.o use for cheese
making will vary from 1 to 2 per cent., according to 
tl18 sesson of the yea.r. Care must be ta.ken to pas! 
the st.&rter through a siel'e. and to stir the milk well 
for a few minutes, 80 a8 to effect, thorough &Dd even 
mixture. The milk is then allowed to stand for .. bout 
15 minutes before &dding the rennet. 

For butter-making from a quarter to half a pint of 
It.&rter i. added per gallon of cream to the first batch 
o f cream placed in the ripening vat or tin. This should 
be well stirred in and added to the cream after it has 
been oooled to between 6()0 and 70° F., the sooneT 
after sep.arating the better. A. each lot of freah cre&In 
is added to the hulk it must be thoroughly stirred, care 
being t.&ken to see that the cream has cooled below 
70° F. before adding to the bulk. Cream 80 treated will 
be ready for churning in from 3 to 4 da.y!!; in a.ny ca.f8 
it is &!ways better to churn twice a week than to allow 
-cr.eam to collect for a whole week before doing 80. 
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BUTTER 

The first object of the butter-maker .holl ld be to got 
tho crettm properly and thoroughJy ripened, for DO 

ma.tter how skilful a penon may be. he or . be ca.nnot 
produce good but.Ler from a badly-ripened or poor
fla.voured crea.m. 

Pasteurization.-,For the purpose of producin g good 
evon-fla.voured cream pasteuri.z1ng is of len recommended. 
This simply con~ists in raising the t.emperat.ure of the 
cream as Boon as it is skimmt'd or sepa.ra.ted to a.bout 
15{)O F., and then cooling to 60° F. A quantity of st.a.rLrr 
should then be a.dded, as mentioned previously, and the 
cream stirredt well twice each day to get proper aera.tion 
and uniform ripening. The cream should be a.dded {roUl 
Lbe subsequent. meals, after pasteurizing and cooling, and 
well stirred. 

The hea.t to which milk is exposed during pasl curiz8. 
tion kills many of the bacteria. which are pr~Hentl 
especially those which are the agents o[ cert.a.in infec
tious disea~e! , and the addition of artificial cultures t.o 
pasLeurized milk introduces bacteria of which the action 
is known_ The dairy authorities who object LO the use 
of commercis.l starters also object to pasteurization, 
which they consider unneces6ary when milk is properly 
handled from the first, likely to conduce to careles8ness 
o.nd detrimental to the quality of the butLer. 

Never mix fresh cream to that. which is already 
ripened the same morning of churning, for 8ucb a 
pra.ctice results in a 108!, &s ripe cream chums more 
quickly than sweet crea.m, and 80 the sweet cream or 
the greater bulk of it would pas. off with the butter
milk and be lost to t he dAiry. At 1e .. st twelve hou .. 
must elapse from the addi tion of the l ... t lot of cream 
to the t ime of churning. 

Cream may be regarded a. " hjghly concentrated 
milk, exceedingly rich in fat. The object in' butter
m .. k:ing is t o i.ol .. te thio fat-that is, to .epar .. te it from 
.verything el •• that io .... ociated with it in milk. Each 
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~ ittle mass of Cat, &8 it occurs in milk. exi8t! &11 a. mlDute 
independent g lobule. 
In ord er to get the 
globules of [at 10 I'UIl 

togeLher, churning is 
resort ed to. Many 
kinds of chur~s (fig. 
218) are in u!:;c, but 
in all 01 tLem I be 
object is the same, 
DO ma.tt.eT how it 
may be effected. A 
good churn .should 
be simple in con
struction, and t.here
fore ea~ t.o clC"an. 
The residual liquid, 
aft.er the butter bas 
separated (rom t.he 
(' ream t bat is put 
into the ChllTn. js 
called butfer-milk. 

The following in
str uct ions ha ,'e been 

FlO. 21B.-Cn ... MPION CHURN. published as a lea.f-
let by the Royal 

Agricul t ural Socie.ty of England:-

Simple Rules for Butfer -makfng. - Prepare churn , butter 
~(l r'ker, wooden bandti sud sieve a s rollow. :-

n 1 Rifl6e ","itb cold wat er . 
(2t Scald v .. ith boiling; water. 

1~) ~rn~~~~U!~~~ ;~~r~&lt . 
..4lway, we tl correct th,.rm.omel-er. 
The cream, when pu t into Lhe cburn, a.nd the churn should 

'both be at· a temperalure of 520 to 57° in .summer, and 56° to 60° 
it! winter. The temperatu re of the a t,m06phere should decide 
at which of theee figures churning should take place. The 
warmer the day the lo,ver should be the t.emperature of the 
cream and the churn, and 'vice t7tr-'!l. The churn should never 
'be more than hall full . Churn at number of revolution. sull
_geeted by maker of oburo. If none are given churn. at 40 to 45 
re1lO1utions per minute. Alway. chorn slowly at fi1'8t. 
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rf!n/ ilo.t~ Ult'. churD ( r,.ely and rre<luenUy durm@: cbutolOg . 
until no li. ir rUllheto VIAL wileu Lhe 'tent 1M opcued. 

H t.he c r ea.m . goetl t.o 81cl.'lJ' after It. h8!'1 h('oll churnl'd for 
25 to 30 1II1nut,611, .8Wp chur'l' llg "'lid "'klh dO.'11 t.h(' lid nTld f!.ul$1t 
of t.hf' churn wltb K !!.Ulull 4UIUILIty of water at a l(!lllpernture of 
from 7;,0 t.o 800 io'tLhr. The liulLer will ufJuaUy come WJt,b ... few 
m or e. rl!\·olullOIUl. o f the churn. 

,\,Iop cJruTliiny llurnt:(liuLt·!y the Lutter comM. 'fhi .. c.n b. 
u('erll~lned by "be &Quud. or by iU8pect,lllll. 

1)Irectly the Lutll;lr CUIIlet", the tempera. t.ure of lhe but.ter 
And btJt.w r-milk in the chu r u flhould he t.1~k('tn, in order that the 
cold .... Mer "'lid bTllle ml!lItioued in the th ree following pn.r& 

~l~k~l~t.~:;" ~:e I ~I:\ ~I~ei~'~~hl/~~r:~~t;~:i~iu~l~tb~~!~!a~~e b~~~; 
::;~!~l()~bLUel"~~I~~ ii~ g~~P~~i~u'd~~~,m:bu~el~ in~~ \1~Pgl"a~I~:te~; 
muatard fleed. 

I'llur In Ito sIDall qUllntity nf cold ~' ater (one piut water t.o 
two qua rte ('reRmj to harden t.h e gratna, o.nd give a few 100re 
turne t.o the l~ u rD gently. 

Draw of!' t.he hutler·milk. gh·jng plenty of t.ime for dralntng. 
Ule a 8lraioillg clot.h pla.{.'t'oei ove r u bair .,iava, flO M to pr"t'cnt 
any 10M. Rnd wft, sh the butter in the churn with plenty 01 cold 
~&le r ; thell draw off the WII.I{'r aud repeat the l'roee. 3 or 4 
times . unttl tbe wllter comes off quite elea r. 

Tn 'frin' butler, mBke 1\ elrong brine, 1 t o 3 lb . of UIL to 
1 galion of ""&le r. Place "Lrainiug C10Lb over mautl) of ehurn, 
pour in brine, put lid on churn. turn ~ha rply LLreo or four 
t.imes. and Lhen drain off the brine. 

When a De la.i teulle or celiLrirll!i!al drying macbioo i.e ueed, 
the butter shoul<l be taken out. of t.he churo and PUL in the bag 
proviil ed for t he purpOfIe, nnd dried in the madllIl e. 

Where Lhe wa.ter if! wnrked nut of the butler 00 the hutter 
worker onlv. the butter should he lifted out of "he churn illto a 
lieye. turoN! out on the worker. nod all nwed to d rain for bRIf· 
an-hou r (t.hat is, if the dairy is cool) before being \'I'orked. 

I." bnth ca.setl. work 109 out t he l!uIH'rftuoutl moillture and not 
work illS waler into the hutler iM the ohj{,C:t to be attained. 

Tn rlr YJtolt lmlt,.r, )lllle~ butler on wnrker . let it d r&in 10 to 
15 minu tes. then work gently till all the bULte r comes together. 
Pl&ee it on the !lcaiCfl and weigh; then weigb e81t. for Alight 
nlt-ing 1 oz., medium I oz., heavy Aal ting ~ Oz . to the lb. of 
butte.r. Roll hutter ou t. 00 worker and ca.re fully sprinkle . .. It. 
over the 8urface, a litUe at a time; ron np and reper.t. t.ill all 
the flalt if! used. 

N.B.-Ne1J~" to'tJ.l!lL t~ bulla with ymJr hand,. 

The centrifugal drying machine, or Delai te'ulle, men· 
t ioned above, eesentisJly consist. of 8 perfora ted metal 
cylinder, worked by ,. horizontal spindle Md surrounded 
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'by an Quter case. About 16 lb. of t.he granular buttel 
IS put in a canvas bag and pJaced in the cylinder, which 
i. revolved for a.bout four miuul..es a t. the raLe of 700 
or 800 turns per rninu(.e. The moisture is driven out by 
-centrifugal force int.o the outer case l from which it. i& 
drained oll by a pipe. 

Working the Butt er.-Tbe buLLer is laid on t.he bed 
01 tbe butter-worker (fig 2J 9) and spread out to drain. 

covered over wit.h 8. 

piece of muslin. If Lbe 
local market demands 
rather a salt butter. 0. 

little dry sa.lt may now 
be dredged on to the 
butter before it is 
worked. I. DrILw the 
butter to the cent re 
of the worker and 
commence the working 
slowly and carefully. 
continuing the operar 
tioD until &11 the SUT
plus water is removed. 

It"''Jo. 219.-BuTT • .a-woa](KB.. Making up the 
lIutter. - When suffi

ciently worked t.he butter is weighed up into pounds or 
hall-pounds, aocording to market requirement., a.nd 
m .. d. up into neat brick-sh .. ped p .. t a with .. P&ir of 
Scotch hands. A neat pattern put on the butter greatly 
a.dds to its a.ppearance a.nd makes it more attra-ctive. 

Characters of Good Butter.-Well-made butter should 
be firm and not greasy; it should possess & characteristic 
texture, in virtue of which it cuts clean with & knife 
and breaks with a granular fracture. Theoretically, it 
should consist solely of the fat of milk, but in practice 
this degree of perfection is never attained. The leg&! 
stendard for butter is th .. t it shOUld contain not more 
than 16 per cent. of water. 

The s.mount of milk required to produce a pound p I 
butter obviously depends on the percentage of butter
..fat cont.ained in the £Ol'mer. 'If this i. 3'9. al in the 
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avera.ge &Ire&dy given (p. M2), about 26 lb. will b. 
T&Ouired. Details aro gil'en in Ta.ble XL. :-

TARLE ltL.- Mn.K r rquirt'd to matt. 1 lb. of Butt .... 
(Ernest. M.1~t.hewlI .) 

Drt~cd Hid ~! I 
UI&Uon. Hatio 

Hed ()oil) I noou Welsh 
Sbortho~, '} Lincoln Red Sh~rth~~~ 27'uU 21 
Ayrshiro 
Soutl.i Dt.von ::: 

~ Kerry .•. :'!,.'OO 2j 
Dexter ... 
Lollgbonl . 2~M 21 
GoeTllfl6Y 21(K,I ;~ Jp!'lleY ••. I!/'(M.) 

Cleaning the Churn, etc.-Wben the butter-lIl&king 
is finished, th.e churn aDd otber utensils should be cleaned 
&11 foUows. First wash with warm wa.ter (at tempera.ture 
&bout 1100 F .) t.o remove grease, and then scald with 
w .. t 6r over 150° F. , wipe with a. cloth, a,nd lea.ve exposed 
to dry. 

CREESE 

In butter.m&king lhe object i. lo collect lb. fa t only , 
but in cheese-making the aim is to collect. the casein. 
wit.h all or a8 much or the [at aa possible, evenly dil! ~ 
tributed throughout the whole mas.. Thi. part of the 
milk is known 8S curd ; the remaining or liquid portion 
i. calJed whey. 

Rennet is used to separate the curd , 3S it possesses 
the power of coagulating the casein present in milk. 
In olden time. the rennet was prepared &t home by 
placing the I vells,' &8 they are termed-which consist of 
the fourth stomach of a calf (Ie. p. 428), preler&bly a 
very yOUllg calf &nd one which h ... been fed solely on 
milk-in a atrong brine, with & little preservative added, 
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and leaving to st.and for a time, the liquid portion heing 
afterwards strained and used for coagulat.ing t.he milk. 
Concentrated p reparations aTe now chiefly used, as they 
possess t he advantage of constant and uniform 
strength, 80 that the quantity of rennet to be used c&n 
bf" a.ccura.tely measured. 

For the making of good cbeese -it is most essential 
to have good clean milk. and everything connected with 
the dairy must be kept a.bsolutely clean. 

Hiltl) CB-EEBl: M.....Kl~G.-The applia nces con~ist. of a 
jacket.ed cheese-va t or t ub. curd-knives for cutting the 
curd , cu rd-rake for stirr ing the curd while cooking, rurd -

cooler for exposing the curd after removing the whey. 
curd-mill for grinding the curd, and mou1ds for I!baping 
thl'i cheese when under the press. If one cheese each day 
is made, one single and ODe double press a.re sufficient 
for cheqd"r-ma.k:ing, but lor Cheshire cbeeso-making an 
extra. press is required. 

Cloths' &r6 required for lining the moulds or vat.. 
a.nd for wrapping up the curd while cbeddaring. and 
also for bandaging. .. 

Cheddar Cheese.- The evening's milk is strained into 
the cheese vat (fig. 220). 11 there i. " large quantity, 
or, should the weather be close and hot, it i8 
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&d"isable w effecl cooling by fJutLiug oold water 
lnLO the ja.cket and slirring the milk weU . Leave 
Lill morning. when any cream ehould be skimmed 
off, warmed up Lo a.bout 05° F ., ret.umcd t.o 
the vat wil.-U t.he morning's Ulilk and well st.irred , to 
%~t \t \.uot()ughl~· di..~\.r~hut.ed ag~in. Th.~ m;',;._ed milk 
is then raised to the vropcr lellJ{JCrature for adding the 
rennet. (generally from 84° to &6° F.), and from one to 
two per cent. of st.arler, strained lhrough a Biel'., i. 
added (Sa! p. ~65). The ll1ilk is now tLoroughly stirred 
&nd left. for 10 t.o )5 minutes, wLen t.he colouring Ul&tLtlr, 
or annatto, should be added. If the Cht:6S6 is to be 
coloured . Annatto is a.dded at the ralo of 1 oz. to 100 
gallons of milk for n. slightly coloLired cheese. 2 oz. t.o 
100 gallons of milk for a ltighly coloured one. It. muat 
be well slirred.in at. least five Illinut.es heiore the nmJlut 
til added, or discolouration will be tho re8ult. 

The milk should now be rea.dy for o.ddlDg the rennet, 
8.UU ought t.o contain about '2 per cent. of acid. I Th. 
usual amount of rennel to use is 1 dra.chm of extract 
to 3 gallons of milk. 'J'!10 rennet, diluted with two or 

I The degree of acidity in milk ill determined by mtHlU6 of 
"II acidimeter, eMeJ1WIllly cOlJaiating of " long gr"duated tube Of 
burette (or hOlding&D 1Io1k&line80lutioD 
(genorallv one~t.pnth normal caustic 
lKHlaJ which can be fun orr helow. and 

:o~~~h /r~~on~~~~d j,:ti~~: ~:ser:~:t 
lfi~. 22]). A 8eoontl BOlutioll or O·~ 
per cellI,., of pheDolphthalein 16 em· 
ployed to innicate \""f> neutn.\iza.tioD 
of the aCid in the milk tested . 10 c.c. 
o! milk aTe put in II. small porcelain 
diBb and a fe,,,, drope of the indicat()r 
added. The a.lkaline solution is then 
~radua.lly run into the ea.mple. ""hiell 
us stirred conLinuouslv until Il. fBint 
pink colour is MSumed. Tbe a.mount 
of solution used ia then rea.d on t be 
scale iD l degree6,' which ind icate Flo. 221. - AotDIM ITa .. , 
the number of C.c. of solution necee· 
.ary to neutuliu 100 C.c. of the mil k umple. Tbe percent.age 
~~ ~~~ acid pree;ent iii obtained by multiplying tbie 6gur. 
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three times its bulk of water, is added to the milk, 
which is at first stirred rather vigorouslJ for 
3 to 5 miuut.es, and then slowly until it begins to 
ooa.gulate, which will generally be in from 10 to 12 
minutes. 'l'he milk is now covered over, and left to 
otand until tbe curd is ready lor cutting. II it make. 
& clean break over the finger VI hen inserted under and 
along its surface, it is firm. enough to cut. Cutting 

is effecLed by 8. pair of curd-knives 
(fig. 222), one with vertical blade. 
and the other with horizonta.l ones. 
The former is ulled drst lengthwise. 
and is removed a.t the end of ea.ch 
cut. The curd should then b. lelt to 
contract for 3 to 5 minutes, cut cross
wille witli the sa.me kWfe, left a.gain 
for a.bout 5 minutes, and then cut 
with the horizonta.l knile both length
wis8 a.nd crosswise. The curd is now 
wiped from the sides of the vat, and 
stirred with tbe hand to bring it up 
Irom the bottom of the vat. If the curd 
is too coarse! it is cut again with the 
vertical knife. After leaving to stand 

FIG. ~,:;;~UllD. for about 10 to 15 minutes, the mass 
is slowly stirred until the corners of 
the cubes show signs of rounding off, 

The heating up is commenced by pouring hot water into 
the ja.cket! or by turning on the stea.m, if 150 fi tted, and 
Itirring continued until the temperature is raised to 
.. bouL 1000 F. This proce ••• hould take .. bout 45 minute •. 
The mass should be ma.intained &t this temperature until 
properly cooked, which will be in from 10 to 15 minutes, 
wheq stirring ia discontinued, &Dd the curd is allowed 
to settle or pitch. The curd is l ufficiently cooked when 
it ia shotty, hard, einks quickly, has an acid !mell, and 
&nowers to the hot iron test. The length of time the 
curd is allowed to pitch depends: upon the amount of 
acid developed ; if 8weet, . it may be allowed to (>itch 
for t or f of an hour ; if it is acid, only for & ino·rt 

• t ime. The whey il usually run off when the &cid telt 
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shows '18 to '2 per cent .. or when the curd gi"el fine 
threads i inch long. when R !:>ma..11 pH~ce iR removed 
from the vat, pressed in the hand. drlPd IT) n, doth, 
placed against a bar of Iron ht'RLed to n hlaek heal , 
and then genlly drawn away. The whey is nO\\1 run ofl. 
and t.he curd cut up the centre nlJ d rollt'd to one .end 
of the vat. A ra.ek is put on a.nd weighted to expel Lh. 
excess of whey. In about. 10 minutes it. is cut up into 
cubes !Some 4 to 6 inches square, vlae·eo in a Goo ier 
covered with dry clot.hs, and weights placed on it. The 
curd is opened and turned e,'ery 20 minu t.es or half &D 

bour. its out.side being lurned to t.he cen t re, and the 
weiKbte increasf'd until it is T('auy to grtnd. This ill 
when it is distioct.1y acid to t.ast.e and smell, solid ll.a 
cutting, wi ll tear in thin layers. and attenuates from 
Jt to It inc~s on the hot iron . J t is then pass'd 

FlO. 22S .--CuaD~M,ILL. 

through the curd-mill (6g. 
223), to reduce it to such ,.. 
b. thoroughly distribut.d 

After grinding, the curd is weighed, a.nd if coo) enoug_h 
is r ... dy for salting, for which t he best temperature ,. 
from 740 to 760 F. S .. lt is added .. t the r .. t. of J oz. 
to 3 lb. of curd. Th. salt i. well stirr. d into the curd, 
BO a.s to ensure thorough incorporation . . ThiB usually 
takes about }O minut es, a.nd then. when the temperature 
io 72" to 740 F ., it ;. moulded, or till.d into & meuld (lig. 
224) lined with & cloth, being pr .... d t ightly in with tho 
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closed hand. The cheese is then ready for putting under 
the pre.s (fig. 225). The pcesa ure must he applied 
gradua lly. or fa t will be expelled with the whey, until 

at Lhe end of 2 
hours We have )0 
cv;t. on the cheese. 
under which pree· 
sure It should bfo 
allowed to remain 
over night. 

The obiect 01 
pressing if!, to can· 
solidate the curd. 
and to expel th. 
excess of wbey 01 

moisture. The day 
afte" making, tho 
cheese is taken 
from the preIS, the 
cloth removed , and 
a clean one Bub.ti
tuted, afte r which 
it is returned to 
tb. press, with 1!1 
ewt. pres!ur6. At 
this stage aome 
m .. kers hath. the 
cheese in water a t 
1200 F. for one 
minute, which it 
laid to improv@ 
the coat or rind. 
rendering it 
tougher and I . .. 
liable to cra.c1L 
Th. following day 

F IG. 225.-CIU:KSB PRESS. the cheese il 

aga.in taken from 
the press, a coat of grease or lard put on, ann ita end. 
capped with butter muslin. It is now covered with • 
thin cloth, put b&ck in the mould, and placed once mor~ 
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in the preas, this time heing 8uhjected Lo a pressure of 
ODe ton. 

The next day the final bnndn.R:(' ell hf'r 8. Inc('d or a 
winding olle- is put on. and the clic'cIoic l~ rf'llIo\'ed 
to the ripening o r curing rooul. the I1IOSI ~u,lnlde tem
perature for which if! from fmc to (j!)Cr F. Tho cliloellc. 
!lhould he turned euch tiil)' IHl l l1 I'll)!'. rhl' "nj ('I ' ~" u!o.lItllly 
laking nhout fuur months. Tllr It ' I1~lh o f 1 I lilt- fNllllred 
for ripening can lJe re!llliated by the I:Lfuuunl of acid 
allowed to develop in the curd llr(:'\' 1(JU8 to t;nltinJ( and 
vatt.ing. The resu lt~ fir Mr. F . J, LloyJ's in\f·~II~vnion. 
inLo tbe manufacLUre of Chedunr ch(>(''ic RhoYo' IlIltl an 
average 8cidity of'S;} prr cenL In rhe IIqullJ 001.III,Il from 
the press gives slow ripening. while fur qUick ripening 
an acidity of 1'00 per cent. is rcqulrcJ, and for very 
quick rifJenmg ahout 1'15 per cent. 

Soft·pressed Cheeses.- Arnoll.c' Ihese the most noted 
is Stilton, of which the characi ('r!'. Ilre as follow - (I) A 
drab~colou red , rou gh or wrinkleu coaL. (2) 8. rich and 
mellow. but not ~oap.v texture (the old Sulton IIlllkers' 
maxim is • Heware o f chalk and lle'\are of sonp,' \\ btcb 
means avoid hardness on the one hand. and KOfllJlnCIiS on 
the other ), (3) a warbling throughout the bfHly (J f the 
cLease, due to tb~ growth of a blue mould (l'e lII Ctlh,'lIffl 

glaucu:m), commonl.v called painters' brush. 
At least three rooms are required for tbe manufact4.lre 

of Stilton-i.e. , (1) eeUing and draining room, t2) drying 
aDd coating room . (:1) sLoring and curing room. 

The cne·curd system of Stilton manufacture: The 
milk sbould be perfectly fresh; lhal wblch has not lost 
its animal heat is most suitable. For a mediulU ~8ized 
cheese. tak~ 12 gallons of milk, regul a.te to a t.eUlpera~ 
ture o( 820 F .• add 4 fl uid oz. of starter, stir 1Iioroughly 
for a few minutes. Then add 3 drachma of rennet 
extract diluted to about f(..lur times it!! bulk with water, 
stir weU for !l to 7 minutes. snd slowly for about 
3 minutes, in order to pre\'ent the cream from r ising. 
Cover the vessel with a. cloth, and alluw to re1)lain for 
from 11 1;0 I~ bours. wben lbe milk will b. firmly 
coagulated and ready to ladle out. Ladle the curd out 
of tbe vat into straining clothB p~aced in 8 curd·sink, 

" 
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or drainer. Th ese cloths are about a yard sqUh..re, 
bolding aLoul 3 gallon. of curd eacb. In ladling tb. 
curd is cut int.o thin slices, 80 that the drainage of the 
whey is faciIiLa.tcd. Let the curd stand for one hour 
in its own whey. wit.h the ends of t.he clot.h just folded 
over. The cloLhs are then grasped by t he four corners 
and lift.ed up, one corner beiJlg taken and wrapped round 
the oLher three, thus act.ing as a binder. the whole 
being made up into hag fo rm. In [rom 30 to 45 minutes 
tbe whey is run oIT, th e bundles or bags are tightened, 
a.nd then alloweu to remain in the sink for an bour 
longer. The whey \ .... hicb drains off collects and remains 
in the dra iner with the bundles of curd. At the end 
of t he hour the second lot of whey is run off, the 
bundles tied tighter , and turned over l\'it.h t.he knot 
downwards, so as 10 hasten the drainage o[ the whey 
The turning and tightening o[ the bundles are repeated 
e\'cry half bour. un til the whey which comcs hom the 
curds shows '18 to '2 per cent .. of acidity, At this stage 
rhe curd is tu rned out of the cloths. into the bottom of 
the drainer or sink. and allowed to drain slowly until 

'25 per cent. of acid is registered in 
l.be whey, Each bundle of curd should 
now be cut up into cubes &bout 
4 inches square, piled up at ODe 
end of the sink to drain. and turned 
occasionally to facilitate 'the drainage 
of the ,,·hey. When the wbey ,,-hich 
is coming from the curd registers '45 
t o '5 per cent. of acidity, and the 
curd i.3 still moist and mellow. it il!l 
read.\" for salting. It sbould be 
hroken up by band, and .alt added at 

FlO. 2" .. W.-STJl.Tfl:\ the Tate of 1 oz. to 4 lb. of curd. After 
){Ol'l .. D . mix ing i.n the salt, the curd is put into 

the hoop or mould (fig. 226), whicb 
should be placed on a bO&J'd coverw over with a. piece 
of calico. Great care ::;;hould be taken when moulding thE' 
rurd to keep the centre open. and this ma.y be dODE" 
.by putting the finer particles of curd at the bottom ann 
round the sides of the mould, while the larger or co&raer 
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pieces are placed 10 t.he loosely filled centro, In ftlltoS. 
Lhe curd should be firmly pressed at the bottom and 
ligbtly a.t t.he sides, but Lht! centre must be left, open 
or 10086. The lcmpt'raLur8 of tho curd at Lhi8 sLage 
fthould be a.bout. 65° Jt, Wben lha Hl.ttmg is complete, 
the cheese should be lUrtlC'd on to 0. frm!h bOllrd IUld 
cloth and placed in the draining shelf , tu rned .. gaiu 
a.t t.he end of two hours, a.nd t.hen loft. until next. morn· 
ing, when it. is again t.u rn ed. Tl1l8 process of tu rn ing 
is repeated daily until t.he cheese illl ready fOT scraptng. 
This generally takes place a.bout. the niuLb or t.ent.1.1 da.y 
a.fter hooping. The cllcese is ready for scraping whcn-

(IJ It leaves t.be sides of the boop. 
\~) It is creamy outside. 
(a) lr, has a smeJJ similar to t.hat of a r ipe pear. 

The 5craoping is e ffected with an ordinary table knife, 
t.he object being t.o produce [L smooth coat. or surfaco. 
by fillin g up all holes, so lhat "hen the coat, dries we 
get the even wrinkling which is so much desired. A 
bandage is now put. on, and this is pinned tight.ly round 
the cheese. The hoop should be well washed , and afLOr
wards repIa.ced. Next day the hoop ano bandage are 
removed, a.nd if any holes appear 10 t.he coat. of the 
obeese tbey should be filled up by scr .. ping again. A 
fresh dry bandage is now a.pplied, but t.he hoop is Dot 
replaced. About the ele.en lb day tb. coat begins to 
form. the external surface shows signs of white mould , 
and dry p .. tche. appear on the bandage. Th. chee •• 
Ihould now be removed to the drying and coa.ting room, 
which is kept 8. few degrees lower in temperature than 
the draining rOODl. and should if possible De arranged 
10 as to have a. current of cool moist air passing througb 
it. This will prevent the cracking of the coa.t.. and 
minimizes the 10s8 of moisture. II the room is too dry 
it is a good plan to place a. damp cloth Ol'e r the cheese 
occasionally. Tum each day until the coat is firmly 
fixed, which gen.raUy takes .. bout .. lortnight.. The 
cheese is t.hen taken to the curing room, the most Buit
able temperature lor this being from 55° to ·600 F., and 
turn.d daily. It will take from 4 to 6 month. to ripen. 
During the ripening .tag.. the cbees.. .hould b. 

uZ 
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brushed rre-quenLly 10 keep them free frolll the cheese 
Ollle (! yr,,!/Iypll/U .1''''). a n afacllllld which is very 
df':o.lrLJctlve. espec.'lslly to blll l PIJS. A well .ripened 
cheese gilUwlflg IIIl111UI Crahle bluc veins. tasting ncb and 
mOIst. f r ee iruUJ a('ld H V and exce8S of the flavou r of 
mould. finus a reatly na.'le and COllllltfllH.lS a goud price. 
Twehe .i!Rlluns of mIlk ",ill }Jrouuce about IO~ lb. of 
flJJe SUllOD. 

S!.'t I lIlHI'lf.s. - For the production of these small 
chef'scs tbe uLcn~d.!l are nOI e,\.penSI\'e, therefure DO great 
" IIIOUIll. of cHpllai is required. As we II V6 in th e day! 
w hell SI1Hlli holdlfl~S are LJecomillg more tlUtilerQU S, t here 
is 11 0 ff'a"lOn why we shollid not ~ee an illcrea~e ill the 
manufacture o f lhe~e III tie cbee~f's. which are very 
easily made. and lea\'e a fair ulRrgiu of profit wbeD 
sold. Thou~h the demand for d,em at tdle preeeDt 
time is not. very great., there is no doubt tba t the con· 
sUllll) l ion would be greatly increased if they were made 
more widely kn own. For the IHIl'poses of this work 
it is intended to gi \;e a. short description of a fe w of the 
{a llowing leading English aBd french variel.ic!. of 80ft 
cheeses: Cream. d ouble creant, CaUl bridge or York, &Dd 
sour lJlilk chell!' se, of the English va r ieties i and Pont
l' E"eque. Nellfchalel, Couiowmier, and Gervais, o[ the 
Frf"nch 't"arieties. 

S ingle Cream Cheese (R.A .S.E. f'ecir,,).-This chf'lfll . 
is suld 10 Englaud as ' Hondon.' To 1 gallon of DeW milk 
add baH-a. -pint of butter-mil k. set at 60° to 65° Y. , add 

two drops or ren net to each 
quart, and stir for a few 
minutes. In from 24 to 36 
h ou rs the mixture will be 
ready to be ladled into & 

well· . calded buckabacl< 
FIG. 227. -CREAM cloth. S crape down the sides 
CB&U. M OULDS. of t.he cloth at intervale to 

assist drainage. In 8 to 10 bours tu rn the curd into 
another cloth and press between two boa rds under a 
weight of about 14 lb. Add 1 to 1! teaspoonful. of .&1\ 
to curd when firm. The curd will then be ready to mould. 
T_b~ moulds are 2 in. in diameter and 2i in. deep (fig. 227). 
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Line with grease proof paper. One gallon of milk .bonld 
make froUl six LO eight. cheellics. 

Double-Cream Cheese (11.-1.8 H. ,'rcI1Jr). - l'hick. sweet 
crealD , wilL.vul renn el. Sel at 00° F. IInng uJ) iu a fine 
weI.. linen cloth. in a coul druughty place. or place over 
a. rack. Scrape down lhe Rides of the cloth at intcrvals, 
to assist d_ramagc, uUlll the crea,Ul is firm ('.!lough to 
mould. The mould s are Illude III two (li nus :1 Ill. long, 
Ii in. wide, and l~ in. deep, or 3 in. in diameter and 
IJ in. deep. Line with grea~e·J..Iroof paper or muslin. 
These cheeses are usually wade without salt.. O ne pint 
of thick cream will usually make three cheeses of i lb. 
",·eight. Generally ea.i..en fresh, being loo rich 1.0 r ipon. 

FIG. 228.-C.lMBJUDO. 
OJi You MOULD. 

FlO. 229.
STRAW M..T. 

Cambridge or York Ch •••• (R.A.S.E. TtC':pr).-To each 
gallon of milk add Ii drops oC rennet, and set at 95° to 
98° F., and cover up for about a.n hour; t.hen ladle out 
the curd into box~8hapcd moulds as carefully &8 poe~ 
eible. taking off first the thin smooth piece of curd from. 
the surface. to be replaced on the top or the cheese 
when the mould i. full. The mou.lds are of wood, 7, in. 
long, 4 in. wide, and 6 in. deep (fig. 228). They are placed 
On .tra ... mat. (fig. 229) on stands, all of which should b. 
thoroughly scalded before using. The cheese must then 
be left. to drain. These cheeses do not require aalt, and 
will be ready for use in 48 houra. 

StiUl MlIk Chee.e (B.A..S.E ... cipt).-To 4 gallon. of 
_our milk add 1 drachm of rennet, and set At .. tem
per&t ure of 840 F . L.ave the milk until a litUe whe:r 
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a ppears on the su rfa.ce o[ the curd, then ladle out intO 
moulds placed on st.raw ma.t.s. Coagulation generally 
takes p lace in 4.; hon rs. The moulds are the eame as 
those used for CoulomDlier cheeses. On the following 
day Lbe uppe r 1-'nrl of lohe lllouJJ shou ld be remo~'ed, 
t.he cheese t. urned 011 to a [resh maL, a.nd the surface 
sprinkled with saIL, while later in the sa..m~ day the 
cheese should be lu rned again, and the ot.her side 
sprinkled "'ith salt. The cheese should be turned every 
day, and rubbed with ~al t twice or more until it is ripe. 

P oot l'Eveque Cheese. - To make fOllr cheeses 
take :J gallons or fresh whole milk, and raise Lo a. tem
perat.ure of 9:,0 F_ Add 1 drachm of rennel, stir for 
a minute!, an d lea\'e covered over with a cloth for 
50 minutes to 1 hour to coagulate. As :;oon 80S the curd 
will break clearly over the finger divid. it in to 2 in. 
a.cross squa.res. and cut, these across diagonally. In 
a.bout 5 minutes ladJe the CU Td into n. coarse straining 
cloth a,nd place over a. curd-rack, so that the whey may 
escape. Tie up lhe cloth .. s described for Stillon (p. ;78). 
Gradually tighten cloth every 20 minutes [or about 2i 
hours, to drain and consolida.te the curd. If drainage is 
too slow, t.he cu rd should be cut v:hen in the cloth , but 
gr ea t care should be taken Dot to have curd too dry I 
as in this case it will nol mould properly. Break up 

curd with fi ngerg, and fill into the moulds 

(

- - -- (fig. 230), \'\'h.icb are usually placed on a 

r 

~~--. board covered " 'i th a straw mat (fig. 229). 
Place firmer curd in the centre, using 
the 80fler curd for the outside. By doing 

F 230 so the drainag~ of the whey is assisted. 
PON~G·L'E\.'t~UE and the finished cheese will present a 

MOULD. smooth .surface. When moulds are filled 
place 8. straw mat and a board on 

tho top, and then turn over. In about 10 minutes t urn 
once more, and do tbia about once an hou r for 3 or 
4 hours. Next day rub all over with dry sa.it, using 
&Dout l oz. to each chee&e. T urn twice daily t 8.nd 
remove moulds when the cheeses leave t heir sides , 
which i. genera.lly about the fifLh day. In " few day.' 

• time the cheeses should be dry enough to be placed in 
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the ripening room on racke covered with straw They 
'Vo'il1 be ready for usc in a.hout 3 wt'f'ks. A good P ont.
I'Evfique, when ripe. should I,e 80ft 10 lb t.' touch A 
Lou~h . leathery cheese 1S the Tf'!'ult of 100 rapid dminap;e 
of t.he curd. \Vhen r ipp, f'llch cheese \\clghs about 14 oz. 

Neufchatel Cbeese (R .. J. :{L', rU'/'W). To) quart of 
crea.m add I qua.rt of flew milk. mix well R.nd set at 
~8° to SOo F. , and add j·l0th drop of r (·ll lJel. Thill 
is got by mixing 1 drop of re-nnpt with f) drops of wlI.l e T, 
and using 1 drop of ti le mixluTf' I n 24 houl's th l! cream 
will be ready to be ladl ed uut into IJ cloth. \\hE"1l It should 
be pIa-ced in a. light wootl£,11 !o\(j U:lTf\ frnl'llc. a nd left to 
drain for 12 hours .... 4 t the end of t hut time it should 
be gently stirred two or three times. when the cloth 
should be cb\flged and Lhe curd preNsed between two 
hoards under a. weight. \\-hen Lhe whey has been pressed 
ouL, the curd is worked smooth in tbe c10th with a Bat 
trowel, and put in to moulds lined with grpl\Re proof 
paper. The Bame mould! can be used as for Double· 
Cream Cheese. GcncrliHy eaten frc!;b, being lOCI rich 
to ripen. 

Coulommi.r Ch •••• (R.A.S.E. re"p"). - Tb. quality of 
this cheese depends largely on the milk used for making 
it. To 3 gallons of milk add ~ drops of rennet, and Ret 
a.t 84° to 87° F. Stir for 3 minules. a.nrl then occasionally 
ror the first 2 bours, to prevent the 
cream rising. In 6 to 8 hours the 
curd will be ready to be ladled out in 
thin slices into moulds which are 
placed On s""ldcd straw mats to 
a.ssist drainage. The moulds are 
5 in~ in dia.meter and 51 in. deep 
(fig. 231). On the followin~ day the 
upper part of the mould should be 
removed, the chee!!le turned on to 
II. fre!!lh m&t. and the surface 
aprinlded with salt. while later in the 

FIG. 231.
COOLO)fMJER 

MOUl.D. 

lamp da.y the cheese should he turned again,. and the 
other aide sprinkled with salt. The cheese muat be 
turned every da.y and rubbed with s&lt twice or more 
time. until it it ripe, or it may be eaten freBh. 
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Gervais Chees e (R.A .''' .E. reript').-Add 1 quart. 01 
cream to 2 quarts of new milk; mix well j set. at 65° F., 
a.nd add 2 d_rDP~ of rennet 10 eacL qlJarL. Stir oeca 
5ionaHy to pre vent. the cream from rising. ulllll tLe 
mix tu re thick ens. ]Jl i or 8 hours the ru rd will be rr:-lldy 
to ladle OUL iDl.o well ,sealued clol II!), ( I f a softer euru IS 
desi r ed. J drop only of rE'IJlH?i should Le adJpcl 10 carh 
quarL. in whicb ca se the coagulation \\ III be longE'r. ) 
Hang the curd up to drain until it is dry enough for 
rnouldLllg. Scrape do"n t he sides of the cloi b at wier 
va ls 10 a ssist drainage. JJ) JJot \\ esther jt is n('C'eSSllfY 

to change Lbe clo th s occasionally. Salt may be auded 
\u l a !;>iC; hut 1 H"it"}Jo(loful of 

salt to 3 quans DE the 
Illixture js aunllt th e r ight 
prop~r! ion. ~ \rhen thlll 
throughout the curd i~ ready 
LO mou ld. TLe moulds 

FlO. 232.- G.tRHlS Mom.Ds. a re J1 ill, in diamel er ano 
21- in. deep (fig. 2a2). Lint' 

the moulds with prepared or wh ite blotilllg paper. an d 
place them Oil scalded s t raw mats (fig. 229), Then fill 
them wjtb t.he curd, wb jcb should be well pressed down 
with 8. SPOOD, and left t.o setde in t he moulds for aD 

hour. Three quart s of the mIxture will usually mak e 
one dozen ch eeses. 

CHAPTER XXIX. 

P OULTRY AND POULTRY KEEPING 

FOWLS 

The Or igin 01 the Domestic Fowl.- The va-riou! 
breeds o( fowls are believed to have or igina.ted irom 
one wild species. the red jungle fowl (G"I1". 

' ba"kiva), which range. from N ortb India, througb 
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Sout.h -east. Asia. to the PhiliplJincs. I )an~in found, I II bls 
('xpcrllnems, tiltll, t.he d(JIIICM IC fo\\l 111.1.<1 a LI' IH,lency to 
revert. LO the wi ld fo rm \\ hen ccosHed. li e 811.v~: " FroDl 
t he extreuJely cluse resewul a llce in colour, gener&.l 
IilrucLU r e. u lld t: s ~)ecu:dly I II \ o l ee Ut'l wecn UUUIU bankliJo 
llnd the game CO\\ I ; frow lht'lr frrlililY. &1> fa r a 8 this 
has been asccrtllll1CU, \\bell crol:o~ eJ ; f ,'ol11 the potlS i 
hiluy of lh ~ \\ ild SjJ6CIt:S be lllg tawed; li llJ fro fn iLl 
,'arylllg in t.he 'A li t.! Slate, v. e II llly contiJcllll,Y look &t 

It as llie pacellt of t.he UIOSl typicil l of all lhe dom estic 
b rc('d s flli.llIel~. the ~allle fo\\I" ( 11I11II u 1J COld I' lan h 
IltH/a /)u lIlI:sf,rafuIII, sccomJ CUll 1011, 11j'i:.! ; p . 248). In 
colou r t he red jungle fo \\] clo ... ely re~cUlule8 the Old 
Eog/ish Lltl.ck-Ln !li&leu red Va lue. but. is somewhat 
sUJ alier. 

C lassiflcat~n of Breeds.- Th e variolls breeds are 
generally ciH.!)sifit'u. a ccorJltlg to lheir SfJeci a i qua,l it ie. , 
809 laye rs, I able bi rds. a nd general p urpose or ut ility . 
The general sbape a mi carn age of tLe dlffe re ll l oreeds 
give us 8. fll irly good gUJde as Lo t he class to which 
they belong. Look at a fowl frolll t he Slue, and sup
pose a n imaginary liIle d rawn frOlll the front of I"be 
u.eck to th e thigh. If t he greale r hulk of the. body liea 
beh ind this illl a.ginary litl e, layil lg qualities are indi
ca tt'd, and t.he fowl is classed & 9 & layer, but if the 
bulk of L.lle body l ies in fron t. of the line l ben it is 
classed a s a. table ,,-ari ety. When t.he body is evenly 
ba lanced on each side of t.he line. the b ird does no t 
ex cel as a layer or as a. table fowl. bUl t he l WO qualities 
are equally developed , and such a fowl is classed a 8 8. 

general purpose or uti li ty fowl. The foll owing is a ljlt 
of breeds, classified accord i.ng La their q uali t ies :-

CU.S8 I.-Laying or non -silling varieties :-
A ncona. 
Andalu8ia D. 
Campine. 

Hamb urg. 
Houdan. 
Leg.hoTn. 

M iOOI"CL 
Redcap. 

CU S8 n .-General purpose or u tility var iet ies:-
Fa,·erolle. 
La Bre!ll5e_ 
Langahan. 

Orpington. 
P lvmou th Rock. 
Rhode JAland Red. 

SUlleIU . 
WyaDdo~t.e . 
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CUBS m.- Ta.bJe varieties. 

Coucou de AlA liIleil. 
Dori.illg. 

lDdj~ G .. me 

CLUB IV. -Fancy or ornamental varieties:-
Bantam . Silky, Yokoh&m a.. 

Short Description of the Common Br •• ds.- Th. 
Jeading. poilltB of the breeds-in a.lpha betical order
bere follo" ;-

Ancona.- Small-bodied birds. closely resembling the 
Leghorns ; excelicnt layers. nOD-sit.te rs; plumage, 
mOLded black and ~rhite j very hardy. Two va.rietiea : 
the single and l,he ro~t-' -C()lllbed. 

AndaJusian.-SmaJI eodied bu'd.; excellent l .. yo", 
Don-sit.ters; pluma.ge, ",li..-er blue ground, colour, laced 
"'ith black j very hardy; single comb. 

Campine.- Very small ui rds, bUL great layen ; 
single combs. T\\ o var:ielies: gold and silver. 

Coucou de Malines.- A great t.able variety, having a 
la.rge (r8J.De. The youug bi rds are very hardy. grow a.nd 
mature qUlckly. and {atlt'H well. PJwua.ge, ba.rred ; 
slightly feathcl't'd 011 h.'g!:>. Siuf,le comb. 

Dorking.-Large·bouieJ birds, with clean white legs, 
~rying a fifth toe, Most. u~duI roc crossing \\. iLh Ga.me 
for table purposes. Five va.r ieties: dark, silver-grey, Rno 
cGd, with single combs; white a.nd cuckoo, with rose· 
combs. 

Fa.erolle.- Large-bodi.d birds, sbaped like Dork
iH~S; legs slightly feathered, and t:arry a fifth t oe, TbE'j' 
hav!." a chara<.'teri ::>tic muff or bearo ; single comb. T he 
ioung chicks fire hardy and quick growing. Va.rie ties; 
sa.lmon, ...... hite, and bull. 

Game (Old English).-Medium-sized bodies, with 
hard, close feathers; single comb; broa.d in breast, and 
carrying a fair amount of fl esh of nne quality. Excel 
lent for crossing to produce table b~ rd s. Tbe bens an 
good sitters and make good mothers, but a.re poor layers. 

Hamburg.- Very small-bodied birds, but excellent 
layers, though all the varieties-with the exception of 

• the black-lay too small an egg to be of AllY great m&rket 
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value j rOl!le~comb. Seven varieties: silver .pa.ngled. 
golden spangled, silver pencilled. golden pencilled, 
black, white, and buff. 

Boudan.- Large-bodied birds, wit.h cie&n leg8, CAf

rying & fifrb tol'; hutterfly-shar{'d comb i pluma.ge, 
mottled black -~nd \\ hite ; crested hcv..ti; J(ood la.ycrs. 

Indian Game (Plate X YlL . l). - Large Lroad-bre •• t,ed 
single-combed birds. ell rrying a large: amount of fiellb, 
and heavily-baued L'scful lo r cT(Jssmg to produce taLle 
birds. buL very poor layer s. 

La Bresse. - Medium-si7ed ; single-combed; good 
layers of large tinted eggs. non-sitter s; mature quickly. 
good LallIe birds j ,'c ry hardy. Va riel it'!I : bl}lck aDd 
white. 

Langshan.- Large fowls, on ra.ther long, s)jghtJy 
fea.thered legi; single comb. Falr layers of good-sized 
brown eggs. Two types: modern and Cr(Jad. Varieties: 
black, blue, and whit e 

Laghorn (Pla.te :x VI . I ) - Hather smalJ, very active 
birds, wi th yellow legs and single comb. Splendid 
layprs. non-sitters. Eight l'l1Tjrti~!I: brown, w}Jite, 
cuckoo. I,lack pile. duck wmp;. hufL and hlu('. 

lfinorca. - Mpdiuln-sizecl bodies; greaL layers of 
large, white eggs, non-sitte rs; rose and sing le combs. 
V arleties : black and wh ite. 

Orpinglon. - Large-framed birds; good layers of 
brown or tinted eggs and good table birds; make exce)
lent sitte rs and good mothers i clean white legs. Single 
or rose comb. Seven '\"'8rietles: bla.ck. buff, wbi te, 
jubilee, spangled, hlue, and cuckoo. 

Plymouth Rock.- Large bird>, with cloan yellow 
legs, and bea\'ily boned Single comb. Fair layers of 
dark brol\'n eggs, nnd gooJ silff· r s. Foor varjetie.! : 
barred. buff, blae k, and white. 

Redcap.-SmaJl. " cry hardy bird.. Good layer>, 
Don-sitters. Beary rose comb ; plumage red a.nd black_ 

Rhode Island Red.-Of recent origin_ Bodie. fair 
size, clean yellow legs j good la.yers of rich brown egga; 
rose or single combs ; plumage cherry-r ed. wi1,h dark tail . 

Suasex.-M.edium-sized bodies, with !Ulall bone; 
clean white leg.; ..mgl& comb; good ' I"y"n of tin~ 
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eggs a.nd goo,j sitters; excellent. for crossing with GaUlt' 
for table. Tltrf'e va r ieties: red. light. a·nd speckled. 

Wyandotte (PlaLe X Vl. . 2).- Ono of tbe most popular 
varieties. Clean yeJlow legs, medWUl-SIz,eu bodies, rose 
comb. ExceJfeul" I.nter layers of tint.ed eggs. good 
sitters. Thirteen \"ariel.it's: sih"er-Iaced, golden-laced. 
\\' hiLe, buff. uuff-Jacl..'d. partridge, ,sib er-pf'ncdled, bJack. 
black-laced. blue, blue laced, columbian, and c'uckoo. 

DUCKS 

The v .. rious breeds of domestica.ted ducks are 
genera.lly believed to have sprung frOID the mallard or 
wild duck (dnal b03Chcu). which is to be found all over 
the Continent and in ALllerica, as well as in the norlhern 
pa rts of Africa.. 

The common breeds kept in this country aTe:-
Aylesbury . 
Pekin. 
R.ollell. 
Indian RunllCr. 

CI\)'uga. 
MU8(·OVY· 

C()al~y Fa.wll. 

Khaki Campr..ell 
Buff Orpington. 
Blu~ Qq .. dugwn 

Aylesbury (Pla te X \'11., 3). - Large white duck5, \\ l\ h 
flesh -coloured bill and a deep keel. The ducklings nrf> 
very hardy and ea.sy to rear. and quick growers. If 
properly fed, 'will attain a good siz.e when 9 to 10 weeks 
old. Not very good layers. 

Pekin .- Medium -!ized white ducks with orange bill. 
! good all -rou.nd breed. The young do not make such 
good weights a.s the Aylesbury, but become nice and 
plump. Very hardy and good layers. 

Rouen.- Both sexes resemble the mallard in colour, 
but greatly surpass it in siz.e and symmetry. Kat so 
suitabl~ for the early ma.rkets as the Aylesbury, because 
they do not fatten so well j but they are excellent layers, 
&nd make grea.t weights in the autumn. 

Indian Runner .-A non-sitting breed. Excellent 
lay .us; very hardy, and great foragers. They 'pill run 
over a large extent of ground. if allowed, and find the 
groater parL of U,eir food. Too emall to be of afIJ 
I~II& • • alue for table purpo.o •. 
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Muscovy or Musk D uck.- Thr"e are nol kept 10 Any 
grea l exlenL no liuuld on R('COUIlI or Iht'l r ~ll.\llge d Ill 
pos it,ion. cS lwcutlly ullrll1g liI(· Iln'e(_hllj.~ :-cu.J.{Ju. TLey 
are good [urltl:;t-'rli and allaw grt'l.I.l II t'1~hIM. 

Cayuga.- A glll,d nil round \'aru' IY: goot] forn,!ll'r8, 
".ry ha rdy. and qUick growing. rhelr d~lk tikLII lti the 
only objection. 

Tb. toa ley Fawn, K1Laki Campbell. Huff Rnd Blue 
Or pinglon3 are of recent tl Tlgln, B.IHJ a re aIJ weD 
.puken of. 

GEESE 

Ou r dornesticlited gpese bR'\"C pr(dnddy illl ori,(.dtl4ted 
from the ~jJd goose or gray-lag (-/ fI.~'" ("rll.,). \\ h lI:h ill 
to be fOUlld in Eun.JI,e. Africa. allJ AS UL. They ~t>nt'ra lly 
vi . it this country ill rhe \\ infer. tlJ(Ju~h sOUle htH'e h~en 
known to ne~1 ill I he F{'n di stricts. 

Common Breeds:-

Embdeu. Toulou!le . Ch illefte. 

J:mbden (Plale xv r!. . 2). - An ,xLreme ly hardy white 
breed. quick growers. and ea.sy to rear. T hey are excel· 
lent f OT the early lUarkel 0; as p;reen gt'e~e. fo r the gosling!!! 
carry a fsir amount of fl e~h. M H.Lure gandere weigh up 
to 30 lb .. and gee •• up to 22 lb. 

TouJouse.- A .!11eeJ grey breed with df'f'p kf'eJ. 
which becomes mort' prominent in the second year . aDd 
gi ves them the HI'IJt;>aranCt> of being IIlucb hf'8"It'r than 
they reallx arf' ~bJ lure gandf'r!' n,·j,L!h ap I(J 2~ Ih .. a.nd 
geese up to 20 lb. Tbe goslinge arc hardy and g ro w 
wel1. but wben g rowing do not car ry 80 fllll('h fi"xb aa 
the Emhdf'ns. and arc therefo re not 80 suitable fo r Lhe 
early market • . 

Cbinese.- A small \'sriety; two colours. 8leeJ ' grey 
and white ; good layer s; will oft.en COolnJenee LO lay in 
December. When matu re, the gander weighs up to 

Ii lb. ; goo.o, up to 10 lb. 
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TURKEYS 

The various breeds of the domestic tu rkey h ave 
proba.bly originated from lhe wild t urkey (Melwgru 
yalloj)(lt'o) of SlJnh America. and , curious t.o say, the 
domes t ic turkey. unltkc the other mcuJhen; of the 
poultr'y·yaru, is !;IDalleT than its wild progenitor. 

The common breeds mO!:ll popular in this country 
a.re:-

The American Mammoth 
Bronze. 

The ('umbridge Bron;,;e. 

The Norfolk BI~k. 
Tile Wl.Jit.e Austri ao. 
The Wu it.e Holland. 

There arc two mnr'" ,'arielics. a buff and a blue. though 
neither are ,'cry larg-ely kept.. 

American Mammoth Bronze (Plate xVm.l.-Thi. i. 
the largest of all the domesticat.ed varieties. It is hardy, 
and with care can be easily reared. The adult cocks make 
up to 34 lb .. and .. dull hens 20 lb. 

Cambridge Bronze.- This is much like the American 
in colour, but. mny be a jhtle smaller It has been so 
much crossed Wilh the American that it is now difficult 
to Jistinguish the one from the other. 

Norfolk Black.- This is often called the black turkey. 
It is smaller than the Cambridge, a.nd is the hardiest 
and the easiest to rear. 

FOWL-ROUSES 

SOIDe farmers do not pay sufficient a ttention to t be 
housing of their fowls, leaving them to roost in the 
trees during the summer moot.hs. When frost and snow 
come tbe fowls are d riven to seek shelter in the buihl~ 
iIlgs, and thert> they become a nuisance. The cost of 
8. suitable house is not Vf' r y great1 for the only essentials 
a.re dryness, good ventil&tion. and freedom from 
dra.ughts. The number of fowls propo!led to be kept 
must fi rst be decided, and houses selected accordingly. 
For a man who haa only a. limited amount of 18.Dd a t 
bis 4isp08&l, 8. lean·to house, wi th 6cratching~shed 
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a ttached. will b. found Inost Slutahle (fig . 233). The 
scratching-shed , hou"l be fill.d to a ucplh of about six 
inches with straW chaff. uriE"d leaves. or the lik~. u..nd 
the corn Ihrown a.mongs! it. This will cnu.!IC diP fowl" 

F,G . 233 - PIll'l.TRl" · IJOl1S E ,,!liZ> SCRA'l'CH I~O IIRC D ('OltJHI\' ~D 

FIG. 234.-POB.TARLt P OULTItY-DOU$&. 

to acratch a.nd work for their food. and give them 
sufficient exerci8e to keep them in 8. hea.lthy, profit.a.ble 
condition. Fo:- the farmer there is not.hing to bea.t 
portable poultry-house (fig. 234), as tbis can be moved 
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to the stu bbl. afte r harve.t, and tb. fowls will be able to 
find thei r owu food for SOLue Liwe, besides doing the 
field s a greaL denl of good. to eit ber case it. is well 
to betH III LDIUU lhH.L £0\\ h, will no(' thrive and do 80 

"!eU "'beH ke.lJl together in large llUlJllJer.::i, about twenty 
to twenty-five being 8uitic h! UL for one bouse. ]f the 
hou;:.lt!~ art! kept a rel1~uu8.ule dn, t &llCe apa.n, the fowls 
will gt'nerally keep t.o thel f own balch. 

The p erches should Le removable, suspended [rom 
the roof, ano placed a.bou t 18 inches (roOi the ground. 
aJl owlllg a bout 8 mclies of space on the perch for each 
bird There !lhouJd be a !lufhclenL Dumber of nedts t.G 
pren.~l.lt the bens fighllllg for them, for when this occun 
a nuwber of eggs are certain LO get damaged. About 
one nest. t.o 6\'ery three heus \\ ill be fouud the nght 
nrUJ,ortJOIl. There shuuld be no draugbt.s, but 8. good 
clrculatlon of fresh 81T. and thiS is best oOl.ained by 
haVing an open wire front, wit.h slIding ohuLLer to u • • 
when required. 

SELECTION, MATING, AND BREEDI NG 

For breeding purposes it is essential to select the 
heal thiest. Mock. Choose birds whIch ha.ve been rea red 
harely. and which have never had a. check in chickeuhood, 
and these may be expecteJ to produce fertile eggs, from 
",blch sLrong. healthy chickens way be baLChed. 

Stronger chlcken:4 are produced frOID hens in th.ir 
aecond year Lhan from puilets---'l .. e., first-year hens-and 
for a l..I1gb percentage of fertile eggs maLe hens in their 
aecond year La a vigorous early-haLched cockereI-i.e.., 
firsl-year cuck. \Vhen very early chickens are required 
the usual rule icl to mate a vigorous two-year-old cock 
to earl.V-haLdj~d pullets, a s the puliets corne on to lay 
rather earl,er thau the hens. In the early part of t.he 
year six hens llJay be allowed to one cockerel in a 
confined run. hut 8.S the season advances Len to twelve 
hens to one cockerel may be aUowed. When mating 
ducks the best. resul ts are obtained from two-year-old • 
d ucks maLed to an early-hatched young d ra.ke, allowing 
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about fil'e ducks to ea.ch drake. For geese, select. twO or 
Lbrce-Yt"'ar-old gt-t'St· ;wd WilLc tu a mulun: glluucr ; LLre~ 
or four gee:ie to each gauder. 

Wuen lll8.LlIlg turkeys IllS vrry cs!)eutlld LU select good 
healthy stut'k Utlll!-., IlIdt'I'HblJ l\\(1 or Lhrt!c-.\t'ar-old 
hens ruated l.O II 8trollg one yeur uld ('ockcrcl, o r, lJoller 
8till, La a Lwo-yeu.r-oIJ cock. ullo\\ lUg tUX or eight hen. 
La ea.ch cock. 

HATCHING AND REARING 

Artiflcial. - \\"ith tbe use of an iucuha.tor it is possible 
to haLch the v. bule j car rouJI(l. ami fur hl:LlCitlDg early 
Lable lJinJ.s an lUCllbator IS aiW()Sl a. ueccijstty. 'I'h~re 
are two dUTe,;t!JlL lYVes of JUCuLlllonl:-

1. H ot waLeI' or lfLUk lucubBWnI, 
11. !\OU -lJ.IOUOLUrtl or bu~ lLU lDcubaLOM. 

Under suitable cond itiolls and proper management, both 
types may be eXJ.lecLed LO .\0 Jelcl s&t.I!1factory result!. 
Makers ah' aYB Benu out a. book uf imnrucl.JOus \\ iLL each 
macu1.Oe, and thiS should be "ell 8loudleu before 
a ttemploing l.O start the 1.I)CU Lalor. 

The Best Place to Work an lncubator.- Always select 
a room wilL an even lellllJcralure. \\ ilU & northern 
aspect if possible. The Hour siJOulJ be firm. 80 t.hat 
there will be lit.tle or no VlbratlUn. There sbould be 
good venti1&t.ion, but DO direct draught. For a tank 
machine & platform is requ ired, WilJch l!Just be firm 
a.nd dead level , and a boul 2 fee t high. ~e\' er place an 
incubator agains t a waH, but allow a spal e of B t.o ]0 
inches at the hack to p romote a good circulation of air. 

How to Start a Tank Incubator (fig. 23:;).-8e8 
that. the capsule IS in posl t..ion. aud tL.at the needJe works 
b:eeJy in lLS tube, with Its lower end III the centre of Lhe 
capsule And its upIJer end under the milJed screw. See 
that the le ver is nOL damaged or bent., but. u.1)ows the 
damper to completely co~er the chjwney. Shde. the lead· 
weight al far & S it will go to the lefH.t .. toward. the 
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milled screw. Turn this screw till the da.mper rest.! 
lightly but firmly 00 the chimney. See that the incubator 
is exa.ct.ly }('\ el , then pla.ce the wa.ter t.ray in position 

FlO. :235.-T -'NK I NCUBj,TOIl . 

_ .I. . water ta.nk. 
8 n , monble egg {.ray. 
eo, water tray with perforated galvanized covet and p iece of 

ca.nvS$ to allow absorption of mo~u.re. 
ODD, holes for {ree;b air 
E E. veotilat.ilJg hol~6 . 
" , damper. 
0 , lever. 
ft, ~a<I wejght, movabJe. 
K K, s lips of wood placed under t'gg tray. These e1i pos are remo ved 

wben dllCk eggs are being incubated. 
L L L. hunp chimney and fiue pipe wbic.h p&.e6e6 through the 

tank . 
.. II W, non-oouducting me.terial. used ror packing to pre&ene 

beat. 
N, Lank thermometer. 
0, needle for communicAting the expaosion of capeule 8 to the 

leTer G. 
P , milled·bead eCl'eW. 
8 , fi.lli.ng tube. 
8, tbe..nn(MJt.atic a"paule. 
T, lamp. 
v. c=: for dieeharge of eurplos he.t when damper p . it! 

w, chimney lor d iBCh.rge or he .. t .tt.er ploMing thronp tank. 
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a.nd COVer with canvas, but do not. put. any water in it. 
Next place the egg-dra.wer in position aJld cover with 
ca.nvas. 

Fill t.he w&t.er-tank with sort. wa.ter ILL 8. tempernturfl 
of about 1200 F. Trim and fill the lamp, taking care 
not to tu rn the wick high enougb to cause it to smoke. 
The machine may now be lefl liJl tbe heal increa.seB aDd 
the damper rises. If the OIfLchine has been properly seL, 
it will do so when the tem perature in t,ue drawer reaches 
abou t 98° F. 

Then slide the lead weight along t.he lever towa.rdl\ 
t.he chimney about an inch, and le8.\'6 for 8 few hours 
for the hea.t to increase; repeat. a.t in t.ervals of about. 
twO bours. till the temperature in lhe egg-drawer i8 
1030 F., with the da.mper jU8t rising off tbe chimney. 
If the incubat.r remains stea.dy at, this tempera.Lure for 
24 haUl'S , it is rea.dy for t.be eggs. Select eggs of a.vera.ge 
size, a.nd neyer use misshapen, rough, t.hick-shell, or very 
Lbin-sbell egg. for incubating. 

Mark aU t.he eggs "'i th 8. X 00 one aide, a.nd t.he 
breed and number of pen on the other (~~ ) for u~e 
when t.urning the eggs. Put the eggs in the draw('r and 
pla.ce it in position, The tempera.J..Il re of the esg-d rawer 
should be taken twice daLly just. before the eggs are 
turned. The eggs require turning twice daily, a.nd 
should be aired for a.bout five minules cach day t.he 
first week, ten minut.es each day the second. and fiftecn 
minutes each day the last week. Tbe egg. should be 
taated for fertility on the seventh day, and all clear or 
&<Idled eggs removed . 

The eggs do not require tnrning after the ninet.eent.h 
• day, and need not be aired on the twentieth. If the eggs 

were fresh when put in, and the ma.chine bas been weJJ 
regul .. ted, the chicks will begin LO chip the shell on tbe 
twentieth day, and should le ... e the egg uDa •• i.ted on 
the twenty-first day. When the chickens aTe bat.ched 
they should be removed to the drying-box , and the empty 
shells taken out. Do not he constantly opening th. 
dra.wer when hatching, ft.a it reduces the temparature 
too much. Leave the chickens in the drying-box for 
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twenty· fonf hou rs. after which they are remo\'ed to tb. 
foster ·mother o r rearer (fi e: . 236). wh ich hap! been pre
pared to recei\'l~' them. The inner chamber of this should 
be about 90° F . for the tirst tWo or Ihree day!. Feed on 
dry chick food and give plenty of fresh clean water and 
sIDal1 sha rp c:ril at fi r"l. 

Cliicks requ ire fel"umg: \'ery often at fint - say. every 
two or th ree hou l"s- t he golden rule being, ; Good food, 
little and of Len. ' In a. wet cold season the dry-feed 

FlO. 286.-TAN"K FOST.K -IIOTH!; ... 

system is a g reat boon, as it help!! to tone the system, 
but iI.the chickens are required for the early marketl 
80ft food must be gi\Tell. though care must be t&ken Dot 
to lea.ve· any food about to get 80Uf , as this is the 
common cause of bow el troubles and a large percentage 
of dea.ths in young ch ickeDs. 

The tempera.ture of the rearer should be g radua.lly 
decreased as the chickens grow. un til at the end of a 
~ont.h they should be able to do without any artiJicial 



NATURAL INCUBATlOI'l 

be&lr---eXCepL in very cold weather. when il ill .. dviaable 
to give a little heat tt.L night. 

I'E ... 10115 o r IN OO lJATI ON. 

Fo,,) 21 dtt.YIIf. GOM!! JOda,. 
PheiUU\nl 24 Swan .2 
GoinetL Fowl 28 Em u . 2 

" Duck 28 " O.tncb .2 " Turkey 28 

FIG. 237.-SITTINO- BOX ,t,ND RUN C01:f8fN £D. 

Natural Method.- Select a suitable broody hon-<>no 
of good size and docile-the short~ leggf>d var ieties , luch 
as the \VyandoLtes, OrpingtoDs. Rocks, and Old Englilb 
Game being the best. The nest should be roomy-about. 
15 inche8 square. and bigh enough {or the ben to walt 
of! .. nd on the nest comfortably (fig. 2:li). Place somo 
mould in tbe bottom. and shape it out, sl ightly hollow in 
the centre. Cover with some 80ft atra.w or hay. And pre., 
in to shape. Place a. dummy egg in the nest, and put on 
the hen. When she has seLtJed down t.he eggs may be 
placed under ber. A hen will comfortably cover thirteeD 
ogg., &Dd thi. i. the usual number. It i. & good pI ... 



698 POULTRY AND POULTRY KKRPIIIG 

to sit two or three hens together. a.nd test t,be eggs 
at the end of the first week. when perhaps L\VO of the 

FIG. 238.-HEN COOP. 

FIG. 239.-F .. TT_Ullt'o CooP. 

hens would take aJj tho fer tile eggs and the third could ' 
;,e started with a freslr batch. 



FATTENING POULTRY 

Tbey should be let of! lo feed each day, and should 
have only gra.in. wbeat. or maizo. a.lld plenty of fresb 
waLer a.nd grit: a dust.-b&lb should a.lways be 8uppljed 
whpn possi\,ll'. no nut T1Jeudl(' too O[tl'H \\ itla he1l~ 
when hatcbing. f(lt Ihe,Y art' apt to ~et P(·('\·jsh, and 
will cru~b lhe chlckC'rts as l,hcy arr" jus!" ha.tching. Before 
removing to u. coop (fig. 2313) the uell :lhould hu \le a good 
feed of cor n. and wben t.he dlJcken~ urc fed she \"tll cal! 
Lbem to the If'ed JlJ."l cat] of l1Jkl1lg it herself 

Feeding Table.- Flrd n-,,/. Pr,\' chick fe-ed every 
three hours. and 8. good ~lll J ply of water and fioe grit.. 

Se.cond tnl,d third TJ· t'f'.t·.~ - Scalded biscuil meal mi)l;od 
dry with Sussex ground oats for the first. weill and at 
midday, and dry cLick-footl tho second and Jan meal" 

Fou.rth to 'L'tllth iTeek.
Sussex grolJDd oats mixed 
to a. crumbly state" iLL 
skimmed milk (L~'O Ceed. 
each day), and gra.in (two 
feeds). . 

Afte.r Ten Weeks. -
Three feeds each day will 
be sufficient. (t.wo feeds of 
soft Cood, with grain At 
nigbt). A. ch icken. need 
& high albu lUllloid ratio, 
a little flesh food or green 
bone may be added wilh 
adva.ntage. After (our 
months old feed &!J stock FIG. 240.-CR ... .uMU·O MJ.CHr~£ 
birds for pullets. Tbe 
cockerels, unless in-
tended for stock, should 
he f .. t tened. 

Fattening.-When 12 
to 14 weeks old the 
cockerels should be sepa
rated from the pullets 
and placed in fAttening 

.6, food re6er'9oir. 
B, pump cylind~r. 
c, epring for bringing foot pedal 

and plflton hack. 
E. piston rod. 
K, Q()zzit! o r food Lube, 

){. ~~e~~r de!li;:~:r ~~&~~~ 
I;Iroke of the pi.ston. 

o fOOl pedal. 

pens (fig. 239), where tbey are fed on ' soh food. 
The food wh.ich give. the line.t qua.lity of fle.h i. 8ulSe:< 
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ground oats mixed with skim or separated milk; if the 
milk is sour S0 lIJuch better. The' food should hf' gi"en 
fa tbrr moist. as no water i!S surJv11l:'d whilst fattening 
W hen ,-cry prime l,irds nre re(!lllrt'd (he.,' should be 
cramm ed ( fig . 240). The SRlIle kllld of food IS UI5f"d. v. ith 
l ornetimes a litt le add itiOnal fat. and the Ll rJs are 
crammed twice each day at {'quuJ IIJle n ' als of lill,(', just 
giving them as much as they can digesL. Teu or fourteen 
days ' cra l11[l1ing is a s I1luch a ... dl(·." ('an !3111nd, li nd thry 
should be k illed off at lhc cud uf this ti lli e. tlr lilt'y wi ll 
lose weight. 

Ducklings.- The!6 only require a l iule heat [or the 
fir st ten days or two weeks in colJ weather. Tbe food 
should consist of ba rl ey meal. pollards. I;I.I1(j maize meal. 
mixed to a crumbly lJas1 e \\ ilb mil k for the first six 
weeks j the rema lning four weeks Lh ey sht. uld be fed 
on rice cooked in milk and ml:~ed dry with pollards 
and oatmeat Suflicient waler should be supplied 
[or drinking purposes only, and some ~ r ii should 
be placed in the bottom of the drinking vesseL 
They should have plenty of green food and boiled veg&
tables, &8 this Lends to kee p them heal t hy and is cooling 
to the blood. They should be ready to kill at len weeks 
old- that is, before t hey begin to moull. It is a. good 
practice to allow them to !wim in a pond aboul two 
days before they are killed , so that they may clean 
their fe&thers. 

Geese.- Young goslings r equire very little arti ficia1 
rood, as they consume a considerable quantity of grass. 
A little boiled wheat mixed dry wit.h ba rl ey meal IS a 
good food to give Lhern a start. They sbould be placed 
in a la.rge roomy coop wi th a. run in [rant for lL few days. 
The coop should be bottomless and placed in the shade, 
for the yeung goslings do not thrive so weJJ when ex· 
posed to the direct. rays of the sun. They should not 
be allowed · to !lwim [or the first two or three weeks, 
unless the wea.ther is very warm. 

If required for the Micha.elmas trade, they should 
be kept in good condi tion, and ehould have 8. morning . 
meal of barley and maize meal , and oats at night; but 
Wh&ll requi red for the Christmas tra de, one Ieed of com 
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in the evening is all thf;Y require to keep them in good 
growing condition. They should never be allowed Ullo 
a. strealtl, a:; jiglitiug 111:;an .... t tl.e cLirrent \,he n going 
up·st l'cam tends to hurden Lhe UlUsclcs a.nd makes Lhem 
very tough. 

Turkeys.- For the SllCCC8Sful rea:-ing of young t.urkeYIi 
it is es~el1tial 10 haH~ good. cl£>an, \\ell dralOcd lanu, 
with short gra.ss, large. wcll -\'en111aled hOUS68, a.nd good 
sound food. 

The Erst feed should be gil'en when l hey are twelve 
bours old. anJ should con~isl of hard -boi led 6ggS, 
chopped fine and mixed with brf:'8.dc r lllllb~. This should 
be droJJped r ight ill frollt of the _:'oung turds , so al to 
attract. liJt'ir alIeni ion. Skim milk e;i\()uld be given to 
drink , and plellty of chopped gl'('fll rood. such 8.S onions 
and danut 'hons. .'\ft,,!, !hf' fir!<t \\ ""10 di'>t'oJltinue ~he 
egg food. and gradually change the food to g round oaUl 
and pollard!! mixeu to a crumbly stale with 8\\eet. sk im 
tlJllk. and plenty of green food. They req uire very 
close atlent ion during the first [\'· 0 monlhs, and I\lUkl. be 
protected rrom wind and rain till t lt ey h& \·c 'shot. t.he 
r ed, J which is the itl'prarance of t.he red growths on 
tOe bead. Aft er this they r,eCOl11e li1uch hardier, and 
tbeir appelites in crease t'llormotlsly. Ttwy must be kept 
growing, and given a good range, for they are 8plendid 
toragers. About a. month or 6\"e weeks h('ro re Chri8tma. 
tbey should be placed in & dry shed and fat.l,cued, the 
food to cOllsjst of barley IDE-al, ground oalB. and pollard.! 
m ixed to a pasle with skim milk (or morning feed, and 
oa.ts a.nd barley a.nd \\ heat in the evening. They 8bould 
aJways ha.ve a good supply or sharp grit and fresh cle&n 
wa.ter. 

KILLING AND DRESSING 

K illing.-Tbere are many ways of killing & fowl, but 
the most humane one, as well a5 the quickest &nd 
cleanest. is to disloca te its neck. a8 no blood is seen. 
Th~ bird sbould be taken by the legs in tbe ,left hand. 
which can g-rasp the ends of the winge. a lso j take t.he 
bead in t,be right, hAnd. Place the lego &ga.irut the 
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left. hip 8J1d the head over the right thigh. Draw the 
fowl to its full length, and a.t. the same time tu'roing the 
head suddenly bacinqnd~. t.he neck becomes disloca.ted 
just below t.be junction with the bead. There will be a 
cerL.ain aUlount of muscular contraction and Borne flul 
lering. but if the ope ra.tioll is properly carried out theT~ 
is no pain. Plucking should commence ag soon &s the 
bird is killed. for a bird is much 68.Bier to p1uck wbile 

warm. When this operation 
is completed, the birds a.re 
placed on a shaping-board 
(fig. 241) bre8.~t downwards, 
with a board and a weight 
plac~d on their ba.cks, and 
lefllill cold. This greally im· 
pro\'cs lhcirap}lf.arance. mak
ing lliem look much pluJOper 
t.han they did before. 

Dressing and Trussing.
AU lhat is required is a. good 
knife. a trussing - needle 
(ahout 10 inche~ long). and 
~'Jmo Ilne- ~lrollg; string. 

The birds should be smged 
FIG. 24l.-SBAPINO BOARD. to get rid of the hair, using 

straw or grease-proof paper. 
so that there will be no smoke to discolour the skin . 
They a re then wiped over with a. dry cloth . 

Lay the chicken on its breast, take the skin where the 
neck joins the hody in the thumb aud first finger of the left 
ha.nd, and make 8. tra.nsverse cut, exposing the neck.. Cut 
off the neck just where it joins the body. leaving about 
two or three inches of skin in froni; now turn the bird 
breast upwards. a.nd take out the crop. Insert finger in 
A-shaped .opening, a.nd, loosening &11 the internal organs 
which can be -reached. turn the bird on t.o its brea.st, 
stern upwards, &ad make 8. cut between the tail and 
the vent and I1n a.ngular cut on each eide of t.C'il (this 
prevents the sk.in splitting when the bird i. being 
d rawn). Insert the finger and find trail. pass tbe knife 
under loop, and cut of! the vent. 
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Loo8en the fa.t from the gizzard, and theil, by t.ak.ing 
hold of thig Rlul drawing gendy. t.he \\ hole of t.he int.es· 
Lines, with tbe li\~er. heart., and lungs, will COIlle awa.y 
in one mass. ('UI off the e."\lrewt' Llpl:l or w111g& and 
fee t, 8.nd nick t.he sklll ill fronl of and 8.n meL above 
We bocks. Place the needle througu the l~g and body 
8.I1d out thruugh tLe leg on the olher ~idr. and back 
t.hrough the wing o~'e r lbe ba.ck, and llirough the \\'mg 
on opposite side; pull Light. .and tie. Pass the needJe 
through body at end of back ne .. r the tail o\'er the 
leg, t.hrough t.he skin under t.he breastboDe, and over 
the other leg, o.nd tie tightly. Smooth th. fowl o\'er, 
and the opera.tion is coulp)ete. 

Ducks are generally killed by break.ioEt tbe neck. as 
described for the [owl, plucked. singed, and wiped over 
with .. cloth. 

Cut off the neck where it joins the body, leaving about 
two incLes of skin LO fold o\'er slump. Tben place the 
bird in 4 basin and pour boiling wat.er over the breast. 
a.nd [eet. (lhi! lightenlJ the skin aud makes the bird look 
& grea.t deal plumper). Lift the bird Ollt. of the wlLter 
and wipe dry, thea strip the ha.rd outer skin oB the legs 
a.nd feet &nd remove the nails. Place the bird on its 
back, &ad with the second finger of tLe right hand 
loosen aU the int.ernal organs (as in the case of the 
{owl). Tum the bird round , make a t.ransverse cut. below 
the tail, insert. finger and find trail, which is cut. off. 

Loosen t.he fat from the gizza.rd, and then, Ly Laking 
hold of the gizzard and pulling gently, the whole of the 
intestines, with the liver, hea.rt, eLe., will come away 
in one mass. 

Cut off the wings at the firs t.. joint, stitch the neck 
skin over stump and tie the wings aCross the ba.ck 
with tape. Press the feet inwards aDd downwa.rds, 80 &9 

to bring them under tbe thigh., and hold them in posi
t.ion. Then place the giblets-i.t., the neck, heart, liver, 
gizurd, a.nd wings-int.o tbe body of the bird. Pa •• the 
ta.il through the bole where the vent is, cut out and 
tie the legs &cros. the back with tape. L&y any fat 
which is taken out of the bird over the brea.st) a.nd 
place on " slate slab to cool for " few hour.. when it 
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will be ready for market. Never pack ducklings whilst. 
they Are warUl , because they discolour 60 qUickly. They 
should always be allowed 1,0 geL cool and finD before 
packlDg. 

Geese.- The best. method of killing a goose is to give 
it a sharp blow on the head wilh a SLIck to render it 
unCOllSClOUS, and then cut across t.he bM.se of Lh6 skull 
wiLh a sharp knlle. 

Geese Are dressed in the same manner a8 described 
for ducks. 

Turkeys.- The best melhod of killing a turkey io to 
[aaten its legs " ' ilh a stfong cord, and by t.his cord 
suspend it. to a beam head downwards at. & cOD\'cnient 
height for the operator to pass hls left arlll round the 
bird 's body. Take its head III the figh t. hand, extend it!! 
neck to £ull length, and gl\' 6 a strong jerk cfownw ards / 
a t the IIAme time LUrning the head UP" ards. The neck 
is dislocat.ed just below the jUllclion with lhe head, a.nd 
death will be instaOl.alleous. There will be lIome 
muscular cont.raction, but no furlher pain. 

Turkey s are dressed ill the same way as (owls, though 
it is usual to rer.uove the merrYlbougbt, so as to allow 
of & better cut of breast and forcemeat wben carving. 

MARKETING or EGGS 

The National Poultry Organisation Society was 
form ed in 1898 for the purpose of encouraging the poultry 
industry in this country, and of establishing & system 
on strict business lines by which farmers and others may 
market their poul t ry and eggs in accordance with modern 
requirements. Depats are formed , and the members 
are oupp{ied with a. ota.mp with which a.il egg. a.re 
m~rked, and any bad or st&le eggs C&D. thus be traced. 
The eggs are collected or delivered at the depbt at. least 
three times a week, so that freshness may be guar~teed. 
At the depOt every egg is tested fo r freshness and quality, 
and every egg passing the test is brand.ed with the trade-" 
mark of the Society, gra.ded, packed, a.nd de.patched 
witliout 10 .. of time to the great centre. of population. 
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Th e re-sulls (If Ibe ad () fJ1 illT< ()f IhlN i'.nl PHr hllO: bt'f'H 10 
iwpron, the qUI",h lj' of pt'llduct' tlue 10 IIL Ort~ rllJlH.I mar 
k et.lI1g. and LO grea tly e n uance the r eLUrlHI o iJLllUl(H.I by 
the VWUUCCl's . 

PRESERVATION OF EGG S 

Eggs fOT preseTnuion shou ld be Irf"'aled a s 800n A8 
POl'sIIJJe after lLey a.rc Llt ld, or a s BuOI) a., dlf'Y have 
cooled. In fertile (' g}.!::, arc Jlkl'ly IU kl'l'Jl l'l'lter than 
rer ttle ones. 

Tb e Lest CII onths for presetTing egr;r~ are MflTCh. April, 
Ma,\', anu J UIlt", anJ lhc~e n rt! llir JUClllths \da'u the eggs 
are most. plenLifui. 

The best r es~IL8 are obt.ained when the eggs are stored 
in a cool place. 

The follow ing are the common methods of preacrving 
eggs :-

1. Wate r glus (fdlical..e of 8od&.). 
11. Lime \\8. t.e r . 

Ill. Sal!.. 
JV, F at or Butter. 

Water-glass is D OW one of the most popular methode 
of preserv ing eggs. A concen l nu ed solution lllay be pur
chased a t all chemists an d Slores. IlUlI it is ,ery easy to 
prepare. A 10 per cent. !!I oJ ul ion 15 gene rally elliployed, 
though e xper imenls h8\·e pru ,·ed thaL a,j fJ~r cent. 801u
tiOD gives very good resul lS. lL will mi x better with hot 
wa ter . but the solu t ion musl be qui t e cold before pULting 
in t he eggs. Take care to !iee lhat all t be eggs are 
sound when putting in. If any are cracked, they may 
spoil t he whole baLch. See that the solution covers the 
eggs to 8. depth of about 2 inchea. 

Lime Water.-This is ODe of the oldest methods of 
preserving eggs. and it haa t he ad "anl&ge of being very 
cheap. One gallon of l im e (slah·d) is mixed with a 
quart of salt and added to £I\' e gallons of ".a.ter, and 
thoroughly mixed aDd allowed to s tand for a few days. 
The clea.r liquid is drawn 0(:[. and this i 8 poured over 
the egg • • 0 ... to completely cover them. A cloth io 
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pia.ced over the toPl just touching t.he wat.oc. &::ld int.o 
this cloth 80me fresh slaked liUle is !JUI" so that. if the 
lime in t.he solut.ion loses its elTect, more caD be t.aken up. 

When Lhe eggs are La.ken out. o[ the sulution t.hey 
require 'o'ery careful handling, as t.he lihells a.re very 
unule j and they are also \'ery rough. 

SaIt.-Eggs call lJe vrcserved in salt by placlAg abou t 
t.wo lllcheB of s&!t. jn a. ja,r or CB~e and laYUlg Lbe eggll 
In t.he salt wit.h the broa.d end down. Cover with a 
2-inch layer o{ sail, and another layer of eggs, and so 
on, till the case is lull. The one objectiol.l to this melhod 
is t.he increase in the all spa.ce, which gives the eggs 
the appearance of bein g st.ale. 

Greased Eggs.- Tbis meLhod consists of coating the 
eggs with a thm layer of faL or butter. Take a small 
piece of butter in lhe palm of the len hand, and with 
tbe righ t ha.nd turn the egg round severa.l times, so 
that it gets a thin coaL of butter all over the shell. 
thus closing t he pores and preventing evaporatlOn of 
moist.ure. The eggs are tLen sl.ored, WILh the broad end 
downwa.rds, on shelves. Care must be taken that the 
butter is of good flav our, or the contents of the egg 
will become taiuted. 

DISEASES 
..l 

It is impossible in this work to describe fully the 
symptoms and trea.tment of all the disea~es to which 
poultry a.re subject, therefore only a. few of the more 
common ones are dealt with.. Disease may be easily 
checked if taken in ita early stages, and it should be the 
duty of the attendant to keep a look-out for any bird 
which ma.y appear out of condi t ion. Any such bird 
should be taken in hand and treated at once. 

Catarrh.-One of the commone.t dise .. se. in poultry 
is e&t&.rrh, or cold in the head. Symptoms arc sneezing 
lind a thin watery discharge from the nostrils. The 
causes are damp or exposure, sudden changes of wetther, 
overcrowding in badly-vent.il&ted houses. Treatment.
Warmth is the most es.ential thing. Place the bird in 
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8. dry place, feed on 80ft nourishing food, to which ,. 
little powdered ginger may be a.dded. aDd put a little 
sulphate of copper in the drjnking Wa.tt,T, using glan 
or earthenware vessels. 

Roup.-ll cold. a re neglected they may develop ;nt.o 
roup. The discharge from the nostrils become!! thicker. 
with an offensjye odou r, t.he (ace becomes swollen. and 
one eye may be completely closed. There is 1088 of 
&ppet,ite, arid the bird mopes nboul. Treatment.-The 
same 80s far coJd-warmLh. and sUlpha.te of copper in the 
drinking waler. The mouth and face 8hould also be 
washed with permanga.nate of pot.a.sh. 

Crop·boUDd.-Caused by careless febding. Pea-sheDs 
or pods, cabbage·leaves, et.c., arc common causes. The 
crop becomes packed "'itb food which (',annat pa!s, a.nd 
it hangs down like a bag. H tbt> lrouble is discovered 
early the cure is easy. Treatment.-Pour a little wa.rm 
water DOWn the throa.t Rod gently work the crop with 
the banda. This will caUf~e the rood and flUId to mix, 
And when the rnS.88 is broken up the cha.nces aTB that 
it will pass Away. Tf the kneading process is not 
effective an operation b(>('omes nE:'('{'ssary. 

Gapes.-Mostly a.ffects young chickens from one to 
three months old, and is caused by II parasit-ic worm, 
which affecls the windpipe and makes lhe chicken 
gasp for brea.th. Symptoms: repea.ted ga.ping. sha.king 
the head and coughin.e;. At. the sa.me time the chicken 
runs backwards and droops its wings. Treatment.
Remo\·e chickens to fresh ground, and git"e a good 
dressing 01 lime. A sroo.l! fe&tber stripped 01 .. ll except 
the tip, dipped in tnrpentine OT eucalyptus oil , and 
pushed down the windpipe. wilJ 80metimea efiect a cure. 
Any chickens which die should be burnt, t.o destroy the 
worms and prevent further sprea.ding. 

Liver Diaease.-Tbis i.! one 01 the moat dre&d.d 
diseases, and is conta.gious. Symptoms: The birda mope 
about and be.come thin and poor. The comb becomes 
8hrivelled and turns a purplish colour. The excreta are 
of a light yellow colour. Treatment.- Remove to hesh 
runs. Any b&d uses .hould be killed .. nd burnt. All 
the hous.s should h. thoroughly di.!infected. Give 
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tioses of Epsom !'nIt, and fef'd "f'ry spnringly. Put. a 
fair hll10uni of ) f'IIII('f> or uandelions in 80 f t. food . 
AdmillisiP T .Ii.. ]1\' er pi ll o('c'nsJollI:dly. 

Scaly Leg.- ~.\ rnplOIlIS: Hough sCHles on shanks. 
Causes: T, eeJJing ,he fu\\ls 011 a \"('ry dry r un, !lU cL as 
d ry :l ~he ... o r 0\'1'1 )il'fllillj.!; fO{ld. Th i ~ ailll\\S The entry 
of Ii. pllr H._!'>lli~ lill Ie (~I" II. tll:}) T re3.tment.- \\"lu,h the 
bird 's il"gs with \\finu "Iller Bnd SOflP and dress with 
paraffin or sulphur oiUlulellt. Wa.sh and diRillfecL the 
perches. 

Egg·bound.- \,"hell hf'I)<; ma.ke fr f'C'lllc nl and p rolonged 
visits lO 111<" nesl \\iliJout any f t'Sllit B,1)d a ppear dis
tres~lf'·d through pr%n gf'd Ilcra ,n inl{. il is generally a 
ca.~e of f>!!.g hound. \, hidl IJ1IlY lJe cBu!o.ed from o \'e1'· 
fa tness or from an a llno fillall." large egg in the o \·iduct . 
Trea tment.- Take lbf! Itf'Jl and hold her 'l'ilh the \'ent 
over a "es~e l C'onlail1in~ hot wlll(.Ir for a few minu tes. 
and aflerwards pour II liule oil int o Ibe \'enl. Place in 
a. qu iCl plAce for a few hou rs. when she will probably get 
rid of the egg. Avo id all fill fO rJ lI~lIg foods, amJ gi\'e a 
little Epsom ~alt in d r in king- waler. 

CRAPTER XXX . 

HARllFUL A..'\D BE-'\El'IC IAL ANIMALS 

TH E practice of agriculture upsets the balance of Nature 
bS cuili\' l:l Ling plants and domesticating animals intended 
for Lhe maintenance of mankind. but also adding locally 
to the "!suJ-lpiy of food upon which wild {orm! , including 
parasi tes., cau draw. Many of these forms are conse
quent.ly r eckoned as 'pest s. ' or harmful animals. the 
natural enemies of which may be considered 1 beneficial I 

[rom the agricultural standpoint. It ib clearly necessary 
that the farmer should know hia frieod s from his foea, 
and the object of the present chapter i . to enable him 
to do 10. 



GR0UPS OF A)llllALS 

Group. of Animals.- 'Va have already considered 
<iomcttlicltlCd rncl.nuers of t\l"O or Ille c1lls!('s hf Jla.ck· 
boned A.nilliaI8-i.£., Mammals and Birds-wIllch alISo 
lnclude wild forllll of importao('e. The aLitf'r ULll:khoned 
classes are Repti les, Amphibinus. and Fishes. British 
Reptiles , including flc\'cral lizards and turre kHld8 of 
ttl18.ke, arc o[ DO parlicular iltl}lortanco. Amphibiana 
~re creatures wilh 8o[l slimy skins, and bcgm hfe al 

aquatic ta.dpoles. They cOlllprjse frogs, toftds, aud 
neu·LS. all of \\ hicL dC~'our Ulsccts nud adler Her/all 
<creaLure", and arc dccitleJ\y bcueficial Toao!'i. in patti 
cl!lar, des~roy lItrge llum\)ers of s.nai ls nod slugs In 

gardens. Fishes arc of no agricultural llllpOrlance, 
excer,l 4S II source (Jr manure or 8.rt.ifieia.1 feeding sLuff, 

The g r eat. group or 8uLkingdolD of ~l ol.LuticF or SHeLL
nSH include~ aninlRis of \\ hicb the l.lOclies are not. divided 
iDt.O rings or segm ents) nor arc thf>Y provided \\ itll limbs, 
A prot.ecti\'c shell is usually present. The classes in
.eluding cuttle-fisbc.s and bl\'ahe mOBUtiC8 {cocklt. 
(lyster , mussel) requi re no especial mention, although it 
1·(l8.Y be noted that ~ome liOl esi onps nre part ly composed 
of tbeir sbells, but th. cla.s of Gastropods includes l&nd 
linails llnd land slugs, among which are notorjous pesU, 
The d a.mage done by them to yariOU6 cultivated plant. 
18 effected by means of a r asping organ situated in the 
cnity of the mouth. Probably the grey field .lug (Lima. 
arrruti.J) is the most ovjectjonabJe, and this js usua.lly 
destroyed by dressings of slaked Or unslaked lime, or a. 
mix t.u re of salt. and soot. One application is not suffi· 
cieott as t.he body or the pest is a.ble (,0 exude a Jarg~ 
amount or protective slime. Fortunat.ely, snails and 
sll1gs have many na.lural enemies among Lhe emall wild 
mammals, b irds, and amphibians. 

A few slugs (species of 'l'e.staulla) are beneficial) 
becauso they live underground and destroy variolls pests) 
such as other slugs, snails, a.nd insect. la.rvlle. They may 
be recognized by t.he presence of a minute conical shell 
on the t&i1 end. 

The vast group of JOUlTEl).-LUtlBCD .t....VDUL. or 
hnmoroDI includes a great variety of forms,' in which 
"the body ia divided into r ings or segmenta, and poaaellfl" 

:I. 



elO HARMFUL AND BENEFICIAL ANIMALS 

a varying number of jointed limbs, BomB oC whi.ch are 
modified into jaws. One class-that of CrU!tacea 
chiefly comprises aquatic form s, such as lobsters, crabs, 
prawns, and shrimps, and therefore is of no particular 
agricultural importance. The woodlice, however, Are 
land cru st.aceans, wh..ich da.mage iruit and mushroom!. 
They are easily trapped by means of hollowed-our. 
potat.oes or apples. 

The remaining classes of Arthropods-(I) Tnsecte, (2) 
Ar&chnids (scorpions, spider. and mites). and (3) Myria· 
pods (centipedes a.nd millipedes}-are all of importance, 
and require detailed treatment. 

SE(ajJ:'~TE.D W0lU18 or A.."fNELmS include ellrthworms 
and leeches. The beneficial action of the former has 
.. lready been described (p. 9). 

There are two important groups of unsegmented 
worms, in which the body ill not divided into segment. 
----<i.e., Ro u:-m WORMS (NElL4.THT.LltlA.) and FLAT 'VOJUJ8 

(PL..t.TrnxLlLu), the I&tter comprising Flukes (Trematoda) 
and Ta.peworms (Cestoda). These groups include da.n· 
gerous a.nd undesira.ble pa.rasites, and more will be said 
.. boul them in the sequel. 

The lowest group or 8uhl-ingdom of animals is that 
of ANUULCOLE& or PROTOZOA, unicellula.r forms or minuLe 
or microscopic dimensions, which live a.Lmost every· 
where. Some of the parasitic species will be mentioned 
.. t the end of the chapter. 

The more import.&llt of the above groupB of anima], 
will now be treated in &reater detaiL 

The wild species of most a.gricultural impori.&nce a.re 
included in [our order8-{1) Flesh·eating M .. mmal. (Car
nivon), (2) Gn .. wing Mamm .. ls (Roden Oil), (3) Insectr 
eating Mammal. (InsBeevora), (4) Bat. (Cbiroptera). 

FLE.H· .... nSQ MilOU..UI (Cil.NIVoRA).-The fo~ (Can;' 
... 11""), though destructive to game-birds and poultry, 
deruoy. varioul pests" IUch &. hue., ra.bbitlJ fi4Ud 
Y_?lel, and lnaect larva. 
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The badger, 8toat. ',-o&8el, and polecll.L all belong to 
lb . u rn. fami ly (MUBtelida» . The ba dger (.II,u" taL"') 
i . a. r a.t.her clll rnBjJ'y~ b u jJt. &JJiJnIJJ , which ])\,0.8 in II bu rrow 
and i8 of noct.urna.l babi ta. 118 average Jongth is 1",\ weeD 
i and 3 feet. The food is of mixed naluro, lndudlDg & 

great variet y of ,eg Lable substallces and sHlall animal •. 
A certboin a moun.t of damage 18 t.lOU6 to game. \Jut, l b . 

badger is prcdomillatiugly henefici a l. destroying gre&~ 
numbers of "oles and other roucnt~ . aHd alBo many 
l11 !lCct pests, waslJ-gruba being ospecially relished. 

The stoat (l ' uturi ,tg tTmillw) is abou t lij incL. e! 10Dg 
(includ ing the 4-ioch tai l), a nd is diHti_ngu i!;hed by it-. 
narrow body and short legs, enabling it to furn.ge among 
undergro\\-th a.nd in of her confined apaces. Tlle Bummer 
caat. is brownish above tlnd white lJdo w, with & LJI&e.k 
t ip to the tail. I n wiut.er it turns w ore or JeBs whit. 
(especially\ n the north), but Ule end ot tho la il retAin. 
ita colour. This willtOT coat i~ the Bourcc of the vs,lua.b1 . 
fur kn own as j ermine, ' S toa.ts a.re rapaciouR noct urnal 
animals, wLich efft'ct llluch dest ruct ion Among gam e and 
poult ry, t hough th is i. largely conlpenii&trd by the 
killing of la.rp;e Du m\,en. of vermin. 

The weasel (1', "ll lgl1ri.s) is a. good deal smaner (1 0 
inches long, including tbe 2-inch ta.il) and slenderer t h AD 
the stoa.t, an d does not undergo the same uunked colour 
change in winteT, being a.1 waYI reddish-brown .. bove 
and white below. Its ba.b1is are much tbe same a l t bolo 
of the BOOat, bllt it is far more bloodl hirsty, which 
e,nhaneea bot h the good &nd ha.rm done. 

The Polecat (P. f atttdu. ) is 8. rare a nima.l of much 
Illrger size than eith er of the two preceding fOnD", &ud 
of simila.r ha.bi ta. It i . dark brown in coJour , with an 
intermiAture of yellow woolly ha iTI. The ferret j, • 
dome.tica.ted variety of troll apecje •. 

O ,U,...".O lliJDUUI (RoDJ;''Tu).-Th. mammal. of thi. 
order found in Britain are generally small or very Iman. 
They mostly feed entirely cn vegetable substance. , 
though rata and mice are omn ivorous. The moat ' trim l 
eb ll.r&eteriatic of a.nim&la belonging to thia order i. the 
p.euliar nature af the front teeth (incioon); which .. r • 
.. d .. pted for effective gna wing. 01 thOl. t •• th ther. ,,' 
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aTe two above a.nd two below, their edges being sharp 
and chi8el~8haped. 'I'bey are maint.ined in this condi· 
tion by a process of unequal \\ ear, their front surface. 
being coated with a. very hard subslance (enamel) which 
resists a.ttrition to a. much greater extent than the soiLe r 
ivory (den line) behind it. \\ihen aD incisor:8 pulled [rom 
the jaw, it is found LO be of great lengLh and not to 
taper into a fang. These teelh. in fac t. grow continuously 
throughout lire, and constant gnawing is necessary to 
pre\·ent.lhem from becoming too long. The ioint between 
the lower jn.w and f he sku 11 15 of Bucb 8. nature al to 
permit & certaiu amount of forward and buck-ward more
ment, thus enabling the incisors to be used &8 chilels 
or gouges. Three families are of importance, as the 
animals they include are all more or less injurious to 
agriculture. 

H are. and Rabbits (Leporid",).-Tbese ' or. l&rger 
than the members of t.he other two families , and are 
di8tinguishcd by the presence of II second very sma.ll pair 
of upper incisors behind the large ones. They are. in 
fact. teeth which are undergoing degenera.tion. 

The bar. (Lop''' <1Iro1"""") and rabbit (L. cl1nicul1u), 
thoug'h much alike in 6tructure, differ a good dea.l in 
their hablts. The [ormer is solitary and does not burrow I 
and the young are uorn with their eyes open, being 
.bIe to shift for themselve! very early. The rabbit, on 
the olher hand, is gregariolls, lives in burrows, and 
give. birth to blind. bel pless young. Its mode of liIe 
makes it more difficult to keep down than the hare, 
and jt i! &180 much mOTe proJilic. Both species are very 
destructive to young crop! and garden plants. They 
also kill young trees by gnawing the ba.rk. The method! 
of hunting down these rodents are fa.miliar t~ all, and 
they CAD. be kept out by the use of wire. Under natur a.l 
conditions their numbers ar e prevented from undue 
increase by such na tural enemies as stoats, wea.l!;els, and 
birds of p rey, hence if these checks to increale a.re 
unmercifully pef'secut.ed the result can t"-8sily be foreseen. 

Rats and Mice (Hurld",) .-These animal. a re distin
guished by a pointed snout, prominent ears, and lank 
I!,~Y tail. The old black rat (M ", rattw) i . now,. 8care .. 
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a nimal, except lOC.'l l1y, having been supplanled by the 
larger anu fiercer brown ra.t (M . d,.rlJm(JIIII~). "hich is 
8Roid to ha\'e been inl roducf>d into this count ry in the 
eighteenlh century, Rals cnt aJ Ulo!o\t c'·e rylillng. and 
cause ticrious lol's to the fanner. They are extremely 
prolinc, producing sC"eral lillers a year, wit.h ll.!! many 
as ei~hl yonng to u lilte r. The serious tli sen.se U'ichinosis 
(p. 648) i~ \\ idcfy disseminatrd hy them. anu tho fl ea" 
\\'ith which they a rc in(('sfcd src respoTl!SiiJ le for tho 
distribu!ion of the gernls of Or ienlll.l tdague. 

In spile or tIte '~'holcsaJ{' mpans auoptcd to kf>f"p down 
the nUllIue J" of ntiS, in\'ohing till" usC' of fe rrelli, tnlI/~, 
poisDns, Ilnu sc\'pral kinds uf llllctl'riaJ prpparatioDIi 
known as I vitus,' Dill." '{"ery partlnl SUCCf'!'S has 80 fllr 
bt"cn attained. KOl h ing bill crmcf'rtC'u nelion In all parts 
or the countr~' is likely 10 gi,·., f;ub~lanlllli result". Tbe 
wanlon anJ indiscrinlinate f'i, lall glltt.' r or hirtl" of prey , 
and the war waged against sloats and .... easel ,,) are 
largely responsihie for the eno rmous increase in the 
number of r aLS, and t.his is also t. rue as Tegards mice and 
\'·o les. 

Mice include the house mouse (JfrlJ f1Itt"r-uhu), which 
is the cause of much damage out of door~. llR l\'elJ ILS in 
bui ld ing •. lhe long-tailed fleld mouse (M_ .!/lro'·''''''), 
which de~ours grain, a.nd tbe lilLlc harvest mouse OJ. 
m,..,ulJrlm). which also deslroys a certain amount of grain. 
The two last spccies. bowever, destroy a g00U many 
injurious insects and their lan-re , The nu[pbera of mice 
are kept down by trappjn~ , poison, and ~i ru5. 

Voles (Arvicolld",).-These animr. l, are often mi.
taken for rats and mice. but ca.n cal" :1y be di..5tinguished 
by tbeir Touoded snouts. small cars, and short, oft.en 
hairy tails. They are purely Lerbivoraus. The most 
troublesome .peci •• i. lbe short-taiJed field-vole (MitTotw 
agrt:.Jtis). which sometimes mu lt ipi jes 80 rapidly &8 to 
become a. serious pest. (fig. 242). It is a. burrowing 
form, and dest.roys all sorts of cullivated plants, includ
ing young trees, by gnawing through their root", Poi.on 
a.nd vi rus a.re used for tb e dest ruction of voles, a.nd ill 
lome cases large numbers have been trapped 'in tTencbel 
about 2 feot long, construct ed on the piL£aU principII, 
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narrow a bo't"e (about lline i.nches across) a·nd suffic!ently 
deep (18 incbes), l\"ith uDclimbable slopiJlg . idea 
diverging downwards, so as lo make t.he floor of the 
trench about dou ble the breadth of its opening above 
Successive trencbes should he dug 30 yards apl\rl. 

I nsect-s ating Mammals (Insectivora) .-These include 
.amaH or d iminutive animals. which feed DOt. only on 
insect!l , but many other BmalJ crealures, such as slug, 
a nd worms. Not only are the front teelh pointed, but. 

the- grinders aTe studded ~'ith .sharp points, IlJl obvious 
-Adaptation to the nature of the food. The 8DOUt i. 10Dg 
.and narrow. They iuclude the hedgebog, tbe mole, and 
the shrews. 

The hedgehog (Erina"""$ eur"i""'U) i. tbe larg""t of our 
na.tive species, and more omnivorous in its diet, whjch 
includes f&lieo fruit. as ,vel] as insects, slugs, snails, frogs, 
_"II reptiles, and m&mmals. It doe. some barm by 
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devouring the eggs ot poultry aod game birds, with au 
occasiona.l chicken or du(:kling, but is predominating!)' 
beuenciaL 

The mole (7'alpa CUTOl'aa) is well adapteJ for nn under
ground life and devours enOrIllUU:-I nUIJlUf:rs of 
~'orm8 and insect. Junm. Allhough its molehills disfigure 
I.a.wns and pastnres. this a nimal Joel; fur more gaol..! 
t.han barm. 

Shrew8 or 8hrew-mice are very small lilfltnm81s which 
destroy large ntlmbers o[ worms, in8ccl~, and slugs, 80 

th .. t they .. re decidedly beneficial. They include the 
common shrew (Surex vulguris), t.he lesser shrew (S . 
1niRUtU.t), which is the smallest of British mammal, 
( .. bout 2 inches in longth), ami the water shrew 
(Cr(J~lopu~ f (Jd irnl ). 

Bats (C\1iroptera).-BaI3 nre closel), related to the 
membera of the la.st family, differing chiefly in the poa-
6ession of flying orgaus, consisting of a {old oC skin 
aupported by tbe four g,eally elongated fingers. Th. 
thumb is sbort a.nd booked. Tbere are over a. dozen 
na.tive Bri tish 'species, all of which are entirely insecti 
porous, catching their prey on the wing, lind ma.terially 
a ssist.ing in keeping down t.he numbers of many lloxious 
forms. They are therefore purely benefiCial, and it iI. 
& great mietake to molest them. 

BmDS 

Bird. have undoubtedly descended from rep tilian 
a.nC6StOrs. but in the courS6 of many ages have become 
Ipecialized on lines of thei r own, 80 that tbey now 
form 8. well-defined class. The oldest known extinct bird 
possessed So long tail and numerous. conical teeth , but in 
exiating forms the tail has been greatly abbreviated fof' 
the support of quillfeatbers, and the teet.h have entireJy 
dis&ppea.red, their place being t.aken by borny IIbeaths, 
which cover the jaws. The organ,1!; of circulation in birds 
are extremely efficient, one consequence being 8. very 
high body temperature (varying from toOO to 1100 F. 
in different casea), which ia associated with restle .. 
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energy. The struct.ure of a bird embodies, a s might b. 
expecteJ, a large number of adaptations to rlighi, a.nd 
eveu Lirds that. :Ire now uuablt! t u fly (ostn(:h, penguin, 
£'Lc.) hl! re de.su·Jjded from ancestors \1 }Jirb possesst.'d 
thut power. 

The wings a re quite uillike the flying organs of hau., 
for ihe d:g:ts are reduced to three. and there i!' a good 
dca.iof fusion among the ballot; of tbe hand and forearm , 
"in order t.o giye a fil'm 8tl},po r t. 10 the quilI -fc:llhen 
(remi:/I!&) they bear, and which a re used as organs of 
propulsjon. 'fhe tn.i j·quilJs (I"fdnccs) sen's for slecril)g. 

The chara.clerislic feathers hant no doubt been 
deri"cd {rom reptilil1n scales by increase in size and 
modificalion in struclurc. Those which clothe the body 
-ent.angle a. large aLDounL o[ air, and pre,"ent the escape 
of heat. 

l'he absence of I eeLh in birds is compensaled 1 espe · 
cially in Ihosc which uevour hard substAnces 1 by modi· 
fications of the digcsl.iyc lube. The gullet usually 
expands iuto IJ. pouch or crOpt which scrves as a. tem· 
porary receptacl e. for food, and the sl:lruach is diyjded 
tOto a chemical stomach (pIVITlltricui1ui) , by which 
gastric juice is secreted, and a powerful muscular 
gizzard with tough lining. ThE' gizzard, a ided by smoJl 
~tooes, etc., which are 5wa1lon'ed, acts as a sort o{ mill . 
"'The beaks anti feet of birds present a large number of 
modifications in dIfferent cases, whi ch have r cfcfCIJce 

1.0 the mode of life and natur(' of t.he {ood. 
I t i. a famil iar fact lhat birds (like repliles) Jay eggs, 

and hat.ch them out by incuba.tion. The young a t 
ha.lching are ei lhe r able to run a t once from the nest 
{fow], plover) or are helpless nestlings, wh.ich require 
"1 ending for some t.ime by the pa.rents. Harmful birds 
lJelongibg to the second category are obl"iollsly more 
eMY to deal wi th than would otherwise bo the case. 

Relation 01 Birds to Agriculture.-Whether a parti
leular bird is harmful or beneficial to agriculture will 
-obviously depend on the na.ture of its food, for'"' if tbis 
l:on!ists entirely or mainly of such things as grain the 
I>ird is manifestly harmful. while the reverse is true 
.hen th~ food is entirely or chiefly composed oC injuriou. 
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insect5 or the like. nifficulLje~ nri ,lI)c , hol' ~\' cr, when 
the diet is or mixed kiuu, as is frequelltly Lbe CA!e , 
though fo rtuuately it cun ue skid 1I1:l.t Lhe large ula jority 
o[ birds nre useful and shoulullot.. be tIlOi CSICU. In UlA.ny 

cases ext ended and accuraLe ill\'(>st ig u.tions are required , 
tbe only sound method being tbe expert. cX!lluwatioD 
oC the contents of the crop. 

It. is necessary to bear in mind tlHl~ the habit. of & 

parLiculur bird ""uy at. dliTere ul seafiO/iS allJ in different 
localities. so that hasty conclusions sh ould be B\'oided , 
Ilnd it is desirable to gi,'c a suppol$cd culprit. the bene6~ 
o[ the doub~, should such exisl. It Ulust a.lso be remem
bered tha.t lhe habit,s o[ :iOUlC bi rds appear to be altering, 
at. least. locally, At one time, for eX8.uq;le. it W8.1 pro· 
bably correct to consider the starling as purely beneficia.l. 
but in some counties it ha.s of recent years undoubtedly 
acquired tlfe bud habit. of attacking ,'«riou,'! kinds of fruH . 

The limjtations of space prevent IuJ) consideration 0' 
British birds, and it must 8unlce to cla.ssify the common 
apecies according to their bearing on agriculturo. 

Birds Entirely or Mainly Beneftcial.- Hcr. may b. 
included the game birds (pheasant, Jlartridge, etc.), t.he 
guUs, the rails (corocrake), and the plovers. With the pos· 
(ible exception DC the sparrowbawk, \\ hich is undoubtedly 
destructive to ga.me and young poultry, aU the bird. 
of prey do gooJ Bervice to agriculture by destroying 
small rodents. Owls should au DO account bo molested, 
for they carryon tbe good work of diurnal bird. of 
prey when the dusk fails, and they may be excused a 
little poaching. Goatsuckers and swifts, as welJ a. 
woodpeckers, are purely insect ivorous, and therefore 
undoubtedly beneficial. The cuckoo dostroy. many hairy 
caterpillars. which other birds do not t.ouch. 

Among the great host of pcrchjng birds, including 
most of the .BmaDer species, the following ma.y be 
cl .... ed a. useful: iackdaw. iay (probably), .I.rling 
(except to [ruit-grower). yellow hammer and corn bunt
ing. lark. (although the .kylark i. t.aking to lb. bad 
habit of attacking the seedlings of wheat, etc.), wagtaill 
a.nd pipils, tree-creeper, nutha.tch, tits (but may do SOIDe 

dam&ge to buds and fruit, or destroy bee.), thrush •• 
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and bla.ckbird (harm[u\ to fruit-grower), cbats, field!nr e, 
robill, wren. fJ.\-cafchcrs, SWlllJowS and II.Hl.rtins. 

Birds Undoubtedly H armful.-Pigeon. a nd dove. 
(excessively destructive to Bceds aud grain), and the 
following perch ing birds : hooded crow, bullfinch 
(tiestroys many buds), green finch , ha:wnnch, house 
~pn.rrow (an unm itigated pest), blackcap and warblers 
(destructive to fruit). 

Birds of Doubtful Character.-Two perching bird . 
require mention here. Lillie is known about the magpie, 
although it is nOL sufficiently common to be of much 
imporLance. Tue abundant. and prolific rook presents a 
difficult case. The most recent and extended obsen-a
tions are those br !tIro \V. E. Collinge, who examined 
630 birds, olJlained from various counties at different 
t JOleS of the year, His results j ••• showed ,t.ha t 67 '5 of 
their food consjsted of g rain , 3'[) per cent. 01 seeds, 
fruit, r oots, and misceUa.llcouS 't"egetable matter, 15 per 
cent. of wireworms and other insects, 10'3 per cent. of 
miscella neous food (eggs, young game, field mice, etc.).' 
This seems a sufficiently bla.ck record, and is quite suffi
cient to j ustify considerable r eduction in llumben 
(especially by deslroying a cer lain percentage of the 
young-say, two squabs per Deat), but lhe ma.t ter cannot 
be consid ered &8 fin ally set.tled, Such unexpected r eau.lt l 
often follow human interference with the balance of 
natur e, that it is doubtful policy to wa.ge 8 'vaT of exter
mination, e"en against the notorious spar row, for & 

species may be uscful when present L'1 moderate numbers 
but become a pest when it increases inordina.t.ely. 

INSECTS 

The Dat ursJ. orders of insects which poseesa the 
grea.test m terest for fa.rm ers ar e : Coleoptera., Hymeno~ 
ler&, Lepidoptera., Homoptera., and Dipt era.. The 
termina.tion of these words is derived from the -Greek, 
pteron , a wing. The prefix refer s to Borne peculia.rity ~f 
the wings, these organs &ffording a convenient means 01 
ela-nification. 
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.J~O \ t ~ 
1 --\./ :J.-- ro::; .., ' '";- ' 

"~) ll-T (>.:Yo (".~-;-~,-,;-S-.. 
." 

FlO. 243.- WIlt.I!iWORM5 .&I'm CUCK. BUTU8, ElfJlt.r id~ 
(Coleoplera). 

2, Afl"iotl!6 lin~(I,tWl, magnified: I. IIl\turaJ fl i ,;6. 
3, ..4 . O'I"C1LrlU, maguified; 4. Ilai.unl j£'Tlglh. 
~ • .d . • putator, na.t.ural 81r.e; 6, wagnifl&d. 
7~ larva o f .d. ' futator I Y) . 
8,Iarva of .A. ltn~/lI". nSlurlllllhei 9, m8gnifled , 

)0, pllp8 or u'ireworm, magnified ill, lItttural IIIZ •• 

£ • 
FlO. 24-4.-COCB.CU,U'IR, AldolotltM t:ulgari. (Cbleopten), 

wilb (0) lorn .. d (a) pup • . 
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The student 1S strongly recommended to examine . 
~'ith the aid of a. ma.gnifying glass, aoy easily obtAlL
able specimens of the orders which are briefly described 
below, and to verify as far as bo can tbe characters 
which are here detailed. He should miss no opportunity 
oC observing insects out of doors, but should look for 
them, in their various stages of existence, in lhe field! 
and hedgerows, in kit.chen gardens and amongst farm 
crops, and by such means endeavour to learn their 
habits. 1L may be useful La read pages 634-7 before 
.tuuying t.be characters of the natural orders. 

OOL.&Ol'TERA. (i. t. , sheath-winged) is t.he name of the 
order to which beetles belong. The front wiogs of 
becUca consist o[ a. hard JJau o[ wing cOl'erg (wing, 
!lheaths or elytra), which overlap and protect the memo 
bra.nouB Colued bind wings, Beetle8 hal'o Wting jaws, 
AlJ insect.! of tbis order pass tbrough a. cOIDplcLe serie.! 
of changes-egg. lan'-a. pupa, imago (p, 635), The lar\'1!8 
are usually fleshy grubs. the mouth being furnisLed with 
jaws i they are mostly sixolegged , and often have a fleshy 
fooo (pro-leg) at each end of tbe tail. Weevils &re & 

group of hard beetles provided with snouts ; their Jarnfl 
Are legless grubs. 

Ladybirds are very useful beetles, for their IllfV16 

feod upon aphides (p. 628). Ladybirds , therefore, .hould 
uot be destroyed. but ra.ther encouraged. 

In the following table &ro nam ed some of the <om
monest Coleoptera that infest cul livated c'rops, Wire
worms (ng. 243) and cockcha!er grubs (fig. 244) Ii,'. in 
the Boil (or years , and a ltack the roots of grasses, 
<:ereals, and various other crops. The favourit.e food
<:rops of the other pests mentioned below are indicated 
in their popular na.mes:-

Cockoh.fer (fig. 244) " Me/alomA. l·ulg."'. 
Wireworms, lune of click beetles 

(fig . . 24~) . . 
Turnip fly. or turnip fie&·beetJe 

(fig. 245) 
MU!iI .. rd beetle . 
Turnip,bloS!om beeUe 
Bean-seed beeUs , 
Turnip'gllH treevil • 

Blatcrida.. 

Pltyllatrdtl "-~morllm, 
PAadan betula.. 
JI~li9dAt.. amt.'U •• 

Bruehu. ru/imanu •• .. 
CUltorAynehu. 

.ulclcollu. 
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Apple·bloMOm we&,J 
Clover "'cevil . 

.A ntluU\om.lu pomorum.. 
• ... ,""" aMimlic. 
[lalaFilR IIII f I11ru.m. 

li¥l lArf/tU p'nipcrd. 
X u, wetl\" il (6~. 24.0) 
P1D& beetle • • 

II~~ \:(~~~Jf~ 1 ~ 
;.,j)-, I --- I' '"\ _ 'I . _, " -

J -4 f • 

) - , 

,\,;l~l'l~~~~,,~'~. 5 ~, ,I •. :,:,~:,::!;.l~ ;;;'" 
\\ II .."t(-&}:lr" ~ 

"" I,~~~W<.,..:Y ~ 

1'-/0 
Flo. 24S.-Tclt!i lP Fn. "l,yIlfJIrtla (HaJlito) II(mo,.",,,, 

lCI)\eoplerll). 
1, m~ture bef'lle, ons:.nif'it'.i ; 2. 3. na.tunleiu. 
4, 5, egg. 110111 011 UI,;er s~lrr:.ce of rougb leaf. 
6, 7, hurrQ\I .!I Jlj Jerl1 . mlld~ by lan IS or ma.ggot. . 
8, Jar," ll , lJu.turul !H7.t; n, fOllglllfieri. 

10, pupa, flat-ur.l ai:te j 11, m&gni5ed. 

FIG, 246.-NuT WUVlL, Bolaninua nUC1lm (Coleopt.trt .).. 
WeeTil c:u:.gni fied (natural length, 1 to i inch). 
Pupa, oaturaJ . i:z:e. 
Maggot. QAtural .iu and magnified. D __ ged IlIb,rt. 
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Hna~rorTl:R'" (i. e., membrane-winged) 8fe inject. 
usually with four membranous wings, which POsat!lIB but 
few veins. and are apparently naked, though sometimes 
bearing scatt.ered bristles. The abdomen oC the (emnle 
is often furnished with 8. conspicuous ovipositor (or egg
layin g appa.rat.us), which is also used 8.8 a borer. or i. 
developed as a. sting. The mouth has biting jaws, and 
also a. p roboscis. The hymenoplera pass through a. 
completo series or changes. 

Two kinds of larvre are met lvi th. Tn some flpecies , 
the larva. is wormlike and legless (a I waggot. ' or . grub. ' 

'~' 'J \;~' ,=: ~~!~~ / ,.// 
\.\ '1 ~ "' ,--

;- '"~\\~ - ~~i~' 
__:-~~~\~' ,~; 

'" \"1 ' --'<'" '\,~ - ' I (v ' 
,r;<_f_ ,~! " dl'. 

FlO. 247.-TuRNIP S .. WfiY, .d/.holia .pino1'lJm. (HymenoptMa) . 
1. female !a\~.8y, IUld linee showing natural eiu. 
2,3, egga. 7. oval 8H~ery cocoon. 
4, ('!l~t skin of a larva. 8, pup". 
5, 6s lartae. 

luch loS the wasp-grub), and lives in nesh !tored with 
dead insects or pollen. In other !pecie! (the !awfiiea, 
fi_gs. 247, 248, and 251) the larva has up to ten or eleven 
paira of legs, and (eeds on leaves, or stem!, or in ga.Il! ; it 
ill these which aTe specially destructive to vegetation. 

This is the order of the true stinging insects (bees, 
fig, 249-_sps. horneh), and of most of the par"sitio 
insects (ichneumon flies, chalcu flies or brasslets. 
gan flies, fig, 250), Ichneumon Ilies are extremely 
beneficial forms. a. the females I"J' their eg~ h. the 
egg. or l"rvOl of m&ny noxio11s insects. within which the 
ichneumon larVie live as parasites, ultimately destroying 
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their hosts. Beas are of great impor t.a.nce in Lhe pollina
tion of ma.ny flo .... eraJ which Oili8l'Wlf>O would DOl. .8', 

aeed, or do aD t.o a. sTDall eJl:t..ent only. 'I'be honey b .. 
(Api.I mtUs!ico) has been domesticAled by mankwd frOItl 

t.ime immemorial. Ants alao lJeloDg to thHI Ord&l. 

OC the following cowmon e.r:awl,Jea of Hymenoptera, 
the ,i&nt sirex Lores. chan.n~ll!l iu the wooJ of plDe ! reeL, 

FlO. 248.-CORI" SAWFLl', CtphlU pyvmtJ!u. (Hymenopter. ). 
1, female fly; 2, naturaJ .iu. 
S, corn·stem, COfHI'lDillg maggot.. 
4. larva or maggot., na.tuTlJ StU; 5, magniflert. 
6, g~I~~i:~~~u::e~ fiy, l'rv;,AynH~~u. CGlCI(rator , mr.sni. 

And the marble-gall lIy (fig. 2(0) make. tbe gaU, (' oak 
a.ppies') 80 often aeen upon oak trees. 

T urnip sawfly (fig. 247) . 

~~e~~~: !:~. e~~ant ea";8y 
Pear and eberry nwtly 
P ine •• wily (fig. 201) . 
Giant . ire!:, or wooo wup 
H",bl.-gan By (fig. 250) 

A tJ.alils wpiftaruWL. 
(",)11111 Py(1m«!'Il.,. 
Ii ,.·motu, nbf.iCE. 
T;;,.inrcunlK1 lima<ifl(L 
LtJphyrlU pini. 

·~;~i:'t:iaM . 
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UPLDOPttRA. (i.e., 8caly. winged) are the but.terflies an d 
moths , of which the latter are by far the more numerou!I . 
Lepidopterous insect.s p08sess [our wings. wb_ich are 
usually covered with delicate scales of variou . coloun 

FlO. 249.-Hull.8u BEEs, Bomb~ 8pp. (Hyrtlenopt.e,a ,. 
1, .. ood bee, BambUI lucorum. 
2, 3, punctures in calyx of bean Bower, t.hrougb ~bjc:b D~t.. 

it witbdraw::l 
I , 6&rolb bee, B01'nhu. ltrrut,..u. 

Fla. 250.-H.UtBU-GllL FLY, CY'A1IU J.:ollo.ri (Hyme~pt.u). 
L!.l''f'., pupa, sod mature in&eet, magniAe<i. 
G&IJo (' o.~ apple. ') of oa.k tr ... 
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The orgalls or (be mouth are a.dapted (0 sucking, the 
upper lip and jaws bciJJg sJJlal1 or ruuiJ]Jl:'lllnry, and tbt' 
lo\\cr jaws formed into a long tube ta proboscis) which . 
\>, hen not in use. is coiled 1I~ like a \\ lltch spring, nnd 
concealed benea.th tbe head. 

These insects pass I hrough a. ('omplrle s.eries of 
changes The. larva. is worm-like. with usua.lly fhe to 
eight pairs of legs (occasionally nonr); it is furm sheu 
wilh biting jaws. Such a lanra is termed a caterplHar 
Most caterpillars are naked; a. few are huiry. Tbe inter 
media.te inacti\'e stage, or pupa, L!lkes tho form or • 
chrysalis. 

~f 
• ~ "' ... 

F ro. 251.-Pt'SB SAWFLY, LopluJrul ,nfli (Ur meno pt.etaJ 
Lana, pupa, and mllture in.'ieCt, magnified. 
PiDe leave. injured Ly I&wfty. 

' Vith sca.rceJy an exception. a11 the insects of thi. 
order are injurious. Beautiful as are many of tbe 
Lepidoptera, their larval forme arc very destructive to 
vegetation. 

llutterfties have t.heir antenn8!', or I horns,' termina.ting 
in knobs, Like d rumsticks. The antennre or moths are 
not knobbed. Butterflies, when at rest, raise the wings 
50 that they meet back to back, and show their dingy 
under sides, at the same time exposing thei r bodies. 
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Molhs, when at rest , keep the wings spread out so 8& 

to cover t.heir bodies. Butterflies u!luaUy ~y Ly day; 
moth s at twil ight or at night. 

Of tLe follo\\ ing fall1ilia·r exa.mples of Le.piLlopt.era.. 
t.he surlace caterpillars (fig. 25:1» aLLack Lhe roolS of 
turnip!. cabbages, mangel, and other crops. The caler· 
pillars of lhe silver Y-moih (fig. 253) feed on vOLli wlLligel 

FlO. 2.:>2.-YELLOW 'C';DERWtxO MOTH, Tr!lJl)urna 1,rollubo 
(Lepirloptera). 

1, IUIf&ce caterpillar. 2, cbrY88U • . 3, moth. 

FlO. 253.-BILru t·YOTH, Pllflia gamma (Lepjdopwra). 

k .er~Per· caterpillar. 
8, chrysalis inside cocoon. • 
. , motb; observe tbe y like m",rk on eaoh wing, similar 

10 Ibe Greek lelLer ganun. (~). 
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and beel. The magpie moth atta.cks cu rrant and gOOlt6 ' 

berry bUlShes. the wood leopard motb pear t.rees, a.nd Lhe 
goa.t moth oak and many oLhe r tret':i . The cat.crplHllrtt 
of tLe buD-tip moth (tig. 2J4) injun.l the fulluge of t.b., 
hwe, oa.k. a~Jd elm. The Ja~t fhe mOl hs in the Ji~t are 
)'es ts of orchard fruit trees. 

' \bile cahbn.ge butLer" i~ , 'ilri • • pp. 
'fur-nIp dltll1J(HJU-Luck mol !, 

{fig. :.!rl!J ) . • Fllltt.lla er\l.('i( ~ '·(lrtl '" 
reLJo\~ ulHJerwing moth (fl u rfaCf;I 

caterpilht.u, fig. 252) . . TrYllha'na pr(}1Iu/JQ. 
Dart mntb, ur turnip moth (S I1(' -

fuca cftterplllLr.) . . . jgrot i. "9rt1J71'I, 
SJlt'er )' -UlQt.h. or Cligllt .{1ut!Alrer 

lfig. :l.f)S). [,fulia gamma. 
Carrut 1I1u!I!\oro motb /)tp"Ulaf'/(I dafiUU(# 

FlO , 254.-B"Cl'Y.TTl' MO'1'B. PygtzTtJ bu(:(phala (Lepidoptllu ) 
wnJ) t"luerpiJl&r and pupa. . 

lh.gpie moth . 
Wo.>d Jeopa.:rd moth 
Ckla.t moth. . . 
Buff-tip motb (6g_ 2M) 
Winter moth • . 
Codlio moth . 
Lackey moth . 
MoUled umber mnth 
Small ermine moth 

• 4 ~rlU.'l' grf?~mlCJri(J tQ . 
Ztutt;Ta (uruli . 
CouUJ liyni1~rd{J. 
P .1I91JOf"fJ bur C' fiho1tl. 
Chcil/UlIQbio bru~Gl(l. 
fOT7IOW1J8a pomonJla. 
Cli6iM(J.7n}JO n"'Mtrl{J. 
Hy'~rnio d'folidritJ. 
[J YlJO'lotn~ultJ padfdlQ., 



~2B IURM FUL AND BENEFICaL ANIMALS 

BOllOl'TER"" (i.t., similar.wioged) have wings of the 
6J.me text ure t.hroughout, eit.Ler wholly leathery or 
y. holly membranous. The wings. when a t rest, arB held 
sJantingly O\'er t.be back, like a Sleep roof. Though four 
wings are usually present, there are only two in 80me 
!iJlccies, and nOlle in others. The mouth is fitted [or 
f.llClion, and is cOlllm only called the I bea.k;' II arises 
from the ba.ck part. of the under ,side of the lJcad. Thu 
ant.cnnlti are generally shorL. 

The larva is much like the mature insect, and there 
is no quiescent pupa. stage. 

The H oruopte ra arc te rres t rial insects, and are all 
injurioui to , egelation. \Vith the .l:lEu:nOl'U.RA (i.e., 

!t~'yr " " 
~-~ , 

~ 
FlO. 255.-TuRNIP DUlIOND· BA.CK MOTII, Pluttl14 cruciferQruf1I 

(Lepidopter.). 
1, l&rvL 2, eggs. 

S, moth, natural size j 4, 5, magnified. 

diBsimilar-winged)-an order including the plant bugs 
&Dd certain ""ater insecls-lhey make up the division 
called HEl>ll1'TElU (i.,., hall-winged). 

The Hornoptera are well illustrated by the aphides or 
pla~t-lice (also called (smother-flies I), which include 
some of the most dest.ructive insects known. In certain 
Be ... oUB lbe crops in bean fields (fig_ 2!>S) and hop plan
tations (fig. 2~'j) are entirely ruined by the attacks of 
aphides. which are the most prolific of all insects. Foreign 
vineyards ha\'e been devast.ated year after year by 
Phylloxua tOalltat rix, ""hicb belongs to the same group 
&. lb. aphid .... 
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FIG. 256.-DhX Ai'n l~. Aphi. ,.l/ mlri. or ...'i pAi. (oboJ, 
, (U orlloplt!ral. 

1, ,beaD' IhooL, jJlfested with aph ides. 
2, wtrJged male spnul, IIIIlSldfied; :t. rrnturtlJ .iu. 
4, wingll!llis fe ma.lo IlJ,hiB, Ulll.glHUl.'d. 

F ID , 2!)7.-Hop ApHI!, .d ph i. (PMTodonj Itum illi (HomoptenJ. 
Winged and wil1g1eu l'jvips.rous !cmale.J. maBfd 5ed. 

The following are t.he names of common bOIDopteroua 
p .. t.:-

C.bbnge a}Jhia, or green 8y 
Turnip greell fly. . . . 
Beall Ill'bl.8, black By, or collier 

lfig. 256). . . . . 
r ota-to frog fly . . 
Hop . pru. (fig. 25,) . 

.d/,h.i, LrauiCCt. 
~ phi. rCllJU. 

.A tl',i~ rum,icu. 
Eupteryz , uiani. 
l'JI.(l1"odoTl numuli. 
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Hop cuckoo-fly 

Corn aphis, or dolphin 

Plum Ilflhi • . 
A pple sucker . . 
Ap}ll e mlllSBel-8Caie _ . . 
Americo.ll Llight, or woolly aphi!l. 
Woolly curra.nL-6cll.le 
Larch u.phi5 . 

EU(l('al,tllu , 
i'l./~rrllpfu". 

Siplj(mo]J(~(1"(l 
9r o. ll.(11',a. 

..4plti. prulli. 
p$.Vllo.m(l/i. 
.'tJjlrj/~pi' l1o/)Jnrum . 
....cJd:olltu/·{J, la" iy' I a . 
l 'lIll'i nanQ. rliJe')lL. 
Cl,trmu lalil·i,. 

Lice (not bi rd-lice. ror n-hich see p_ 634) are probably 
degenerate members of llJe Hemiptera, 

DlPTt:ltA (i.e" two-"-inged) are characterized by pos
aessing only one pair of wings, which have bllt few veina 

and are naked. In 
•. ) Lhe place of tbe 

hind 1Ving~ are a 
pair at &lfucl ures. 
variou~ly termeu 
holteTe~, balancers, 
or poisers. The 
ruouth is fu rnisheJ 
wilh a. proboscis, 
adapted fo r pierr
ing or lapping. The 

~ _ female IS stingless, 
- - - V"" and is but ra.rely 

furnished v;ith a 
conspicuou'! ovi
positor. Tbe Dip
tera pass through 
a resting pupa 

FlO~l~;:!;-~~~p~:r~~~\~t:~~8?·i:r~b stage. The larva is 
(lea.ther jackeL), and pupa. usua.llya worm-like 
. legles. maggot, 

with a soft re tractile head, of no definite shap., though 
sometimes there is a bard bead, furni.shed with jaw. , 
as is the case with the grub 01 the daddy longleg. 
(fig. 258). • 

This is the order 01 Lbe true ~i... many so-caU.d 
' rues ' (as t urnip fly, sawBy, green By) really belO!!l!"in, 

. to other orden . 
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The house lly and lbe blow fly are r~miliar example. 
of the DipLera. The most. destructive crop pest of thG 
unle r is the leather jacket, which il\ the ian& of the 
daddy longJeg. or crane-ny (fig. 255). It J,ves in lb. 
soil. and like the wireworm (Lhe la.rva o[ the click beoLle 
- -(;oleoptera) it does grea.t. damage to t.he roolto! of fl}aol • . 

1'hE' ox warble n,v (fiJ!;. 2;')9), horqe l.ot fly, ~fld UIC8. 

forest. flies, sheep's nostril fly, the sheep 'hck' or ked, Ilnd 
mosquitoes t\.r& dipterous insect.s t.hat Cl\U~C much annoy
ance. a.nd frequently serious injury, to I1lJUllIl1H. 8{11116 of 
the Dipt.cra convey the germs of IH~ r iolts or fatal diseases 
Into the LIood of lHll1lnn beings or ani:1I111a, wbich l.lley 
bit-e. Some of the mosqUitoes, for e:HllfllJle, disseminate 
tLe germs 01 ma.laria and yellow fover. Tho tsetse fly 

Fro. 259.~O: ... \Vj,&.BU: Fl.\, liY/Jvlit..rnt(1 iJ<JLi. (Diptcu.). 
l. mature fly. 
2, maggot, which develope beoea.tb t.Le hidea of cattle 
8, pupa. 

(Glo3lina fflDrsiian.s) infects horses wil.L nagana. or fly 
disea5c, snd human beings faU \"ictirns to sleeping sick
ness when bitlen by an allied flpecics. 

The fleas are &. wingless group allied to this order. 
One of the t at fleas (Ceratophyllus fasciat'll') appears to be 
responsible for the spread of Oriental plague. 

Oi the following common dipterous pests, the (ever 
By infests bops, and the Hessian Jly, gou~ ny, and fri~ 
By are cornfield pest •. 

Dadd~longJegs, crane ft1, Dr 

C!bba,g; A;cket.(fi
g. ,258) : 

g~~ O~~ ::~~i!.~T . 

Tipula ol~rClCf'Q. 
AnJAOm!lia b,.aA6~ 
T~f.k,.ttj., otl.qpordin-il. 
PI1{o rtna. 



632 HARMFUL A:\D BE!'iEFIClAL A.:\lM.lLS 

Mangel Oy 
Fever fly • 
Onioll 6y . . . . 
\YiJ('tlL U1ic1ge, or ceil maggot. 
}I CS6ltUf By . • . 
Wh •• , !Julb fly (fig. 260). . 
GOUL fly, or ribbOIl- footed 

coro 6y • 
Fril. fly . 
0.1 warble-By (6g. 259) 
lIoNIf.) bot.-fty • 
Shee!J'~ n08trii fly 

Pfqom'lia ~l(e. 
lJil(l"Jlu~ "Illgaru. 
.dnIJWnI!lla. crparum. 
Ct.Cic/O'1llJlla Irttici. 
Ctcid'Jrrtyia detI(ruc(or_ 
HylemYla coarclala. 
L'IiloroplJ tC1.nl()p1U. 

04cini.l (rit. 
Hypndtrma {x;lVi • . 
(,~cutroph;/tu t'qui . 
aJ,:ru., ovi._ 

FIG. 2S0.-WBE..!T-tlllLB FLY, B,kmyio coarctaJo (Dipt.era.). 
I , moutb apparata.. la o maggot. 2, utremity of tail. 

i~,P~:·Bnd 4, DaturlLl ~izu:a!~~t 6y. ~, ~:~e2~a~~i:!JIW1i. 
magnified. 

There are, fortunately, some beneficial Diptera. The 
Isrv", of bover-llies (Syrph ida) destroy large numbers of 
aphid'es, while the larv", of the robber-llies (Tad!imda) 
are p:trasitic in caterpillars. 

Two other orders of insects, Orthoptera &nd 
N europtera., may be briefly noticed, although tQ.ey do not 
in this count ry fu.rn.ish many injurious insects. 

ORTUOPTER.A (i.e. , slra,ight--winged) have four wittg. , 
.tho anterior pair being lealhery rather thaD (al ;,. 
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Coleopt.era) horny, and slightly O\'erlnl1}Jing j thf' hind 
legb are orten {oTrlcd for jpapiug. The Jaws arc nuaJlted 
for bitIng. The larnt~ 11"c on tLe JanJ . Hot ill \\ Mer (ns 
lS tbe. case with ,KPUf('ptera), und Ilu.: n· is JJO rc~1jl)g 
PU}J& Rlage. 

Cockroaches, crickets , ano grasshoppers ut.:iollg Lo t.hi. 
order. 1n other countries locusts-veT," t;]ltlilur 10 gru.sti
Lom,crs-do Jmmcnse misclllcI to ,",' gHat it':I. The 
cunous exoLic walkin~-~Lick amI leaf illM'cts ure ortho}J
leruus. The earwigs \\ hlCh ill fest gnnlcn IllulIl s. nno lUO 
thrips-a uark coloured frjnge-wiJl~ed litLie crcuLUre 
(fig. 261) of len seen in the groo,'o of the rll'cning \\hc.tt 
grain-way be piflC£!d iu're, i hough not {let unlly IDtluucu 
in the order Orthoptcra.. 

FlO. 261. TnB.lrs {near Orlhopten). 
1, 4, corn thrips, TAril'll ccnalillm or Thripl 1IhYUJ1!1I.· , !eruA!N 

magnifi~ (I, wnlkwg; 4. Bying) ;!? .1, n~JJmll f5JZe. 

6 ,8, pottH.O lbripl'. TltrilJIJ minuliuima, mngOlfied (D, tbe larva ) ; 
5, 7, nll.turd size. 

N£UlI.OPTE1U. (i.e., nerve-winged, or net·wingeu) have 
four wings, generally Wilh numerOU!i hollow veins, &od 
either naked or hai_ry. The female seldom. has a ~on
.picuous o\<ipositor . and is never armed wl,{h a stmg. 
The worm~like lan'ee have six legs and are prov:ided with 
j a.WB; they are mostly aquatic, and (with lome 
. xceptions:) pa ss through a quieBceol pupa stage. 
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Dragon Dies, May Hies (day flies, brown &od green 
drakes), stone-flies, amI termites (white 'nnts t) a.re 
examples of 1 he 1\ eUToptcra.. whilst. the hairy-winged 
caddis flies are nearly reIn ted. Bird-lice (JJ«llo}Jl.uga) 
probably belong Lo the same order. 

Dragon-flies are decidedly beneficial, at!! they hawk 
for insects in the air, and many of those they destIoy 
are noxious. The fragile lace-wing flies (Ht71lt'robiidcr). 
with slender "green bodies. gaur.)' wings, &nu golden eyes, 
la.y slalkeu eggs_ from which emerge rapacious larvw, 
that are known as (aphis lions,' bcc:luse they destroy 
"'Rst numbers of aphides. 

Mouths 01 lnsects.-Insect. reed either by biting or 
lucking. The arrangement of the mouth of a biting inseci 

I ~ x I 
~-------• 

FIG. 262.-PUN Oi' AN Iss&cr's MourH . 
... , Upper lip. or lubruw. D, Lower lip. or labium. 

N N, Mandibles. X x, Firat Oluilhe. 

(of 11 hceUe, for example), as seen from the front, i. 
shown in t.he diagram (fig. 262). There are three pair8 
of jn"'. (a) mandible., (b) first maxilllll, (r) second 
maxillre. The last. a re united into a lower lip (labiu.m) 
between whicb &lld lbe upper lip (l"bru,,,), tbe man
dibles and the fir.t maxillm work to &nd from tbe 
middle line, not up and do, ... ·n. In other worda, instead 
of IDO}'Wg vertically. they move horizontally. The man· 
dibles &-re biting jaws, &lid the first. maxilloo are chewing 
jaws .. 

In .. sucking insect, Buch as .. butterfly, the first maxill .. 
r.re modified into two long sJender h .. U tub.I,.thuI ( ) . 
When these are in contact lhey (orm a canal, througb 
which liquid can be sucked. This canal, being long, i. 
.ooiled up when not in use. It i. called the prooo..,;,. In 
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lome Bucking insecls (aphides. female mosquitoes) the 
mandibles and nrst. maxillte are iu the form of picrclLlit 
!Stylets. 

There are gradations between the two types or IlIol1th~ 
tUH.t bl1t'c been described, but. it. 1S ('()IB'cmenl to g roup 
l!)SeCl8 a~ eiL}!cr Mll.ndjbulaLa. (wilh gnawwg mou!}!:,) or 
Haustellata (with suckwg moutu~):-

'M" ... fIIRULAT.I. 
C(}ictJl'tE"ra. 
J1 YIUPntll)\,erl\, 
Orthl,pterll. 
:\europ l 6ra 

HAl 'ElTel UTA, 

l.epu\pi"..- ru.. 
11 '}IIIIII>II'''I\, 
Jlelcrulilen. 
]Jil't.tlra. 

The lile-history of many ins('cls may he 111u~traLed 
\!y that. of a butl.t>rH.y. The femllie huucrfly lays eggs, 
froro \\hich. Booner or la tl'r, catcqliitars (or larvre) 
emerge. Tdcse feed actively and grow raTlidly. '''ben 
ruH-gro\~n, they choose SOrllo place of sct·urity, or in 
many cuses spin a cocoon (fig. 2,)3), in \l hich LO chsngf' 
to Ul e ch rysalis (Dr pupa) slate. There Lhr_r lJ)ouiL their 
caterp illar skin, and lie with tLe lIn \ie\"f' i(lped limb! 
pres!3cd close La the body, grllllunlly ad\ancing t.o 
maturit.y under the protection of a. strong oute r f_ilm. 
In due lUne lhe ouler coat cracks, and from within it 
COU1es the mature winged insect. (or imago ). The cha.nge 
Crom the grub·like larva. t.o t.he beautiful imago has t.aken 
pJace during tile resting stage, or quiescent. period. 
represented by the pupa. Aflcr pairing, die tcmaJe lay. 
egg8 and dies. Thell the wbol e erda is repealed:-

f mtl.gD 

{ \ 

Egg Pupa 

\ 
, 

La.r y
" 

ThOi. is lermed & complete metamorphosIS, and 1\ 
includes, as has been seen, a qUlescent pupa stage. It 
taltes place with insects of t.he following orden:-

Coleopte'ra.. Lepidopt.erL 
J::fymenopten... DipLera. 
~eu.ropW!n. 
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Certain jtTOUpS of iU!II:ecls. on the of her hand. have 
no inte rmediate quiescent 8la~e aft.er they leave the 
egg. The larva i. lben (fig. 261) much like tbe adul t 
form. which is arri\'ed a.t after several rnoultiugs. Thil 
115 the case with-

n OO'l('lptern, Uele rop t.er ... OrthopLen . 

Structure of Insects.-TlIe hody of an insect is made 
np uf rings. or segments, which can be he! tpr seen in tb" 
la rv a lhan in tho perft"ct insect. I n 1 he mature form, 
from fou r 10 six ~egments go tn make up the head , 
with its mout h'part s. the eye~ . and the antennm (horns, 
or feele rs), though it. is only by studying "he develop-
ment of inspcts that. t.his fact. cftn be pro'~ecl. Next 
come thre(' s('g-ments forming- the thorax , each sogment 
bearing n pair of legs- six Ic,lls in all. No ~e rfect insect. 
has more Lhan six l('gs. Wings, Whf'll pre~ent, ate 
borne by the second and tbird thoracic segment!, never 
by the find or anter ior thoracic segment. Succeeding 
lhe thorax is lhe abdomen (or' tail' ). made up of eight 
or more Be~mcnts. and not furnish eu with limb:!!. In 
dragon-flies. the abdomen is ofu~n long and slender; 
in. (or example. bees. it is mnch shorter. Some insects 
have a. marked constriction. or 'wa.ist.' a.t the junction 
of t horax and abdomen , as is the case in H ymenoptera. 
The head may fi t loosely to the thorax. as in h0118e flies: 
or be quite soldered to it, 8.! in aph ides. The hard 
parts of a.n insect 's hody aTe ext ernal. and form what 
is called the exo-skeleton. It is made up "r & horny 
8ubl!ltance termed chitin. 

An insect brtaUlu by mean! of numerous air-tubes 
(troche",). which open at t.he !urface of it. body. By 
clogging up these pores with powden or oilier ma.terials, 
a.n insect can be Btl ffocated. M &ny methods or deBtroying 
insect pests are based upon this fact. 

Identification of Larvm.-When a ma.ture msect i. 
C&ptured. it is DOt , as a rule, difficult to state the natural 
order to which it helongs. Beetles . moths. a.nd..dipterou" 
insects, {or example. a.re a.ll aufficiently distinct. But, U 

m&DY insects are specially destructive in the larval 
..at.&ge, it becomeB of practical importance-especia1l7 
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with n ,-jew o[ adopting r empclial mf'l).surcs-to bo aule 
to determine of wuat order a lan'a is a Inember. 

A legless fleshy grub, with a IK,(t..poin1r>d, rc(rnctile 
hend (a I maggol, '), is 1l ,q1olly one of the nip{r l'll.. Bllt 
see Weevils (p. 620). 

An active six-legged grub, wit.h hOTLlY hl"ad noll etrong 
jaws, is usunlly that of a. bCl'lIe (Coi('oplrrn). 

The so-caUed caterpillars, ionp;. lioH (:mmeLimea 
hairy). \\'jlh promlnrnt hea.d and jaws, nnd furnished 
wli L sixt.een leg-s , belong to the Lel1iUOplerlL. Wben 
8f'\Tral of the intermediate pairs of Je RS oro Ilh8cnl, a. 
. looper I catcrpiJJIlT (R.R in the maspie, umber, a Dd 
fliin'T Y-molh~-f]g. 2;,3) results. 

Active. leaf'ealing lar\"oo, with from lR to 22 fee t. 
uSilal1y hclong to slltdlies (Hymelloptera), ana I1t~ 
t.ermed false -caterpillars. 

The application of the foregoing facLs will frequently 
render it ea.s.v to determine the natura.J order of any 
plant~ealing larva belonp:ing t.o aD insect.. which under · 
goes complete metamorphosis. 

Insect ALtacks.-In order to cope EiUcc('~srulJy wi lh 
the a ttacks of insects upon [arm and garden crc.ps it IS 

usrrul, first of ail, to appreciat.c cf'rlain enlomolo,erica.1 
faa!!. It is, for example, a fac t t.hat. certain insects are 
injurious at one stage of their life, anil olbers at anolher. 
In most cases it is the larval stage t.hat.. is specially 
destru ctive, && is the case with wireworms, lealhl'T 
jackets. and surface caterpil1an. Rut tbis is no reason 
why the mature forms of click beetles. crane Bie9, and 
turnip or dart moth. should not be conslanlly destroyed, 
for they are the parents of the dp pr edators. Ants, 
wasps, and mosquitoes are exampll's of inftecta, the 
mi8chievous work of which is more especially a,;"ociated 
with the mature forms. Cockchafer&, aphides, and 
turnip-flies are activel.v nggresslve in both the larval 
ILnd the perfect condition. 

TherE' is no essential rela.tionship between t.he dura
tion of life of the larva. .. nd that of the ima~o. It doe. 
not follow, lor example, that if the larval hfe 'is short 
the life of the imago will be long, or that if &l1 in •• ct 
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passe! a long period jn the lan'al stage it wjJl enjoy 
but a brief perfect existence. 

The length of life of a larva is de lerminpd by the 
facility with wbich it can o\,\ ain it.B food . and Ly tlll~ 
nutritive charact.er of lhat food. The la.n-al life of a 
Lee occupies Jess than a \\ cck. (or 11J6 grub, fl'om the 
Olomcut il is hatched, ullds around it a profuse st.ore 
of the riche~l (ooJ, consist ing of hOl1e.\~ ami pullen. Tbe 
blow fly. hnlclied out in meal. pass('s but eight or ten 
~l:t,\' 8 as a lart'&. But tIle leaf·eatiJlg caterpillar!; (If 
Lepidoptpra have to work herder for thei r foocl, an I 
t hIS is of a less nutritious cba.rnel er, so thal such larnl" 
of len o('cupy six or·oight weeks between egg and pupa . 
Wire\\ orllls and cockcbafcr grubs. which live in lhe 
l!Ioil and feeJ on rools, IHlye a lan'a} bfe extending O'oer 
from one LO five yean. , 

Scarcely any part 01 a plant is free from insect attack. 
Such pest!:! 1\8 \\ ec\'ils. and beall beelles destroy seeds. 
The turnip fly pounces upon young cruciferous crop! 
directly thei r cotyledons (p. 12';") appeaT above ground 
Len"es aTe ~pccially suscpptible---sawfly larvie gIn] 
~eavcs a scorched appearallc~, leaf-mine rs make tunnels 
in their ti:Jsues. gall insects con~r 1hem with sweJJiDg~. 
the larvlI8 of leaf-roller moths coil lhem up to provide 
a shelter for lheir chrysalids, ilie caterpillars of cabbage 
huUerflies r iddle leaves with holes, and cockchafen 
devour leaves wholesale. Blossoms are destroyed by 
beetles 4nd aphides. SLems, and eyen woody trunks, 
succumb to the attack of bark beetles, goat moth cat er· 
pilla.rs. sirices, and other borers. The wireworm is the 
chief enemy of the rools of crops, but it bas many 
helper s. 

Some insecls confme their atta.eks to special groups 
01 plants, as the turnip fly to cru ciIeroul crops. Other! 
a re' general feeders, as wireworms and leathe:r jackcta. 
In dealing "'ith the former cl" •• of pests, some kno\V· 
ledge of the relationship. of plant., such a8 i. set forth 
in l"ba.pter xii .• is of considerable use. • 

If it be ... ked why cro:os arl so frequently ravaged 
b.y insect.s, the answer is that, in growing vast ndtnbers 
of the lame kind of plant to the exclusion 01 other plantl , 
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the cultivator ha. upset the naLural Lalance of ~'cgeLll 
tion. If a cropped area were left lO ib,elf fO T a. JlUmL('IT 
of yeaTs, it wouhl grauually dcvei<,l}J n "{'got-alioll dlf 
reten. t from lha.t. \\l1ich has bff'U fl rbltranlj' v1aced upon 
it.. When ext.ensiye t racts or lnnd, t hat would bo othrr 
W186 nnwrally but divcrsrly clotheJ., nre co\·ert·d by 
milliolle of \\beaL plauts, or of tu rni}J plaids, Or (If beRn 
plants. for exa.mple. Lbo pest~-be ~hey lll8CCt or fUltgu!I 

"Vth jch prey upon such pJants ,"ill natul'ally lenu l(J HI 
crease in like proportion. in ollier words. Bide by si.!u 
"'ltb the excessive, or exclusive, culti,·o.tion of one kmd 
of plant. the pests-whether insects or fungi-" hich prey 
UPOIl that plant may be expected to b l'COIHe more l:lhun· 
dant, for they find t.heir viClilll8 litcrl1.lIy crowued 
LogeLhc r, and there foro extremely accessible. ]n wilJ 
nature a. certain balance ha.s beevme eSla bllshed beLwl'Cn 
p lants and tl:aeir enemiclJ, ""0 thal Lho formt'r are kept 
in healthy check. but. a.re DOt. exterminaled. Ma.o'! a~r l· 
cullural operations have artificial ly d isturbed this 
balance, a.nd he is oft.en compelled arLificia.lly t.o reuren 
the a.bnormal incr~a8e in insect pests which result CrOln 
them. It is one object of the cull.i"ator·s skill, whilst he 
is ext.ending tho area undel' any gi l'eo crap, to prevent 
or check a· corresponding il)CreaSa in Lil a pesla \\ bich 
infest that crop. 

Natural Enemies 01 Insect •. -Xatur. i. at band to 
help the cultiva.tor. Sorne of Lhe worst foes of crop
dest roying insects are other insects, and theBe 18,U er . 
ahould be encouraged. Ladybirds, for example, devour 
&11 kinds of plantrlice (aphides); therefore, never kill a. 
ladybird. Simila.rly lor t.he oLher beneficial insects which 
have been mentioned under their respective orden. 
lnsectivorous ma.mmals. birds. elc. , have been described 
in the earlier par t of the chapler. 

Not only should beneficial insecls, birds, and 
mammals be presen'ed nnd encoura.ged, but they may 
Ilometimes be designedly enlisted in tbe sen·ice of Olan. 
1. i. often useful to introduce pigs, paulLry, or ducks to an 
in..sect-in fested crop. and there are cases on r~cord where 
a peat wh ich has been imported frolD a foreIgn country 
has been exterminated by bringing over and establishing 
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on the eroJl llttnckcd the insect which W8.8 mOBt 

InslrumCUl..a.l 10 keep ing the pest. in clH'ck in the couulry 
uf iL8 origin. I~ut. {base measures llrc arLen inadequate, 
and IlfLiflciui interferellce is necessary. 

There arc. two means or chccklllg the ra\'agcs ()f 

insect. IJC SlS- prC\'Clll ion and rellledy. By preventive 
methods the ll}JjlCllral.lce of the !Jest. IS [oresudleu) and 
t:iLher tbe surroundings are made lao unio"i ting to 
induce it to stay, or the crop is maintained in so "jgorouJi 
a condition tha t tbe insects are unable to effect. any per
Inauent injury upon it. Thus, a crop of young turnips 
just peeping throu gh the ground may be ligLLly sprayed 
with pnrailin. the odour of which will sen-e to keep lhe 
turnip fiy at- a distance until the plant is well estaullshcd 
in the' rough leaf,' for it is the smooth seeu-Ieaves that 
the turnip By is sppcially [and or. Again. b",llds smeared 
with grease and fastened round the trunks of orchard 
fruit trees will prevent the almost wingless feruale of 
lhe winter lllOlh from cra\\'ling up the tree to lay ber 
egg8 upon the young buds. J< Clllllion of crops (p. 30R) 
nITords another means of anticipating and obviating 
insect a.ttack. 

Remedial measures usually io\'ol\e the application to 
the infeliled crop of substances which will eilber kill 
the insects (i,n.~ectj.cidcs) or drive wern away (ilUrcttfu!Jf!3). 

N ow the primary consideration in treating injurious 
insects is that of expense. If it. cosls more to extermIna.te 
a. pest than to suIIer its ra. vages, it is obdously beUer to 
leave it alone. Especially is this true wi th regard to 
pre\ention. It is, of course, always a sound policy in 
treating nn insect attack to deal with it so that as few 
individuals a8 possible shall survive to do future harm; 
&nd anot.her preventive measure is always worth under· 
ta.king-namely, the destruction of weeds which are 
likely to encourage the pest. But expensive purely pre· 
vontive' measures are only advisable in two cases-either 
where the pest is an annus.l visi tor, and may be counted 
on with tolerable certaint.y, or wbere the circij.DJst.ances 
..are such that we know from past experience that a. pest 
will inevitably occur unless such measures are un'tier

,t&ken_ If an orchard habitually suffers from winter molh 
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it may pay to lIptnd money on banding tho tree. in 
6utuWD. If grsss la.nd is to be ploughed up it i8 certainly 
llclvJHllbl" to drvJa it with gas IJwe, If iLia is reAdJly 
obtainallie. bsC8.u!.c en oal crop OD D(,wIY-lJlougbed g ran 
laDd i. almo5t cCJ"!llin Dl1 uwJse to be dt'"SlTOJ'cd br wjTf.'· 

worm. Dut in R. ca.se or sporn.u.Jc wsecL a LLack j • which 
ill aJI probability would not recur to a serious e~l"'nt. 
for lLl&ny year!!.. it would be foolish lo incur rn~cb eXpen!lO 
in a ttempting to prerent.. ite 8ppf'nrancc tbo following 
Dt"ason. 

Inst'c!icides.-Thtl ba.me considera ti on affl'cts our 
choice of in8~cticideli. To \1(' of practlcal use on Lbt" 
large Eicalti they must be as chelip as I,osliibl0, and thli' 
illii wby recourse is so uften had to Ity I lroducLs of c~rl&Ul 
m&f1ufacwres- such as gB.S lime and a.wwonittcal l1ul<.18-
&od t.o such comparatively IJlelJtlful subs tances as qUick · 
lime. salt, SdbL, paramu, and sulphur. OtLer su'JSLances, 
luch at arsenic comlJounrls, t.hougb somewhat. expcnsi\'c, 
are efficacious in such sUlalJ quan tities that. (Lry ace 
capnLle of ext.ensive us~. 

The selection of a suitable ioseci icidr will. in tile 
next place, depend aD tbe na.ture and hahits. uf tLo 
particular pest.. 'fhen t.bt'~(' are nCCUraLf:Jy known. it 
a genen.lIy found t.ha.t. the insect is mOIL vulnt'raule 
lOt ra particular stage in its life·history, and remedies 
can be used to the Les.t ad\,a.nLage. Moreover, the 
danger is avoided of wasting mODt'y in futile opera.tioDs, 
luch &6 killing the insects afLer t.hey ba\'e laid their 
egg6, Or adopting measures-as in the Cl1!tE of tbe gen· 
tiema.n who used tn.p lamps for w inter mutb- calcu_laloJ 
only to kill the males. It cannot bo too fS~rongly iDsisL.cd 
on thAt. tLe first t.hing to do in meet.ing with an insect 
Attack is t.o fwd out. I::xactly what. t.he pest is &Dd how 
it live8. 

In dealing with the different order! of insecta it w&! 

It&ted that lome were haustellate (p08l'1essing sucking 
mouth parts)) while others were mandibulate (with jaws 
adapl.d for biting). In the case of .ueking insects, 8uch 
65 green fiy, only thoBe inaecticideli a.rc of use which 
will destroy the pest. by &etual contact, but in the 
..... of biting inaecta, which include the whole tribe 

r 
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of cat.erpillar3. it is of len possible to procf'ed in a dif· 
ferent. way. Hy spraY lllg the leo.\'68 ou which lUCY feed 
with an arsenicaJ poison, at. an early stage of the a.ttack 
t.he insects may be wdiredly destroyed wbile sti ll very 
young, a nd hefo re they haxe ha.d time to do nlUch harm. 
This met-hod of I reatnlC'nt. is of the highest. yo.lu e in the 
("sse of fruil-tree pests, though it is clearly inappropr iate 
at or near the t ime "lien tbe fruit is ripe if, as I I] 

generally the ca.se, the poi!!'on used i9 onc whicb iB 
inju riou s to man. "'e a re here concerned only with the 
general pr in ciples of the use of lnsccticidc8, and any 
account o[ lhe treatment oi special mseel att,acks would 
La OUt of l,lace. ]t, may be useful~ however. br iefly to 
review the various suhstancl's Ulost commonly employed, 
And to indicate the nat.ure or the caRCS ill which theIr 
u .8Ie is appropriat 8. 

Gas-lime is chiefly used to cleanse lantf infested by 
root- feeding pest s. 1 t. possesses at. first POiSOhOllS a nd 
caustic propcrticlS. which pass oCi after exposure t.o the 
air (or 8. time, nud it. is therefore necessary to lea ,~e it 
"prcad over Lhe su:iace fo r some wecks Lefore ploughing 
it. in. 

Soot, a s weB as possessing considerable manurial 
1"8.1ue, is II useful insectifuge. and renders leaves more 
o r less unpalalaLJe to biting il1sect.s. II is often 
distribut p,d mixed with lime. 

Paraffin oil, or petroleum. can also be used. much 
diluted, as an insectifuge. 8.R in the case of turnip-By, 
a lready alluded to. but it is also a useful direct insecti
c ide. Emulsified with soft soap and wat er· it. is const.antly 
employed against such pests as green fir. but. much harm 
may bo done by using oil of an jn feTioT quality or of too 
great. & strength. 

Carbon bisulphid. i. a most useful and powerful 
insecticide. but it is so poi~onous an d inflammable as 
to be lafe only in the hand. of an expert. With the 
proper precaut ions it affords lhe best mea.ns of destroy
ing the insect! whic.h infest g ranaries Q,r other buildings, 
and it is also highly useful in combating ro~t-feeding 
pests ll. the' soil , and impl ements have bef'D dev'ised 101' 
infecting it .. mong the root. of infested pJantll. 



I NSECTICIDES 

Various arsenical p reparations {rari! gr~en, lrad 
arseoale, etc.} a re used! as indirtrt 11l!lCCllcIJe~ . 1(1 PO\~QO 
the 1e&\'e8 on which insects are fueJUlg, and tht'n~Ly 
dest.roy Lhe insects. llcru 
the subst.ance must ue 
delIvered as a. tine spray, 
for lhe object is not to 
. t.rike and desl roy the 
iusect di rectly, but to 
deposit 0. fino uniform 
laye r of the poison on 
the lea \'CS, 

Tobacco, hellebore, 
And pyrethrum are ideaJ 
insecticides, in that they 
a re higWy destr uct.i\'e 
of insect. L~e, but per
fectly innocuous to 
planLs and the higher 
a nimals, but unlor t u
a ately they a re too costly 
for exlensive u~e. They 

r 
H 

may be used a s washes, FlO. 2fj2.-KsAI')iArK 6pun110 
but t.obacco and py re- A! .. I":HIUl. 

thrulll aTB also effective 
as fumigant.s in enclosed 
apaces. 

Hydrocyanic gas i. & 

deadJy poison, and one 
to b~ carefuUy avoided 
by any but &II exporl; 
but it is in-valuable as 
a r umigant, and is espe~ 
cially used to clear 
young nur sery _ Bt.ock 
b orn a.ny pests they may 
harbour before planting 
them. 

0, ('_ ~lpper Tellscl cODLaiuing t"lu · 
tiO Il to bE' spra.\'t·ct. 

",IOp (It lid, \\h erein i! afltra i·tf· r 
to pn!~'elJi. entrauC8 of COlo.rll8 
pltoTlicle.ll, 

PP, lvwer parL 01 .. pparnlu.e 
(ma.de or steel) Yo ht!rt!io 18 • 

pUIJlP aC.Luated by t he work · 
matl through Lhe bandle u. 

L L, 111.0 ('8 jn~o "'hi ch Lhe 8O!ulio:J 
p&asea by means of ~ flexi li le 
tube. 

N, nozx.le, from. l':hich th& s tolu
tion emerges 10 IL fine IIpT.", 

8 s. 6tnp" whicb p .. O'¥er .,or~· 
mao '. aboulde..J1l. 

Va.riou! implements have been pi&ced on the marke~ 
lor distributing Insecticide. in the fo rm of "powder., 
~aahe •• Or sprays, &nd an illustra. tion i . here give: ,of ._ 
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&n appara tus which 11 useful for operatioD. on a am'!l 
.cale (fig. 262). 

''"hat is known AS good 1arming-that is . thorough 
cultivation anu liberal Ol anu ring-will prove highly ser
\'iceable in comba ting insect inju ry. The effectiv~ work
ing of the land is most unJa\To urable to the pe rsistence 
of l!1~('ct lilE in the so\1, as it tUrDS out not only larne 
nul PUP&;! a s well. a ll of whicb nre 11hble to be) uestroyed 
by t.be ~·~&tber or to be eaten by birds. A t the samt
brue, e7crything t.ha.t lends to jJ Tomoto plant growth v.lll 
hf' lp to car ry So crop speeddy O\"('r those p~riods of ita 
llr~ when it i . wore than usually &usceptIblc to insect 
Attack. 

ARACRNlDS 

These Ar..hropods incl udes 5corpioD!! , 'spidEn , ADd 
mites, of which the fi rst -named requi re no meotion here. 
The body is not divided into th ree distinct regions •• 
ill insecL!. [or either lilt, heaJ Dud thorax I\re fu!ed 
togelher (spider !), the abdomen remaining di stinct, or 
all th ree regions form a continuous roa!!!. (mites). a lthougb 
t.he a bdomen is usually ma rked oIT Ly a groo~e or 
suture. There a re no Rntenntr', and fnur pai r! of legs (not 
three. lJ, S in insects) a re p resent. The lire-history does 
not exhibit the complete metaUlorphosis characteristio 
of many inbecta. 

Spiders are highly carnivorous [orms. which dC5l roy 
l ar~e numbers of noxious insects. and are therefore to be 
regarded as beneficial. 

Some of the mites inCest animals, while oth9l8 attack 
plants. They are mostly very small or minute creaturel , 
with which it, is often tlifficu lt to deal. 

AIpong mites infesting animals are incl uded s. number 
of species causing mange, scab, and itch. Some livt. 
on the ' surface of the skiD, ~·hile others burrow in it 
and give rise to serious disturbance. Ordinary sheep 
scab is due to the presence of a parlicull\,r speciell 
(PSOT"OPtu tommuta-is). 'Which h!1UOW5 in the epiderm.i!. and 
lead. to the formation of scabs ( fig. 263 ) . The Bo-c411ed 

• head lCab is canled by another fonn (S"r"'l'l" _bioi). 



MITES 

Tra&tmcnl consis t !'! in tbe use of "nriou! ShHp·c.lipt
f .!I., luue anJ sdphur j caru(l fic tlc iJ and l:iufl. lIoap; or 
{uL.~cco and suJ(Jbur. 

Poultry as well ll~ nLamwals tHO lillLI(' to tl.H~ RI!lI.cM .• 
IJ i lIIilC::i rclalcJ to ti,e Ja5:..·n,:1IIlcu (orm. two c.. r the.& 
iJarasitcs (Sarculltu Il/ "il 
and .s. lI!l~t(J/I~) b('ing 
reslJollslulc. respect in'J)" 
iDr £elllber-caLmS ami 
. scaly Il·:;. 1 

The l,bnoxiou,-; har· 
v e. I bug (/,'1,1., 
lllllum twU.,j is the 5J:\.

l('g£cJ illTVIJ. of LL mite 
(~fJ S:$ i b 1 y 1'11JlIIlwhu.1II 
II(llo!~, 1('f'1I 'iI ). 

TIle red ben·mite (Der· 
r.WllyJ.sUJ u~'lU-m) atlacks 
fowls and cage-uirds at 
night, retiring to cre
vices in the }'tJullry-

house or biro -cage dur- ( f.!~;'Q~~~-;~:!~~-i~~.·D E~'~: ~St"tt. 
109 tue day, and greatly 
encouraged if these are alloweJ 10 get and rema.1n 
anty. 

The large blood'Auck ing mitcS' kno~'n &5 ticks t.orraent 
'various dOli";Csticatt:'d anlloais , and lhe true sheep lick 
{J.rofic& Tic;nu&) may ue cited ali an example. It i ll a:DOWD 
that sowe of these parasites introduce disease-germs into 
their victims. This has bepn uefiniteJ..)' proved for '1""181 

1ever in cattle, and appears to be also the case for 
louping-ill in sL.ecp. 

Mile. which lnJest P lants.-The group of spinning 
lllites ('J.'dTanyr:J~jnlC) . populnrly known as red 8piders, 
includes a Dumber of specie!! which are injurious to bush 
fruiLS and hops. The gall-maes (El i(JJlh.yidU' [ J''' !ffop! ,d(,] ) 
a.t.tack fruit t r('es, the best known being the black--currant 
gall-mite (Eriop/.yt.l [l'hytol'/U.l) riblJ), a \'ery minute 
creatu.re which liYes in the leaf· buds of black currant. 
<also white and red currants) and causes (he dise9.~e 
known as . big Dud.' The reb,ted pear-leaf blister mite 
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(EriDphyn [l'h!ltopiu,] pyri) a Uacks the foliage lea.es and 
Joung fruit of pear and apple. All the members of th!A 
family bat'c elongated wrinkled bo(hes, and l.he tVi'O la.st 
pain of legs are reduced t.o brist.les. 

The bulb-mite (lChi~o!Jlyph1u WlIIlO}JUS) a tt.acks the 
. wollen unde rground parts of luljp, lily, hyacinth , onion, 
and put al O, as wei! as vine-rOOLS. I t. is related t.o the 
cheese-mites (l'Y1'oylyp/; 113 $ITO and ']', elaHar), 

¥laoL·in festiog mites are destroyed by powders , 
washes. and sprays, in t he same way as inju.rious iusecLs 
(pp. 641-4) and SUlphur is repuled to be especially 
efficacious. 

MYRlAPODS 

Thi. group of Arth ropod. includes Centipedes and 
Millipedes, in wbich the elonga.ted segmented body is 
provided with numerous short legs. The head be&rt 
antennoo. 

Centipedes a·ro flaLLened from a.bove downwa.rds, 
each segment. bears one pair of legs. a. pair of poison 
claws La present in the neighbourhood of t.he mout.h, and 
the &ntennre are fairly long. These crea.tures arB ex· 
t remely a.c t.ive and purely carni 'rorous. As they feed OD 

, lugs, snails, insect. lar\,oo, and worms, they may be 
regarded as purely beneficial. 

Mll!ipedes (fig. 2(4) have rounded bodies, each 8eg· 
ment bears two pairs of feeble legs set on close together, 
there &r6 no poison claws, and the anlennoo are short 
(ne.\·er more than se\'en joints). MiUipedes, often known 
& 8 • false wireworms, t Rre sluggish vegetarians tha.t. do 
(loDeiderable damage to Lhe underground parts of crop-
plo.nt.. They are dest royed by lime, or trapped in 
l oooo04-out mangels. 

ROUND WORMS (NEII!:ATHELII!:IA) 

The very numerous round worms and thr;acf wonnl 
included in this group a re mostly int ernal parasite., 
~m. a tta cking animals and some p lan t s. The cylindrical 
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body is unsegmcnted-i.f' .. nut di " idcd into r illgs or 
~f'pn eD t5-ta perillg a t tflt> frolll o r :d bolh rn J'I , a nd 
ullp ro"jded with Jllnhs. 

Round Worms Infesting Animals. n ll (, nr \ he mO lt. 

fa.m iliar species is t he Jllrgc horse worm ( I ~C'111J m,.qa· 
iocrpha la), of ten found III g rea,t I lH lll h cr)) ill I h", IU\('sLine 

of t be horse a nd its aiJi es. Fa r IHurl' inJurious t laaD 
!hi3 are t he palisade worms or st rongyles, uf ,dlJ ch tb. 
following arc ex amples: giant st rongyle I J·: u.~1 """yyLtu 
V1!Ja,), in kidneys of ho rst' , ux, and dog ; a rmed st rongyl, 

F IG 264.-MILLlI' J:: LlE S-' Lll.n W'lR E"' OR!d 8 ' l~I yri apod . ). 

1. Lo ndon enake-miUipede, J 1,I.iu. Lotld i n(n.ti~ . (I f dark lead 
colour. 

2, "potted f!lDQke-milliped e. B lan juJu3 gUf/ U".JllJ l U ttl u. , pul
chcllll'l. of pale ochteoUf! colour \\ tLh Cflm8 (JO IPO t.l. 
na.t.uml a i:r:e j 3, magllifitld . 

i . earth enake-miUipede, Ju lul f er- ruf ".i, (pitch culnure<fJ, mag
nified. 

:>, iLs antenott., magnified. 
a, B&ttened milli pede. Polf/durntu complanaluI, co lou r lilac to 

'Pthitish, ua.tural 8i~e; 7, magn ified. 

(Strongylw armahu), which in the young sL&Le is !w&l
lowed by horses in drinki ng waler, bores in to tbe blood 
~eslels and a.fterwards retUTn!! Lo the in testine, where 
It becomes adult; sheep strongyle (S. con tortu. ), ]iving 
in the fourth stoma.ch of la.mbs, and cR.u~dng seriau. 
disturbance j lung worm (Fi larin), infesting the 
breathing passages of lambs Rnd sheep: and tbe 
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gape worm (Synynmlu iracllr.atil), parasitic in the 
a ir-passages of fo" Is, aud causing the disease known 
& & f gapes.' 

ODe of the most dangerous pests is trichina (Trichi.na 
. piT!JiL.'l-fig. 265), a minule fOTIll, Lhe a.dult sexual stag6 
of win ch. 15 found in the stomach of human beings, pigs, 

ra ts, and otbe r fl esh - eating 
animals. Afler Jifliring. the feUllllp:i 
produce innuwerabJe In'wg youlig . 
which bore into the blood-\'cssels. 
and arc carried to the muscles, 
wil(' re t.hey pass int.o a quiescent 
Of encysted condi l ion. 'fhe dan
ger ous or fa tal disease termed 
trichinosis is due to their presence, 
and is spread by ,the eating 
of uncooked or imperfect.ly cookeJ 
trichinous meaL. Rats are largely 
responsible for t.he dissemination 
of this parasite. 

Round Worms Inlesting PlanLs . 
-The minute [arms known a s 
eel worms (lllguillulidtX) cause 
several serious crop diseases. They 
include the follo wing fou r species, 
among others. The stem eelworm 
(l'yiencJl't.L! dt'Ca~atTi:r. - fig . 266) 
a.t,iacks the stems and leaves of 

FIG. 265.-Tltl CnINA rse, oats. buckwheat, clover, and 
(T .• piTali . ). E nlarged. pot.ato. sLunting the growth, and 
a., femlLle. b. male. producing abnormal local thicken, 
&, dorm~t. stagB I en· ing. • Tulip root' of oats (fig. 267) 

('!ya 1D mu.sc e. may serye as an example. 
The wheat eelworm (Tylench ... , Ica·nd.",) infe.to 

the developing grains of wheat, which become dark 
galls, variously known as ea.r cockles, peppercorns, 
aDd purples. The beet eel worm (H el<rodera Schacht'i) 
.pend. part of its life in th.. lateraJ . root. o[ 
beet, which swell up into litUe galls; and this pest 
is responsible for what is known A.S j beet siclatt,ss ' 
.of the soil. The closely related root-knot eel worm 



FLAT WORMS 

( U. rO'licicc.lu) lives in the roots of a. larg~ numhcr of 
cu lLivated pill.lll.!' und \\ ecJ!i. and is especially hllrw{u\ to 
clover, lucerne, cucumber. and toma.to. 

FIG. 266.-STElIol E£LW{)n~ {1'yZr'ld ull J~t:(H(atriJ). E nlArged. 

FrOU L eod of 11 "'orm (fu rt he r enIBrged), La rtgul.. 8ho~ IIl g btlr i D8 
!lplJ,e. EwLr.\·o coiled up in egg, Lel(J .... . 

As in so many other cases, good 
farmiog a od a ra tional system of 
r olation a fford the best Dleans of 
combating these pests. li seed. 
wheat containrs ear cockles, it 
should be p ickled for twenty-iour 
houTs in weak su lphuric llCjti (one 
pint 8'.. wng acid to thir ty-th ree 
gallons of water). 

:rLAT WORMS (PLATYHELMIA) 

This group incl udes a large 
n umber of internal parasit es that 
infest animals. They are uDseg· 

Fla. 26T.-' Tuu p 
R OOT' rs O.t.U. 
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mented and t.hei r bodiE's a re Oatt..cned. Two Bubdivl
.ion. are of economic impo rlance--( l ) Flukes (Tre
matoda) and (2) Tu~!cworms (Cestoda). 

Flukes (Trematoda l .- The best·known Bpecies i8 th. 
U'r@f !luke (FaJciola 1't!l'ntica) t.hat infests the liver and 

bile passages of the sheep, a.nd 
cau!;E'S 'li\"er rot' (fig. 268). Th e 
adult i.! of complicated ~tr ucture, 
and is bermnphrodite--i.t_, posses~e, 
il (lt h male and femaio r eproduc-

, 
) 

o 

.. J! Q 

FIG. ~as.-LIYt;R FLUIi:~ (Fauiola hepatica). 
a and b, suckers ; ccc, branches of intestine . 

• , Ado lt. 8uke. E, redia . 
• J ciliated embryo boring in to .naiL P, cercarl"&. 
0, water 8na.i.l (Li mnu a truncatl.llu ). oJ cysts on gr..,_ 
D, lporocvst . 

.. X i, B, ti od D-P. highly magnified. Size of C indicated bJ 
r liue. 0, .liShtly enl&.rged. 
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tiv e organs. The life-his t.ory may be lummllrized 
.J follows:-

1. Adult nuke in l iver of sheep (1116 till al ho, ') produ("el ~8S' 
that pass d OWll bjJe ·ducl. jnt.o iJi lesLIIJU snd l-O ('.lIenor I II dUb, . 
b.bould .. hey fall iut.O wawr or ou to & d am p fiopUl eaclJ I;a.~ 
ou t. Illt.o a.-

2. Ciliated embryo, thlLl. ti"im~ (l.ctn'f'ly ~h('lnt in !lrarch 01 
the emrJ..l water tlCI&il }" l m1",.a truIICCltula. ftllhug w bud " 'bicb 
III .. bou t eight hours La. <liee. If 8Ul..'l't'."..ful III I!~ que'!l It borea 
into the lung ot the soa.iI ({be 1llterulttlial' 110M) Ilnd becol))~ 

3. A shtLpelesa bug ur sporoD)'st, \\ Hlill! ... tuch IS pruduced 
by interuaJ buddlllg-

4. The red ia, tbat makes it.! way tu Lho li'l'er of t.he IInail, 
a nd nSeI th is a6 food. ~{,H'r(\l gPfll'f1l.l iollB of dhughLer redi. 
lOre product<! by iulerllal bu(\rltllS clurins tbe 8UUllU\lf, liu~ ult.i· 
lDBoLely tlle.ae are r...:p laC<."<I by 
tbe n~lt 8tage o r-

5. Cercaria, teeembJi ng a 
tadpole ill sha pe. TlliJ! make.s 
lUi y, ay oul' o r the fllUul, S ..... 11I111 

to a gr~B plaut, J(.)6e8 jUJ lail. 
and becollles encyst;ed, its budy 
beiug cover ed wilh eo firm 
luny coat. 

6, Jf & sheep 6\\,n.UO"8 one 
of ihe cyets the l imy covering 
18 dulsolved in il.8 Hl.um ach a.nd 
t.he )'oung n uke pMS('8 up the 
bile-duct. lnt.o we In'e r , 

It is clear from what hllB 
been said that the disease 
cannot. be directly communi
ca.ted from one sheep to 
another, and that the most 
efficacious means of preven
tion are to be found in 
keeping sheep a way from 
damp, badly-drained land, rIG 269,-CO!ol'H1S 'fArawo ... 
where the snail is likely to (l'(f;llia ,lfJlium). 
occur, while the !OUrC6 of 
the drinking .. "ter ;s " 
matter for special care, 

Tapeworms (Cestoda).
\Ve may take as an example 
~h8 common tapeworm 
(Tania .olium - fig. 269), 

A, adul t. worm. 
8, head, enlarged. 
C, 6i:r_h(,oked embryo, moc.h 

eniltrged. 
D, encysted bladder· worm, 

enla.rged. . bead 

., b~C~~d':i~~Dla~~~. 
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T j.BLa XLI. - Tj.PEW OUlR. 

Ji,..·j, J1If'(iiocalltt· 
I"'ll (.<a,ft'i""/fI) 
No hnC'lks Vcry 
numeroll 'ljointa 

T ft~r(lln 1»1 to 48 
hooks of 1'010 I'izes. 
J-;'umerous jointR 
\I It)l promineut 
p<Mtcrior angles 

11'1'¥.n MF'III/1n: ntl:;T 
(SIJt'!tCrill~ blnddet

worm). 

[111'(/1 1, .HhJ;T 

(!ihcltcrillg adult 
v.ormJ . 

03: Man (!oo lllniJ intc ... tinC!) 

c . pi~!rr>TmifJ. 
(Ii" c r and 
tery) 

I I 
l:u\,Ioll DoS t I!1l1u.1l1~testlll:-; I 
w...,,, _I 

1------1---- 1- , 
Doofcd Dog (Sill all intetlin,,) I' 

(Ult!sen-
l' flIUI'!linnf". Num

erou. jointa, nl"ice 
as long as broad 

JJflthri(>('tpnnl"liotlU. 
Fll}t hearl, without 
hook!!, hut wltb ~ 
"dhesiye groO H!JI . 
Very D u merOlU1 

brOil.d joinu 

~ia c_ur",. 24 to 
82 .mall hooks. 
Numeroul joints 

T tl4i.noc {)('c ull. 
Minut.e.. Numerous 
... ery 'm~l books. 
001,8 or i joinu 

C fe'ltIit.'Qllt., 
mamula!S 
t.el,}') 

Embryo ci I i:\.tr:cI: Man (F-mallinleH.inl') 

l~\:~~eoi'~~~o ~::.~ l ltarely cat or dog. 

\!~rr~t~~ielll~ll~~; I 
ioto i,ike or hurbot 
(st:colld intennedL
ate hORl) 1 

Cf]"'1lUrt.!.!I l'l'rf'tr"l i lf. \ Sl)l~ 'r - r10g 
Largt bladder, pro- lUtcatine) . 
ducing se'l'cr:Li t.ape-
worm iJe;lds. Sbe<'J) 
(brain, CIl u si nf; 
'stnggc~'or ' gid') 

Echi"I)COCC1U 'Cf./n-;n- Dog (smaJJ inteatille) 
(t'I"llm, Yery l:lrge 
compound bladder, 
prodllcmg man,\" 
tapeworm h e a d 8_ 

Man and dOlnesti<' ! 
hoofed mammal! I 
(liTer and other 
organs) 



",-Lich i.u its o.dull condition li\-es in the sma.U intestine oi 
human 1,~ing81 and Wbt!l1 iruW&LUre in t.he muscles of 1 hb 
I-'Jg, where it cause.! the cODujt.jOIl kno""n 8..5 'llJCa.l)Jy. I TL" 
adul t. consists of a minute head ( .. eolu). provided with 
hooks and Iwckers (or cJinging fa thl! lining oC L1le 
intestine, and a. long l\cric::i of fia.t t.ened jOIDts (' pro 
glottidel '), each of which contains Ii cOlUvlett' 8~1 of walt" 
and female relJrodl1ctl\'~ organs. These joints art" not 
comparable to the rings or segments of all earthworlll , 
centljJede, Or insect., Lut mlly be regarded as a. Be riC's 
of bud., t.he yOUllg~st of which are nexL the head. 'I'Ll' I ~ 
aTe DO digestil"e or ga.1l8, for tLe food consists of t.h~ 
digest.ed lubsts.nces prespnt. in the inLestine of Lhe Lost, 
and which are ai.JaorLed by ttH~ genera.l 5urfaco DC the 
body. 

The ripe proglottid •• (fur the.t from th. head) con· 
t&io a la.rge· number of embryo!. which ha.ve developed 
wit.hin the firm coverings of the egg!!. They pllBS out 
t.o the exterior In thl,) excremont. The .etages iD the 
life~hi8tory are as follo .... s;-

jOint: t~e ae!~r~~~\~ll~be"'=~:i~l~ :r~I:w~It':-~c' j~i~~~ L~ll~:;~~ 
from ita investn,euui, lI.ud b,- Wf"tLlJ@ of &e SiI book. it pUlJIfeij8M 

!:H Ire!! into tbf' Lloon "' '''8sel, of tue !tt.omacb, (I.11d ia carried t() ooe 
of tbe mu"clefl, wher e H-

2, Jla<mel!l int.o the eocyet.ed OT bladder-worm stage,. 
knowo &8 OY8tiuTII' eel/uio.a iu thiH p&rticuJ&r ca,,;e. It iIf a 
hoUow . phero an iogrowth into which become. & tapeworm 
bead. 

S. De"elopm~Dt caD proceed no rur1her unleu t.he bhd.le r· 
-.;orm or • mea.sJ6· iIJ 6w.lJo~M iw & humAn Uf'tng. "hpo tile 

;~:;~~~Li: :nXb~:~t! ~Ll:eCr~: ~7eJ~~u~b:b~:i~:c~!nl~: 
aD adult. 

Details regarding a lew othel tapelroJ'!Ds are gireD 
in Table XLI., p. 652. 

AlfIKALCULES (PROTOZOA) 

This subkingdom includes a. vast number or minut.e or 
mioroscopic animals, varying greatly in structure l and 
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divided into numerous groups. The body of a Protozoon 
cousish of a single cell. and is therefore said tv be 
ufricl'llular. 

Protozoa 8~'aTW in the soil, and some DC them devou r 
the beneficial bacteria concerned with nitrification. 
Steriliza.tion of soil or its treaLwent. with various chemica.! 
ftubstances dest roys these Protozoa , a! 

well as the L.cteria. The spores 01 .~:,: ""._(:.' .. '.:/'.'" the latter, howe"er, 8un'i\'e and give .... 
r ilolC to fresh crops of bacte ria , which, 
being freed from their enemies, are 
able to multiply 1,0 an abnormal 
extent, brwgiug about unusual fer· 
tility. 

P rotozoa of Disease.- or late years FlO. 270.-TRY. 
it has been disco"\.'ereu tbat a Dumber "'A ~ OSO.lIES. 
of diseases are due fO blood infest.ing Highly magnified. 
Protozoa, many of wliich pass through 
a. characLerist ic trypanosome stage 
(fig. 270). A dipterolls iusect or a· 
uck (.see pp. 631, 64;) js the means 

A, 8ill~le inrlividu a.l 
D, indlvldua.l divid

h,g !!.t,o two. 

o[ conveying the disease. A few such diseases ar. 
lu.mmarued in the following table:-

TilLS XLII.-T.nYPANosouE D18'l:J.SEB. 

j Sa~~~~ ~i!~~~iLf' I Wbereoccurring. Aniu1:l afi·ccted. fll(ccting Agent 

1-
1 ,'''paNM(lrna 

~ brl.lctl 
Nagana (Jr fly 
di!eaae 

Tropical Africa 

---- - ---
T'~:~:;'sick. ! Tropical Africa 

n ... 

Ilorae and ox .. T~e:"E' fly 
l C lfJu;flfl 

Mnn 

! 1IlQrntatu). 

Tsetse fly 
(U.paipaiu). 

T.tw:nm. ... r..omioantll Probably ~G8d. 
Suno I By. 



TRVPA:<OSOMJ!: DISEASES 

T "'rui,,.,'(luTli .\lg~ril\ IIT,d 1I •• tllt lollil Ij r 
j)w,rilll! "u/, :·1, 

T rl"jj"~.m :-ioutl, llll.(,li(';' H"h" 
lbld", 

Clltil't"lI ' 

T O, ,. il. ri, Tr .. " ... vu:.1 
lii lc-... ckll~ 

I Pir"phlnnq, -=- Nurth Awcri(':l, 
Tc.x:u, fever 

I l'ir"/l/"1'1~ I' Gn'lIt Ikitaill .. 
Luupll1g_il1 

I 

Callie: \ 'j "~ 
( JI,,,,,.kilu~ 

U,ItUO/lItHI 

Malanal d iseaacs arc due to ClthN J rOI('11-:II. LiooJ I)arlllt,itt'l (FrU,'-. 
01 Ra",om~/j introduced toy the Lilt. I.IJ d"I I lt !'l urid ILDt,,"IIII. 

(lipedcl of .dnoph.Iu ). 



G;,G ADDEl!fDUH. 

LrsCOL.1IJ6:H11LE RED Sa:OBTROR!i.-Thie is a tpecial 
etraiu of Shorthorns, distinguished by a. deep cberry 
red colour, supposed to have been originated by Thomes 
TurDt.'ll, o[ \Vragby. to\\'Incl8 the close of the 18th 
century, and much iees in-bred than the ordina.ry type. 
A di.stlnct Association aod IIerd-book date froID 189b, 
and tht' strain dilfers 80 little from the parent stocK: 
L-hat. a red bull registered ill COn.t~s'S Herd-book is 
considered Buita.ble for use, so t.ha.t its progeoy could 
be eu lercd in the LiDcoln Red rr ~rd-book . 

The breeu is offitially described as po!o;sessing length 
or [rame, good constjtution, great banllUcss, mtl.rked 
powers of miJk-yieltiing. and heavy cnrcasc. It has 
taken a leading position of i<lte years in ~ilk and Butter 
CompetitiOns at importau t Shows, anu is iocreaslng in 
popularity, Dot only at home but also abraan, especially 
10 hot countries, to which its colour appears to be ",e11 
adapted. 

BUITI8H-HOLSTEL __ .-This is a naturalized Dutcn 
breed, taking origin from the bla,('k·aou-", hite FneSHl.D 

cattle (with some infusion iTom otber ~ etberland racf"s) 
fo rmerly importcJ in large numbers into the eastern 
part of Great Brita.in from Aberdeeoshire southwards. 
A sp{'cial Breed Society was formed in HJ09. The 
m.ilking qualities cf ths breed are highly developed, 
but the quality of the milK will bear i.mprovement, 
although the unusually minute fa.t-globules reader it 
particulnrly suitable for cheese-making. 

The following points are to be looked for :-Frame 
large, and of dairy type, but less specialized thA.D in 
Channel Isl3.nJs breeds. Colours: blnck-and-white (in 
BharpJy deaned patches) preduminating and most 
fn voured; uun, dun-Clnd-white, and black also recognized. 
Read ·unusually long, fine. IV ell-bent horns, forwardly 
inclined, with no upward turn. Neck slender snd 
rather long. Coupling long; belly low And. onusuaU., 
ca.pacious. For a dairy breed the chest is deep through 
he:l.rt, with relath-ely thick withers and 9houlders~ 
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STE,L"\1 EXGJ~E A?l:D TH.ACTOn CC LTJr,\TJ();>i. 

!\ ca rly all operatiolls in COWlcctlOO \\ lth the cullJ\'" 
tioo of Lhc lallu may WILl! advantag e be cITccLt-d cJLllcr 
by slea.m culLI\'allun or by motur LrncLor, t.bIJuC;li Lho 
iJglner operaLJOns tlwy bo Jone- by a borse. 

The llllitn. atlnlllLagc iD eitllr;r system, CO(HII:,ts ill 
the fa.ct Lha.t u. greater anwunt of \, ork 1Il11.)' he uoue ill 

u. gi\'ell Lime than \, ith llU rscs, thus cna.blmg Lhc runncr 
to aVllil himself to a. gfl:l1tc.r xtl'ut ot L~\I..Iul·;_dJlc CUrl' 
Jitiuns, to get Dot only a Dlax;uluw aruoU!lL uf \\\Jrk 
donc, but Lu get it. bt:tlcr uO De, the cood,t:on o[ tho 
soil bring more friable. 

Several systems of s t.(.'nm cDti\'ul :on L!\,l~ heen 
bro ught out, but the most successful has been the Jouu1c 
englDe system, the p~ongh bt!ihg hauled Hcross the lield 
and bacli by an cngme \\ ith windins-drulll at l:i~lll' r end 
of lhe field. 

Such a. plant ob~'iou5Iy represents tJ lC cxpcII(lnurc of 
considerable capital. Thjs may b e fu lly ju:.tdit,U un n 
large area at lillage, but would be CXCC!;31\C for II smull 
hold .. ng. In the lat.ter case the work mo.y be done aL nil 
agreed price per acre , Ly ow ners of ta.ckle, \I ho make a. 
business of dUlDg tbe v. ork. 

Direct ~L'ractio",-Se\'cral attempts in past years \\ ere 
made to drag the plough direC'l by 1!lCMs or the 
ordinary steam tract.ion engine. These were abfLndoned 
owing to the excessive we:ght. on the engine wheels 
unduly compressing the land , a~ \\ ell f\S on aC'{!ount. of 
the power taken to propel a. hca'rY engine o,'cr ti le 60fL 
g round. 

The introductjon of the molor t racto r with its 
reduced weight. bas broughl II d t ect tra.ction " a gain 
to the hoot and the experience gain eu dur ing the Ia"t 
lew years bas estabLisbed its efficiency undc ... 6UltabJe 
eondjtioDS. 

There nre numerous torms o[ tractoTs, the relalive 
merits ot which cannot be discussed here. It may . bo~'
ever, be pointed out that one fruitful !;Qurc.e of fn ilure 
arises from over estim..:ltiDg the work ~hlCh may b~ 
done by a tractor of a. given power. The sl ight. addi# 
tiona! coslr-<>f say an extra 5 B. H. P.-may make the 
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"hole differenl:e between success and failure, and p"o,-e 
a very }Jrudcf.lt expenditure of capital. 

Generally the po" e r should be such 8S t.o easily pull 
a three-furrow lJ lo ugh , at a suitable speed and dept.h. 
in the land to be vlougbed. 

If 8u.tlici ent power fo r lJloughing is pro,,-idcd it will 
b e found t.hat oLllcl' flpcraL;ous wIll ue amply p ro ,-jdeu 
for. 

From th e faJ'Il1N'S point of view a good geocral 
purpose tractor is \\ bat. he requirl' s. 

The conditlOos of traction [or ploughing, anti on a 
rooo, arc so "cry d;fferent., t.hal a pe l'f!:!ct comulnntion 
IS not. so easy to prouu('c flS m ight appenr. 

Due considera.tion must therefore be given to t !J~ 
pw'poses foJ' which th e l ractor is to be used. 

It should also be capable of com'enicntly ~riving a 
thrash ing machi.n e, circular saw, or other estate 
machinery. 

THE BREAKIXG U ' OF PER~[AXENT GRASS. 
The prOl~es:s or COu\ e rt.ing permanent. pa.sture into 

arable land is new to the experience of many preseut
day agriculturis.ls , and it :presents many problem s 
which caB for somewhat special knowledge to deal \\ itb 
successfully . Recent experience has shown that old 
grass land broken up ill a particular manner, and at a 
particular time has yielded excellent crops - while 
aimil&r land treated d ifferently has gi\"en very disap
pointing results. Experience also shows tbat HIe 
rcswts vary according to the character of the soil, anJ 
that to ensure success the melhod oC cultiyation mus t 
be adapted to the l) pe of land with which the farm er 
has to deal. 

GrH.s~ land \'aries much in quality and in its 
capacity for production in the way of meat or mitk . 
In general, land und er arable cultivation is capable 
of a greater total production 01 food than land '<l1lder 
gra.ssJ but some pastures are more likely to yield 
satisfactory resu:ts when ploughed than others. The' 
.ui~bility of any particular pasture field for arable 
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cultivation js determined bJr sudl 11 {'ollsidcrMion aa 
\\ heLhcl' l.he land J8 oI a CbllJ'JICLCr gt'fH:rally (I;,. t.Q make 
Jl rcubouably }Jrobuble tLuL 11 will , \\ 1111 JJflljll:J' L'uluv&
(1IJJ1, YlCkl. reruuT1erali\(~ crops. \\' I I, \llIdml1l~d land, 
\ cry heavy adlll.l!:iIVC days, ~;\('C~:.I\ t· ]., dry ~Hnuy SULi8 

~lId laud lit a illgi. tllt:\alIOh tire I tuL III j[l'l1t'raJ lIke!y 
UJ prove profi lBlJle Ulld(:I' tlrn lJle l ulli\ I\tll~H. Un the 
o ther hUlld, u. n.!l'y large :Ut'U (Ii land 10 lhls coun",ry 
thut.. is Uo\\ In pasture cuuld \\ Ilh gl'C,U udnllllnge, l;oth 
LO t.he farmer aud 10 lilt} 11:111011, bo l'ul) \ ertud lnW 

b.rablc lanu. lbe Letter IJi-lStult.!s cOllla.iu stores of 
fel'lll llY, Which, v. ben (J1lt'C OI)l'lIcJ up by proper 
ndtl \·ut.ion, become availaulc £01 t)ucl'E~p.si\e Cl"OPS, while 
llluth la.ud ttaL now only C;LlI' ri cs HII H1ferior s\\ard could 
be 80 illlpro,'ed by ara.ble cu;uuJ.tion that Its ywld could 
be very Ifrgely iucrcllsed. !\c\'crl/tc/('5S, it! new of the 
\ &riable character of the laud Ufldcr grl'88 in thil 
cOllu Lry, die selection or p.'lsturc Jalld for coo\.>eraioD 
juto arab1e, ('aIls for Lbe ex~r('h,e uf judgment, 

BI1EAKIXG LP, 

Heavy Soils.-On \.;oth bea,'y loam!; nnd clays there 
io much gtasl:I lnnd t.hat hns been ploughed up wit.b.in 
the last two seasons, It. happens thaL In certalo d iatnctw 
of the country, Dotably in tile Midland. and South of 
England, a very large proportion of tbe pasture OD thelle 
two types of soil is of an inferior ciluracter, and a 
~oosidcrable a.rea. is derelict. It 1S gelleralJy oecessa.ry 
that old pastures on the heavier clllb:SC8 o( land should 
have a swurner (ailow, Ii possible) the land should be 
broken up in May, and at the latest 11S Boon 8e the bay 
harvest is Ol~er. For this purpose, alld especially on 
large areas, steam tadue ba.s great advantages. 'Ihe 
turf in the cnse of inlerior grass land '8 of teo largelY 
composed oj 'Weed., and it is necessary (or proper 
cultivation and cleaning tnut U,e turf should be killed 
on the surface and not buried in the soiL On good 
grass land, on the other hand, where the turf i. o.f good 
qua.lity, aDd the soil i. deep, the tur! should b. nune<! 
to rot in the ground It is an a.dvantage, wbere the 
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land is broken up early in tho season, that is in May 
01' t.he beginning of J unc, to leave I..he la.nd in a. rough. 
stale. The SUD and the ralll will 80 act upon tbe clouu:i 
t.liat. they can la.ter be easily broken up, and will thus 
uo [or the fa.rme r largely what. be must. hm1Sclf do by 
means of th e cultivator and the harrow, \\ ah lillie aid 
from ~un and rain, when t.he. grass is Dot broken up till 
August or laler. Wit.h land tha.t. is lI'lt broken Up before 
August, it is particularly desirable t bat It should not 
be plougbed deeply in tbe first instance. A shallow 
ll.nd somewba.t fiat furrow is in itself more effect ive in 
killing t.he turf, and it a lso makes it eB.sier for 6ubse
quellt cross ploughing. Ii t.be object in 't" i('w is to 
secure a sufficiently fine tilth [or the sowing o[ whea.t. 
in the autumn the early breaking up of the la.nd with 
steam tackle so tha.t it may rete:ye tIle full bClJcfit or 
the sun during 8. summer [allow) is, on the types of sOll 
undcr consideratioD, and cspeciaUy "itb an inferio r 
turf, the method best calculated to secure this) especially 
in t.he drier parts of the country. 

The treatment of a summer fallow after the first 
Ilreakillg up will depend to some extent OD lhe state of 
the laad and on the weatber. In some recent cases, 
OllC p!ougbing in Ju1y followed by thorough disc
hal'rowing several times and then cross-ploughing with 
p-ubscquent disc-harrowing as before bas he en found 
sufficient to break up l!le turf tc such an extent that A. 

sat.isfactory seed-bed for wheat was obtained by th e 
end of September. The aim being to kill the sod) and 
break up the clods, the condition of the fallow will 
largely drtermin~ the course to be followed in any 
particular case wlth a view to securing this end. The 
use of certain modern implements, part icularly the disc
harrow, llas in many cases materialJy simplified the 
process 61 making a seed-bed from old turf ) and rendered 
Jess necessary tbe repeated ploughing and dragging 
wlllch were at one time considered essential. 

Wben the pasture bas not b een broken up until after 
harvest, it is only occasionally that it can be brouglJ~ 
into a fit state to be put under a winter crop, and) except 
under special circumstances, it ,,"ill be better in any 
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case Dot to sow tlll t he spring, arlcr t.he: laud bu.!! batl 
tU l l ueut:fi" of th e WiHL('l' Il"osL. 

If a poor pa:;.Lure 0 1" lieu\'.) laud l 'tll1ILUL uc brokell IIp 
beforo the autumn o r \\ liller, (he ulf.:.thuLl uf IJlulIgblllj5 
should tben be IlwdlDeu. lU !.lcad of a bhalll.I \\ I tlut 
f1.Arrow, a det'p and iurened furrow should L~ lljUll.'U at. 

Light anu Medium Soils.-'j'J,c JlgllLcr (:lllliJit!l loI 
bnd are wure. ea sily Lrought uudcr cultivution t.han l hl..~ 
heavy loa.ms aod clilYS d~alL wilh nbun:, l,uL ~\ ell OU 

these there is frequently [ouud a tluck IlHl.tLcu turf, 
which if HOt. thoroughly brokcu UI' alH..1 rOLlet! UtIlY 
lute rfere materiaily with the crop. l 'nslurcs au light 
1'1o d are uo t generally broken UIJ to ue sowo wllb II 

winter crop like wheat (I f beaus, LuL for some Bpnng 
crop. \\TJJJle fa llOWing IlJUY not bl.: necessury on ibC8tt 
foils, tLey should hS u. ru!e uc ploughed early 10 order 
that th~ turf way havo UTtle to r o t befo re the crop i~ 
sown, cSl,eciaily when t ile sod is thick and ma.tted. An 
effort should be made w plough bet" l'Cll Cb ristnH\S a.nd 
th e lillter end of January, a lld gcltcrully lL flat furro\~ 
will probably be !Jes t. \\"herc the turf j, of better 
quality, or is th :D. d JC ploughing mn.r ue deferred until 
latcr, but tJje la te ploughing (If grass JalJ d is Dut a8 a. 
rule to be recomm end ~d, al though reeent. experience 
..... ould seem to show t.hat ill sOlDe southern districts coru 
sown on land ploughed as late as March is likely to 
suffer less wireworm at.tacks than t hat on land ploughed 
ea.rly. 

A Bat furrow is usually to be recommended J but 
"here t}le corn, which will generally be oa.ts, is to be 
sown broadcast, as is 11e ease in hill districts, the furrow 
may bm'e more of a " crest" on it than when the drill 
is to be u sed. In ploughing grass lam] in spring, and 
especially if 1ate, a skim-coulter should always bi' used. 

" 'here the land is of good qual ity. and the pasture 
ricb, it will be more suitable for potatoes lhan (or corn, 
as the latter would prob .. bly lodge and lo. e much oC it. 
value. If the turf is very thick, an ellort should be 
made to break it up so as to avoid tbe difficulty that 
wouJd otherwise be e~'PCrienced in mouJdiog up tbo 
potatoes. To do this effectually, the land .hould be 
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ploughed up witli a. shallow furrow early ill "iuter. 
Later Ull Iue suJ slwultl be broken up Willi a culLl va l..or 
or drag barn,l\v, and tbe land p lougJJed deep. 80 us to 
cover the broken sod. 1f a. dISC hurrow ib U\ ullable 
ibis shuuld ue used lor bl'eaklllg up Llio sod. l\1Ul:h 
la.bour 8.l1d t.lwe lllUY be saved ill thls way. Iu allY caso 
it i~ llot uacessary tor potatoes that t.he turl shuuld be 
brakeu Uj) veJ'y fioc, and expcrlence shoWE! that the 
crop grows well in laud whicb uas ill it. a conslderable 
quaoiay ui sod, provided the latter i.s sufticlenlly urokcll 
up so us DOL La wt.erfcre mut.ena.lly \\ lLh t"he ufter 
cultivatiou of the crup. 

Good pasture Oll ueep rich loam or silt fUlly be 
prepared for potu toes by ploughing to a dcptil or 
JO t.o 12 iDclieb, and ha"iug the Hod LUrJcJ at tbe 
bottom. For t.his t \\ 0 ploughs are employed. '1'110 first 
Lakes off the surfaco layer of about 2 or :1 Ulckes, and We 
second, which follows the first in the same furrow, 
ploughs to a. fun.ha depth of 6 to 9 incl1cs, and 
turns the furrI.Jw 0\ er Oll Lbe LOp of the sod. lu this 
manner a. deep bi.'d of pure soil is obtaiJ1Cd for the 
pot.n.toes, while the sod rots ulldcrIfen1.-h and 15 Lrought 
to a. condition by the following suason in which it will 
readily mix wit.h the soil and add to its richness. 

Procedure atter Breaking Up.-ln breaking up old 
grass land aD Dearly all classes of soil, somewhat special 
methods or tt·ealruent have to be adopted in order to 
secure the neccs;snry ti lth, and especiaily the breaking 
up a.ud rott.ing or the turf. It is, however, on t.he clays 
and heavy loams that the process is most difficult and 
lengthy, and wbere it calls for most intelligence nnd skill. 
Assuming that a. pasture on land of this character is 
broken up by steam tackle in early Bummer in t.he 
manner already described, and that by subsequent 
plougliing or disc-harrowing, or both, the sods and clods 
have been thol'oughly broken up, & final p!oughing and 
harrowing is all that is Deeded before the sced is sown. 
The treatment of the land after the crop is SOl\"D doe. 
not differ in any material sense from that of orili¥y 
arable land. 

In the case of light land which bas been broken up 
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from grass~ alld \\h idl is sowu \\jtb bJll'llig (,OfU, it 1~ 
speuuLy lluV0I'LaUL tiJa.t the 111ctlioo.s ul cuitnu.L.uJ. 
ud(J IJlCd sLutdd La sudt as t<.I ensure Llwl tiw J,lIJd I:; 

iI.J the end tL ul'\)ughly {'oll!)vlujutcd. .It I~ lur this rCIl~U!J 
ilia\. a 1hu, furrow is :,,0 Uiudl to Lt., Ucs,l ctL .\5 Ii fUI"Lhcl' 
rncaus of attauuug tillS cud thoruugh ro lJlug or prctil:>Jug 

IS to be il l:".J.,teu UPOll, cS!JcclUlly 111 a UIY Ulblncl I1I1J 

1U (:u~cs \\ i.J.nc the lUlltl hu~ UCt:u I,lought·L1 !u te, \\ hett) 
tlJC fJ !uughillg llilS been bailly JOBe, 01 \\ JII:n: tho turf 
IS vc ry thick. Th (: eXpCl"ll·IlCC. of the )J<1~t t\\O scaHilllS 

has SbO\\ll that tile lJI"OlJCl" Cl)UsutlUULIUli uf t be latH! 
unoe! tIH~:se \!il'(!Ulli~tallc:es i~ often u UClCl"iUlIllDg fll( I'll 
III the ~ucccssfu l gl'uwiug of spnllg cum IIltel' old gru!'b. 
In add ition to i ts aLlier effects, tolllllg IS a u!;.cful Ulenllb, 
as has long been l'ecoguised, of chcckillg the ravages u{ 
\\ ire-worUls and leather ja.ckels wbh:h urc Oflt:IJ a !:iOUI'I'e 

of troublt: on newly Lrokt!n u~ grass luuJ. 

To obtain proper tilth, \\ here, u\\ illg to lale 
ploughilJg or SGmc oUler cause, tJlI.' suriacc Hi /lot i,l a 
l."VUcilllon to ulnke a. satist'actory twcd I.n:d, dlsc-lllu-
1"0\\ Ing is of great \'alue, and many uf thul:ic wuo lllL\ tJ 

recently broken up old pasture .:HtriLuIC thei r bUC(cS8 
to this operation. Tbe disc drill \\ ould 1I1J1)ear also to 
hln-e sub!:olanttal ad\>an tagc ov(:r tile ordinary ddl 
especia1Jy on land \\ here there is :J touglJ sod. 

Cropping.-On heavy lund that bas. been &UmOJt::f 

fa.Uowed wiuter wheat is th e crop t iJn.t bbould gClI t: rn. Jy 
be sown. .l3eaHs may be sown iu partil·ular cases. \\"hl!l't} 
laud of this type has been b roken UJJ too late to allow 
of an autumn sown crop to b e t.nkcn, spring wLeat or 
ants mny be sown. It !)hould be &lated, flo\\ e\~er, that 
spring oat.s are more likely to slIc(:ted to tile !\orth and 
\'I,~ est than in the South of Eug!and. Exccllcut crops Qf 
mangels ha\'e been grown in Bome cases Olt land of tldll 
kind. Peas J18\·e algO been grown succe~~fu!ly, and mlly 
be recommended in many cases for latc sowing, thougb 
they are not equal to beans generally, if the latter can 
be 50wn bel ore the end oj February, 

The crops that may be taken after old gran on lighL 
land and loarns are more yaried . On the best soils, [1.5 
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hil s becll iudlCllLCU, potatoes may be grown \ cry SllcceS8-
f wly I aud ar~ in wallY CU:iCS tue lll!SL crup to l u.i... e. 
b pnug wheat will do \feU as also will barley UIH.! peas III 

( b.SCS \\ berc t.ho laud :5 gOUll and \\bere pl'uper Ullh 
!tas bccu sccured. Oats, hu wc\fer, nrc generaliy l l1e 
bc:;L crop to sow ou ibis type of laud as they also art! ou 
Leu. .... IeT Ia.nds whl(;h huve nOL ueen ploughed early . 
especially l1J Lhe l\ onu a.nd Wes l. Ou \cry vuor hoL L 
.!iuIls, rYe \\'ill oileD gl\'C good results if 50,,"11 tar!y. 

Manurmg.-Whcrc boud grass laud !Jus been Lruken 
up, good a nd c' ell rcma! kable cro!!s may be grown 
wlt.hout nny lllaDure Lcing apvhed. Uld pasture broken 
up, however, Hi ul'Ll:!ll vcry pour, especially III VhospilULCS, 
uud uutler these condItiolls ,L ciressmg of from 2 to 4 c\\ ts. 
o[ superpil ospilalC or basic ~J ug is lIecessary in order Lv 

b(:cure a satl~facto ry com crop. Tbe additio'l of half to 
One cwt. of sulphate of amrulJuia. is a.dVIsable in cases 
wllCre t.il e crop npvears backward in the spring, or wbere 
it is seen to suffer {rolu insect attacks. On old grass 
lund with a thick matled turf, lime often gh'es excellent 
results. both when appl ieu on a summer fallow and 011 

land broken up ill the wint.er or early spring. \Vhere 
t here is much old tough sod La be bruken HP, \\ helher 
on hcaxy or on light. land, l:me is a. most usdul agent 
to cmploy, whil e on stiff sour c!nys, Bnd hea\'Y loams, 
it has a special value [or its I. sweetening 11 effects apart 
from the aid which it gives in dis:ntegratiilg t he turf. 
Quantities varying from one to three tons per acre 
(according io t.lie character oi t he soil) have recently 
been applied to newly l;roken up land with much success. 
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Cllts, 615 
Beak (of Homoptcra). G2B 
Beam, 48 
Bean, 109, 191 
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(,-I!lr".3 li~ I ul:JtI,.'~, L. l, 2~, 
23, 

- - crf'Ppjng 1- 1 ann, L., "a:-. 
~t(lI(l1H/eHll. ~3{i 

- - Illarsh t.;. ullm, L. ). 223, 
237 

Berkshire knot shf'ep, !)21 
- pigs,.r..:l8 
Herry, 176 
/fct" l'U/voris, L. (.ct.:t Beet and 

~ l a!lgel) 
RIC-nnials, 160 
Big bud. 645 
liijateral symmet ry , 168 
Dj J-e. 4!.."'9. 433 
- duct , 4~9 
Binue r, 72 
IHudweed. 135. 150 
- larGer (Cont'olnllu~ ~epi1Jm, 

L .), 20,6 
- lesst' r (r. ar n!n&i$, L. ), 266 
Bird·lice. 634 
Bi rds . 615 
- cf prey, 617 
- :tela-won to agricultu re, 616 
• BirdS" eyes' (Jee Speed ..... ell) 
Birdsfoot trefoil (Latu& cormcu-

latu&, t .). 200 
- greater fl, major, Scop,), 201 
Bistort, 43 
- climbing (Pol!l90nUrn Oonvol· 

t'ulu3, L .) J 219 
Bittersweet. (&f t Nighhhad&, 

""ood~) 

BRA 

llla("kbrrry (llili;ua j,,,,t ·"D.IIUI. 
L.). 170 

r::a< 1..1Jlrtl. 618 
HI:H Kcap. 610 
~l:ll k cur~ant (1I;1'''3 1I19nw'. 

L .), ;:!,';I. :l70, 3;'r, 
- - gali mite (En'·I,nyu. rit.i. 

6-1 ;' 
Jila,(· k /#('e mount a in !bl'l"r. !I:!.1 
l:lrH"k fh-, Ii:.!!) 

- med:(k (:'f't' Treroil) 
- r,.t of callbnge. -W;) 
- soh ((, "'!/aIJJlhl!l'fi..~ (r.tln 

£' /(,1;,.,,), 402 
- ~!raw crop. J\l1 
l~ lackthMn (/'rulIlJ.! tpinmo. 

L. I, ~03 
flbd/le" 4-16 
nJad ,ler,worms. · 653 
Blade. of luf. 1;'5 
J >toad. 43.1), 550 
- dried, J20 
- system . 435 
.RiOOJ11. waxy, 000 
Dlllw,ny (Sllr"o},ha7U COlnarUl/. 

631 
J1 hll'boLt.le (,tt,e CornOo .... er) 
Hlue-g rcy cross, 502 
H!lIe-sLol!e (",n Copper sulphate) 
l~oby SC' t'een. 8B 
Bod y (of plant), 149 
- (of verteb ra ), 40a 
l\o kha ra clover (ut ~lelilot) 
l'.one, composition of, 4:>3 
HOlle,meal. 113 
HonE'S, 113 
Booth, Thomas, 494 
Corage (B(ITayt) of/i',1"noli6, L.) , 

216 
Horagincre, 2] 5 
Bordeaux mi.xture. seJO, S99 
Border Leices.ler IIheep, 5Ui 
BoL flies, 632 
Boulder clay. 6 
Bracken, 3 
lJract, 155, 208, 210 
Brain, 450 
t.raincase, (10 
Braird, S3-I 
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BR. 

Bran, 45;. 4Gb 
Hrarll~ hing form of greeD plants, 

]40. 14:! 
}jrtl~.·i,·u II(Jl'oIJro.(lI ira. Mill. ( ~ee 

:,,\\eJe) ; /1. /I:apufl, L . (,otte 
Tll rnip) ; U. olerU/'t_a, L . (He 
Ca\"' hagl') i ll. Nupa, L . (~t:t 
1!.lfM!j i /1. 8ill(1l'io(rum, L . (~t'C 
l:harlot k) 

HrasslelS. C2!? 
/'ral.iJ uut, 131 
'; rea!>~ hoard , 150 
l:re:lst,hollc, 411 
I; ~e"lhillg (~tt Respirati on) 
l:n·t'l llIIg.468 

I~t~(;.~ r;:~~~:t~·, ~~ 
Hreeds, '1';"0 
LI~wc l's ' g r:..1'tu, 457, 465 
l: r iBr5. 1~ 
lint ish lIoiJolLein ca~ll("1 (j~~ 
11" :0 Illed l(l, L. (tee QunklnJ! 

&rUlIS) 
Hruatitasling. 285 
Hroad beaa (rtJba ,'ulgorill, L.). 

127 
Hruccoli, lE3 
l:rume brass , barr~n (lJ7(nllIH 

.~t'TI[jt. L.). 2:,0 
-- - hairy (LJ. a~pert ~Iurr. ), 
~jG 

- rye {B . • eralinlll, L.l, 256 
- L~, ~~6th (/J. TQc tt/l u.!f U8 , I 

- - suf t. (R. m ollis , L .) 2.~ 
- - upright (B. ertltu." 

Hurls.),2fJ7 

«I 

Ruckwbut. ( / '(J(!lYt')I1lI1'Il I'OlJft 
1JyrumJ, l~ , l ~~'. :.!I~ 

nud , 149 
Huddin« . ~7 
Huff· tLP moth ( /'Yf} rrr(l hu· 

Ih;;i:'7~:~~~~2:I'}lrlJl"i' L.l. ~lb 
Hulb, 152 
- JlHt.e I Uln!(lU'Y 1,hu, t,/Hlla 

11uII). 648 
n,lllfimh, GIB 
Hunt. {l' i ((,( ill ran-,!'. 1 ul J, ~~ 
Burdock (ArdiJIIJI 1'(:/,jllI, !..j. 

~1 3 
guruflL (,t;oll!}lIll'ud'/I t-1Ji lI.r"t~, 

t./, 200 
Bun, 213 
J ;u~h fru it, :xiS, 370 
~ lrtie!lo, 8iO 
HtI~te r, b01 
l:utt.ercup. /U(JII/I'j "III", sllp.l. 

135, 150, 1M. 2&1 
l: ;IILt'T faL, 5r.s 
ButtadLfls, li:!.J, 6~ 
Hutter makLll~. ntiB 
Hutter milk. WR 
ButLe r ra-tio. [Iii 
l~uttBr wOrke r . :,.0 
Butyric acid, ::mJ 

CABBAO. (Brollll ico alaoao, L l. 
I3'J, 1110, 1H3 

_ aphi.! (.4plt' l( 1,,,((..,;('('1. 6:..»9 
_ butt.erfly (1'11'7 ." spp.!. &27 
_ dub· rMt, (,. .. r (·luh·ro"t) 
- crQP, 184, 345 

I _ fly IAnJhntllvlCl bm"lIi,u), G:n 
- I! food. 457 [l ro rne grasses (Brom ull spp.), 

159 ! - rusl reu W hile r lllt} 
_ black f Ot. (l.ldudtl1'/'QI (JJ (cm-Bronchial tubes, 442 

HroDch itis, 442 
Broncbu!, 442 
BrucilUf 1'ufimanue (u:e Bean. 

seed beetle) 
Broom (Cy tuue .eopa1'iu" 

Lin.k.). 202 
- rape (Orobar'iCh~ rpp. ), 269 
Bryonia dioleD, L. (eee White 

bryony) 

p"*tTi~ , Slluthl. 405 
Caddis flies . 63! 
Cmcum, 427 
Calcaneum, 417 
Ca lcareous toil, 15 
Calcium, 12 
_ cyanamide, 1IG. 

Cal~~:t' ~, :,44. 547 



170 nWEX 

en 
Calf ·rearing , 508 
CaltAa paill.stri •• , L. (.tte A1&rah 

Marigold) 
C.lyx, J62 
Cambiulll, 149 
Cambridge ch('e,e, 581 
- roller, 64 
CampiOtl8 (ljyrhni.~ spp.). l 8i 
(.;ans ry {;raiflj (I'ha/arid callari· 

t!/llfi8, L.), 203 
- seed, 26J 
Cn.ndytuCt (Ib eri, amara, L. l, 

179 

caN 
CaTp(lrrrp.~ (l p01ll(lnella (Itt Cvd. 

li ng moth) 
(':lrpus, 413 
Carrot {lJaU"tl8 ('{troia, L.), 135. 

14[1, 14i, 160. 205 
- lI]usslllll mot.h (lJr_pruMflo 

dUllcellu) . 627 
- crop. 340 
- fly (l'l!do T()nt ), 631 
- as food , 20'} 
Ca rt ilage, 409. 'lSI , 41H 
Carts, 79 
Cart \\ heflts, 79 

Caue lIug&t, 148 
COllia ~'ulpe, ('11>1' Fo.! ) 
Canker of ap plt' (.\" tel ria 

Corll m Con'i, L. (I!'I'(, CarawfI' ; 

ditis - I ~~r~;!~,rl~:~~1/~~:~epl?:tJ~~'nl;;') 
JJi71UZ, Tnl . ), 385 

Carnlon bone, 414 
Capillaries, 437 
Ca.pillati t.y, 25 
Capitate. 210 
Capitulum, 210 
• Caps, ' 3.50 

('alb:~he~dl.~,iI'PC;:;~-is DC. (Re t 

Cap!luie. 1.6 
Caraway (('orum earn'. 1.. ). 206 
Carbohydrales, 13i. 431 
Carbolic acid, 274 
Carbon, 7, 35. 36 
- asMmiJ.t.ioD. 158 
- bisulphide, 642 
- dioxide, 7, 84.,130 
Carbonate of lime, 7, 12 
Carbonic acid (Ut C.rboll ai· 

ourie) 
C&rCues , compcsit.ion, 54.3 
CaTda11li1lt PTCttll lf il, L . (ue 

Cuckoo flower) 
CUUJU1I4 8pp. (,'~e Thistle) 
Caru spp. (ate Sedges) 
Carina, 168 
Carlina spp. (3tt Thistle) 
Ca.rna.tion {niantlzu3 caryoph yl-

lu" L.) , 150 
- clover (see Crimson clover) 
Carnivora, 610 
C.rpal bones, 413 
C~I'l)6L 1811 

Caryophyllace:e, 187 
Caryopsis, 175 
Casein, 431 
Castor oil seeds, 135 
Catch crops, 181, ]95 
Catlhfl ies (Silent. spp.), le1 
Catcbwork sY3l.em, 282 
Caterpillar, 6:!5 
Cattle, breeds of. 4.1)2 

I -siJ~edirlg and management of. 

Caudal "'ertebrre, 410 
CauHflower, 183 
- club-root (eee Club-root) 
- rust late White rust) 
Caustic lime, 13 
Cavioornia, 421 
Caving fork, 93 
Ca,,-ings. 81 
Cecido71lYIa dutTuctor (au Hell 

sian fly); C. tritici (Ut 
WheaL·midge) 

Celery (.-tpium gra'tleolHl', L.1 . 
135, 100, 206 

- fly (1'tph 'riti& OflopoTd ~nia). 
6.31 

Cell., 133, 134, 384, 654 
Cellulose, 432 
CentourtQ CYQ1I.1U. L . (ut, Corn

flower} ; C. nig;a, L. (s uo: 
Knapw~d) 

Centipedes, 646 
Centrifugal drying machine, 56~ 
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oap 

{"(!.I,ut P.'Igm {t;l.I$ {He Corn saw-

( f'TWl lium spp . (8ft F Rnci · 
WI)rtllj ; C. I t l ! itll" . Lmk . 
,·t't :\l o uSC_t!ar l hi t:kwtled) 

( I'''rl/f'phyliui. j cJ. ~c latua (<Itt' Rut 
ilea) 

: '; ;;~:~. 6:1~~(l J uis, 450 
~ ,'nit'll l vf>tl.,brte, .JIU 
I t.'sl.ocla, 6~1 
t ""furl/ynl/llr! ,"II'1,'oll!~ (II'( 

Tlirnip pdJ wet'\' i!J 

~ h~'~tL;: 89 
( llal u drill!S. 69 

It Inow!. fl.' 
I l.i)J,i.9 llie8, i.i:!2 
t,halk, 4. i . '\~ 
r ltllnncl Island~ ca.ltle, flO" 
( 'mT'loLk f LJrui;81 r a :>wu]J13irum, 

,",,,iss. ). 1$6 
- sl,rayillg. 274 

('h"dtlar <:lit!ese, 572 
i iH't:>se, 5/1 

- press, 5i6 
('IH~(!se·mJjking. 572 

(- !~~~~~&-~~ L t:iat ~~~ rO~~ph li8 

CI'''/lIIu t u l)Ju brumala (u, 
\rioter ruoth) 

(,J,eirun'hl'~ Cheiri, L. l.!~e 
WaUA ower ) 

Chenopodi3.CI".7', 2]li 
(,h C1,fll'f!d i um tippo (.au GQOMl · 

foot) 
CI.tnJIf!!' larjci, l"'u LaTch 

aphis) 
Cherry (Prunu, rua'1J', L,). 

135, 161 , l i O, 367, 377 
- sa,w8y (E.,;ocompa l;macina) , 

C23 
Cbest, ros 
- vertebne, 410 
Chested, 2Gl 
Che\" iot 5heep, 522 
Chickens, 699 
Cbi('kweed (S tellaTia media, L ,), 

ISO, 187 

Ct .• 

Chi,u.,' \ ('I ,/II'r lUm Int ~ " lI' 
1. 1, :!II 

(,hl!'optl"T tl ,,1f t Halll ) 
l'tl,t, 1:k\ 
('/nllll, l},11i 
{ 'h1nndt'li, :~-l 

l'td"rllH', 7, ~, 
l'Idllrol,b)-'1. \'10 , H2, 1::'7, ~ 
- graou1mi, IJ7 
('i, ,'o(1 ,,_~ (,/111 " /<111 (. tt R ilJbo tl 

f ,,(III,d 'u rI! 111 / 
('11 .. 1,:\, t.3 
('II, 1Il.l (il~, 1 ~ 1. 4;'4 
l'hr,llll at ll1,4i:J 
Cl,rnnli.!l, Ii:!.) 

CI, '1'(//"'" ",lIm / ,(Ur'n'llh rm u'1\ 
I .. ("0' (Ix ,':-t! .l\lar~IIt'rl1tf , 
t. '<('!)"/IIIII, L /Ilte V)"D 
luall;.:"I, I ; 

('/"!J-" ,I..'!I'-'I,1 ~nd(/ l>it'''ru (t,. 
lila II. ." al,) 

('iturn, !otid 
{ !:uruiol!. bU8 
elide, 4-19 
t'l:/'/Irillfit 1 r,tv

'
'''-, L. I~ tt. 

('himry); i', I!;rlJIt I ll, L i ft .. 
EHlh\e, 

('j,utrl1lrOI(l, I. .tt l"( 'Wb~fOo ! 
('ilia , 2-lt) 
i..'iTrI1UpI LlI! Il'vltnri!l(l r rptlnu, 

I. .', :JlJ3 
Cir,'ula!lfm of the I,lood, ~7 
t'I({"ulal-u ry orgaUlJ, 4S-t 
('jtllllp,3H 
Ch,s!oilka.lLuu o [ anim a.l.. (2:1 

6W 
- of l lla llt s, li8 
- Df soils, l~ 
("f/l 'iN'71~ -pu'pur ra, Tul. {,It 

Er~otJ 
Cla\'lde, 411 

g:~~ ;~I~di~i~n~52eJ9, (2, lOS 
Cleaning land, 101, 284 
L'lc:lfl lweu lin dairy), 5tJO 
Clea \'CU (,e t Goose,rul ) 
Cl,,{c-gr&ft mg, 3-;9 
Cleislogamoul!I, 174 
CleH!Jand bay, .s. 
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Ct.l 

Click beetles, 620 
l'Jimbi ng sterna, 1!)Q 
C/i~tr)"(}'lIIpu nrustnCl ( II!:~ Lackey 

mot h) 
Clod crushers, 64 
C/o&tritil um butyriC'u m {Itt Wet 

rot) 
Clot, 436 
Clotting (o r blood). 435 
\; [0\'1'/1 h oo f , 4:.!1 
l'[{I"t; r (Tri/u/ium spp.) . 13'2, I5!) 
- as fnod. 457, 402, 4& 
- tr()P. 349 
~ ha)' , 3uO = ~~~ft8(A~I~!~ ~:~imil. ) , 621 
Club~roo L fungus (Ploll1llotiio 

phflrfl bTa,,~ic,e , Wor. ) , 403 
Cilln Forest sheep, 6:31 
Cl u.st.er-C'np fun gu ll. 388 
Cj ~'desdaJe, 486 
Ccach.horse, 485 
Coagu la tion of blood, 435 
Ctw'd ,." riu A r71lUrOCIO, L. lact 

H ll r!Of> -radisb l 
Cock, ha rf' r (.lJe/olontha rill· 

gar'-II), 621) 
Cocking for k. !IS 
Co< krollch, G3J 
Cocksfoo t grass (Dactylit glo· 

maata, L.l, 230 
Coc'o-nul. 1:17 
- cake, 465 
Cocoon, 635 
Cod [ill moth {('arpOCop&O pomo-

'''//0 ), 627 
Coffin bone. 415 
Cole OT Coleseed (.t t t nape) 
Coleoptera. 620 
CoJJar~bone, 411 
Collat.era l, J48 
ColleCt ions of seed., 217 
Coll ier,6:.!9 
Colling, brothera, 404 
Colon, 42; 
(',oloslrum, 553 

~:~~~I~&fS c~~~e~~~3' 4S5 
- of flowers, 165, 172 

CO R 

Col()ur o f !l oils , 4, 18. 29 
Col t, 4 ~7 
C(Jl t,sfoot. (ru"ili!a[lo POT/aro 

L. I, '3 
Cvl umblne (A'lUlit? ia rulgari. , 

L . ), Ju9 
Comfrey, common (.r;; ym"_'h _v t um 

afli" jllaf,., L.l, 215 
- pri ckly (S_ U"T.e:rim 1l1/i 

Donn ), 161 , 215 
Compact foJrm of anima!s , loW 

142 
ComposilO1!, lj5. 209 
Composition ('If an imal bcdy , 4.M 
- of soils, 10 
Campoun;, If'af, ];Jt1 
Compressors, fillY, nl 
Cnn(·Pfltrl!.t.('(1 fouds, 4Ul 
Conuilllent, IPO. :_'q:!. ::!lO. !:!';2 
• Condition' In sfld~ . 112, 280 
Cond l'Je, 411 
Conidiosport". 395 
Conidium, 3';)5, 401 
Conillm 7I1u"ulatum, L. (ft. 

TI emlock) 
Connedi"e lissue, 426. 454 
COn()l)(I{/l1Im d"lIudutl.lm. Koel 

(Ut Earth-nut) 
C.onstrudi\·c mct .. bolism, 141 
Convo h'u/accoo . 26tI 
C()nt'(II"l1/r/,~ an'rnsi&, L. (leI 

Bindweed. lesser); r_ upium 
L. 18tt nind,';'eed, la rger) 

Copper !lul"natf:' , 274, 3"J2, 399 
Coprolites . 115 
Cordon, 375 
Core of apple, 1i7 
Corialldn {{.,'v noudrum 3atil'ttm 

L. ),2(17 
Corm l 152 
Corn apbi9 (Siphor.ophQTa 9 TQ'n 

aTi"), 0.10 
- bunt.jn~. 617 
- crops, 31 5 
- gromwf11l {Lifho$ptTmUm QJ 

n·n .. t, L.l. 2l.6 
- nulls, 91 
- uwfly (O"phw ngmaUfj 

623 
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00" 
Corn.()OCkle (GitAago ngdum. 

D.sf.), 188 
COrD_crake, 617 
Corn·marigold (Chry.santAemum 

u.gdum. L.), 213 
Corolla, 162 
CoroneL, 415, 
Corpu.acles, blood, 435, 550 
OortllU A vellana, L. (ollee Hazel) 
Cossar Ewart, 470 
00&8'11..5 ll!]niperda (.u Goal 

moth) 
Costal cartila.ge, ~11 
Cost of CroPlI, 357 
Cotoneaster, 203 
CotswoJd sheep, (iI5 
Cotton-cai{e, 457, ~:i~. 4ti5 

~t~~~~:d~~a ( rETi;;~ ~;~~;:7~~~~ ! 
3,228 

Cotyledons, l~7. 133 
Couch-grass !T riticl.nll ttpu. , 

L .) , 42, 1tl:.:!, 2~7 
Cou)ommjer cheese, 583 
Coulter, 52 
Covered yards, 109 
Cowbane (Cicuta 'L",.OIlQ, L.), 2111' 
Cow_gra!ls (Trifolium 'Falc/ • .,! 

pennne, L.). 194 

Co~l~:::~t,)(:J;mcleum Sp1l01l 
Cowsbed, 560 
Cowslip (Primula ~.m, L.L 3, 

270 
Cow-wb.t (Mdampyntm p ra-

ten.e, L.). 2&8 
Crab tWck, 376 
Cramming machine, 599 
C1"&Defiy (Tipvlo oluact.a), 631 
Cnnesbi11, eu' - leaved (Oero-

.ium di6"~clu'TJS, L.), 265 
- doye',*foot (G, moll£, L.), 26b 
-m.eadow (G. 'P.,ott.1l4£. L ,), 266 
- Imall·flower&d {G, pu.ilium, 

L .),265 
Cranium, flO 
Cratagm Ozyacantla, L . (.n 

Hawt.b.orn) 
Cr-.m, 557. fm 

aUM 

CN!&m chee56. 580 1 
Cre~mDlJleLt'r. 557 
Creep', lamb, !J33 
CrcQlorarjJ , 205 
Cre,. tLtpldlllm .ati l'll m, L,l, 

132 
CrickeLs, 633 
Crinuon do"'er {Trifnlium InC.-r-

nat"m, L,J, lU5 
- crop. 84; 
CrOl'U8 (('7Qrll' spp.), IG2 
Crop residue, 37 
Crop., farm, 307 
Cro.iI_lm:d, 480 
Crolls-IIl-etalmg, 478 
Crosses. 4l:S(J 
Cro~n (en.iJizalioll. 165, IiI 
CroasUlS. 470, 476 
Crn",,(l7'lJ' 1('diuM (~t t: ::- brtlw. 

n'(,tl'r) 
Cl"L,,~.pol1ination, 16r" 171 
Crow. hooded (C(I(t.'u, ('(1ron'), 

618 
- garlic (' ft OniCln, wild) 
Cro?"fool. (.ree Hutter..:-up.) 
Crown gra.fting, 3m 
Crut'irf't'le. 13.1), 179 
C ruClferoos , lG6 
Crude lap. 147 
Cmickllbank, brothen, 494 
Crushed booe •• 113 
Crust (of huer), 41g 
CrtJsla.c6A. 610 
Cuboid bone, 417 
Cuckoo {Cu,.uilu ranl)rll. j. f517 
- Hower (CaTdamint. pratt "' .... 

L.), 179 
Cucumber (Cvcumi. .atit'.'j , 

185, 20-1 
CUcnrbltacea!. 2()f 
OttruTbita ma:nmCJ (at. Pum~ 

kin) 
- tJvifr.ra (.et Vegetable 10&'" 

row) 
Cud. 428 
Culm. 222 
Cultivating, 98 
CuJtivat.ora. 62 
CllJleifortD bonel, fl S, 411 

• 
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OUP 

Cap-d rill" 66 
Curd, 571 
- hives, 5H 
- mill . 575 
Cu_r rant ([,'Ibu app.) . 1M, 161, 

203 
- 5~wf\y (.Vema tu.s riO("jlia) . 

623 
CfIl3cufa TTi/oli i , Bab. (IIH 

Dodder ) 
CULting!, 880 
Cyclamen (Cyclamen app.l . 152 
Cynara SrolymuI, L. (ilee Arti. 

-cboh) 
rymp.s kollar; (.Yet: Marble gall 

Oy) 
Crno811r"A cristatu", L. (.8tt 

DogSll.il grass) 
Cyperacell!l, :zen, Zil 
Cy,~t()PUA ra~ldidIJ8 , L e\' , (.!Itt!. 

Rust.. white) 
CytiJJUA I('()parill~, Link (Efe 

Broom) 

D.lCTYLIS OI ,OMERATA, L . (let: 
COC'ksfoot gras!I ) 

g:rr~Y~I:~f~~g4s93 431 
- farming. 548 
n airying. 548 
Daisy (Belli, perl'nni" L. ), 150, 

213 
- ra.ke, 04 
Damping off. 402 
Damson, 867. 571 
Dandelion (Ta1'azacum Dt/icinalt, 

Wigg.), 146. 156, 212 
Darnel (Lolium eemvltntum" 

L.) ,.250 
DArt mot.h (.-{grott.! aegttum), 

eZl . 
D&rtmoor sheep, 528 
Darwin

l 
Charles, 471 

Darwintsm, 471 
Datura Stramonium. L. (fee. 

Thorn-apple) 
l'Jati,elU CoroM, L. (Jee Curet) 

D18 

Deadncttle, red (Lamiu1f~ pu~. 

_'P:_Thil:;I'(i:)~l;~~, L.), 2U 
Delaitetll,e, 5Gg 
DenilrificaLicn, 40 
Demity of l oi ll:l , 22 
nenudalion, 6 
]J'pre~lIaTia dauce 'la (au Carrot.-

Llossoln moth) 
Depth of S(lwin~, 2;8 
DerbYlIblre grihkme "beep, 628 
/)~T1l1a"!lIf,'u4 a vium (ue He-

mite) 
Destructive metabolism, HI 
Detritus, 6 
D C\'OIl cat.tle, 497 
- long-wool sbeep, 525 
Dew, 36 
Dewberry (Rub",', eGui lU , L.)~ 

2n3 
Dew-claws, 4:22 
DexLer catLle, 607 
Dexter-fihorthorn cattle, 607 
nextrin, 432 
Diamond back moth (Plutello 

rTuri/~aTllm), 627 
D,anth III fa-r yc.rphyllu •• L., (u. 

Carnation) 
Diaphragm, 408, 4.t4 
- pillar!! of. 444 
Diastase, 137 
Dihble. 855 
Dil'hogamoUls, J69 
Dicotyledons, 156, 170 
Digestion, 432 
- ooefficient, 463 
Digestive juic@l, t25, 42G 
- orgallJ, 4!!5 
Digging ploughs, 57 
Divitalu purpuTea, L. (lee Fox-

D5~~he~. t1ulgaru (Ile Fever 
By) 

Diceciot15 Bowen, 171 
Diptera.. 630 • 
Disc drills, tIS 

Di=e~o: TUiation, '76 
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D18 

DI:~d!e:x~~ crops, Chap,; xl-iii. I 
- of poultry, 606 
DiBble,., 499, 5t4 
Disintegrat.ion, " 
Disk, 21 0 
Dispersal of .~d8., 177 
Vissol\"ed bone-colllpound, 117 
- bon&s, 11; 
J)j,,'ributora, 69 
t>ock (Rumex spp.). 13;, 
Docking, 218 
Dodder (Cuo!t"utu IIPP J. 150, ~6i 
, Doddies. ' 000 
Dog-roM (Roaa CGnina , L. ), 21)2 
Dogsta il grAB!! (Cyn(J6ttrrtl (rt6-

tatu.., L .) , 281 
Dolpbin, 6,'JO • 
Dominant characters, 477 
Dormant plant. food, 19 
Dona.I, 408 
Douet horn 8h~p. 5':!6 
Double-breaded plougb, 61 
Double-cut cloycr I 194 
Double_furrow plough!, 59 
Doves, 618 
Dragon flies, 634 
Dra.~8. 63 
Dramage wa!.er, 24 .• SO 
Drain gauges, 31 
Draining, 43 
Drain.. , 44 

g~~~:~ c;:::try~ 002-
Dried blood . 120 
Drillin •• 285 
Drill., 66 
Driving honea, 4.83, 4& 
Drought., 283 
DruPi;fle ] 76, 203 
Dm ,203 
One inga, 600 
Duck., 566 
Dang, 107 
Durhlllll cattle, .(V4 
DU5t, 35 
Dusting Howera, 1 '13 
Dutch clover (ue White Clover) 

... 
EAR, ~ 
~ ('(1(' klcs, 648 
Earth nut (Connp()dium d." ... 

d(l t ll1l1 , R ndl), 151, 201 
F.nrlnworm. 9 
Earwigs, 633 
}:,I.iulfl l'uf!Jare, 1. (let: Viper' . 

hUI;]'JSs) 
C,! worm . bN.t (f1t. ttrodt' o 

"'!Jodi/li), 648 
- rO{ll-kut.Jt (11_ rndiclf-"fa), 64.8 
- stem rTy{t:r,tnll, del'a,ta 

(ri;r), 6~B 
- ..... heal. (T ...... (mden .. ), MR 
Egg-eoll, 164. (5] 
F:15~~I.I;~lt2:;·f'lalllJm lIeu/t.nitlm, 

Egg., 452 
- ma.rket.in~ (If. 604 
- preservation oC, ft05 
• El;gl-.. nd _bLl~t.er' (ue To.d-

an) 
Elaborat.ed sap, Im~ 
fi:lal.eridtc, 62O 
E!evator. 77. 299 
Elm {l.lllllul! tamputri" Sm.' 

1[>4 
EmbrYQ, 133. (51 
Emb rYQ'IAC, 164 
Emulsification, 4~ 
Emulsion, 433 
Endive (C"J.OTium E:ndil'io , L 1. 

211 
Endoca.rdium, 431 
Endopleura, 128 
Endo!lllosis, 147 
Endosperm, 134 
Energy. HI 

En:I~8fe;:~~I:,tj~w 275 
- sheep, 518 
Ensilage, aoa 
Enlomophiloos. 165 
Enzymea (nt. Fermanu) 
EpiclIlyx. 2DS 
Epidermis, 157 
Epigynous, 20S 
Erect .tems, 150 

I » 
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",,0 

E rgot (Claricep' PUTPIrTUJ, T u!.). 
8!l3 

- (in horse). 418 
ErinaGttJ' ~trl GpaU' (IIH Hedge-
ho~l 

E~~~tCherri":~~~~ ) (ue Pear 

E";:S::~"t7n .pp. (lee C-otton

Errlllne ( .• ee Swat) 
Erratic soila, 6, 8 
Espali !?T, 375 
Essential o rgans, ]63 
Essex pigs, 040 
ellarant"u~ intcrruptu. (ue H op 

cuckoQ- fly) 
Euplt ra'ia o/ficinalil, L. (.trt 

Eyebright) E'l;r!lz .ulan-;' (II tt Polato Crog 

Evaporat.ion, 25, 29, 30 
Evolution, 4iO 
Ex&JbuminoLls sPfld., 134, 135 
Excretion, 441. 445 
Exhalation , 4H 
Exbau.ted soi!, 19 
Exmoor sheep. f,!!8 
Exolkeleton. r~ 
Exosmosi., 147 
Ex port.ll o f t he fa.rm, 545, 549 
Ekstipulate. 156 
Extractives of blood, 550 
Eyebright (Eflph"a8ia officinalilJ, 

L·I , 268 
Eye of gooseberry, i\c., 203 
- of potato, 151 

1'aba oulgaru, L. (Ite Broad 
hean ) 

Faggine-hook, 71. 96 

::nU:f l~~=i. ~61(Ut Beecli) 

F .. now, 32, 101 
- b ... tard t 81S 
- crop. 310 
F&ise c&terpiHars. 631 
- wireworms. M6 
Farm crops, 307 
__ Meda, 275, U2-3 

JoT!!: 

FIHlIlyard manure, 107 
Farro"'illt, a40 
Fat, ta7. 431. 4~~ 
- glubultls . 550 
- hen (li fe Goosefoot) 
Fattening of rat lie, 511 
- of fowls. 5\)9 
- of pip. 541 
Fatty foods, 4-58 
• Feathering,' 486 
Ft'eding. 142, 455 
- value. 462 
Felspar, 7. 11 
Femur, 412, 416 
Fennel (f't7niculum vulgare. 

Oaertn.) . 206 
Fenu~reek (Trigondla orllitho_ 

p"diuidelf. DC.} 202 
Fermentation. 109. 137, SOl, SOl, 

306, 384, 433. 565 
Ferments. 137, 438 
Ferret. 611 
Fertility of aoi!!. 112 
Fertilization. 164, 451 
Fescue, fille· lnved (rutuea 

"'II/ifo/ia, Sibth.), 236 
- bard IF. dllriu~l'ula. L.). 235-
- meadow (F. pmten&is, Hull •. ), 

232 
- red (F. 'rllhTa, L. ), 2S6 
- sbeep 's IF. ol'ina, L.). 2S4 
- spiked (P. lol ;aaa, Huda.l~ 
~ 

- t.all (P. elatinT, L.), 23S 
- various~eaved (F'. kde:TO-

phylla, Lom.), 236 
Fet.lock, 418 
Fever fly (Dilophu8 1·ulgaTiI ). 

632 
Fib .. , 461 
Fibrin. 431, 436 
- (erme!Dt , 436 
Fibro-cartilagell or boo!, (18 
Fihroull roota, 14&. 
Fibula, 4.16 
F iefdfa re. 618 
Field slug (Limax aratia), 009 
- vole (JliCTotUl avrutu). 61S 
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FlO 

Figwort (Scrophulo7'ia nodo&o, 
L.1. 2&l 

Filament, 108 
Filly, 487 
Fine earlh, 9, 17, 83. 88 
Finger-a.nd·t.op., 008, 405 
Fwger-beam, il 
F!orin (lee lient grass, creeping) 
Fir, 8 
Fishel!;, 609 
Fish guano, 113 
Flag (ue his) 
Flagellum, 398, 404 
Flat ayst.em. S36 
- worms, G.t9 
F]uou r, 45G 
Flax (I~1num It,jtati~Jll1nUm, L.l, 

188 
Fimu.631 
Flesh. 4[14 
Flesh-eating mammals, 610 
Flesb~r('rrnen. 43'2 
Flies. 6.'iO 
• FloaLin~ • bone, 4]6 
Flock book. ~,"'O 
Floral diagram. 163 
- receptncle, 162 
Floret, 210 
Flour, 134 
Flow~r. 162 
- leaf, 155, 162 
- stalk, 162 
Fluctuation, 475 
Fluke. {Tn1.lwfndaL 650 
FlycaLcben. 618 
Fly disease, 631 
Foal, 487 
FO'7l;('uium 'Cldgcrrt, Gaertn. (oft( 

FelU>e1) 
Fcetns. 451 
Foliage-leaf. 155 
Folliclt>, li6 
Food-preparing machines , 89 
Yooda. 142, 455 
- oompositian of, 457 
- preparation of, 89 
- mbtuJ"e' of, blO, 512, 554 
Foodstuff" 430 

QAJ 

ro;l~~,p~~i:t!ns(.Bth~.a Cynd 

Forage crop" cruciferouI, S·H 
- - JegulUItlOUI, 8-16 
Force fe6d drill., (lli 
ForC8t. fllt'l. 631 
Furget-me-uol- {.lfJlo. otu peN""_ 

tri~, \\"II-h-l t 11(1, 216 
Fork,02 
FO!lILiB, 1 
Fost.er~mot..her. 596 
Fowl b~IU5C', (,90 
rowl&, 584 
Fox (.:OflW t,1tlpu), 610 
F Oltglo\'e (/.hgl'al,~ pTJrpufCO . 

L.), ~. 
Foxtail, fioating (AI" ptC' lIru, 

ytnirulatu., L" I 240 
- meado lY I,if, 'Prat~'UJ", L./. 

238 
- Blender (A, ogrt~ti" L \. 24e 
}'rayaria Vt100, L. (_e: ba ... · 

berry) 
Frame, 49 
/<'raxillu, f%ct.!~ior, L, (.er Alb) 
tnt. Hy (Oilcinul {nfl , 632 
Frog, 609 
- (of boo!), 4.20 
FrOlltal bone, 4.11 
Froet, & 
Fruil-, 125, 132, 165, IH 
- planLatioD, M8 
_ tr~s. 361, StJi, S68 

Fu~:7i~::;. ~~ 361, 313 
FumiLory. \Fuma.,ia IpP.l. 266 
FutJgi of luil, 40 
Fllnj:::us pest!l. 38S 
Fnnicie, 163 
• Funny-bone,' ,(13 
FurrowlI, forml of, Oft 
Furze (~t Gone) 
Fu§i!orDl, 186 

GAD ,.U&IJ, 681 
Gains and 10&~. 01 Lb. blood, 

450 
__ - of th •• oil, • 
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GAL 

Galeop&w 1't.tTO/Ut, L , (Ut 
Hemp nett.le) 

Ga/ium Aparillt , L. ( .!tt! GOOIoe 
grasa); O. 1' eTUffl , L. (8e1' 

liedstraw, yellow ) 
Gall -bla.dder L~ 
Gin flies, 623, 624 
- mit.ea, 645 
Galloway ca ttle, [>01 
Galls, 600, 623 
GaUu" b01iki1'O (Ut Jungle 

Fowl ) 
Garu. bird., 61i 
Gape •• 601 
G"pe,worm (S!l J1gom u, tTorht. · 

ali., 648 
Garden fruit. , 375 
- lIoil, 41 
Gall-lime, 642 

~"'jt;l~e,g~;d, 428, 429 

Ga~10ilu" equi (.u: Hon e 

Gnstropods, 609 
Gelatin, 431, 454 
Genua, 4{)g 
Geological mapa, " 
o..ology, 8 
Geraniacee , 265 
GeTanium app. (ut. Cra.nesbill l ; 

~'II~~:::I:~I~dr;' };~e!n~l::lL: 
(.tt Cranesbill, dove'lI·foot) ; 
C. RobertWnllm. L. (.ut. Herb 
Robert) j G. pUBiUu'ITI, L. (aee 
Cnneabill, Ilmall · flowert'!d) ; 
O. pratt.n! t, L. (Btt CMUlflS
hi1l , meadow) 

Gerber milk_tesLer, 558 
Germ, 135 
Germ-teU., 4i3, 477 

g:~;;::::!~nct~:~ly, ~i. 
Germination, ]27 
Germ-plasm, 473 
G~rvall cheese, 584 
Ge!Jt.ation. 481 
Gherkin. 204 
Gjant airu (SiTtZ giga.) . 82S 

... 
Gid, 652 
Gilla (o C mush room ), 383 
Gitlwgo ,ege tum, Oed. ( .. t( 

Corn-cockle) 
Glacier, 5 
Glands, 425, 429 

gl:b~1~,car::flt~: tM 
Glomes, 4...?Q 
Glumes,223 
Gluten, 431 
6'iyceria aqllotiea, Sm, (lee 

S weet grass, teed ) ; O. /lui. 
tall~ , Dr. (ue Sweet graN, 
Boat-fig ) 

a6~7iDg mammals (Rodt ntla ), 

Ckl62; moth (COIllW ligllipe.,da! . 

Gcatsue.ker, 61 7 
Good farming. 272, 644 , 64g 
Gooseberry (Ribt. ~.ulari4 . 

L. ) 150, 161, 203, 270, 880 
- Bod currant sawfly (.I\'emat~. 

",'be"ice), 623 
- mildew, Americ&n. S95 
~6foot (Chtllopodium Ipp.) , 

Goosegrass (Ca/ium .4.parcn.t., 
L .) , 266 

Gorse (Ulex europau,. L . ), 132, 
161, 169, 202 

Goslings, GOO 
Gourd, 204 

g~~~e~Y 4so 632 
Grafting, 878 
- clay, 880 
- wax, 380 
Grlloin, 224_, 226 
- crops, 178 
Graminem, 221 
Gramineou8 planu, 221 
Granite, 7 
Grant. Si r Q . M" of Ballin· 

dalloch, 500 

~i~d: #:,d30~2 
- ol"Charda, 361 
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ou 
UTass seed, 226 
Grasses, 135, 145, 150, 151. 15e, 

161 
Grasshop pers, 6.33 
Gravel. Ii 
Gray·lag goose (Arl.:er / CTIi3 ) , 

/i89 
Grazing . 2HO 
Gr~~n fly , 629 
- ma.nuri llg , 14 , 43, 21 8 
- lOi ling , W8, 215, 2C3 
Grel!Dfinch , 6 18 
Gripping plougbs, 61 
Gri pII , 61 
Gristle, 409 
Grooming, 445 
Groundsel (Senecio vulgar" , L.), 

213 , 
Grub, 620, 622, 680 
Grubbers. 62 
Gnano, 112 
Guard cells, 158 
Guernf'eY cattle, 505 
Gullet 425 
Gull.,'4J7 
Gum, 43'2 
Gut. 425 
GYPSI1lD, 122 

HJ.CltN"Y, 483 
H.emoglobin, 435, 443 
- reduced, 444 
Hair grllSS, turted (AiM ca .• p;· 

t OIlU, L. J. 258 
- wa vy (A. (fUUOIl O, L.I, 25B 
H 3.ke and chain, 48 
Halt·standard trees, S6B 
Halt.eres, 630 
• Hams,' oJ!}7 
Hampshire Down .beep, 520 
lI&nd tool., 92 
Hardy fruit {!ulture, 560 
Hare (L~u, eUf'opifU8 ), 61:;t 
Harmful animals, GOB 
Darin (.ee Goo.egra ... ' 
Hatl'Owing. 98 
Ha.nowl, 68 

Ha.rnst lou~ (L'}lt,a avt ... ",," 
II(JII~ ) . II to) 

Han~lIlil't:., Cbllp. xn, 71 
H at.dliTlg \ r pntl:lry, ~l)~ 
Haulrll, 1~1fI. :!~ 
!-IIlUHc.;1I blue. It:!. 
H ~U.!it~Jl;llll. {j..1j 
Il:lU5t{;na, :!.Ci' 
lIa .... filllD. Gl~ 
JI.lwkblt lI.r(JlliCldrllt app.), ZII 
H ~;~k""'t!l:d (iJ l r1anu/fI IIpP.). 

II llwthnn (rrllfC1'(Iu, Ozyacp -
rit a, L ), ~(J~ 

H ay, 11.5 food. 462 
- ('omr'O!JitwD of, tZl7, +82, fBi 
- k ida~r, 76 
- 10,~di:r 2Y1J 
- odtlUr o r. !iOl 
!l ayfield, 280 
H aymakillg, 296 
Hrt.ymllkms machinro. 715 
Hllpla.d .. ,2fJ£I 
Ha7A~1 {Cury/u6 .-4. 1 (l/amJ, L.). 

W5, 170 
FTazdlQd land, 335 
JJ e<JTI, ·lUB, ,;30 
Heal of the bod". 446 
- of the . oil, 211' 
Heather, :I 
Hea\' y bottles, 481 
- 8u;is, 103 
1I,t/rTf( Helt.r. , t... (u: e lvy) 
Ht'fft;e.hoS (i'n'Mlre lu erm.lpatll ). 

614 
H edge mu!'t/lrd (Si._'1mbTium A t. 

l iurw, ~c(JfJ.l, 179 
_ parllil:'Y (T"riiil nodo.a, L. , 

and ')', a,,t},TuCU' j Bud •. )~ 
20i 

Redge_fil!lsher , 97 
Heel -bone, 417 
!l .d, (oj hoo f), 419 
H~elund 8vatern, 559 
Heigbt of bor~e, 484 
8elianthu. an ruml:. L. (u ~ SUII---

~:~:j!~J ~r~i:b~k;r' L . 'It. 
R.l1ebo~, M3 
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" ... 
BemeTQbiida (IU Lace - wing 

flies) 
Hemiptera, 628 
Hemlock (Conium moeulatum., 

L.J, 208 
Hemp nettle (Galtopa" Tetra

Ait, L.I, 215 
Henbane (llyo,eyo11lw. nigu, 

L.I , 214 
Hen-mite (UeTmany.!luII at'ium), 

645 
Hepatic vessels, ~8 
B(.rocieum opnolldyiium, L. l.ee 

Co w-parsn ip) 
H erha!=e of grasl! lands, 29) 
Herb Robert. (firran i 'U77l Robertia 

fHUll, L .I . 2(1j 
H.,d book, 480 
Herdwick IIbeep, 523 
Heredity, 472 
Hereford catLle, 4.96 
H t 'peTu ntatronali" L . (IU 

Sweet Rocket) 
Hesaian 8y (Cecidomvia d& 

• tructOT'j, 632 
H~tetC8Cilm , aag 
HtlLeropLera., 628 
Hiberna.ting mycelium, 80S 
liieracill'nt spp. (let. Hawkweed) 
Highland callie, 602 
g~r:m~~;ding . of pot.atoea, ~ 
Hip-girdle, 412 
Hippuric acid, 446 
HOl'r frollL, 36 
Heck. 416 
Hoe, 94 
Hoed crops. Ziti 
Hoeing, W, 104 

:~;:eetan(;::f;-or:-P(,~~\lork. 
• hire fog}; 8. mollu, L. (ue 
Soft [rass, creeping) 

Holstein, British-. c.ttle. 656 
HQmoptera, 628 

~~:;t_be!Lf;~ia m~Gi)k;)~9 623 
Honeyoomb stomach, 427 
H~ney.dew, 395 

""If 
Hooded crow, 61B 
Hoof of horse, 4]6, 41B 
H oah and horna, 120 
Hooks, 9G i 
Hop (lIufntlltu LlI.pWw, Lo), 

150, 219 
- apbia (PhOTOdoll kumtdll, W8 
- crop. 12.'i. 219 
- cuckoo fly (b'uacantlu. in' .. -

TU1)/UIl), 630 ~ 
- trefoil (Trifolium procu"" 

b!n8, L.), ]96 
• Hop' (lite Trefoil) 
li(lrd~llnl mllTillum, L. (Ie. 

Ha.rley, wall); ll. praten.e, 
Huds. (8te Barley grall, mea
dow); 8_ t'u[gart, L_ (". 
Harley) 

Horehound (Jlon'ubium t'lll,tue. 
L·I·215 

HornLl&nde, 11 
Hornets. 6~ 
Horns, 421 
Horse, 407 
- hot fly (0'1~f'0'PkiJ~ egll'l • 

6.'l2 
- chestnut (.E,eulu, Bi-ppoelU

lanum, L. ). 135, 149, 156, 161 
- labour, 490 
- worm (A atOM' megaJ.. · 

rephala), 647 
H orse-hoeing, 104. 
Hors&-boea, 62 
Horae-radish (Cochlef11'ia AT .... 

1'Dcia, L_I , 152, 187 
Horse-rake, 76, 298 
Hor~8. breeds of, 481 
- feeding and management of. 

487 
H one- lail, 48 
Host 267 
Houle fly (.lfwca dom u ti«t) • 

631 
- sparrow. 618 
Hoven, 192 
Hover Hies, 682 
Humble beell, e24 
Humerull. 411, 419 
8umultu LupuJau, L. (IU Hop) 
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Dl:M 

[Jumus, ]0. 13, 15, 19, 87 
Uunter, 4Sj 
Hyacinth, wild (or bluebell, 

Scilla 1/utfln~. Sm.), 15:2 
BylJernia d e./oiiaria "et! ~Iotlled 

umber moth ) 
Hyb,;d, 470 
Hydrated. 12 
H :,'drot'yanic acid, I'H3 
Hydrog~n, 18. 4.3} 

}~~~:;,~id~~:~:';~iu ~l~~c Wheat. 
LulL fl.v) 

llt~~~re')tI pmiptTda (M " P int' 

H YDlcnoptera , G22 
JJt:~re1alJl.u, 71.i{ltT, L . {"'t' Hen 

Hypha, 384, t 05 
fiypode T11la bovi& (ue \'\arLle 

fly) 
Hypogynou!!, 166 
IIY'Ponomell ta padella (IIt t ~mall 

ermine moth, 

IBIRY S AlTAR. , L. (.ee Candy. 
tuft) 

Ice, 5, 6 
Ichneumon fl ies, 6:'~ 
Identity t o species, :!i6 
Igneous rocks, 7 
Iliac artery, 437 
Ilium, 412 
)mago, 635 
lmprt'g:nation, 164, 451 
lmpro\ ement of Boils, .1 
Impure blood, 443 

i~b~;!!:i:g.o~7:ccd , 276 

lncomplet!e, 170 
Incubator, 593 
Indian corn hee Main) 
Indigenous soil. 8 
Indigestible fibre, 461 
Inferior, 166 
InBammation, 442 
Inftore5Cence, 173 
Inh&Jation, i44 
Innominate bone, 4:12 

JUM 

~S~1Iinl~ vn. Ii} 
In!!9C'f-eatlng mammA]. (InUdt 

!ora). 61 -1 
J IIlet! iddc •• 840 
'1l !l(,,'\.irll~~5. 6.JCo 
llllled!l.61B 
) n.se:-tion I(l f muscle). 42'" 
Jnstl'l' , 'IIi 
J 1I:'t'~umcnt , 163 
II,tc'ri olotlll muscle., 4H 
J ntcrnode, 140 
JnttltillRge, 104 
I niA:~tifla[ ~lnllds. 4~ 
- juiu', 42!l. 434 
1 nlf'5~ille. a.'):.!. oI oa. 4~G. 42i 
1 ris (lril- 1'.cudac(Jrtll . L .). 1M 
I ri!li, C:lll!e. 492 

ho~~el~: t,I3 
- pan , 27 

r;r:~~S~:I~~;;~, 16R 
1rrit.;at.ed land, 
/&ati~ linrforia, L, (~,. ... \YI/ad) 
hchitun, 412 
harian duvcr (&tt GrimloOb 

clo\'er) 
I t<h, 644 
Ivy (UcderQ Belix, I ... . ). 150 
lxodr., ricinuA' (.ee Sheep lick) 

.l.4CKDAW , 617 
Jawl fo f inleels ), 63.f 
.lav, 617 
.1ersey cattle, 501 
JCl"usal£'m artichoke rn .. lion fhu l 

lll'JeMlfu, . I..I, Hi!. 212 
JCtinled.limt.ed animal., oog 
Joint in grasses, !r-2 
- oil, 414 
JlIglan, regia, L. (.tt Walnut) 
Jugular vein. 440 
.Tuncacee. 227. 211 
Juncu, C017lmunu, Meyer ), {IU 

RUlh, common}, . 
Jungle fowl (GoUu. bankit'CI), 

684 
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KA' 
KAINIT,121 
Kat.aboii,m, 141 
Keel, 168 
Kent iah .heep, 516 
Keratogenous membrane, 418 
Kerry cattle, 506 
Kerry Rill sheep, 530 
Kicker, hay, 76 
Kidney, 408, 445, 4"6 
- \'et.ch (.411t.hyllilJ I-ulnnaria, 

L.), 201 
Killing poultry. 601 
Kingcup (Ut Buttercup.) 
Kitchen garden. 98 
KnapMCk .prayer, 643 
Knapweed (CentaIITt.o nigra, 

L.), 218 
Kneecap, 416 
Knee of borae, 413 
Knot-grass (Poly gonum .4 t· icu-

lore, L.l , 219 
Kohl- rabi, ]83 
- crop, 185, 345 
Kteatin, 454 

L.l.Bu,T&,215 
Laoe-wing fl ies (HtmtTObiida). 

684 
La.ckey mot.h (Cli,iocampa ntu,· 

tria), 627 
Laet.eal radicle, 448 
Lacteal., 442 
Lacti~ acid, 
L&cl.Ole, 552 
Lactuca ,atira, L. (lee Lettuce) 
Ladies' fingen (ue KidDey 

vetch) 
Ladybird., 620 
Lady'. m~nLle {AlcTtemilia "'ul-

gori&, L.}, 203 
Lambing pen, 533 
- . eason, 683 
Lamelhe (o f mushroOm), 383 
L&min. (01 leal), 155 
- (01 hoof), 418 
La .. lllioiti., 418 

UP 

Lamium album, L. (IItt Dead· 
nuLtle, while); Ib pU"pureum. 
L. (,u DeadnelLle, rt:d ) 

Land-cap. 50 
Larch, 3 
- aphis (rIH~T7M! laricilll. 6SO 
La rge black pig., 639 
- intest.ine, 42i 
- white pigs, :>85 
Larks, (;17 
Larkspur (Delphinium A]aci" 

Reich.), J6g 
Larva, 63~ 
Latilyrull pratenAi" L. (,tt Me .. · 

do w vetcbling) 
La,'a, 7 
Lavender (Lavandula t'era, 

DC.), 215 
La.yer ing, 150 
Laying down to grasa, 28S 
Leader, 364 
Leaf, 155 
Leaf -axil, 149 
Leaf ·budll, 161 
Leaf-green (4et Chlorophyll) 
Leatl.et., 156. 
Leaf·miners, 6S8 
Leaf-mould, 13 
Leaf-roller moths. 6S8 
Leaf.sheath. 156, 22'J 
Leaf-st.alk, 155 
L elLD, 547 

re:thr.fi;i~~:t'p:S';'tm, L.), 221 
Legume. 176 
Leguminosle, 135, 156, ISM) 
Leguminous crops, 39, (S, 12~. 

312 
Leicester sbeep. 514 
Lentils 85 food, 465 
Ltontodon spp. (ue Hawkbit) 
Lepjdium ,atitiU1n , L. (IU 

Cress) 
Lepidoptera. 624 
Leporid"" 612 
Leptll' autllm nali, (tef! Harvell 

bug) • 
Lc'f1ll-' cllnicu1uI (Itt. Rabbit); 

L. europtew (Itt Hare) 
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1.118 

Leiser ,yellow trefoil (.ee Yellow I 
Le~~~~!l(ta~.l;"\~~).atil'a, L ), 100, 

211 
LeucacyLe. -435 
Levt'r_ne£'k, bl 
Ley!, 279, 28g 
Lice. 630 
Lighl hot !le!l, 481 
- soils, 104 
Lights. 40~ 
Liguh.t-e ft Ott't.a. 210 

tlfi:~~~5T70:~ 
Li ty (L iliu:11l spp.), 145, 155, 170 
'~"MU agruti! (,ee Field alugl 
Li lub bones, 412 
LimB, 12. 13, .J'19, ~ 
- PiD, 27 
Lime6t.one, 7 
- Ib.eep, 529 
Linacel8, 18!J 
uinarla 1_'ulyflr i!, Mill. (u e 

T oad· flax) 
Lincoln cu rly.coOated pigs, 64() 
- Red ShOl-t..horn c<ilt.le, 6:,6 
- .beep, 5]6 
Lin ... d, 189 
Linseed+take, 189 
Linu7fI, caOlarticu1Tt, L . (lee 

Purging flax); L. witatiui
m.um, L. (lee Fr,u:) 

Litko,peTlnUm aTt: tnat, L. (ICe 
Corn grom~eJl) 

Litter, 107 

IU.U 

Logan berry Icr<Iaa lit-tween 
~~a~~p~ry and Ulackb., rry l, 

LoilS " trt.ebroo. ~ 10 
/..."/ i,lIn .i!lti rum. A. Br. (lite RV(I . 

gJ';tIM, J LaJinJJ) ; J.h pncHn,.oL. 
( ...... e Hye-gru I, perelUlIa l); L . 
tt:lI,u l t/lIUlII. L. (I ce: U».rn61 1 

LOll S" dUllg. 110 
LonG born ('lillie, .. ~s 
t.oug wu'll tlhet'I'. 513 
Louk !!beep. 527 
Loopt:r caLf'rJlJllllr. 037 
1. t< /dl!JTlI!l Jlllli {/(i' I' PII16 llo.w8,) 
L()s ~I'!I o f loilll, 29 
LOIt l/1I rornirlllu fu" r... , (,U~( Bird, 

f:: l\rl~~~!iN)~l ~;~;~it.o;·t=~) 
Louping-ill H4!} 
Lousewort.' {I'ediculari. ,ylva

tira, L./, 2IJ8 
Lucerne Mrdiragn .ati't'a, L .), 

132, 161, Wi, 847 
- crop. 24 
Lumbar \,ertebroo, 410 
Lunar hone , 413 

t~:~::a /da~)' :"';,t.Il~.n~~~) 
Lun~-worm (Filarial, 647 

t:~:l: fr~:~;:e~,!~J\~il~ ('I' 
Wood- rush, 6.eld) 

LVi~f!;o~~~t~lllJ~"L, ~:~~~=~~ 

Lint, 429, 445 
- tot, fHg 
Li~-fl uke (Fauiola hepatica) 

Robin) 
Lymph, 441 
_ system, 441 

I ~~!)s~:f!~ f~~nd' • • 42 

Living luhsLance (,ee Proto-
plasm) 

Lizard, 609 
Loam, 15, 41 
Lac .. 1 soil, 8 
Loc:usu, 633 
Lodging, 285 
Lodiculea... 224 

M ... DDJ:.B., field (Sherattlia 
1..t1l"'~' L.), 266 

Maggot, 622. 630 
~f agnellia. 11 
Magnesium, Hl 
MagnulIl bone, {lS 
lIJagpie, 6J3 . 
_ motb (A bTQ:¥;tU D'To.ndarwt.h 

627 
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'fAD 

1\1 aiw.leb stock, S7i 
J\latnienlloce di et., 455 
N~~e JJea AI{J}!'. L. ), 130, 

- ai ' food, 457. 465 
Maillria, 631, 63! 
MClllllrd (AlinlJ hoscha~). 5'58 
}.I all opbaga. 684 
.Mall -{"ulms. 4ti5 
- augar, 137 
Malting, 136 
Mammaha, 407, 422, 6tC 
hlammary glands, 548 
.Mandible, 411 
Mandibulata.. 6S5 
h,lange, 644 

~1~~~,t!11~e~~7111Ig!l1l$, L .l. 13j 

- crop, )25, 217, 836 
- fly (/'(.(Jul1Iy ia iJeltt' j. 632 
- as food, 4GO 
}Janna grus, fioat.illg (ue Sweet 

pass, lloaLuIg ) 
Manual delivery reaper, 71 
J\lauures, 105, :rol , 403 
- fo r special crops, J23, 286, 

29(J, S37, 506, 3G6, 8,2 
Manurial value af food, 4G6 
Manuring. 105 
~lanrplies, 4~7 
Maple (.-t eer campe.tTt, L,), 135 
Marble, 7 

Ma~j~~a!~ (fb~/::'II~~~laT~!';i~~ 
1_.). 215 

Marl, 4, 15, 42 
MaTtlllltllm \lulgort, L . (ll ee 

H Ofshound) 
Ma.rsh rus rigold (Callha po/u,-

tri6. L ,), 169, 264 
M8r ling,·4_2 
J..brt.ins, 618 
.Mating of ),cultr . .'" . 592 
AJatrit-ttna ,"odora, L. (.!te 

Scentless may·weed) 
Matt"iola spp. (~et ~t.ock ) 
lolu:iU&ry boue. 411 
M .Iimum temperature, 120 
~hy Oie., 684 

"10 

I ~~~~d~n:',ie2i~nl.,of TiUyfulr, 500 

- foxlJloil (lte Tim otby gran) 
- \'f'Lchling (l ... at/fYTu4 pratell. 

!\1;'~J u !~-) ' g~~~. annual (Poa 
(Wlllla, L .l , 24.1 

- - rougb·stalke.l (P. tTil.'t · 
{lli~, L.l. 2:.!3, 2.j~ 

- - slllooth ' stalxed (P. pTa 
U7uill , L. ), !!:!..'i, 242 

- - wood (I'. lIelnora1;" L. ), 
228 243 

l\ltlad~w'lIwoet. (Spi'Tf£Q V lm,ana, 
L. ). :lO3 

, !\JealY'lIlOutbed • cal tie, 505 
i\le~s\y pork , 653 
.l/edil'ago /upul i"a, L. (~et. Tre-

foil) j .\1. &alila, L. (ut! 
Lucerne) 

!\lbdulla oblongata , 450 
J1e.lumpyrlJ.111 prutelu~e, L. (ace 

Cow.wheat) 
.1Jde.! taXU& (~U .Badger) 
.1/e/ig,tJ~t.4 aneull tH~~t Turnip 

bloS801l1 bet-Lie ) 
.Meliloi, .... blt~ (.Veli{c,tu& alba, 

Lank. ), 2U1 
- yellow (.11. otfrillali3, L .), 201 
.1lt(i~fl.a offic.:illtJIl1., L. (I te BahnJ 
:\l ellow ~il, 5, 16 
.Velolonth-a 'V'Lilyorit (tet. Cock 

chaferJ 
Melon, 204 
Mendel, 476 
Mendelism, 475 
M entfta -vtridi&, L. (.tee ~lint.) 
Mericarp. 205 

~':::n~;n: ~;~ 
Metagolic staircll se, 14.2 
Metabolism, 140. 424 
Metacarpal bones, 414 
1\1 et;l('a rpU8, 414 
Metamorphosis, 635 ... 
MetaLanal bones, 417 
Metatarsus, 41; 
Metoocism, 3S0 
Mica, 7, 11 
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'''0 
Micaceous !Dud, 11 
Mil. ropyle, 163 
Micn,tu, a!J.,.tstj~ (ue Field 

vole) 
Middle wldle pigs. &37 
Mildew , 2U,j 
bil!k . !;4.8 
- cistern, 5-1.8 
- compositiun, 552 
- fou lltains. 551 
- record. [l5[) 
- recorder, 5:1(1 
- register, x,3 
- 5LrailJer. 561 
- 5u$:ur, 5;,2 
- "'em, ~H;t 
Milking. 559 

~g:~~:oerS;', 6~~ 
Alimuhlf moac!wtu3, DOllg!. (ottt 

Musk ) 
Mineral manures, 114 
- maUer, 10, J9 
- phosphaLes, 114 
Minimum teUlperalut~, J29 
Mint ( .Velllnu. vi1'idi~, L,), 153, 

215 
MiLeS, 644 
Moisture, 23, 129 
Mole (J'alpa europaa), 615 
Molluscs. 609 
Mongrel, 4iO 
Monocotyledon., 156, 170 
Monrocious 8owers, ] 71 
'Moorland pan, 27 
Mosquitoes, 631 
Moths, 624. 625 
'MoUled umbf!T moth (H ybeTnia 

M:~{:t~:~:j: ~7 
Moulds,3S4 
Mountain sheep. 513 
Monse, field {.iflu ,yll'atj~1J'}, 

613 
- ha TVesl (M. mU8ori1l8). 613 
- hQuse (AI. mvanrlua ). 613 
Mouse-ear chickweed (CU08-

tillm trj,·iale, Link), 181 
Mowing, 296 

NJ.\' 

I\i uwin& IlW,c:hI I)CI. i.
:\lul "II, :!ti. ~!J 
j\luldJIIJg, :">!.l, 8f1G 
~ l u!f', 470 
_\1 ull~in r I' ,rlJU 1,unr 1'1.11/ 

L I. 261'\ 
l\lultlplti plou;;h, 00 
"] IJrinlt~ 01 IlOtU"h, 121 
Mtlrtt.iu',61:": 
.IIU/Jra dtJmt~licu (u:e Huust' If,d 
:\iu!w!e, 4:!.3 
i\111I(ular contraction, 424 
:\Ju~rlJJ:.r "YHu'm, 423 
JI/J.f def' UIIUIIIU' (,~e:e ltnl, 

btuWll ) i .11, 1II~ai!(I1i/l' I.u: 
l\!OIlS8, harvesl! ; .11 _ mil. 
(II/UI (llec ~loule. houle) i M . 
raUlt. (aee Rat. black); ,lI . 
'Y/I'otirm (-'l ee Mouse, fu·l (1 ) 

Mushroom (.-{vaTicu. cU/1l']Jr,· 
tri,), S83 

Musk (.\/imulu8 mOle/Ja/uI , 
Dvugl.), 2&8 

~l~~~::~·L.~~~hi~~i.;, o~~~:uti 
- beetle (P!.,,,dllf! '"luler), 620 

hlu~~~ridl!~'6:~ 346 
Mutation. 475 
Mut.ton. 534 
'M vc'elium. 3S4 
~lyosin, 431, 451 
.IIY(II((Ilia '('1(1. (6U SoorpuJD 

grass); .1/. pniulltTlt, With 
(ate Forget·lIle·not) 

M yriapods. 64G 
J/yti'nrpl~ pnmorllm ("te .-\pple 

mussel IIcal{·) 

:\J.O, 483 
Nagana.. 6.'31 
!\"apiiorm. 186 
iYOfllll17fj'l1Il f.1/fiirina/t. L (II' 

\\"atercre!ls) 
Nali\'e plant growth, 3 
:\aLur;,d 5eJel't.ion, 472 
.!\ a\·jt'ular bone, .11 
, .!\a\·irular' bone, 416 
_ disease , 416 
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!\ e><k, 4{)8 
- \·ert.ebrll', 410 
Neela r, 165 
Necl:tr-co\,er . 165 
N$ctat-gtand (!en !'ectary ), 1€Xl 
Nel'tar -guiue, 170 
Nectarine, 3i7 
Nectria dilj .• ~ima, 'ru! 

t.:an ker of apple) 
K emllthelrnia, 646 
Nemallu Tihf.~i(t ( .• t.1' Cn .. ·, ~e -

brrry 8_lld Currant S1i\\.(ly I 
Nerves, 450 
Nerv ous syst. f.> m, 4. 50 
Neufchht&1 cheesF', ;:,83 
Neural canal, 408 
Neuropt.era . 638 
N"e",'ts, 609 
Nt('Qt ia llo To!J(lcullI. L. (~. t( 

TobaC(:o) 
Nigb t -f1u tt.erer , 627 
Kighhhade. deadlv (. U ropa 

Belladonna, L.l, ~14 
- woody (Svlan",", /JlIlcamara, 

L.), 214 
Nit.ragin, 40 
Nitrate of lime, Sg 
- of sod ~ . 118 
Nitrates, 13. SO, 31. 35, 39 
Nitric acid, 36. 37, 88 
Nitrification, 38 
Nitrites, S5, 39 
,... itrobactt!T, S9 
Nit'f'oco(cU!, 59 
!'\'itrogen. 7. 19, 34 
- starvation, 456 
1\itrogenous e:r:cretiofl , 445 
- loods, 431 
- manures, 118-21 
- waste, 446 
{'.·itTo~mJl,nlla~, sg 
NjtrQU! acid, 39 

. Node, 149' 
Nodules, 39, 200 
Non-ruminnnt.ia.. 423 
Nonsnch (ate Trefoil) 
Norfolk rotation, 3()g 

No~he£~vS;; c"ttle, 197 

Nucellus, 163 
~uthlltch, 61 7 
.'l;iutiets, 215 
)juts. 17[) 

ON) 

Nut wee\ i\ (Rulaninu. nuc\.Im) , 
621 

OA K ({,,>ltI'7'rll~ apr. )' 2, 159 
()a Ic-alJples, 623 
Oat (_4. ,'fr.n ~(lf il" (1, L.), 15~, 2ti!? 
- crop, 24. 124, ~II, 321 
- as food, 45i. 450, 465 
Oat-grass, downy (A "ena ptdJt.8-

l'UIS, L ,), 2-lG 
- false or tall (A. e!uf i()1', L .. 

o r An'/tt'flQllf/ler11 111 u nma 
ceum , Heallv.), 246 

- na rrow -leaved (A . pTule1lsi6, 
L.), 247 

- YE"How or p;old'tn (.'L (irne 
6r'r11l, L. ), 244 

- wild (A. falua, L. ), 247 
Ont-husk , 262 
Oatmeal, 262 
Orcip ital cond yles . 410 
Odoutoid process, 410 
Odour of fl uwers, 165 
- o f ha\' , 301 
(EIIQn tltt' {i.Jfu/oaa, L , (ue 

\Yaler dropworl ) 
CEsophagns, 425 
(EIf'r".' Ol·i.! (Bel' Sheep'! DO.lri1 

fly) 
Orral, 479 
Oil. 137 
- cakes, 189, (58 
- engine. 85 
- in food, 458. 459 
Olecranon process, -ItS 

I Olein, 455 
Omaaum. 427 
One.way ploughs , 59 
Onion (AUium Cf"~, L.), 135. 

145, ILl , 162, 170, 220 
- couch (,ee Oa t-grass, taD ) 
- fly (Al1lthomyia ceplJrum), 632 
- wild (AUium vineole, L." 221 



INDEX 

aNa 

Onohryrhi •• at't:o, L. (ue. s .. in·1 
foin) 

01l0ni4 epino~a, L. (.u Relt-
haTrow) 

O~;'hr:l1:)n A canthiuf7l , L. {U!t 

Oogonium. 401 
Oospore, 401 
Orpollit.e~ 156 
Optimum temperature!. 28. 1~ 
- water content. of soil, 24 
Orchard g_'("1I!S (,yee ('ocks{oot 

grass) 
Organic manures, 106, 120, 1~1 
- matter, 9, 13, 19. 35 
- nitrogen, 82, 38 
Or,i{lonllm Dnittl, L , (nt Mar 

loram) 
Origin (a! mU\Cl. ). 42-1 
OTs.::~:S:li&tatit.ulI. Frat. (lil' t 

Oro'mFlch, IIpp. (II tt: Broom-
rape) 

Orobanchacete. 28g 
OrthQptera, 632 
Ouinto! fTit ( .• u Frit 8y) 
Os innominatum, 412 
Osmosis, 141 
Ovary, 163 
Ovipositor, 622, 630 
Ovule, 168 
Ovum, 451 
Owls, 617 
Ox, skeleton of , 420 
- warble fly (Bypod,,.ma 

bov;,), 682 
Ox-eye Marguerite (ChrylOl'I/llr 

mvm L~ut'anthl!mumt L.), 213 
Oxford Do\vn sheep. 518 
Oxidation, 148 
Oxide of iron, 17, 18, 108, 544 
Oxid~s. 11, 17 
Oxygen, 7, 84, 130 
OxyhteIDoglcbin, 443 

PAL. , 224 
Palisade cells, 157 
- worm!, &17 

Ph 

P,llmatft, 156 
Palm bones. 4H 
Palnlltlu. 4[15 
J'j,jJm·nvt ('Rh, 465 
Pant'reas, 4:it) 

~i~J~~:~i~;:II(l, 430 
l'anirle, 223 
Pans, 27 
Pansv (I"i(llo tria,ll-r L. l, 170 
Paps'verarelfl. ::!fl5 ' 
Papal ('f Ilh".u~, L, 'N' P01"pr l; 

I'. I.IMII1.i/IfUW, 1. !~' t PC'p'py 
opium) 

PapiJionnr'('ollll, 16B 
ParrU!!. Iii, 212 
l'arll"'i~e stn('k. 3;"6 
l' ar.aflin . 64:.! 
Parll'litt'. &~ 
J'arietal bone. 411 
i'aring and huming, 4.2 
Pan!! greell, ~3 
l'arsley (('a r11111 r'ttr.,lfllllum, 

Benlh. ), 206 
Parsnip (Pallt, inora tntn d , 

Benth.), 135. 14:'. )4;, If..o, 
2(16 

- !"rop, 340 -~r (Te1Jhritu (:!"Op'-'f'd,ni~ ), 

- 311 food, 206 
Pa'ltern. 416 
l':l.sl.ellriliaLion of milk, :, .,;
"o"t.iTfor-a .atll'a, Belltb ( It t 

Parsnip) 
h'l.'>ture, 279, 2q9 
!'awlla, 416 
P:mnch, 427 
Pea (Pi«trm IIOtirum, L I, I:)J 

100, ]50, Iil9 
- crop, 100, 330 
_ aa food. 457, 459, t& 
_ book, 71. 97 
_ !leed, 128 
Pea.ab, ai7 
Pear {Pyru. rommun.i •. L.l, let , 

861. 31'>6. 873, 87~. 87, 
_ gr ... orchard, 361 



688 INDEX ... 
Pear leaf blister-mite (ETiopkyes 

PI/Til. 645 
- sawfly (Erioroln pa 'ima;i!lo). 

6!>l 
Pf'arJ barley, 202 
~ea.t., 14, :!2 
- moss rlttto)", 109 
P'fl&tl pan, 27 
Pec.'tm, 4~2 
P~I ig ree. 480 I 
Peduncle, 102 
Ptg(Jmyza beta (Jl t.t ~hn~el fly) 
Ptlarg'.JlllUm, 1.0 
Peh'\1..4.l2. 
Pepperco rns, 645 
Pepsin, 433 
Peptic glands. 428 
Peptoncs, 43:3 
Perennial , 161 
Perilltlth. 168 
Pericnrdial tl.uid, .. 56 
Pericardium, 436 
Perigynous, I iO 
Perissodactyla. 423 
Per~~tallic contra.cliort, .30 
Peritbecium, 894, 396 
Peritoneum, 4!17 
Pel'tlllUlcnt gra.ss, 125, Tl9, 295, 
Peruvian guano, 11'2 (658 
Pests. aniwal, 608 
Petal, 162 
Petiole , 156 
Petrol engines, 80 
Petroleum, 642 
PJuedoll betul~ (,u:e hi tUtard 

beet.le) 
Phalori& rOTlorlenlfi.f. Moench. 

(.n Cana ry gTass) 
Phar,}"llx, 425 
Pheluant'J-eye (Adorai. autum-

1uz/ir, L." 264 
PhoTodon humuli (ate Hop 

. ph15) . 
PAl~um pTat~lI8e (u' T imothy 

grus ) • 
Phosphates, ]3, SO, 113, 123 
Pbo!lpboric acid. 12, 17, 19, 30. 

107 

Pc> 

Pllylloirtla nem"r lJni (tet Turnip: 
fl ea bee lie) 

Phyllflxera rnl'latrix, 623 
Physiology. 407 
P/lyt(lpllllwra in / tllans De 

nary (nt PCltnLo dist'a~£- ) 
Pic.k1ing seeu corn, 311), 31.13 
Piercing insect:.!. 635 
Pi.eri~ s ~,p. (~ ee Whitt? ('ahb:'i~ 

butlerflit'sl 
Pig, Lr~t'Js of, fi35 
- feeding and mlll:agcment of, 

540 
- s.kele ton of, of.~ 
Pigeons. 618 
"Pig-llut (I'''c Earth-nut) 
Pi leus, 3S3 
Pirnpernd, !'('ar!f!t, ( ,4 n(f~(lill. 

arrCI/I;4, L.), 2;-0 
Pjll - LoJ~, 412 
Pille beetle (llylll.rgu!! pini-

p(fda), 6:!L 
- sawfly (L,rpicyrulJ pini) , 6!!3 
Pinnate, 156 
Pipits. 617 
Pirls,530 
Pisiform bone, 413 
Pistil, 162 
Pistillate flo'wers. liI 
Pilfltm sa/i,'urn, L. (bet Pea' 
Pitch Fork, 93 
Pla.centn. 4ftl 
Placentation, fr(>t central, 270 
Plantaginele, 270 
Plantain (Plantogo -,pp.), 135, 

146, 1511.161 
- common {P.lanc~olala,L.),279 
_ greater (P, majQ7, L.), 270 
- h<la ry (P. media, L .l, 271 
Plantar cllshion, 4.18 
Plant bug., 628 
- lict', 628 
Plant-fond. IB-20, lSI 
Plan ling Cruit·trees, $2, M7 
- mi)("<l frait, 3G8, 370 
PlanlJl!t, 164 
P lasma. 435 
Pla.~modium, 405 
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PLA 

I'la,~",nd"lph('rn iJTfM,(jr{l', \\'nt" 
403 

Platvhelmia. 649 
Plt~u'ra, -1-12 
I'lt'lIrisS. -142 
JJieHtOpw'umnnia. 448 
!'loughing, 5:.n. 98 
Plough-pan, <! j 

Ploughs , 4;-61 
PlolIghshart's. 4!J 
Plough wll(~cls. 51 
Plovers, -13. 61 i 
Plum (1)T1(1I1/~ drmlvtlC(I, L, ), 

WI, 867. 373, 377 
- aphis (.J7djj,~ pflll/i) , GaO 
Plumu!;', L2d 
J'III,~iu (J'WIIIl(1 (ut' Riln'r Y 

moth ) 
Pili/fila ,,. ~ji",,'rl!m (ur Tut 

nip diil.llloJld·lmc.:k moth! 
Pneumogastric Den't', 45O 
Pneumonia, 443 
Poa amI/HI, I.... (pf't ),lead(lw I 

grass , annua l) i ". 1I(1'WT(lli~. 
L. (8ee ~leacl~"v ~ras~. wond); 
P. pral.{'/ui., L . IHI' :\J('uclow 
grass, SllIooth .!:1talked} ; I'. 
tr; n'(J/i.,!. L. Ine Mcadow 
grass, r 'lu!;!'h-st.:dked) 

~~d~b;1Ij 1.ud, 323 

Poisonous plants. !!O8. ~72 
Polecat (l'Uf(lfiu IJ /retidu"J. 611 
Pollard, 465 
Polled, 421 
Pollen, 163 
- grain, 163, 164 
- tulM:!, 164 
Pollinalion, 164 
P olygono.cer:e, 218 
Polyyrmum A l"irulore, L. (.te. 

'Knot'grass); P. r01P'olru!118, 
L . {au Bistorl, climbing} j P. 
FOgOpyruffl, L. (.u Buck
wheat) 

Pome,203 
P onl. l'Ev6qo8 cheelf' , 582 
Pony, f84 

Pookmg lork. 0:\ 

I'RO 

i'uor Illal;'~ \',('n!h," ~b'!I~ f~tr 
I'lmp,·rlw1. Stl.rll'L) 

!'H{., 5()ds. II 
!"'!lIlY (/'III'tll fl HIltI'm, 1..), 135, 

:.!!;;', 

0f'11I1I1 f/' ~nn.'/I/erlt'n. 1.,1. 
:.!t\;') 

,'nr,· ~P!l! \', !to! 
P:lrlu('k ~h'·t'p. !,~ 
!'''rlid \1'111. 4:\":1 
"II!>kru.r.40-l 

\"t'lln ';)\'11. ·ttl!) 440, 4-18 
i'n!ash. I~. Ii, IY. 31l, 

mnllllr!'~, I~I 

,'"lal(J ( .... "'IIl/Ultl '111'''''' .. 11111. I. t. 
I~:" 1;',[, 1;',:,. I{\~, 21-1 

0111 fourl, 4:'7, 40;) 
,r,,)!. :{:d 
fli";':J,St f/'h.1I1"/,ldh"ta In/u 

I{/II'. Dc Barvf, 3SHJ 
- frog fly fA'uJlltryx 601ani} , 

629 
_- planlers, 69 
- rai~il1g p!ou~h, G1 

Wl't rot, 405 
l'fI'r-1II111f1 AlI"rrir;a, L. (IItt.: kil· 

H'T\\'f>I,JI; j' uptOIl", L. ,.u 
C'IIHIUeJoiJI 

Puultry, fJ>l4 
- kC'r,j,mg. 584 
Prec I), Il (10; pllLnt", 212 
Prermnill;,rv UOlU', 4]] 
PrenR!;ai 1I!i~i( Ie, 4:!2 
Prepot.emy, 474 
Pressers, 64 
Pre9ses, 79 
Prickles, 177 
Primrose I Pri.mllio tJuluaru , 

Hud!l.), 1!';2. 2iO 
Prjmularere, 270 
Proboscis. 6~, 625, 630, G34 
Prone, 413 
Propa~atian of fruit, 376 
Prolllndrolls, 169 
Prot-foins fp rote ids or .Ibu· 

. inoidfl), 138, 431 
Proteolytic, usa, 4~ 
~~:::?::,"l~ 

•• 
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Protozoa, 40. 653 
Proud wheat, 2G3 
Prunella 'I'ulyans, L . rue Self 

heal) 
Pruning, 304, 367. 370, 3756 
Prullu s C('rasll.~. L. (so!' /! Cherry ) ; 

P. fJpi7lQ,~(l. L. (ue Blo.cI;:lhorn) 
Psa lterium. 4.27 
PUUdOIll OIlQS !'mn1)e8tri ,' , F:mith, 

405 
- destTuc:tmI8. Potter, 405 
- radicicola, 39 
Psila TMU! ( ... tt: Carrot fly ) 
PSOToptrs c01lt11umi" ( .... :1'.: ~c.b, 

sheep) 
Psyllfl mal, ( .~ee A.pplc sucker) 
Ptyalin, 433 
Pubis. 412 
Pu ,rinia grClI1I w ill.. Pers. (8tl 

Rust, black); i' . g1'I11I(ITII1I1. 

Eriks. et H('JJD. lxt!r "Rust, 
vell aw) 

Ptilmonllr\' circulation, 43£1 
PuJpers. 91 
Puls(', 439 
- CtOpS, 3~i 
Pulses. l~O 
Pull'ino ria riboia! (.0 Woolly 

currani !!Il"a.le) 
Pumice. 7 
Pumpkin (Cuf'lITbjta rU(7ximaj, 

130. 204 
Punch, Suffolk. 487 
Pupa. 625. 63:) 
Put'~ b\oou, 443 
Pure-bred . 179 
Purging flax (Jlinl/", ratnnrti

('um, L.). 190 
Purples, 648 
Putori us t''I'1nillca (lee Ftoat); 

P. /fl'tidw; (1ft P olecat ) : P. 
1'ulgarJJi (Ut 'Wes!lcl) 

Pygara btlctpltala (Ut Bull tip 
motb) 

Pylorus. 426 
Pyramid tree! . 870 • 
Pyretbrum, 643 
Py7'UIJ MalulJ. L . (ue: Appie) 
~)'thium. 402 

uo 
QUAKING GRASS (Briza 1Ilidia, 

L.). 2~9 
Quadrant hend, 49 
Quality of hay, 301 
- of oilcakes. 45R 
Quarters, of boof. "'19 
- of horse. 412 
- o f udder. 548 
Quartz. 7 
(Jucrcus spp_ (~ee Oak ) 
Quicklime, 13, 42 

RABBIT (Lepu~ CUlliru!lll ), 612 
Race, 469 
H:u·eme. HI6 
Rachi!l, 300 
Radial, ]45 
- symmetry, 166" 
Radicle. 1~ 
R adish (HfllJI!ml1l < .~al il -ul. L. I. 

132, 14.~ . 14" 186 
Radius. 412 
Ragged Hobin (DY"hllit PI", 

("ll/'uli, L .), 187 
Rain, g, 34-
Rake, 93 
Ranunculaccea, 264 
Ra1/U'fI('ulus epp. rUt Butter 

cups) 
Rape (IJrm;,~irn TU710. L. l, 182 
- club- rool (pPf' Cluh-rQl'lt) 
- crop, 14, ]82, 344 
R&pe_cnke, 457, 465 
RC{~d~b') .ati ru~. L. (Ufo 

RllSpberry (Ruhlli' IdfPlllt-. L.). 
]54, ]61, 3;2. 374. 383 

Rat. hla{'k ( .1/ 1l~ -roltU1). 612 
- brown (.11. dt'rlI1'l111nua), 61S 
- flea (Ct.ratophvllu. /a.ri~ 

tUllj, 631 
Ray, 210 
Rea.l value of .fled. , 277 
Re&pen, 71 
R eaping, 96 
- - hook, 96 
Rearing of poultry, 59~ 
Re«u ive cb&ra.ct,eu. 47';' 
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ROO 

Rect.um, 427 
Red dover (7'rifolium 'PTc(cnu.. 

L.), 193 
- corpuscle, 435 
- currant (Ri6r.t. TuilTt.!lIfl, L.). 

203, 370, 381 
- 11lIlg«ot. U.32 
- poll ('Mt.le, 499 
- 8hank (.ttl" _KDot·grl!.~tI) 
- 8pide r, 6':15 
Reed, 4~7 
Refrigerat.or , milk, 562 
Region! of bony, 407 
Register, (lIiik, 5:>3 
Regular {lower, 166 
Rena l arl.ery. -i,t6 
- vem, 416 
Rennet, J28. 433, 5il 
- sLomaeh, 4::!:7 42B 
Rennin. 43:t ' 
Replum, 176 
Reproduction, 451 
R eprod u(.'t.J n: org&IllI 451 
Rept iles , GU9 I 

Resp~ra.tion. f43 , '5co , 425. H.-!J 
ReSplraLOt,Y (,rgam, 442 
- mon'(llenls, 444 
Rest.-halTt)W lO lj()lli! ,piflola. 

L.),21)-2 
Resting !lpote, 403 
ReLen tJ,'e power of &oils, :w 
R eticulum 427 
Reversion,' 473 
Rkeum )Iyuridum, Morr. {,tt 

Rhubarb, 
111L~r:afl(lI,u$ Crista-galli, L. ( IfU 

1 eHow ratt.le ) 
Rhizome. ]52 
Rhubarb (It/i.(um Aybrldum , 

Murt. ), 218 
Ribbon_rooted ('o rn-fly (rh.lOYOp' 

t~lIIf)PIJ$ I, 632 
RibtA (;'ro~l!lIlur1'a, L. (A I!:I!: GoOII&

berry) 
_ ntyrUfn, L. (~e l!: Black car 

r3'l'It) 
- r'j/'brum, L_ (.u Red cur

rant ) 
Bib6sia.cNe. 203 

RUM 

Rib-f!: rall&, o r Ribwort ( leI!: Pl.n~ 
tam, common) 

Ribs, 411 
Rit'e-moal, 457. 46a 
Hidge ISY!lte m. S36 
Ridge find furrow !Yltl nl, 2B1 
Ridging plough, tH 
Ridwg JIOISC, ..Jo:J 
Ripened cr e:HJI, 5(j~ 

it:~l;~,r lJ~!I, 632 

lWk. ~, 7 
- cn-;'Ital," 
R(Jck:!I~IL. i 
H.ollers, &1 
RolliJlg, g8 
R OUlney Marsh Nhce:p , !lJ6 
Rook, 618 
Roo', 88, 128, 130, 131l. 144 
- crop!'., 124, 160, 17" :::t! 
- nod uil-'s, 3!J 
~ para.lSit.c!, 2GP. ~i() 
- pruuin~, 31r/ 
& (>l-c.!l.p, i.J..j 
Root·hain, 1:31 , 145 
, Rooting,' oj swinf', 541 
RootlSLock, 152 
Rosa taT!i1!fl, L. r,,., Dflg rO!ll!l) 
RO:5acel£, 202 
Ro!lcornmol'l aileen, f,31 
Rose (UtlI'Q sj!i,.'. 154. \;>6, 

liO 
Rosemary r RM Ill Ifr!nUIJ (){fici-

nali«, L.l, 21:; 
R osf't.te pl;w t5, J5IJ 
Rotar~' seret·n. ~P, :!91. 543 
RotallOJl gras!cJJ, 1:l5, and .u 

• ~e.·d8· 
- of Crl'V', 3(JR 
H uthamSIf'd f:xJJ('rimf'II(,. 31 
Rouud W(JrUlh, G-JG 
R<Jup, 007 
RuLia<:ero. 2M 
)/ulm« rr''':IIII. r... (/I f'!!: Hew 

hp.rrv); N. ,mti"olll,ul. 1.., rue 
8 1;v ~kbcrrYJ 

_ /d'nl'. l.t. let c Ra~ph(!rry) 
Rumen, 427 . 



IND EX 

RUK 

R1t11lez srp. (see Dock and 
Sorrel); N. AlCfollU . L . (see 
Sorrel, cammoll) i N .. -t uto
ui/a, L. (/jer ~orrel, sheep's) 

RU1l11nllntia, 423 
R umination. 428 
R UDner, 151 
Ru nning roots, 1!)~ 
- watt'r. 6 
R Wlts, 4gB 
Rush, common (JlInr J/ ,'( 

m1mi$. Mpyer), ~2i 
R ushes, 3, 43 
R ust, black (PI/Ninja gramil1iJol, 

PO",), 386 
- yellow (P. Vfllmannn, Eriks. 

at. Henn.) . 390 
- white ({'!J.~((JPlli: f'andidulI, 

Lev.) , 400 
Rye (Strale t'crpalc. L.l. l5g, 262 
- crop , 32li 
- ergOL ((,lacicep8 TJUrpuTea, 

1',,1.), 393 
- as food. 457 
Rye-grass, ] talian (LoZill1n itali

cum, A. Br.), 250 
- pe rennial (L. jJ('Tt.1ine., L.). 

247 
Ryeland sheep, 524 

S.iCCHAROMVCES CEllEVISl .£ 
(ue Yeast) 

Sacral vertebrre, 410 
Sacrum, 410 
g,dfron. meadow (Colchicum 

tJuf utJ1.nale, L.), 221 
Sage (,salt'in officinali!, L,) , 215 
Sainfoin (Onobrycl!i« .!ati ,·a, L,) , 

132, 161, ,198 
- crop. 24, 348 
SalR,d plants, 1871 204, 211, 212, 

214, 217. ~.() 
Bali,'a., 425. 433 
Balinrv gland5, 425, 429 
Salix spp. (ue Willow) 
Salt, 35, 121, 274 
Salt. , 18 

BCR 

Sahia offiri,lIalis (s ee Sage) 
Sand, 3, 10, 15, 19 
SandsLooe, 7 
Sandworls (rer(1,~ 'iTim IIpp.}.187 
Sal/(}uj.~(Jrua ofjH'woli,q, L. ($ee 

Burnet) 
Saprophyte. 385 
SaTcop/IDIjIl cunlUri(1 (~U Blow 

fly) 
SarC'optc$ ire/·j" , 645 
- 'TIIulall.~. 645 
- lltabiei (.~ce ~(,Rb. head) 
Sa vour.\' herbs, ~OG. 215 
:-Iawfiies. 6:!2. 023 
Scab. head (Sarcoldl's U(l71il'i), 

644 
- she!2'p (Pi'nro7JtI'S ,;ummllllill). 

644 
Rca Ie ins('cts, 630 l 

- leaf. 155 
&·a.ly roots, 1 5~ 
Sro"dix Pel'lrn · f' f' T/aix, L. (see 

f'.hepberd's nE"l'dle) 
Scaphoid bone, 418 
kcaputa, 411 
Scarifiers. 62 
l:'<:::trious, 270 
ScarJd dO \'er (Ut Crim!JDn 

do\'er) 
~ceT.ltless rnnvweed (.l1atricaria 

111 odoTa , L .) . 213 
SrhiWllclNa Irmiyera (see Woolly 

aphis) 
Scienti fi..: nnmes. 469 
Scilla nutalls, Sm. (!ee Hya. 

cinth ) 
Scion, 378 
Sclerotium, aQS 
Scooping bone, 422 
Scorpion grass (Jlyo!otj, app.J . 

216 
Scotch cattle, 4g2 
- hands, 570 
- sheep, 513 
Scra.tching-e.hed, 591 
Screenings. 272 
Screens. B8 
Scrophuia1"ia nodo!a, L. (;e~ 

Figwort) 
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Scrophularillele, 208 
Scurners, 62 
ticutellu ll1, 1:-13 
S{',Ythe, 71. 94 
Sel~weed, 1:.!1 
Suule ('ol'ole. L. (.5ce Rye) 
&e~'retiQn~, 429 
&delttury soil , 8 
Sedges ((,(lrcJ: spp.), 3, 43, 135, 

154, 228 
Seed, 125, 174 
Se:lld-b3r1'OW, 285 
8eed-Led . ~o-l 
Seeding, J28 
Seed· leaves. E!7, 162 
Seedling, ]28 
Seed'I1ILxlurcs, 288 

:_ ~r~~;: ~4nJ. 295, 302 

~l~li~e:d~~ 1~~1l1lrYI 592 

Self-delivery reaper, 72 
belf-fertilization, 165, 17'1 
Self_hea.l {Prunella "ltl~un8, 

L.j, 215 

~:~i\~~~~~a~~J~~s~H~37!7:39 
Senecio 1:ul(}a.ril!, L. (/(e£ Ground 

sell 
Seuse organs) 451 
Sepal, 162 
Separators, cream, 563 
Serrade!Ja. (Ornilkopu8 lat,rzu, 

Btot.). 292 
Serum, 436 
Sesamoid bones, 414 
Be!!ile, 156 
Setaceoos, 222 
Seb (of potato), 15] 214 
Setting milk , 562 • 
Sewagel 247 
Sexual reproduction, 165, 451 
Shallot (Allium a8calDnicum, 

L.), 221 
Sha.ping board, 602 
Sheep, breeds oC, 513 
- fa rming, 531 
- ~~ding and management of, 

8UI 

Rhcl'p. skeleton of, 4-22 
- Li('k (lxodt3 , II'illll,':, Gil!) 
81~j)i; lIos tn l fly 1 1/~'14IIII ~ or;,) . 

bllt't-p' s par~lt'y !('aru11I /' rtro-
,.l'finllTlI, H~lIth" \:u,j, 2{)G 

~bt'_Jlfi!lh, GUU 
:-.hepher(.], ;,3:) 
Shepherd's Il t:t'dln ( ..... fll fldix J'er. 

tt!II · l"tll""llI, L ,). :!07 
:5hep hel'd 's PUl'!jt' (('/J p /!l~ lIa 

Ijur~a l'(I,~ t 'm,;. DC,) . l~'), 4{lO 
- weather-gl uss l.-;~e .i:'Ullpernl::lf . 

s<.:a.rlet) 
~hitl b(lIle (~rr Tibia.) 
Shire hlJrse. 485 
,o..;hoC' k. 3lS 
Shoddy, 120 
Shoot , 128, l80, 1S9 
RhoTt dung. 110 
~horthorn cattle. 4P3 
KhoTt-wool 8hN~P, 513 
Sh"uJdcr-blk Ie, 411 
Shoulder-girJlfl, 4lJ 
ShQ\'-e!, D2 
Shrew, ('ommon (SoTex tlW-

qOTill), tiJ5 
- lesser (So fljimliu ll) , GI5 
-sr5'lter (C'TOIJ8f1PU3 l"di~1J/J) , 

Shre1.v-mouse f~re Shre," ) 
Shropshire sheep. 520 
SjcJde. 7], D6 
Side-cap. 50 
Side-delivery rak~, 297 
Sj~\"es, 88 
Silage, 303 
Silent spp_ (lIet: Cat..chflies) 
Silica, 7, 11 
Silicate of alumina, 12 

I Silicula, 176 
Siliqua. 176 
Silo, 303 
SiIL,17 

I Silverweed (Pote1dilla An .. erina. 
L.),202 

Silver Y-mot.b (PlU8iu gamma ), 
626 

Simple leaf, 156 
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Sinapi& alba, L. (ate ~1 ustard, 

white) 
Single-cut clover, 194 
I Singling,' 341 
Siplwnoplio To. grOllQTia (ne Corn 

aphis ) 
SiTex gigo:-. fu ... Cbnl. !il'ex) 
S i8ymbrium Alliaria, Scop. (see 

Hedge mustard) 
Sium spp. (st:1! Water parsnip) 
Skeleton, -4:08 
Skim coulter, 52 
- milk, 552 
Skin, 445 
Skirting: st.&ak, 44. 
Skull, 410 
Skyiack, 617 
Blllde, 49 
Slaked lime, 1:1 
Slasber, 97 
Slate, ~ 
Sleep of plants, 192 
Slidmg head. 49 
Sloe (aee Blackthorn) 
Slugs, 609 
Small hlack pigs, 540 
- ermine mot.h lHYPiJnornwta 

pad'lla), 627 
- intelltine, 426 
- white pigs, 537 
Smother_flies, 628 
Smut, barley (l/6filago 1Iuda. 

J ellS., and C/. tecta, Jens.), 
390 

- Date (U. a1'ena, Jens.), 39(1 
- whea.t (U. tTiti , i, Jens.), 390 
Snails, 609 
Snaith, 94 
Sna.kes, 609 
Snakeweed (see Bist.ort) 
Snapdragon (.A 71tirrh iIlUIII 

iu" L. ), 26S 
Soda, 17 
Sodium a rsen ite . 274 
Soft cheese. 580 
- grass, creepjng lHolclIs nl(ll/i .• , 

L .). 260 
- pa-Iate, 425 
Soil, 1. 

SFL 

Solana.cere, 213 
SolGn'um Du.lcamara. L. l"r~ 

Nightshade, woody); S. e.~c u 
len tum. Dun. (Ut Egg-pi;tJIt) ; 
S. Lycoper3icum, L. (UI! To
mato); S. tulJ eto",lIm, L . lue 
Po~.to) 

Sol. (of hoof), ~19 
SolutioD, 6 
Soma, 478 
Sonchu& spp_ ("et Sow-thistle) 
Soo~, IW, 642 
SQTeX 11Iinutl/" (au Shrew. 

lesser) ; S. 'LUigaT1s (.~er 
Shrew, cOOimon) 

Sorgrhum (Sorghum sacl"ll(IIQ 
tUJn, Mamch.), 263 

Sorrel (Rumex .!Ipp.). 135 
- common (N. Aceto~o. L. ). 21R 
- sheep's {R .• 4./·etoscllo. L. }. 

218 
Sour milk ('heeee, 581 
Sour soils. 42 

I Souring of milk, 565 
South Devon (Hams) ..:attl e, 497 
- - sheep. 525 
Southdown sheep, 518 
Sowing gra.ss seeds, 285 
Sow-thistle (Sonc/Ill" !!pr.). 213 
Spade, 92 
Sparrow ha.wk, 617 
Spawn (of mushroom ), 383 
S~arwort kee Buttercups) 
Specie!!. 469 
- origin of. 471 
Speedwell ('- eT011i l"a spp.). 268 
Spergula a7l'e1lsis. L . ("ee Spur-

rey) 
Sperm (spermaoozooll). 451 
Spluerotltera 7f/O,.~ _-ril·((', Berk. et. 

Curt. (see American goo&e
berry mildew ) 

Spiders. 64. 
Spikelets. 223 
Spina.ch (Spina("ia olerarea. L _) , 

216 
SpiT(lUJ Ulmaria, L. (.cee M~a

dow-sweet) 
Splint-bonee, 414, 417 
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Spongy t.issue. 15i 
SP01'C, 384 
Sporidium. 388 
Sprayulg :llJpa ruLus , 643 
Spriu£ cLlltiva t ion, 100 
Spurious fruits, 177 
Spurrey (S !J(,Tgula ar ut1UU , L .). 

135, 188 
- crop, 189 
~to.b les. 490 
St.acker, 77, 299 
Slacks, gig 
Sta!gen, 652 
Stamen, 16~ 
Staminate flowers , 171 
Standard, 168 
- trees, 361 
Starch, I 5S, 432 
Slarling. 43,. 617 
SlarLers, 565 
SteRm cultivation, 69 
- cul t ivator, 70 
- drag· harrow, 70 
- engine, 85 
St&o.med bone, 113 
Steapsin, 434 
Stearin, 455 
Stt.llaTia IIpp. (.H~t Stitchwort!l) ; 

S. media, L . {see Chi ckw~d J 
Stem, 148 
St.ernum, 411 
Stifle joint, 416 
Stigma, 168 
Sti/t.oD chee5e, 577 
Stilts, 48 

~t~ri~~ i~~::~lm~; (Anthemi& I 
Col Ilia, L.), 213 

Stipule, 156 
Stit.chworts (Stelfaria spp. ), ]87 

~i:~ \~~~:J:i:laer:~~~)Ja)i7g11 
Stock (f ruit), S76 
- (of ... d ), 276 

~~~~:{f!:~~8~51 
Stomach, 4OB, 425, 421 
Stomata, 158 
Stone BiGI, fI;..~ 

8U lll 

Sto ne fruit, )76, 203, 3IJ7 
~ mi ll, HI 
SLones, J7, 2g, sa , 38 
:-;t,ook, 31 8 
• Store,' r..43 
- caLtle, 51 J 
St.raw, IOU, 302, 3B9 
- as food, -161 
- crops, 178 
StrawbtlTry (Ir 'TCJga ri(J I f!.tro, L.l, 

151 , 161. 374. 883 
. Strippings, I aaS 
Strongyle, armed (S t ro"ll(l ylu.., aY

mat'll"), 64.7 
- p; ia.nL(I!.'1Ultr07I~/yI1l3 gigUlI), 647 
- sheep f8tru7Iy,VllI., ccm t oTtl re) , 

647 
Structu.re of soil, 22 
- and (unction l of farm ani -

ma!s, 407 
Struggle fo r existence, 471 
:-"t.ud book, 4:80 
Styl., IM 
Subsoil, 1, 8, 27 
- plough, 61 
Sub-species. 470 
Subterranean stems, 151 

~~~~~1~nls~~~~i~o5J) 
Sucker, 154, 383 
.sucking roots, 269 
Suet, 455 
Suffolk horses, 487 
- pig., 540 
- sheep, 521 
Sugar, 148, 432 
- boot (lleta t:l.I.lgorie, L.l , 14:7 
- cane (8acc lw rtlffl ofli cinururn., 

L.), 222 
- crape, 318, 460 
Sulpha~ of am monia, 119, 274 
- of copper, 274, 392, 399 
- iron, 274 
- of lime, 122 
-of potash, 121 
Sulphate!. 13, 5f 
Sulphur, 646 
Sulphuric acid , f8 
Summ.er caltivation. 101 
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Summer pruning. 376 
- ril'!.:. 2\19 
:O-;undt!w (/)rtHf'TfI spp.l. 3 
SunO\)wt>r (IltfirlftlIJu" (/1'II/1" '~' 

L. l. 13:1, 15!] 
Super'iuT. 166 
Superpbosphate, 114 
Supi1le. 4!2 
Surian' C"ilterpiJlal's. fj:.!f, 
- f(let/pr. H6 
- tension. 24 
- weeds , 2i8 
SUn'i\'ai of the 6lte.st, 4T2 
Suspensioll. 6, 30 
Sussex catLie, 498 
Swallows, 618 
Swat.he, 296 
- turner. 76, 2!}{i 
Swede ([Jrn.~$:il'a napollrax . .,i,'u, 

Mill.), 160, 180 
- crop, 124 . 181, 3S8 
- as foorl, 460 
Sweep-rake. 299 
Sweetbread (see Pancreas) 
Sweet-grass. float.ing (GlyreTto 

fluitanJ, Br.). 250 
- reed [0. uqllotil'O, Sm.), 250 
Sweet rocket. (JJf!l''Pf'ri8 mD/ TO. 

nalis. L. l. ]79 
Swifts, 6li 
Swine, breeds of, 535 
Swing ploughs, 59 
Switch·bill, 97 
Sycamore fAce t Ps(!udQ'Platan1l.. , 

L. ), ISO 
Symbio3is, 41 
Symphysis pubis, 412 
Symph ytu11I a~peT"Timllm. Donn. 

(lte Comfrey, prickly); S. offi
cinalt.~ ~. (Ut Comfrey. com
mon) 

Syncarpou8,_ 167 
Synovia! fl uid, 414 
Sy7phidre, 632 
8ystemi~ circulation, '"1 

I'.&.OHINID~. 682 
T.4pole" 609 

TfB 

Tail ve rtcbr~, 410 
T(lfl)a clrr(lJ#en (.spf' !llule) 
TamworLh pigs, 538 
Ta}JCWUrUls (ce,~tod(1). 651 
Tap-root, 145 
Tmaz(lf"lJlII of!tf'iflafe, vVigg. (ll et 

Dandelion) 
Tare (He \ -et.c:b) 
Tarsal hones. 416 
Tarsus , 416 
Tetlt. 548 
Tedder, 76 
Tedding. 297 
Teiellt.ospore, 387 
Tem perature, 
- of germination, 28, 129 
- of the soil. 28 
Temporary grass la.nd. 2iii. :.'89 
Tendon, 4~4 
Tendril. 150 
Te.plLriti3 01Wl)ordiui:J (,ree Celery 

Hy) 
Termites, 634 

I Testa, 128 
'1'e.~forella, 609 
Texas iel-e:r, 1345 
TexLurl;: of soils. :t 
'l'haJJophyLa, 383 
Thermometer, 568 
Third trochanter, 4]6 
T hislle (Cal'dllll,~. Corl i71a , a_Dd 

OliOpOrd(1fI spp.), 2J3 
Thoma5 phosphate. 117 
Thoracic duct, 442/ 449 
- vertebrre, 410 
Thorax/ 408 
Thorn -apple (natura St1'anw-

nium, L. L 214 
Thoroughbred. 480, 481 
Thousand-headed kale, ISS 
- crop, 185. 345 
Threshing, 320 
- machine, 80 
Thrips, 633 
Throw-back, 473 
Thrushes, 618 
Thyme (Thy-mu. vulgan., . L.). 

216 
Tibi., 416 
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Ticks, 645 
T ill,6 
T illagE'. 46. ~, 
Tillering, 249 

TIC 

7'illctja ('orielf. 'rul. 11Itf' llllnt.) 
Tillh, 25, flS, 101, 103, 2"4, S~:l 
Timot.hy p:rass {/'htru11! pru 

ten.et, L.). :254 
Ti p"'a oleral't(l (ue Cranefiy) 
T its. 61':" 
T oad - flax lL,"oricl t'ul!larIH, 

Mill.J, 2GB 
Toads, 009 
T obacco (.'\' irotiono 1'ubacU1l1, 

L.J, 214, (;,3 
T oe (of hoof), 419 
T omato rS(.fanUIII LyrOlJrT~ic1Jf1l. 

L .J, 214 
T onglle-g ra rt~ n~, 378 
Tootb and bru~lI pil1 ioll drill;;, 68 
T op-dressing, l UI, 122 
7'oritis spp. (u t' ffed~e parsley) 
T orus, 162 
Trachea, 442 
Trachere, 633 
T raction en~ine . 85 
T rllct.ors . 6;)7 
Transpiration , 25. 80, 158 
Transplanting, 345 
Transpo r ted soil, 6, € 
Trapezoid hom', 443 
Tree-creeper, eli 
Tree-gua rd, 364 
Trefoil, or Yellow clover {.Iledi 

cago lupll] irlO , L .L 107 
- crop. 849 
Trench ploughing. 61 
Tri~hina (T. "ptrafit), 648 
Trichinosis, 648 

:r~~i~~fi:m ~(~::SC:i~son clover) 
- crop, 195 
T1' i/.ohum hybridum , L. (8ee .4.[

.ike clover) i T. incornotlJm, 
L. , and var. album ($ee Crim
son clover ) j T . medium, L. 
(lee Zigzag t.re roil ) ; T. min'Il', 
Sm. (ue Yellow suckling 
clover) i T. prate7llt, L . (lee 

TU ' 

Red c1o\'!' r); 1'. pratr ll$( 
11"-rr",,,, L. { .... " Cow grll!!!I.} j 
T. P'(II'!lIIIIII'7I'~. L, (,.", H op 
Lr(· r(lil) ; 1'. Tt'Ptllf1., L . (6ce 
Wbile t1ovt'r) 

1'rivol1('lIa (lrllit/II' l,odioj,lt'll. l>C. 
(M't Ft"tlllb"rockl 

Tripe. 4:1.7 
Trilinml ranill1l11l. Huds. (UIJ 

Wheat ;rass, iW';.1T rJ ('d ) ; 7'. 
1'1"11"11 11, 1,. ('''f'r ('ouch ,:rn~ll~l ~ 
1'. nJ/qnrr, L {...- I'I' \\-bf'RL) 

Trochani,>r. third. 416 
Trottin~ horse, 483 
T russ , 802 
Trussing prmlLry . GO~ 
TrypanosO!Il[· '1. (i:,-I 
1'T!Il",{I,nn prol",1w ( ... 1" Yelluw 
underwin~ Illoth) 

T rJ·p!lin. 4:H 
TG~r" fly 1(."((/~lIinl1 m.()r~ito7tIl), 

Tuber. J51 
Tubular Il fu'ets. 143, 210 
Tulip ( 'l'uli,lo !lpr.J. Jb5. 170 
Turkt>ys , 590, GOl 
Turnip l lira#ir'a Napll&, L. ). 

13'"2. 147, n~, WO. l~l 
- blossom beetle, (j;,!f) 

- club root, 403 
- crop. 2; . lSI, 339 
- cutLer, 9 1 
- diamond b tick moLh (Plu-. 

lelia c Tl~l'ilerur"m l. 627 
- flell. beetle. or . Hr ' (P1l!lllflo. 

tre/u 7Icmo"wi). 020 
- as food , 457, 485 
- gall wee"il (l'eutorhynch,,., 

!ulcirollllf), 620 
- green fly (Ap111a rU7J({·). 629 
- motb l.:Lgrotilf ugetltm). 

62i 
- pulpe r, 91 
- rust , 401 
- sawRy (Athalia .pinarum}. 

623 
- wh ite rot , 405 
Turn-wrest plough, 59 
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TUO 

TUSIIock gra51 (ue Hair gralla, I 
tu fted) 

Tyrosin. 4,31 

wu 
Vein .. 437 
- of leaf, 156 
ValIs,~. 591 
Venous blood, 437 
Veel, 427 

lJDD.B., 548 Ven tilation, 
Utez t.l1T(i'Pll'1l8, L. ( 1It.t. Gone) Ventral, 408 
Vlmu& camptstri.. Sm (u. - suture, 169 

Elm) Ventricle, 436 
Ulna, 412 Venus' comb (ut. Shepherd'" 
Umbel, 204 needle) 
Uwbelliferlle, 155, 204 r abU/sculn ThaplIu,. L. (au 
Unciform bone, 413 Mullein) 
Underground sLema, 101 Vernal gran, Pu&l'a (Antho:t-
Ungulata, 422 anthum Put.lii, Lecoq et La-
UDicellular, 654 mOUe) , 253 
Uniae:IlULI tl owers, 171 -, aweeL-scelJted (A odoratutn, 
Ore., JlO, 446 L.), 251 
Uredospore, 887 Vertebrn. , 408, 422 f 

U reter, 446 Vertebral column (ue B&ck · 
Urelhra., 446 bone) 

~~u&;rle~,latt6er , «e ~:~bbr ~~a, t~;~ 4{2~iCi4 .tati1JG, 

Urine, 448 L.), 13'], 159, 1P9 
Urticaceect, 21Q - crop, 246 
U,tilago QI' t1Hl, Jells. (lJee Smut, - as food , 465 

oat); U. nuda, J ens., and U. I Vexi llum, 168 
t(cta, JeeR. (ue Smut, ba.r- j ricia spp. (e ee Vetch) 
ley) ; U. tritici, J ens. \ate vmur., «7 
Smut. wheat) • t Vine (Fiti, 1·inij cm. L.l, 150 

I Viola tricolor, L. (see PanlY) 

V .. CC1NJUM !\1YRTILLUS, L. (ue 
Whort.leber ry) 

Vagul nerve, 450 
Value, manure, ()f foods. 466 
V .. lves (of heart). 437 
V .. riatioD. 472, 4g5 
Variety, 469 
- fruit. 366, 367, 37~ 
Vascular bund les, H8, 156, 157 I 

- cyl inder, 14-4 
Vaao·motor nerves, 4:51 
V .. t, cheese, 672 
Ve&l, M 7 
Vegetable marrow (Oucul'bita 

Qvi/eral . 135, 2Q! 
Vegetative organs, 160 
- reproduction, 155 

Violet (Triola spp. ), 135 
Viper's buglo!, (E ckium \'ul-

gare, L.), 216 
Virginia creeper, 150 
Virus (for rats, &c.L 81J 
Volcanoes, 7 
Voles, 6UJ 

W"DS, 331 
Waggons, 79 
WagLails 617 
Wall (of hoof), 419 
Wallace, Alfred Rossel , 471 
W&1lftower (Cheirant.hul Cheiri, 

L 1,179 
Wa.lnut (Jugian, 'regia, L.), lSi 
W.rble 8y, e3~ 
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Warblere , 018 
WllrpiD~ , ':12 
Wart disease (,tee Black eeab ) 
Wasps, 6~2 
Waste product, 141 : of the soil. 

23,84 
Wa.Ler,5 
- CUnur&, 148 
- dropwQ rt {CEnallth e {i&tlliolltl. 

L. ), 209 
- glass. 452, 605 
- mea.dows . 281 
- psrsuip (Sium angluli((I/ium, 

L .• and S. lat iJof ium . L.). 
209 

- I .• ble, 25, 44 
W. t.e rcress (NastIJTt ;wflI (l ffhi n· 

ale, L. l, 187 
Wa.Lsan, H u_tn, of ReiHer I 500 
Way bent (aee Barley, wall ) 
Wealle l (Putorius , 'ul"arisl. 611 
W eatbering, 8 
Webbed seeds, 243 
Weed!, 42, 48, 264 
Weevils, 620 
Weighbridge, 511 
Weisma.nn, 473 
Wehb catLie, 49B 
- mountalU sheep. 528 
- runts, 498 
Wensleydale sheep. 529 
Wet rot of potatoe:. (C'(I~tTidiuln 

butY1'il:um), 405 
- seaSODS, 32, 1SS 
WheaL (T1' it£rum 1"11.(9a.,e, L.I , 

130, 132·4, 145, 159 
- bulb fly (11 ylemyia coare 

tata), 832 
- bunl, 393 
- c rop, 32, 123, 310, Sl~ 
- ." food, 457. 459, 465 
- gra.in, 182-4 
- ha.rvesting, 317 
- manures fOT, }23 
- midge (C ectdomyia tritiri), 

632 
- rust, 386 
- &t.ra.w ~I food, 457, 461, 465 

"'0' 
W,~:r~I\L~:,~~sH ~~~ll,e~Jtritiru", 
Wheel pIOIlf.:h!!, 59 
Wh('P.ls of (·;trt,5, 7g 
Whetstone, 95 
Wh~y, il52, 57l 
Whin ("' I' Goree) 
Whip-A'tlLfLing, 378 
Whippl~trees. 49 
White bryoflY (Br yoTlil'J dioi~a, 

L. ), 204 
White c'lbbage butt.etfli •• 

( l 'irri~ app.), 627 
_ clove r (Trifo lium repe l'll , 

L.) , 16 1, 192 
- co rpuscle, 435 
_ rot, tu rnip (Puudr)11wlIa. 

delflrfldaTl.~. P(itter}, 40!J 
- rust If'ylltWP III.! ra1ld idua , 

[,ev.), 400 
White currant , 381 
While· faced sheep. 514 
Whorl , 167 
WhortleberTY ( r orrin"m M.,,· 

tillu~, L. j', 3 
Wild duck, .')88 
- goolle 580 
- tu rkey (M .. ll'uytl~ gallopav. ). 

wr~~w, lal 
Wi ltshi re horned sheep, ."i20 
Wino Hower (<<et: Anem()n., 

wood) 
Windpipe, H2 
W~nd pollination, 171 
WlIld · row, 29B 
Wind·screen:;, 29 
Wing, 168 
Winnowing mach inell, 87 
Wint..tt ba rley CTOP, 100 
- cap, 315 
- cultivaLion. ]00 
- moth (Clleimatobiu brumat a), 

627 
- oals t r ap. lOO 
- ploughing, 100 
Wireworms. 620 
- rai se, S46 . 
Woad (16ati& tinctoria, L. ), 178 
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woo 
Wood , ]44, 156 
- Jeopard moth (Zeu.::eTu 

ce&t:u/i ), 627 
- wasp (ue Giant sirex ) 
Woodlice, 610 
W ood-rush, fi~\d (r/ll:ufa 

7)e'lrj~. \\"iUd.). 228 
Wool, 513 
- Wtlstt!, J20 
Woolly aphis (Sd,i:lJlIf'IITCl lani 

gua ), 030 
- currant. scale (PlIl,.j1lari(1 ri 

be,iltl. G30 
Work, 456. 488 
Working animals, 456. 488 
Wren, 618 
Wrist, 413 

YARDS, cove red, 109 
¥arro\v (.i rltillea 711ilfej(lfium, 

L.), 135, 161 ,210 

zoo 
Yeaning. 533 
Yeast U·i(J('r-lwr()71IYa.,~ Cere-

,·i.~i(l· L 384 
Yellow ("lover (M:e Tr('/uiJ). 
- raltle (lthill(JlliJw/i CTida 

galli, L.), 268 
- su!.:kliug: d uver (1'Ti/ol~um 

minus L. L lUG 
Yellow under-wing moth (Try 

11/,U'lI(l l'fQ/lufl{.l). 627 
Yew, 3 
Yorkshire fog (Ii()/t·ufl. ICl1iatu, . 

L .), 259 
- pigs, 53j 

ZEA ro.hY8. L. (n't Mait.e) 
Z eb roid. 470 
Zeu:t'Tfl I1'M-uli (set ' ,"nod leo

pard moth) 
Z igzag lref<lil (T'T i julimn 

diu'III , L.). 196 
Zoospore, 398, 403, 404 
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( Obta!1Jable -'rum Jifli8l·:<. 11'. ,I' .1. K .In.'l/u!TJn. Limited, E'JIII,j W{lrl", Eotf,r 
](')f/[!, &'ill:/; IU() ',.l 

r WENTY·SIX DIAGRAMS OF INJURIOUS iN8!CTS. DmWII from. r-ollture by 
tL. late }d,M GHOIWI A :< .. .f:. OIU' ~ IW[;. ill conjunction Willi the Jute ~iy 
E Lu. tto a A • . 011,111 11\(111, F .R.Mct.Soc. ArTa.ll\!.1!Id tn fn' c 8t'l., COmtlri.'<lng ('l 
GammuD. 111~1.1. Atta.cks ; (2) l!l~ct!\ I!.«~t\!l!l: C4lru CrOp!!. '.I.lIIl GN.lT£; {:I 
InaeC'tl! affecting Frlm CroP'; (41 In.Iectl aJfect.in~ Roo\e a nd Gardelll; (5 
lwIectI &1l.ctini 'I'rllel. . 

\ Ill:JlblJ .. "\.( ~U ".1 wl.TUuleJ Oll CIlIl\' as, with rO~l;rij . 

I.IGR'r D\AGRAMS ltEPR£SENT1NG THE LIFE HISTORY or' THE WHEA1 
PLA.NT (alter _I.' Il ... KClS .u.1,lSiI). WlI.b. &PUwatoT)" Pamphlet by W, ~ 
llcnu:Ilt.F.H .. S. 

'10 POTi..TO DlSE.l.B.£,. BJ. W. (h.n~:t'..B.A 



FARM 
ACCOUNT BOOKS 

ROYAL AGRICUl rURAL SOCIETY OF ENGLAND. 

No.1. DIARY, comllini!l!,{ 0.1'.:11 A('(' 0l111l \vilh 
• dailY l"i'cord of Farm 'l'r:ills:tctiUJJ8. Pl'lc::e 

7/6. 

No.2. FARM ACCOUNT BOOK (2nd 
Edition ) ;:.;ho\','bg I'ecpillr..: awl p;l~ nll'llls, 

and 8npp!ying a funD of AlI llua l Bl.liau co 
Sheet. Price 8 /6. 

No.3. FARM CASH BOOK. R.ceip\s and 
Payments, to be used wiLl1 a L(·(h':ll'. Pri ce 
10/6. 

No. 4. FARM LEDGER. gi"jnQ specimen en · 
trieR, and jlRI'ticlllaJ's {If ProHt and Loss 
Account, and Balallce Slteet. Price 8 /6. 

]I-Oli. 1 alld 2 are ~old hy .4[e881'8. FORSTER, G'RUu.U tf; Co., 
L td., 1 S CharirJf] Cros8, LOlLdou. S. W. 1. 

ND fJ. :; and 4 are to be obtai1led at tlte SoC:ety'~ Llouse, LC Bedford 
Square, Londo11, W.C. 1. 



FROM MR. MURRAY'S LIST .. OF 
BOOKS ON AGRICULTURE. 

TREES AND SHRUGS HARDY IN THE BRITISH IStLS. By 
w .r BEAN, A...;ii l sLlI.ut Curl\tOr. H oyal Holan", (Jur,IPDS. I~{' w. . 

.. A book whic.h Rtll:lciA out by lI""lf ll..!I 111 ... work of 0. IDU-;lcr of t.he 
~lIb1C('t· n ID!l8i1 0' knowledge A.U(i "3.1,!·ncuc,oj which I" uur\Vitllcd "-Mr. 
U, J . j'I.WES, In CmHltr'l Life.. \\ ith llUl111'rOth hof' drawin,!!'iiI and IlIllf Ume 
Illu~t rnIIOlI". 'two vo!. •.• 41:1., D('I. 

By i:im A.. D. 1J ALL. ~L\ , ~' .R. S .... 
furmeri)' Dlr~'ctor of t he nOllll\mRted Kr.perim('ntnl Rtn.tioD 

THE SOIL • 
. \;1 lntro inction ,0 t.he ScicntUlc !'.Ludy or the Growth orCrop'l. ,~(,f'ond 
/';ullion, ReYi!!e<i nnd Enin rgccl lliustl'&tcd.. li~. net 

FERTILISERS AND MANURES • 
.• ,'\ grr'u! work for AlZTicul~ure, an d for H orLlcult urj> HI~o:·-Bv"lhu.'
ftmil A.d~'eI·li'~r. 1I1ust.mted til. net. 

THE FEEDING OF CROPS AND STOCK. 
An Introduction to the Science of the :-lutri t ion of PIZl.D.ts a.ntl Animul.,. 
lJlu<:troted. 61, net. 

AGRICULTURE AFT ER THE WAR • 
.. f'mtlil ill ~171~ hut 2'r(:at in value. the work de!len'e'l careful consider· 
,~:lt1n "-Tiu: 'lr(nU!~. a... ad. net. 

A PIUiR llI'lAGE OF BRITISH FARMING. '" n ot. 
;'I.iarvclit1usly a.ccurntc i~nd ilJul!linating;. one of tht' mOllt \·,nlua.h1 

hu ,k .. III the hbra.ryor F:nghsh a!.!rl(::tl](un\1 hternture."-VIltlll C/jronld, 

COMMON WEEDS OF THE FARM AND GARDEN. ' oci nd'n< ,\" 
W"'l.'<l'lor Ohief Impor tance. both at Arable nnd Gr,i."~ Land (t,nd Weed 
F:e~-d... By llA.IlOLD C LoNG B.::)c. (Edin.). in COlla.boriltion wah JOilX 
l'EUOrvAL, M.A.., F.L.S. 90 illustrations. Br, Det. ., 

THE SMALL FARM AND ITS MANAGEMENT. B)' l'uO,"ssol1 
JA_MES LoNG ... A lucid. mO!l t informing volume: n weighty contribution 
to t be agricultural probleDl."-Llverpoo~ ((juner. GIl. net. 

PRACTICAL AGRICULTURAL CHEMISTRY. By S.J.M. A01 ••. P."o •. 
Ph.D .. l''' .l.C., F.e.:;' •. Il ndD. R.EDWAR01.!:::.-KEn. ILL B.Sc. Wah W.II.DY 
j II u;,trations. 1i8. net. 

A CllU ,,$E OF PRACTICAL WORK IN TilE CHEMIST RY OF 
THE GARDEN. fir D. n. ED\"\"' ARta:!;-KE.n, Crown "vo. L., Ild. ne} 

JOtlN MURRAY, ALBEMARLE STREET, W.l. 


