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PREFACE 

The greatest difficulty in tIl<' t"""hiug of agricul .. 
tu..., i8 to wI! what agriculture is. To the scientist. 
agriculture has hren largely an Ilppli,08tion of tbe 
teacbings of agricultural •. hernistry; to tbe stockmau. 
it is chiefly the raising of anilllals; to the horticul
tnrist, it lllay be fruit-growing, flower-growing, or 
nursery busine""; and everyone, .ince tile ef!tablish· 
ment of the agricultural "olleges and experiment 
stations, is certain that it L, a seienee. The fact 
ls, however, that agriculture is pursned primarily 
for the gaining of a livelihood, not for the extension 
of knowledge: it is, therefore, a business, not a lICi
ence. But at every point, a knowledge of science aid. 
the bnsiness. It is on the science side that tbe 

experimenter is able to help the farmer. On the 
business side the farmer must rely npon himself; for 
the person. wbo is not a good business man oann{lt 
be a good farmer, however mueb he may know of 

• science. These statements are no disparagement of 

science. for, in these daYli. facts of lICience and scien
tift9 habits of thought are essential to the beat 

farming: but th~y aM inwnded to em')buize tIle 
(") 
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f,let that business metbod is the mRSter. and that 

teaching" of science are the helpmate". 
But eveu if these facts are fully appreheuded, 

th" teach~l' and th~ farmer at'e "pt to make no 
distiuotiou lwtween the fundamental and the in,,;
(len tal avplit'ation~ of science) or f)etween principles 
and fnets. Therefore, the mistukl' is oftpu lnade of 
teanhiug how to overeome lUert> oh.;hwlt's hefore ex· 
plaining why the ob.tacles are ohstacle.. How to 
kill Wt'cdR is a mel'e incident; the great f""t is that 
good fanners are not troubled wit,h weeds. Rathe .. 
than to know kinds of weeds, the farmer shonld 
know how to manage his land. How to know the 
weeds and how t<> kill them is what, he calls prac· 
tiMI knowledge, hut, standing alone, it is reall~' the 
most unpractical kiud of knowledge, fol' it does,not 
'tell him how to prevent their recurrence year aft<-!" 
y~ar. The learner is apt to begin at the wrong 
end of his problem. This is well illustrated in tbe 
cu.tom&rY discnssions of under-drainage, The pupil 
or the reader is first instrocted in methods of lay
ing drains. But draiuage is not the 'unit. The 
rool unit is texture and moisture of soils: plowing, 
draining, green -cropping are means of producing a 

gh'en or desired result. The real subject· matter for 
first consideration, therefore, is amelioration of Iioil 
rath.... than laying of drains. When the farmer has 
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learned how to prepare the land, and how to grow 
plants, and how to rai.., animals. then he may 

enquire about such iucidental (]"t"il. as the kinds 
of weeds and iuseds, the brnnds (If fertilizers. the 
varieties of apples, when Ill' "hull till. whether he 
shall raise wheat. 01' sweet "om. Tit,· tailor first 

learns how to layout his garment i but thl~ farmer 
too often wants tu sew ou the hntt(HlK hefore lw 

cut. hi. cloth. 
AgfljU. the vnrpu~e of etlueatioll is often mi8nu~ 

derstood h~' hoth teacher" and farmer". 118 purp" •• 
is to improve tlw farmer, no! th., fnrm. If the per· 
son is aronsed, the farm is likply to }", Hw.Uceued, 

The happy farmer is a mOre successful farmer thau 
the rich oue. If the educated farmer raises no 
more wheat or cotton than Hie nlledneat('4 neighbor, 
his education is nevertheless worth the cost, for his 
mind is open tAl It tbousand influence" of whicb the 
other knows llothillg. One'. h"ppille"~ depends less 
on bushels of corn than on entertaining thoughtll. 

Not only do we need to know what agriculture 
is, bnt We should know the relative importance of 
its parts. It is cornmouly a!l8umed that fertilizing 
the land is the one most fundamental tmug in 
agrienltnre, but this is not so; for it but one thing 
about farming practice. were to be ~xplained, that 
thiq should be the tilling ot the laud. 
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Agriculture, then, stands upon business, but 
lICience is the staff. Business canuot be taught iu 
a book like this; but some of the laws of science 
as applied to farm-management can be taught, anel 
it is convenient to speak of these laws as the 
principles of agriculture. These principles are ar
ranged in a more or less logical order, so that the 
teacher may have the skeleton of the subject befm'o 
him. The subject should not be taught until it is 
analy~ed, for analysis supplies the thread upon which 
the facts and practices may be strung. The best 
part of the book, therefore, is the table of contents. 

A book like this should be nsed only by persons 
who know how to observe. The starting-point in 
the teaching of agriculture is nature-study,-the 
training of the power adllniiy to see things and 
tben to draw proper conclnsions from them. Into 
this primary field the author hopes to enter; but 

the present need seems to be for Ii book of prin
ciples designed to aid those who know. how to use 
theil' eyes. 

1I0A'tJ0VTtnlAJ.0 J)m>A&1'IdJi!'T, 
Ootoo:r.t. UlnVCRMI'TY, Th!e. 1, tNtl:. 

L. H. BAlLEY. 
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INTROl)tTCTION 

1. What A.'Irieuitlire Is 

1. A!,\Tieultur,·, or fartlling, is the husin'l8S of 
"aising l'roUu("t8 from tl,,· land. TheHEJ pr()duct~ 
are of two clasg,,~: ('.r0I>~, or plants and theil' 
product"; ~tock, Of animals and their products. 
The form!>r are di!"",.t prodnetR of the land; tIll; 
latter are indirpct pr()ljuctl< of the land. 

2. Agriculture al~o ('()!Uprises, to a certain 
extent, the markt'ting or Relling of its products. 
Ad marketahle commodities, the products aI''' of 
two dasses: primary. or thoge which are put on 
the market in tll"ir native or natural condition, 
as wheat, potatoes, bananas, eggs, milk, wool; 
sooondary, or those which are put on the market 
in a manufactured condition, as butter, cheese, 
cider, evaporated fmits. 

3. The chief contribution of agriculture to 
the wealth and welfare of the world is the pro
duction of food. Its second contribution is the 
production of materials for clothing. Its third 

A ([J 
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is th" production of wood Or timber, used 
in building and in the various wood-working 
trades. Other contributions are the production 
of mati'rials llsed ill nwdi('in!' and in varionl< 
secolldal'Y and incidf'ntal arts and lllanufactures. 

4. TIlt' ideal agricnlturf' maintsius itsJlf. 
That is, it is able to thrive forever on the sam!' 
land and from its own resources. The land 
hecomes more productiv(' with time, and this 
even without the aid of fertilizing materials 
f)'om tho outside. This stat" is possible only 
'with a mixed Imsbamiry, in which rotations of 
cropR a'ld the raising of animals are necessary 
features. The more specialized any Q,griculturaJ 
industry becomes, the more must it depend upon 
outside and artificial aids for the eurichment of 
the land and for its continued support. 

5. Agriculture may be roughly divided into 
four general branches or departments: agricul
ture in its restrictoo sense, animal industry, for
estry, horticulture. 

6. Agriculture in its restricted sense - some
times, bnt erronoollsly, called agriculture proper
is a term applied to the general management 
of lands and farms, and to the growing of the 
staple grain and fiber crops. In North America, 
the use of the term agriculture has been restricted 
to the a.bove application largely through the in
finence of agricultural colleges and e~mellt 
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stations, in whkh til<' g;Juerlll field of agriculture 
has heen ,livid,,<\ intn YRrio1l8 special llubjecU!. 

i. Anilllal indnstry iH th" raising or animals, 
either for ,lir,·,·t ~"h· 01' II~" or for their pro
<lnct~. I t is ... u~tonlliry to "peak of it I\~ ('·OUl

prisillg tlll"t'(' ,l"partllwnts: "to('k-l'Ilising, or tlw 
g~nBral gl'nwiu~ of luauHual:-;, as t~attlo" hor~(\:-;, 
;IHlep j <lairy hushandry, or Ill<' l'rodu('tioll of' 
milk nnd milk I ,,·o.ltwts ; l"lUltry-raisillg, or the 
growing of fow]", '" cbi(',k{lll~, turkeys, geese, 
ducks. J Tl its large's! ,,,,nsf', it "olUpris"" other de, 
partment", a.~ npi"ltltnr(' or' l~'''-raisillg, fish·eul
turl', o8tr"I\(~ultUl'" or l)y~t"l'- raisillg', and the like. 

8. ""ore"try is !.ll" gl'Owing of timber and 
woods. lt~ obj(·(·t" aI',· two: to obtain a sala
hll' product; to ),l'o<iu,'" "Olll" secondary effect 
U pOll lit" regioll, as t!It' modification of climate 
or the j,,','s"l'vatioll of tIl<' water· supply to I'h'ers 
and lakes, 

9. ~ is the ,",'rowing of fruits, 
kitchen- gardell vegetable", "lid onuunental 
plants, It has bl'ell divided into four depart
ment~: JZOllwlogy, 01' fl1lit"growing; ~
ture, or vegetable - ga.rdening ; .d9ricnltlll'11, or 

• the growing of flowers and plant>! for their own 
or individual lll!6S as means of ornament; land
scape hortieulY1NJ, or the growing and pla.nting 
of ornamental plants for their uses in mass 
effects iu the landseape (on the lawn). 
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2. The Personal Factors Upon Which Its 
Success Depends 

2«. Upon bllsinn~,~ or ('xecu.t-it·p ability 

10. Since the farmer makes a living by 
means of tradp, it follows that ability to man
age Imsiut'ss and affairs is requisite to his suc
('E'ss. J<Jx"cutivp ability is as npedful to him as 
to the merchant or the manufacturer; and the 
laek of sUt'h >tllility is pro»>tbly the commonest 
and most ~eriou~ fault with our agriculture. As 
the conditions of trade are eve!" changing, so the 
methods of the farmer must be amenable to 
modification. He must quickly and completely 
adapt himself to the commer"e of the time. 
Manifestly, however, this business capability 
cannot be taught by books. It is a matter of 
tem.r(l~J.!lw. home trainin_g, and 0p_p.?rtu~ity. 
Like all permanent snccess, business prosperity 
depends upon correct thinking, and then upon 
the con-p,·t application of the thinking. Suc
cessful agriculture, therefore, is a matter of 
personality more than of circumstances. 

11. The compound result of executive ability • 
and experience may be expressed in the term 
farm - practice. It is the judgment of the 
farmer upon the question in hand. However 
much he may learn from science'l'his own 
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t;xperience 011 his OWlI farm must tell hlUl what 
crops to grow, how to r"rtiJiz,i hi8 land, what 
bref·ds and yari"ti,,~ to l'Ili,,!', wllAn aud how to 
sow and to n~ap. The (~XPt"t'if'lwe of olW faruwt· 
is invaluabl.. to auotlH'r, hut "Mh fartn i" 
Il\werthelesH a separate and Ioeal l,rohl<llll, which 
tlw farm,'r llHl,t think out and work out f()!· 
hilllR(·lf. 

I:!. The farm,'!' BlUSt. be ahle not only to 
railSe hiR prc"lucts, hut also t<> sell them. He 
must produce either wbat the trade demands, 
01' h" able to sell produ('t., whieh are lIot known 
111 the gem'raJ Illlil·kf't. In other words, tlll'l'fl 
are two tYPfOR of (·ollllllereial ,·(fort ill farllling: 
growing tIlt' staple pl'oductR for the world'R 
markets (as wheat, beans, Illaize, meat), ill 
which cas" th .. market dietateg the pl'i('e; grow
ing special pl'oduets for particular or personal sal" 
(as the products of superior excellence, and 
luxuries), in which case the producer looks for 
his customem aud dictates the price. 

211. lJpon a knowledge of "aiuml sri,,,rAl 

13. The farmer, however, has more problems 
to deal with than those ()onneeted with trade. 
He must raise productR: and ~ueh production 
depends upon the exercise of mueh special 
knowledge and skill. The most successful pro-



6 TUg P1UNCIPLES O}<~ AHR1('ln~TUft.E 

duction of agricultural products rests npou 
the application of many principles and fa0ts of 
natural science; and. the .. importance of such 
application is rapidly increasing, with the COIll

l''l.titions and complexitieR of civilization. Tll(' 
study of these natural sciences also establish .. , 
habits of correct thinking, and opens the mind 
to a larger enjoyment of life,- for happiness,· 
like success, depends upon habits of thought. 
The farmer should live for himself, as well as 
for his crops. The sciences upon the knowledge 
of which the best agricultural practice chiefly 
depends may now be mentioned, being staterl 
approximately in the order of their importane .. 
to the actual practice of the modern farmer. 

14. Physics. The physical properties and 
actions of bodies are fundamentally concerned 
in every agricultural result, w.bether the farmer 
knows it or not. The influences of light and 
heat, the movements of fluids in soil, plant and 
animal, the forces concerned in every machine 
and appliance, are some of the most obvious of 
these physical problems. So important to the 
farmer is a knowledge of physics that .'~
$I'ml phmies" is now a subject of instruction c 

in eolleges. The most important direct appliea
tion of a k"llowledge of physics to agrieultural 
practice has come as a result of recent studies 
of the soil. The questions of soil moisture, soil 
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texture, the tilling of la.nd, and the acceleration 
of chemical ac·th'ities in the soil, are eRIlHntially 
questions of physi~s; and these aTI' the kinds 
of scientific problC'llIS which the fnrmer needs 
first to Rppl'~h"ll(L 

15. Mp('hauics. In pradict', llwchullics is a.ll 
applicatiOllOfthe law!; of physie". 'l'he ele
mentalY principles of mc('hani,'s are apprehended 
hy the farmer unconsciollHly, RH 1\ rl'sult of 
experiCli('('; but sine" modern agriculture is 
impo8sihlf' without 1H1IlH'rou~ and often elaborate 
mechanical devie'ls, it followR that it is not 
enough that the farmor he R"lf-tallght. At every 
turn the farmer uges or al'plie~ l'hysi(,,al forees, 
in tools, vehicles, and nllwhines. His work 
often takes him into the field of ch'i! en
gineering. To ~how how tnuch th(l farmer 
is depend(mt on practical mechanics, Wf' need 
mention only impl .. mellt~ of tillag(l, l.roblems 
associated with the draughts of horse tools, 
th(l elaborate harvf>sting machin(lry, thr(lsbers 
and feed-mills and milk-working machinery and 
the power to run them, fruit evaporating ma
chinery, pumps, windmills, hydraulic rams, COIl

struction of water supplies, prohlems of animal 
locomotion. 

16. f~~!"!n~I~~f3L or. boj.;a.ny. Sin(..., the 
plant is the pnmary product of the farm, a 
knowJedJre of ita characteriRtics and kinds is of 
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flmdamental importance to the farmer. From 
the farmer's standpoint, there are four great 
departments of plant·knowlerlge: Jili.y§ig_jo8Y, or 
a knowledge of the way in which the plant lives, 
grOWR, and multiplies; J:l!lctP.2logy, or a knowl
edge of mal-nutrition and diReases; systematic 
botany, or a knowledge of the. kindH of plants; 
~ or a knowledge of thi, iut('r-l'elatiolls 
betwe!\ll plants and their environment", (or SIll'

rolIndill~), and how tIH'Y art' modified by 
ehanges in !'Ilvironl'lents, by crossing, and by 
breerling. 

17. Animal-knowledge, or zoology. There are 
also four general directioIls in which animal
l>nowledge appeals to the farmer: physiology, 
with its pradical applications of feeding, hous
ing, and gl'neral care of animals; pathology, Or 

knowledge of mal-nutrition and diseases (with 
Rpecial applications in the practice of surgery 
and medicine); kinds of animals, and the life
histories of those which are particularly bene
ficial or injurious to agriculture (with special 
applications in economic entomology and eco
nomic ornithology); ecology and breeding. 

18. C~. There are two general direc
tions in which chemistry appeals to the agri
culturist : in enlarging his knowledge of the. 
lif,,-pro~esses of plants and animals; and in 
affording direct information of the composition 
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of many materials used or produced ou the 
farm. In practice, chemistry aids the farmer 
chiefly in sugge~ting how hO) IIllly fei\d plants 
(fertilize the land) and animals. 1:>0 many and 
important are the aids which ehemistry ('xteuds 
to agriculture, that the ,"ariou" ~llbj(1et~ in,"oIYll(! 
have been aSHociatf'd under til(' uame of "agri. 
cultural chemistry." This difl'I'r" from other 
chemistry not in kind, but only in tho suhjects 
which it considers. 

19. Cli~gy. Climatp t}ptt'TlIlill!IR t(l a 
large extent th" particular tnlatment or care 
which the farmer giW" his crop" alld stock. It 
also profoundly inflnf'llCe" plants and animals. 
They change whl'u climate chang"B, or when 
they are taken to other elimate~. ClimlttfLLs, 
ther('fore a pow"rful agency ill producing new 
breeds and new vari"tif's. The seienee of 
weather, or meteorology, is also intimately 
associated with the work of the farmer. 

20. _~. The agricultural pORsibilities of 
any region are intimately associated with its 
surface geology, or the way in which the soil 
was formed. A knowledge of the geology of 

• his region may not greatly aid the farmer in 
the prosecution of his business, hut it should 
add much interest and zest to his life. 

21. We now apprehend that agriculture is a 
complicated and difficult business. Founded 
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upon trade, and profoundly irilluenced by every 
commercial and economic condition, its suc
cessful prosecution nevertheless depends upon 
an intimate and even expert knowledge of 
many natural ~cienee8. Aside from all this, 
the farmer has to deal with great numbers of 
objects 01' fads: thousands of speci(ls of plants 
are culti\'ated, and many of these species have 
hnndred~ and thousands of varieties; many 
specie!; of animals are domesticlt~f>d, and each 
species hits distinct breeds. EIWh of tlwse sep
arate factI< demands specific treatment. More
over, the conditions under which the farmer 
works are ever ehanging: his innumerable prob
lems are endlessly varied and complicated by 
elimat<l, seasons, vagaries of weather, attacks of 
pests Itnd distlases, fluctuations in labor supply, 
and many' other unpredietable factors. 

3. Its Field of Production 

22. In the production of its wealth, agricul
ture operates in three great fields,-with the 
soil, the pJant, and the animal. Although mdPil 
at every point by knowllldg<' of other subjects, 
its final success rests upon these bases j and 
these are the fields, therefore, to which a text
book may giye most profitable attention. 



SU(}GIISTWiI'8 011' 7'011 FOR1J!G()I]VG PA.RAGRAPHS 

la, The word agri('uitul'O is t\ ('!otnl)()und of the Latin. agr., 
",fieidt" and ("t(/(ura, «tilling." ~'farmillg RlId hUKhtl.udry .. r~ 
synonymous VI'it.b it, when ugl:'d in th{'ir hrotW('l<t fil(mlU'j hnt tlu~re 
is a. tt·udency to l"estril!t thl'lOp 1wo word" to fht' immooiatt.' ptac· 
tioe, or prllt'ti('al side, of I4!ri<'u!t\lr~" 

2a. It it-l of hIlt dillh'nlt to draw n lint' (It Lh.·warkation betwepu 
agri('.ultul'l" and. Dlnnuf8,~tur('. Tbt.\ hu~bQ.mhuen i14 otten botb 
farmer and mnnuf1tf'tul'er. ~ltlnllfll(·tllrinlit wlii('h is dlllle on the 
ianIl, and it; of 8f'(~ondary impOl'ttul{'H to Hw t'aif"ing of eroptt or 
!toek, is ('ommnnly f(pokptl of U~ agriel1Itllr(" Tllll manipulatiou 
OJ:" manufa(·turing of "Ollie ftg-ril·ulturll.l pl'olill<·t,lI rt_·quit't1ll Bllch 
dpeclaI skill and Rllldilltl{,(,R that it. b('t'onH'~ a husiu~S8 by ittwlf, 
and is then IIHlUufll('ture propel", Thus, the utaking of lIour is 
no lougt'l' thou~ht of R$ agrh'uItllre; and {hI muking ot "",<inc, 
jeIlieM, ('hN'It«', hutt,·l', ca,nn(.d {t1tits, aud the like, is cOining lllore 
and more into l,he cat.egot'y of !.Cp('('ial llltlllUft«·turing indu~tl'i~s. 

~tri('.Uy speaking, agrl(,llltllre Ntop' at the fiWtory door. 
31l. Agriculture is oi'h'u saitl t.o he thfi ruOMt fundumental aud 

u~eful of o('('upatio1l8, liinNl it fN,d!l th~ world, Theoretically, 
thi!>l lllay be trm': hut 11 llia-h state of ('ivili7..ation is po~~ibll! only 
with dh'("l'sifh'ntion of jllt.('rI:'8t~. As ('i\"ilizntion adVo.neeM, 1hert'
fo"", other oC'('upatiolls rise in relative illlportanef', t·he one d('· 
pending upon t.he other. in our rondern life, agrieult:ure i", 
impossible without the highly developed IDannftl('turing and tran~ 
portaUollal trt\,des. Broadly sp<,aking, ~ivili7..ation ma.y he sa.id to 
'rest upon a~ri~ulturtl, transportllt10tl, llnd ma-nuta('tllr~. 

4a. Mixed hu",bandry is a ttJl"rn U!!Nt tQ dflllot(\ thtt growing of 
It genera1 vlll'iety of fa.rm crops and Htoek, ebpeeially the growing 
of grass, grain, with grazing (pasturing) and general 9took·rahl~ 

• ing. It is uted in distinetion t.o sp~cialty·f8.nning or the mieing 
of pa.rticular or s-peeial tbiup, as fruit, hees, 'V~R:(>tabie8, hf.ef, 
eggs. 

41.1. Self-perpetuating industries conduce to &tability of 
political and social iDStitutioD%. ~~ The epochs which preet."tle 
the agrietdtural occupation of a t'ountry are common1y about a& 
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follow.: DilKlovery. ex:vloration, hunting) sp6eulatioD, lumber
ing or mining. Tbe rea! antI permanent prosperity of a 
oountry btlgins whell the agrit'ulture has evolved ~o far as 
to be Sf'If-81lstuining and to If'8ve thfl soil in constantly better 
condition for tIlt< gl'oVl'ing of plants. Lumbering and miniug 
art! simply wealii'; of utilizing a rt".';f'rw.l whit'll llatu_re has laid 
l,.v~ anti tht'Ne iJltlustl'it'!:I are, thel'f'forf', self limited, snd art' 
con~tantly lUfwinf.,(' on into unrobbed tt'rritory. Agri('ulturt>, 
wlwn at its tw-st, rt:'lUllins for{'ver in till" saint.' plat"e, and gains 
in n('hf'R with tlH' yvar8; but in tbi~ country if has to,o fur been 
mostly a S}JtWit:"8 of mining for plant-food, and then n rmo;!ling 
on for ,,-ltg-in lands."-·-PritwipleH of FI'uit-nr,nri1'Y, g6', 

8u. }'Ol'f-'stry is lwpularly miMuderstQod in thiN country. 
The forest is to b~ Mnsidered U a crop. 'I'he l>lI.lable p-rodu('t 
begins t.o l)c o!.taillshlt'\ in a fl'w yeuJ'l'I, in the shape of trim
mingf:l Rnd tliiunings, l\'hi<'h are ufw·ful iu manufseture and foJ' 
fu{'l j WheJ't:laH, th~ COlUmon notion iN that the forest. g-h-'f'S no 
return until tbe trtles UI'(l old enough hl eut for tirnlwr. OJ)tI 
reason lor this t>f'Mnf'OllS imprf'ssion is the faet that wood ha~ 
belln 80 sbull/hmt anti cheltp in N01'th Amt'rj('s thut the snw.1Jl:'r 
produet8. ha.ve not het:'u COllsi<ierpd to lit' worth the suving; 1mt 
even now, in the manuf!"wttn€t of various articles of commerce, 
the trimmings and thinnings of fOTt'f'ts should pa.y an ineomt' 
on the investtnent in ~OUle parts of the country. If a manipu
lated fort-st is a crop, tht'n forestry ilS a kind of agriculture, and 
it should not be eonfoundf:ld with the mere ootany of forest 
trees, as is commonly done. 

9a. The word horticulture is made up of the Latin hortus, 
!'garden,') and cultura, «tilling." In its broadest sense, the 
word. garden is it.s equivalent, but it is commonly used to desig~ 
nate hortienlhtre as applied to small areas, more particularly 
when the subjects are flowers and kitchen-garden vegetables ... 
EtymologicaUy, ga"dtm refers to the engirded or confined 
(wa}led-jn or fenced-in) aJ'{-'s immediately surroullding the 
residence, in distinction to the agth' (1«) or field which lay 
beyond. HortfQJ has a similar significance. ParadiMl is, in 
etymology, a. name for an enclosed a.rea; and the term wu 
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given to Borne of the ~&rly books (}Il gal'1.1t'lning. e. g., ParkiufIOD'. 
"ParRdisus Terl'€'stris" (1629), which i" an aC('count of the om,· 
mental plants of that }If'riod. 

14tl. King'" book Otl '''rhe Aoi!" t'::tpiaiutl the intitnatfO 
relation of physieal fort'!'!'> to the productivity of the hmd i awl 
the author is Proff'!ifWr of Aj!rkllltufal Physil's in th(l Univ6~ity 
of Wisconsin, Th~rft il'l u Bureau ot RoiJpoj in thl:' NlltiolJul 
Departm~nt of Agri('ulturt', til,., work 01 ",hiI'll ilol largely ill 
the fif?old of RoiI phys)('s. T1H" physipal or mf'f'hmll£'nJ .naly,,)!'; 
01 soilH )14 !lOW (·om.idt'Tl:'d to h~ at-! jmportant us the clwlllicaJ 
analYJ'lis. ~()nw ()f thp phYJoIi{'nJ fl.SPf'(ltR of farlJA soiil'l a,rfl di~

(!u8l'1ed in our chllph'rs ii.. iii., iv., V. 
1611. Ecology (,Yrithm (l·{·ol(.gy in till' l1i(~tionarif"f1) l~ thE> 

sdeupe wh\eh trent" of the r,'hltinuf'lollip of {)rglt.ni!~ma (that, is, 
plants and anim»lfl) to t_'»l'h othi'l" aud tl) Hlt.it environments. 
It is animal anLl vegehlhh' t'('Q)lomy, (11' tlu' gf'twral e:lit!rnai 
phenomena of lllfl Jiving' \yorld. It ha~ to do with ruodf's and 
hahitl:" of lifl-', II!'! of HtnIjlgh. (fIr tlxi.!;otl'W'f', rnigra.tiooM and 
nt>sting of hird~. distrihutitlJ) of animalH mul \)1a.Ot8, illfhlt'lH'(' 
of ('limatc> on ()rg1tui~m~, the wily hI whir'h any plaut or animal 
beha\'"es, anc} tb{' like. harwill'l-! worKs an' ric'h in {·(·ologiea[ 
ol)!>lervations. 

1Gb. Environullmt i~ th,' sum of t'{)udition~ or ~urroundillgM 
or cireurustan('eM in which any orgauhmt liveg, Au ~nvirou.mertt 
of any plant is the compound .::'onditioD prndu(wd oy floil, 
(~HmQte, altitudE', ~truggle ((,t' ('.!dstett('(', and ~o OIl. 

lSa, It is eURtomary' to eOll:sitlf!t ltgl'i<mlturlll dlemistry 8!1 

the fOlulnW:t:'utal ~('it'n('e of ugrh·ultllrl'. Works on Ilgrif'ultural 
chemistry are afteu cs}J ... d works on ng,·jeulturt'. nut J\l(l"ieu)~ 

turt> has 1W single tUlldJJ.lllf'ntaJ f!l'it-'ll(~(". Its RUCCelt~, as we 
have t!leen r depends upon a union of husiness methcAi$ and the 

·applica.tions of scit'Dce; and this scienee. in its turn, it! ft, CoOrdi
Dation .of many geienceg. Chemistry is only one of the tJCNmetlS 
which contribute to a better agriculture. 'Cnder the inspiration 
of Davy, Liebig, and their fol1owf~rrs, agric)Ultur&l cbemistry m.ade 
t.he fint great application of scienee to a.grieulture; and UPQD 

thi8 foundation haft grown the experiment-statinn irtf:"ft., It is 
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not stl'&uge, therefore, that. this 8ciene~ should be lDore iuti· 
ma.t.E>ly 8S80l.'!iated than otlwrs with agrieultufal idea": but we 
now unde:r~tant) thnt ugri{'ulture cannot hf' all PX1-ld or nefinit6 
science, and 1hat th", J'tltort aut! the ('yucild-p ('!to floln,' only a few 
of its many probh_lm~L In pal'l it'ulaf, we must ()ut.gl'OW the idea 
that, by anldyz.iug Roil and plaut we can dt'tf>nnill{~ what the one 
wHl pmdU('fl avd what the other DN'ds. Agri('ultutal ebemistry 
is the IlNH1u('t, of h~bol'8.t-ory method.s. Tilt' l't'l'uits of thes'" 
methods may not. apply in the field, h(__~(tuse the ('ondition~ tht:lr6 
are so differf'nt nnd ~o vll.riRoblfo. The soil is th~ laboratory ill 
whieh thfl (>~J(>mi(·td ueiivities take pla<>(.-, but (>ohlHtion~ of 
weatllt'r lire l"Vt'T' Ulodifying- tbeNe l}.rtivities; und it i~ l\()t alwayt' 
that tbl::! Moil 8hd the plant lll'e in conditi(lu to wm:·k together, 

200. A~ an illu~tra.tion of thfl agl'jcuJin1'nJ jnt.erf~st whieh 
Bttat"hes to the flurfaefl ~ology of R region, see Tart·'~" G('lO
logics,l Hn,tory of th(1 Chautauqua Gt'UPH Rt-lt." Bull. 109 Cor
nell Ex.p. Sta. 

211l. Probably no less than 50,DOH Hptwit:')\ of plaut!" tor 
form", whi('h hl:lV6 heen (lolls-id"r~d to be r;peeies) hll:ve been 
cultivated. Tbtl greater 1111mber of thesH are ornamental 8ub
jects. Of otrhids alone, as many as 1,500 spedpH have be!::'u 
introduCM illto eultil'utioll. Nicholson's Illustrated j)j('tiomuyof 
Gardening des(~rjbf'S ahout 40,000 slwl,j(,s of domestieated plRllt,g. 
Of plants grown for food, flber, et(' .. no CandoHE' adlllih~ ~47 8Pt'
cies (in Origin of Cultivated Plants), \mt these are only the mo!!t 
proruint'nt <,me-s. Viluwrin {The VegetabJe Garden} describes 
211 8p~eies of kit('hen¥gaffien ve~tables alone. Sturtevant 
estimates (Agricultural Seience, iiL, 17S) 1,076 specil;'s Rio! having 
~en t~re(lordoo as ('ulth·a.t.ed for food utile." Of some 8pf'eieR~ 
the cultivated V'Brieties are Dumberttd by tht:' thousands, as in 
apple, ehrysa.ntuf.>mutn, carnation, potnto. Of animals. morn 
than 50 species are domefl.ti68.'Wd, and the bl"e6dl!l or varieties 
of :many of them (as in ('attle) run into the hundreib. 

21b. It i6 commonly said that agri<!ulture is itseJl fl seienoo, 
but we now l:1ee that this is not true. It has no fif!ld ot seienee 
exclu.sively its own. Its purpos~ is the making of 8. lhin_g fol' 
its praetitioDS7', not tb~ e::dension of knowledlte-. The ~nbj&et of 
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usually pl'()('{'OO~ more slowly than on inclined 
surfaces, 

28, Then' an', then, two ~ets of force~ con
ctlrned in th,' original formation of soils,- the 
disint'~'Tation or wearing away or t.h", roek, and 
the transfer or moving of the particles to other 
places. 

2b, The orY<1ll i<: ,Iements aM alle1'u 

'.!!b. 1'\a\\\J6 a'l'\'; lll\tm~'Il\' a-ge>;l\£ ill. ~ 1!.=1lo
tion of soil. Their action is of two kinds: the 
roots corrode and break up the 8urfac,'s of rock 
and particles of soil, and the pls,nt finally 
decays and adds some of itR tissue to the soil. 

30. In the disintegration of rock and the 
fining of soil, the root a('t8 in two ways: it ex
<3rts a mechaui{',al force or pre"Sure as it grows, 
cracking and eleaving the rock; and it has It 

chemical action in dissolving out certain ma
terials, and thereby consuming and weakening 
the rock. 

31. Animals contribute to the formation of 
!!Oil by their excrement and the decay of their • 
carcasses. Burrowing and digging animals alI!O 
expose rocks and soils to weathering, and ~n
tribute to the transportation of the particles. 
Some 'animals are even more c:tirootly COllcerned 
in 1Oil-ma.ki.wr. Of these. tbe chief are the 



'tHE L'ON'l'EN'fl!> (II+' 'l'Bl!: SOIL 17 

2. How Soil Is Mad~ 

2;). Tlw haRi8 of Roil i, fragments of rock. 
To thiH baRf' iR 1",I<I .. d tlip rf'lllainB of pl~llt" and 
animal" (or organi" matter). 'When ill condiLiolJ 
to I-rrm,- plant", it alRo contains watBL The 
chamel .. r of any Roil, tilerf'fort', is primarily 
det;>rn,inp(1 loy til<' kiml of rock from which it 
has conw, ana till' amouut of organic matter 
ami watf'!' which it ("outains. 

26. As til(' Rurfac(' of tlw <'(,rtll eooled, it 
became rock-boulJd. 'VI'inkles and ridges ap
peared, forming" mountains and valleys. The 
tendency is for tll .... lpYHtions to he lessened and 
the dep~essiollS to be filled. That is, the ~u!'faee 
of the ealih i" iwing leveled. The "hi"f agency 
in this It'veling process is weatheriug. The hills 
and mountains are worn down by alternations of 
temperature, by frost, ice, snow, rain and wind. 
They are worn away by the loss of small par
ticles : these particles, when gathered on the 

• hillsides or deposit;>d on lower levels, form soil. 
2.'(. TbR. ",,,~J2.~>:i.w;; W6~,U'jA'!, ~b.icll. ..:'lIi1lrA 

the monntains ope,ate also on level areas; 
but since the soil then remains where it is 
formed, and thereby affords a protection to 
the underlying rock, the reduction of the rock 
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mathematie8 is nutnool'f'I., qUf\utity and tna"tnitudej of botanY', 
Jllanh~; of ornithology.l)irdfolo: of ('ntoUloiogy, inllectl'; of chA1ll
,~try, fhl:" rompn~jtjj)JJ or mattf'!'; of a.-tmJ)owy, th'" he.vf!ntf: 
hut ItU"ri("ultm'{' i~ ff tnn,.td,· of rUIU!~' MI~i~lIl'{'!iI, urts Rfld Mtivitje~. 
01', it lUlly ill' Jomill 10 !u· " ('()mpo~it(' of ~I'il'nl'l'~ and I\rtI, tIlu('b 
Il.l{ tuNI!{'im' IHid I'>urgt'ry UN', Rut if tbpl'H i~ no twien("e of 

·ll,gril·u!tllft· R.H distirwt from olh('r jowh.'n('t'tI, th~ l'l'o!\e(.uUon of 
ul!ril"1l1furt' muM h •• ,owjf'lItin,'; and UH' flwt that it is It trlO"a.lt' 

m"'kt>~ it 1).11· the mono dd8f'nlt to folloW', and entoroetl U1t~ itn
:vorhmt·p of t":t~wlJtivl' jlld~mfmt )lTul farm· pnwfiN' O\'f\" nu!t~ 

f;{'it'utifi(' knowl"dllt', 
2:!", Thf' Im)vinct! of a text - bonk of 8I{ric1l1tut"e, in other 

W(lt'c:hl. is {') dt>ltl f I} with Hit.' original prrnhu, .. tion of &fttieultural 
wealth ~th",l' HUHl with itJol mannfal'fnr .... transport.Botion or si\lf', 
fol' th\'~f' la.tt.er fontt~rprisf'JoI 1ll'"P tflr~1'ly matte-ra of l~r~onal ("it

("ulIIstan(\t' o.n(\ lndh'iduBlity, and (~) with thos~ PMMtplN antI 
f3C'ts whioh arr (.1())llnlon to I\\! n.~ri('ultlJr .. , (If' whi~h may 04:\ 
(,"ontoli<i('red to be fuwlauHmtKl. 

22:b. In Qthel' words, we must i\el\Tt"h for principles, not tot' 
mer~ f&(lt-M or informat.ion: we 8hllll fH>('k to I\.~k why before We 
a!tk how. Pl'jncipl~8 apply ever.vwheT(~, hut ftl.('t~ and rQ)ea m .. y 
apply only wbf'rf' thf)Y originatf'. Al(ri('ultllTO if4 foundod upon 
1a.W"K; but there are t~lWhf!r1o! who would }lfln~ us be1iev~ that it 
is ebietly tho overetlluing of mete obflta('lfoK, IUoi iUIW<!is, unpro
pitious weather, and th~ like. There a.re great fundamentals 
which the lea.rnel' Dl.l1at (!omprt'lhend; therefore 'We .hall aay 
nothing, ill 1hiR hook, ahDut the iw,jdentll1.!J, jjli the kinds of 
w~ed.8, tbe brnnQs of f~rtili"L'8, the breeds of anima.la:, the ~. 
'iets of fto.ens. 



PART I 

THE SOIL 

CHAPTER I 

TH]<; CONTENTS OF THE SOIL 

1. What the Soil Is 

23. The earth, the atmosphere, and the sun
light are the Rources of all life and wealth. 
Atmosphere aud sunlight are practically beyond 
the control of man, but the surface of the land 
is amenable_ to treatment and amelioration. 

24. The soil is that part of the solid surface 
of the earth in which plants !,'TOW. It varies in 
depth from less than an inch to several feet. 
The uppermost part of it is usually darkest 
colored and most fertile, and is the part which 
is generally understood as "the soil" in common 
speech, whereas the under part is called the" 
Bub-soil.. When speaking of areas,_ we use the 
word land; but when speaking of the particular 
agricultural attributes of this land, we may use 
the word soil. 

(16) 
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various kind~ of earthworms, one of which 
is th(' eOllllllon angleworm. These aniwals eat 
,'artit, wllieh, whPI' .'x('r,'twl, i~ 1I10re 0)' les" 
lllixed with orgnni,' matt,,!". alld tlw mineral 
partieie$ lin' ground lilld modified. It i~ now 
('ot1sid"l'pd that in thp tt"lacious soils ill which 
tbps" animlllg work, thp "arthworm~ have heen 
w.ry important ng('!lts in fitting tl\(' (larth for 
tb" growing of plnntH, and !'ollseqllently for 
a~ri('ultu}·~~. 

:12. Whi I,· tI", hasis of lIlo~t Hoils is dis
int<'/-,'rnt"<1 roek, tlH'I't' are some soils which 
ar(' ('ss"lltially organie in ongm. These are 
formpd hy tllp aec:'ulllulatioll of vegetabl,. mat
ter, often aided hy tlH' incorporation of animal 
r"mains. In til(> tl'Opi('s, such soils are often 
formed on shores and ill lagoons by the exten
sion of the trunk-like roots of mangroves 
alld other trees. III til(' network of roots, leaves 
ami sea-wra<,k ar .. ('aught, and mold is formed. 
WatN plants (as Itlar~h grasses and eel-grass) 
are sometimes so abundant 011 sea margillS as 
to eventually form solid lanil. On the edges of 
lakes and ponds, the accumulation of water-lily 

'rhizomt's and other growths often afford.-s a foot
hold for sedges 8.nd other semi -a,quatic plants; 
and the combined growth invades the lake and 
often fillll it. Portions of thiB decaying and 
tawded mass are somet,imes tom awav bv wind 
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or wave, and become floating island,. Such 
islands are often several acres in l'xtent. In 
high latiturles, wllPre thH BUmmeJ" s g-rm\"th does 
not ueeay qniekly, OUP BonBoll's 1,'1'owth iN SOUlE'
timeR added abo",' auothel' llutil a d,'('p o,,!:("auie 
soil is formed. 'rliis iB esp(1t'iall~' 110ti('(·"hJ,· ill 
the gm,dual ill (lrnaBp ill lwig:ht of sphagnuTII 
swalnpR. Peat ho~s al'{\ or~alli(', laud~, awl thpy 
1\11 th.. b,·d" of fonnpl' lak~" or "waHll". Of 
eours(', all tliPHf' ol'galJi(' ~oils l_'ontain Inilwl'al 
matt!'!', hut it is lJlostly 81Wh as (lomes hom tllP 
decay of the plants tIH'lllSpjVP". It Wa" origi
naJly ()btailw<i from the (,a1'th, hut is uspll over 
and over again; alld l',wh year a littl" Hew 
material nUl~' he Il(ld .. d h~' sH('h pla1Jt" as reach 
into th(, hard laud h('low, and hy that whieh 
blows iuto tIl(' al'''>L ill dll"t, 

33. Deeuying organic mattt']' forlll~ mold 0]' 
humus. TIll' minf'ral elClllPntR may be Raid to 
give "boily" to the soil, but the humus is what 
gives it "life" OJ' "ht'art." Humus makes soils& 
dark-colored and mellow. Humm; not only adds 
plant-food to the soil, but improves the physical 
condition of the soil and makes it eongenial for 
plants. It augments the water-holding capacity~ 
of the soil, modifies the extremes of temperature, 
facilitaoos the entrance of air, alld aecelerates 
many chemica! activities. It is th" chief agent 
in the formation of loam: - a sandy loam is a 
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friable soil ri,·1t ill ww,tahlfl limIter, the original 
basi" of whieh is santi; 11 (·lay loam is ont' simi
larly ameliorat,,,!, til<' basi" of whi"h is clay . 
.. \V()l"H-()ut ,. Jundt' ll:'tul.lly !-'uifPl" lllt)J't_l from 
la,·k of llllllill" 1111111 frolH I:"'k of .wtual plant. 
food. 11Ild tIJi" ('xl'laiw, why tit,· nppli"alioll of 
stablp-IlHllllll'P i:-- .'"10 pflh'Hdolll'. 

:~-l. Thpl'(' al'!' illl'Pt' g'PlwraJ way~ ill whieh 
hUlOIl' ;s obtaillP.j ;11 farm-pra(·t;",,: (1) fly 
lltt'all;-: of tlu' Yl·~ptHI"p lllntt~'l' whit,h is h'ft Oll 

or ill tilt" Kl"OlllHI aft.·], tho "rop if-' l't1lllOV("t! (as 
roots. ~tllhblf'. StHI, g'tU'(tt\li refnHP); (~) by 
llH'all~ of ('I'OI'S ~rowll and plowptI undf'l' for 
that partil'ular l'nrl""" (gl'('(,I1-111alllu-ing); (il) by 
nll"lll' of dir .. !'! 11l'l'li('alio118 t{) the land (a8 com
post 111111 ,tahl"-1I11111111''') _ 'rll(' d<'ep"" and more 
I'xtl'llsin thl' roo\-"ystmn of any plant, the 
gl'i:~abll', iu g'('lH"l'ul, i~ it~ vahw as an ameliorator 
of soil, both b .. eause it it~ .. lf exerts a more wide
"pre,,, 1 iulilwIlce (:10), aud lw.·.ltll"" when it de
eays it extmH]s th" anwliorating "ff.·t'!s of humns 
to great!'r depths_ 

ar,. Aside from th"se varied component ele
ments, fertile soil iR inhahited hy countless num-

..... hers of micl'ost'opil' organisms, which are peculiar 
t{) it, and without which its various chemical 
activities can not proceed. These genus con
tribute W the hreaking down of the soil particles 
and w the decay of the organic materials, and 



in doing so, aid ill th" formation of plant-foods. 
Thl' soil, therefore, i~ not merely an inert mass, 
opprated upon only by physical and cht>mical 
forces, but it i, a realm of intense Iii,,; and th(>. 
discovf'ry of thi~ faet haR nuJ.i,'aIly 1Il0difil'ci our 
eonceptioIJ of the soil amI the means of treating 
it. Enriching the lam] is no longer the adding 
of mer!' pIUllt-foo<]: it is also making th" ~oil 
eongenial to tIl<' lllultiplieation an (I wpll-being 
of miero-organisms. 

2c. Tra'nsportaUo1l of soils 

36. 'rill' ~()il i~ never at rest. 'rhe particle~ 
move uliOn each Onl"!, through the action of 
water, heat and cold, and other agencies. The 
particles, whether of inorganic or organic origin, 
ar!' also e'-er changing in shape and composition. 
They wear away and 'Jrumb]" under the action 
of weather, water, organic acids of the humus, 
and the roots of plants. No particle of soil is 
now in its original plaee. These changes are 
most rapid in tilled lands, because the soil is 
more exposed to weather through the tillage 
and the aerating effect of deep- rooted pJants 
(as cloverj";and the stirring or tilling itself 
wears the soil particles. Even stones and pebbles 
wear away (200); and the materials which they 
lose usually become productive elements of the 
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soil. Some lands have very porous or "rotten" 
stones, and these pass qui<>kly into soil. Stones 
are no doubt a useful resen'" fore!' ill farm 
lands, giving up their fertility YPry ~adl1ally, 
and thereby saving some of the wastefultwss of 
careless hushandry. The general tenden<'y, in 
nature, is for .soils to b(lI·om •• finer, more homo
gen"0118, and hettl'r for tlu> growth of plants. 

3i. But th.·I''' arE' greatt>I' tuoveuwnts than 
these. Soil is oft"ll transported long distauees, 
cbiefly by means of three agents: moving water, 
ice and SllOW, wind. Tran"port,ed soils are apt 
t{) be \'Iwy unlike tho uud('rlying l'Ock (or origi· 
1l1l.l surface), and they al'e Oft('ll Y<'ry hetero
geneous or conglomerah' in character. Soils 
which remain where they are formed (27) 
naturally partake of the natu,.e of the bed· 
rock, anrl are g,merally more homogeneous than 
transported wils, as, fOT example, the limesmne 
soils which overlie ,.,'Teat deposits of lime-rock. 

38. Moving water always moves land. The 
beating of waves wears away roeks and stones 
and breaks up debris, and deposits the mass on 
or near the shore. Streams earry soils long 
distances. The particles may b{l in a state of 
suspension in the water, and 00 precipitated in 
the quieter parts of the stream Ot' in bayous or 
lagoons, or they may be driven along the bed 
orthe stream by the force of the current, and 
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be deposited wher('vpr obstructions occur, or be 
dischargNl on thp at'lta at th!' mouth. The 
deposition of R('<lillli'llt ill lilu('s of o,'erftow 
adds Hew vigOl' to thp subllwrgf'd InlHl~, The 
historic exam!>l" (If this iR the Xii.. miley, 
but all bottom lands which are subjected to 
periodical ov,']'J1o\\'s (>xhihit the. Ralllp ]'psult. 
A!l!.lvial lauds ar~ form('(l from the deposition 
of the sediment of water. 

39. 111 lllonntuinon:-:. rf'gions, RllOW and ice 
carry away g],pat quantities of ]'o('k and soil. 
'I'h" mo~t powerful tranBport€I'S of Roil arc gla
cierl'O, 01' luoving Inas~es of jep. Ola('ie-rs loosen 
the rock and then gr'ind and transport it. In 
the glacial epoch, in which much of tlw north
ern part of th" northern lwmisphere was eov
<-red with gigantic ice- Sht'"t8 slowly moving to 
the southward, enormous ,]1IlIntitiP8 of rock u nd 
narth W('1'1' transportpd, and clppositpr) wh('renlJ' 
the ice melted. In eastern North America, thp 
ice-front adyanced to the latitude of the Ohio 
river, and the boulder-strewn fields and varied 
soils to the northward of this latitude are the 
If'gacy which thE' E'poch left to th .. farmer. 

40, l.v Jill »Yeas which ar!' "uh,jectf'd to 
periods of drought, the wind transports soils in 
the fo of dust, often in great amounts and 

In some parts of the worllJ, 
'AI). by violent winds that 
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these wind, an' known a;; "~Illld-st()nu"," Most, 
shor.,s, pnrti,'nlurly if ~alldy. al''' Illlleh modified 
hy the aetioll of wiud, But til<' willd has an 
jl1fl.1H~llN~ U1'Oll )-;(liI:-: P\"{'ll in tIl(' Ino~t }lroteeted 
and f'quablt. l'Pg'iOll:-o.. Th.. atllwt'plwfP (·oBtains 
,lust, lU1Wh of witil'it j, \'alnu\'l.. plant-food, 
This dust i, trfll"l,ol't.·,l by Will'\S, IUlIl it finally 
spttJes or i~ !·HJT1,·d dOWli by !-illoW H-wl ruin, 
Althoug'h the Ulllmlllt "I' dllst whi .. h is d'·p."itNl 
in any A'i\,p[1 tinH' fHlly l)(~ :-:Jight) it, is }U'\'("l,thf'
les~ ('ollt.iuuom'1 and ha~ all Ilnportnnt f:lotiect 
upon tIlP ,oil. 

4], The soil affOl'ljs II root-hold 1'",' plants,
a pIa"" in whidl Il",y ('lUI gmw, It .. ).'" Rnppli,'~ 
the pnyironmelJtal ('olH\itiollk \l'lli"h roots n(,fld,
l)rottl{.,t~noi~ture, nil', ag't'HPaiJlo ternperature, 
and other ('oug'elliaJ surroundings, 

42. The WTI is also a "tore-house of plant
food, RobertR cakulat.·" from many aualyses, 
that in averag~ agri"ultural lamls the surface 
eight inches of soil on each acre coutains over 

• 3,OO() pOllnds of uitl'ognu, nearly 4,000 pounds 
of puospJiori(' Il('iif, Iln<f over J "OVO pounas of 
potash, These thre" dements are the ones which 
the farmer must chieflv con Aider in maintaining 
~r a.ugmentin~od~ctive power of the land: 
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yet the figures "reveal the fact that even the 
poorer soils have an abundane .. of plant-food 
for several crops, whil.. the richN soils in 
som" cases have sufficient for two hundred to 
three hundred crops of wheat or maize." Y,'t 
thes(' calculation~ are made from only the 
UpPl'1' pig-ht inch(,R of soil. 

43. Happily, this food is not all directly 
available or us('ful to plants (b(>ing locked up 
in insolubl<l comhinations), plse it would hav" 
been exhausted by the first generations of 
farmers. It is gradually unlocked by weathf'I·. 
micro-organisms, and the roots of plants; and 
the better the tillage, the more rapid is its 
uti!i2l!l1.tion. Plants differ in tlw power to unlock 
or makfl US(' of the fprtility of the soil. 

44. Nature maintains this store of fertility 
hy returning her crops to the soil. Every 
tree of the forest finally crumbles into earth. 
She uses the materials, then gives them back 
in a refined and improved condition for other 

(plants to use. She repays, and with interest. 
, 45. Man removes the crops. He sends them 
to market in one form or another, and the 
materials are finally lost in S(lw~ and the "" 
sea. He sells the productive ~wer of his 
land; yet it does not follow that he iml!2verishes 
his soil in proportion to the plant-food which he 
sells. Given the composition of any soil and 
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of the crops which it. i~ t,. produce. it is .'asy to 
calculate thl' time wh .. u tIl!' soi] will haw lost 
its pmv,')': hut it lllll,t h,' r'mH'llll"'l'pd that th,' 
matf'rial, whid) th .. plant )"'J)IO\"{', al''' "OIlRllllWd, 

>tllll that. tilt' yolnlllt' of th" Hoi] i, )',~hl(· .. d by 
that amount. Th,' re~ult is, therpfor,', IllIlt tl,,' 
dmw,'r parts or tIll' .• oil lirE' hrO<ll'lit int<> )'~ui

sition as fast as tIl(' up1"'1' parts UTI' eowmmed : 
and thes(' d"pths will la,1 '" loltg as till' !'artlt 
lasts. 

4-6. Of Rome mul,·rials. howpvel', the plant 
uses mell'" freely thull of olhl'1'''. ill proportioll to 
their ahnndau('" in the soil. 'fherpforp th.. soil 
may fillall~' lose its pro\ludivily, although it is 
doubtful if it can eV{'r h" eOlllpletely ('xhanswd 
of plant-fooil. 

47. Agaiu, tho profit ill agrieulturf' often li('~ 

in making the soil produ(';' more abundantly 
than it is of itself able to do. That is, even 
afWf tillage and every other care have forced 
the soil to respond to its full ability, it may 
pay the farmer to hny plant-food iu hagR in the 
same way that it may pay him to buy ground 
feed when fatwning sheep. Whether it is ad
visabJe to bny this pJ1lJ1t-food is a matter of 
business judl!ment which every farmer must 
deoormine for himsl'lf, afrer having considered 
the three fundamental faet<lrs in the problem: 
the cost of the plant-food (or fertilizer), the 



probable effeet oj' titi" ",xtl''' food upou the crop, 
and the eomlllPr('ial vahw of thp E'xtl'a erop. In 
gelleral, it "holll'] I,,· (·ol1"i<1",..\d that ill mued 
hnKlmwll'Y thn f\·dility of th(· laud must bE' 
IlHliutaiul'(1 by l1ll'allB of fUI'Ill-l'radi('" (that is, 
loy good f'ltl'lllillg), and that· plant-rona ~ll()ul<l 

1)(, hought only j'OI' tlw ll11rpo,,, of I'l'O,lu('ing the 
('xtrl1 fn'odnd. 

4A. \\-" 81'" HoW abl" to "OflJjJrt'iwud tbat 
tim Roil is 11 ('olllponnd of numhf'l'k,," inorganic' 
autl orgnni(~ UHtterial~, a reahu of eOJIlplex 
phYRioal awl (,IW111i('ul for""R, and the seene of 
I1Il iutri(,l1te rOlJlJd of lif". 'Ve must no lonw',. 
thiuk of it as llH're dirt. Mor('o\'pr, WP are only 
heginlling to UlHlf'rstan<l it; and if tho very soil 
is unknown to n,', how "Olllpli"llt,'<1 milst be the 
grpat strncture of ag-rh·nlturt-> whieh is reared 
upon it! 

SFGG}t}STIOXS o_v CHAP'l'BR I 

:!.)n. The word OJ'glwi{' refer)'. to <.winwls and plants or their 
products. aud 1'f'lllaiul'1; that is, to thiugs whif'h live and havf> 
Ol'gRtl~, Orgunie eompounds, ill cht>mi~try, lU'C th(ffle which 
ha.ve bpcn built up or produced hy the aetion of a plant or 
1\nimn1. };fodern usa~', llOwever, d('nnf>$ organic ('ompounds as 
those whieh (·,mtl1in (,:ll'hou. Rhn'('h, 8u~ar, woody fiber, at'(> 
Elxa.roples. 

25h. Inorganil> ('ornpounds UI't:' sneh as are not produced by 
living ol'ganislll~, as all tlH" mincral eompounds. They a.:re 
found in the earth and air. Salt, potash, iron and gold. 
lime~ aM ~'J;_a.mples. 
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2..')('. Ttw or):tunh\ lllltttt'_r in soih.-I!u.! plant Mlil animal 

retnlliu~-i", rellHH'Ni fly 1~u.r1!illg. 1.et. th(1 I-lIlpil f!l1:'~'lIrt' fi, ('{'lltul 
of Wf't ~Hil Ilnd e :u'('fully Wt·it.th it on UPlielll() iU·jdl':'I-I. 'Tlwn }('1 
it Ill'Y in till' t<UII. ~n ll l w('igil llJ!niu; thl~ ,fifTt'l'f'l)('l' hi wl'ij!hl i!'l 

1ue to the loi;.s or HvnvorntioH of wflt~l' . ;\ow pLace it in a 
lllodNat(:'ly warm oven or on Il st()~l". and aftt!l" a few miuuttlH 
wtligb RgRin; DlOl'f) of tlw wutCl' wi II UfiW ha\'6 pa!,jf.led off. ,:Now 
thoroughly burn or bake it, and ",:dgh; the t088 is now mOMtly 
due to the l}urning of the orgnni(·. nmth~r, atld part of this 
matter has passed oJ! as gas. If there iH nO perceptible 1088 
from the bU1'ning, it is evidenee that the sa.mple contained little 
organic matter. Note the difference in results between clay &ad 
m!2}t. The pupil lDay also be interested to try to grow pinta 
ill the baked soil. 
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2&. The wearing nway of rook by tbe weather may be ob
~erved wherever stones are exposed. Even gl"llnite and marblE' 
mnIlUmf'uts lOIH~ tlH'ir polish and luster in a few year~. The 
ldlllrp and angular }H'ojf'etions disappear from the }edg~8 and 
broken RtnnPH of railway ('uts a.nd quarriefl. Tbto pupil sbould 
look for the W{llU' on any rocks with which be mlly he familiar. 
All stones tend to grow smllller. On a larJee scale, the wn.sting 
flf rOt~k8 may he seen in the dpbris at the base of precipices and 
mountain pt>llks (Fig. 1), or wherever st(;(>p wlllls of ro~k are 
t~Xpo8od. The palisades of the Hudson, and other precipitous 
!'iver and lake hluffs, show this aetion well. MOllntaius tend to 
Lf'('ome roumlf-d in the long proeeSHes of timt', although somt' 
l'o(lks are of such structure that they hold their pointed shapc> 
until worn almost (Iompletely away. In Geikie's ttGeologieal 
Hket<lhes," Essay No.8, the reader wHl :find an intel'€'sting 
;M',connt of weathering as illustrated by tht'l decay of tombstonet!. 

26b. The extont of this weathering and denuding process in 
the formation of soils may lw graphically illustrated by the pres
ent confornmtion of the Alps and adjacent parts of Europe. 
Lubbock writes that" much of the deposits which occupy the 
valleys of the Rhintl, Po, Rhone, Reuss, Inu, and Danuhe-tbe 
alluvium whi(~h forms the via ins of Lombardy, of Germany, of 
Belgium, Holland, and of southeast France-consists of matNials 
washed down from the Swi~s monntains." The amount of mate~ 
ria.l whi(\b has be~n removed from the Alps is probahJy "almost 
as .grea.t as that which still remains." So great has heen the 
denudation that in ('.enain cases «what is now the top of the 
mountain was once the bottom of a valley." Tho Matt-erhorn, the 
boldest and one of the higbest of the Alps, «is obviously 8. rem~ 

nant of a.n au('ient ridgt>/' and the I~present configuration of the 
trorfM6 [of Switzerland] is indeed mainly the result of denuda
tiou. * *" It is oertain that not &. fragment "of the original 8ur~ 
face is still in existeut;e, thougb it must not be interred that the 
loount.a.ins were at any time 80 much higher, as elevation and 
denudation went on together.'" There is even evidenee to show 
that an earlier range {)f mountains occupied the site of the 
pl'eSent Alps, and that these old mountams were rem.oved or 



Wlitiug liru~ lUld (imllur'ic I«~i(l. ~ult.tfJ of ljuJt' Qt' KYl)f(lUU ill fJro~ 
dueet.l, i!< ebemicl\l adioll. 

31a . Kllowlellp;e of tht· work or th6 earthwoMn in buHdin(Z' 
soillol dat.mc pnwtit'ltlly fmln tht:' i!l.8'H~ ol lJarwin'lI remarkable 
hO~tk. "TIl(> FOrUIf\tioll of Vt'getllhh' Mould. t,hrougb tht~ Al"tiulI Q{ 

W()~S, " wbil"it tht;- n·nder r;brmM ("on8'ult (Of' p«rtic:uhtrR, 'rhu 
Rllbjed i~ u.hw (~(H1f!'id~l"f:'d ilrid'), in King'H ~'Boil." Cbnp. i.. whit'!b 
u.lj,lo dhwUS,.Ni tilt' geuerltl m~IHlS of ... oil~blJildizJg. 

:1:!1l. .-\1< tHl ('XIWlp)f· (}f t,lw fOnllutioll of orgnnie soils in thl' 
tl'Opil.'s. ttla-d U.I',·ouut,. rtf t.iw Illt\ngrovto . (t~ mode of propagatiol!; 

is explained, with iJlustrations, in Bi£iJey's: "Lessons with Plants,'" 
pp. 311-374; tb& tl'ile is alllO descl"jbed in Chap. v. of Gaye's 
~GrEl.at World'ij Farm." As an example of a formatiuD of a pest 
bog by the growth (If $phagnum, read Ganong ~ On Raised Peat; 
bogs in New Brunswick/' Bot8.ni~~l Gazette, pp. 1'23-126, May, 
11l91: Spbagn"m is moos .. hi.ch grow. iD. cold Iklgs. N......,.,...,. 
and flQriKts uee it ib the :packing of plante. 
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33a,. When t:lpelled humus, t.he word is a. noun; when spelled 
kH'mfnlS, it j~ an a.djective, as ~I humous soils." 

34a. Coml'iJ~t i~ dtwayed or decaying organic matter which it 
it~ int~lIde<i loIhail bt> applied to the land. It is usually obtained 
by plal':ing !(\lty~S, sod. manure or IithL' in a low flat~topped (so 
thllt it wil~ "Ilt{'h the rain) piJe, and "turning it,') or forking it 

over, every few Vieeka. to 'Prevent hea.ting and to ,4ll8ten unifonn 
ueeolllPQsition (Fig. 5). ""ben the mass has passed into the 
condition of humus or mold (or ,become fine and ftoi}-lik(:;), it is 
a.ppliM to thtt land. Composting 1S ft, most useful means of 
utilizing leaves, g8J'den retu&e, and other materials whioh are 
too coarse or ~ raw" to be applied directly to the land. 

35a~ ttTbe tro'm mje:ro-o'rsanism js ~ general one, • .hic.h 
~rudes any ~Ty JnInute, ml~roooopie form of Ufe. More strictly 

.speaking, the word hae come to apply espeeiaUy to oertain forma 
01 plant life which ~ too minute to 'be seen indiVid~ly by the 
naked eye, and whieh htmee require 10r tbeiT 'study the .higher 
P91f&t"8. ' of ~,nUoro8eope."-htd'k D~. C,J.uler, BtuI.' sl., ~ 



Ikp. Sfa. The h~mH~ !lfnn, m«"r(JiH", bactct'ftlm (plural b4cttffli I. 
n~ popularly ueed in tha ~ame S6h!f.j) M mioTo-orgauism. TjwftP 
ht,jogs ·are usually uni('~lIl1hll' (t~tl(':b OUt; cou!:'ilrting ()1 only IL 

8in~h~ c~Il). Tlwy IH'O getwrnlly t'itlAAifiv,d wHh plaut,;. Tit .. ",illl 
of mietQ·oTgRnl'i\U\):4 1n Ttmll(~l'ing sun (~h\1llentl!l tlvnilahlt' to llhmt~ 
i8 very eomplt'1: and not yet 'Wt'!l\ 'tlndel"f'tood. A ll:E!nt'l'",l di,,· 
~IlM,t;Iion of tht'~e orgRuiM1Il8 will btl foul1d in Lipman' • • , Bacteria. 
j.\ R .. 1RtioT\ to COllntrv I ... iff' . " Thf:! Tf'llf\tion to Jltl'rm", iu nitrification 
is briefly diS('Ui;foIcd in Ring'" " ' ~()il," pp. 1!!5-1~i4, lind Robenll' 
~ Fertility." 244-248. }~ig. 6 illut!trah'i'I lint) of the • ~ 
('ommon Imcter-iu, very nlU('h lll.o.gllifi~"l. 'fhi" ~ 0._ 
flpedt~a (Bacillu.<;; ,11;iqldlwt) is ahundant iu wutl'!'. -,., _ 
air, an<l deenying suh!oltant'ea. •• ,~ 

1181'1. ObSt'M'f) the depol'iih~ of ~8nd in ttl{> (luitlt ~ 

.!:o!idt) (usually the (!OI1t'llYe Kideo) of li!trfll'm~, and Flit.&. Mlt-ro·or· 
u180 the tlt~ lh. where a rapid riU tlOWM into a slow pOt8l1UI. ",.reatly 

one. Wh~n tbe rill flOWfi into a tapid stream, lJUIClli.tlM., 

the larget' current carries away the dep0'lit ~O that it, may not \w 
set'n . Re('llU how Mand-barR form again alJd ugain in lakes, alld 
how streams must be frequently drNlgtod to kt<ep the -ehannel 
open. The slow~r the stream the more quickly does it drop it~ 
sedimf'nt, ; and the more winding, also, i8 its course, lying 1n t,hl' 
lx>d ot · its own depotdth. (See Fig, 4_, ) 

38b. Dip II. g1388 of water from .do l'()j}y stro3Ul j and obJWr\'.· 
th~ e.trth wbich sf'ttlefl to Hie hotton .. 

~9"1. Glaci .. rs are Mill ablllJdiu.t in alpine aDd srctic region". 
It \\'ns from the study ot glaciers in the AlliS thl:l.t Agassiz con· 
e • .'in'd the llypotbesis that large parts of the earth had once 
bef'D SUbject; d to glacial action. A good popular diseu88ion 01 
gllLClt'1'8 and their action lDay be found in Chap. xV"ii. of Tan's 
ttEleOleDtary Physical G-eogra.phy." DeUgbtful readings ma.y also 
be made from Ag'ltssiz'." Geological Sketches!' 

4-Oa. Let the -pupil cilteb n few n..in drope on a perreotly clean 
and clear pane of glass, and ,obst>rve if ,any f8ediment jJ!l left ·,,~ 

the drops have evaporated. Is there &Dr di1Ierenee in the amount 
o~ dUst' brooght dowu after a ftdry speU" _a'Qd alter a ,period of 
I'lIi"7 weather, <ir at the l>oginnlng and end of a 011",,0.' The 
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pnpil IlHly nnw h~ ail Ie to explain why tlttl window~ g't't dirty after 
a. ra.in : and ht;. will be int~l'f'sttld in tue ~tn·ftk~ on th~ (>ornil'f'!:I 
of buildings and ou expm't.d sttLtuary. He may han:l heard that 
eVP,11 sailing r1hip!' gpt dn~ty Whf'll at Hl'll. 

42ft. Set' lwht'rt1'l' ., Fl:'ftility of the l~and," p. 16. Read lIll 
of Chapt~r i. 'j_1b(' fMd whid! is not ltvailaLl(', or not in ('ontli~ 
tion to b~ u\o(t1d hy thl' plallt, hut which lUlly bt't,pwe availalllf· 
through go/,tl tillage ot' othf:!l'wist:', jl'! ('allt'd )JOknfial JIIUllt·food. 

4311. The sl)il i" lIot a ~itUple l'N:lPt'voir of plant-fo('d in t1l1:' 
('ouditiou of RHlt OJ' Sll~IlJ', 1'1'/ldy to be tli~),!o)Yf'd ill watpr fwd 
immf'(litttf'ly tHkt'rl up by l'Ooifo:, The soil is plltnt-food; hul 
Illost of it n1tl~t he ('hullged jn ('onrplJ1"ition )I(_'fnr€' it is tlvlliJuhk 

tu tllnnts; amI tIlt' eit'DH'r!ts 11I'P lJm t'l'('~f<tlt ill tht> ~m){'orti()tJs 

whidJ pluuts requin', 1'10 tlw.t tlllwb of th~ I'ltl(l i"l in {'x~ess of the 
needs of plant.s and (~Im nev"'l' be used &1'1 food. 

48a. For flupplementary l'e&ding on the formation of soils, 
Cha.pter i. of King's «Soil" should be consulted. Most. text~b()oks 
of geolo~y also treat the subject to some extent. Shaler's arti(."le 
on soil, in 12th Annual Rf:'port (If the U. S. Geological 8ul'vE'Y 
(pp. 319-345), is excellent. A discussion of weathering may be 
found in Chapter vi. of Tarr'~ II Elementary Geology;" and ot11",1' 
references are contaimed in Chapters xiii. and xxi. of bis to Elemen
tary Physie(l.l Geogra.phy." Stockbridge's IIR(wks and Soils" 
(1895) bas special l'efereDee to agriculture. A reada.ble ac{'ount 
of the formation of soil may be found in Chapters iiL, iv, and v" 
Gaye's «Great Word's Farm." Merrill's I'Rocks, Rack~Weatber
illg and Soils" (l897) is 8 fun scientific di~(>U"8jon of the Bubjoot. 
Consult HiJgard's "Soils," and the text by Lyon and Fippin: also 
the part on soils in Vol. I, Cyclopedia of American Agrieulture. 



CHAPTER IT 

THE TEX'ITI1E AXil STHl'l"I'\'HE ()~' 'fHE SOIL 

1. What Is Meant by Texture 

+9. We havt' Set'll that tllP oniceR of the soil 
are of two I(ellemi kiudR,-it affords a physical 
lIHl,liulll ill whi"', th" plllut "lUI grow (41), lind 
it suppli"H 1l1l\\I'I'iaI8 thut the plant use~ in 
tlIP buildiu).!: of its tisslWS (4:l). It eannot be 
said that 01](' of tllPse ollie,," is more important 
thall tl,,' other, sinee both are essential; hut 
attention has [wen so loug fixe,l upon the mere 
cont,'ut (,I' soils that it iR importaut to empha
size the physical attrihut(~R. Crops caunot grow 
Oil " r,wk, 110 matllor how mueh plant-food it 
may contain. Thc passillg of rock into soli 
is a matter of change in texture and strncture 
more than in plant-food. Texture refers to the 
size of the particles; structure to the arrange
ment of the particles. 

50. The physical state of the Boil may be 
spoken of as its structure, mnch as we speak of 
the structure of a house of brick or stone. The 
common adjectives that are applied to the condi
tion of agricultural soils are descriptions of its 
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structure: as, mellow, hard, loose, compact, open; 
porous, shallow, deep, leachy, retentive, lumpy, 
cloddy, fiIH' ill gOO!] tilth. 

51. Texture awl Htnwture mnst not be con
fOllnded wit h tl](' physieal forcP8 or operations ill 
the soil, a~ tl,,· fluduations of temperature, movp· 
m!'uts of watpr, "ir('nlatioll of air. They refM to 
condition or stat!', aud are passin', not to forces 
or movements, which are active; but it is upon 
this passive condition that the operation of hoth 
physical and chemical forces chiefly depends. 

2. Why Good Texture and Structure are Important 

ii2. A finely divided, mellow, friable soil is 
more prodnetive than a hard and lumpy one of 
the saml' c.l\e\uical compositiou, because: It 
holds and retains more moisture; holds more 
air; promotes nitrification; hastens the decom
position of the mineral elements; has less varia
ble extremes of temperaturt'; allows a better 
root-hold to the plant; presents greater surface 
to the root~. In all these ways, and others, the 
mellowness of the soil renders the plant-food 
more available, and affords a congenial and 
comfortable place in which the plant may Wow. 

53. Good structure (as nnderstood by the far
mer) not only facilitates and hastens the physi
oal and chemical activities, but it also presents 
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a greater feeding-surface to roots, because the 
particles of earth are very small (52). Hoot" 
feed on tho 8urfae<'" of hard particles of earth, 
nud the feeding-area is therefol'{' illerl'ltsed ill 
proportion to the iucl'ea"" in til<' HurflU'f' aren 
of the particl('s. Dividing a cube into two 
equal parts increas,," it" ~Ul'fa<~" 0.1'''0. by one
third. (Dividing a eub" adds two sides or 
surfaces.) Fining the soil lllay t IH1rtlfore be 
equivalent to fertilizing it, "0 far n8 plant
growth is eoncenwd. 

3. How Good Structure is Secured 

54. The size of the soil particles, det~rmin
iug the texture of the s0il, canuot bi' modified to 
any appreciable extt'nt by ordinary farm pralltices. 
Tillage has littlp effect in changing tbe ~ize of 
the ultimate partieles. 

55. The arl'allgement of the particles, which 
determines the structurp, can be !{reatly changed 
by farm practice. If the structure is lumpy 8nd 
open, the soil needs plllvf'l'ization; if it is com
pact and hard, it need" loosening up. Very 
loose and leachy soils al'(' usually improved if 
the particles, particnlarly in the under $oil, are 
brought together 11.1)(1 compactf'd. 

56. The size of the granules (or 'aggregations 
of particles) of soils is modified by thr~e general 
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means: (a) by apply mechanical force, as in all 
the operations of tilling; (b) by getting at work 
various physical forces, as weathering (fall-plow
ing is a typical example), and th" results follow
ing llnder-draiuiIlg; (c) by apl'lyiug some rna
tOl'ial that acts ehemically on tlw particles. (Tho 
th'st ('.aptioll, a, i~ illustrated iu paragl:aphs 2(;, 
2Ha, 2Gb, 27, 21'; and it is fllrth"r pxplained in 
Chapter iv.) 

~7. (b\ Under-drainage has two gent"'al uses, 
-it l'BnlOVes superfluous watnl', and illlproveR 
the physical ('OIl(litiol1 of til(' Roil. TIl(' latter 
nse is oft.('n th" more important. Thl' improve
meut of tIHl texture is the rpslIlt, chiefly, of 
preventing wah'r-soakiug and of admitting ail'. 
Uuder-<lraiu<,d soils become "deeper." The water
tabl., is lowered, "iu~" the depth at which watel' 
st.ftuds tends to approach nearer aud nearer to 
the depth of t1H' drains and thereby the plant 
roots are enabled to peuetrate more deeply. 

5R. (c) Some substallces have the power to 
break down 01' to pulwrizp hard soils, 01' to bind 
together loos(' ones, or otherwise to modify the 
stl'tlctnrp. Such ma.terials-which are applied 
for tlH'ir remote 01' secoudary elwmical eiIects
ar,' ('alled amendments. Lime is a. typical ex
a.mpl". Quick-lime is known to make clay lands 
mellow, and. it is RU1)posed to cprn<mt or bind 
together the l'artides of ~andH 01' gravels. Most 



.. bemical fertili?~rs are hoth amendments aud 
direct f('l'tilizers, SilW(> they modify the structure 
of the soil as well u·s add plaut- food to it. 

59. The l'xtrallPOtlR 01' "upplemelltary nm
t"rials (;)~) whi('h diredly 1ll0(lit'y the structure 
of soils are thos,' that lIluk,' hl1ll1UR (:1:1), 
as greeu-lllanUrl?~, farnl-tUullures, UlIt! Uw likp. 
Htable-Inallure is usually mOl"(' important in im
proving soil structure thall ill direetly supplyillg
plant-food. 

4. Structure and Manures 

. 60. 'Ne have HOW seen that the fartHer 
should give attentioll to th" strncture of his soil 
before he worries about its richness. The con
ditions must first h!' made fit 01' eOlllfortable 
for the growing- of plants: thell the stimulus 
of special 01' high feeding may be applied. 
But manures and fertilizers may aid iu secur
ing this good structure at the same' time that 
they add plant-food. Yet fertilizer, however 
rich, may he applied to soils wholly without 
avail; and the best results from condensed 
or chemical fertilizers are usually secured on 
soils that are in the best tilth. That is, it is 
almost useless to apply commercial fertilizers 
to lands that. are not in proper physical con
dition fOl' the ht'st growth of crops. 
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SUGGESTIONS ON CHAPTER II 

406. The follovdllg extrads from Bulletin 119 of the Cor~ 
nen Exporiment Sta.tion illustrate the subject under discussion: 
<tTbe other day, I secured one sample of soil from a very hard 
clay knoll upon which bfJans had been planted, but in which 
they were almost unnble to germinate; another sample from a 

Fia. 7. Examph.·g or pool" ftlHl co",,} I('Xt111'('. 

contiguous ~oil, in ,"which beaDS were g-rowing luxuriantly; and, 
as a third smuple~ 1 chipped a 'Piece of rock off my house, whieh 
is built of stone of the neighborhood. All of these samples were 
taken to the t!hemist for analysis. The samples of soil whif'h 
were actually taken to the chemist are shown in Fig. 7. The 
\'Oek (sampJe III), was hard native stone." 

The figurE'S give the pe1"'l'entages of some of the leading OOD
.Utuellts in the three ma.t.erials. 

lfailtun: 
I. Unproduetive clay .. ' 13.25 

n. Good 'bean laoo...... 15.93 
Ill. Rook .................... . 

Plunpiwm OtyJarl~ 
iVitf'Ol/m acid PalMA Linu mattt'r 

.08 .20 1.1 .• 1 S.lJ 

.11 .17 .'15 ' .41' ~'b 
.08 2.12 2.56 

tt In other words. the chemist MYS that the poorer ;Oil-the 
one npo:q. which I cannot grow beans-iB the richer in .minet'fll 
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plant· food, and that the rock contains Il most. ahundant supply 
~f potash and about balf a~ mu('h phosphoric' Il('id 88 the good 
bean Roil. 

!' AU tbis, after all, ig IH)t, t-Iurprhdng, when we come to think 
of it. Every good fnr1Ut'r knows that t\ hard and lumpy Boil 
will not grow good ero}'",. no matt!;'!' how Ullit'lt plant·(ood it 
may ('ontain. A (·hlY "nil whit'h }W8 b(,tm l'rodlwing good eroII~ 
for any number of Y('6.NI lll.ay hfl ~Q seriously injm'ed, by one 
injudicious plowing' in a Wt't time a~ 10 ruin it for tht, grow· 
iug of crops for two or three Yf'nrR. The injury li",~ in the 
modifi('ation of its physi('al MtTUetUl'e. not in the lessening of it, 
pllt.nt-food. A sandy soil may all'o be st!rioU!!ly impaired for 
the growing ot any crop it the hUlDll1'l, or dE'lcaying organic 
mattE-ro, is allowed to burn out of it. It then becomH leaehy, 
it quickly loses its moisture, and it be<'omes exeeuiyely bot 
in iJriltht ~tlnny Wf"ntht"f. Similar rf'marks may be applif'ld to 
nil soils, 'fhat is, tile to'tlo'e flnd strurt"rt' or ph,lIsieal condition of 
fI,e 8Qd f.8 nearly always tnQr~ important than itA mt1'6 richnu8 in 
plant-food. 

ft The firMt Jolt{IP in the enrichment of unproductive land ia 
to improve its physielll (!ondition hy mellTli. of careful and 
thorough tillagf1, hy thf> addition of hllmllM, "nti, perhnJm, b~' 
under-drainagt·, It Ulust firl'lt Le put in slH'h "ondition that plant-8 
ean grow in it. Aftt'r thut. the addition of cbemi('al fertilize1'8 
may pay by giving additional or redundant growth," 

53a. Read Cbapter ii, in King's I1Roil." The following is 
quoted from that work, p. 72: II Suppose WA take a marble 
f'xacUy one inch in diameter. It will just slip inside B cube 
one inch on a side, and will hold a film of water 3.1416 square 
inches in area. But reduce the diameters of the marbles to onc
tenth of an ineh1 and at least 1,000 of t.hem will 00 required to 

• fill the ('ubie inch, !lnd their aggregate 8uriaee area. w"iU be 
31 416 square inehes. If, however, the di.a.metet'8 of these 8pheree 
be reduced to one-hundredth of an inch, 1,000,000 of them 
win be required to mnke 8. cubic inch, and their total surface 
&rea will then be 314.16 squa.re inches. Suppose, again, the soil 
particlt>8 to have a diameter of one-thousandth of an inch. It 



will th~n l'oquire J ,OOll.OOO,O()O of tltt'rD to {'ompI1:4t'ly fill til'" 
cullic in(Jb, whiltl their aggregattl !oluril:l{'f" areR. ItlUHt meaSUl't-

3141.59 square iu('ht's." 
5:$b. Auotiwr ilhu'Itration may ])(1 takl'll ('. Texture of Soi I 

and Conservation of MoiNtUl'fI," being it fir!'!t !pfoISlln in tIlt:' Cornell 
fartner'R ruadillg course) = ~. Ll't liS ~\lpP()SP tbe H(,il in OUI;' of 
your plOWt,d tif·ldl'1 if'! in iittl~ lump)'! of tlw uHiforlll size of iu<'h 
eubet'o-that ij,\, one ~qn~\l'e iIwh tm t'a(,h \:\\dlJ of thl:' ('\1Utl, Ho ..... 
many square ill('hes of surfaN> htHI thM ('\I}II-' ('xl'0",pd to ront 
conta("t IUld mnlsturl-: film' NO"\v imagim" that nllt-' of tht-'~I:' ilH'h 
('UbOB i~ brokt'JI lIP int.o "mallN ('tiltH, lllf'lumring onf'-l'ig'hth (If 

Illl in('b,-how many squar!;, iuc}u·g of 811l"fu(:e will you now h.wt. 
expo~('d to root. ('onta('t and tillll uwistul'P r Now retlN't what 
you have dnn(' in hrt.'akillg up the iu{,h cube of ettrth. rrh~ 

amount of earth har; not bf'en increufoIed one atoUl ; yet, by.finiJlK 
it, you haYe incrtlusetl just eight tilUf's thl:l root pnsturage and 
Imrfl\Ce for wah'r fiJm, The prl1ctimll point of t}lil:i It'sson is t hut 
hy 8Upt'rior tillage you (~nn expand one acre into eight, or l,y 
Ht:'~l&etful mtUHI.gi:\ment eigllt acres can he redueed to ont:'. It 
also demonst.ra.tes why & skillful fanner can produce RH ruueh 
fl~i1n fifty a(~l'e-~ as n. t'areless OUt:" {'an from four hundn'd, and 
!lIso t.·tHlfirms the assertion that suce(~~s ill mod('l'n agrieulturI' 
dt.·pf'ud,<i more on th~ size of the farmer than upon the sizfI of 
the farm." 

53c. This iJilillg or dividing of the soil, therefore, increases 
the feeding area for roots; or, as Jethro Tull said, it extends 
the ~~root pasturagt;." t!The value of simple tillage or fining of 
the land as a means of increasing its productivity was first clearly 
set forth in 1733 by Jethro Tull, in his (New Borse Hoeing Hus
bandry.' The premises upon Which Tull founded his system are 
erroneOus. He supposed that plant roots actually take in or ab
sorb the flne partieJ('s of the earth, and, therefore, the finer and 
more llumerous these particles the more luxuriantly, the plant 
win grow. His system of tillttge, howe'Vel', was eOl'l'ect, and his 
experhnents and writings have had a most profound infiuenee. 
If only one book of all the thousands which have b~n writt.en on 
agricuJtur~ and rural a1!airs were to be preserved to future gaD.-
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t'lration~, I sbould Want thttt bmlOr conft~r~d UlatiD Tull's t Honse 
HOf'ing- Husbnndry.' It lllll.rkt'fi the b(~ltill1lilJg ot t.he lllodern 
nppliPlttion of s('it'ntjti(~ llH'tliotis to agri('ulturl', sud promulgJ~t"'d 
t\ I'>y~tf'm of treatment of tlw land whi('h, iu itlol eKsl'lltia.l prirll:,d .. 
Vi(',\o;, is !lOW tw(~"'l)t~·d ll)' l " \'~'l'y ~nod !n.t'mf'r, and \lu~ ftV}\re0\&t.iun 
of whh'h must iU('t"IlSO to t1H~ l'tH1 or f,im,.,"-HaUey, .Bull. 1W, 
( .'11)'1/141 E:;.rp. 8t". '1'(111 dil'd ill 1740. 

57a. ~''J'hl:l Il.'tual contunr of t.he wllttlr-t·nble in an unth~I" 

,1mint~d fwhl, wbHo Uw litH'1'l of tilt. lirEI JJbt.('ed nt di8tanCf'l8 or 
33 f(·et aud 4 fm,t bdow Hw !>urffll'l' of the ground, is shown iu 
Fig'. 8, which ~ivos tIll' ('ontOl1ffol tHl lllt'Y f'xif'1pt1 f~1"tY-f'ight honn 

Fiol: . 8. Showill£ the ndual contonr of the watn·tuhlfl in a tile-drained fiold_ 

after a rainfall of .87 inches. In thiJ; CIlSU the bf:light of tht. 
water midway hl'tweell the lines of tile varied ~rotn 4 ilH~he8 to 
12 inches abovo the tl)P8 of the tile."-Kinrl, Tile Soil, 11. £59. 

584. Head Hf)lIerts' t' Fertility of the Land," pp. 303-a12, on 
the physical effects of liming land; 11.180 t'Thtt ~Oj]," p. 30, and 
'Yheeler's !'Liming of Soils," Farmers' Bulletin Nf). 17, U. 8. 
Dept. Agric. The etrects of lime in flocculating or mello,wing 
clay may be obt:;erY(ld by working up a bu.ll of stitt elay with 
common water and a similar ball with lime water j the former 
will become hard on drying, but the latter will re8ilily fall W 
pieces. Lime water may be made by shalting up a lump of lime 
in & bottle of watttl". 

6Oa. One of the most forcible i1l1l8trations of the value of 
fiDe te%ture of soil is dorded by the result which the torJ.a\ 
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obtains in pot.e. Be bllxee and sitts hie Boils 80 that it is all 
o.ruenable to root oetioD, nnd he is a.ble to rlli!lo a.large.r pI4Dt from 
,. handful ot fKlil thAD tbe general f!J.l'mer grows from a half 
buebe1. Setl Fig. 9. 



CIuPTElt III 

THE MOISTURE IN THE SOIL 

L . .do, CLINTON 

1. Why Moisture Is Important 

61. However much plant-food there may be 
in the soil, plants eallnot grow withont the 
presence of water. 'Vater is needed fo,' three 
purposes: to dissolve the plaut-food and thel'eby 
enable it to ('nter the plant; to contribntp to the 
building" of plant tissue and to th" muintellunce of 
the life of the plant; and to regulate temperature. 

62. A cOllsideration of the amount of water 
required by plauts in their growth shows why 
supplying plant-food alone does 1Iot insure the 
success of the crop. The amount of water used 
by some of the common crops in their develop
ment to maturity is approximately as follows: 

Corn .50 bus. per acre requires 1,500,000 Jbs. of water. 
Polatoes. .200 bus." .. 1,268,000 Jbs. " 
Oats . 29 bus. 1,192,000 lbs. 

63. The failure of crops is more frequently 
due to improper control of moisture than to any 

(47) 
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oth"r one callse. In ('ertain seetions of the coun
ky irrigation i~ Ruccessfully employed; but 
mORt farmers must d<'pend on the l'Iliufall as the 
"hief source for the supply of moisture. 

2. Hou: Wafl'r I" Held in Ihl' Soil 

64. The wat.-1' ill the soil may he in one of 
three forms,-fre(', eapillary, OJ' hygros('opi(' 
water. 

65. The free water of the soil is that which 
flows under the illfiuew·p of gravity. It is this 
wat.>r which is remowd in part hy drains, and 
which is tlw source of supply for wells aud 
spriugs. It is Hot utilized direetly hy cultivated 
plants, hut it is yaluahle when removed " 
propel' tlistance from thp surfael', bpeausp it 
serw's liS a resprvoir from which moisture lUlly 

he drawn by capillary aetioll. 
66. Capillary water is that which is held hy 

adhesiou to the soil particles, or in the inter
stices or openings between the particles. It is 
not controlled or influenced by gravity, but 
passes from oue part of the soil to another, 
tending to keep the soil in equilibrium (or in 
uniform condition) so far as its moisture is 
concerned. The capillary water is the direct 
supply for plants, and it is this which should 
be lI!osi carefully provided for and saved. 
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67. Hygroscopic wawr is that which is held 
finnly as it film surrounding each particle of 
soil. It dOl's nnt move under the influence of 
gravity or eapillllrit:;, amI it is held so firmly 
that it is driwll off oulv wlwn the soil is 
exposH<! to a t!'mp<'l'UtuT(' 'of 212° F!Lhr. 'rhe 
dry"st road-dust firlUly holds its hn-\'l"oscopu' 
water, aUfl it lIlay l'ollstitute from 2 to 3 per 
eent or mm" of til(' weight of the !loil. If of 
servi.,,, to plants ill any way, it is only dur
ing th" mORt f'X('PRRiw droughts, in which· case 
it may "u~taill the plants for a time, until 
capillary- wllkr is supplied. 

61;. Both eapillary and hygroscopi" water art 
frequently ref!'rred to as "film moisture," fron, 
th" fad that they ar" held as a film of greater 
or less thi(·kness aronnd the soil particles. 
That part which haR the most intimaw and 
permanent contaet with tlH' particle is the hygro
se-opie water, and t.he ont;>! part of the film, 
which may move away from t.he soil particle, is 
the capillary waWr. Very wet land is that 
which contains too much free water; whereas, 
soils . which are dryish and crumbly usually 
contain sufficient water for the growing of 
plants; That is, lands in good condition for 
the growing of crops are moist, not wet; and 
we may, therefore, speak of the moisture 01 the 
,soil rather than the water of the soil. 



50 'l'HE PfHS('lPLJ<;h U1o' AHRJCl"LTVRE 

69. 'I'he fl·.·.· water of tit" soil is found at 
varying deptltR. l<'requently it <'omes to the 8UI'

faef' and oozes out us springs. Again it is many 
feet below tit.. surface. Tllf' supply is main
tained by minfall, tltut part whieh is not held 
by capillary attra('tion or rf'llloved by surfu('" 
drainaK" P'l'Sillg" down to tht' It'yt'l of th!' fl'(,(, 

water. III soili.; whieh ar!' Yt'l'Y POl'OUS awl 
open, as g-l'Iivplly soils, a lal'g"" part of the ruin
fall passt's ,lowll quickly, and such soila are 
said to bf' "Ieachy." With soils that are fin" 
and compact and impel'vions, as in many clays, 
the water runs off by surface drainage, awl 
not only is tlte snpply of capillary water not 
increased to any perceptible degree, but th" 
RUTfacf' flowing rf'moYes valuable plant-food, 
,'aus.'~ ('rosion, aud illcrea~es dangers from 
flood". Ulld('r these circumRtances rainfall may 
he a deb·iment. 

3. HoUl the Moistltre-holding Capacity of the 
Soil May be Increased 

3a. Tilt capacity of th.e soil 

70. The first step toward utilizing the watu.· 
of the soil is to so fit the land that the rainfall 
may be stored. In the winter months a large 
percentage of the rainfall is removed by surface 
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drainage, awl ill Ill,' ~UlUlllt'l' llI()llth~ by "vap"
ration, TIlt' ,oil Ahould 1", put iuto sneh con
dition ill ttl~ full thnt it ,'un !"',,<lily nh"'I'J. th" 
willt,,!, millfnl!. If till' 'lIrfu,'(' j, harel, "Illooth 
nnd (·OlllPU(·tt-"d, a~ is ot'tPU the ('u:-op with ('lay 
soils, it ,110111<1 I,,· jooRPnpd with tlll' plow lind 
be If'ft rnug:h a,ntl U1H'Yt'iL if there is ,1u..ngPl" of 
~llrfa('e f'rosiolJ OJ' wa:-:hiug, ~()JUt' quiek·g('rtlli· 
l1lltill~ R.P('(l (a~ ryf> or l't'(t,) mHy bt' ,SO\Vll in 

early fall, TIl(' )JIllnt~ J"'('\'put th" mill from 
flowing away rapidly, lIml th" root" billd tlw 
particles of ~()il in place, 

7], TIlt' ,'upu('ity of tl", Hoil tt) hol,1 water 
depends UpOIJ it" origiual ('onHtitution (whether 
day, loam, ,awl, ete,) Ilwl Ill'0ll thp treatment 
which it ha, l't'l'l'iwd, If till' h11111UH or deeay
ing "rganic matter has h"ell depleteil, its moi><
ture- holding capacity if< dimilliRhed, 

72, 'fhe capacity of the dilff'l'elit "oil~ t.. hold 
capillary and hygroscopic watpr (wh('11 dried at 
a temperature of lHO) is showu by the follow
ing-table: 

K' ... .,'~ 
Pt'T cent (ltll we;(lhtJ P#Y unt (by Ml· Poufuh a/water 

.. \", 
of ml'>i$Wrt held UT1'U') hl'ldin inl cu. ft . 

ilt ,oil Iwil o/-ml 

Silicious sand " 25 37.9 27.3 
Sandyelay 40 filA 38.8 
LoaUly clay 50 57,3 41.4 
Stiff brick -clay 61 62.9 45.4 
Hum". . 181 69,8 50,1 
Garden llloid 89 67 :l 48.4 
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3b. Oapacity is increased by the addition 01 humlU 

73. A study of the abo\'e table reveals tlw 
fact that the humous soil (:J:n far exeeeds any 
of the otherH ill its ability t<> hold moisture. 
By long-"ontinup,l cropping ami tilling, without 
making propel' return" in tll(, way of green
manures or harn-manures, th" humus may bl' 
so reduced that til(' soil consists very largely of 
mineral mattl'r. One reason why newly eleared 
lands freqnently giw morl' Ratisfactory return, 
than lands which havp lw(ln long cropped, 
is that the fresh land is rieh in humus. Tht· 
soil is consequently open and porous, and Y1 
rain whieh fallR is quickly absorbOO, and ,,],. 
largely retained as capillary or hygrosehpi<· 
watBr. 

74. Th" humus of the soil may be' ~adual1y 
increased by plowing under grooll-crops, by tIl(' 
use of barn-manures, by using cover-crops 
during the late summer and fall and plowing 
them under in the spring before they have 
used up the moiBture which should be saved 
for the succeeding crop. These practices can 
be overdone, however, and the soil made so 
loose and open that the winds cause it to 
dry out quickly, and the power of drawing 
moisture from the stores of free water will be 
grea.tly lessened. 
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ac. C"p"fiiy mall be inr,.,,'lSed by ""der·dr<,inof/f 

n. Drainage has an intimate mlation to soil 
moisture. By draiuage iK menul. tit!, Illt'ans 
emploYHd for the removal of the surplus fr!)(' 
wat"r. Surface or opl'n ditcllf's may Sf!rVe a~ 

eOllduits to carry off surfaee water, but Ill< soil 
drains tlwy are failll1·e~. 'rho {'orred method 
for removing the surplus water of minfull is to 
cause it to sillk into th(' soil and be relllovNi 
by und!'r-drain~. That which is removed by 
surfuce flow fuils to impart any beneficial effectr' 
to the soil (69). 

76. Lands which are well nnder-drain~-d are 
porous. The rain which falls upon them IJRsses • 
down quickly, and is not removed by snrface ~~ 
flow. It is removed only when the level of the 
free water rises to the level of the (lrain. By 
observing the action of drains which are of dif
ferent tiepths, it haR been found that after a 
protTacted drought the drains which begin to 
flow frrst are those which are at the greatest 
depth, showing that as the level of the free 
water rises to the drain the flow begins, and 
that it is not removed to any considerable ex
tent in its downward passage. 

77. The sinking of thfl water through the soil 
does more good than merely to supply moisture. 
:rn the spring the rain is warmer than the soil, 
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and in passing down it gives up some of its 
heat, and the soil t('lllperature is tht-'rehy raised. 
In til'] summer thp rain is the cooler, and th€' 
soil parts with SOJllP of its heat. On lands 
whi('h haw bl'pn thoroughly under-,irained, crops 
are far bettp1' al>l.' to withstand drought than 
thos,' on land ",hi"1! Iw"ds drainag.·. 

78. Few ('ultivatl'd plants ('an thrive with 
tlwir roots in frPf' wat,,!". 'Vlwn tht' frt'e water 
1'S near the '1'.urln.ee, 1t 1~ ill.)urinu\:ol in sevenl\ 
ways: it lilllit.< th" .f",·ding "paep; it makes tIll' 
soil eold ill sJil'ing; it (){'('upies the space which 
should b.· filled with ail'; it ('auses plant-food i{:) 

he locked up; it dilllt('s tlIP plant -food in solu
tion; it preyent~ tll(' adion of micro-organisms; 
it cau".'" the rainl'all to \\\' CRlTi,,(\ off. largely by 
surfaet? drainage. Thoroug'h l1wiel'-drainuge tpnds 
to rellloyte alJ these ullfavorabl" eOllditiollf;. If 
therE' is no effectiv,· UTHler-draiuag<" either by 
natural or artificial channels, the water must 
escap<' by surfuC'e evaporation. 

3d. 1'he capacity i., ;II"rffl.,rd by proprr tillage 

79. Tillage enavles soils to bold moisture by 
two means: by ilwreasing the depth of the soil 
in which the plants can grow (that is, by in
creasing the depth of the reservoir), and by 
increasing the capillary power of the soil. We 
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have alr(;aciy 8 .... U (;'7, 'i,>-il<) that draining ill' 
ereaspg the depth of tl ... ~()il; so do .. , t]('ep plow. 
iug. Capillarity is iUI'I'''asl'<! hy titH'ly dh'iding I 
0)' pulverizing tlw soil. 

1<1). hlt'],PIl"ing tIlt' I·upillarity iW'l'eases the 
IllOiRtnre.ho!tlillg" "uf"",ity of Roils ill two wayS: 
it pnahl,'s tit .. "oil to lI('tulIll~' ]Joltl 1ll01'" Inois
turl' lW\' squill'I' ill('h; it ,·Blihh·" it to ,\raw' 
up Illoistnrf' frolll tl", frN' Wllt!'1' of thp lower' 
subsoil ((;;,) , 

1'1. By th,' actioll of capillary attmdion. 
moistu)'(' IllOV .. " from on" IlIY"r of soil to another 
(66), nsually from th., lowel' to the upper, to 
supply thp plaep of that whieh ha;; hll"n uRed 
by plants, or whieh has heen lOR! l,y In-apora
tion, Th .. rapidity of lllOY"!ll,'nt ami thp force 
with which it iR held liepelld upon yarious 
eonditions. A Hoil in which the partieJH8 are 
somewhat larg", a, in sandy or gravelly soils, 
may, if well eompaeted, show ('ollsiderable ra
pidity of movement, but weak power to retain 
moisture. The finer the division of the soil 
particles the greater is the snrfaef' presfllltBd. 
In finely divid .. d day soils, the Illovement of 
capillary water is slow hut th .. retaining power 
is great. Occasionally it happens that the par
ticles are so fine that the spa('(~s disapJX'..ar, and 
there is produced a condition through which 
moisture and air cannot pass. This state of 
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affairs is produced when' clay soils are "puddled." 
It is (l,ident, therefore, that soil~ which are 
either very 1008e or exceedingly finely pulverized 
are not in the best condition for the holding of 
moisture; but the danger of over- pulverizing is 
very small. 

4. The Conservation of Moisture 

82. By eonservation of moisture is meant 
the prevention of all unnecessary waste of the 
capillary water of the soil, eithe]' through weeds 
or by ()vapo:·ation. It is the saving and utiliz
ing of moisture. The object if! to make the 
water which speks to escape from the surface 
pass through th" cultivated plants. Plants re
quire that their food be in solution. The 
moisture of the "oil contains plant- food in 
solution. If this moisture is permitted to 
escap" from th.. BuriaN' by evaporation, it 
leaves the plant- food at the surface. This food 
cannot nourish plants, because it is out of the 
lange of their feeding roots. If the escape of 
the moisture is through the plants, there is 
created a moisture current towards the roots, 
and the plant-food is carried where it can be 
used to advantage. 

83. Moisture rapidly rises to the surface 
by capillarity, to replace that which has evapo-
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rated or has ht'f'1l used ·hy plallt~, if the soil i~ 
in proper physical conditioll. M .. a"nl'e8 should 
b.. adoptt'ld to pr!'vf'nt this IlwiRtnl't' from h,,
iug lost by ('vaporatioll. TIlP mORt prlH'ti"al 
and effective method is by e"tabli.hing aTIII 
maintaining a Auria('(' mulch of Aoil. By f1")

quent us,· of implenl\·nts· of tillag ... which loosf\ll 
the soil to a a.·pth of two or thl''''' inch ... , this 
UlllI!'h may hI' p1'e8"rv,,<1 lIud HIP IllOi8turp 
Raved. The drier lind lool'"r this lIlu!<·h, tlw 
more effective it iH. 'rhis .h·y antl loose "urflt<", 
breaks the capillarv connection betwflPn the ail' 
and the moist und"'l'-soil, and 1m" tll" effect of 
interposing a foreign body hetw.·en the atmos
phere and the earth. A hoard or a hlank"t 
laid on the Aarth has the same effeet, and the 
soil is moist betlPath it. This soil-mulch should 
be renewed, or repaired, in the growing f'ea80n, 
as often as it becomes hard or baked, by means 
of shallow tillage. 

BUGGES7'/02'lS ON CHAPTA'R .III 

62c... To show that growing plants 8re constantly giving off 
large quantitif's of wat.er through tbf'ir foliagt'j grow corn, besnM 
or 8qnashcs in rich soil in n. tlow(Jr~pot. ()\'er the Hoil in tb43 pot 
should be pltlced a rubber or oilt"d eloth em·ering. HO that no 
mOIsture ean come from this source. Then o,,"er th~ plant place 
Q. afsss.bell-jar or a common fruit-jar, and notiee how t'apidly 
toe moisture collects on the interior of the jar (Fig. 10). Thill 
erpenment may be eondueted even better in the field. 
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63u. Irrigation i8 of prilDary value, of oourse, in all arid OODn
tries; but; AS complete 8)''S1ema ot b.nd en.1ture develop, it muat be 
employed aho in eount1"ie8 of tree rainfall in order to tide over 
period!!! of drou~ht and to enable the bU8bfl.odman to control bis .OQ
ditious. Irrigation will come more and mOre to be 8. truly nation .. l 
Itl'Oblem. 

66(1. CaptIlary nction, at capillarity, is due to tbe attraetioD 
1 ot matter tor mat,te,. CapHlary attraction i8 that foree which 

Fie· 10. Ho" to .bow that plantt ,Ive 
off mola'unI, 

Jo'la.ll. To dtlterfl)ine JloW' much 
wate.r & $011 eau bold . 

{'BuSes a liquid to ascend or descend Of' wove laterally through 
veey- small openings or tubes, or the iuteT'Sllee& 1wtw~n fine par
tieles at !lOlid matter, or by which it is lleld to tbe surface ot the 
I··articles themselves. Tbe teachor should illustrate capillllrity by 
the familiar experiment ot stAnding tubes of glas8 in water. The 
!!''OalleY' the bore of tb~ tu\,('o. th~ h\~hf>T the wntel" risel. Tbe on 
tisee in the wie..k b~' means of eapiJJuity. The principle may be 
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illustrated by ruling 8traight (o't arglt.ud) lawp e.biwllfY. with 
compaoted dry soil and standing them I'll 1\ dish ot wa.ter. 

68a. Film moistu.re. cAn be iUu8trtl.led by dipping a marble 
into wate r and ObS61"Ving UU~ gkin or film of moisture adhe.ring to 
a.ll sidea. The moat 8I),ti8f8~lory oonditions ot soil moisture axiat 
when each soil grain is covered by a film ot ws.ter. Tbe ehar
aoter ot rum moisture is changed by tb tbiekne8~ or tile film. 
The thicker the 61mJ the IBM tbe tension to the oody J until 
it becomes 80 thick RS to I!\epa.rute from lhnt. body and become 1\ 

drop ot water j nnd it is then subjeot to ths law of gt'8"itatioD, 
nnd can travel but in one direction-dowliward. \Vbil u in a. atate 
of film moisture, it is Ilmenu.lJle to the luw-of eupiltlLry attraction, 
uod can move in o.ny direction. wbic.h means thlit it gOttH towllrdl:l 
the thinnest 6lms. The relldiness willi whieh water filmK tr'Il,-('1 
can be 8een by dipping a l)ie<!8 of culJe tmgtt.I' into coffee a.nd 
observing how quickly Ule liqu.id ]I('l',·a.des tho lump oC 8uga.r. 
That soil moisture muy move with lhe &'lUle facility as the 
coffee doed in the SUgIU:, it is nece888ry to blwe the &oil grain!! 
in proper touch oue with another ;-not 80 far apart but that 
the water films can reach ontl to the otber, Dot 80 close ill to 
impede the pl'ogres8 of the 61ms. The two e::rtremes: in tJoil call 
be 8eeu in 100£10 g1'8~vel and Ju,rd clay. 

70a. By raintall is meant IJrooipitatioD,-lho fall o,t "ater in 
s..ny form, ItS in J'8.iu, snow and hail. 

72<t, That different 8oils: "IU')' in their capacity to hold 
moisture may be illustrated lJy the following experiment: Pro~ 

vide several flower-pots of the same size and 8bape. The VB

riou8 80il8 fJhouJd be thoroughly dried in all oven. At lefttlt 
four kinds at 80il should be tested: grtl,-el, sand, e.lay, and gB'r
den loam. Place an equal weight ot eac.h lOiI in the pats. 
Suspend one o't the pate (rom a eommoD spring-scales (Fig, U)_ 
Notice the number of pounds and ounces registered, Now 
slowly POUT water upon the soH until it is tho1'O\lgbly eatnrt.ted. 
Cover with a piece of oiled cloth or oiled paper, and allow it 
to drain until no more water will flow from it. The water 
whic'b drains from tbe pot is the free water. The difterenee in 
weight of the pot of soil before soaking, and after tbe draiaage. 
eow. the amount of water held by capillarity_ 
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74a. The plowing under of green~erojJf:I sometimes gi~el!l 

UIJfl8.tislactory resulLs. 11 II hesvy groM'tlt is plowed uIJder wben 
Ule Boil d068 not contaill 8ufficjent rnoiHture to C8use ready 

Flc. l!!, 1.'lIe I.f~r ( tl 6} ul uude
eoMpcu;etl httrbH"6_ 

soil tlmt ctlpiUarity will be 
hutened. 

deeompo8itio~IJ this Inyer of (oreign 
matter prf'ventB tbt! 1)llssage of 
the "'ater from the subsoil to the 
surface Boil ( Fig. ]2). The eral) 
which is then plttnted must uee· 
€'ssarily feed for some timo ill the 
8urfac~ soil, llnd in case ot pro
lODped drought, 11 pnrtiol or (;OW' 
plate failure o[ 11,e erot) lDay re
silit. Heavy gro\\1hs ot eover
crops, as W£<lI as eoatS6, I:Itrnwy 
lllrmUrel5, sholLld b plowell nnder 
when there is sllffieitmt liloj8tur~ 

in tbe soil to cause decomrl() ilion. 
In ease it is lJe("e~slu'Y 10 plow 
them nuder when tlw Moil is dry, 
-Ii hf'll\',\' "oller will so ("ompllct the 

in part l't'oSlorcd IlIld decomposition 

75:0. While snrfMe drains llrE! 10 bl.! !woided, yet it fTequeuUy 
become. neeeS8I.Lry to provide a. conduit or opeo dilf'h into wbich 
tile drainfJ may open, or to l'etnOVC! flood w(\t~r. tt i~ u. ~ommon 
error to hove the banks tooverlieaL Tbrolll!b UIt' tl.etiQll or fro~t or 
tbe URwping ot Slock, tile bllllKIf l\J't! eouslfUilly rt!<luiring atten
tion. 'I'he diteh ahould bo wide, and the banks should have a. 
gradunl slope, as illustrated in Fig. 13_ Gnl.5s-seed sbould be 
sown over the ~idea rmd bottom, 80 UJat tbe 60d will prevent 
wwilijng. Ouo ea.n drive neross such a. diteb. When posaible, 
tbis ditch wouln be wtlde the boundary of 11 field, or be placerl 
U(lar It fen(·t.>. 

jf)u Till" l":'lJth III wh ich tiJe drains ahoultl be placed must b8 
determined 1".'" the IInlure of tbe Mit 10 T'ery eompaet and 
imper\-ious suiJ.tI, us. eiIlY. the drnw8 must be eJoser together and 
n,etveJ' the ~lIrrllr"e lhftn in ,)()roU8 8Oils. l~nd may hecome 80 
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bard. upon the surface that tbo water ot raiuta.1I ne,'er e81t pua 
down, By pJaeiJlg tile drains sballow, the soil is nmdt:lred mallow 
and porous, "rater pll88e8 down readily, tbe level of tree WQfer i, 
raised, and the surplus is remo\'od. 

7Gb . 'l'be distance n))ort ot wJlich drains flhould 00 1)laeud ill 
variable, but 30 feet iri ul:mruly considered mOl't l\dvil\lLbll\. Th(.l 

level of the free Wa.ter tend.s to rise higher fit a poiut midwflY 
between draius, A.S shown in Fig. 8. 11 the dmins are too rD.r 
apart, this tend ney may ba greater thl\1) the t~1tden(! y to lDOV(' 

t-oward the drain. in 80ils tbrough wbich fb6 wu.ter bl0\'(_·tj some· 
what readily, the drains mAy be farther remo\'ed tbsm in olose, 
imperviou~ soi ls. 

7&" 10 the spring, 011 undrained soils, free wntor remain8 
tor &. considernble time De&-r tbe !Surfaee; "onseqtloutly the pltlnt 

-Pi,. I .. , ~Ide tOO fll~p. 

room CIUIDot penetrate deeply into tbe soil. Wh.en tile drought 
comes tne lJurfa.t1e is first Ilffeeted, nnd the planb! 8t1ller a.t onc1f", 
It i8 a 1III'en~known (net that ta:p,·roote<1 pla.nt-a are- admirably 
fitted to 'withlJtaod, dry ",·cathf!r. Tbei'r' feeders are deep in tb~ 
soil. It i. t:hd ~ndition which its obtained to a. certain , -xtcot by 
unde-r-drainage. The soil above tbe drain is mAde porous, th~ 
'1V8.tOT whicb cannot be held by capillarity is quickly removed, the 
air penetrates, the HOB becomea warm and congeDll\1. . Tbut 
II, ,- ' • ,'" 



}'Ia. 1(0. Showin. the condition whieh 
prevllU.lln Ivrine on cold, undrained 
• ofll,-wben the ".ter·table III tf)l') 
hlgb. 

Fie. Ii. On 'If'oll-dn.lned IOU •• the 
I"OOtl Itrlke do",n",.rdB. 

FI&'.l6. When the dranah&. eomel. 
the vlant II Itlll ahailow·rooted • 
and It aden. 
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phwtH a.rtl tlual,lt,d ~'al'l~ ill tlu"il' ~J"owth In t·wnd tlwir root.tI uown, 
Mld wh"u drought !'umt'''l they ur.· tint ""NiullSly injul'f'd. Figw. 
15-18 iJlustrate this. 

79a. The Hoil reservoir may 1." underst()()ii by likening it to 
n. pllll. A two-iuch rainfall f11h~ lUI iD{'h~dl't;'p ptUl and ruus it 
O'\"N; uut if tllt\ dl'pth if' iu<'rt>llsed t-o two ltwlu'H, lIoDe ot tb., 
rllin el'wal":~R. Tilt, Imr(l-pILu or wntt"r-tahlt· hoi tllt< bottom of t.btl 
soil resE'rvoir_ If thit> bvttom iR within a f(_Ow in<,h('s fit thft Bur
face, the ordinary r!l.illfalls fill the soil 80 full that it is muddy, 
Ilnd ~me of the water may bfi lost by Burfal't;I w8t!hing. Deep 
plowing lowert! tho bottom of the }"E'l'lf:ll"'Voir, and thf' ",oil hold. 
mOre watE'r antI )"t't remains drier. 

81a. Tillalle operations should vary MooNing to th, nature 
of the soil. Those soils which are 100)116 snd lwrouli should bt, 
«ompacted after plowing, so that the capillary connection wily 
be restored between the surface and the subsoil. The mUfr 
may be used. With finely divitllld HOi1~. which have $ tendeD'-'Y 
to beeome too ('ompll.(·t. only ,",0 Inu('h tillage should be given 8!ol 
iM neef'ssary to product" tbe proper dt'gt'ee of pulvt'trization. It il-l 
posRible to 80 eompl\<'t and fine Mome soil",. as ('.lays, that the 
~p8.('t'ij between the !!Ioil particles is filled, and a condition iK 
produced whil'lh prevents the riAt' of moisture hy capillarity, 1uHl 
also prevents the absorption of rainfall and th~ pasMage of air. 

8111_ Of gent'Tal farm crops. a.bout three hundrE'd pounda 01 
water is used in the production of one pound of dry matter. An 
inC'b of rainfall weighs, appro:rima.wly. one hundred and thirteen 
and onewhalf tons to tbe acre. The student will discover 1h81 
the rainfall of the growing months may not bp suffi('ient to supply 
the crop; henes tbe neeessity of saving the rainfall of winter 
and spring. 

83a. On the general subject of soil moisture and its conler· 
vation, read Chaps. v. and vi. in King's "Soil." and r,tmp. iv. ill 
Roberls' ~~Fertility of the Land." Also conault poblie&tiona of 
the Experiment Stations and U. S. Department of A~ricu1ture; 

and part 3 in Vol. [of Cyclopedia of AmNican Agri~ultt1Te ; &1so 
the recent .oil books of Hilgard, and of Lyon and Fippin. 



CHAPTER IV 

'],HE TIl.LAGE O~' THE SOIL 

1. What Tillage Is 

84. We have found (52, i9) that tillage is 
oue of the inean8 of improving the physical con
.litiou of the soil. By tillage is meant the stir
ring of the soil for the purpose of facilitating 
the growth of plants. 

85. We may di'ide tillage into two general 
kinds,-tillage which cove~ the 'entire ground, 
and tillage which covers only that part of the 
ground whieh' lies between the plants. ThE' 
former we may call open or general tillage, and 
the latter inter- tillage . We practice open tillage 
before the seed is sown: it therefore prepares 
the land for the crop. We practice inter-tillage 
hi 'fruit plantations and between the rows of 
crops: it therefore maintains' the condition of 
the ~oi1 • 
. '86. We may also speak of ~tillage as deep or 

shallow. In a general way, tillage 'is deep when 
it' extends more than six incheS'into the' grQU®. 
We also speak of surface ~. ~hen' ',~ 
't, {_> ,. 
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stirring IS (lonfined to tlw one, two 01' three 
uppermost inch,)s of the Boil. 

:2, What Ti/la,lIP Docs 

87. Tillaw, illl!'I'()\'('s til .. physicnl "ondition of! 
tht1 soil: by filliuA' th" soil awl ex((.nding the 
feeding al'<'a for roots (;;:n; by increasing the 
depth of th" soil, or loosf'ning it, so that plants 
obtain a d,,"pnr root -hold; hy ('uusing the soil 
to dry out and warm up in Fprillg; by mak
ing the conditiolls of moi8tur<1 and t<lmperature 
mOl'e uniform tL>r()lIghout tlHl growiug senRon. 

88. It aftls ". tlw Baving of moisture: by 
increaRing th" water-holding capacity of the soil, 
or deflpening the rf'g.'rvoir (79) j by checking the 
evaporation (or (·on~.~rving, or Baviug, moisture) 
by nwans of the surface-mulch (83). The fol'
mer is the result of de"p tillag", as deep plow
ing, and the latter of surfa"e tillage. 

89. It hastens and angments ehemical action 
in the soil: by aiding to set free plant-food; by 
promoting nitrification (C11ap. Yi.) j by admitting 
air to thl' soil; by lessening extremes of tempera
ture; by hastening the decomposition of organic 
matter, as of grtjen-crops or stable manures 
which are plowed under j by extend,ing all these 
benefits to greater depths in the 8Oil. In a very 
important sense, tillage is manure. 
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3. How Tillage Is Performed, 

Sa. By deep-working tools 

90. Plowing. We plow (a) to get the land 
in fit condition for planting, (b) to pulverize the 
soil, (c) to turn under manures, green-crop~, 

and trash, (d) to deepen the soil, and thereby 
increase its storage capacity for water and ex
tend the root pasturage, (e) to break up or to 
form a hard-pan, (f) to warm and dry the land, 
(g) to allow the weather to act on the soil,' 
Passing over the first subject (a), we may ex
plain thll remaining objects of plowing. 

91. (b) Plowing is the most efficient means 
of pulverizing the soil. That is, it is not enough 
that the soil ,be inverted: it must be ground 
and broken. For purposes of pulverization, 
the shape of the plow should be such as to 
twist the furrow-slice, causing it to break and 
crumble as it falls. The moldboard, therefore, 
should have a sharp, bold outward curve at its 
upper extremity; and the furrow-slice should be 
left in Iln inclined, or even nearly perpendieuiar 
position, rather than turned over fiat •. 

92. M Sin<.,'l3 it ~ iruportrurt that otg1UIie 
matter, as manures, shall quickly decay w.heu 
turned under, the plowing should be done when 
the season is moist, as in early spring or in fall. 
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Clover and rye lire also apt to become too hard 
and dry if allowed to grow to maturity. Herb
age which does not decay quickly when plowed 
down may seriously injure the crop for that 
season (74a). }<'or the covering of herbage, th4C 
furrow should b" broad and deep j, and if the 
land is to he surfaee- tilled shortly after the 
plowing, <>ar(' should b" taken that the furrow
slice turns down rathel' fiat, 80 a~ to completely 
cover the plantR. 

93. (d) The deeper the plowing, the greater 
the water-storage J'Aservoir will be, other things 
being equal; but the plowing may be 80 very 
deep as to bring the unproductive subsoil to the 
surface, in which case the increase of storage 
capacity may be overbalanced by the loss of 
available fertility. On mO>lt soil~ and for mOl!t 
crops, eight or nine inches is II sufficient depth 
for the plow. Shallow soils are both too dry and 
too wet. They are too dry, because much of the 
rainfall is lost in surface drainage or by very 
rapid evaporation. They are too wet after every 
hard rain, because- the water is held near the 
surface (79a). 

94. (e) If 1# bard-pan is near the su:rfaee, 
d~p plowing will break it up, although tllil 
most permanent remedy may be under-drai!:u\ge. 
In very porous soils, however, it may be neces
S!U'Y to form a hard-pan in Qrder to prevent 
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leaching. This is dOll!' by plowilll! at the sam'" 
dt'pth "ach Y"H", HO thiLt the land lieeOllW8 COIll· 
paet.,d under tIl(' furrow. Loos" and sandy land" 
may need shallow plowing mtilPl' than deep 
plowing. 

H:l. U') Land whit·1t i~ turn".l up loose ROOll 

dries ont, b<;'''1118e so llluch surface is exposed tl) 
the air. In spring, it is often np('eHRury to mah 
lands warm and dry, ('specially if HtH'h crops n,' 
corn and potatD"" awl "otton 111' .. t.o liP planted; 
and this is done by very ellrly plowing. 'rill' 
slices should not. h,' turnpd down flat, but 
allowed to lie up loose and broken, and the 
harrow should not be used until the soil begins 
to be dry and crumbly. Care should be taken 
not to plow clay lands when wet, however, else 
they become lumpy and unmanageable. 

96. (g) Freezing and thawing often pulverize 
and improve heavy lands, particularly days. 
Fall plowing, therefore, may be advisable on 
lands which tend tD remain lumpy. The results 
are best when the furrow-slices are left in a per
pendicular position (as in Fig. 21), and when 
the harrow is not used until the following spring. 
Heavy clays tend to puddle (81) or to cement 
together if fall plowed, but the danger is least 
when there is herbage (as heavy BOO Dr stubble) 
or manure on the land before it ill plowed. 

97. Subsoiling. When it is desired to loosen 
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or pulverize til(' land to a A'N'ut d'1pth, the suh
soil plow is run ill tIl(' furrow hehind th" ordi
Hary plow, SnhsoilinA' proyith,_ a dN.'p<,r hed 
foJ' roots, bl'('uks up til" hur,l-pltn, lind dri('~ tho 
~oil. 1\101'P p"nnal1('1It I'('sulto arp lI"ually ob
taim·d l,y thOl'OllA'h n1lfh'1'-,lraillltg", 

!lH, 'l'illu;r" by meau" of surface-working 
tools-as hops, mkes, "ultivl1torH, harrows, clod
~ru8IHlr"-h!lH till, foliowinA' oh,i('ets: (a) to 
luake Ii h"d ill which """ds ean 1)(> SOW1I or plants 
set, (b) tn coyer thfl s(\flds. «(.) tn pulverize the 
ground, (d) to e8tnbliHb and maintain an earth
mulch, (,.) to <1,,"11'0), \\,(,(·d". Asid,' from these 
sp"cifie bpnefits, "Ul'fa,"e tillage contrihut{ls to 
the general betternwnt of soil eOll<iitionll, as 
outlined in 8i, 88, 8\). 

99. In making the earth-mulch (the im
portance of whieh as a saver of moisture is 
fully explained in 82, 88), the other ohjects of 
surface tillage are also secured; therefore we 
may confine OUl' attention to the earth-mulch for 
th{l present. The mulch is made hy shallow 
tillage-about dtroo menes deep, in rreJ'd conru
tions-before the seeds are sown. The first til
lage after plnwing is usually with' a heavy and 
coarse t{)()l,-as a clod-crusher, cutaway harTow, 
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or spring-tooth harrow,-and its object is pulver
ization of the ground. The finishing is done 
with a small-toothed and lighter harrow; and 
this finishing proviof's the "eed-h<1d and th" Hoil
mule}). 

]00. Th .. "arth-mulch is dt>stroyed by rains: 
the ground becoIllPH bakt>d. But even in dry 
tinles it beeomes eOlllpa(·t, 1tJl(1 eapillarity is 
restore<l J."twppn the IInder-snil Itnd the air. 
Therefore, the Illll]"h must be maintained or re
paired. That is, tlw harrow or ('ultivator must 
be used as of tell as thf' ground hecomes hard, 
particularly after .. very rain. In dry times, this 
surface tillag.l should usually he repeated every 
ten days,-oftener or less often as the judgment 
of the farm,,!' lIlay dictate. The drier the time 
and the ('ountry, the greater the necessity for 
maintaining the soil-mulch; but the mulch is of 
comparatively little effect in a dry time if the 
soil moisture was allowed to evaporate earlier 
in the season. 

101. Surface tillage is usually looked upon 
only as a means of killing weeds, but we now see 
that we should till for tillage's sake,-to make 
the land more productive. If tillage is frequent 
and thorough-if the soil-mulch is maintained
weeds cannot obtain a start; and this is the 
idlllll and profttable condition, to which, however, 
there may be exceptions. 
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10'2. The <,ompaeting wol8 arE> rollel"l!, and 
the implement" kuowll as plankers or floats. 
The objoots of rolliug are: (It) to crush clods, 
(b) to smootlwll the ground for tbfl sood-bed, 
(e) 1.0 baRtt'll gf'l"lllillatioll of """d~, (d) t(> (lOID
pact and "olidify soils whieh ar .. otherwise too 
loose and open, (f') to put th" land in such 
condition that other tools (Jan act efficiently, 
(j) to facilitate the marking-out of la~d. 

103. By ,·ompacting the 8urface soil, the 
roller re-establish(lS the capillary connection be
tween the under-soil and the air: that is, it 
destroys the earth-Illulch. In its passage up
wards, the soil Illoisture supplies the seeds with 
water; and the particles of the floil are in 
intimate contact with the seeds, and, therefore, 
with the soil moisture. If the surface of rolled 
lands is moister than loose- tilled lands, there
fore, it is be<,ause the moisture is passing oiI into 
the air and is being lost. 

lOi. The rolling of lands, then, saeri1icl!8 
soil moisture. The rolled or compacted surface 
should not be allowed to remain, but the earth
mulch should be quickly restored, to prevent 
eVa.poration, particularly in dry w~ther. When 
the o'bjeet of rolling is to hasten germiDation, 
however, the surface callJlot be tilled at once; 
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but if the seed is in rows or hills, as maize or 
garden vegetabl~~, tillage should begin as soon 
liS the plants have appeared. 

BUGOJMTIOJ!(S ON ODAPTER IV 

Ma. Tillage js f\ 8l'Ccilio or specinl word, and is moch better 
thun tbe more generil! \Vord ell/ture, when one is spaRking of the 
£IUrring of the soil. The eolture of. a crop properly comprises 
tillage, pruning, fprtilizing, iUld other good eMe. 

85a . 1:'or the origin of the word iHtcr-tillngoJ see foot-note in 
Rob(Jrts' (I Fertility ot the Land ," p. 69. 

8Ba. It should })8 oDseT,·ed that surfAu Ullage saves moisture 
by proventing evnporl\tion, not, 88 eotnulonly supposed, 1.Iy CAU.8-
ing t111; soil to absorb moisttlre from the atmosphere. Whe-II 
moisture is most needed, is the season in which the oir is drye.r 
tbMl tho voil. 

SDa.. T') illustrll.te tho importaoce of air, select 8. thrifty 
plant, other tbl1.n $CJ.uatie plant, growing in a florist's pot, and 
exclude aU tbe air by keeping the 80_il saturated ,rHb watRr, or 
evell by keeping tbe bottom of the plant sta.ndiog deep Ul wat.er. 
and Dote t.he ch~king of growth, and, in time, tbe dt.>clin9 of tbe 
plant. The r emarks on draining (65, 78) show how undrained 
soils a--fa often sutu.r9ted with water i slld no matter how much 
raw material for pla.nt-lood may exist in snch a. soil, it. is u.n

a\"(l.ilable to the plant. The reader can now guess wby crops nru 
poor and yelloW' on .fiat Jands in Wf"t filt'MODS. On tb:e importance 
of air in BOil , read Chapler be. of KinJ.(s " Soil." 

89b. On the eJJ{'('ts Rnd IIPC,ps:;::iIY of ti1l;~t'. read ha-pter iii. 
in Robert8' " .Fertility of the lAmd," and Chapter xii. in King's 
"SoiL" A most interf'osting diH:r@ion ill this cOllnection is 8 
perus&] of Jethro Tull 's famous book on to Honw-Boeiog Hus
bandry" (5:k) . COpiN ot ('ohllf>tt't! t:-<Iition may !tequently be 
lound ill antiquarian hook fltON'S. 

9111. The treneb. l~ft by the plow ill a furrow. The 8III'th 
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"bich ift turned out ot the furrow is flo .furrow~sliC!&. in common 
speecbJ however. the word furrow is often -oRe<] for the fUlTOW~ 
!!Iice. 

DWI. Tho Ill!colU)llluying pictlU'es, adapted froUl Roberta' 
!' B'ertiHty of the Lnnd," ilhultrnte ditIerent types of plow~"·Otk . 

eig. 1, 8bo'~8 the t'lU'1'OW~6Iico comp1etely inverled. This kind of 
l)lov.;ng look! well, but it is not desirablo ulllee the objeot ia to 
bUl'Y weeds 01' a green~cl'op. The lurrow~8lices a.re not brokeu 

and pulvt'ri:t.~ll, llnd lilt'y QI't.' in t!ll('h position thllt the harrow 
('tUllIot tt'ft.r tbem Lo pie('(>s. PiJ!. 20 represents work whioh it! 
hett(-'t, tor m(l~t l.'ondiLiotll-, although the slices ute not pulverized. 
Fig. 2l Show8 lilcHI plowing . 

• Ole, '}'h(' idt'nl plow fat' ~~l.lerul flU'Ill work, in Robarts' 
opinion; h~ RboW11 in .Fig, 2:!. OblSenro tbe "quick" or sharp 
eU-",6ot thf'i moldootuvl . For fill ex~ellent sketch ot tbe develop~ 
men r 0\(-· pIo\\', ('ou~lIlt (,lm-pte!' ii. or R()l't'rts' "F~rtility of 
tbe L'" ld," 

DSa. About 12 to :.!O Vt'r l'eut or 1Il0if'ture in the &011 is the 
ideal conditiou for most plnnl!!. . lAit the pupil figure out what the 
percenLa-gt> will he AJ'ter k. rainfilll of one inch a D soils that are 
four inches deep aud eight inches deep. Ooneult Robert8. l1. Fer~ 

tility ot the Land," pp. if to 79, 
94Q. By haM· pan is meant very hard aud Dlore or .... 

impervious subsOil. Solnflo subsoils are loose; others a re 80 hard 
&8 teo preve.nt the downWArd mQ\'emen of wato4,'r and roots (1_). 



FI •. :!5.. The lOO$4! mu.lt h 
on tore!ft JIOillt. 

Pic. t8. SOOwln, tbe ('tI'eel 
t'4 dae rot,..)' iD~m_paetlq 
•• 0:1'1 .. 1., .... 

Fi,. 21. Th" .... 1J·mul'!b 
all tilled llt1\,~. 

:nco 29. 8bowin, how tu 
1f01l1'llflldl .bould be reo 
IIl(lrec.l II)' tlllaee.tter u
roller 1111.1 l)eeD uM4. 
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97a. Tbe stlbl'oil plow dot·'s not tUrn a furrow (Pig. 2.1). It 
is drawn by Iln extra. t('aIH, wbit,h follow!:' thp· ordinllry plowing. 

99(" A lHwful tool fol' making nnd llluintaining the 8oil·mul{'h 
iI~ !h~ ~lHoo1hing hart'ow sltc,wn in Fig. !!4. On bard Innds, 
howvn'!', hl':tvit,J" lind lllOf'tJ vigol'OUS 1001..: lIlU~t 1,(, uSPd. 

9Ub. Ohl'lnl'\'" how moist Hw I'(lil is in (Ol'h,ts, evt'u in dry 
tint('!<. Thi!i ('(mdition ix dtU' l!Ul'tly to ttl.(> ff)l't,~t shudfJ, hut 
perhap8 chif'fi_y to HH~ lllu\dl (If ielln'l'I on the ~l'olllld (Fill. 25), 

10l1t. Home f:II'IllPl'S 1\1'(' ulw!l:'''s u!<king- how to kill Wl:'pds, fiR 
if this WPl'{' the (·hief t'wl of flu'ming. But good farmers 8f'}doJll 
worry shout \Vt·t'thl, hf'eause that 1ll1\1l~lgl'mpltt of UH' farm which 
makt>s land the most pl'O(hl(>tivl' i~ IlI~o t,h(\ one ,,-hh,h In'fI''f'nts 

'Wf,f>(}l-l fJ'om g'JlITlL)g a f')othohL Bot. tlwJ'(1 fire .!'ome ('tlSf'B, as 
we shall find in tho m'xt chaptet', in whi('h we€'ds may be 
al10wtIU to grow with profit. 

10~1. A planker or fi0at. is shown in Fig. 27. 'fhifl is fl 

hom~hma41e dl'viel', In some l'1u'ts of the country it is callt'd B 
Niieker; tllld iu Uw l\'I'! .. t it is kn(/\\'n n~ t1 drag, In HIP ~Elt"t. tlli'! 
word drag h~ 8ynoUYlllOuS with hHT1'OW, 

lO4lt. 'l'o dt'tt'l'miIH~ wlll'1l and hmy 11111<'h to roll Jal.d, is oue 
of thfl mo~t diffi{'uff of li.~ri(·1I1tu!'nl operations. This is hcC'an8(1 
the good (Jfi4;<ets at'{" ~o ofh'll fo110\H'tl 11." tlif' ill drpets of Io:,!'! 
of moi8tlll'(' ami ()( puddlin,lZ of Intrli llllldH ..,,,l!l'll itf'avy rn.ins 
follow. "~}Jt'UeV('l' tIll! Ohjl·l·t of rolling is to ('olllpnc-t loosc 
lu.nds or Ult'tj-'ly to (·rn:;h 1he ~J(lds. the work should be qui('kly 
followw by t.he harfOW Of {'ultivntol'. COlll}lllrf> Fi~8. 2R and 29. 



CHAPTER V 

j<jNI{l('III'it: TilE ~OIL-FA!{M m:HOCRCES 

1. H'lwt [,'arm }(""OUrt"'8 ArI' 

105. The 1'",,1 ft'l-tility of til(' land i8 itfl 
power to prodl]('" (')'op~. It is soulntimes said 
to he tlw l'iellll('~K of tllP soil in elt'lIlenti< of 
plant-food; hut Hoils with much plant-food 
may still 1... IlIlprodw·tiw. ~\,rtility is pro
ductivt' powe!'. It is till' n'Hult of p:.)(),1 physi
cal eondition aud an ahuud<lJl('" of availahle 
plant -food. 

106. We ha\'e found (ill Chapters ii., iii. 
and iv.) that th" first ~t"p j,mHlJ'lis illereasing 
the productiveness of soil is to improve iti< 
physical t;,xture. This improvenwnt is aceOlIl
plished hoth hy mc<'halli"al means, -a~ tillage 
and drainage,-all<l IJ)" tit" addition of humus. 
The humus results from the application or incor
poration of organic matter, 

107. We have seen (34) that humus is 
supplied, in practiec, by cropping.~that is, by 
vegetahle matter left 011 the ground after the 
crop is removed, or by crops plowed under 

(77) 
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aud by stabl", manure" and other direct appli
eations, 

2, Croppin,q Resources 

2a. The kitul.~ of gl'('('1t~iII(/tlurf'.'i 

108, The stubLJI<,s of grain, dover, grass and 
sowed corn add eOllsitleraLJle humus to the 
soil, and th(,1'e is also JIluch vegetable fiber 
left in Ute ground in the roots; and the refuse 
left from potatoes and garden crops is often 
important, Sometimes the stubble and roots 
are nearly as valuable for ameliorating the 
soil as the part which is removed from the 
land, This is especially true ill clover, par
ticularly if it is not cut "}Og.' to the ground, 
Roberts reports that a SOOOlld-b'TOwth of cloyer, 
two years from seeding, gave 5,417 pounds per 
acre of top and 2,368 pounds of roots in the 
upper eight inches of soil; and the roots usu
aUy extend to three or four times that depth, 

109. Humus is often secured by growing 
crops for that particular purpose; that is, by 
the practice of green-manuring: Green-manure 
crops 'are of three categories: (a) regular or 
full-season crops, which occupy the land .for 
one or more seasous before they are plowed 
under, or until they have reached nelU'ly or 
quite their full growth; (b) catch-Cl'()pI!, wbleh 
are grown in the seasons between other ~l 
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(c) cover-crops, which are !:lown law ill the 
&lason for the purpose of protecting the soil 
during winter as well as for green-manuring. 

110. Green-manuring crops may be again 
divided into those whieh gather nitrogen and 
those which do not,-or those which have the 
power of using the nitrogen (see Chapter vi.) 
of the air, and those which obtain all their 
nitrogen directly from the soil. The nitrogen
gatherers leave their nitrogen ill the soil, when 
they decay, for th" use of other plants. The 
nitrogen-gatherers are the leguminous plants, 
or those which belong to the pea family, as 
all kinds of peas and twans, clovers, alfalfa, 
vetch. The other class, 01' nitrogen-consumers, 
comprises all other plant.~ u8ed for green-ma
nuring, as rye, oats, rape, mustard, buckwheat, 
maize. 

111. In general; the best green-manure crops 
are the legumes,-red clover for the North, 
alfalfa for dry regions, cow-peas and Japan 
clover for the South. With the exception of 
the cow-peas, these crops require one or more 
seasons for full development, and, therefore, 
~ llf' ll!'If'd .in .in.tM.~ye 1amring. 

lib. !I'M ffUJfUl{/ement oj g_-_ 
112. The ideal green-manuring is that whieh 

is a nart of 11 ree:ular rotation.-the Jm!EIIl. 
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nH:LIlUre erop~ 01' the Htuhble 01' ~od, oeeurrillg' 

regularly 011('(' ,'\,Pl'y few y .. al·". ill alt,'rnatioll 
with wlwat, l'otato"R a1l(1 other ~tajlle eropg. 
This, hO\H'SPI', i, l'0~~ih]P ouly with Ir.'uerul or 
mixed hu~IJnIH11'r (4a). III market-gardening, 
a11t] othpl" intf'w,jyp fa J'u .. 1i1Ig-, f'nt,(·h-eropr: nro 
often n~(_>(1. lu fruit-growing, eOY{:>l' .. erops are 
frequ('utly lI"eJl. 

11:;' But e\"t'll ill imklIlsiyp farming, the land 
sometimes bpcoll1p~ uuprodu('tive from too con
tinuous (,l'O],l'illg with om' thing. and the; too 
persistellt us,, of Olltl kind of fertilizer. It is 
theu oftPIl "rpstl't}" by ~f'('ding it to clover; but 
the good effeets a)'1' not tlw result of a rest, but 
of rotation or change of crop. 

114-. It is necpssary to <listinguish betw(,pn 
th(' effects of grepn-cl'ol's in improving soil 
texturp and their effeetR in t'll1'iching the soil; 
for soils whidl lIlay need improving in textlll'e 
lllay not need t'nriching. In fruit-gro"'ing this 
is often tnw; and the heavy additiou of nitro
gen (which eolHlllct>s to growth of wood) may 
cause the plants to grow too heavily and to 
bear little, and to be too susceptihle to dis
ease and to eold. In such eases, the nitrogen
consumers are the better crops. One must be 
careful not to induce an over-growth in grapes, 
peaches, apricots, and pears. 

115. On hard and poor lands, it is often 
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difficult, to SIlCUl'e II "cukh" or ,'Iovel'. III ~uch 

eases, it is w"n to b .. ~ill with rall-sown rye or 
lield pm.~, 'Vhf'll th~ soil has liN'OIll" lll"nOW, 
('lov!'1' lIlay l>f' HIWPps"ful. 

1 Hi, COYPI'-"J'(J(lH urI' \lS,·,] lllo"tly in fruit 
plantation" TI,,·y al'l' ~()wn in midAUmnll'r, 01' 
lat"r, aft.·!' tillagl' is f'ompi('t"d, -1'01' tilillW' should 
('easp N.rly, ill or(l,,1' t,hllt tl", fnlit plants will 
not h'l'OW jo" I"'u"ily HI"] too Illt<' , Th .. {'o,,<'l' 
i. plow, • .J Utl<l"I' "ul'ly tIlt· following spring' 
(/4(/), 'rh.. ('OV(·I' ('Iw"b til(' ),(rowth of the 
fruit plants, prevents the lawl from washing 
and puddling, holdR th" rainfall until it can 
soak iuto the soil, eausns th" soil t,) dry out 
early in spring, lessens injury from frost, 

11 i, 'V,,<"<ls often make good (·over-crops. 
The (·hie! difficulty is that thf'Y eaunot be 
relied upon to appel'tI' wh"n and wlH'T" and in 
the quantity wantRd, au,] ~onH' kinds may Le 
difficult to eradicate (lOla), 

3, Direct Applicatwns 

3a, Stable m,an"res 

118. The best direct application which the I 
farmer can make to his land, from his home 
resources, is stabJe manure. It supplies both 
humus and plant-food. 
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119. The value of JlliI.nure depends upon 
(a) the kind of animal froID which it is made, 
(b) the fl'ltld which the animal receives, (c) 
the amount of hedding or litter which it. COIl

tains, (d) the way in which it is kept or 
housed. 

120. Some of the most valuable constituents 
of manure are soluble, and are, therefore, 
removed by water. Consequently, manures 
should be housed to protect them from rain. 
A covered barn-yard is the ideal place in 
which to keep manures, for they al'e not only 
protected from weather, but, if the manure 
contains enough straw or litter, it makes an 
agreeable bed upon wbich stock may tramp, 
and it absorbs the liquids; and if it is spread 
in the yard as it is made and well tramped by 
stock, its tendency to heat is reduced. In six 
months' exposure to weather, manures usually 
lose more than half of their available plant-food. 

121. The more completely rotted the ma
nure, the sooner does it become thoroughly 
incorporated with the soil; and the decay of 
the coarse parts renders their plant-food more 
available. H the rotting proceeds under cover 
or in a compost pile (34a, Fig. 5), there should 
be little loss of plant-food by leaehiDg. 

122. H manure cannot be sheltered, it 
should be spread on the 1ieldB as fast' as 
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made. There is practically no loss of plant
food from evaporation, and the part which 
leaches i8 caught by the soil. Loose or strawy 
manure which lies too long on the ground, 
however, may becoml' 80 dry that it d(>€'~ uot 
quickly a<>cay when plow{'(l uuuer j if applied 
very thick, it preventR heavy soils from drying 
out, and thl'reoy delays spring' work. 

3h. (ltk"r dressings 

123. Muck i~ often useful 88 a source of 
humu", but it generally contains !itt)" directly 
available plant-food. It is generally improved 
if dug and allowed to weather some time be
fore it is put on thf' laDit Dry mllck is very 
useful ill stables and ('over",l barn -yards to 
absorb the liquidg; awl itK value as It dress
ing for th.. laud is thereby iuereased. 

124. Peat, when dooomposed and soil-like, 
becomes muek. Peat, therefore, is IllS!! valuable 
than muck as a dressing until it has been 
thoroughly broken up alld decomposed by 
weathering or composting. ' 

125. Marl is usually not rich in availablo 
plaut-food, but, like muck, it may be valuable 
to improve the physical condition of the soil. 
But only in exceptional eases is it worth. haul· 
ing great distances. 

126. Such ~ as II&wdust,' straw, 
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leaves, pomaae, are generally more valuable 
for the ilupmvllJg of the texture of the soil 
thou for the dir('rt addition of plant-food. If 
the soil i loose, dry alld leMhy, or if it is 
,. ry hard, compact and retentive, these ma
terial lIlar beneJit it, To determine tbe valul' 
of such materiuls in plant-food, one InllEt COD

sult tables of their composition in books; and 
the more thoroughly they are rotted, the more 
available are their constituents. 

8UGOA'STIOXS ON ('R.~PTER V 

1084. II The I)rorortion Of rOOts to t.(Jp" [in clovers] varietl 
widely. 'fhu medium red clover, on~ year f.:rom seeding1 gives 
n much llU'gc.r proportion of t'QOts to tops than c1o\"er two years 
from seediJlg. ned elO\'er wMdl pl'odu(·t?'r; two tons per acre 
lOlly be expected to furnish )lotf.:'ulinlly to tbe soil, after tlu: 
t.irst. 'utting, ill roOlli aud stuhbl(', 40 to 60 pounds of nitrogen, 
20 to 25 pOlUuis of phosphoric s{'id l tUld 30 to 50 pounds or 
1,otash . Tbirly bushels of wheat * * * aod 2)700 pounds 
of etrow, would remo,e approximately 46 pounds of llii:rogen, 
:!O poullIlB 01 pllosphoric acid, and 26 pounds of potaah.J'_ 

Robo'~. «F~"liJity of the ./..Inut," $40. 
109a. Acee8~ible dis('u~ions of green-UlaUurin~ ate to u., 

found in Cha.p. Iiv.,·' Fertility of tbe Landi" pp. 117-l23, Voor
hees' ItF8rtiliHrs.~ CO"(U'-(!rop~ in J't'latioD to fruit-culture are 
discll8il8d in pp. 184-20'2 of BailE>Y't'o "Principles ot Fruit-Grow
ing." and in other books and Meent b1ll1etina. 

1114. Intensive farming is Phigh-culture" tlU'lllina. It ill 
farmlng ou A. comparatively small seale, when the land is kept 
~OB8tantly ill produetive crop, with the best of till ... , and the 
tree ose 01 manorf'8 and tutnjzeJ"S. Tbe Jand js fOl'ted to its 



PI".31. A t"<)lDlJ)()n t)'pe of barn-fard. '1'he .tAlas OQ l1t~ barn thow ,.,he", tM 
Ift.nun! .. AS baJltfzfo<l froro the! ea .... ; _rut the .lI1d·!Juddlfl abo", Wh.-N 
1Il'Qeb. of tb. fertiUt7 bat 1O'D8. 
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utmo!t oapacity. M.urket-gaf'5lening and forcing-bouse culture 
are exunples. 

J llb . Exten"h'o farming is general bUBbfUldry, especlally 
when dODe on a. lurg 8cflle and without forceful methods or 
tilloge &nd cropping . . Grain-farming and stock-raiaing are ex
ampl~8. 

120«. A eO\'ered bttru-yard i!\ sho .... '}) in Fig. 30. This is j~ 

basftment. uude.r the fol'lU bn.l'n at Cornell UUh'6r&ity. 'fhis 
aft'ords Ii protected plac-e in whicb the stock mily exercise in 
(·ord wfmther i nnd if the ~8ttJe are dehorned, tIley' l'rmniJl to-

PIt'. :r2. A btlndy and eeonomlcl\l .t .. Lle. with ealll&rae.ks, • Ulan"re "rouR}! 
(1x'hhld whieh i8. "_·a!k). And .. Imall ,bed I.i tht n>fIol'. with .. hoUnwP.li 
N"lIl1'ut 11l\llI\ln, tor the ,lor"Reof t.ltemano~. 

Ilf>tbt'r ]K'lll'caLly. Su{~b rul area. tl0t only s.a'·e~ ille roanD.l'e" but 
it ILddFi tn the welfQre and "alue of the stock. Compare this 
with tbe ('ommoner type of Yfltd, 88 shown ih Fig. 31. A 
b~Ddy l\n<1 efficient arrangement tor the sa.ving 01 mtUlUJ"e itl 
s.hoW1\. in Fig. ::i2. For ge.nera! ditse'Usaions on f~nn Dl&Dure~ 
and metbods of sa.viDg and handling them, ('onf!lult &berts, 
ctFertility ot. th~ Land," Ohapt-era vi., vii., viii. , h:. 

126a. lInek, marl , and other materials of this cl ... are 
dOuidered in Voorbt"E'S ' "Ferti,JiZf!'l'8, "Chapter vi- , and i.n Boberta' 
~Fertility, Ch.pter :J:iii.:" and the appendiE to the latter wOl"k hu 
tull t&blu of the fertilizer conat1tuentl of v8ey maoy aub8tane88. 



CluPTElt VI 

ENRICHING THE tlOIL-GOMMERClAL 

RESOURCES 

9. lP'. OAV.A..IiAUQB 

1. l'IIe E(M"eJlt~ in tile Soil 

127. Chemically, a fertile soil is one con
talDlDg an abundan.ce of available plant-food. 
The substanc~s which are u!-'C6ssary for th~ 
growth and welfare of plants are called plant
foods. There are about ten essential elements 
of plant-food. Six of these afe derived from 
the mineral paft of the soil,-phosphorus 
sulfur, iron, calcium, magnesium and potas
sium. Nitrogen is contained in the humus. 
Water snpplies the hydrogen and oxygen 
to the roots. Carbon comes from the air. For
tunately, the greater part of the plant-food ele
ments of the soil always exist in quantities more 
than sufficient to supply any possible need of 
the plants. 

128. Three oC these elements are often de
Jicient in the soil; or, if present, they may not 

(1'1) 
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be in condition to be used by the plant. Thes(' 
are nitrog"cn, phospho)"u8, and potassium. A 
fOUl"th plant· food is al~o sometimes uefi('ient,
eakil1lll. TheK(\ fonr Ru\>stal!CeS, thf'refol'e, m'(' 

the one~ which the fannel' lIfleds ta canside!' 
",hen fertilizing the land. 

129. Bf'fore the plant eun use any of the~" 
,"tllll,,"t" of plallt·food ill t118 ~oil, they IYlU,! 
[,~"OIlHl diH:';oln,d ilJ the soil \Vat,,!", which i~ 

abso)"h", I by roots. 
130. Whil(' all plants neeu certain elements 

foi' their growth, they cannot lise the element8 
in their elpnWIItal or uncombined forms. In 
faet, the elements as such do not exist in the 
soil. They Ilre united with ('aeh othp]" in com
pounds, and it is by absorbiug the ('ompoullds 
that tlHl plants obtain the llf'Cc'ssary elements. 
Phosphorus is essf'ntial to the life of plants, 
but it is never used by them in the form of 
elemental phosphorus. It is always in some 
compound, as phosphorie acid or a phosphate. 

131. When the eompounds exist in such 
eOllditioll as to be readily absorbed by the 
roots, the soil is said to contain available 
plant-food. Often there is sufficient plant-food 
present, but not in condition to be taken up 
by the plants. It is then said to be unavail
able, or to 00 loeked up. Availability is deter
mined by two factors: by the substance being 
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soluble in soil water; by its being of such com
p'>sition that the plant will '.1$(' it. 

132. Olle problplll for tl ... !lgri('ulturist is 1:<) 
secure anlilllhlt· plllnt-fo()d, !lull to determiup 
,\'hethf'r it i< bett('r to ulllo(·k thl' plant-food 
in the soil by mf'allS of tilhtgp, or to supply 
the elf'mputs in some manure or f.'rtilizel'. 

]3,1. Bam IllIIllUl','S aI''' not alway .. to 1m had, 
and th"y are variable in eomposition. I t is of tel! 
advisablt', therefore, to substitute commereial or 
concentrat"d fertilizers, in whieh the eonstituents 
are of known amounts atHl oftNI readily aVllil
IIble. Barn manmes are bulky. Even manure 
of cattle from a ('overed yard contains a@ 
higb as iO Of 7;' }>Pl' (,pnt of watN', and usu
ally less than I per <'(lilt of llitro~en, phos
phoric acid or potash. If it were not for it~ 
influence in improving the physical effects of the 
soil, stable manure would have comparatively 
little value. 

2. Nitrogen 

134. Nitrogen is the most ituportant element 
which the farmer adds to his soil. It comprises 
part of all green and woody parts of plants. 
It seems to be the element most intimateiy'4 
associated with rapid growth in plants. Plants~ 
that feed excessively on nitrogen tend to pro-
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duce large leaves and stalks, while the hardi
ness may suffer. On the other hand, insuf
ficient nitrogen is almost certain to result in 
dwarfing and Joss of vitality. It must receive 
attention, also, because one form, the nitrate, 
tends to leach from the soil. 

135. In a pure or pI "mental state, nitrogen 
is an invisible gas. It comprises four-fifths 
of the atmosphere. And yet, with this vast 
amount about us, it is the most expensive ele
ment of plant-food. The nitrogen of the air 
can not be used by the great majority of plants. 
because it is in what is known as a free or un
combined state. The sources of nitrogen for 
plants are ammonia, nitrates, or in some 
compound formed by anilaals or plants (that 
is, in some organic form). 

136. If the gas nitrogen be combined with 
the gas hydrogen, there will be formed am
monia (N IL). From this the plants can 
derive, indirectly, their supply of nitrogen. 
Another compound of nitrogen is called nitric 
acid, which is composed of nitrogen, hydrogen, 
and oxygen (H NO,). When some mineral 
element takes the place of the hydrogen in 
this combination, the compound is called a 
nitrate: as Na NO., nitrate of soda.; K NO., 
nitrate of potash. or saltpetre. Both ammonia. 
&lid nitrates are found in the aoil in 8llltill 
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quantities, but only in a fertile Boil in ~\lfficient 

amounts to supply the plant with nitrogPll. 
137. Humu~ i~ th(' great storehou8P of 

nitrogen. HUllIus does not dissolvE' in wat"r, 
and so serv~s as a nH'ans of I"(\taining the 
nitrogen againxt leaching. Hnt if the nitrogen 
remained always ill til,> humux, it would not 
be available to plant~, sinIJ" to be absorbed it 
must dissolve in tilt' Roil-wat.-r. F'ortlmately 
there is a process wht'l"I'hy th" nitrogen in the 
insoluble humus is mad" to I", ltvailable. This 
process is th" work of g"rm~ or micro-organ
isms (il,S; 3;';0). Thea,> genus are of several 
kinds. One kind works UPOll the humus and 
e,hangps its nitrogen int,) ammonia, and other 
kinds change the ammonia into nitric acid. 
This process of changing nitrogen into the 
form of nitrie at·id or uitrate is callpd nitri
fication. It is probal)le 'that nitrogen entel'S 
tue plant chiefly in form of nitrate, so that 
all other forms of nitrogen must undergo nitri
fication, or be nitrified, before they are of use. 
Sinw tillage promotes the activities of the micro
organisms (35, 52, 89), it thereby increases the 
au:p\lly of ll.'1e.i.l&hle nitrogeu. 

138. It has boon stated (135) that the great 
quantity of nitrogen in the atmosphere is not 
available to most plants. because it is not in 
a combined state. There are wrt&n planta, 



however, which have the power of UrM\ing 
upon this Rupply for th"il' llitrogt:'ll. They aTe 
the leguminous plant", and itH'll1dp the ~loyers, 

peas and hf'IUI" (110). 'l'hp~t' plallts havt' knobs 
or nodulI's growing" npon th"ir roots. These 
nodules IU'0 tIl(' hom"R of gf'TmS; and these 
gerllls seizt' upon tIlt' nitrogen of the air and 
turn it OYer to tit" plant. This proeeS8 is 
known as tht' fixation of nitl'og,·n. Then if 
these crops are plowed under they 110t only 
add humus from their vegl',able SUbstance, 
but nitrogen which has been gathere<:l from 
the air. 

139. The nitrogen addf'(l in green-erops or 
humus must go through the process of nitri
fication before it is available to the plant. 
Sometimes this process does not furnish nitric 
acid fast enough to supply rapidly growing 
plants, and then a form of available nitrogen 
may be added dil't'et. This can be done by 
using nitrate of soda or snlfat~ of ammonia. 
The· former is mined in Chile; the latter is a 
substance obtained from gas works. The am
monia formed from the nitrogen that was in the 
eoal or wood is caught in sulfuric acid (generally 
known as oil of vitriol). These two substances, 
together with dried blood from the slaughter 
houses, constitute the best commercial sources 
of nitrogen. 
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3. l'husphori,' Acid 

140. Pho~phorie aei,] is, Ul'xt to nitrogf'lI, the 
mo~t important plaut-food to he applif'd to 
laud, ,md of th" mineral ("(IIlstitUI'lltS it is the 
mo~t important. It i, a ('oll,tittll'nt of nIl ~oils, 

though the amount mny he variabl!'. It i, par· 
tieularly lI""ded to iusure hfll'diues" and fruit
fulrws,. C'OIlS!l!]Uf'utly the diffen'ut grain crops 
are large usc)"s of phosphorie aeid. A liheral 
supply of available phosphoric acid is necessary 
to young plants t() giVR them strength and 
vigor. 

'141. As humus decays 0)' ,leeomposes in the 
~oil it not only stlpp!i,," llitro,g"PIl, hut it also 
lIIakes ROUIl' of tllP phosphori!' acid available. 
HIln('e whell tIll' humus dilllini~hfl8 ill th" soil, 
there is often It corresponding lack of available 
phosphoric acid. Barn mannres make availabl .. 
a considerable qnantity of phosphol'i(' acid. Soil. 
which contain a fair supply of humus do not 
necessarily have cllough of pho~phoric add. 
To such soils phosphorie a{'id may he sllpplie.d 
in an available form in add phosphat.f>8. 

142. Pure phosphoric acid (P20.) , however, is 
not used directly as a plant-food, but only when 
it is combined with some other substance, as 
lime. One of the chief SOurCflS of phosphoric 
acid is bone, in whie!;. it is fonnd combined 



!H 'rm; PRINCIPLES OF AGIUCUL'fURE 

with lime. The animals obtained the phosphoric 
aeid from the plants they ate, whieh in their 
tul'n Hooured it from the soil. Another g-reat 

source are the deposits of phosphatic rocks in 
the Carolinas, Florida and Tennessee. In thes(' 
rocks the phosphoric acid and lime are com
bined in the same way as in bones. 

143. Bones and phosphoric rocks do not dis
solve in water, Imd consequently the phosphorie 
acid they eontain is not easily absorbed by 
roots. These materials, therefore, are com
monly treated with acid, to make the phos
phoric acid soluble; and the material is then 
known as an acid phosphate. 

144. In bones, onc part (If phosphoric acid 
(P,O.) is combined with three parts of lime 
(0&0), and can be expressed as follows: 

IJime l Phosphoric acid; or, CaO PliO! 
Lime) "C.O "} 

LilUe) caO 

This substance is tri- (01' three) calcic phos
phate, and is insoluble. When sulfill'ic acid (or 
oil of vitriol) and water ate brought in con
tact with the bones, part of the lime leaves 
the phosphoric acid, aud its place is taken by 
water. If one part of the lime is united with 
the snlfuric acid, then thete re8ults 8 sub
stance which can be written thus : 



Litne ~ Pho~phorie IWld; or, CaO P,O:.. 
Water) !I'01 
Lime ) Cao 

This is di· (or two) calcic phosphat",. This is 
ill"olllhlf' in rain·water. bnt. h!'com". ~olnblp in 
th .. Roil·wat"r. 

145. If two parts of th" lime be united with 
sulfuric acid and their places be tak"n by water, 
there remains: 

Waterl H,01 
Wate!" , Ph()8phori(~ acid; art H 20 P,O, 
Lime} CaGe 

This is mono· (or one) calcic phosphate. This 
is readily soluble in soil water, but ill the soil it 
tends to. become insoluble, or to revert to the 
dicalcic form (and is then said to be ... everted "), 
and some of it may eventually beeom8 tricalcie 
and unavailable. The lime that is removed by 
the sulfuric acid unites with the sulfuric acid to 
form calcium sulfate; that is, plast{lr or gypsum 
(CaS 0.) . The dica]cic and monocalcic are the 
forms that are known as acid phosphate, and 
sold in ~mmercial fertilizers. 

4. Potash. (potassWm o:ride, K.O) 

146. Next 1:(, phosphoric acid, potash is the 
most important mineral plant. food. It is placed 
aft&:r phosphoric acid in importance not be-
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caus!! plaut~ ean hetter do without it, but 
because it iR usually mOl'p abundant in soils. 
Potash has ali important office in the prOdnc
tion of firm, woody ti~sue and of starch, and 
it is thought to be particularly need"d by fruit
plants, potato"s, and root crops. Tt i" !\,en
erally defieient in sandy and peaty soils. 

14i. Like l'hosphorie a<!id, potash becomes 
available with a lil>pml supply of humus and 
by good tillag'''; and til!' potash in barn ma
llures is soluhl .. and valuable. 'Whenever wood 
ashes ean be cheaply obtained they form a valu
able source of potash, for the potash taken 
from the soil hy the trees remains in the ashes 
when the wood is bUl'lled. 

148. Potash is found in great deposits in 
(lermany, very mueh as common ~alt is found 
in the United States. There it is mined and 
sold. It can he hought in the form known as 
the muriate of potash, or more properly potas
sium chlorid, Kel. Anothel' form of pota!lh is 
the sulfate, KoSO.. The sulfate costs a little 
more than the other, because it is made from 
the muriate. For general pm"poses" the muri
ate is recolllmended over the sulfate OOcliuse 
it is cheaper; hut the muriate has a dele
terious effect on tobacco, and it is thought 
to ~ye less satisfactory results on sugar-cane 
and potatoes. 



:i. Amendments 

14!1. Suhstan""", which contain only trace .. 
of th,· itlll'ortaut 01" available plaut-foodR often 
have a h.·twtieial efftlet 011 >«:>iJ. Lime and salt 
are exaIllJllt'~. Though they tuay not add to the 
soil any UPI'd .. ,] plant-food, the plants are en
abled by t\wir pr<,,,,pnee to utilize more of the 
plant-food ulrpudy in the soil. Such materials 
are known as umendments (:is). 

150. It is oftPII difficult to decide, in any 
particular casc, just how an amendment pro
duces its effMt. It may be that the mechanical 
condition of the soil is improved, its water
holding capacity iIwreased, its acidity or sour
nes~ lI<"utraJizoo, or its plaut- food unlocked. 

151. Lime. Soils sometimes become sour, and 
may then be unsuitable for some plants. One 
of the reasons why plants do not thrive well in 
sour soils is that it is diffieult to obtain sufficient 
nitrogen in the form of nitrates. The genns 
whicll carry on the process of nitrification are 
till&ble to do their work in sour soils. The soil 
acid can be neutralized - the soil sweetened - by 
a.pplying lime (which is calcium oxide, CaO). 

152. Lime may be a.pplied in the form of 
water-sla.ked lime, such as is obtainecl by adding 
water to quick -lime till it crulllbles, or by air
slaked lime. Quick-lime a.sua.l1y gives the better 
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results, particularly when it is desired to improve 
the texture of clay soils (58, 58a). 

153. A soil may be tested to determine if it is 
acid by placing a piece of blue litmus paper 
(kept at drug stores) against the moist soil. If 
the paper reddens and remains so after drying, it 
shows the presence of an acid in the soil. It iR 
best to apply the paper not to the top of the soil, 
but to the side of a hole such as would be made 
by inserting a spade and moving it to and fro. 

6. Commercial Fertilizers 

Ga. What they are 

154. Under the name of c()mmercial fertilizers, 
one can buy the various forms of nitrogen, phos
phoric acid and potash. These elements may be 
purchased singly or mixed in any combinatian. 
A fertilizer containing all three is called a com
plete manure or fertilizer. In buying, one should 
be guided by the guaranteed analysis and not by 
any particular name or brand. 

155. The commercial value of nitrogen is 
about three times that of either phosphoric acid 
or potash, which are approximately 5 cents per 
pound. The prices of these elements may vaey, 
but the following will serve as an illustration of 
the computing of relative values of di:lEerent fer--
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tilizers (remembering that 1 pel' ceut me&I1ll oue 
pound in a hundTM, or twenty Jlounds in a ton): 

No. 1. Ot'ARA.NTEY.l) A!i,\l)fiillil 

Nitrog,,",u LtW tQ :! .00 })('-I' cent 
Pbol'lphori(' at,id R"nilahl", . 1.00 tn "U~I" H 

Pota.ttb . . !!.OU to 3.5U •• 
(~O,.t IIl-r tOll, "lfi. 

Multiplying tIlt' JOW!'Ht Iigl1l'" repre"ellting the 
P(,I' cpnt of the given el{,I1I<'.lIt hy :!Il, and calcu
lating th.. \'alue from th.. 1'r1('C per pound, we 
have ill No.1: 

Nitrof,tPll ·1.60X20=- a!!lbllo.(~i15e.=$4 80 
Phosphoric ft.('id 7 X 20= 140 ll»l.(~ lk~. ==: 7 00 
Potash :! X :.!o= 401h~_(iy 5(>.= 200 

Cowtn8rciaJ value per ton . ii31iO 

156. Another example of computation may 
be taken: 

No.2. GUARAh"TEtD ANALYtUS 

Nitrogen . 3.3Q to 4.00 per cent 
Phoepborie aeid available . 8.00 to 10.00 •• " 
Potash . . 7.00 to 8.00 <l " 

Coot per roD, tIlS. 

Its value is calculated the same &8 No.1: 

NltoogeD. . 3·30X20= 66lbo.@loo.'=$1190 
a-horiaaeidS.ooX20=ltlOlbo.@ lie. = 800 
"-b .... 1.ooX20=1401bo.@IIe.= 700 

C--W ftI"" ......... fU 110 
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157. The cheapest fertilizer i~ the one in 
which one dollar purchaseb tlw greatest amount 
of plant· food. In No.1, $29 obtained $13.80 
worth, which is at the rate of 48 cents worth 
for $1. In No. 2, $:38 buys $24.90 worth of 
plant-food, 01' at the rate of n:i eentb worth for 
the dollar. The diiff'rf'Tlce between the commer·· 
cial l'all1(" as ealculateil, and the sf'lling price, 
is to covel' eXpell"eS of manufacture, bagging, 
shipping, commission fees, and profits. 

6b. Ad.';r. '''' to their lise 

158. We have seen that plants lllust havp 
all three of the general fertility elements-nitl'O
gen, phosphorie arid, potash-in order to thrive. 
It frequently occurs, however, that the soil is 
rich enough in one or two of them; and in that 
case, it is !Jot necessary t,. apply all of them. 

159. If a liberal application is made of one 
element, the plant must use more of the other 
elements which are already in the soil, in order 
to balance up its growth. It may resu.lt, there
fore, that the addition of one element exhausts 
ine soYl 01 some ol'lHlr element. "]l'or examp)e, 
if heavy growth is obtained by the addition of 
nitrogen, the plant may need to draw so 
heavily upon the stores of available phosphoric 
acid as to Jialale.tI!I:ilia llOil of that material. 
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160. Agaill, no results ('I1ll !,,, obtaillc"l from 
the addition of 0111' ,,1"llIPllt 1l111\\~~ th" other 
two al~' l'rp"t'nt ill Sllffipif'ut (IUalltity. In gen
,'ral, th(>rpforp, it is 8nl"'1" to apply ('oHlllll'te 
fprtilizpr". 

ltil. YN, ill KOHlP ('ItRP" , it is unwi8<' to 
nppJy I'oHlllleh, fpliiiizpr". This is particularly 
tmp of the IlPI'Ii('atioll of nitrogt'll. The growth 
may air''l"ly I,,· so hpllvy that th., addition of 
nitrogpn would "[111$.' an OV('fI..,'1·O\vth, and yet 
the pin nt.' !lilly llPpd f"J1ilizing. This ,langei' 
of t'lO lllUeh growth is h'T.'ah'Ht with fruit 
plants (114). 

W:.!. If llitl'OgPIi "OIHlu('l's espedally to leaf 
growth (134), then it must h., the element 
whi<'h is most importaut in tlw fertilizing o! 
tIll' Vl'g<'tablf>s whieh Ill'., grown for their leaves 
or gue(mlent ~ta\kK, aH rhuharb, cabhage, let
tue!> , "pinaeh, asllarS!-,"llR; ,and it i" also very 
important in the growing of hay and Alwculellt 
fodd"r. 

163. Nitn,gfon IHaelH'H rapidly, especially if 
applied in the form of llitratl' of soda or sulfate 
of ammonia. It is, therefore, advisable to ap
ply it in the spring; and when used in liberal 
amounts, it should be applied at intervals, and 
not al! at one time. 

164. Phosphoric acid and potash, even if 
soluble. do not leach badlv. as a :rule. hec .. 11AA 
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they tend to form insoluble compounds with 
soil constituents. The more vegetable matter 
a soil contains, tll<' 1,,88 pronounced is th" 
action of leaching. As a rule, "onllnerciai ferti
lizers aT" applied after til<' ground is fitted, and 
then harrowed in or drilled in. 

165. The amounts and kinds to apply are 
determined by (It) th .. analpis of the material 
(that is, its l'iduHl88 in plant-food) , (Ii) its 
eost, (If) tIH' ri"hupss of til(' Koil ill plant-food, 
(d) thfl tilth or texture of the soil «(:;0, 49a), 
(e) the kind of crop, U) the kind of farming, 
whether intensive or extensivil (illa, lllb). It 
follows, therefore, that tlw m('re analysis of 
thl' soil and the plnnt ('Ilunot determine what 
fertilizer it is most protitahle to use. 

W6. What fertilizflrs to use, and how to 
apply them, are subjects which are diseussed 
in bulletins and books by many authors; but 
even atter reading all the literature, the farmer 
must experiment with his own la.nd a.nd his own 
crops, to determine just what materials are most 
profitable for his use. In other words, the ad
vice as to fertilizers is more valuable in teach
ing a man prineiples, in suggesting means of 
experimenting, and in designating the proba
bilities of any line of action, than in specifying 
just what fertilizers one shall use. An area on 
one side of a field may be devoted to woo 



ENRICHING SOn.-COlOlEBClAL RJlSOURCES 103 

experiment, 011 different parts of which the 
variolls elements and oombinatioll8 of them 
may be applied. 

~"/lJGGICHTIONJS 0.\' CHAP'1'FJJi VI 

127a. An element j~ '" Mimple Mllhsta.n«"tl. It iM. llQt made by Ii 

oombination of a.ny oOw}' flubsta.ncefl, 81Hl hy no known meana e.1\ 
it 00 separah"<i iuto any other Auhl'lhuu,'f-'tl, Kulfur, nitrogen, and 
pb08pbon18 (Lft· el('<1Uellt~. The knuwlI eltlltlents lIUWlI('!t'" about 'To. 

l27b. 'l'he elt'IDf'ntJo! are reprllHAnt,pd loy oue or more l«:lttel'8. 
called symbols, Usually tilt' first letter ot the name is employed. 
Thufi. nitrogen is deKignatt'cl by N, )hOflphoru8 by P, sulfur by 
So Whf'u the names of differtmt el('m('llt~ begin with the same 
lett-erf &8 sulfur fWd J;odium, tbi~ ru111 cliunot be toll()wed~ In 
buch eases, Jette" from tho ltRme or ont' of tbf:' elementfl. in IOlDtt 
other langnage arf' UI!I~. Tbu,,;, Na iM llKMl for sodium, natrium 
being the Latin of IH)4iiulll. HimiJArly, P might represent ph08~ 
phoruJiI or pot88Mium; hfl1l{~e K l!ol u~d for potl.nium, which in 
Latin ifil kalium. 

lSOa. Compound~ l"t!f4.ult from tht; ehetnie&.) union (30~) of. two 
Qr Qlore eleme:nts. TIll:" ('HlIIIXIIlWl may not f'eJlJltltnhJe jn allY way 
any of the elements (';uutained in it. The proportions in which 
eleruolltH unite "&I'y, and the 8am~ ~lem6nte ma.y be me.de to 
unit.e in different proportiolls. Tht!' same eompound alw.Y8 eon
ta,iIl'S the ~lementl!\ in ~.!(actly the fSatne IlfoPQrti()n. 

lSOb. Com.pound" tH'P rf'pre8ente~1 by Wl'Jtinl( together t)m 
liIytnbols of the ~lementJi ('!Qwpotdng thelll, together with 1igu1"t"$ 
to represent the pro}Hlrtions. Thufol:, potash, K!lO, is 11 oorupound 
of two pal't~ of pot.as8ium liud ono ()f oxygen, O. Lime. CaO, it! 
eompolJed of the eitolUElIltK e~inmt CIJ., and oX)'"gcm, and ib 
~"'-:mmn:r M'~hUur ~iI. lAt~r~tmf ~ ~ 

IIOda, NaNG,; ammonia. NR, (H rep"' ..... ting th~ element by' 
4rogen); water, H20; talturic Mid, H'lSO. ; IUD.mouitun nitrate, 
NB,No,; _monium 8Ulfat.. (1.'lL )'80. (the NH. bei"ll' take» 
twice); .~h, CeRIA (C j repte$9nting ~.l'bon) '; tJ:8.lt. NaC1 
tOI _ding for chlorill). 
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130c, Phosphoric acid and potash are not t'lements, hut com
pounds. The eiemflntftl forml'l Ilre phosphorus and potR~siuJU. It 
is customary, how('ve:r, to s_P(l8.k of nitrogen, phosphorie. aeid 
snd potash Sf! the (>lflllittnts of plant-lood. Hf'l'e th~ word ele
ment is not used in the ('hemieal ReURe, but rather us the sim
plest form in whieb plants can use these 8ub8tan(·es. 

l3la. Roots have the }'owt'r of dissolving plaut-food (30, 
:lOa), but this is only II process of making it 801uble. 8ubstnnce~ 

which are not solubll:' in rain wah:·r way he 80lubltl in soil water, 
for the watel' iTt tht. loIoil ('ontaill" YRl'iOU8 acids. 'E"'en when a 
Mubstance is in solution, tht') pltwt has tllt' powt'r of l't'jeeting it ; 
it is therehy not available ltS )_lhmt·food.· ,F'oT' f<x8.mpJI:', nitrogen 
in the form of nitritt:'s (as nitrite of !:'odu, Nn~O~) is not avaUa· 
hIe, although it is soluOJe; bnt nitrogen in tllt! form of nitratel-i 
(flFl nitrate .of BOUB, NaNOJ ) jg a,"~ailabJe. Charf'oal is not availa
!:lIe plant·rood. althougb jt is ('arhon. and (~a.rbon enters mort;' 
largl:'ly tban any othpr elemeut into plant tiSSUfl. But. when the 
charcoal is hurnt>d, it. fonDS 8- gas called carbon dioxin or ('arbonie 
acid (C02), from whieh tb~ plant can gf.'t carb()ll. 

140a. The black or hlue head of an old·fashionoo. sulfur 
match is a paste containlDg the ",lamont pbosphoruf\, P. On 
igniting the mnkh, this phosphorus unit1::'s with the elf'ment 
oxygen, 0, in the air to form a. small whittl doud, which is the 
eompound pb<u!ph<Jrlu! pentoxid. Its symhol is P 20", which 
means that it is lnatie by t.he union of two parts of ph08~hQrus 
ami five parts ot oxygen. Phosphorus pentoxid is known in 
ft.gtlculture 8S phosphoric twid, 

143a. The term superphosphate is sometimes us~d in t.he 
same sense RS acid phosphate; that h~, to designate available 
pbosphat~s, or those which are made up of mOllo~al~ic and 
dictUcie phosllbates. A fertilizer contaiuing available phosphorie 
hid,. but no nitrogen 01' potash, is oftf!n caned flo plain superp-hoe
phate. Complete fel'tilizers cont-ain all three of the important 
pJant.foods. 

153a. l't!oi8ten a strip of blue Htmus paper with vinegar Qr 
ROlU' milk, and not.e tbe changE'< in eolor. Then add toO the milk 
or vinep.r some lilne water till it no )on.gE'r tastes sour, MId 
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ttgUill try th8 lit,UlllS !,apt'r. 1t will nQ lQugt>,· turn N·d. Try 
~omo air-slaked liml' in tilt, same wa~·. )tuk., t.hl' Kam(~ ~,.t 

with tt1nBtel' of pariK or IIYpSUlU, whh·h is foIu1f"t~ of lillll', Tbi~ 

will not llflutrnlizt· th(> Iwid ()1' NW.At't~·1I the milk 01' vin£<go.r. 
)olukt· lilt' >13me tpst with Nillt. and sugm'. A suh"htu(·~ whit-)) 
tt1111~ hIut' lihllufl rl'd jlol I\(·id ; one whidl turus rt~(1 litnnul blu('. 
lJo! alka.line. 

16f)(l. TIw experimeut Khltion~ (If }llOJ:o;t of Un' ol(\fl\' IIta.WI!. 
i8HUf'! huUe.tin_!;l of adviN' on t·he Ul'Itl of fertili:r .• ·n;., and tbaMtl 

should he Rtudit'd. III trl:wy Httift'S tber~ ure lttWH d«"ign~ to 
prot('('t th{> pnl'('hnkf'r of fl'rtilizt't8; and f(>rtili.-',t'r ('ontrol sta
tions are ~~tllhJhlllt·d to 1l.1lnlyzf' the dift'l'l'tlUt· hrandJ!l and to 
puhlip,h the r€'~111t~, The g'f'ut'rni 8uhjt'et of f(,rtiliztl}'8 iM pr~~ 

Slentoo in V()(/rlwt",o;' hook on 1Il_."m1ili;wrs," GtXxl adVil"6 wUl 
A.IRO 00 found in Chaptl!l' :di. of Robe-rtij' "Ft.lrlility." 

166b, Every school should lu,,-o bottle8 of th~ lmw.ing ferti
lizf'l' chemicals for e'lhihit)on j as murilitfl (uul tmlfate of potash, 
kainit, gypsuru or plaster, bODe aud r(wk pbo/'lphah.11J, hone
bhwk, dried hlooU, nitrttt-e of soda, fHllfnt(J <J( ammonia, air
"laked lime. aud quick-lime. These t.'.an be obtained (rom 
doalers in fertilize"" 



PART II 

THE PLANT, AND CROPS 

CHAPTER v'II 

THE OFFICES OF THE PLANT 

1. Tke Plant and tke Crop 

167. In an agricultural sense, the plant, as 
a representative of the vegetable kingdom, has 
four general types of uses, or fulfils four offices: 
it aids in the formation, maintenance and im
provement of soils; it influences the climate 
aud habitableness of the earth; it is the ulti
mate source of food of domestic animals; it, or 
its products, may be of iutrinsic value to man. 

168. When plants are grown in quantity, 
they, or their products, constitute a crop. This 
crop may be the produce of a bench of carna
tions, a field of barley, an orchard of peaches, 
a plantation of tomatoes, or a forest. Th~ 
crop may be grown for its own or intrinsic 
value, or for its nse in preparing the land for 
other crops. 

ll\l61 



2. The Plant in it" Rl'latioti to 80il 

169. The plant i~ II soil mak",l'. It Lreaks 
down tl"" rock by mechani"al force and b~' di~· 
solving SOIut' of itH cOIlstituents (80, 80b). It 
fills bDgs and lagoons and ext.(>uds the margins 
of lakes and Reas (82, 82(l.). 

170. The plant is a soil improv(>T. It open" 
and loosen" hard Roils, l'Hpwially if, lik(, tl1(l 
dovel', it haR a tap-I'oot, whi('.h it sends deep 
into the earth. It fills und hinds loose and 
!Mchy soils. When it <iN,ay" it adds bumu!' 
(33, 34, 73, 74). 

171. The plant is a soil protector. It pre
vents the washing of SOilR, and protscts the 
sands of dunes and shor{ls from the winds. 
It holds the rainfall mltil it soaks into the 
soil (70, 116). 

3. The Plant in its Relation to Climate 

172. The plant influences the moisture sup
ply: by modifying the distribution of precipi
tation; by cau~ing the retention of the pre .. 
dpitatiOll; by Jessening evaporation; by adding 
moisture to the atmosphere. 

173. The plant influences the habitableness 
of the earth by other means: as by modifying 
extremes of temperature; by aiIording wind-
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breaks; by supplying shade; by contributing 
to the beauty and variety of the landscape. 

4. The Plant in its Relntion to Animal Life 

174. Nearly all domestic animals liw (lirectly 
on plants. Thest' are herbivorous animals, snch 
as cattle, horses, sheep. But ('ven th<' flesh 
which carnivorous animals eat-as dogs, cats
is dir!1ctly or indirectly derived from herbivo
rous animals; for "all flesh is grass." 

175. The round of life begins and ends with 
the soil. The soil contributfls to feeding the 
plant, the plant feeds th" animal, and the ani
mal passes at last into the soil. In this roun<i, 
there is no creation of ('iements, and no loss; 
bllt there are endlf'ss combinations, and these 
combinations 'break up and pass away. To 
raise tb'l plant, therefore, is the primary effort 
in agrieulture. 

5. The Plant has Intrinsif; Value ff) Man 

00. As articles of food or be''''V'gf 

176. Plants or plant-products may be staples 
or necessaries, as wheat, rice, potatoes, beans; 
semi-staples, or articles of very general and 
eommon W!e, .. {IS apples, oranges, buckwheat; 
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luxuries or Iwcessori('s, as quiu<'t's, <,aulillowers, 
glass- house vegetabl(>s; eOlldilU('nts, as ~pi~es; 

beverage products, a~ (,idl'r, wine. 
177. Plants or plalJt-pro(]Jwts may be food 

tor animals, a~ l,'Taim, ground feed, fodders. 
forage or field pasturage. 

5b. As arNdf's 1(S"([ in flu, ads 

li8. Plant" lllay afford textil('8 01' fibers, a~ 
eotton, hemp, flax, jut.P; wood, Illluber and 
timber; medicines, ltS quinine, opium, ginger. 

U(', ~1s articles or objects tu grittily (t~thfti(: i-astf!S 

179. Plants al''' tilt' SOUI'('" of most per
fumery, and of lllany dyes aIHI paints. 

ISO. Plant" are tht'lnselvPH useful as ornlt· 
mental subjeds. They may be grown for their 
,·ffeets as individllals or single specimens, as a 
tree, a 8h1'nh, or a plant in a pot; or for their 
effects ill masses in til .. landscape. 

181. Plants are u"eful for their flowers or 
ornamental fruitR. 'l'he flowers may be desire(.( 
in mass effects, a.s single specimen plants, or a& 
mlj',-llo:W1i~". .Tlle gJ~lw..itW fif plaut;. Jnr .their 
effects as individuals or for <,ut-flowers is 
tloricnltnre; the growing of them for their com
bined or mass effects in the open (or on the 
lawn) is landscape horticulture (9). 
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SITGGJi1STlONS ON (JHAPTJJJR VII 

170«. Tap-root. (Fig. a3) extend the hene6to of root aMlao 
to great depths. They drain, aerate and comminute the soU; 

P!&. sa. -Tbe de&p root-8Yltem of 
red eloVitt. 

Fia. M·. The shallow rt)Ot-.y!Uew 
of oraunt.anU.. 

ad the plat-food which they bring from the ""boon 'ill loft, 
wken the plant · decays, in 8UC,J:l. place and condition 'that sur' 
faee- rooIed plaia ..... got it. With the e!over, cqmpwe " 

. BfIISS ' (Fig. U). 
, 171... In maD.Y eountriee doblto _lie .... ' mad. to hOla 
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loose aands from driftiug' by winds, 8.8 aloug the I~UWltt~ of the 
~. Sand~loving pla.nts wit.h strong running root a or root· 
8tocke-a.a vsriouK grasses and 8edgt\~-a.l'e used for this pur
pose. One of the US6R of windbrell.ks is to leSSC\l the drlftinl: 
of Hand!!. Bluft'tt and rail",ay emba.nkment" t\l'~ ofhm hE.>ld frQll\ 
eaviug and washing by mealU~ of 8t,rong-toot~~1 plaut-fl. 

172a. Large toreRts proba.bly ha.ve Mme inthumce ill, dis
tributing the rainfall I tbe precipitation tfloding to btl greatest 
near tb('l forest areR-S. By some pet'{(onl it rt\ thought that the 
total precipitation is iocreafloo by fONl~tf(1 but this point is in 
disput.e. The (1ft-now Of' outttow (rom tore~t-eon~red. or trom 
any p}ant-con~retl, JalJdB j~ m.Ort; grnduft,) than trom baM l8Dd~ i 
thus 800d8 are more frequent and more l'eriolltt the nltlra com· 
ple-tely the forests are removed. Thili i~ illustrated h1 the flood" 
on the Ohio and other rivers. 

17.:b. Plants le8801JD flvaporation chiefly in the tmpa.<lity of 
shelter-belts. Windbreus (~lH'(!k ~va.poMl.tion from adjMent land~ 
(Bee King, !'The- Soil," p)J. 204-200) i and thiM is one valuable
eftect of windbrea.ks for fruit'vla.ntatioli~ in dry elimat{:!s (flee 
Bailey, ffPrinciples of Fruit-Growing," }lp. 48-M.) Fore~t, areas 
contribute BOme of their moi~ture to t.ho 8tmospb.,re of eon· 
tifCUoUIJ areas; and plM_t.s give off moisture from thflil' grow. 
ing part •. 

173«. For a. fun discU8Sio\:. 01 windhreak'S, see "Principles 
ot Fruit-Growing," pp. 47-fi7, 62-9".l. 



CHAPTER VIII 

HOW THE PLANT LIVES 

R. M. DVOOAR 

1. The Plant Activities 

182. The plant is a very dependent struc
ture: it must be supplied with water and certain 
soluble salts from the soil, oxygen and carbon 
dioxid from the air, in addition to sunlight aud 
a certain amount of heat. When these COD

ditions are ftilfilled,-somewhat as a plant's 
ancestors hav" been accustomed to them,
the plant must grow, provided no extraneous 
diseases or accidents overtake it. 

183. A growing plant is influenced by all 
of the external conditions about it,-it is sen
sitive, or manifests irritability. In studying 
1l1'0wth nl'ocesses. we must remember that these 



113 

lJuUWIlU, awl "ertaiu oth .. ,), ,'olJtlitioll>l to \\hid1 
growth i~ 8t'Il$itive, 

:!, The r'actoys of (irowtk 

2(1. W'-ater in tllf' plattt 

184, 'fhe rigidity 01' stiffll"~~ of IIny herb 
01' sueclliellt part is laq'(.'ly uepelldt'nt on its 
water contt'nt. If a ~uceulellt brandl is severed, 
it soon loseR it,. water by t'vaporatiolJ, and it 
becomes fiaecid, or wilt(!d. Th.. prop .. r exten
sion, or turgidity, of the ,,<'lIs of plants with 
water is necessary for udive growth. The puB
sage of the soil water iutn the plant, and there
after its transfer from living cell to living cell, 
i~ aecomplished by the process of osmosis, which 
is the diffusion of liquidH through membranes. 
Much of this water eventually reaches certain 
conducting parts, or bundles. 

185. Surrounding each rootlet for some dis
tance back of the tip is an enveloping growth of 
delicate root-hairs. These hairs are single, 
tubular cells, the outgrowth of single cells in 
the outer~yer of the root. Each one contains 
within its walls, as do all active cells, living 
matter called protoplasm, along with cell-sap. 
In the soil these delicate hairs push readily in 
amongst the soil pa.rticles, covering an immense 
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amount of ~paee. Owing to the denser eell-sap 
of the root- hairs the~e hairs absorb water by 
osmosis. 'fhere are in solution in the soil 
water minute quantities of food substanees, and 
these are absorbed independently of the relative 
amounts present. Til<' absorptive activity, or 
pull, of the root-hairs is so great that water may 
be extracted from a soil apparently dry. 

186. Plants <'ontain much water; but it re
quires OV,lO temperatures, about 2220 F., to 
drive out all the water from plant substance. 
The total water in some plauts, as determined 
by the chemist, is as follows: 

Dry ('.lover sfled • . • • . . • 6.4 per cent. 
Dry bfl.lUll'l. . . . . • • 12.5· j 

., 

Green a.pple twigs. . • 50.0 " 
Potato tubers . . . . . . . . 8Q.0 " 
Green clover tops ...... 85.0 II 

187. Water is absorbed iu greater quantity 
than can actually enter into the composition of 
the living plant; and the surplus water is thrown 
off by a process of evaporation known as tran
spiration. The water is rapidly transpired from 
certain plant surfaces, especially from' the leaves 
and green stems. The water current • import
ant; for example, it promptly distributes foods. 

188. Leaves are provided with thonsands of 
minute pores in. the epidermis, conneeting with 
the delicate tissues within. These pores, or 
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stomata, are ('specially abundant on the nud.,!" 
l!urfac"8 of most leaves. With changl's ill tl ... 
water coutent of the plaut, thes,. stomata 01)(ll. 
or close, to 11 .I<'grpe fll('ilitating or inhihiting 
transpiration. Like IlVIlPOrutiou, transpiration ill 
hllstelled hy higher temperatures, dry air, wind, 
and the IIlOWllleuts or the plaut. On a very 
hot day, or with insuffieient 80il moisture, a 
plant may wilt, dUl! t,) th .. fllrt that all of the 
facilities for eiH·"kiug trun.piration fail to keep 
the balanc.' bet,w .. ell root ah"orption and tran
spiration. The plant giV!'~ off more water than 
it takes up; th"r~fol''', it wilts. 

189. Tll€ absorptive Bcth'ity of the roots gives 
ri~e to a sap- or root-pn'""ure which tends to 
force the currellt npward. Iu fact, the lifting 
power of tl'au~piration, osmosis, root-pressure, 
and other forces cause the cl'nde sap to ascend 
through tbe woody bundles of the plant; and by 
means of tbese bUDdies absorbed solutions are 
~arried upward through all parts of root and 
stem, and through the leaf-stalk, veins and vein
lets to all parts of the leaf .. 

211. &lrtb'f4, $(Iits fr&m tke ~<Jil 

190. .Along with the soil water absorbed b~ 
~he roots, minute quantities of the 'various min-
3ral salts necessary for plant growth are takeD 
m. These salts are in solution. In the 'Plant, 
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these solutions beeome a pal'! of the ascending 
sap, and they arc diffu~ed to 1111 parts where 
assimilation goes on. Plants pOKsess a certain 
selective alls01 ption, y"t "oil elements not utilized 
hy the plant urI' al"o absoriwd it. gI'eater 01' 

kss <jllantity depending' on whether or not de
posit,,!) in inert form. Carholli,., acid, and per
haps otll!'r suhstances excreted by the root, aid 
in dissolving some of the mineral salt$ (aO). 

I!ll. Various substances are taken in with 
the soil water. Rodium and potassium uitrat!' 
(!litre), calcium phosphate (phosphate of lime), 
and potassium sulfat" are well-known ingredients 
of fertilizers. Chemica! analysis and experiments 
g!IOW that from these and allied salts tbe plant 
obtains from the soll such necessary elements as 
nitrogen, potassium, phosphorus, calcium, and 
stdful'. In addition, plants also ReCnl'e from the 
soil traces of iron, and whatever magnesinm, sili
con, and other mineral elements may be necessary, 

l!l:!, When a plant is burned ill air, the asb 
contains all of the above-named elements except 
the nitrogen and a part of the sulfur and phos
phorus. Nitrogen, one of the most important of 
plant-foods, can be used chiefly in the form of 
nitrates, except in the case of leguminous plants 
(110, 138), iu which it is also taken from the air in 
some obscure way bv bacteria of the root tuberoles. 
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:k. (}.tyg.~ 

19:3. Oxywm i~ .,~~'mtial to all of til(' lif<J pro
ceSS~R in Uw plant, "" w"n n~ to til« animlll. 1"01' 

perf('ct g<'nllillutioll OXY~"l1 is r"qllir<,.I, lIud this 
g-as diffuseR iutu an,l is 11",,<1 hy lIll living or gl'OW
ill~ plant orgulls. Tit" "tomata of I"!tves aud 
shoots uri' m.,(·ltnni"IllS insuring an nd\'qllattl 
t"upply for thpgp pnl't~. Entprtllf,{ tlH'~P KtpllUl.ta, 

it is readily diffnsf'd throughout th" l",ighhoring 
cells and ti~~ue". 

194-. Oxygt'IJ is thell eonstalltly "absorbed," 
and as~ociat{'.l with this absorptioll ix the giving 
off of carhon dioxid. ThiR appropriation of 
oxygen and eseape of earbon dioxitl Itfe results 
of ft'8piration. a pro('ess e'luivIII\'ut in its pur
pose and results to respiration in animals. Young 
growing plants ahsorb IIIl amount of oxygell about 
equal w tlwil' volume, iu from twenty-rour to 
thirty-six hours. Hel'luinatiug seerls absorb oxy
gen, and give off ordinarily about 1111 "qual quan
tity of carbon dioxi,l. 

195. G"rminatin~ 8\'etl~, op\'ning flower buds, 
parts of plants that have heen injnred, and ct'r
tain organs iu which decay i~ illllllillt'ut, respire 
more rapidly than other part~. R'>spiration prac
tically represents molecular change and the re
lease of energy ill the living substance. 

196. Oxygen is also taken in through the 
roots. Land plants. whORe roots Ilre deprived of 
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their air by too much water, are soon suffocated. 
This is especially noticeable in a field of Indian 
corn or maize which haR been overflowed; and it 
is also It condition frequently met with iu thos(' 
greenhouses whpre an auundant ll~e of water is 
the first l'ulo. Many plants which have become 
accustomed to boggy regions, ami lllany gref'Il
house plants, seud up to the sllrfnee llUlnerous 
root formations in response to a need of fresh 
air, or oxygell. 

2d. CarllO" dioxid and .~1tnUght 

1!17. The element that is present in greatest 
amount in plants is carbon. This material is 
derived in gt°Mn plants from the carbon dioxid 
(or carbonic acid gas) of t he air. 

1fl8. III order to become plant-food, the car
bon dioxid of the air first diffuses into the leaves; 
then its utilization depends on the green color
ing matter of leaves,-or the chloropbyll,-3nd 
on sunlight. The ('hlorophylJ absorbs some of 
the energy of sunlight, and by means of the 
energy thus provided, there is effected a rear
rangement of the atoms of carbon' dioxid and 
water, such that Sllgtlf, and ultimately starch, 
may be produced and some oxyp:en is set free. 
This process of the formation of plant-food from 
carbon dioxid and water, with the consequent 
giving off of oxygen, is photosynthesis (1IOllle-
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tim,'s known as carbon assimilation) • It is in 
its r"",u!ts the TPYt'tSP of respiration, in whieh 
oxygen is takPu in and earhOll oioxid given off. 

199. During the day n 1I1lwh .l.\'1'(>at(\\· amount 
of oxygen is Ret [, . .,,, us It !',·,,,It of photo"yntheNis 
than that us('d ill m"piratioll, 00 that a surplus 
of oxygen aetually diffuses into th .. air, and plants 
are said to purify tlw l,il'. At night, no photo
"Yllthesis !?o,,~ Oil, lind the chi .. r PHd-product of 
l'PRpimtion, eal'hOll dioxid, is given off, and may 
be demonstrated hy eXI,,·rimellt. 

2e. Heat, or II (f;jiuile temperature 

200. Heat increases til .. absorptive activity of 
tlw roots, the rate of tranRpiration, the amount of 
respiration, and the produets of photosynthesis. 

201. ..A IDore or Jess ddlnite degree of heat 
is necessary for all Jiviug' processes. As a rule, 
seeds will not germinate at the freezing point, 
and all growth is suspended at that temperature. 
Plants grow he"t within a very Hmall range of 
temperature, known as the optimum tempt'ra
ture. As a rule, other eonditions being equal, 
plants of moist tropical regions are !luceulent, and 
green tissues preponderat~. In the fti4'id I'(l¢ons 
the softer green parts are greatly reduced, and, 
while the woody part is of Jess extent than in 
the temperate regious, relatively it preponderates. 

202. Different plant!< are injnred by different 
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temperatures. Such plants as cotton and the 
melon are killed by It temperature several degrees 
above freezilJp;. Th" liYing protoplasm is stimu
lated to give up its water, the roots are chilled 
and eanHot supply to the leave, that water nec
essary to offset transpiration, and, a' It result, 
the leaves SOOl! wilt and blacken. On the other 
hand, .. "en the grpen parts of ,ome plants will 
withstand freezing temperatures. The ability to 
resist cold depends primarily on the responsp 
of the protoplasm, its capacity to give up water in 
freezing withont injury, together with the power 
of reabsorption on thawing. 

3. The Processes of Growth 

203. The starch that may result from photo
synthesis or the use of carbon dioxid is stored ill 
the leaves during the day, and at night it may be 
entirely removed and used after being convertea 
into a soluble substance, sugar. Some of this 
sugar is direetly used in building up more complex 
compouuds used ill growth. Rnd some of it is again 
converted into starch Rnd stored in tubers, stem~, 
or thickened leaves, for fnture growth purposes. 

204. Thtl external evidences of growth are 
changes in form and size of the different parts. 
The int<Jrnal evidences of growth are to be seen in 
the differentiatioll of the individual cells of which 
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the plant i" (~OUlp08,'d,-IWW cpll" are made, and 
others a!',' llloditi~d ill ~iz(' 01' forlll. It is prob
ably impo~~ihl .. 1'01' II plant to lin, without gl'OW

iug; hut Illl(jpJ' poor ,'oll(1itiou~ HlP growth may b,\ 
~o slight thut tit" plaut is IlO longer of auy US!) 

to tbe farnl<'r. 
205. TIl(> 'younl-( stem, of lllallY plallts elongate 

throughout the ,'utir(' leul-(th of the growing 
part. But th,~ lower purt ,oon ,,!'a..tws the limit 
of its growth, th" r"ar iuternodtl--or spu<," )w

tween the joints-eellsPs to plolJ/.tat." and further 
growth iu I.m/.(th proeeeds only in the nt.wer parts 
abov!'. That is, while there is au elongation or 
stretching of the shoot itself, this eJollgatioD 
gl'aduully lessens helow. so that th,' regiou of 
most rapid growth i~ constantly in tht, freshest 
and softest part of the shoot. Notice that the 
di~tanee between ttl!' joints ill growing shoots 
tends for a time to increase. 

206. The root grows diffllrently. The tip of 
the growing root is hard, being protBct!'d by what 
is known as It J·oot-cap. Growth in leugth takes 
place just behind this hard tip, uot throughout 
the length of the growing part. The root, there
fore, is ahle to pnsh its war around obstacles. 

207. In most of our woody plants, increase in 
diameter is effected by a layer of growing tissue, 
the cambium, located just beneath the hark; and 
every year it gives rise to a new Jayer of wood oil. 
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the outside of the old wood, aud to a new layer 
of bark on the inside of the old bark. Thus the 
heart-wood is the oldest wood, and the outside 
bark (lonstantly breaking off is the oldest bark. 
The interior wood takes less and less part in the 
activities of the plant, and thp heart-wood of 
trees is nearly useless except as a support to 
the plant. 

4. Irritability 

208. Growing parts are sensitive or responsive. 
This responsiveness or irritability may be called 
forth by diverse external forces, and is manifest 
in definite movements, in growth reactions, and 
in complex internal changes. 

209. Some plants make visible movements, 
and may even be sensitive to shocks. The 
sensitive-plant suddenly closes its leaves and 
droops when touched j the leaves of sun-dew 
and other insectivorous plants close upon their 
prey; and the t~ndlil of the !'"ourd gradnally 
bends around the object it touches. 

210. Groon parts turn towards the' light, and 
assimilation is thereby increased. Plants in 
windows turn the broad surfaces of th~ir looves 
perpendicnlar to the incoming rays of light; 
and It seedlipg grown under a box into whieh 
light is admittoo through a single slit:will gro .... 
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directly towards that Rlit, and even through it 
to the brighter lig-ht. 

211. Plants aI''' 81'IlRith'" t{) g-ra,·itation. 'fhe 
first root of the germinating- 8""d is so "ensitive 
to gravity that it ordinarily g-rows downward, 
wherever it lUlly be Rwl whati'n;r may be ita 
position. On th,' otlw1' hand, til" first shoot is 
oppositely affect"d by grayity, and if a potted 
~('edling is placed hol'izontlllly the sti'm s()Ou 
<1il'ects itself upward. While itl' g-eneral tend
<mey is downward, the root is nevertheless 
attracted in any direction by the presence of 
water. 

212. The reaetions of piantR to their environ
ments or surronndings may calise the plants to 

. vary, or to assume new forms or cbaracteristics; 
and these new features may be of use to the 
farmer. Thus, with more light, the better are 
the roses or carnations grown under glass j the 
richer thp soil, the stronger is the g-rowth; the 
higber the altitude 01' latitude, the greater is the 
propol'tion of dwarf plants. 

8UGG'NSTrO."lS ox CH4PTER VIII 

) 8211. A nit I •. the ""botan.., formed from the 11"lon of "u ",id 
with some inorganie ambBtanee or buE'. The ~lt may be neutnl, 
- Ilf>ifhef a«!lid nor alkaline. Thus sulfuric aeid and lime form 
~b6 salt, liulfate of lime or ~m: nitrie aeid and ou.atie ~ 
r ...... the Alt Dl_ of eod&; muriatic (bydroohlorio) Mid _ 
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CtUUJtio potash form muriate or potaRb; mUl"it\t~ neid and caustic soda 
form tDul'iate of sod It, whieh is commonly known as 8&lt,-tbat ia, 
it is common lalt. 

184a. From a pot&to tuoor which has Ia.in in the air until 
somewhat wilted, out circular segments about one·(ourth of a.n 
inch or loss in thiekness. Pla<!6 some at these piaces in water, 
and otbel'8 in strong s(l]t solution. 10 No J!,hort time those in 

water become more rigid, while 
those in strong 81Llt water be<toma 
flll6Cid. The eell~snp of tlle po. 
tato, containing some salts and 
sugars in 801ntiou1 is a denser 
solution thfl.O the wnter, and the 
Bow of water is inward to the 
denser solution j hence the pieces 
absorb wnter. Of those pie-ces i.n 
strong salt solution the flow ot 
water is OlltWllffl, and the potato 
segments lose some of their waw 
and become .tlaocid. See Atkin
son's t~Elementary Botany," pp. 
13-18. 

1854. A cross-section of Q root .. 
Jet in Fig. 35 sbows tbe l'()(Jt bairs. These hairs are seen to ~ 
prolongations of the outer or opiderm"1 cells. 

18M. By germinating II. beau, pumpkin seed, OJ' whea.t in 
mOilS, or between tolds of moist thick cloth , tbe root-ha.i.rs may 
be observed. Fig . 36 shows the fringe of hairs on su.eb &. seed
lint{ j and Fig. 37 &bow'S 1\0'" the root-hairs a.ttacb the .soil 
4>artieles to the root. For fl longer aeeouut of ro.ot-struetures 
IUId roor-ll.Ction. t'omparo SOmUel', ~ Pbysiology of Plt\DU for the 
Csa of Gardene~," pp. 4-i. 

186a. Any o~e who has ha.ndled both green and dry fodder 
bas a. general idea of how lDuah wa.t-er there ma.y be in plante. 
Wby do apples and pa.pe.s and ('abbagefl shrive.l after they are 
pi.ked , 

1880. A lingle epidermal pore is • ltoma or atom.le. The 
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plurn.! is stomata or fltomates. Fig. 88 Ishows ft. lr8fpn(!_J)t 0' luI 
jn erofJ8-seetion, (a. being & stoma openiDg ont on the lO1\'er 8Ur

taee. Looking down upon tho 
peeled-ot! eJ}idt:rmie or tho 10Wtl" 

8Ul'raCe, stomata 8l"e fiefn ((.1 Pig. 39. 
lW. Cut on a leafy brnu<!b or 

any herb, in~rt the) stew through 
f\ perforated cork into a. 1Jo1t1& of 
water, and then plRee the Whole 
ll1lder a bell .. g.18.81i. Note how soon 
the waler "apol' tb!'()1\'U off c.ondensee 
upon tl)e f(\USB. C01lrp$re Fill · 10, 
pogo 68. 
The rote ot tran· 

spi.ration from n siugle leat 
lIllly be accurutely observed 
1\8 tollow!!: A large U ~ 
waped ghH~H tube is jj1Je·l 
wit) water. nnd into one enu 
ot this tu.be i8 iDlierted II 
perforated ("()J')': bea.rin~ u 
swan glllSs tube ()r etl()iJlary 
arm, bent at. rigbt angles. 

¥le. 36. The root/ba.l" In t be ot her end ot the C-
.. teen 011 a dark. tuue is fitted a cork, through 
damp cloth, the perforation ill which i8 

inserted the leaf-stnlk, with the litem renching 
tho water, as sho"'D in Fig. 40. 'When this last. 
eOl'k 1.8 foreed in, water will fiU the capillary arm: 
and the ~ession of the water in this arm to 
supply that b-a.uspired sbows the rate of tnro-
apirntion. WIlX or pa.tt\t'lin sbould be used to 86&1 
arouDd the perioratiom. 

1890.. Root ·pl'eUure or sap-prenDre, may 'be 
made evident Toughly by Ii very aimpJe experiment. F' r. H.o'" ths 
An inch or 10 above ground" eot off a atem of IODle 1:'u"adbelW t.o 
aeti',e11-growioC' hcrbaeeous plant, as the lun.. Ulo fc:n&allOOL. 
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lower. Fit tightly over this Btub a. few incb(>! ot rubber tubiDgj 

p&rliaUy filling the tub ing with water, and into the free end fit 
c]osely 8 e:wall gJIls8 tube 8evera) teet long, supportjng the tub~ 
b, a. stake. 1D a. few bours w&lt!r \\"iJl begin to rise in the glull 
tube. This pressure in the commou lI~tt1e lDay 8u&tain a column 
ot WAter over t tln r~et in height, Rnd in the grape-vine a column 
more than thirty reet in height . It is itlllpplieable for plant .. that 
(orce up only", 8mall volume ot wlltel,' uuder high p«'8!JQre. 

189b. The SR.p ascends tb ro ugh the young ""oody parta,
the sap-wood in our common trees, and Dot bet weeu the bark and 
wood , R.8 e.orumouJy 8 11 J1'poSP{L ']'('1 Doff' the spec.h1l <"hBDD~ft 

Fia',3S. Cross·section ot .. lNJ. Stoma at ft. 

through whieh sa.p ascends, aecute IJ, few joints of green corn, 
a blade of oele1')" &. leaf of ca:nnA, and 80me woody bmncll, and 
put the stem ends into 8. tumbler with a solution of BOlDe red 
dye or stain, preferably eosin 01' lucbain.. Otten in tbe course 
Qf • few houn there is external evidene6 that the colored liquid 
ucends through definite chaonels, t\t leapt with the 8ueculent 
herb6. Now cut oft the stem8 and nota the colored regioDs,
ill the CQrn tboee thread-like groups ot tiber& 80 botiaeable when 
an old cOMlatalk i8 broken; in the eele.ry, likewise, through thOle 
etringy ftOOI'8 known to aU who have eaten tough celery; &lid 
in woody plants. through the layers of wood neareat the bark. 

19Orc1. For IQUE'1' diacu.uion8 of the .ubject outlined Jo 190 
.... 01 181, conoult Borauer, • Physiology of Plan... for Ibe UI8 of 
Gud ..... ra,· pp. 30-44, 4~1, 
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194a. Air in wbich 86edl bave been germillatina- baa lufre:red 
... ehl.nJee; this Cf\n be shown in the following 1l)llnner:- io'i\l " 
la.rS(e-moutbed bottle balf fun with Icaked beanl or peas, add .. 
smAll Qn"ntily ot wa.ter, a.nd eorlr it. after twenty-touf bOil"" 
paM a ligbted wax taper or l\'lUoo. cord into tbt ja.r, ft.nd it "HI be 

E'rtiJlgtJi8hed. )fake tbe .ame 
teslS ill Il Jar of Air, and lee that 
the taperburnl. This i. a8trikibg 
change. All & matter or fad, tbe 
germination "AB iocrUBed the 
amount, of carbon dioxid and dl
minithed. the amount of OXYIfeD. 

bnt otber mOre @Iaborat.e experl' 
mente would be ueeded to abo. 
how "6 know that these ate the 
gaS" affected. 

19&. Fot a dlseu88ion of 
the rela.tion of 1Iret 80ils to OX1-
g®-nbttorption, read Sorauer, 
pp. 77-80. 

l.96b. The nOyprefS8 

k;net-s tt which proje{'t 
from the wale.r in. eypreltlf 
s"mmps: in lha South are 
8Uppo~ed to be aOratinp: 

P\&,40, M"ans of 8bowilli trAnf"plratiou.. organs. 
19;«. It a plaut ia 

btll"Ded in th~ ai.r, t.he rE'sult:i.D'f ash i.s va.". small i but it bunled 
witbout free aecess of air) as jn a. ('bart.'oaJ pit, there J'emainH 
a cbarred mass almost 88 great 1,0 volume 8~ the 8ubfJtanee 

barned. This m4BB is la.rgely "Arbon, & most importaJlt element 
in all living matter, or protoplasm. In combination with the 
81ements ot ",atel') earboo al80 tOl"WS mOlt of the canula,. tinoe 
at plants, likewise the stare.hes eDd the engel'S, aU ot which a.re 
eaUed. carbobydratelJ. The maouf.aetnr6 ot these ltucb-like eo.Q:I
pouudl by the appropriation ot tbe earbon dioxid ot tile air ill 
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on80t the peeuJi8.dtiea ot green plauts; &nd aniUlals d~pt:lId on 
\,lants tor the p1'8litDioary preparation of these nee-essary OOUl
pound •. 

198(1, 'file word 38simiJatioo is sometimes used jn this restricted 
8ft~8e in plants, 88 defined iu 
198. In general speech it 
means the a.ppropriation o( 
prs{)8.red or digested food, &8 

the ass; m Hation of the food 
'>y the blood, . or protoplaam. 

19,sb. ChloropbyJJ is tbe 
green colo'ring Dlatter of 
platlt8. It looks to be in tbe 
forln ot minule grains. Most 
of the oel1s in Fig. 38 conta.in 
cblorOpbyll grains. 

lOBe. PJaot-(ood, in the 
aQuae in which the term is 
bere used, is a product or pbo
to!lyntbesis,-1Iugar, starch or . 
some similar material. In 
common speech the term food 
is nspd to designate any ma~ 
t.t>rilll taken in and ultimately 
used by tbe plant, 1\8 nitrates, 
potash, water; and a genel'8.1 
use or tbe term is so wen 
established tha.t it cannot be 
overthrown . 

198<1. For tUrll;ler light on .,.. 41. ~t. to .ho. the Rivina 
of[ ot (UJ'ReU. aBsimilation, compaTe Art bur 

and MacDoogal, '\Livjog 
Plants and Theft Properties," pp. 145-152. 

1990.. Place under a. tunnel in 8. deep beaker, cODtaining 
lresb spring or stream water, growing bits of w.tel'~weed 

(Elod«l Cnnadmaats), RDd invert over the end ot the tunuel a teat~ 
tube filled with water I &1 in Fig. 41. In the IJlluligbt bubble. ot 



gAl will be seen to rite aud eoUect in the tube. If .. uft1clent. 
qUllutity of tbi' gn t.ould be quiekly eol!eeted, on teltlng it. 
'ftith a ligllted taper the tsa.we "ould be 8een t.o quieken per-

$,. .• 2.. O~DIIli' Of 
110 \)uQot nen. 

A 

PIa'- "3, The ztJuklnl' 01 tho lflPm • .tId 
Lb.81)readtnc _1)Art. of t.hf!l marD. 

eelltlbly, indicating wore oxygeo_n th&D i" eObtllined in Ole air. 
In this cll8e the c.aroou dioxiil u8f!d is in solution in the water. 
Tbe Elodea is eOllllDon in still poodfl.. 

!!Ola. Ou tbe- subject of tefOpt:rature and plant li.f&, comptLnl 
B$iley, .. the SOl'\"ival of the UnHke," llP. 4+48, Chapt~n xvii.. 
IlDd xix.; and Chapter xiii. of Gaye'B "Grea.t World's Fann." 

2024. COrup ..... Arthur and M~Doug1l~ "Living Ptanto aDd 
tbeir PJ'Operlies. n pp. 85-98, for & discuae.ion of tbe inlluenee of 
ooJd in injuring plaots. 

2Ola. To test lOT starch in • potato tuber or other atonp 
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orgAn. spread • drop of tincture of iodiDe OU tbe Ctat 8urfaoe. 
ADd the blue or violet color indicates the presence of stareh . 

Test the laundry sta:reb. 
203(.1. To determine that staroh ie formed 

only ill Ule green parls of lea.ves, securft a 
leal val"iegat{ld ,,·ith w':lite, lik(t a eoJeu8 O'r gerallinm. 
wbich bas been some hours in SUD lIght. Place it in bot. 
&Ie-obol uutil Lbe green color dis'ppe&ra, aDd theD add some 
iodine. Tbe plU't8 whieb were green atc eolored violet· 

• b1:'OW1l, indicating Eltarob, but the wbite parte arft Un-
colored. Another leaf coveted with dark oloth for 

1 c twenty~t.our bours wil1 show little or no at&re.h any-
D .'J_ ... -D ",hert', illdicating the removal in dlu'kneJ!' of tht~ 

stR."N!h formed in 8un:ligbt. 

1I~~'the 204a. The opening bud of t\ 

beech is a good exampJe tor ob· 
servation at growth, 88 it 8Z· 

pandiJ trow day t.o day. Tho long aeale:8 of 
the winter bud booorne looser, and gradually, 
by the elongation ot parts between tber:u , 
the ae.alea are toreed apart, showing at the 
base ot each a minute led of perfect lonu. 
D&ily the leaf increases in size, the internodes 
Ot stem portions between tbe leaves elongate, 
the scwes fall away, and from a bud of an 
ineb in length, by elongation tbrougboQ.t ltl 
"'bole extent we baye 8 leafy twjg 01 mabY 
inebeB, wiO} 8 termjnal bud, ADd a bud in the 
nil of eaeh tw. The beginniug of the .pring 
growth :is likewi.e well shown in the pear 
bud, Fig. 42. CODsult Ba.iley's "Le880U8 with 
Planta," pp. 44-72, for fuller dilklOUioDs, with 

_to 

DlADy illustrations, of tbe opening of buds. J'la. "" TIM rooi 

205G. llark Itt. young stem, u at A in Fig. ~bl"pol'llo8. 
~; but the nezt day we ,haJJ find that tbese 1Il&I'b are tarthv 
"part Uuu1 .. hen wo mado th .... (11, Fig. 43). The marb ha ... 
&11 raiaed tbemaelv .. abovo tho grouud .. tho pIAl Iuoo _. 
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Tb •• tem, thererore, bait gro"o througbout ita len.tttl uither thaD 
froID the end .-lktUcy, 'It kuotu lrit. PI4""t" p. 318. 

20&. Germinate .. equMh leed between I.y~,..ot bJottiu«-p&per 
or cloth. Wben tbe root baa Ift'O"D au ineh Or two'.' the plantJet 
on .. pieee ot pAper. Then lay a rule a.longslde of it, ItJld make 
.. 1I11U'1r. (with indelible lnk ) one-quarter of an incb, or leu, (rom 

. tbe tip, &nd two OJ' three other marks .t &quILl df,tane" abo",t'! 
\ P'i, . 44 ). ~ow ~aretull1 replt.e6 the leed. Two daYI later, 
examine it ; we .ball mott 1iltely ftnd a oondition IOmething like 
tbat in Fig. 45 . It will be Inn tha.t tbe mark. E, C, a, are prae .. 
tioally tbe ume di.t.ne~ ''P.n u before, and they are alao tbe 
_me diet.Dce trom the peg, A. A. Tbe point of lobe TOOt il no 
longer at 0 0 , hO"8ye.r, but hu moved on to F .-84""" tt ~ns 
.. ,. PIo.,./, p. 311." 

207'a . W. bOW Me that the neapn of treel ilJ a very oomplex 
,ghat.Dce. It is the juice Or liquid in the pllLul. The liquid 
whioh ant eomet in .t tbe root i, " .. ter, "ith very dilu" pro· 
portion. of ..... ioua .ubst.Dua. But tbe 8ap 1\110 "arri .. the 
product. of &8IjmjJation to .11 parts of the plant, to build up the 
tiJ8DH. 10 commOn lpeeob, the upw.rd.mo'iling "at.eT, !"Kentl,. 
taken iD from the loil , and )rno"n AI the "transpiration "ream." 
i. often aUed crude lap; and tbe liquid car,.,.inr ttl,.,.. aDd 
otber organic compound, il caUed elaborated up. 

2OAa. See the dieeuaiob8 and pictqres ot moriD, parte in 
Bailey'. ~Lee.one with PJaote,n Pl). 396-406; .JI() Barn"' "Plaut 
Lif.,n pp. 188-208: At.ioIlOD'. "Elementary .Botany." pp. 81-92 ; 
Arthur aud Wae.ooupl'l "Lhiul Pluu," Chaptera i.-i • . , and 
oth.r bot&Die&1 t __ . 



CHAPTER IX 

THE PROPAUXflOX m' PLANTS 

1. The Kinds or l'ropag(!tioll 

213. Plants naturally pl'opagat€ by two gen· 
eral Illeans,- by 8fleds and hy huds. All th" 
modes of the propagating of plants employed by 
the fal'lllt'1' and gardener are hut modification" 
of these two general types. 

214. The f8rme,' has tllree objects ill view ill 
the propagation of plants: to renew the genera
tion, or to prevent the stock from dying out j to 
increase the llum bel' of plants; to perpetuate a 
particular variety. Thus, the farmer must resow 
his wheat, or he will lose the stock; but he ex
pects to secure more plants than were concerned
in the production of the seed which he sows; 
and he also expects to reap a particular variety, 
as Diehl or Mediterranean. 

215. Seeds are always able to preserve the 
race or stock and to increase the number of 
plants, but they are not always able to produce 
the variety which bore them. Most farm crop!! 
and most garden vegetables reproduce the va-

(UII) 
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riety from ~lled8; but most fM.iits and t1'008 and 
shrubH do not, utld iu :-;;twh NI$(}.P: 1'f.'f~()Ursf' 

j, had to btl.\ pl'Opagatioll, u, lay"r~, ('uttings, 
gl'llft8. 

216. III oroer that " .... tIs shall gf'rminate, the 
s"fld~ themseh-"R tllU~t IJP viable «)r "good"). 
Viability dept'nus upou «(I) tl", matllrit,y of the 
sepdl<, (/i) fr,.~lllH'sB,-thpy slwJi not have lost 
th8ir vitality through agp,- (c) the vigor and 
gllllel'a! 1ll1althfllln<>ss of th,' plant which bore 
tl", ,,<,('ds, \d) prop('1' ('ollditioTls of storagf'. 

21 i. (b) Thf' j,'Ili,rth of time ,luring which 
HPeds retaiu th"ir "itslity yari,,~ with the kind of 
plant and with th" conditions ul1<!"r which tlw 
seeds were grown. That il', tlWff' is a norma! 
vitality and an ineidental vitality. Most soods 
gel'Ulinat.e best when not mol''' than one or two 
)'ears old, but retain strong vitality three or 
four years; but some seeds, !lombly those of 
onions and parsnips, are usually not safe after 
1\ year old. 

·218. In order that soods shall germinate, 
they mllst also have proper surrounding con
ditions: moisture, free oxygen (air), warmth. 
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219. The ideal condition of the seed-bed, 80 

far as water is concerned, i~ that it shall hi' 
moist, not wet. Wet soil injure~ seeds, largely 
by excluding oxygen. The older and weaker the 
seeds, the greater is the necf',8sity for care in 
applying water: they should 00 kept only 
slightly moist until germination is well started. 
The soaking of seeds starts the germinating pro
cesses, but it should not be continued above 
twenty-fOUl' hours, 8S a rnle, and Rhould not 
00 employed with very weak seeds. 

220. Oxygen is supplied to germinating seeds 
if sufficient air is allowed to reach them; and 
the air reaches them if they are not planted too 
deep, nor kept too wet, nor the soil allowed' to 
"bake." But all these conditions are greatly 
modified by the kind of soil. 

221. For each kind of seed there is a certain 
degree of warmth under which it will germinate 
to the best advantage; and this is called the 
optimum temperature for that seed. The opti
mum temperature is not uniform or exact, but 
ranges through a limit of five to ten degrees. 
Seeds of most hardy plants-as whea.t, oats, rye, 
lettuce> cabbage,. and wild plants-germina.te best 
in temperatures between 45° and 65'; those of 
tender vegetables and conservatory plants, be
tween 60° and 80°; those of trODicai DIantll, 
~een 7l}0 and 95°. 
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2b. TAe .......... g of .udli"l1' 

222. The ideal soil in which to plant seeds is 
loose and friable, does not "hake," and is reten
tive of moisture. It is neither hard day nor 
loose sand. 

223. Thl' looser the soil, the deeper the seeds 
may he planted, Aine,' the plantlets !\Itn easily 
push through the earth; and the deeper the 
planting the more uniform is the moisture. }<'or 
seeds of medium size and of strong germinating 
power,-as wheat, cabbage, apple,-a quarter or 
half inch is sufficient depth. In order to secure 
moisture about the seeds, the earth should he 
firmed or packed over them, particularly in a dry 
time; but this surface earth is moist because 
water is passing through it into the air (103, 
104). 

224. The smaller the seed, the shallower 
should it he sown, as a rule, and the greater 
should he the care in Bowing. Very small seeds, 
as those of begonia, should be merely pressed 
into. the earth, and the surface is then kept 
moist by shading, laying on a paper, cloth or 
glass, or by very careful watering. Delicate 
seeds are often sown on the surface of well-firmed 
soil, and are then lightly covered by sifting soll 
or dry moss over them. Keep them shaded until 
germilU\tion is well progressed. 
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225. Seeds may regerminate. That is, if 
germination j~ arrested by drought, tll(' process 
may be renewf'd when congenial conditions rpcnr, 
even though the youug root may be dried and 
dead. This is true of wheat, oats, maize, pea, 
onion, buekwheat, and other R",,(h. Som<1 seeds 
have been known to resumi> A'erllliuation five 
and six times, ewn when tIll> root I,,! had grown 
half RIl inch or more and the seeds had been 
thoroughly dried after each regennination. 

226. Bony and nut-like seeds must generally 
be softem,d hy lying long in the earth; and 
the softening and splitting of the covprings is 
hastened by freezing. Such seeds are peach 
pits, walnuts, haws, and most tl'"e seeds. Gar
deners bury such seeds in earth in the fall, and 
phmt them the following spring. The seeds are, 
[Lisa, often mixed with gand, or placed between 
layers of saud in a box, and if the seeds are 
from hardy plants the box of sand is placed 
where it will freeze throughout the winter. This 
operatiQn is known as stratification. 

3. Pr()pagatiotl by Buds 

34. WAil and how Imd propagation is used 

227. When varieties do not" come true" or do 
not reproduce themselves from seeds, it is nooes-



THE PROI'AOATIOS or PLANT1l 137 

sary to propagate tlwlll by ll1t'aw' of buds. III 
somp CItS"~, aho, se"ds arE' not proolw,'t! ft'(~ely, 
aud then r""(llU'~" i~ had to hud~. III many 
in~tnl1f'e~, too, as in grafting. Ijui('ker fONoIults art' 
ohtainpd h~' hu<l propagation than hy 8,wd prop
agation. Ow' IIll"HI" of dwarfing plants is to 
graft tlwlll on kind"" of ~lllallf'1" Matu]"f'. 

228. Of bud propagation, Ih"r,' aI'" two gen
et'al tY1''''8,- that in which th,· bud r"lllllin~ 
atia"hf'd to the par!',,! plaut 1111til it has takE'1l 
root, and that in whieh th., !'wl i, at 0111"" ~'~pa
rated from the pa,!,mt plant. Examples (if tl!" 
former aI',) layers; of the latter, euttings. 

ab. [T"detncked bud., 

229. A layer i~ It shoot OJ' a root which, 
while still a.ttlll'h,·,1 to tl", plant, is mad.e to 
take root with til\' illt"ution that it shall be 
severed, and form all indepNldt'llt plnut. 

230. The Illyer~ are bf'nl to t.he ground, a.nd 
at one place or joint an' "o\"er"d with earth; at 
this joint mots are elllitted. Layering may b(· 
performed in {,itlwl" fall or spring, but the for
mer L'l usually pref .. rred. The layers are usually 
allowed to lie one BeaRon before they are sev
ered. Almost any plant which has shoots that 
can he bent to the ground can he propagated 
by layers; but the best results are obtained in 
plants which have rather soft wood. 
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3c. Dttal!ktd />w.ds 

231. Of propagation by detached buds, there 
are two types,-buds which are inserted in the 
soil or in water, and those which are inserted in 
another plant. The former aTf' cuttings; the 
latter are grafts. 

232. Outtings may be made of soft or un
ripe wood, or of hard and fully matured wood. 
Of the soft kinds are cuttings (or "slips") of 
geraniums, fuchsias, and the like. Of the hard 
kinds are cuttings of grapes a,ud currants. 

233. Soft cuttings are made of shoots which 
are Bufficiently mature to break or snap when 
bent double. They comprise at least one joint, 
aud sometimes two or thret'. The leaves are 
removed from the lower end, and if the upper 
leaves are large they may be cut in two, or 
sheared, to prevent too rapid evaporation. A 
soil free from vegetable matter, as sand, is pref
erable. It is generally necessary to shade the 
cuttings until they are established. 

234. Hardwood OJ: dormant cuttings are 
taken in fall or winter. They USUally' comprise 
two or more buds. They root better if they are 
callused (partially healed over on the bottom 
end) before they are planted: therefore,' it is 
customary to bury them in sand, or to stand 
them in sand •. in a cool cellar until spl'ill.g. In 



spring they are !let into the ground up to the 
top bud. 

235. SingitH'Yf' cuttings-that is, one-hud 
cuttings-ar(\ 80metim(ls employed when huds 
are scarce, as in new or raro plants. These are 
usually started under glass. 'They are planted 
half an inch or all in(·h deep, in an oblique or 
horizontal position. 

236. Grafting is the operation of making 
one plant, or a part of it, grow npon another 
plant. The part which is tranf'ferrE'<i or trans
planted is the cion; the plant iuto which this 
part is transplanted is th" stock. 

237. A cion may contain one hud 01' many. 
It may hI' inserted in 8 cleft. or split in thE> 
wood of the stock, or it may he in~erted 

between the bark and wood of the stock. A 
single bud which is inserted between the bark 
and wood is techniclllly known as a "bud," and 
the process of in!lerting it is known as budding; 
but budding is only a special kind of grafting. 

238. The cion and stock unite because the 
C&llJbium of the two grow together. This C&llJ
bium is between the bark and the wood (207): 
therefore it is important that the inner face of 
the bark of the cion (Of bud) be applied to the 
surface of the wood of the stock; or, if the 
cion iii inserted in a cleft, that the line betweell 
tile bark, in the two, come together. 



:!39. 'Vhen the cion is iuse.rted, the wounded 
lIUJ'faces mu~t be ti<>htly 010 ed, to pre"Pllt the 
parts from drying out. Whenoy r the tock is 
cut off to l' ceive ~he ciOll, thereby wounding the 
wood, wax i u ed to cover th wotmd; when 
only the bark is rllised to admit the ion or bud, 
a bandage is used. 

240. Grafting with hardwood ciOllS of two 
or more. bud -which i usually spokeu of as 
gmfting pr(lper- is performed in spring, anu 
the cions are ent in tlte winter l1ud are kept 
freRb and dormant (us in It e~lIar ) until wanted. 
The cion is marta froID the wood of the pre
nous season's growth, of the variet,y which it is 
,lesired to propagate. 

241. Budding-or insertiug a single bud un
derneath the bark-may be periOl'lDE'd whenewl' 
the bark of the stock will peel or "slip ," and 
when mature buds can' be seelU·ed . If performed 
in spring, the buds are cut in mnter, as for 
grafting proper. If performed in late summer 
or early fall-and this is the custom-the buds 
are cut at the time, from the season's gtowth.\ 

SUQGEBTI0BB ON CHAP1.EB IX 

2100. It is jmpractic.abJe, in this connection, to ezptain full,. 
why it is that some l1hluta "come true" from seed, and others 
(as apples, Btrawb~riE"8, roses) do not i bgt the eoqa.irer .... ill 
ADd tho matreT e"pond&<! in Bailey'. ·Plant.BreediDc,· pp. 
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8S-Dl. Tbe reason itl' \hl1l iu plantR which are. habitually pro}l"" 
flHted by saeds t lUI duo! garden n~gotallle~, we are (Jonstanily 
Jiscardil)g the ron)'!!'1 which do not eom~ true, and are ther('by 
fi.xing the tsode.ney to cowo true,- siJlt'e only the Individua.\s 
\~bjc.h do eome true are alloweJ to p6T

petullte themselves. 10 pll\U__js wili('h ll.re 
Dot babjlu»Jly propagnted & i;f_·t·d.l1, this 
8eleetiou d(l(!.8 not taka plate, 11nd the 
loudener to eOwt\ true is uot 6xl'd. 

21ia. Thelon_ge~1-1iYt>d 8eOOs are tho6(t 
bom~ 0'1\ plants wbieh rcaeh their normal, 
heu,ltllY dco\'eiopml'ut. Those p!'()(lueetl tu 
\Very dry years 8.r6 apt to ha\"e 10,," vitality. Fia.'B. ,,~~::~.oovered 
Seods should be stoted in 1\ dry and fairly 
cool J'O()Ul. Tablf's of the longevity O'f garJfn M'~ds flJlIY l'l' 

found ou pp. 1001:-107 ot the 4th. E'4.1ition ot tt IlortienUul'itlt'li 
Rule-Book." 

219a.. t\~uJ'8ery-Book," pp. 1-7, disea.i'i8e8 tbe rueanll of 
regu.1atiDg moisture., with iliU5tTQfjonB. 

22Oa. A. an experiment, plant corn a toot deep w 9r'Um. 



142 'rRY. PR1KCIPJ.,I>t! OF A(lRlCI!VruRE 

finn soil. Run a little Itick or splinter down to some of tbe 
seedlJ, allowing it to remain. The a.ir enters alonpide the stick. 
Observe it there is ally dlflerence in germina.tion. 1f Dot, try 
it when the IIOit ill very wet. 

29Aa. Very small seeds are otten sown very shtlllow in a 
pot, and a pane ot glass is IfLid over the pot to <'-heck evaporn· 
tion (Fig. 46 ): As BOOn IUS the plantletillLt/· 
paa.r, the glas8 is l'e~ moved. For de-
tailed directioDs lor the sowing of seeds, 
see th~ I't Nursery·Book," pp. lfi- 25. 

230(1, An illustra.- tion of lnyering i. 
gi'f'en in Fi~. 4i. Four (i.o<O..,.",..,III. 
f!!boota are la.re"Cd. One 
shoot, ..4, is layered in 

Fl. •. 48, ~IC!U$ eutune 
(x~l. 

Fia:. 49. ()utthl, held by ~"'i&. 50. Otlfo .lYle 01 
toot.h·plck (Di). f>bry"mthemUJD 

eatlloa:{:I"'). 

two places, and two plantE will result. When tb~ Ia.yefii hav~ 
taken root, the part i8 severed and treated as an independent 
plant . Honeysuckles, Jilaes. snowballsJ and lD8J1Y comm.ou 
bushu can be l .. yered with ease. See Cbapter iiLI in "N11l8eJ'Y
Book," for full dlscuaaiou. 

233a. These green cuttings may be planted in shallow boxes 
ot Band, in eoldlramee Of hotbeds, or in the bene.h of a glaM
b.,....,. Figs. ~~ illnotrate the p""' .... 

lI:Ua. A grape cutting i. abo,", in FIg. 61. Tha ia the 
eoDUDOD fMhiOll for propaptiDI the grape j but Dew TarietlM 
lIN otten I'fOWIl from. ainfl'ifl e1", .. sho .... ill Fic, 42. Ooualt 



JiM • • M. Shle.ld \ra4. 

". ......... __ <sl'). 

Mia. IT. n. bad" 
JI'tc. 56 .... bo ... 
d.cJW'D Ut.U .,.,.. __ '"the \Ja1'k, 

J'\&. 61. A..sed uad __ tied wtdI 

_~l. --
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Chaptel' iv. of "Nurxery-Bouk," for full d[re(,ti(Jn~ (or mating 
and growing cuttin~. 

2:\8(1,. Two {'joulol iwwrt('(l ill a (·left. ih tht' ~tlh'k are I'hown in 
}'""ig, f)3. Tbe ('amhinm lUyt'rH ('Olm" tOke-ther iu tbt, eiOll Bnd 
the. sto('k. A" hnd" (,j(lIl ilo\ fihown ill t'ig. fl4, and the op€ration 
of Hho\'ill~ thijol o.nWh IltltwEt,tl the lmrk and wood of the f'lywk 
is :H-'f'U ill Fig. ;,;). 

e:mn. The W/lXlUg of It strn'k is illuRt.rut€d iu :l"ig. 5G. The 
tying at' a llud (by r:Mt eOI'd or J'll-sO iH f<howu in J.·ig. 57'. 

:!40(f. T11(' \'OmlU()lI Atyh' of grftftin{ol,' is Imggel'ted in k"'i~8. M 
anti iJ6. 'fhh, is known lifo; ('Ieft-graftiu~, from tbt' 8J)1itting of 
t.he stock. 1t lH 1 he style nearly alway~ ~lllploy~tl in orchard 
tr{'es of npph's flnt! pf'ars. 

241«. Sili~·ld-lj{fddinf.t Ii:) th6 <50mWOD gtyl~. It is illustnt.t~d 
in JI'igs. rH, 55, il7. The buds are {'ut, at tb(' time of the blld~ 

ding, the leave,. bemg at OW'I! taken off to prevent Pl'llporntion : 
but a hit of the leuf-stalk is usnally If>(t to s(>t"-t:! Il~ n bfUldle. 
lL$ s('ell in tbe pil't·urt·. Pl'uchf's, ~'hf'rl'ies, plums, oraOA'6S. are 
mmaJly hudded. 

241h. In all kinds of grafting and hudding, the operator' 
must be {'8,l'l"fui to select cioltfl., or budt!, from only thORt" varie· 
ties whi<~h }w dp~ire8 to l)el'petuahl. The sto('kfl. u8f;HI hy JlUl'~ 

serynH'n are 8N'dUngs; but even if th(O plant is b>'1'sft,ed. it can 
he gl'aftf'1l 1.Ig-9jD; thf' saUlt:' l1S if jt, were a ~eed1illg. In most. 
eases, a varit>ty !8 grafted on unother plant of tbe slllIle general 
kind, as tl peach ·.)n 8 peacb, IW apple on an apple, a plum on 
i\ plum j but therE' ara cases in which oue kind or spt)eies is 
graft('ld on a differ.:mt spe(!it\s; (a) tu secure It. dwarf plant, by 
grafting on a slow·gl'Owing root (as paM' on quince"), 01" (b) be
~ause SE.'>('ds of the gh~en spAcies are rare, tuld .,. cl~ly related 
Btoek is t,b~refore substitut~d. For extended a.ccounts of bud~ 
ding and grafting} refer to «Nu1'Sel'y~BOt)k," Chapter v. 



CHAPTER X 

PREPARATION OF LAS» FOR TUg HEED 

). Factors Which lJdamim' the Prepamtion 
of the Reed -oed 

242. Faulty preparation of the land iR tllfl 
cause of more failure~ than the subs!'queut 
treatment of th!' crop. In field conditions, this 
preparation can not be so thorough, or so ideal, 
&s in garden area.~ or in glass-houses. The 
general condition of th" farm work rlictatm; to 
a great extent the particular timE' when the 
seed shall be sown and the amount of prepara
tory work which shall be put on the land: 
therefore, it is very important that the farnler 
fully understand what is required, in order that 
he may make no mistakes. 

243. The preparation of the land for seeding 
should be governed by two fa.<ltors: by the 
needs of the particular plant which is to be 
grown, and by the chara.<lter of the land. To 
prepare a seed-bed for any crop, the habits, 
1ikes and dislikes of the plants shoo.ld b. 
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studied. That is, it is not enough that the 
land be well prepared: it should have the kind 
of preparation which is demanded by the crop. 

2. The Demands of the Plant 

244. The preparation of the seed-bed differs 
with the way in which the plant is propagated. 
Some plants are propagated by a piece or 
part of an underground stem or tuber, as the 
potato; others by a branch of the aerial 
part, as the willow or sugar-cane. In all of 
these cases, the buds or eyes are surrounded 
with food for immediate use. This stored food 
gives them power to send out strong shoots and 
to grow for some time without having to secure 
'nourishment from the soil. But maay plants are 
propagated by tiny seeds. These start in 
life with little stored food, and, therefore, must 
quickly secure nourishment from the soil; and 
the land must, therefore, be very well prepared. 
These seeds should be plauted near the surface, 
for there will not be strength enough in the 
infant plant to push its way through, if planted 
as deep as the potato. 

245. Plants may change or modify their 
characteristics to adapt themselves to chAnged 
conditions. The common red clover is a tap
rooted plant, but if it grows on soil which is 
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underlaid with wet clay, it tends to Vecome 
fibrous-rooted. Even long-lived perennials, lUI 

trees, do best wh.'n the SUMac., soil is well pre
pared to a depth of t"n to twelve inches, sillep 
lIlany feeding root~ of trees, e~pecially of young 
ones, find nourishmt'nt in this prepared ~oil. 

24ti. Plants .lift',,!, h'Teatly, however, 1Il ability 
to adapt themselves to unfavorahle conditions. 
Many common plants MeW! tlwir tap-roots into 
the subsoil for two to thr,*, feet, even if it be 
hard, while 8ugat· beet" become fibrous-rooted, 
and may be pushed up and partly out of the 
ground if their tap- roots attempt to enter the 
undisturbed hard subsoil. Land devoted to 
clover need not necessarily be subsoiled if it 
be fairly free fI'om stagnant water, while that 
planted to sugar beets should be subsoiled, 
for the reason that a long, fusiform root is 
desired, all or nearly all of which should be 
below the surface; for that part of the beet 
which grows above the ground is not nearly 80 

valuable for making sugar as that part which 
grows under ground. 

247. Nearly all of the common and quiek
growing plunts seeure the larger part of their 
nourishment und moisture froll). the first. or sur
f_ foot of soil. This being 50, it is seen how 
neeessary it is to prepare the soil in th\l best 
possible manner. If the upper soil is not well 
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prepared, the roots must search wide aud deep 
for food. 

248. Most of the "malleI' lllants require hut 
about six month~ in which to grow and to fruit. 
If, in order to secure nourishlll('nt and moisture, 
till] roots arc ohliged to d('seend into th€' cold, 
hart\ Huhsoil, wh,~r(> the plant-food i" Iikply to be 
least availabl'l, n€'ith('l' growth nor fruitage can 
hI' satisfaf'tory. Thosp plants which do not ma
ture until they are five to twenty years of age, as 
fruit trees, can seCUre much llourishml'llt from 
the subsoil, although they secure litH(' in any 
one growing seasoll. Then, too, trees Illust se
cure a firm hold on the land, or they will be 
prostrated by wiuds. By being obliged to send 
many of their roots into the cold, firm subsoil 
through many generations, trees have pmbably 
af'quired the pow!'!" of securing more of the tough 
or unavailable foo<l of the subsoil than plants 
which live but one season. 

249. Different plants reqnire not only to be 
planted at different seasons of the year, but at 
different depths. They demand different meth
ods of preparation of the surface Roil. Some 
do best when placed in loose, warm soil, as, 
for instance, maize and sweet potatoes; while 
others do best when grown on fairly cold and 
some~at. comDacted surface soil. as winter 
wheat. 
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250. Nearly all plants thl'iw h,'"t WIH'll fur
nislwJ with a full and "olltillIlOllX "upply of 
moistur,'. Ji'iIlP, loose eart.h, whieh "outruns a 
mod pratt> admixtul'P of hUlllus, is capable of 
holding lllU('1\ moist.ure (i,\, 74); but thl' soil 
may lw xo Ions" and light as to admit t()(> 

rapid movmnent of air, ill whieh "liRe the mois
ttu'" will be t'arrit'd away. If thf' partie),," or 
earth are separated too widely, (·apillarity is 
weakened. In f'lIeh cases tit.. subsurface soil 
should be slightly ('ompacted, whil .. (JW' to three 
inches of the surfaee is left loose to form an 
earth-mulch, whi('h tends t" prevent loss of 
moisture by evaporation. The particles of the 
loose surface earth-mulch should be 80 widely 
separated that the moisture can climb only to 
the bottom of it, for if it COllies to the 8urfn"e 
the air will carry it away (H3). The I'arth-muleh 
shades the ground in which tlli' plants are grow
ing, prevents the soil from cracking, and saves 
moisture. 

251. The sood-bed should contain no free 
water; but it is impossible w secure this con
dition at all times. No serious harm may come 
when the soil is over-saturated at planting time, 
if the free wa.ter is quickly removed. If the 
soil contains more water than it can hold by 



capillarity, the air is driven out, and the ~oi] 
swells tlnd tends to booome puddled (81). 

252. Many "cpd" will not germinate if planted 
out of sea.son, 01' wiwn the soil is eool, no matter 
how well th" He .. d-bild is pr"lla.red. Tht'n, if it 
is desired to plaut early, make th" land fine and 
loose, for in 80 doing the templ'rature of the 
soil is raised. The soil of a fine, porous seed
hed, resting Oil a well-drained suhsurface and 
subsoil, is much warmer than one resting on a 
eompact, undrain"d fonndatioll. However, it is 
not wise to plant seeds out of season or' when 
the weather is unsuitabl.,. 

253. If small seeds are covered with but little 
earth, they may fail to germinate for lack of 
moisture. If covered with en'mgh fine earth to 
insul'e a constant snpply of moisture, the young 
plant,s have a hard struggle t{) reach the surface. 
Only a few of the small seeds, as clover and 
many of those planted in the kitchen-garden or 
llower-garden, ever produce plants. Sometimes 
the seeds are imperfect, but more often the fail
ure to secure vigorous germination is due to a 
poor seed-bed or to eareless planting. To ob
tain better results, not only prepare a fine seed
bed and s{)w at the proper time, but compact 
the soil immediately over the row of seeds. 
i'his will enable capillary attraction to bring 
InOiatnre to the surface, or n(W" it (108). The 
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earth-mulch should r~main unpacked between 
the rows, tD conserve moisture. 

254. In ~onw caReS it is impossihle to Ke<mre 
a proper see<j·bed for slUall 8e~8. For ex
ample, no suitable seed-bed can he prooured, 
ItS a rule, for dover SfledS when Row(ld in a 
growing tilled crop. In ordel' to RNlUre germina
tion, these sef'ds aT<' SOWll OIl tIll' l;unac" iII early 
spring, while the sunaee Koil is still porous 
from winter fr.,,>zillg. Th" spring raius wash 
the seeds into the little cracks ill tilt' soil and 
partly cover them, The weather beiug cool and 
cloudy and the soil lUoist in flarly spring, the 
oily seeds of the dover are kept <lamp enough tD 
insure germination. If sueh small se<~ls are sown 
in summer 01' early fall, the land is rolled for 
th" purpose of supplying them with moisture. 

255. A good field seed-bed, then, can be 
socured profitably only on land which is either 
naturally or artificially well drained, which has 
boon well broken and crumbled by the plow, and 
the surface of which has boon thoroughly fined 
by the harrow. Particular care should be taken 
not to work heavy or clay lands when they are 
wet. Neither should clay lands be tilled so much 
that they become very dusty, else they will puddle 
when the rains come. The remarks respecting 
the proper till~ of the land (Chapt.flT iv.) will 
.pply here. 
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4. Application of the Foregoing Principles 

4a. Wheat 

2[,6. Winter wheat does best when one or two 
inchf's of the surface soil is fine and loose, and 
the 8uhsurfacf' soil fine and fairly compact. 

257. To secure the ideal conditions, the 
ground should be plowed SOllle time before sow
ing, and the manure spread on the rongh 
surfae!'. The ground is immediately harrowed, 
rolled, and harrowed again. In one or two 
weeks aftpl'wanl it is surface-tilled again, with 
the implements best suited to the particular 
soil. All this tends to dhride and cover the 
manure, compact the subsurface soil; form a 
fine se<,d-i.(',j, eonserve moisture, and set free 
plant-food. 

:)58. This treatment of the land causes th!' 
roots to be many and fibrous, and to remain 
neal' the surface, where the plant-food is 
most abundant and available. If the manur!' 
is plowed under ami the soil remains l()OSe, the 
roots are leRs fihrou8 and deseend to the 
hott(llll of the furrow. In the spring, it often 
freezes at night and thaws during the day. 
This tends to lift the plants and to break 
their roots. But if the roots are nearly hori
zontal and Ileal' the surface, they tend to rise 
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and fall with the freezing and thawing, and are 
not seriously injured. 

259. As the Roil becomes hot at the Hurfac.' 
in June and .Tuly, the shallow roots df'se('ud 
to the 8uhsurflU,e soil, where it is cool and 
where the plant-food was not drawn upon dur
ing the fall; whilt' till' dl'ep fall-root"d plants 
will he unable to find IHlW fpolling grOlhld whell 
they need it most, jnst hef'or" fruiting, unl,'ss 
the roots start toward ttw surfac", which tllAY 
will not do, for in midsummer tho surfa"" soil i" 
hard and dryiRh awl too warm for wheat root~. 

4b. ~'lfaize, or Indian CO,." 

260. The seed-b<'<l for maize, which is a sun
plant and does best when planted in a warm 
soil, may be prepareu ill a diff ... rent way from 
that designed for winter wheat. Since maize is 
planted in the spring, when the soil is oftNl too 
cool for this semi-tropical plant, the subsurface 
soil should not be as compact as for wheat. If 
left rather open, the warm spring rains pass 
quickly to the f'ub~oil and warm the soil (77). 
Tpe more open seed -bed will allow a freer circu
lation of warm air through the soil. 

< 261. The best machines for planting maize 
are those which deposit the Rf\efl. on" to two 
inches below the surface in the fine, moist soil, 
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and compact the surlace soil over the seed by 
mean~ of concave wheels about eight inches 
wide, while the spaces between the rows are not 
compaeted. The maize may he cultivatoo and 
harrowed before the plants appear, since the 
rows may be easily followed hy the marks left by 
the eoneave roller wheels. The frequent inter
tillage which will be required to destroy weeds, 
to preserw t.he earth-mulch, and to set free 
plant-food, will compact the subsurface soil 
quite as much as is desirable. 

4<. Potatoes 

262. The potato should be planted deep and 
left with uncompacted surface soil. The seed 
potato contains about 75 per cent of moisture, 
and has a large quantity of stored food fol' 
nourishing the buds and sending up strong 
shoots. It thrives best in a cool, moist soil; 
and this condition is secured if it is planted 
about,four inches deep. 

263. It should also be remembered that pota
toes are enlarged underground branches, and 
that the new tubers preferably grow above the 
seed-tuber. If the seed-tuber be planted shal
low, the branch or stem above the seed is so 
short that there is little room for undergroUDd 
stems. 

264. Usually potatoes should not be hilled at 
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the last cultivation, for at that time the potatoes 
will have begun to form near thi' surfac,· or in 
the subsurface Roil, according to soil conditions. 
moisture, climate and variety. Theil, to throw a 
mass of dirt on top of tht'se undergl'olmd stems, 
after they have chosen tIlt' he~t position for 
highest df'v('}opment, is to force them to adapt 
themselves to new nonditioIlS. 

2420. In tbi8 l~hapter, tho wrml seed j,'+ UH8d in i1sf ~-re}lt'ra! 

agr1<'ulturaJ @en~l<, to d('signatf< ~flf'dK or othtor parts {Ull tUOOl"8) 
which are }llanted for f\Ald crOll}';, 

243a. A sood-bed -h~ the soil in which the 6eoed it! plaut.oo or 
~wn. It may ~ th~ siu_1 of 1\ window hox, 8. hotbf'd framt-, a 
garden bed, or a field of wheat. 

244u. The sprouts wllicb npI)ear Oil potato(!1( in (!eUal'tl are 
supplied from the nutriment HMred in the tuber. If a. wintt.'l· 
hraDch .of a tre~ is stood in watl:'r in a. warm room, leaves and 
1OIometimes :60W£lNJ wHl appear hl the ('ourse of a few week .. ; and 
the growth is made from the nutriment stored in the twig. All 
seeds have liitored uutrime'lt, but the small oncs: have very little, 
and it ma.y be exha.usted before the pla.nt1~t8 ca.n get a foothold in 
the llOil. The better and finel" the seed-bed, the 8O{)ner the plaut· 
let can establish itself. 

250a. The subsurface $Oil 18 that lying jUJt below the surface, 
-betwf:}6n the surlaee and the subsoil. It UJ the lo'Wer part of the 
soil which has been loosened by the plow,-tbat part which is 
belO1\" the reaeh of the surface tilling. 

2Mb. The subettrf_ 80il may be eompaeted ,by rolling (lim), 
fitter whieh the 51lrlace is loosened by ham::J'lring. When land 1$ 
given m:ueb 8Urfll.C~ tillage, a.s for wb.et.t, the tramping of tb~ 
horees eompaett the UDder $Oil. t....ooM, sa.ndy lands may be 
plowed shall" .. in order to k .. p tho ""bourf ..... eompaet (94). 
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251a. The Fig, 58 sbowa fI, draizH .. '<'i soil tlu[t()Ued with moIs
ture helll by c!t~piUnrity ill the smaller int(.\rStic(>s. ",hUe tho 
largpr ('bannels hllvt' tJet!u rclit'ved o( fr("c "'!\tN' b~· pc-reolution, 
Fig. 59 rf'preseuts n. t-tuperslltutatNl f:hil fronl \\ hieb oir and heat. 
are Jnrgely e:celuded. H 
soeds l'emain for n. few days 
in t.his tlOdrnin~ soil lh~y 
rail to germinate, and mny 
rot. Should Fl'tngnD-llt. water 
remllin in Ihf'l soil (or 80ID'· 
time nffer 1hl.! phmts btl\'l' 
apl~ured nbon!b'1'OUnd, tll~~' 
will turn yellow, fLnd may 
[>eri.h (1941. All thi •• mpha
~iZ.C8 th~ m,"('essity 01 pl"eJ)8I'

lug n.~eetl·bed ndapt"<l to ,hi' 
wo.nh or the plant to bf· 
gruWb, nlld of ma.inlainhlg 
suth soH c()oditioD8 lU:l 8J'f' 

best suitef) 10 the wnnts of 
the plru:t (luriug its eotir£> 
period of f..,PJ'Qwtb. 

253a, "Care BbouJd he 
exereiBed not to 80W very 
81lJaU and SIOW-&"enniDR'liug 
seeds, lIS celety, carrot, 
onioll, in poorly prepa.red 
lOit 01' in land whi(!h oa.kes. 
With '!l\~b seed& it Us well 

Pis, 03, Tbe reilUlt. 01: .b.lI4)W pla.ntin •. 

to sow Beede. of radisb or tumil'. fur the g"'Tlllinau' quie-kly 
and break th~ cruJJt, lllld alao mark the row. ~o that WIA{t8 may 
be bogun bf:.fo1"'6 the regular-erOl) s~eds u.re up."'-B(.li{~f, Gar
dml-MRki.g, p. 37. 

255a. The expense of preparing tbl.! land C811 ofte-u be ma
terially diminished if tbe land is plowed t«)nle little tim~ before it 
i. pla.ntep, in 8ueb .. wily that th& elements can act upon the aoi) 
~b_ the PTfX!f'8S ot wef\thering. In suc}, e~6, the {UfTO.· 
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tHe6 is not laid fiat, bat left at an angle of about forty-five 
degteeB, that the soil may hecome warmed fol' the purpose of 
promoting eht1miNIl Jwtion and the liheration of platlt-food. It 
may also serve to hasten the drying of the laud (95). 

255b. Summf'f~fallowinp: il) oft£'ll an adviMbh~ m~ans of pre
paring the st\ed-bed. 1t consists of two or more 8UlJUller plow
ings nnd .seVt'ruJ harrowings, the land remaining idle. Fallowf>d 
lands nre llsually Mwn to wheat in tho fall. All idtl8.1 Kecd-bed 
can be 8f:oCUred by this rnttaDS. Fallowing is to be .adVised when 
lands are very st{)l)Y, stumpy, hard, or when the-y have become 
foul with bad weeds, or have been injuI't>d l)y plowing or ditching 
when too wet. It is 8 lnpans of putting tho land :right. The 
better th~ condition of tb~~ land,-that is, the better the farnllng, 
-the 1es8 the necessity of summer-fallowing. The p~tiee is 
becoming less common, largely because modern implements and 
methods enabJe U$ to handle the land better. 

25&%. The pictures will make this ~nsoning plain. Fig. 60 
represents a wheat plant in the fall, on properly handled land. 
The roots n.re near'the surface. Fig, 61 shows how the roots 
-strike deep when manure is plowed und('r and the soil is left 
1008&; and tbis plant stands ]68$ ehanc~s of 8UCO~S than the' 
othv. 

2636. The I\(.·eompanying figures, which are ml\de djreetly 
from nature., illustrate the point that d{'ep planting jn well-pre
pared land tends to rt;>sult in a. deE'p and spreading hill of potatoes 
(Fig. 62), whereas shallow planting in poot'ly prepared land rt'l.mlb 

in a shallow and crowded bill ~Fi'f. 63). The better potatoes IDa? 
be expected. in the former eue. ff 



CHAPTER XI 

S,"MEQUENT CARE OF' THE PLANT 

1. By Means of Tillage 

la. In general 

265. Tillage is the first consideration in the 
care of the plant. This is emphatically true in 
the field; bllt in the glass-house tillage is reduced 
to a minimum, in part because the preparation of 
the soil is so thorough. 

266. The objects of tillage, iu the care of the 
plant subsequent to seeding or planting, are 
three: (a) to supply plant-food, by rendering 
the soil constituents availahle; (b) to supply 
moisture j (c) to destroy weeds. The first two 
ClIlltions have been discussed in Chapters ii., 
iii., iv. 

267. (c ) Weeds are only incidental difficul
ties. They are the results of faulty management 
of the land. If the first attention is given to the 
crops and the land, the question of. weeds will 
largely take cart' of itself. It is less important 
to know the kinds of weeds than it is to know 
liIow to till and to crop the land. 

(W) 



:loB. There al'e four general means of keeping 
weeds in cheek: (a) by good t.illage (101, lOla); 
(I,) hy rotation of ('mps, by means of which any 
one kind of w('('<l is prevented from be('oming 
thoroughly f'stablished; ((') by complete O<'cupa
tion of th .. laud with ~rops,-for weeds find op
portnnity whim the grOW)!] is uot fully oc('upil'd, 
as in old awl thin meadows; (d) by killing the 
weeds dirtlctly. 

269. Surface tillage should be given ItS often 
as the grouud becomes hard, or wheneVf'f the 
earth-mulch needs repairing (lOll). Und,,!' gen
eral conditiolls, tilled crops, as maize and pota
toes, should be cultivated every ten days or two 
weeks, particularly early in the season .. As soon 
as low crops cover the ground, aud thereby afford 
a mulch, cnltiyation may cease. 

2iO. Sowed crops can often be t.illed once 01' 

twice to advantage very early iu the season, by 
running a fine-toothed harrow over them. Thus, 
wheat and maize are now often han'owed in early 
spring. The harrowing destroys but few plants, 
while it loosens the soil, and conserves moisture 
before much has been lost by hot weather. Har
rowing meadows and pastures causes the plants 
to tiller or to stool out, and thereby to cover 
the ground more completely; it also breaks the 
old, hard roots and causes new feeders to II,ppear-, 
thereby re-invigorating the plants. 
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lb, [II fruit p/ml/ulifms 

~il, Tilla,gf' ¢\'f'S tll(' same results ill fruit 
plalltatioll~ as with allnual 1'rops, and it also has 

,particulal' advantag('~ in such ca~cs: it "auses 
the roots of the trees or hushes to stl'ik,· I}('ep 
into the soil amI tlH'J'elJy to find lUoistuJ'(' in ary 
times, and it has a decided ell'f'{·t in k(,(lping down 
tho ravagfls of insel'ts and thl' inrursiolls of dis
<'aseR by dpstroying br"('ding-pla('eH and hurying 
diseased foliag,· and fruit, 

37~, SinN' fmit trees and bushes send theil' 
roots 80 def'1' into the soil, thf'y art' hettel' !\hle 
to withstand llegleet of tillage than annual crops 
are, There has thus ari8eIl a g"neral belief that 
orchal',k do best ill sod; but ill most cases of 
successful sod orchards the trees thrive in spite 
of tlw 80(1, not because of it, 

273. It is particularly important to till fruit 
plantations early in their life. Apples should 
generally be tilled for at Jeast the first tt'll years, 
The plants thereby get a good start and come 
into bearing early; and the habit acquired in the 
first years is apt to continue, The tl'eatment 
given ill the early period usually determines the 
success of the fruit plantation, 

274. The fruit plantation may need tillage 
throughout all the years (If its e:tigtence, and, as 
a matter of fact, it usually does need it. But if 
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the trees or bushes t<>nd to grow too fast, 80 that 
they do not bear, or hpcome top·heavy, or do not 
stand the winter, th"y may be checked by put. 
tiug the plantation in sod; but even then, the 
sod is only a temporary Hxpedient. If the man· 
agement of tIll> plantation has heen right, it i.~ 

doubtful if sod ean ever he an advantage,-or at 
least with none of the common fruits, except 
possibly apples and pears. 

2i5. All fruit plants start into growth very 
early in the season. Therefore, tillage should bp 
begun the moment the ground is fit; and it 
should be continued lmremittingly until the time 
arrives for all tillage to c(,,sse. 

2i6. The growth on fruit plants generally 
ceases by midsummer. Therefore, tillage may 
stop at lllidseason or early fall; and at the last 
tillage a cover· crop may be sown (l09, 114, 116). 
Stopping the tillage early allows the plants to 
mature their gro" th, and thereby be more likely 
to escape winter injury; and it lessens the dan· 
ger of overgrowth. If the trees are carrying a 
heavy crop, however, it may be necessary to 
continue the tillage in order to supply the fruit 
with moisture, especially if the land or the 
season is dry. 

2ii, The tillage of fruit-plantations 1ISUaIly 
consists of a spring plowing, followed by har
rowing, If the land bas been well handled in 
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the first few years, deep and heavy plowing will 
not be need"d when an r,rchard comes to ma
turity. Light gang-plows, or even cultivators, 
may then be 8ufficient for the first breaking of 
the soil in ~"ring. 

2. By Melius 4 Prlmirtf! ({lid 'i'rainin.<! 

2<t. Pruning tW. train-illg 

27j,L Pruuing iH th" l'tllllOviu).!; of' ,,,,rtain parts 
of plants for the purpose of augmenting the 
welfare of the plant or to seem" more, larger 
or beU .. r products (aH bett .. r fruit or flowers). 
Training is the trim!llin[~ or shaping of the plant 
into ~ome particular 01' desired form. Sneces8-
ful l'l'uning dependH upon wineiples of pJant 
,t_'Towth; training cleppnds upon the personal 
ideal of thp pruuer. 

27!l. ~ature pruneH. III en·!'y pla.nt, more 
branches start than can ever mature; and many 
buds are suppressed before they have made 
branches. Every tree top, if left to itself, will 
sooner or later contain many dead branches. 
Thel'll is a struggle for e:x:is~noe amongst tho 
branches, and the weakest die. 

iIb. Tire lreaU,.g of _ .. ...ts 

280. Pruning depends upon two sets of lac
Iiol'll,-upon the questiODS concl'rned in the heal-
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ing of wounds and the injury to the plant, and 
upon the general re~ults which it is desired to 
attain. Knowing how wounds aff!'ct the plant, 
the pruner should thell have It definite purpose 
in view when he cuts a limb. 

281. The proper healing of wounds d<>pends 
)!rimarily upon (11) the kind of plant (obserw 
that peach trees heal less readily than apples), 
(b) th" vigor of the plant, (c) th" position of the 
wound on the plant (woundR on strong main 
limbs heal bettf'r than thos" on weak or side 
limbs), (d) the length of the Rtnmp-the shorter 
the stump the quieker tlw Illlaling,-(e) th!' 
character of the wound as to smoothness or 
roughness. 

282. Other matters which determiu(' the 
prop!'!" healing of a large wound are if) th,· 
healthfulness of til<' wood, (.'I) the season of the 
year in whi<'h the eut is made, (h) the protec
tion which the wound receives. 

283. (g) Other things bping the same, wounds 
heal quicker when made in the early part of the 
growing season,-tbat is, in late spring'; but the 
factors mentioned in 281 are more important 
than the season. 

28!. (h) Dressings do not, of themselves, 
hasten the healing of wounds, but tbey may 
koop the wound !lound and healthy until it heals 
of itself. A good dressing is one which is anti-



septic and duralll", whil'h affords lU('chauical 
pro!P('tioll, and wbh'h do,," Hot of it~('lf injure 
the tissue of th., plant. 

28:-'. We l'l'lIllf' (II) to llIodify the vigor of tho 
plaut, (Ii) to f"'O(ltW(' Im'g"I' awl 1,,'tt(,I' ,fmits 01' 
flow('l'~, (r) to k,·pp tilt' plaut within IllUnag<'
ahlp shal'p lIud limits, (til to lllake tIl(' plant 
heal' lllore Ot' ) ,,>a t' Ips,;, (1') to "('TIlOV" super
fluon~ 01' injured parts, (f) to fadlitatt> spray
ing awl harVPHtillg, «(I) to f,wifit.lt.. tillage, 
(h) to nwke til" plaut IlSRlllll(' "'HlP .le~ir ... l form 
(propm'!y, tJ'ainillg). 

21'(;, H"IlYY prnnill.U: (If the top tPlld" to 
increase growth, OJ' tIl" P1'o<]u('tion of wo(~l. 

He(l\'~' pnming (If n,,· root t<lnd" to lessen tlw 
prod\l(·tion of wood. \Yat"r-Rprollts generally 
follow heavy pnmiug, pnrtit'lllarJy if th.· pruning 
is perfol'meU in winter. 

287. Ch<'ckillg growth, "" long as the plant 
remain8 hpalth)-, tf>ll!!~ to eausn OVf'rgrown plants 
to bear. Onf' lIleUllH of chf>eking growth is to 
withhold fertilizers awl tillage j another is to 
resort to root-pruning; another is to head-in or 
cut-back the young sho()t~. Some plants, how; 
e\-el', hear mORt profusely Whi'll they are very 
vigorous; but they are such, for the most part, 
as have been mooerat"ly and continuously vig-
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orous from the beginning, rather than those 
which are forced into very heavy growth after a 
long period of neglect. 

288. Th(> heading-ill of YOUlIK :.rrowths tend~ 

to foree out the sio,' shoot~ and to develop tbe 
dormant huds. The more a plant is headed-in, 
therefore. tll" Illor" thinning-out it will require. 
Heading-in indnces fruitfulness by checking 
growth and by encouraging th" formation of 
side spurs (upon which fruit Illay I", horne). 

~89. Ht'av~' pruning every fl'''' yearH-which 
is th(\ custom-tends to keep t1"I'1'8 oyer-\;gorous 
and unproductive. Mild pruning every year 
maintains the equilibrium of the plant, and tends 
to make it fmitful. 

:1. By Keeping Enemies in Check 

Sa. The kinds of wne1l!ie .• 

290. Of plant enemies or diseases, there are 
thret> main types,-insects, parasitic fungi, con
stitutional or physiological troubles. 

~1. Insect pests are of two general types, so 
far as their method of feeding is concerued,
insects which chew, or bite off pieces of the plant, 
~d those which suck their food from the juices 
of the plant. In the former class are the worms 
. and beetles; in the latter are plant-lice, seale 
insects, and the so-called true bugs (as the 
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squash-bug or stink-hug, and the Jeai-hoppers); 
We may classify injurious insects again, without 
reference to their mode. of taking food, into 
those which live and feed on the outside of the 
plant, and those which, as borel'S and apple
worms, burrow and feed insidf' till' tissue. 

292. Of fungous p .. st~, th" farmer may recog
nize two groups,-thos., whieh liw' wholly on th .. 
outside of the host (as th\' powd!'ry mildew of 
thH grapH, pea mildew), and those which live 
wholly or in part iusid .. tho tissuos (~ apple
scab, blaek-knot, potato mildew). Most inju
rious fungi are of the latter kind. Fungous 
troubles are nearly always marked by definitely 
diseased spots on the leave~ or twigs. 

293. Physiological or constitutional trouble~ 
are those which affed the whole plant or all 
entire leaf or branch, awl the cause of whieh is 
not apparent on the exterior. These troubles 
may be due t{) germs or hacteria working within 
the tissues (as pear-hlight), or to some diffi(mlty 
in the nutrition of the plant. Th(>se troubles 
are generally not marked by definitely diseased 
spots or hlemishe~, but by the gradual dying ()f 

an entire leaf, branch or plant. 

3b. The preventives and remedies 

294. K4leping the plants vigorous and healthy 
is the first step towards the control of p6lItB and 
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diseases. Clean tillage, rotation of crops, plant
ing varietie~ which al'~ l~a8t liable to attack, and 
careful atwntion to prevent all the conditions 
which secm to fa VOl' the breeding of in soots and 
the spread of (1iseases, are quite as important as 
destroying' the enernicH; for "an onnl'\' of pre
vention is worth a pound of ('ure." 

295. IlI~('ets at'~ destroyed by three gf\neral 
means: ((/) by killing' them directly, as by hand
picking, digging out borers; (b) by killing them 
hy means of some caustic application to their 
bodies; (c) by poisoning them by poisoning 
their food. In Horne instances, insects may be 
kept away by covering the plants with some 
mawrial, as lime, to which the insects object; 
but this method of fighting inseets is usually 
unsatigfaetory. A substanee which is used to 
destroy an insect is called an insecticide. 

296. (/J) The caustic applications or insecti
ddes must be' used for those insects which suck 
tneir food (291). Kerosene, kerosene emnlsion, 
soap washes, lime-and-sulfur, miscible oils, to
hacco, and the like, aI''' the materials used; and 
plant.-lice, scale insects, plant-bug'S, thrips, and 
leaf-hoppers are the insects thus treated. 

297. (c) The poisonous applications are used 
for the chewing inseets that prey upon the 
out",ide of the plant (not for borerlli; which are 
usually dug ont). Paris green and other arsenicals 
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and white hellebor<l aTt' tL" mlttel,jal, "()tlllllonly 
used; nIHI WOrlll", potato-hut:(s, and nIl ];'a£
ehewin~ pest~, It!',' the illHPI'f~ thus tJ'('Rjpd, 

298, Fungi an' killed }'Y ",ah'rials whid. ,>ou
tain sulfur or <'oppel', fungi which Ii"" iuside 
thl' leaf or Rtem (2HZ) (-"Ullot h" kill"d ,lil't'l'tly 
by a.pplications, but tllP }lltrts which projP(,t. into 
tlu' ail' (the fruiting portions) call hp ,h'stroYNi 
aIHI the fUllt,.'11' ther(';,y w,'akplled and ..JIP(~k(~l; 

aud the spon>~ (which an~wpr to R'l<'ds) eaullot 
gl'ow on It Rurfaee which i8 coY,>md with COPIII'I' 
or sulfur. Tlw beHt tr!'atrn('nt of plant <lisP-Mes, 
therefore, is to make the application hefoT" th., 
disease gains a foothold, A Buhstance which is 
used to destroy fungi is called a fungicide, 

:l!lH. The best gpn~ral fungicide i~ the BQr
d~aux mixture, made of lime aud Hulfate of 
copper. It not only deBtroy~ the fungi, but 
adheres long to the plant, Another good fungi
cide is carbonate of copper; and it is preferred 
for ornamental plants and for late application to 
fruit, becans(' it does not discolor or soil the 
leaves or fruits. 

300, The applieation of inspcticides and fun
gicides is usually made in water, with a syring.-
01' pump, or by means of a spray; and thereby 
hfl,s arisen the practice of spraying. 

301. In order that spraying shall be SUCCesll

ful, it must (a) apply the materials which will 
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destroy the pest in question and yet not InJure 
the plant, (b) be thoroughly done, so that no 
part of the plant is left unprotected, (c) be 
performed the moment tlw pnemy appears, or, in 
thl' case of fungouR di"eases, as soon as there 18 

reason to believe that the pest is coming. 
302. The best machine 01' pnlll11 is the one 

which throws thp finl'st spray the farthest dis
tance. Other faeto!'s are the capacity of the 
pump, its ~trenbrth, its durability, its Ii!rhtness, 
the ease with which it works. • 

303. Spraying will not keep all fungous dis
eases ill check; and, in any case, it should be 
supplemented by sanitation, as by burning or 
burying the fallen diseased leayps and fruits, the 
cutting away of infected parts, and the like. 
Some fungous diseases, as the g-rain smuts, are 
carried over from year to year in the seed; and 
the proper treatment is to soak the seed in a 
fungicide. The constitutional diseases (293) 
must be treated by otlwr ml'IIIlS than spraying, 
usually by burning the affected part or plant 
(294-, 29-ia). 

SUGGESTIONS ON (JH~PTEll XI 

26Ta. "The da.isy-cursed meadows of the East a.re thOfJe 
whieb havtl been long mown and are baaly ~ run,' or else those 
which were not properly mnde. and tht' grass obtaint><d hut a 
poor start. The farmer may say that the daisies have 'run out' 
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th~ grass, but t.he fnat i.ij thn.t the meadow began to fail, and tbo 
da.i sies quickly seized 1I1>Oo the opportunity to jZ'1lin u. foot 
bold . * • ... The we9dy lawns aTt' tnose which bn\'6 n 
lbiu turr, Ilud the be'St trealmf'ui is to serutch tb~ ~Ulllt 

lightly with ar iron-toothed rake. appJr ft>rtilizer', SJld 8(JW UWlt' 

seed." n1'hl" n~rioultll rnl oouditiODIl 1n tho Dn.kotlLS anti olbt'I' 
}lll.rts of our Phlins tf'gion ate jUld sHch lUi t n l..·n(>oufHge R. hnrdy 
introd(>r like the Russian thistl(l. An u."er:tgo ot eight or nhw 
busbelfil of whea.t per aCl'e is it-se.lf proof ot 811pe.rih·ini fanning: 

Fla'.ft5. A 1f1(b11l'n:JK"plcl1'f' 
for " fJ'ryllh"lIoW' "Ot'L 

but tbe cbi ef fnult with tbit western ngrieutture is tile CQ utiou 
oua cropping with onp erop,- wht"nl."- !lflU"y, 1I ,>;1I '1'M111J ' ",r lilt' 
Ufllike," Jl}J. 196, 1Yli . 

2i'Oa. Maize nmy be harrowed u.nti! it if) tour inches high. 
Tbf> pla.uts will straighten up. Tbi~ burrowing is ebcllpcr thnn 
ultiva.tingj a.nd if the land i ~ put in goorl (!onditioD 'Very early 

in the life ot (.he ero l', mueh lesS' subsequent tillage is re{lui,ted. 
lIt general, narrow-toothed ba.nows should be used (Fig. 21), 
but the style of tool mmt be adapted to the partieular land in 
quest.ion. 

27ia. If tbe plowi.ng has been thorough tor the first few 
years alter the orchal'd is planted. the ground should be tiO 
meJlow that very Ugbt plowing will aDRweT thereafter. TbtlJ'e 
wHl be no sod to tern' up and to plow under, snd the tree roote 
will be deep in the ground, where they e8.D find luoistur6. A 
gang-plow (Fig. 64) ahl)uld be 8umci~nt for the spring pJowing 
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in 1l1()~1 WU.tUh, (I!'\'hnl'ds, ulllc~,; thert' i!ol I~ heavy growth of 
eover-Ol'Q)l to plow tmdel', A lo~1 [01' still Shallower plowi.ng is 
shown in Fig, ,i.'). Thitol if! l'xcelhmt for orchards all light Ol 
loosa soil~. f\lthO\l~h it !l ht:ight makes it mor{' diffit'uit t(l boodle 

.t!'ll. 00. "h~ lJroper W.3· to 
nUlke the wound. 

l-~ie . 67. The wroll. way to 
makt" (tit' tout. 

about low-hel.\ded trees. For fnll d iseussiollS of the tilling of 
tr\lit plllntMion~. sfle "PriulJipieli of Frlljt-Growillg'," CbJlpter iii. 

:!iSa. If ~oln{' ot the limb!!! are taken from ttn appl~ tree for 
the pur()()~e of ma.king it oo&r b(~tte-r. Iht" ()1~r8UOll is pruning i 
if the tree is sbe&rc.<) or trimmed to make it round·h~adedJ the 
operation is trl\inin~. A roEle or D grn.pe-\·ine ma.y be pruned 
by Butting away part of the wood j it may be trained on wires 
or to the side of n bOll8e. 
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279u. OJ) thf' ,",ubjtlC't of tbf; Rtru,!{gJA for exiNt,elll't~ ill the 
trl:'(' top, ('ollFonlt, Ob~u'rva\ioll iv. in «Lpp,~on~ with Plant~," and 
Chapter i. in "Pruning-Book." Tbf' pbilosophi(.'111 bpuriD,R1J of 
thi!' fn~'t of ('oID'(Wtition at'£' l1l't'f'pnt(·d 
in Ef'soy jii .• ~ Surviva.l of tLf' rnlikt .. " 

281a. Other things heing- ('qual! tbfl 
('lofler tllf' wound to tb£' brlUH'h, the 
quickf'r it wilJ heaL The smoother the 
wound, tb .. l)tlttt'r Bud quit·ker it. will 
bt'a1. Figt .. 66 anti 6i illustrnth right 
and wTong methods. For full di,.,-' 
('uMli...on of the Ilf'Rliug of wounds, read 
Cha.pter iii. ill the" Pruning-Book." 

284«. An antiHt>pti(' drcsfOillg i!'i (lIlt' 
whi<lh pl'(>vents ger1lJ1' or mj('Y'olINI from 
growing on th(' surface o( the wound; 
for the decay which foliowH wounds is 
the w(lrk of ~«rnIJoj ltnd fungi. Iff gen

eral, t~e Ul:'st <1r~"t;iug for woull(ls i!\ Fii. liI'i. Work u! thf' itlld'm(lth 
ltmd paint, Wax If! not dura.ble enough, !lin-a,-a. r.hflwillg; lu~t. 
1I0r is it antisf'pti(~. BOl"deallX mixture 
i:-l g"ood for itt> &.utitlepti(' propt-'rtics, but is not dUI'utJJ(;', and it 
lUiOY'1.1s Httl(> pl'ote{'tion from tht- w("tl.thpr. 

2B5({. Tht' princilJlt'H of pJ"uning are diseussf"d IUHlt'f tWf!oty 
heads in Ch&pter iv, of "Pruning-Book." 

291ft. The chewiug or LitiujX infleet~ £out uJ! the- f'U.rtf; upon 
which thf''y pl't';'>'. Fi~. tiH if! &tl example of stlt'h work. frhe 
sucking hl~f'('t.g do not tJat up the part, hut tht'y oi'l('fl }NH·t- di~

tinct lllarkN of th~il' work, as in Fig. 69. A plant-ltllJ!" is ..,hown 
in Fig. 70. The true W('e\'ilH tlud eunmliru. are biting insectfll. 
alt.hou_gh they have snouts (Fig. 71), 

292(1. _4 fUIlR'tl8 is B rtant. II iF! destitute of chlorophyU or 
leaf-green, It li"es on living organis.ms (or is parasiti('), or on 
dead or decaying matt-er (or is saprophytic. lUi muabroom8 and 
t.oad8t-ools). Some kiuds, kS t.oadstol)lf;;, ar(' large- and COD

Spil."t10UfO: otheNO, as moIds. SN' smsll and fragiJf': while still 
otherg are nearly or quite microscopic. Tbe- plural of fUllill8 fa 
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fungi (rarely written funguseB I. As au &djacth·e. the word i8 
writtsII fungous, as .a fungous diseBBf'. A fun~ojd disease is Ii 

fUIl.'!Us-like difiJease, th£> exact origin of which may not OE'! known 
or Rppcifipd. RustR, mild~ws a.nd leaf-blights are typE'S of fUD
~OUR difWH.M("fI. 

:W:.!ll, Thl' plant ot' thtl animal upon or in which 8. parasitic • 
rung1ll'! livf'S i~ known UfiJ itR host. Th(' flln~ll~ injures its heat by 

Fie. til. Work of tht' foudined leH.f·bug-a stll"ki~ i~t---QD ('n.rrtt,nt 
toJia,e. 

robbing it of nutriment llnd sometioops by breaking up it~ cellula!' 
struetuJ'(>, and by obstructing the breathing-pores Rnd interfering 
with the roo.ement of its fluids. 

293b. Physiologi('nl troubles may be termed iDternal tmublM. 
111thongh Hw g'€'flUS whieh Cft,US~ some of them enter from th" 
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oat8iJe, The"", is no ttxtern&l {o::'l'Owth 01' a. tung-u",. :md l'uh.'ly lUI,. 
well defined smnll 8pohl on thE' leftv",,,, }_."'ig. 72 showt-I tbt' ~JlOta of 
a fungous diRNlSt'I; it thi~ It'llf hl\d heen atta<'kp,d hy R. hacterial 
or pbysiologiea} disease, thf' (lntitft leaf wlluld pl"Ounhlr hfWt> 
shown sig-m. of fl~iling. for 1111" fooll sUJ1Jlly is U1maJly ('ut off in 
the Iea.f·sulk or thE' main ,"+-im.. fn Fi~. 72, howflvPt". (·fI(·h llpot 
rppreSf'ntR 8 (1il'tinrt llthwk of t11t' fUlllZ'IHI. 
Fig. 73 il'o 8. typt· of pbYfiiologiaJ tronble. tht' 
fldgE' of the lellf ilying from thE' (·ufting-off of 
its food BUPfll~' i thi/ol df'ua hordf'r will Wirlf'tl 

until the leu dies. 
29M. Physician!; treat SOUlt' di8t;t\.s~ioI hy 

prophylaxis, -that i~, hy gil'jug attention t<I 

mean~ of ~~lllitation and of lll'f"'euting the 
spread of tbe disorder. FnMlH'NI IOUI'.t do tht> 
same. Wire--worws ar~ rarely trollbll-H01(U' Fla. 70. Tbl'tIlTlIh"bf"t} 
in short and quick rotations, particularly in r~~:tlC.-fI, Kuck;Jnr 

tho~{I in which sod is not a pl'omin«>nt fea-
tUrf;>. Club-root of the ('uhha~t· is rarbly 
tToublesom~ on land which hn~ not gf'(IWll 

ellbbages 01' a.llied pla.nts for tL ft'w yea~. 
Apple-scab is 1e-ast sflrlou8 in those orchards Fie. 'il. TbetBtrlilWbtl'rr.1 

which have been thoroughly ~pTaYfld in prf'- weevil. - .. t:h~~iIJlI 

vious Y('8."", Plum-rot is lAaM troublffl'Olllfi'; InllMt. 

whpn HIe fruit is wt:·J1 thinuNl. Host'·hugs seldom troubJe vint"
yard~ whh·h are au EoItl'ong Of benv,. lands. 

29&. Kerosene ,gmuhlion may bf< made 8S follows; H&m, 
soft or whalp--oil soap. J4 lb.; water, 1 gal.; kero~E'nt', 2 $rs)s. 
DiB~olve tb(l soap in bot water; remove from the fire and while 
fltill bot add the kerosene. Pump the liquid huc>k into itself 
foJ' five or ten minutes or until it becomes a creamy maRH. If 
pl'op~rly made, the oH will Dot sepa.rate out on cooling. For use 
on dOr'Dlsnt trflf'lS, dilute with from 5 to '1 parts of water. For 
killing plant-lice on foliage, dilute with ]0 to }5 part. water. 

Crurle oil emulsion is made in the same way by 8ubstituting 
crude oil in phwE! of kerosenE'. 
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~1J7f1. 'l'lle PM'is 1(1'I:lt'U wixlure ia L\OlPIWlJlHIt·d by UI,ing Paris 
Jtreen 1 pound, water 150 to 300 ga!lolls. If this roixlure is to 
he uflt'd upon fruit trf1€\S, 1 pound of quicklime toIhould he add("tl. 
Hfl'fWlttNl applu-ntions will injul'e most foliage, unless tIle lime is 
",I('d. Pa.ris grpen may be add",d to Borde-Ilux mixturE'. 

21)711. Arsenate of lea.d iR now mm~h uRt'd for cilf'wing insf'('t!.'. 
This ean he applipd in R strou,e'flr mixture HlIW other arsenical 

Fic. n. l'htl S,llOts of hoHyboek ~n~t,-a fUIlKOllS diseaee. 

poisons without injuring the foliage. It is, therefore, much used 
against beetles and othElI' insects that are hard to poison. It comes 
in the form of a paste a.nd should be mixed thoroughly with a small 
amount of water before placing in the sprayer, else the nozzle 
will clog. It is used in strengths varying from 4 to 10 Ibs. 'Per 
]00 gallons, depPDdlng on the kind of inReet to be killed. 
Arsenate of lead and Bordeau mixture can be (!owbined without 
lessening the va.lue of either. 

297c. The lime-a.nd-sulfur wash, for scale iU$eetB, is now 
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WUC11 Ul'lt.·d: l.luid..JinJ6, 20 lbH.; .eulfur {HQur or .ttowtlrl!l), It) IlJB.j 
WAter, 50 ga.ls, Pla,ee the lime in a kettle. Add hflt w!l.ter rrad~ 
uaJly jn sufficient qualltity to produce the most rapid ,Jaking 
of the lime. When the Hme begins to Blake, a.dd the sulfur and 
stir together. If ('onVtmiellt" 

kl:lep the mixture CO\'tll'ed 
with burla.p to san' the hea.t. 
After slaking luta ceast'd, 
add Qlore Water and hoil 
mixture one hom', As t.btJ 
snlfur goes into solU1ioIl, a 
rit'h orange-red or dark green 
color will a.ppaar. After boil
ing liufficiently, add water to 
the reqtlir~d amount and 
etraia il.lto the spray tank, 
The wash is mOHt effe<!tivEI 

when applied Wal'm, This 
mixture can be applied ea.f~ly 
only when the trees are dol'· 
mant.-late in the auhnnn 
after the lea.v('s have fallen. 
or e81"ly in the spring befot(· Fi&:.7a. Dhlell.lW of ['llr.umber leat, tbl'l dyinc 
the buds swell. Jnll.rKitl iJlliirlltiuit' that tht! trnuhlto ill d'IU'J 

299a. Bordeaux mb:ture to aome euttill£,ol! of tbe food supply. 

is the standard fungicide. It is mtLde of copper 8ulfate, 5 11>6. i 
stOnl'! lime or quicklime (un81llked 1, :> Ibs.; water, 60 gals. The 
strength varies a'!Cording to the plant to be sprayed. Bordeaux 
may be prepat'ed in the followi.ng way: 

Copper 8u~fate.-DiB8oh·e tbe required amount of coppf30r eul
fate in water in tbe proponion of one pound to one ga(ion &everal 
hours befoTe the iloJutlon is nef'ded; BUl'.pend the copper 8ulfate 
crystals in a sack near the top 0( the water. In case large quaD~ 
tites of stock solution are needed, two pounds of copper eulfat. 
may be dissolvea. in one gallon ot water. Litftc.-Slake the lime 
in a tub or trough. Add the wawr slowly at first, so that the lime 
eramblea into a fine powder. If small qnantitie!!l of lime are used. 
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hot water is preferred Wben completely sIllked, or entirely 
powdf2'rPtr, add more water. When the lime bas 8111.kt"d 8utJicieutly, 
add water to bring it to 8. thi(!k wilk, or to a eertain numbet ot 
&1111008. The .. mount tf'qt\irt"d for ea.h hUlk of Bpl'ay mixture ('an 
be 8eeu~ approximRteJy f.-oID tbis stot·k Dli~ture. wbith should 
not be aHowed to dry out. 1'0 1I1uke RII/'df'Il'UJ',-lJee 5 gallons of 
stock solution 'of copper Bulfate for eYl·ry fifty gallous of Bordf'au!t' 
l'equired. Pour this into the tank. Add water until" the tank i8 
about t.wo-thirds full. l"roln the stock lime mixture take tbe re
quil'ed amO\lut. Dilute this a little by addiug water, and atrain 
into O,e tank. Stir the lnixtul"e, and add water to make the re
quired amount. It is preferable to dilute the copper sulfate IIOlu
tion. Never pour togt"tber the strong stot'k blixtures and diJufe 
atterward. The ferroeyaflide tff(t.-It is not nt'e~s~ary to weigh the 
lime in making BOrU8aux, for a tt>8t can b~ uilled to. dett'rmine 
WhflD enough of a stock lime mixture has been adued. Dissvlve lin 
oun~e of yellow prust,;ia1e of potash iu a pint of water. Add tbe 
lime mixture to the dilutE'd copper llIulfate solution until tbe ferro
eyanid~ solution wiil Dot tUrn brown when dropped from the bottle 
into the mixture. It i8 best to add an exceS8 of lim~. 

299b. Coppel' carbonate is use-d as follows: Copp~ C8l"bo

na.te,l aunes; ammonia., enough to dislKilve lila coppf.'r; watt>f, 
9 gallons. B~fore making tbe solution, make a. paste of tbe 
OOpper oarbonat ... by mixing it witb a mOe water. Use 260 am
tnonia, and dilute with 7 to 8 volumes of water. Then gradllaJly 
add the nec98saey amount to 'the copper carbonate until all is 
liSflol'f'ed. Use only the clear liquid. Dilute.s N>quiffld. For 
u.m~. purpo!SeS 8,8 Bordeaux. but does not soil foliage Ot' fruit. 

BD30. Smnt-infested eeeds are treated by eOJ'l'()ijive 8Ub)jm8t~ 
fonnaiin, coppet' sulfate, hot water, and other m6atls. For the 
ll1'8t, 11M .,onoaive fSUblimat.e, 1, oz.; water, 1 gals. It is an etree· 
tive solutiol'llor potato. scab. Soak seed potatoe. IX houfS, 

li"ormaHn is a It .. diMOlv~ in water. Comm(>~iaJly, it baa & 

strength of aIlqut forty per ~.nt. On. pInt tli_Ived in thirty 
pllons 'Of wa.ter~ is used etreo-tively in prttveutfng potato Reb 
(:IOU tuben for half an hour, and pl1lut ill clean soUl, OT' aDurt of 
oatil _d _king _nt 0' wheat (soak II8Ild in ooInt"'" for tea 
",in .. _. dtaia .... d .0 .... the lIOZt U1). 



CHAPTER XII 

PASTURE8, MEADOWtl, AND FORAGE 

I, P. ROBERTS 

L Grass 

304, The fundamental crop is grass. It 
covers the land a~ with a blankt't, prepares the 
soil for other crops, and afford" sllstenance for 
farm animals, 

305, Grass is 0[1(\ of the importaut crops in 
rotations; and a' rotation is "s~"lltial to general 
husbandry if productiveness of the land is main
tained. Rotations improve the farm (a) hecaus" 
tJe land receives differpnt treatUlent~ in different 
years, so that faults of one year may be ('01'

reeted the :ollowing year, (Ii) no onc "lement of 
plant-food is likely to be exhausted, (c) onp 
crop leaves the land in best condition for 
another, (d) roots and stubble of grass, clovel' 
and cereals improve the texture of the soil, 
(e) they allow the use Of cloverl!, which add 
nitrogen, and if) bring up food from the sub-
8()U ,(170, 1704), (g) weeds and pests are kept 
in eheck, (k) labor is econorrmed. 

nM} 
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306. ']'he number of plants of grass on a 
given area should be governed by the uses for 
which they arc grown, their habits of growth 
and their size. The smaller grasses thrive well 
if the plants stand near tog<'ther. The larger 
grasse~, as maiz(', should hav!' much room 
betwe,m the plant" or hills. TIll' plants in a 
pasture fipld should be more numerous than in 
the meadow, and more numerous in thfJ meadow 
than in fielus devoted to raising grass seed. 

:!. P(1J'Jllunent Pastures 

2(1, Preparation of the lm.d 

307. When the laud is fairly level and can be 
fitted withont too much expense, it is best to 
plow the ground two or tlm'<' times during th!' 
summer, the first time in early spring, and to 
keep the surface fine and clean by frequent 
tillage. This treatment improves the physical 
condition of the soil, destroys weeds and weed 
seeds, makes much dormant plant-fO<1d availa
ble, and conserves moisture so that the surface 
soil, in most cases, will be damp enough to cause 
seeds to germinate even in August. 

308. On friable soils, as on the western 
prairies and in SOID" other places, a single plpw
ing and frequent shallow surface tillage may be 



the best treatrnBut. On r,>daillled boggy lands 
which hav" bePIl eultivat,·,1 long mwugh to 
eradicate willI plant~, tIll' soil is "0 light that 
plowillg may be Ullllf>(· .. sKary. II!'!"" It littl" 
Hearifying of th!> ourf, .... > ami fl'''llWllt uoe of the 
roller will likely gi I"e beRt 1"{>811It". 

;~m». A good pasturp may also lI.> secured hy 
less exp"llsiv(' prHparutioIl, if HlO!"t' tinw is taken. 
'When rolling land has b"PIl <\,>\"01,,<1 to til" pro
,inction of cereal" and hay until til!' soil flli!s to 
product' satisfaetory crop", it is oft"n wise to 
abandon the unprofitable rotation and to devote 
the land to permarwllt pustllrag<'; but few per
sons are willing to spend as much time and 
JUoney as will hI' necI'sHary to 8",',ur" a good 
pasture at onee. In that ('ase, sow Il liheral 
quantity of }Jasture seedR in a erop of thinly 
seeded wheat, fye, barley or buckwheat, the land 
having been fitt"d for the eereal~ with extrn 
care, and plant-food added by a liberal applica
tion of fertilizers or mannre. 

310. Since the pasture is not to be plowed 
after it is once seeded, it is necessary to prepare 
the entire soil so perfectly that it will form a 
comfortable home and provide nourishment for 
the plants for many years. If the land is poor, 
fertility should be applied. But prepare the 
land 8$ best we may, it will not be many years 
before much of the ~y available plant-food 
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will have befln USM by the plants, and some of 
the proouetK 01' till' animals which consume th", 
grass will never he ,,«turned to the pasture; hence, 
the pasture will tend to become leSR productive a~ 
the years pass. And, as the plants become old, ' 
they are 11'88 vigorouR than young ones, not only 
because of agp, hut froJll frequent injUl'ies from 
the animals. It is, ther(·fol'e, necessary to maiIl
tain the pasture, as well as to }ll'(',pare it in the 
beginning. 

2b. Maintaining the pastllre 

311. The grass should be of the right kind. 
In the North, June-grass or blue-grass is the 
most permanent pastlll'e grass, and it is the one 
which gradually works into pastures after other 
grasses begin to fail. Timothy is commonly sown, 
about six quarts to the acre. A .li~tle June'grass 
seed may be added, but this grass may usually 
be depended upon to come in of itself. Orchard
grass is useful in shady pastures and stands graz
ing well, but grows too much in stools. Red-top 
is llseful in the moister lands. In the South, 
Bermuda grass and Japan clover are best. 

312. After the pasture has bet'n secured, the 
grasses must be maintained for many years iu 
full vigor. It is pre-supposed that the clovers 
b..,e been used to a limited extent in the grass
seed mixtures when the pasture was first made, 



3ince the clovers are host plallt~ to th" !;rasses. 
They start early and protect the lat<>r-I,'Towing 
grasses. Most of the clovers live but frolU one 
to thrfle years. The clovers, in comlUon with 

. other legumes, contain a large percentage of 
potential nitrogen (110, laS, 19{1). The pasture 
grasses are much benefited by a full supply of 
nitrogen, but th!'y ca,ll secure little, if any, from 
the air, and hence must supply tllPir n~'l(ls as 
best they can from that found in the soil. It 
will then !lB understood how eagerly the hnngry 
grasses feed On the decaying short-lived clovers. 
It will also be understood why dovel'S are called 
host plants. 

ala. The short-lived host plants may be per
petuated, and the grasses kept young and vig
orous, by sowing seeds of the clovers and 
grasses every two or three years in early spring, 
and scarifying the surface with a sharp-toothed 
harrow, this to be followed by the roller. The 
harrowing will not only tear out some of the 
superannuated grass roots (ZiG) and old plants 
and eover the seeds, but it will tend to aerate the 
sllrfaee soil and to promote bacterial activity. 
From time to time, It light dressing of fal·m 
manures or of eommercial fertilir;ers should be 
applied, spread evenly, in the fall. ' 

314_ An inspection of the field should be 
made each spring, in order that seed may be 
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sown where not enough plants are present, and 
also to discover what kinds of plants art' most 
promising, H() that the supplementary seeds may 
be chosen to bl'st Ruit the (·ouditions. Coax the 
grass to grow hy shading the imperfectly cov
ered knolls with l'"f118" material, sueh as is 
always fouIHl about a farlllstHa,l. Even a light 
('overillg of hrush or maize stalks lllay be used 
to partly sluMl" the groulld, all(1 to COllserv~ 

moisture. If a slUall ration of grain be fed th,' 
animals which h>Tazl' th~ pasture, th" field will 
tend to become more pl'oductive ,instead of less 
produetive. 

a15. It will require- sen'ral year" of wat(lhful 
care, new seed, possihlr harrowing' awl rolling, 
some added plant-food and 11 light dressing of 
lime, and the timely destruction of large, un
palatable weeds, to seeur .. a really good, perma
nent pastm'e. The eye of the husbandman 
makes the graRs thrive. 

in6. In the pastures tht' grass is kept short; 
therefore the entire surface should be covered. 
If areas of even a few square inches ,are bare, 
needless evaporation takes place. If the grasses 
are kept too short, the rays of the sun will take 
up much soil moisture which should have been 
taken up by th" plants, since the soil will not 
be w('ll shadoo. If the plants are allowed to 
grow tall and produce seed, then they are 



weakened. To pr<,\'elit tlw tull g.'owth, mow th" 
pasture, if tht're ar .. lIot eHough liuilllais t{) P'1'
velit th~ g1'IiS~ fro!! I ~".,dillg, Ilwl h'ave thi< Cllt 

mat'lrial (,) shade th" Roil. Aim to 1"'"sPfve 
til<' liYing gm~~ shad .. illlaet. HnhRtitut .. young 
plaut" for tlw oM (HIP~. Pl'l'\"ellt th" soil from 
bpeollliug add hy light Itppli"ationR of lime allll 
lJy harrowing it. Al1<l, ", far aH pORsihle, <lX .. 
erei"!' tim ply em',' 10 pn'",'ut tit .. plaut" from ",,
coming hUllgry awl thirsty. 

:lli. Here, tiwll, ill a Ilnt-slwll, an' til!' .. 1,,
meuis of It good, IWrllHlllf'ut pastlll'(): "111'l'rior 
preparation of soil, suitable and ahuudant SI""]8 

HOWU in August, and light, pasturing tlh' first 
season, or, better, mowing the fir,.t year; and 
appropriate seedH and plaut-food must be added 
from time to time, as r"'1uired. 

3. 11leadows 

318. In grain-growing districts, the meadow 
may occupy from one to three years in a rota
tion. In dairy districts, meadows are often per
lllll.nent. The average yield of hay in the North 
is little more than one ton per acre, although 
some meadows yield from two to three toUR, 

• and, in rare cases, four tons. The average 
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yield is unprofitable, either in Ii rotation or in 
a permanent mc"tdow. As a crop in the rota
tion, the meadow may improve the soil for 
subsequent crops. 

319. The larger yields are usually secured 
from vigorous young meadows which contain 
three or four parts of timothy and olle part of 
mixod clovers. If clo,-er be associated with 
timothy in approximately these proportions, 
nearly as much timothy will be secured as if 
it were sown alone, and the clover, or host 
plants, will be extra. True, the clovers mature 
more quickly than the timothy, and this is 
somewhat objectionable; therefore, the clover 
mixture may be composed largely of alsike clo
ver, which remains green longer and cures lighter 
colored than the medium red clover does. 

320. The meadow must be viewed from many 
standpoints. For the city market, unmixed hay 
sells for more than the mixed, though the latter 
may be better and more palatable. The uses to 
which the hay is destined must be considered, 
since horses should not be fed much clover, 
while sheep and cattle should not be fed hay 
composed wholly of timothy and similar grasses. 
But the meadow remains productive longest 
where the host plants are present. 

321. Whether it is best to leave the meadow 
tor some years and D~e its productiveness 



by llllding new seed, lmrrowin", anti hy the ap
plication of plant -food, or «) 1I10W it for on!' OJ' 

two yeal'S and tll"U plow awl llR., the land fol' 
other eropg, arl' qU"gtioll~ whi(')' lUu~t he an
swored by tI .. , C'ondition of the lll!\adow and the 
charlwter of th ... rotation. There is one inva
riahle rule to be followed,-if the meadow fails to 
return two tons of field-dried hay to the acre, 
plow it up; and wh"n the old plan~ are sub
dued and the soil put ill ideal condition, and 
when the causes which prevented full SMCt'Jl6 with 
the old meadow Hre fully considered, cast in the 
new seed with understanding, trusting that fuller 
success will be reached. 

3b. Permmlent meadows 

322. With permanent meadows many new 
problems are presented. Many fieJds are of such 
a character as to preclude a rotation of crops. 
In such cases the problem is presented of con
tinued liberal production without plowing. Low 
lands, or those which are wholly or in part over
llowOO for brief periods, constitute the larger 
part of our permanent meadows. These low 
lands are the home of many natural grasses 
which do not thrive on the uplands; and some 
of the cultivated upland grasses and the clovers 
a.re not at iheir best when grown in wettish 
soilil. 
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:1:l:l. III lowland meadows, a battle royal, 
which is most interesting and instructive to 
watch, goes Oil from y<>ar to year. Most of the 
plants hold their phtC('s 80 t('naeiously, and so 
lIlany hardy llt'W <HlPH appear', that the plants 
soon become too ImUII'rou, and then dwarf one 
another, in whieh ('asp til<' production is di
minished. On tlwse moist lands there is little 
difficulty in seeurilJ~ Huffici,mt plants: the proh-
111m is rather how to destroy some of them, that 
bett<lr eonditions may be secured for those 
which remain. 

a24. It has been shown (816) why the pas
tures should be fully covered with plants; but 
permanent meadows should have fewer plants. 
If th(,1'8 are too many, the ,,\TaSSeS will not grow 
to their full size, and many of the leaves on the 
lower half of the stalks will be yellowish, insipid, 
and laeking in aroma heeanse they have not 
received enough sunlight. If there are too many 
roots in the soil, there will not be sufficient food 
for all except when the soil is extremely fertile 
and moist; and few plants will come ·t<> normal 
maturity. The gras8('S which are grown too thick, 
and consequently have been excluded from a full 
supply of sunlight, are poor in quality, like the 
apples whieh grow in the shade on the lower 
branches. 

325 . .All this goes to show how nooesS!lory it 



·l'A8TUI\F..l", MEADOWS, AND FORAGE 18'J 

may be t<> destroy some of the f,'Tasses ill it {>Hr

manent mead0w. By the vigorous Ul't' of a 
sharp-toothed harrow, nlUeh may 11,' dout' to 
rt'lieve the "hide-hound" and mossy ('onditioll, to 
.Q<Jstroy plants and to aerate the soil (270, :Wl). 
A light dressing of lime will materially assist in 
lib('rating plant-food and in corrooting soil 
acidity, as in pastur(>s. 

3c. Kinds of gra,.ses for meadows 

326. What kind and quantity of seed should 
he sown, is the question that is asked more 
frequently than any other, beeaus<, it is most 
diffieult to answ!'r. In the h'1'ass districts of the 
United States, timothy or "herd's-grass" llsm,lly 
~taIld~ first. It is extremely hardy, l(Jug lived, is 
well adapted t(J grazing, and yf't attaius good 
size in the meadow, and wh€'n cut at thf\ appro
priat~ time and not over-cured, it makes superior 
hay. The seeds are not expensive, and can 
usually be secured without admixture of weed 
seeds. Timothy, then, in most Ca8'$, lUay form 
the foundation. Six qUaJis per acre, more or 
less, will suffiee when used alone, and it may be 
sown at any time frolU early spring until fall. 

327. We have seen (312,319) that clover adds 
to the long.wiry and productiveness of the pas
ture or meadow. If the cloven are used, about 
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the same amount or a little more seed is sown as 
of timothy, but tlw plauts ar!' likely to be wintBr
killed if sowing is lllad.> after August. 

328. There are various secoJlrlary and 8uppl,,
mentary grasses, suell as blue-grass, orchard
grass, rpd-top, and tall meadow fescue. Soml' 
or all of these may he ust'd in limited quanti
ties, Seeds of all these weigh but fourteen 
pounds to the' hUFhel, are usually sold in the 
chaff, are !lOt lik!'Jy to be pur", and are difficult 
to distribute H!'uly. In most places, quite as 
much blul'-gra"" llJ>pears as It volunteer as is 
desirable, but, except in rare cases, it is not a 
profitable hay grass. Orchard-grass starts early, 
tends to grow in hummocks, does well in the 
shade and in close-grazed pastures, but is the 
worst of all grasses in the lawn, where only 
fine, recumbent grasses and whiw clovers are 
admissible. Red-top is a good pasture grass 
and lawn grass, and is well adapted to very wet 
meado:ws, although it does not make a first
class hay. Tall meadow fescue is one of the 
most promising recently iutroduced grasses fer 
both meadow and pasture. In many places it 
has escaped from the fields into the roadsides, 
where it shows its superiority over blue-grass 
IIond even over timothy. Of these grasses, from 
one to two bushels of seed are required per acre. 
All do well when sown in 6lU"ly spring or in fall. 
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m. Other grasses, as sheep feseue, S'VNlt 

vernal grass, and similar dwarf grasses, are Hot 
to bEl recommt'nded for general use in Amlll'i,·a. 
Other t;rasses are adapted to special localities, 

. as barley' and' wild oats, which are exten~i"ely 

used in California for' liay. There is a weulth 
of native grasses, but most of them give little 
,Promise for upland meadows. 

4. Other FM'age Plants 

330. The plants already discnssed, together 
with other coarser plants of the farm which are 
fed to domestic animals, are known collect
ively as forag<l plants; although this term is 
commonly applied to such plants as are not 
grown in permanent meadows or pastnres. By 
recent common consent the term "roughage" has 
been substituted for them. Both terms are 
somewhat indefinite. The words usually imply 
somewhat unconcentrated, dried materials, to 
which some concentrated food mnst be added 
if ample growth, development and surplus pro
ducts, as milk, are secured. 

331. When forage plants are cut and ted 
green they are called soiling plants. There 
are several species of plants, as, for instance, 
the prickly comfrey, which, if fed green, may 
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be used for soiling, but, if dried, U"p unpala
table. 

3:12. The production of forage and 80iling 
crops is extremely simple. They may be inter
tilled or not. Large plants, which require abull-. 
<fant food and moi~tllr'" and a fnll supply of 
sunlight, as maiz", ~hould be tilled; but small 
and qlliekly mltturing OU(;S, as barley, llllty b" 
raised without int .. r-tillage. 

333. Th,· two great forage plants of the 
United States are maize and alfalfa. The latter 
is well suited to thf' semi-arid districts of the 
West, and thrh"es to an astonishing degree in the 
bright sunshine (If the Plains, when supplied 
with moisture by irrigation. It is perennial, and 
several cuttings may he taken each season. It is 
one of the leguminous crops, and, therefore, 
appropriates nitrogf'n of the air. Like clover, it 
has a deep root-system. 

:134. But the king of all grasses, the one most 
useful, lllost easily raised and harvested, and the 
most productive, is Iudian corn, or maize. In a 
little more than one hundred days from planting, 
from four to six tons of air-dried stalks and from 
forty to fifty bushels of grain may be secured 
from each acre; or from twelve to twenty tons of 
nncured matel"ial may be secured for the silo_ 

335. Rye, though not a first-class forage or 
soiling plant, may be sown in the fall, cut when 
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in head, and follow\\d by II crop of Hungarian 
grass, which thriw's ill hot w"ath,,!'; and thi~ in 
turn may be followeu by oat,: IIn(l I,,'a". '1'11 .. 1''' 

will not be time in the North for th" oatH and 
peas to mature, hut they will J't'lllltiu 1,,'1'tlell 
through NOVeUlb(,r, awl may fnl'!li~h Jut.. fall 
pasture, OJ' Illay I,.. j.,ft OIl the g7'ollJld to ~('I'V(' ItS 
II wint .. r eove!'- crop (115). 

304a. It )If impr8cticable to tJ'l!at of t'lp('cifi{\ I~roru~ jn b. 

te%t~book. GraKS a.nd foraglj (u'e so fUlHillnlclItal to tilH l:Ol\· 
('eption of agri('ulture, bowe"'er, that it wjJl hl' l'rnlitnhlf' 10 

di$t'US8 them, parti('nhu'ly as the ('ul(jvatioll of tlwIIl illtll.trnlt·1" 
!i()m~ of the under1ying l}rincjple~ of erOppilJg. POT nd\,jl'{> ItS 
to the handling of partiNllar ('fOpg, thl;' f'nquirt'l' lOURt go 10 
}woks on tht'> special topi~!". 

304b. The true gl'QSRetl eOll13titute t!llI natural flllllily of 
plants known to botanists as the Gramillf'lf" or grtlils tatuily; 
and luis fa.mil, includes all the- cereal grain!;, (l!'l \\"ht'at, maiztl, 
and riee. In its Jarg(>st sense, tlwrefott'. HI(' word I:(rafifl in
eludes many plants which are not ('omIDouly recogniz.ed a~ 

grasses. 
304c. The term grass is popularly used to delSignate the 

medium sh:ed and smaller memb(>r8 ot the grass (a.mily, l'Iueh 
as orchard-grass, timothy, and l,lu~-gl'a~f<. amI Ilot the larger 
graSses, AS oats, &UgaT~eane, nut! bamboo. 

304<1. The clovers are sometimcH erroneously called gl'USC8 ;. 
and "a field of grH8» may contain many kinds of plants. There 
are many kinds of clover. The common red clover is Trifolii&m 
pmteMe; the moor~m red is T. metUutn " the alsike i8 T. It-ybri
... , with l'08e-tinted flowers; the white or C~piDg elover~ 
D1' aham1'OOt, is T. repfR.B; the erim8OD., used for eover~eropef is 
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'1'. iHlJ(Jt'l/tf,tlflH . W iLh UHJ exc~ptioll or l'nfQli ltll~ ""IJ('It/1' , these are 
introduced from the Olcl W()rld. Thf> Japan clover, 1I0W muc.b 
prized in till" South. i~ l'oruly not Il clove)', but belongs to n 
clo!'ely l't'lf\.tPfl ~rnn ~. tt i" KnowlI to botnnists ft.ti L6spcdeza 

EJjo. jf. .A eare:I. 0J'.sedp. Pia. i5. A eommoD Jedft, or e.uu. ill 
Rower Atld whe-n rip&. 

str;ata. It was introduced ncoidentAlly into South Carolinf 
about 1849. 

a04~. There &re many kinds or grass-like plant8. Th~ 

gre&ter 'Ps.rt of these, at least in the North. belong to thl 
0.10861y related Sedge family. Sedges are easily distinguisnet 
by 3-ranked leaves and usually by 5-angled. stems, with 
pith; a.ud the flowers are very unlike gmBBes. Tbe sedge 
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I\Te gen~rall.'" wortltle"s u..s fQru.ge phll1llS, l~lthQ\jj:Ch SUIU.., tlllOt:ieli 
in tbe West ltud South n1ford acceptable t1u.tlh.· rangel when 

I!rflSR is not to be bud. lo"igs. 74 nlld 75 Hbow 

Col))tllon tyP('~ of ~edge~, l:'uch UI!1 IIro fN·qucnt iu 
swales. 

M5a . Ju speeitllty · rnnning (4(1), tlbu.l1dauce 0' 
plnnt·foQ(\ HIHI humus mnteritli can be udded to 
the 8oil, 11m) rotatjoll!'!. lllay DOt be IH' edl·rl j but 
in generul or mixed hUflbfwdtr 80111 (' kind of rota · 
tiou is t:!ii{tntin\. Uf!u(\ ChUl'tf'r xv" "l"crtility of 
the L und ," 

305b. Th~ kind of roilltiou must lJu dotennined 
by the soil and lUlllly other fu.ct orl'. A fonr·year 
rotation , in whieb an exacting ero" folIo .... " • 1MIf 

Ft,_ TL J IlD8-PU. or bluo-pUa 
( Poa. pr4UnN) s~ 



1'ia.78. Qrebard crau (Dod.llM 
qu-m..P'Gta) 1"-

Fla. 19. 'l'1ID-l'OOt of 
rIM) el~. (ComPft.re Fie. as.' 
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enoting one, and in whirh the c·lo\'f'r T'OO, .. borer if', kept la 
<>'jf'('k, i~-

('I.,,'(,f'. "'It' ~~lO.f • 

~lll\'t.I·. wiTh Of' whl,,,,,1 ITIn,l1tl't ' 

t 'l/wI'!". "" •• !'l'Ilf , 

1'1)1)11 ... • .. ; 

'if/wi'll. 

it rot·111iOIi for \\·I'I,t l ·illr ' ·~ll'tl lJJlIfl i~-

P(OtJlt<W:'" /1'1' .,vmt' "'/WI" lflr .. ,..rll!~ (lJ'(lV; 
rllU'I ,'f' !,nd"l . 

30io .• \ \Jt'rlOnn('nt pUjo,1Urt· i~ Om' "'hidl ite to !'eWlillI mnny 
)'tlu'8 witholJl I>JI) WiJJ~ . ISol'Ill;' J"J~llIn'j.: . pllr1il'lI111rly on rocky or 
l'olliug hlllU, rf'IDnin lUHli)ltJlrh,·J r"I' II gl'II('rtHiOlI Hlle!. TUorp. 

B('r1Jlud~ grass lind .hPIlTl clon·r 1llukt 
IIt'Twunen t )Iu!'tUrt's. in Ulllny p:lrlfi (If IUl' 

SOutll, lJut most grl'~!i8f:S do flot mlL),w good 

fwd there, III distirl('tiolJ to llf'mlnnf'lll 

I,ustures are tb~ teUiporary llngturcs which 
Ilrf' u part of a rot ~ rion I or !lw JlJP11dow 
"'hicb i s pn.sturt.'d u.(ter tba hn)' is ('u1. 

:~11(/, The tnmiliar Timothy is MboW'n 
iu Figtl. j6 and 80. .lnllf.4-grfulS, with 
a now ... r in det.ail, is at'en in Fig . 77. 
June-gmS's is fl COIUWOll grnBB alon~ road
liides.l'ipeniug veTS cl\t'ly. Ii\ld is tile bc-s1 
grua for lUlnlS, Orchu1"d-gTalis is illWl
hated 1)" Fig. 'is. 

3J2a . The word host is here USttd,,:;~~~~~~~::;.... 
in t\ dift:erent 81,!bSe tban by the botanist
.and entomo1ogist (292b), Bero it n)('Q,ll~ 

& belper or comp3Jlion, not a. plant. upou .F1,.I!tl. Sh"IIIl. root .• ) .• te.m 
whic.b another plant or an insect preys. of limntb.1. 
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313a. Obij~r"e bow diffel'~nt. the roots of dover tuld timothy 
a.re (Figs. 79. SO). Q ue feeds in til(> subsoil aud 8ubsurfoee 
soil, has llIttny littlE" orgnlli~l\lI; on ltij rootlets, which ar{i cl\.HNl. 
l\itrog(!u ~fL~ers ( l3S) j that. is, they l.11ke l.b~ Irt>{\ nitrogen of 
t be loil air, . nd it then b{>comf38 of ule to t be 'J)labt. 
The t imothy hfL8 milO)' Hu\ulI 6hrouij roots, "'hid\ reml\in lloar 
tbe surf:l('('. nod b lwe- TIl) TlitroC'I' I I~ti:(if\L" (H·"'1lni~Hl!l. It will 00 

fie. 8;:~. A Rood IlOttle (nt 

Meed_. 

dean how appropriate it. is to rahse tbctie )lla.nls together: one 
feeds near the l!Iurface, the other doWl\ deep in t he soil j one 
is long lived , the othpJ' ",llOrt 1j\'ed . 

41&. In general farmillg'. the JO OSt uniforlllly good crops 
lire 1I~lU'ly fLlwnYEl obtained wheu a. rotation ig used . f.·iliC:. 81 
i~ a field of wheat , in l\ rotAtioo . wbich yielded over 30 bushe.ls 
to tbe a.c.re. 

323a. The ~rtti.8Dent meadows tea.cb many valuable leaoDJI 
it they are IIt.ndied close)y. Hero is otten fonod a mArked illus
tration ot the struggle fOT oxi.IJtetlel" Md of the 8urvival of tlIe 
fittest. Here the farmer ClUl give little help by tlHage, and 
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small opportunity is atfOl"ded him to deNtroy the Itl~8 desirablt< 
])1a.nt8, tbat tho more dt'sirable one~ lUay bave better ('oudition",. 

3~3a. A sprig of a1(1l1fl\ hI t>.hown in Ii'ig. t:l2. It has small 
blue flowers hl littJe dugtf'l's, liud lea:rPH of tbree It'aiJet.s. Jt)8 
grawn BOlll('wh:&t iu the ,East, but it is most useful in tbt'l dry 
1'('gi(flIH of ttlB .Plaius "nd WC\'I'twurd. 

335tL All tlw plantM mentioHt'd in this chapter should btl' 
known to tbf;' pupil. In SOffie tlchool-s, b(:!rharium specimens 
In. J' be mad<:l of tbpIn. It is illten·s.ting and ust>ful to colle(·t 
lietJd.; of fnttu awl J!ardp1\ plants. Tht· fwhool house may w·ry 
profitably ('ontnin a ('ahinf·t, nf set·lli', PSl'fll) hottlt".8 are the 
llsPf'eimen tub~>S" sold hy wllOlt·.<il'le dl'ugl(ist8 and natural-history 
stores. One is shown in Fig. 83. It is J~ itwh in diametFlr and 
3 inches high, aud can b~ bought, without the corks, for a.bout 
30 cents IH,'T doz~", 

For references Ott grl\.sl-tes and forage pla.nts, consult Vol. II, 
Cyclopedia of Amerh·!\U Agriculture; Runt'a ttF()rage and Fiher
Crops in America;" Voorhees' It Forage Cr0ps-i" Spillman's tt FaJ'm 
Grasses of the United .States." For the cereals, see HnDt's 
"Cereals in America." 



PART [II 

THE AJ-HMAL, AND ~'rOCK 

OHAPTER XIII 

THE OFFICE:; OF THE ANIMAL 

1. Tlte Animal and tlte Siock 

il36. In an agrIcultural S'JIlse, the animal, "" 
a representative of th .. animal kingdom, has Rix 
gen<'ml types of uses or offieeH: it aids in maill
tailliug the fertility of the land; it providp~ a 
means of disposing of <'rops; it, or its products, 
may be of intrinsic value in supplying food aml 
clothing; it works, or is a "heast of burden"; 
it may aid in keeping the farm clean of weeds 
and pests; it diversifies agricultural occupationR; 
it affords employment for lahor during the 
inclement months. 

337. When animals art' raised in quantity, 
they are spoken of as stock. This stock may be 
cattle, turkeys, sheep, ducks, swine, fish, or 
horses; but in common speech the word is ap
plied mostly to quadmpeds (7). 
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2. The Animal in Its Relntifnl to tll~ Soil 

338. The first great re80Ul'Ce for the improve
ment of th .. t .. xture and richness of the soil is 
herbage (lOfl-1l1); the second is farnl manures .. 
When stock is pastured, practically all the ma
nure is retul'll .. d to the farm; but when it is 
housed, much of the manure is commonly lost 
through th.. eal'fllp88lles!' of the farmer (120, 
120a). 

839. The greater the proportion of stock to 
crop, the more f .. rtile the farm should be; for if 
the farmer Illust buy feed, the manure is gain, 
so far as the farm is concerned. In general 
mixed husbandry, stock is necessary in order tu 
maintain fertility, as well as for its direct value; 
but in intklnsive (Ula) and specialty-farming 
(4a) ma~ures may be bought. 

3. The Animal in Its Relation to the Crop 

340. There is not sufficient market for all the 
crops' which the land can raise. Therefore, some 
of the crop may be fed to the animal and sold 
as meat, or butter, or eggs. 

341. There is an important secondary gain in 
this feeding-out of the crop, for part of the crop 
is returned to the land in the manure. Some 
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crops, as clover, carry away much Itl<ll'<' plant
food, if they aTe sold off the furm, thall the 
animal product .. which, in large part, al'f' ... Inbo
rated from them. 

4. The Aninull Has IntrinsU? Value to Mall 

4<1. A .• flrtir/p" of food 

342. Animal" ar!' dil'(,(,t sources of food. 
They contrihute the \'uriouR kinds of til'sh, as 
beef, pork, poultry, fillh. 

H43. Animals a1'(, indirect ~onrce~ of food, 
contributing of their products, as ogg;<, milk. 

344. Animals also contributfJ materials to 
various manufactured food produets, as chee8e, 
condensed milk, butter. 

4b, As artieles u.,ed ;n. the arts 

345. Animals contribute materials for cloth
ing. Amongst such products are leather and 
wool. They also afford material for many 
artieles of personal use, as feathers, hone, hair, 
glue, horn. 

346. Animals contribute largely to fertilizing 
materials, particularlY to substances containing 
nitrogen and phosphoric acid. Amongst snch 
materials, the most important are bones, dried 
blood, tankage; of" secondary importarule are 
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hair-waste, wool-waste, fish-scrap, hoof-meal, 
various forms of horn. 

4<' A.I," r.omp(mi()-n.~ 

:147. :Many animals are pets, or companions to . 
man, and t!Jl' J'pal'ing of thpllJ is a SPt'"iPR oj' 
agl·ieulture. Of sucho arc dogs, cats, rabbits, 
tall'" birdl', and others. 

5. Thl: Animal as (I Beast of Burden 

348. The animal aids in tilling the soil. How
ever much steam may b" utilized for propelling 
illl plpments of tillag<', the horse and the ox will 
still be indispt'nsable to agrieulturf'. Even thf' 
tramping of the animals over loose soils tends to 
"ompad and improve the land (250b). 

349. The animal supplies means of transpor
tation. EVtln with the advent of the elootrie car, 
the bicycle and the horseless carriage, the driv
ing horse will remain an important part of tIllI 
farm equipment. . 

350. The animal also supplies power for the 
I1rivmg of farm llMWhiRPrJ', as threshiRg a11l1 
feed-cutting machinery. On large farms, steam 
power must come to be more and more important, 
but on the smaller onl'S animal power will long 
remain an indispensable factor. 
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6. Th,' A ltilllu/ as (t Pest.de,tm,lfer 

351. Thl' browsing of anilllalR aidR in keE'piu,t: 
weeds aud wild II:rowth~ ill eiltwk. It is w'lll· 
known that pasturing with sh.·"p i~ on" of thl' 
best m .. all~ (,f e1"aniug Ii w<"'1Iy al'('a. 

:l52, Anirllal, may k(,(lP inH"d awl fungou~ 
pests in dlPek hy pat-iug tlll f'allf'JJ fruit Ol' 

foliage. It iR w('11 known that swin" keep th(' 
apple-worm in cheek hy flating the windfall 
apples. Hwiue also root out and eat the white 
grub aud oth,)!' insects. 

7. Tlw Aninwl lJi"el"sijil,.~ !,abM 

353. The animal its(']f iutl'otlueeH diversity 
into farming. It also demands thf' growing of 
diverse crops. It enforee8 rotations of crops. 
Diverse illtel'e~ts educate the farmer, by demand
ing attention to many problems. 

354. Some of the labor which is employed in 
summer in the growing of crops may be em
ployed in winter in earing for stock. The 
animal, thel'efOl'e, intl'odu('tlS continuousness into 
farming. The best laborers demand employment 
the year round. . 
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S(!GGEM'IOl'/S ON CHAPTER XIII 

338a. It is remarkable how t.he valutJ of manure increases 
with the age of the country and tho intensity of the agriculture, 
Thit! comes as u l'eRult of e"perieD{~e, wholly without the tf:laehiugt'l 
or scienctl, although 8t·ienee expw..ins why manure is valuable, 
alld points out mHony of the limitations of its use. The pros' 
~H~rity of tIle Gerwilu peasant is mt'aslll't"d by the sizE" of hi'" 
uHmure~pilt'. Gat'<il'ners pillee the greatfilst dependE':nc() l1pon 
manure; but they want it w(>ll rotted,-whieh means that they 
not only want its plant-food in the most available condition, but 
that tbE"Y df.l8ire to utilize it largely for its ruechanieal efiect in 
loosening the soil with whi('h it is mixed. 

MIa. A ton of clover bay l"emov('s about forty pounds of 
nitrogen, ten pounds of phosphoric acid a.nd forty pounds of 
potash. A 'ton of butter removes a.bout two and one·half pounds 
of nitrogen, and less .than one pound each of phosphoric acid and 
potash. 

34611. ~tTanka.ge i8 It. highly nitro~nou8 product, and con
sists chiefly of the dried animal wastes from the large abattoirs 
and slanght-4:'rinf,! establishments. It is variabJe in its eomposi1 ion, 
since it includE>s the otberwi$e unUBl:I.ble parts of the carcass, a~ 
hone, t.endons, tJesh, bail', etc. Tb(lc portions of this frOIn tht'
different animals not only vary in their composition, but they 8ire 
used in varying proportions, which naturally r~8ults in an ex> 
tremeJy variable product. What is known 38 'concentrated 
tankage,' which is obta.in('ld b~T evaporating the fluids which eon· 
tMn certain e~tiv~ animal matter. is the ricbest "in nitl'Ol(eu, 
and is more uniform in character than the others: and becaus& of 
its fineness of division and physieal character, the nitrogen con
~ loY}t ~'a IIM.s- iSSm..¥ a...aj}re~ W .tUGtb&"'!A~."-.v.M"'w 
Aee8, FertiliSers, 4.9. 

84Gb. lla.ny other animal BU'bstab6e8 are used tor fertitizetii. 
Those whieb are used for their nitrogen are dried blood, dried 
meat, dried aM ground tlsh, 86& crabo, hoot meal. 'l'h<>oe whicb 
are "oed for p~_ ....., tho vari ..... torms and preparati_ of 



boDe, 806 raw, boHf'rd. !\tt'alnt'fi {tOlU', hunt· Il~h Imd houe-hlMk; 
31110, dried fish. 

:-I.)}o. With ltll the f'f'ruRrk~ whi('b haw· rww Vt>ell ma.d{, (Ill 
WlO'eds (22b, 101, 1010.. lli, 261, 267a,2&of) , tlH' pupil wHI 14N~ that 
t11e only fuudl\me-lttal and pflrUlant'nt, ",a.\- to (1M('IlJw wl'lt'\(h. 1M 

• through bettf)t I8rm mnnagE>I1wnt: and, to a l~!H/oI extent, t.b~ kJltnt> 
conehlsion will apply to in~('ct and fUllgmllol }I('ost~, " r went hy tlu.,' 
ueld of th~ slothful, and \1)' the yin('Y8.l'(\ of tb~ Int\ll void of 
nndel'l'!tanding j and In, it W8!! all grown oYer with tbMll", and 
nettles bad eovered tbe facf; thereof, and tht' st.one wa.ll there-of 
W&JJ br(lken down,"-Pt'011f'?'b/'l 2:Xlv., :W, .11. 

3540. Upon the dt:>Hirnbility of eOhtinuOUi'I {lwployment for 
farm la.bor, Roberts speak& us follows when wri~itlg of rotation. : 
flTbe baleful 1'e8ultS of raising a single or few products in 9X;

u,nd&d districts. roilY be seen in CaHfornin and thb grf>a-t. wheat 
difltde.t8 of the Northwest. In such JO(',alities, there is littl(' 01' no 
true home life, with its du.ties and l'e8trn.int@ ; men ani] buys pre 
herdl>d to~ethe1" like e,attle, s\(';flP where they tllay, find subsist p, 

best tht>y can. The work is hard, and trom sun to l;un for two or 
three months, wl10n it abrupt Iy eea@HJ, abd the workmen are 10ft 
to find employment as best they may, or adopt til('j life and hl\bitf4 
of the professional tramp. It is diffieult to natne anything more 
deuu)f'8.lizing to men, and especially to boys, Hm.n tbis inter
mittent labor j and the higher the wages paid and the ~hort-t'r tho 
period of ael"Vie6, the more demomlizing th6 ed'(.~t. It there 
were no other l'eflBOn fOl" practicing a l'otation with a variety of 
plants, the welfal'e of the 'Wo-rkman and his tamily should form. a 
suBleient one-."-Fwtilit, 0/ tke lAnd, 369. 

For refenmeea on live~Btook, ~onsult Vol. Ill, Cyclopedia or 
AmE'tican Agriculture; Boherla' ttTbe H01'88;" Plumb's "Types 
aDd BrNtiJ. or Farm Animals;" Mayo'. "'Care of Aa.im&1." {Dis4 

..... of "'"im&la). 



CHAPTER XIV 

HOW THE ANIMAL LIVES 

JAMJo.;S LAW 

1. Tkl' edl, and Its Pitt! in the Vital 
PI'II(;('881'8 

lit. TJII' ('pll 

::155. 'fhe element. in the body that carries on 
vital }lI'OCeS8!'S is the cell; tor lift' in the animal, 
like life in the plant (Chap. viii.), is dependent 
Oil the existence of cells. Each animal cell is 
a soft, jelly-like substance, held together by 
an exceedingly delicate network of fibers. It 
might be comparM to a microscopic particle of 
raw white of egg. 

J b. Sirtgle-c.clled animals 

356. The lowest animals in the scale of 
'lxistence are formed of a single cell, which in 
itself performs all the functions of life. This 
"ell can move from place to place, by flowing 
out from it.~ original globular form, so as to 
make a projecting arm, and by continuing to 
flow in the ~lIme direction until its whole 
subaiance lvul passed into the new position. 

(llO8) 
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357. Thi~ cell call tiow uut ~ a, to MU1Tound 
ruicroseopi,' partides and draw tiWl1l into it~t·lr; 

these it can digest llnd use to inm'eas,' it~ OWl! 

Rubstance. By I"Pv(,l"siug thi~ pmet'SR, it eatl 
throw out. indigestihl~ aIHI WI)J;t!\ materials. It 
can absorb, digest sIld hlliltl iuto its OW'll sub
stance nutritive matt.·rs almatly ,lissolv!\d ill 
wat"r; and it can driV(' out waste, worn out and 
injurious matteI'S whieh it hold~ ill solutio!! in its 
own liquid. 

358. When the cell grows too large, it "all 
divide into two illd<\pendent parts, each having 
all the vital powers which belong!'d to the parent 
cell or globule. 

3,')9. Thus the single-celled animal can lllakfl 
of any part of its body limbs for moving. hands 
for grasping, fingers for fN!ling, stoIDaeh for 
digesting, channels for tit!.' circulation of its 
nutritive liquids, as well a.'1 organs for excretion 
and for the increase of its kind. 

Ie. Many· celled animals 

360. In all the higher animals there is not one 
cell, hut myriads;. and these cells are no less 
essential to life and to the healthy performance 
of all vital functions ~an is the single cell of 
the lowliest organism.~. In the complex Animal 
body, however, the cells build np solid tiJauea 

li 



outside themselves. At> each cell becomes im
prisoned Ul a minute cavity ill lluch solid 
structure, it is robbed of those common powel'R 
or funetions which helong u) the single- celled 
animal, and is specialized for the performance 
of one constant, unchanging round of work.' 
Each cell has its own work to do. 

361. Cells may carryon processes of nutri
tion. Some cells lie in the microscopic spaces 
left in 'the hard bone, and conduct the nutrition 
and changes in its substance. Other cells lie 
in the substance of muscle or sinew, or of 
brain, or of some other tissue, and no one 
of theRe can construct bone nor any other 
structure than 'that in which it lies. All such 
('ells are engaged in carrying on thf' nutrition 
and growth of their respective tissues, and 
are reserved for this work only. 

362. Cells Inay carry on nervous processes, 
being set apart for vital work of a kind not 
directly connected with nutrition. Nerve cells,
found in the brain, spinal-marrow, and some 
other partl!,-receive impressions brought over 
the nerve cords from distant part!! of the body. 
They generate and send out nerve force to 
other parts. Some of these cells are set in mo
tion by mental acts. 

368. Certain other cells, which line microsco
pic sacs in organs known all glands, select from 
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the blood the secretion which that gland is ap
pointed to furnish, lind pour it out through the 
gland ducts. The secretion from one gland is 
nutritiouR, as in the cas" of milk; that from 

. another is digestive, aR in the secretioD of the 
!Itomach; lind from a third it is wast!) mattllr, like 
sweat. The seillctioll from the nutritive liquid of 
the blood is the work of til<' individual ('ells, and 
is alwllvs the same for ellch kind of gland. 

364.' The cells of KOUW glands COllstruct a new 
substance, which is 1I0t secreted hut poured back 
into the blood. Thu" the liver makes glyeogen, 
whip), passes into grap" ~ugal', and 8CTVf'S for 
thfl production of heat, mU8(miar work and nu· 
trition. 

36.'). Home eells 011 the walls of the intestineli 
absor!. nutritiy,' ami oth .. r matter" from th.· 
liqlli,l ('ont .. nt~ of tli.· how<ll" and pass them on 
into til<' cirelllating (blood and lymph) vel!sel~. 

366. Besides these cell!; which become iUJ· 
prisoned in their particular tissues, and the work 
of which is restricted to the conducting of th" 
growth or other l'uD('tions of such tissues, there 
is a large class whieh tloats fre& ill th.. liquids 
of the body. The red and white blood glob
ules and lymph cells are examples. These 
globules or corpuscles circulate ill all parts of 
ij)e body, thns snggesting the freedom of the 
one-celled auitnal. But limitations have beeu 
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set even to these, the red globules being 
mainly carriers of oxygen, while the white also 
have restricted functions. 

2. The Food of Animals 

2(1. Kind of food 

;W7. Food lllay be either "cg-f'tahle or ani
mal. MallY animals, as horst'S, cattle and 
shf'Pp, lhrp on \·pgt_)tables, or arC' herbivorous; 
whill' others, like foxes and wo]ws, eat animal 
food ollly, or m'" carnivorous. The food of 
the bprloivoruu8 animal has its llutritive prill
eil'lf's ill a lf'sS ('()J]cI'utmtf'tl ('oudition, and tlw 
hl!rbivora !\rp accordingly snppli"d with more 
capaeious .ligestive organs. The same holds 
trllfl of I,.'raill-feetiers and grass-feeders among 
the herbivora. The grain-fed horse has much 
smaller stomach "lid intestines than the grass
fed ox, and the well-fed domestic rabbit has a 
much more spooious alimentary canal than hiR 
wild ancestor. 

368. Arlilieial selection and forcing of meat
produeing animals has a similar effect. The 
scrub ox, Texas steer and buffalo have light ab
dominal contents, while the pampered short-horn. 
Hereford, or black-polled ox has them heavy 
and bulky. In the carnivora they are still more 



HOW THE ANIMAl. LlV!i:S 213 

restricted. The intt'stirw of the ox is abcut ]60 
fet't long, that of HIP !lOl'"" \)0 feet, and that 
of the dog only I:! tn 14 rPf·t. 

"21). Food (,01rstitfu'flfi.: 

;l(i!). All fo()d~ nlUst ('(JHlain ('hemical COIl

stihH'l1ts ",hi..!1 will serve to }'f·pnir the wast,> of 
the body, to ,\eyelop growing tiB"'w, and to 8111'
ply materials for th,> diff('J'Pllt ",·('rf·tions. 

3iO. Asidp hom miuPl'ul IlHlttprK, all food 
('onstitucuts which "all build ul' the tissues must 
('outain nitrogen, the elcuwnt whit'], form,~ four
fifths of thll atmosphere, aud which is an ('Rsen
tial part of all body tiSBIWS. As familiar ex
amplps of such nitrogenon~ foods or aliments 
may be named white of egg (albumin), milk 
<lurd (casein), and oue of the soluhle partR of 
flour (gluten). 

371. As oommon forms of foods that ~ontaitJ 
no nitrogen, and which cannot form tissues, art. 
starch, sugar and fats. These are used up or 
hurned iu the system to produee hody heat, to 
~timulat" the contraction of muse]fls, and to fur
nish secretions whic.h are fre.- from nitrogen, 
such as sugar and butter-fat in milk, and sugar 
(more properly glyccgen or sugar-former) in the 
liver. 

372. Both sugar and fat, however, can be 
formed in the body from nitrogenous food, 118 
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in the milk of the carnivorous animal when red 
desh only has been fed. In this case the origi
nal nitrogenous food is broken up into two or 
more chemical products. one of which contains 
only (',arbon and hydrogen, or these with the . 
Rddition of oxygen, while all of the nitrogen 
goes to other product or products. 

373. Mineral sllltg (182o,) form a third group 
of food principle~. These arp essential in repair
ing the waste of tissues, and in forming secre
tions like milk, bile and gastric juice. 

374. Th", ideal food contains all of thes" 
three groups in fonns which can be dissolved, 
digested and assimilat"d into the animal tissues. 
Milk is an ideal food. In it the non-nitrogt'. 
nous aliments-sugar, butter-fat-are united with 
the nitrogenous-casein, albumin,-and ~ith the 
salts in proportions adapted to the needs of the 
system. 

375. A well-balanced ration for the adult 
animal is one in whieh these different classes of 
food constituents bear a somewhat definite rela
tion to each other, due allowance being made for 
the uses to which the animal is put. The grow
ing, working or milking animal requires more of 
the nitrogenous elements, while the fattening ani
mal may exchange much of this for the non
lIitrogenous. 

376. The living body, however, is not like a 
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simple machine, which call, ill all CllSe~, tUl'll out 
a produ<'t ('lmotly eorrt'sponding to the chemical 
food elements which aTf' turned inti) it. The 
vital element ha~ always to be rookoned with. 
One animal demands It little more of this dass of 
aliment, and another a little more of that, in 
order to secure the 1.est result.; while in all cases 
palatability alld fallility of digestioll have a 
controlling influence. 

3. lJi.l/eBtum of Food 

Sa. What digestion i. 

377. Digestion if! the process by means of 
which the food becomes dissolved so aR to be 
taken up by th" hlood. It tak(lf! place in the 
alimentary eanal,-the month. At{)rnach. and 
int.e.~tine8 . 

378. Digestion takes place under the action 
of diffilrent secretions, each of which operates 
on special constituents of the food. O.Jilsidered 
in the order in which they mingle with the 
food, these digestive secr!'tions are: (a) saliva; 
(b) gastric juice; (c) bile, (d) pancreatic juice, 
(e) intestinal juice. 

ab. The MJlioo 

379. Saliva is furnished by a group of glands 
located under the tongue, in the ehee'ks, and 
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under the ears. 'riley uischarge their secretions 
into the mouth. In grain-eating birds, similar 
glands surround tl,,' erop,-an enlargement of 
the gullet in the region of the n"ck. 

380. A ferment (ptyalin) in tlw saliva acts 
on the starch in the food, causing it to chemi
cally unit.. with additional water and become 
trallsforJIH',1 into Aug-ar. Haw stareh iB i1180Iubl •• 
in watm', awl ,'aHllO!, pass iuto the eireulation; 
hut the sugar formed from it is freely soluble, 
can be readily ahsorb"d into tlH' blood, and 
contrihutes to the activity, !,'1'owth and nourish
ment of the body. 

3Rl. Thp ptyalin a(Jis slowly on raw starch, 
and much more rapidly on hoilNl starch, so that 
cooking of vegetahlt' food favOl's its digestion. 
It acts bpst ill the abselle.. of acids. It is 
less actire whell w('ak organic acids arp present, 
and its actioll i" arrested ill the stomach by the 
free muriatic or hyurochloric aeid. 

382. In anilllalR with one stomach, therefore, 
it is important that the food should be thor
oughly masticated and saturated with saliva, and 
not bolted wholt>, or impprfectly insalivated. In 
ruminants (or <,ud-chewiug animals), as cattle, 
sheep and goats, the food is long delayed in tire 
first throo stomachs, in which any slight sour
ness . which may exist is due to mild organie 
acids onlv: and, therefore, there is ample 
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time and opportunity for the full digestion of 
the star~h, 

383. Dig~Rtion is furthN favor",l ill these 
anilUal~ hy the ehewillg" of tllP "lid, by llUlll11A 

of which the solid portioll" '11'" r<'turne<i to 
the mouth, morsel hy mm'spl, to h!' I('isurely 
ground down awl a~ain Ratul'atnd with Raliva. 
Digestion is Hlt)J'i' thol'ol1~hly JH'f'OJllp1is}H\d in 
the third Rtolllaeh, ill wIJi('h tIl\' food is 
~I'oulld to til,· fin.·"j. pulp }'"tw('en the ow' 
hun(h'f'fl folfjs, lar,!!€' nnd small, which fill itA 
interior. 

384, ThiR thorough i.n·t'"kiug up or com
minution prepare" the food for Ill!' easy dig!'RtiolJ 
of its nitrog(,nOllS principles in the fourth st{)lll

aeh. The rmnoval of tli(' Ftarch l'f'ndp'"R ('ven 
thf1 flneNt jlarticles of food more porous, and 
permit!; th" IJ1"ompt and spepdy netioll of tl)<, 
~toUlaeh juices 011 its whol!' 8uhstanee. 

385, :Fo!" some tirn(l after hirth, the salivary 
glands prodm·e little snli va, and still less ptya
lin, This is ill keeping with the f'xelusive milk 
o.i<'t, in which there is no sturdl to II" acted 
upon. For thj~ reason, nny sturelly f()od in thl' 
early days of lif.. is out of pIIH"'; for, as it 
cannot be changed into sugar, nor absorbed 
until it has passed through the stom",!h and 
reached the intestine, it is liahlp to ferment 
a.nd to fann irritant products, and indigestion. 
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The addition of 811ch elements to the food 
should hI' made later and a little at a time. 

30. The ga.<tric juice 

386. The stomach produces three digestive 
principles, whidl may be separately considered: 
muriatic or hydrochloric acid, pepsin, the milk
curdling fermont, Thoso matorials compriso the 
gastric juic<'. 

38i, F!,(l8 muriatic add is strongly antiseptic, 
especially (',heeking such fennentations as occur 
in the alkaline or neutral saliva, in the first three 
stomachs of ruminants or in the crop of the 
bird. This exposure of the food successively to 
alkaline saliva and aeid gastric juice kills off 
myriads of bacterial ferments which would other
wise reach the intedine, to prove llTitant or 
poisonous. Many still pass into the intestine in 
masses of lmdigested food, or because they can 
survive both alkaline and acid solutions, or 
because they have passed into the condition of 
spore, whieh, like the dried seed of plants, is 
comparatively iudestructible. 

388. The muriatic acid further softens, disin
tegrates, and dissolves the various nitrogenous 
food principles (coagulated albumin, fibrin, gela
tin, casein and vegetable gluten). 

389. PeJ)Bin is a [(,flUellt which is secreted in 



HOW THE ANUU.L LlVl!:S 219 

glands found in the end of tl1(, stomach nearest 
to the intestine. It act.~ on the nitrogenous 
principles in the food, which are made to takfl 
up water, and to ('hang!' illto II mm'h mON' 

stahle and diffusible IhlUid "all"d II peptone. 
390. Pepton"g of a great nlBn!>"r of diff(>rent 

kinds are produ('f'd fl'om th,' vari"l food prin
ciples-from R1Wh u" fibrin. ulhnmill, gluten. 
<'asein. T1H' p"l'toue~ all Ilg')'!'(' ill ['('rtaiu "OIlJ

mon .. haracters: «(I) tlH'Y aI'" !'o,Bily HIlII "OUl
pletely soluhlp in water (fibrin, coagulat(,d al
humin and (,lIRI'in thelllRelve .• , IllY' 1Iot soluh)(~): 

(b) tlJ('y filter rapidly through animal mem
hranes, snch as It blad,ler (the agf'ntR from whi"ll 
they art' deriyed do not); (,') they ar!' Itot 
thrown down as solids by hoi ling OJ' by str,lng 
al'ids (albumin and c8$f'in are precipitat",f by 
Htrong aeidg, and albumin by boiling). 

3\11. Peptone~ are thu~ easily absorbed iut<: 
the blood, while the ahsorption of the original 
principle~ from which they are de;'ived would hI' 
exceedingly slow and difficult. Pepsin acts much 
more ra.pidly in an acid medium, HO that it is 
"pf'Cially adapted to coOperat.. with the muriatic 
aeid. 

392. The milk-eurdling ferment is the product 
of the gastric glands . It is utilized in the 
manufacture of cheese. Like pepsin, it acts best 
in the presence of muriatic acid. One part of 
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this ferment will coagulate 800,000 parts of 
casein, 

3[},1. In hirds the gastrie juie" is secreted in 
an enlargement of the !rullet (proventrielllus) 
just ahov(' tll<' gizzard. Th., strong Illuscles 
lind ,'artilagillou8 liniug of tlw p:izzard ~NV", 
with tb .. jwhhl('s swallow('d, to grind down the 
food illto a firw pulp and to mi.x it intimately 
with til(' gastric' juiee. 

:lP4. Und .. r the aetioll of the saliva and gas
tric juic'e, tlH' grPHtpl" part of th~ stareh and ni
trogenous matter is usually digestf'd before the 
food materials pass from the stomach into the 
intestines. Tb" products of digestion are mainly 
Rugal' and peptollt·R. 'I'll .. fatty matters,-set fre.· 
hy tllfl digestion of their nitrogenous enYelopes,
the lllltligestiblf' portions, and snch digpstiblf' 
matters as are as ytlt not aeted on, pass on illtO 
th" integtines, mostly in a finely divided semi
tluid condition. 

3!);). In the intBstines, the materials are acted 
on by bile, pancreatic juice, and intestinal juice. 
These fluids are alkaline. 

396. Bile is secreted by the liver. It is 
poured into the intestines a few inches beyond the 
stomach. It rentlers the contents alkaline, checks 
fermentation, stimulates the movement!! of the 
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bowels, and hansforms their ratty ('ontents into an 
emulsion which pt'nf'tratps ).Il animal Illt'mhrane, 
and is 'ahsorbed with !Up.at rapidity, 

:lHi, Bile ha~, beside", II ]i."itNI )lower of 
ehanging' "tardl iuto sugar, It i,; also ""dul in 
earrying wu"tt, mutt('rs out of tl,,' hOliy, 

:l98, Paw'l'€'utie juie" i" !>olll'ed into t),,, in
te8tine~ by a eanal whieh in (:prtaiu ulliUHtt:-:. 'mih~tI. 
with tlH' bile ,h1{'t. It ,'ontain" Ill. 1"1\81 roUl' 

different ferment,,: ((I) AlIlylol'"iu, whi('h, at 
the body temperature, rapidly trall"forlllS st1ll'eh 
aud even gum into sugar, tllll" ('olllpJl'ling /lIlY 
imperfect work of the saliva; (Ii) trypsin, 
whiph, in un nlkalilH> liquid, ehang"s DitTOg"
nOU8 matt"rs into pept01l"''', thns finishing allY 
imperfect work of thp stolllach; (c) a milk-cur
<lIiug ferment, 

:l!lH. The panereatic juiee, a" a whole, aetR 
like the hill' ill causing fat, to forlll pnlUl"j()n~, 

It even breaks up the fatH into fatty twids anti 
glycerin, 

400. lnt('stiual juice i~ It eOlllplex mixture of 
the different Heel'pti()UR already nam",l, together 
with the prodnds of the gland" of the intestinal 
walls, The Reeretions of these walls act like 
paDcreatie juice, only less powerfully. 

4Q1. .As a whole, the digestive agents thrown 
into the intestines cover the whole field of di
gestion, and largely make up for any dereetive 
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work of the saliva and gastric juice. Even in 
cases in which the stomach has been removeu, 
the intestines have taken up its functions and 
have maintained a fair measure of health. 

4. Absorption of the Digested Matters 

4a. How abs""ption takes pluee 

402. The food pl"inciples, digested or emul
sionized, as before stated, are now absorbed into 
the blood and lymph vessels, chiefly through the 
villi of the intestines. These villi are minute hair
like projections from the lining membrane, from 
~\ to -;. of an inch in length. They are covered 
with soft cells, the deeper ends of which reach 
the capillary blood-vessels and lymphatics occu
pying the interior of "ach villn". 

403. The cells of the villuR take ill the liquid 
products of digestion, and pass them on into the 
vessels beneath. By a muscular contraction of 
the villus, these vessels are emptied at frequent 
intervals into the larger veins and lymphatics in 
the walls of the intestines. 

404. The interior of the small intestine,. 
which immediately follows the stomach, is 
covel'ed throughout by these villi. Owing ~ 
the rapid absorption eonducted by them, the 
IOlnble contents of this intestine are in great 
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part removed "lid transferred w the dreularory 
system \.efore the large intestine is rt'aehed. 

4b .. De.vtinalifm IIf 1M rich blood from tn' h".xtinn 

405. The wins from th(\ stulllaeh 141111 intes
tines carry tlw t'ich products of digestion into 
the capillaries of th" liver. HerA they not only 
contribut<l to produce bile, but aiR" new combi· 
nations of nuh'itive and other compounds, whi"h 
pass into the general circulation. 

406. Oue of the most important of these new 
products is Rugal', which, as already stated (372), 
is formed ewlU in the liver of animals fed on a 
strictly eamivorous diet. The importance of this 
product may be inferred from the fa{\t that the 
liver is very large in the young and rapidly
growing animal, and also in mature animals of 
a meat-producing race: these animals have ex
traordinary powers of digestion and fattening. 

407. Another important function of the liver 
is the transformatjon,-largely by union with 
additional oxygen,-of worn-out or effete red 
globules, and of much of the useless nitrogeuou£ 
material in the blood, inw urea and other solu
ble products. These products are finally passed 
off by the kidneys. They afford a stimulus to 
seeretion by the kidneys, and supply an 8J>nn
duce of material which can pass readily through 
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thest> ol'gans without causing irritation or de
rangement, 

408. Another important liv"r fUIletion is til .. 
transformation of peptones (which are POiSOIlOUR 
when thrown into tlw hlood in tilly consiilel'tlhJe 
quantity) into prodnets whiph ar(' non-poisonous, 
and al'(' elil'abl" of assilllilatiou. '1'1[('se pro
ducts form tissue, or fulfill some other im
portant u~(' ill tlw body. 

409. Shll anothel' important use of the liver 
is to tl'Ullsfofm into harmless eompounds th" 
poisonous produetK of haderial fermentations 
(su('h as ptomaines and toxins). These occur 
in the contents of the intestine, and might often 
prove deadly if allowed to pass this gnardian 
sentinel-the liver-in any eonsiderable amount_ 

5. Respiration, or Breathing 

511. What breatMng ;8 

410. Breathing consists in the substitution of 
oxygen of the air for earbon dioxid in the blood 
and tissues of the animal body. It results in 
the combination of the oxygen of the air with 
certain organic constituents of the system; and 
it fits these constituents for various uses, or for 
elimination as waste matters. 
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411. In tht' lllaiu, the ail' i~ .·hanged in 
breathing a~ foliowR: 

Inspire.}, (Jl' hrt'Bthl:.ltl-iu IIiI' "otltaiul'l . 
ExpiJ"(>d, or l,renthed·{.nt ail' ('ontllin:; 

ItXtlll")1 

::!(Ull 
Hi.O:n 

Ca .. bon 
Sttrflfl~n di_d 

70.1:. .04 
i9,f\5i 4.aS 

In every 100 paJ·t~. ail' IO~f'R. by bf'illg' breathed, 
about 4 partR of oxygen. aw! h"lius about 4 
parts of carbon dioxid. 

412. III brf'athing, tll" ail' is al~o ehal'g.,.! 
with wakl' vapor amI with "!Utili quantities of 
ammonia aud marsh gUR. It ulso reeeive~ {, 
volatile organie mattt;l', whieh may be froth.!, 
and when ('ondf'llsed ill water i!oon aevelop~ a 
putrid odor. 

413. In tIlt' breathing pl'OCeI!S, the blood and 
the air are hronght iut.o the elosest possible 
contaet. One-celll'd animals hreathe through 
the entire 8urfae(', fishes through !(ills waved ill 
the water, from which tlwy abstrad oxygen, 
frogs through the walls of a simple air-sae, 
in which the blood-vessels circulate. In warm
blooded animals, this sae or lung is divided 
throughout into myriads of minut., air-saes or 
"ells, varying from rlo t,) ,';; of an inch ill 
diameter. The walls are so thin that the blood 
:Bowing through their capilIary vessels is con
stantly exposed, on two sides, to the air with 
which they are filled. The membrane consti
tuting the walls of these sacs is so exceedingly 
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thin and permeable that gases pass through it 
with great rapidity, - th!' oxygen from the air 
to the blood, and tlu' carbon dioxid from the 
blood to the air. 

50. Bll>Od-r/uIngl's in I'espiration 

414. The IHlart of warm-blooded animals 
is composed of two double cavities, right and 
left, which are quite distinct from each other. 
The left side pumps the blood int() the arte
ries of the system at large, whence it returns 
through the vflins to the right side. The right 
side, in its turn, pumps the blood into the arte
ries of the lungs, whence it returns by the lung
veins to the left side. In this way the blood 
is circulated first through the lungs, and then 
through the tissues of the rest of the body. 

415. The blood is of a dark red or purple 
color as found in the veins, in the right side 
of the h(lart, and in the arteries of the lungs. 
It li< of a bright crimson hue. as it returns 
from the lungs and passes through the :"ft 
side of the heart and the arteries to' all parts 
of the body. The varying color is determined 
by the presence of a larger amount of oxygen 
in the arterial (bright crimson) blood, and by 
its comparative absence, and by the presence 
of an excess of carbon dioxid, in the venous 
(dark red) blood. 
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410. The difference between the artery -blood 
and vein-blood is shown in the following tah].,: 

1'1)". r,,(jj. Ql 0.' (II1rbm~ 
UlrWf'n 4~d 

~'roJU 100 vols. of arterial ,hlood t:ua)' btl obta.itl.,d 20 St} . 
.. •. vt>nou,. .. 1:1 to 12 46 

417. 'fhe "XC,,8~ of oxygen in til(' arterial 
blood is U~('<1 up as it pas",', thl'ol1!rh the c81'il
lal'ies, and is l'.~pla('(><l hy «arhon dioxi<i. The 
<'xcess of carbon dioxi<l hrought ha"k by th(> 
V(1nous blood is thrown ant into the air fill
ing the lungs, and i~ replaced in the hlood 
by the, oxygen taken up from the air. Tlw 
earbon dioxid is lURlle up of one Ittom of (,al" 
hon obtained by the breaking up of the tis
SUPS or blood el<lmEmt~ which contain carbon, 
and of two atoms of oxygen earril'd to Buch 
tissne or element by the hlood . 

.tIR. ' Breathing, therefor'", or' t.hl' c()Jubillutio]l 
of oxygen with carbon t<) form the carbon di
oxid, really does not take place in the lungs, 
but in the variou8 parts of the body to which 
the blood carries the oxygen. 

5c. A'IW""t of air r,quireAi 

419. The amount of carbon dioxid passed 
into the blood and e%haled by the lungs is in
creased by exercise, work, sunshine and food; 
hence the ue{!essity for more rapid breathing 
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under such conditions, The amonut also varies 
with the kind of animaL The pig produces 
more in proportion to hi" hody weight than 
the caruivora, rahbit, and fowl; and thes{' 
again produce a larger proportionate amount 
than tlw hor~e or tll" ox, 

420. Air which contaiu" HI to 12 per cent 
of earbon dioxid will no IOIllrpr ~ustail1 life. The 
deleteriollR efi'{'<'t is dtw pattly to the lack of 
oxygen in such reo breathed air, hut also to the 
excess of the poi~onolls ('arboll dioxid, volatile 
organic matter, an(l other injurioll" products. 
Air which contains <well 1 per "Pllt of carbol) 
dioxid produced by breathing is injurious to It 

mal'k"d degree. In a perfectly dose place, 
where there ean bf' no aecoss of fresh air, It 

horse would eont8111inate to this extf'nt OW'r 7,000 
oubic feet in :24 hours. 

421. The question of stable space, however, is 
dependent on the amount of air that' can he 
introduced by ventilation ill a given length of 
time. The tighter the buildillg and tIlt' less the 
admission of fresh air, the great;>!' must he the 
area supplied; while the greater the facility for 
the entrance of fresh air, the small,,!, need be the 
space per animal. If the whole of the air eould 
be removed every three hOUTS, 1,000 cubic feet 
per horse or cow would suffice to keep thE' air 
sufficiently pure and wholesome. 



6. Work: Walde; llnd 

6a. Was((' of fiH.'lIIf' 

4:!:!. Und!'!' I""lily lahor, th(' .. I"llIeut> of the 
mmwl"s 111"(' lI~ .. d 11p to " """Iain f'xtPllt, whil~ 
Iwat aud wag!.. Illutt"r~ at'p p['"du"",!. A 
period of r,,~t if< rl'<)l1il,,',1 to "Ilow fl)r r"pair of 
this wash-, W f' SI;!' this ('l1rri"d out ill all IWl1lthy 
bodily t'uIIetiouR, Th .. IIPart, aftp!, eaeh (·outrae· 
t iOI1, ha, a ~h01't I'PRt ],,,for,, til!' ('ommenl'!'Iuent 
of the llext ('Olltl'lldiOll, TIll' Illllsd", that ('aIry 

Oil hreathill~ w,)rk in I'pjays, thos(' thut dilute the 
dl('~t re~ting whil.. thORP that ('Ompr(1RS thl' 
('he"t aI''' ill operatioll, Theil both r('st f"r lUI 
;ntl'1'\'al \J('fore tlw Hext inspiratioll is ,'om
IlJelJced. This pl'OYidf's for ['est and I't'pair of 
!'oth the mU~f'Jf'S and nerves, Excl'pt for "ueh 
rest, both wouhl SOOIl be exhauRh'tl a.nd waAtt'd 
heyond the {'OWel' of work, 

423. The waste of tisRues, however, is not 
always in pxaet proportion to t·he amount. of 
work. Oil til<' contrary, it. has beeu shown by 
careful experiment that the waste of the working 
muscle is but a small part of the expenditure 
made. The heat- or fat-producing mattcl'$ in 
the food are also used up in Ruch work, 
The process may be likened to fu,,! supplied to 
the engine, which contributes to keep it running 
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with the eXpl'ntliturp of hut a small part of its 
own proper substallce. Thus the starch and 
sugar in the diet contribute not only to main
tain heat and to lay up fat, but also to render 
possible a large expenditure of muscular energy 
and work. 

fih. Applications to practice 

424. Such expenditure of food and muscular 
energy in producing heat and work preventR the 
laying out of the sam.. capital for other uses, 
such as growth, i'att<ming or milking. In do
mestic animals, which can bp profitably kept 
only when adapted to special uses, expenditures 
in other directions must be limited as far as Illay 
he in keeping with the maintenance of health. 

425. For rapid fattening, rest and warmth and 
seclusion are favorable. Even the milch cow, put 
in the stable in good health, may be made to 
give more milk for a time when kept idle in a 
warm stall than when turned out to gather her 
food from a pasture. This, however, cannot be 
safely carried to extremes. The continuous dis
use of the muscles tends to their waste and 
~eratjon, to an impoverishment. of the blood, 
to a loss of tone of the nervous and other organs, 
and to a gradual lowering of vitality. For ani
mals that are soon to be sacrificed to the butcher, 
this is not to be considered; but for such as 
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are to reproduce their kind and keep up the 
future herd, a moderat" amount of muscular 
exercise is as important as suitable food and 
hygiene. 

426. The animal body is a very complex 
organism, with an almost endless variety of parts 
and functions, eaeh of which is m()r!' or lesH 
essential to tllf' full uSf'fulness of the whole.' Thl' 
hest condition of bodily health is that in which 
all of these are prop"rly adjllst<>d t{) eaeh other 
and t;{) the surrouudings. III the case of farm 
animals, the eornplexity is the gl'eat('r because the 
natural functions must be developed here and 
restrictro there, to make them a profitable pos
session; and all this must be done within limits 
which will he compatihle with the maint<>nanc<, of 
health anrl vigor. 

SUGGESTION" 0,"'. OHAPTER XIV 

359a. The best ilhlstrat ion which the pupil can SOOUl'S of a 
Bingle-eeUed stl1Jetureit>ss organism is the smreba (Fig. 81). 
This lowly ani~ lives in stagnant pools, and can be secured 
by se"ts})ing the ileum oil the stelDs aud lesves of water plants. 
In its larger formf' it i!~ llart:'ly vj8ibl~. to the naked eye. 

35911. The Fig. 85 shows a 8pindl~-8haped (involuntary) con
tractile cell or fiber from the musenlar layer of the intestine, 
showing' nucleus in white and nucleolus in blaclt. It has no 
such variety of functions as tht:! RIDOOba has. 

360a. A part 01' an organism is said to be spwcia.liZ@d when 
it is fitted for &ottle partieul4r work, rather than for gene .... ! 
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work. A cell which bu to do only witb Dutrition is Bpec;aJ
ized i one which has to do with nutrition, sensatioD, locomotion, 
and reproduction, is gene.r8Hnd. A cell may be sllid to be 

}~Ii. 84. A.muo,hll., ,,\lowtuN: l.rae, l'Ound Iluolens 
nelll' t he toP. end08iul:" a uUl).leoius. many 
erA.uuJes. protrudb.lQ' ItrDIS Df lU'otoplum. 
"lid whll" spaC!;! J'Ou.nd whlt'.b the prOto-
111.~nn hlUl f\owed. Ml'Il(nift~ 200 lIi"meten. 

Fir.8,j. 
J1u&cle eell. 
M8anlft0tl . 

still further SI>euh,lb:ed wbell it c8rries au SOUle particuhu' 
io!pecial pttrt of Dutrition. 

3030. A secretion iB a material derived trom the bl,ood aud 
poured out into the body. When this material i8 o't no further 
use, it. is elimjDsted, or removed from tbe body, and is k.llOWD 88 
An excretion. The snliva, eye-water, bilE', gl1strie juice, are ex
Rmples of secretions. 

363b. Gla.nds a.re secreting otgfl.lIs. Thus the salivary glands 
SOC-l'f'te or 1nnke the snlivn or Mpitt\~, from the blood. The 
liver is a gigi.ntic gland, sectt'Hng' bile aDd other mRterials. 

364a. Glyeogsn is very like stareb. In fu(!t, it has the salUe 
chemieal eompos1tion,C,B1oOc;. It is rapidly e.banged into grape 
sugar or glucose by the aetion of saliva and other juices, and 
it. then beeomes a\¥{lUable for the building ot tissue or krf>pil1g 
\11) th~ hodil~j Iwnt. 
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36.'l4. Lymph i8 II l.lroduet of tbt) blood. It. ht H. pWtt liquid 
wbieb trslT8udt'6 from t41e tbin or c.I'iUary bJood vero"wls. olld is 
used to nourish and build up the titltiues. The lymphatic system 
eaTries food mat.l"rll'1iS to tbe phlC('S wbere they ~ needed . 

• 'IWb. 
3670. By the Illimentary canal i~ UJUa:nl the wbole digeIJth'fl 

tt1Let, beginning with the mouth , llnd cOillpri8ing the gullet or 
esophagus, the stornaeb, the small (\lId Illrge intell'lim·s. 

31l/~. The 6th contaiu clubou, 
bydl'ogt!ll lind oxygeu, but the oxy
gen ils in smidt Ilror)()'rtion. One 
or t.be eODltllOU (1\t8 ( palmatbl) hM 
UU} eom~itjon C,lJB~; Imoi,lier 
(tlteat'in) i s C';iHuoOe. 

3i9a . 111 'Physiology. the word 
tennent 18 used to deSignate !Jub
sumces ",hieb have power to mttkn 
stsl"Cb-\fke malarials fSol u\)le byeon
vertiug them into sugar-like mu.Wri 
al.s. These ferments, or whieh ptynlifl 
iK one, nre secretions . Th(',Y ore KIM 
("nlled en~rlJllI. TheMe lSeerctiC)fl~ 

Fia.8O· !:iLolluLCb of dOl· mny 00 lila produet8 or. celli. in the 
animal body or of independenl micro

organisws, Th" mietO-orgllnisms are themselves orten enllcd 
re.rroenls (35a). 

382a , The single stomach of a CIlruivorou.8 Bl1imal is tthowtl 
in Fig. 86. The stomach of l\ ruminant is well iliustrQted in 
Fig. 87, the front WAIls being cut tLway to show the internal 
8trueture, It has tour divisions: I ptLuUeh i R, reticulum; N. 
manifolds; 0, the tMltt digestitlg' #(Wrtl8C!,. 

3850. There are \'o.ri01l8 "XJl rim4!ulti whi(!h tit\< pupil Mil 
perfOl"b.l. Mix a little well-boiled Btar(:;b with , u. 8mall qua.ntity 
01 saliva, and Riter a time ii. will be IOWld to bave beeome 
Bweet. , It at the oUlset a drop ot solution of iodiue js added 
to the mixture it wi1l prodoee f\ blue color (203b). AtJ, thP 
~ta..rch is e.hanged into sugar, thjs color gradually fades and in 
the end di8"p~&r8. 
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387a. An a.ntiseptic is auy material whicb destroys germs 
or bacteria (2S4a) . The lllurifltic or hydrochloric R('id is present 
in small amounts, J'uuging from 0.2 to 0.8 and upward in 1,000 
parta ill the different kindlJ ot animals. 

a Tb. A substance way be aeid or sout', in wbich CRse it 
turns blue litmus red (15S, 1530 ) . It Inay be alkaline, as J)'f', 

PiE. 8,. ~tom .... b of sbee-p. PI,. 88. Crop and 
ICInard of fo"'l. 

ill. ""hioh ctl$e it turn,s red litmus blue. Jt may be mu~tra1, 

giving neith~r rebCtion. 
387e. Flowerless plants, ot which fuugi, terns, and bacteria 

are eXl\wpleS, do not produce seeds, but spores. These spo-res 
"rf' usually single cells. and contain ])0 embryo. 'Ihey can 
nsually grow. even a.fter becom.ing dry. Spores a-re. commonly 
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more difficult to kill than thE! org'IlDlSffi l~ when in an actively 
jiQ"Owiug' condition. 

390u. A prt"t'ipitatt', in ('hemistl'Y, iM fl. lllore or h~MI!\ "olin 
material, v.'hjeh jlol the Tt.!8Ult (If (,hemit'al lh·tiIiU. aud wbieb tt(>ttlt'~ 
to the bottom of the liquid in v.'hi(·b it iii formNi. ThuM, l~t thf:l 

• pupil hlow through a strnw into B l}()ttl.., of lime water. Thf' 
liquid wiJl bee-oIDe cloudy, alld artt't' n. time tht> flWdilnf'nt will 
settle to the bottom. The pupil ha~ IHIded the ~arhon dioxid 
(CO..) of his hrf>nth to the lillle wah'", IITHI ('urbonato of lime 
(or limt'stone) has bef'n IOMllf'd. Comparf' )940. 

3924. The 3I'tion of the gnKtrie juiN' may h~ familiarly fiN'" 
in the (>urdlit'l{ of lUilk in tt/p ciWNIf' fll:elMY by JlWJHl~ or 
rennE-t, A littlh wiDce·Wf'st mixPi) with the .!!I(·rnpinWi of tJw 
Jinillg membrtHlP or a pig's stOUltl('h. TtmfieJ't>d sliglltly at~itl 

by a drop or two or muriatic tw"id snd kflpt peor hlQO(}-)wl4t 
UICC) Fl. ,.·m BOOU he completely dil<l8oi\'f't(1. with t}.l@ formation 
of fJeptone. 

3920. Rennet is the digm;tiv(> prioeipJe derived trom th.,. 
fourth gtonuu..-h of ruminant" (O, t'~jg. Ri). This st(}ulaeh if!; 
taken from ealv':'fj and dried; a.nd tbEo stomach itself iK tht·n 
spoken of a8 rennet. The t!.tomaeh of adult animals eould SIkH 

be uSf-d, if n~E:'tN$ary. 

393a. The gastri(' apparatus of a chicken is shown in }~ilo{. 

88. Tht:> <'rop i~ at fl. the proventriculu.s at b, and the gizzard 
at ('. 

3964. An emulsion is that eonditiol\ in wbil",h fatty or 
oily muter-isle are l'O intimately mixed with the liquid in whil·h 
th«y are plaeed that thf'Y act 1nlH'h as if ttwy wt-r~ in adllul 
solution, ('VI:'I1 VIU"~tng througb membranes. Most. fl\nner~ fl.1"" 

now familiar with thf' keroMDf' emulsion, lllH,d fll-l an inKooti
(·ide (296n). 

399<1. Glycerin jl; a colorles8 liquid which is UMAo('iated witll 
f:lt~ or fat·aeid~, anrl. whi('.h lllay he derived from Uwru. IlK 
('('mposition is C:,;l{r,' OH)3. It is oftl:'n made from the fats by 
artificial meanfol, and i~ u~f'd in tnedicine tLnq th~ artiS. AI8() 
spell£'d glycerine. 

402,1. Two vi.lli flrf' shown in Fig. 1-'i'. ThE' f'.inguhl.r form of 
the ""ol'd is' villus. 
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404a. III conue~tioH with int.estiun.l digestion and absorption, 
the bile fills a spocilllly importa.nt economic fUDct iou , in sup
plying Ulany of its iugrr·dicnt so to l>e uSf'd over and on!t' ngllin 
in the ('OUt1l& of the Blune day. The bile stiwll1ates in a high 
dfJgrce the ubsorptiml C\t tile digested products, (>.ntering with 
the lU into the " e i1l8. As (111 t1l6 bh)(\(1 l'etu rlling (rom the 
iul\!8tiues must puss thtQugh tba li\'er, the elelllenb! o'f the 
ulJsol'bed biJo I\te Re\·I·t~ft'd fill('W Ilud ollee more poured into tbe 
int.est ine. B eute n stllull amount ot bile performs a l TOJ'Y lal'ge 
amount of work; lUlU heu{·e. too, any RU81){>IISiou or tbe seere
Han of bilt! inltrr~!'t'8 set'iOIl!~ly with the general btmlth. 

409a. A ptOtuUin8 ( pl"Ououueed t<. ~main ) is ulUllleriRl formed 
from tue d('eompoMit ion of dell.d tissue . Jt is n. lk:Lfil1~ , llnd ortell 
poisoTlou~. 'l'hi' POil!lOll iu ul)l'ttlolesome jct'~('re8m , for eXllmple. 
i'3 I\. ptomaine. Ptolllnint:'s ofl fl n re!lult trom tht-l destructh'e 
work ot tn icrObes. '.rlu~ t f.\tlU loxin 1S applied to t\ l'olsonou 't 
l)1'oduet or fernwnlll,tioll, wbt\ther alkaline 01' nuutral. 

40gb. It mil)' be well to spt·u.k oC tile destinntion of the 
cbyle, Chyle is Hit· liquid formrd of thft materials absorbed 

nrtllee or rnncous w&mb!'AnO of 
tho iutestin~ BbowinK vllli with ~n· 
u1\1 jacteal dllU Md blood " H$elll, 
ud on tho .u.rr~ the .. bsorbi~ epi· 
Uletla.l~l ... 

from the bowels iuto the 
lymph vt'o8sels. It is a.lbu
millons ( ni!'rogellous) n.nd 
tlitty. with 8. white, milky 
color. This , like the lymph 
in the other lymph vessels 
ill yu.riou8 pa.rts ot the 
body I {'ontains w h j t e , 
spherical, lU ic roseo pi c 
el'.Us, wlJielJ are greatly 
increased n[ter passing 
through the Iympb glands, 
and \\'b n pouTed into the 
blood bt-cowe \'("bite blood 
globulei;. During the in 
ten'als in which there is 
no digestio'n, the lympb 
or o.byJe tn these intes
tinal vessels, BB in other 
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pam of the hody, iii Ii silllllti' Ntnn"·l'oiortld liquid eoltlllil'ting 
(If RUl1,1uN nutritivE" fUIi.Ut_·r wbi('h lUlt, Iwt l~e:n required by 
thf> IIPI'I)'" of tht' JJan. and is lwiu#-\" ref.urned to thl;' hlood. 
In this IYlllph Wf' filld an jlllportalJt )l,our('f~ of ",,»ppl," of th~ 

wbitt> hlo(}(l glohul~s. which ftrt' hf,ing (\ODtltantly u~(>(l up i 
Ilwl thu8 d~rallg"'1lIt'11ttl in th~ iYlUl)h "essl?h!. and gland" injnri-

• ollidy a.tT(·('t tht-' "lHud. Itlld througb it tht'! t_l util"6 a.nimal Ily~tem, 
40911. Tht" I\dmirtit.l~ adaptation of IU(,8.1I8 to tllHl ill tl'tl('l'

ab!e in tilt' tlUt'{'{'K~ivf:' ('hange!l of tht'jIO{' food l.rodtll'tK, TIlt' 
nitrogt>Il(lUIO (·mHI1.itut'nt~ in till' food, whh.'h art! not fifh·d for 

absorptiOJJ., fire tranfifomtt'd iutu tilt' 'I~ptont!s, whi0b an;, tlllE'" 
f'iaHy a-daptl:'d for rapid nhl+(}l1)tion. 'fhen tb(J pt.·ptoUI:'8, whi('b 
art' not fitted for nutl'ition, hut, urt! Tt'nJly l'0i~OI)()IlJl., .I1r~ I'Jumgt>d 
in thE' liver, toO "~ to I"t-'wlf"r them harrnlt'6H and fith·d for th~! 

varied ust's of the ho(I.\. 0)' fur t'liwiQnt:oll. Otht:ll' food IJriu('i. 
Illes are tUl'ued jnto 1'I1I~ar, Ilud t(omto POiH0110n!" ferlPtJ\ltatioll 
'Products are l"~mdt'red harmlt:'88 t.hrough the 8('tioll Ilf the livf'l". 
Thil'l int.t:!rdf!pt"utlelH·t' of dift'et'('nt functionM upou elu'b other
lluUoltieatiol1, imlllli'·H.tioll, di((~8tiOiI. ahsorption, t.l'1lnMforTnl1t.iOlllol 
if! th~ li·n·r. tllt' (oMllatiou of 11().t'RUtl hl(JO(l t'l('mrmt.fiI. n8simi
Juriml and ~rerton-furnif!'/t"H l&" Illdi(tation at what glWN Oil 
throughout tbe wbolt· alliUm! body. Ulf' })0ritwUo.Q 01 out" JJrCw .... "" 
being 6N't'lItin.1 to thst of othe"" Bud the d!:"rllngelllt'ut of Ollt· 

causing di80rol'r of tIlt' otbel'M. Til .. IH'M'OU~ Ryfd~1U. which iN 

l~On6tlrned in ~ml'r~"ing' fill all fU1l1'tion~, ft"Ot11 th~e of .,itnpll' 
nutrition of a ti8~lltl nr of KN~rt'tion hy It. gland nIl tl) f4lwh nll·u1llI 

Vroct'sses as the snimal is eudowl.l(i with, is l\.-I"·I1<\' Ilt "It tl.j· 
blood for iff'! own tUD('tioDut aeth"ity. ChHIlj!j,., ill 1/11' 1,("".1 
entail ('hangt' iu the eaVlwit .. 'Io- (()T ner"VOIiM wo,.k I "u flint '/1'"'''1,011'1' 
of one distant Ol"gau, aetirJIl h,\' ibtlneH~'iJlg tbe ucrVfI!ll'> :-y~! "nt, 

dil'N'tly through tbf' m'rvPfI ur indireBtly through thf' ))jooo. 
may bl"ing ahout d~rangemtlnts of Hu." mo~t \·ariNl. kiml ill tlt(" 

diffef('nt (H·gans ~ul)joot t.o nel'VoUg infhlel1(.'''', The gl"t'nt fllnl'~ 

tion of the lun,..rs is the elimiuation of ca.rbon dioxid from the 
hlood 3c.d tiseUl'tS and the introduction of oxyg~n, _hieb, being 
('arried into all part&; by the red globulelS. ~8i8t.fol in nearly 
tlV'ery ehange which tf\kee: plaee in any orgnn. But if the lung! 
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fail to fulfill their fnnction to any degrep, e"'ery orgnn and 
fuuction is aft'ect(·d. Most of the Waste nitrogenous matter 
leu,vt>8 the body through tilt' kidneys, but if this chaunel of 
elimination i~ iut€'rfen,d with, the effete tuatters are retained, and 
t:htly poison and demuge eVt.'ry organ from the brain downward. 
£\'en apparently in~ignifi('aut organs have a. far-reaching in-. 
itUI'llt't'. Thh ~pl{>{>n 1l1,d bone marrow-cells n:!feet the develop
ment of l}lood globules. A ~mnll gland at the tht'oat (thyroid! 
nfi'eetti the llt-rYOU8 8)'stem, and a still smallt·r onv at tbe base 
of the brain (pitl.litnry) influ~nees tIle growth of thtl limbs. 

411a. l{llpeat the experiment 8u~g(,!lted in 3POll, Milke lime 
wat<tlT by placing a piece of quicklime in a hoWe of PUTt) 
water, sbaking and setting aside t.o settle. The ..... take a lit.t.le 
of the elear liquid and with a syring's force ail' throullb 
it. Jt will beconle only slightly turbid. Next take a tuba and 
blow through thif.:I water tor a ij-hort time, when it will be('ome 
whit-a a.nd opaque by the fonnation of lime carbonate, owing 
to the uuion of carbon dioxid with the lime. 

413a. ']'h6 lung of uny of the higher animals presents au 
enormous surface to the in~pired air. To illustrate the extra p 

ordinary extent of hreathing surface formed hy this minute dip 
vision of the lullgs into mi(~ros{\opie sae~, it ma.y. be stated that, 
in the h01'se, it NHl('ht'H un area of 500 to ~oo square feet. 

414a. The ht'u.rt of an ox, slu't'p, or other animal ~an be 
obtained at the slaughter house or of the but,eher. Diseovt'r 
the right and left ('.avities.-a ventricle fmrmounted by an auricle 
on each gidt'.-tbe vah'es around tbi! opening leading from the 
auri("}e to the ventricle, aJld the cQrds ('onnecting the valves with 
the inner side of the ventrieje. 

416a Wht>1l blood is shed ill killing nn WliwaJ or otherwise, 
ob8er\~e bow th~ 8urfaee layer gradull.Hy cbanges from tl!e dark 
red to a hright crimson as it takes up the oxygen frolJl the air. 

41Sa. In the conveyance of oxygen in the blood the color~ 
iug ma.tter of the red globules (heemoglobin) is the principle 
bearer. It combines with oxygen l00Rely* and gives it up promptly 
at the demand of the earbon. The bright erimson eolor is due 
II> the union of mueh o"'*"" with the ooloring matter of tl>e 
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red blood globules, while tbl:l dlU'k rtod hue is t'R.U800 by the 
eomparative abftt'ncl' of oXYIZt'·n, 'J'h~ liqnid f'l('Ult'u's of tb8 
hlOod (8l'nlm) ('lUI uhlWrb aud conv-ti'~ .. hut Httlfl oxyg{·n. In 
order 1.0 han' frt't' and ll(~althy breathing, th.-.refol'f'O. th(' Mood 
mUlit contain «huuduTW(;, of r't'd glohulf't., and UW!'oC(l nUl"' ft." 
.welJ df'velQpM. l'ontninin#/, It large amoun~ of the red ('oJoring 
IDatt.~r. ]11 lU'alth. ltwk of sllu~hint', and va.riollll' di!re8lWMt 

whit'h ca.use diminution of thEl red glolmlf'M or (If then I:O}orifl,J: 
ma.tter, ioterfeN' with respiration and ('()IlN~qllently with the 
healthy nutrition and flln(!tion of tlH~ ti"'~U('!I fir the anilUal. 

426a. Penmns who d{>jl.ir~ 1\ dt·tailed IV'POUlit {If Ult~ physiology 
of domeAtie auima.l~, mlly ('ommlt f', Smit.h's "ManuIL of Vt·tt,ti w 

nary PhY8loio'O' ," AllviNl a~ to thf' t~atmt'l\t of anitoll.l!I is 
cont.ained in Law 8 t! f''arme,r"ij ViiteruuUT A.dviser,!) 



CHAPTER XV 

THE FEIWIN(i OF THE ANIMAL 

H. B. WING 

1. Sources of Food of Animals 

4:li. Broadly spt,aking, an animal must feetl 
upon (·ith"r· animal or v('getable substances, ana 
it ha" no power to use as food mint'ral or ino1'
I('anic Rubstances. 

·42R. Any substance which an animal may US" 

Il~ food is callf-d a foddf'l'. A fodder must con
tain tIlt' substances that arc needed for suste
mUlCt' ill such form that the animal can use 
them, and must not ('ontain m:;ything that is 
injurious or poisonous to the animal. 

2. How the Animal Uses Food 

429. The plant, by reason of its vital force 
and with the aid of the' energy of the sun, trans
forms simple forms of matter into more complex 
ones, llnd in so doing locks or stores up a. part 
of the energy receiVed. The animal, by meaD8 

(240) 



of itH dig~:-:.ti\'t~ pl'oee~Z'p~, t,t~ars dowu tlw~H suo .. 
staneeH, :-<Httiug rr(~o tht~ PlltlJ'gy and tl'llHRfonuiug 
the matter into forlllH suitabl .. to he incor!,ol'ut"tl 
int.o animal t.issue. 

430. Bef<)!"!' the lllaW'!" of Hill fodder can hi' 
u~ed, it is lle"csHary that the ani mill expend ('nergy 
upon it durin).: tlw pr()()e~HeS of digestion IIIlll as
similatioll. The prollt of tbe fodder to the animal 
is represl'ntetl hy tlu' differenc.' hetween th,' 
limoullt of energy originally prel"eut ill th., foddor 
and tIll' amount of energy it is necessary for tbo 
animal t<1 expend ul'ou it in oroer to make it 
available. Home Hubstanc.,s re'luire so grl'at. all 
expenditure of {'lwrgy by the animal to digest or 
partially digest tlwm that they are useless as 
fodders, although U .. 'y may contain the proper 
compounds in measurably proper proportions. 

431. Fodder is used by the animal (1) as fuel 
to keep up the bodily heat, without whieh the 
vital processes (l9rlllot go on; (2) t() repair the 
wastes of the various tissues, orgaus and fluids of 
the body; (3) to form new tissues or organs, or 
add to those already formed (especially iu young 
animals); (4) to produce young; and (5) to lay 
up reserve stores in the form of fat, or otherwise, 
to secrete various producte, or to perform muscu
lar labor. Many of these reserves or products 
are llseful to man, as milk, wool and eggs. 

432. In general, if the amount of food is 
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insufficient it will be used for the first four pur
poses, approximately in the order named; and 
only after the needs of the animal are fully 
supplied in these rtlSpects will food be used 
for the last purposp. The food used for the 
first four purposes is caUell food of support or 
food of maintenance; that used for the last 
purpose is food of production. 

433. Not all of the food taken into the body 
can be used by the animal. The digestive fluids 
fail to a.ct upon a part of tIle food, and this pa~S"8 
out through the intestines as undigested solid 
excrement. It is only th" food which is di
gested that is of use to the animal. 

434. The proportion of food digested varies 
with the animal. One animal may digest 80 per 
cent of the food eaten j another, standing by its 
side, equally healthy and equally vigorous and 
of similar age, may digest less than 40 per 
cent. 

435. The amount digested varies with the food 
and with the different constituents in the food. 
Some foods are almost wholly digested; of others 
less than one-fourth is digested. In any given 
fodder, one constituent may be readily and 
largely digestible, while another is digested only 
with difficulty and in a small amount. In general, 
of the food eaten only from one-half to two
thirds is digested. 
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:-l. (}ompositwn 0/ F",lders 
an. (]lmu;ijiClltiftn 

4:lIi. Fodders are made up of a lu.rg;· numbet 
of 8Ilbstan<l!'s, all of whil'h an. of more or less 
use to the animal, and elleh of whieh, to some 
extl'ut, serves a definite purpose when usnd as 
food. While the number of separate compounds 
ill foddl'l's is very large, they fall int.:) a fow wry 
distinct groups or classes, depending upon their 
composition alld th" purposes whi('h they serve 
the animals. Thpsp dass,·~ are (a) water, 
(iJ) aRh, (d proteiu, (d) ('arhohydrates, including 
fiber, (e)fat. 

3b. Water 

437. Water is present in all fodders without 
exception, but the proportion is very variable. 
Some roots and green fresh fmiders o(Jcasionally 
have as much as 90 per (lcnt of water, whereas, 
in some Of the kiln-dried by-products the per
centage of water may faU as low as 5 or 6 per 
cent. Ordinary air-dried fodder, as the grains, 
bay, straw, usually contains from 10 to 15 per 
cent of water. 

,t38. The water in the fodder to a certain 
extent supplies the needs of the animal instead of 
water which is drunk. Animals consuming a 
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watery food will need to drink le~~ water; but 
no food contains RO milch water that it ean be 
lIsf'd l,y th" anilll;11 to supply its needs for 
both wat<'r aml solid matt.·r". 

4:m. In general, water ad,l~ tewjprness, suc
culence ami palatability to fodders. Green fresh 
fodd"1's are more palataLle than the same fodders 
drip,j; and tIl(' palatability of hay or other dry 
{odd .. r Illay be increased by soaking in water, or 
by steaming. 

31". Ash 

-+40. Ash is the small residue which is left 
when any auimal or vegetable matter is com
pletely burned. It is mineral matter obtained by 
the plaut from the soil (147, 192), and is eom
pospd of wry nearly the same substances in hoth 
plants and animab. Some ash j~ found in all 
parts of all 1,lants and all animals, and it is 
necessary to those parts. Life can not be main
tained or the vital processes carried on without 
this ash. 

441. In general, the prOl)Ortioll of ash IS 

small, but the bones of animals and certain 
parts' of the plant, as the bark, contain con
siderable amounts. With scaroe an exception, 
the amount of ash present in ordinary fodders 
is )!Iufficient for th" nAed~ of the animal, and, 
therefore, it need not be taken into account ill 



making up It ratiou or d,·"idill).'; npoll U fo<1dl"l': 
sinee 110 IIlHttt~l' what i!' f.·d. it i!ol. u.ltnost ('prt-nin 
that the Ullirlllli will fiud in it Illl IIhUlldnut "111" 
ply of tlIP ],1'01"'1' lIIiueml ,,If'llIeuts. with th(· 
exceptioll or commoll Halt. 

-Ie-l:!. TIl(' proteiu, or prot"idR, constitute" a 
very important !-.'TOUP of fodder eon"titucnts. 
While they are of II (,.,mpil·x "11(1 vnried com· 
positiou, un (·OJJtain llitTO~f)lJ w~ a distinctive 
eon~titnellt, a~ w,-'II as ('arhoJl, oxygen and 
hydrogell, and u8ually ~ulfl1r awl phoRphorus. 
It is the nitrogen that gi\',,~ tn t hn members 
of this gr(,up thpir importal"''' as fo(,d (:liO). 

443. Organi(' lI('tivitie" ('un nnt be nHlintnine<1 
without nitrogen. It iH an ,,"s('utilll ('ouRtittwnt 
of the jiving animal 0 .. '·(·g,·tahl" ('"II, and lin 
new growth can tnk.. pla('!) without it: ('OUR"

quently it must be constantly supplied in th{) 
food of both plant and animal. Nitrogen is not 
II constituent (If the other groups of food ele
ments, and, theri\fore, the growth of the animal 
depends in large measnre on the ~upply of protein. 

444. While more or les~ proteiu is found in 
nearly all fodders, its proportion is very va
riable, and in very many cases is less than is 
reqnired by the animal to sustain life or to make 
"",,',,1 ....... ..th Tho"" fodders that contain large 
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amounts of protein are mainly found in the grains 
and other concentrated foods that are relatively 
high-priced. Both these conditions make the 
problem of succeRsful feediug- larg-ely one of the 
sufficient and economical supply of alhuminoids. 
If lin insnfficipnt amouut if' flll"lli~ht'd, the animal 
~uffers in growth or produetioll: if more than 
enough is supplied, costly waste ensues. 

3e. (,arbollydmh.' 

-U5. By far the largt'3t part of the dry matter 
of fodders is classed with the carbohydrates, the 
most familiar examples of whieh are sugars, 
starch, gum and vegetable fiber (3.1). These 
suustauN'S contain carbon, oxyg-en, hydrogen-the 
two latt('r in the proportions in which they are 
found ill water. They contain no nitrogen. 

44(i. By union with oxygen iu the lungs ami 
blood, th" carbohydrates are decomposed into 
carbonie acid (carbon dioxid) and water, and 
heat is evolved in precisely the same way as 
uuder ordinary combustion in the air. They 
are thus the main source of heat to the animal. 
They are also a source of muscular energy, aud 
in most cases an important source of fat in both 
tissne and product. < 

447. Of the carbohydrates, fiher is nnwh Ip~s 

readily acted on by the digPRtive Ilui.]., lIud 
often a large part of it passes through the auirua.l 
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without change. For this reason it is oft!'11 <'011-
venient to l'on8idef it in a daBs hy its('lf. So far 
as it is used at all, it s('rVl'S th" same purpose as 
the other carbohydrates. 

3]. Fats 

448. The fats (ana) of fodder are used by 
the auimal for llIueh th" sallie purposes ltl. the 
carbohydrates. They eontain only earbon, oxy
gen and hydrogen, but proportionately much 
less oxygen than the carhohydmt(,s. POl' tlIis 
reason they yield much Ill',re energy when de
composed 01' burned, and are, therefore, of 
much more valu" to ttl(" animal HUUl, the carbo
hydrates. 

449. The amOllllt of energy yielded hy differ
ent fats varies sOlllt'what, hilt ill general, it is 
about two and oup-fourth times as much liS that 
yielded by lin ('qual wt'ight of sugar or starch; 
and in reducing fat to its "starch equivalent" (for 
purposes of compari"on) this is the factor com
monly emplcyed. In ordinary fodders the per
centage of fat is not large, running from about 
3 to about B pet cent of the air-dry substance. 

4. Feeding 
4a. Nutritive ratio 

450. From what has already been said, it will 
be seen that the protein, carbohydrates and fats 
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are till' constituents of the fodder that are of 
direct use to the anilllal. The'e are often collec
tively spoki'Jl of as Ilutrients, and the portion of 
them that is dig"stibl(' aR digeKtihle nutrients. 

451. Sinet' the protein (01' albnminoids) is 
neep~Bal'y to ~".owth awl 1'f>produ('tjon, and sincf> 
the earbohydrates al1(1 fatR are mainly used to 
produ('l) heat and work awl reservc stores of 
fat, tlw prop"!" relatiolls of thes" cOllstituents 
to one [LJ,othe!" in variou~ fodders and rations 
"onstjtlltf' all illJPllrtallt part of th!' science and 
art of feeding. A ration iR said to be balanced 
whIm these suhstances .. xist in the proper propor
tion to onfl another for th" purpose int.mded. 

452. It has been found convenient to express 
the relation hetwe.m the protein and othel' con
~tituents in the fOl'm of a ratio, known as th(' 
nutritive ratio. The nutritive ratio is the ratio of 
the digestible protein to the digestible carbohy
.It·ates plus two and one-fourth times (#9) the 
digestible fat, expressed in terms of unity or 
one of the protein. 

453. The nutritive ratio is found by' adding to 
the digestiblt' carbohydrateH hvo and one-fourth 
times the digestihlt' fat, >tnt! ,lividing by the 
digestibJe protein. It is expressed thus: Nutl'. 
Ratio 1: 5.5. It means that in some certain fod
der or ration there is for eneh ponnd of digest
ible protein or flesh -forming llutrients, five and 
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one- half pounds of dig"stible heat allli fat
forlllin~ eiem('llts. A ratio i" said to be wid .. or' 
narrow wlwn tlw proportion of heat-forming 
nutrients is large 0)' small in proportion to the 
protein. Thus, 1: J~ i. wid,,!' tlum 1: 7. 

454. A "prtain proportion Khould ,"xist l>etweeu 
the nitrogenous lind ))Oll-llill'OgPIloll' lJutrif'ntH of 
a ration. Aninl!1l~ thai an' gl'()\\'"ing rapidly, that. 
are lwariug' youug, und that a.r~l pro(hwiug- wool, 
milk or t~ggH, J'p(Jl1irp n Hlorp llitrog'pnollJ-' fOOfl 
than animalR that aI',' working, or fattelJing, or 
liYing without gaiu or IOK" of weight. }<'or tIl" 
lattf'l', tllf' Tlutl'iti,,!) mtio may be as wide as 1: 1 ~ 
or 1:]4 j for tlw fOrIl1f'l', tlI" nutritive ratio should 
I,.. as HarrOW as 1::; 01' 1: 6. 

+;,;). For'merly it waA snppos .. d that slightly 
,liIr"ring uutritive ratios would make distinet 
diff(\r(~llces iu tIle. effectiv('ness of a ration or the 
quality of the product; but it is now gNHlrally 
considered that the limits of variation 111 tiw 
nutritive ratio may be rather wide without maw
rially influencing the Ilntritive effect of the 
ratioIl_ Other conditiolls may mask the effect 
due to differences in the nutritiye ratio. 

45';. One of the chief rHa~()IlK for taking the 
nntritive ratio into consideration is that the pro
tein may be economically used. Protein should 
be used for th .. formation of nitrogenous prodootil 
in the animal. It may, however, be used ... a 



250 THE PRINOIPLES OF AGRIOULTURE 

source of heat, instead of the cheaper starch or 
sugar. This may occur in any ration when the 
proportion of protein is in excess; but there is 
generally a too small proportion of protein. 

457. By far the larger number of natural 
fodders are deficient in protein, and a chief task 
of the feeder is to furnish, from by-products 01' 

otherwise, a ~utlkient amount of albuminoids in 
the cheapest form. Usually more protein can 
be "sed to advantage by the animal than is 
furn,shed to it. 

4b. Quantity of food required 

458. The quantity of food that an animal can 
profitably or economically use is depenu!'nt upon a. 
variety of circumstances and Nmuitions. In the 
first plnee, a certain amount must go to the sup
port of the body and the vital functions. This i~ 
known as the food of maintenance (432) j a.nd 
It ration calculated to keep an animal alive and 
in good health without gain 01' loss of body 
weight is called a maintena.nce ration. 

459. TIll' amount of food required for sup
port depends upon the size and somewhat upon 
the individuality of the animal. Small animals 
require more food in proportion to their weight 
than large ones. Average animals of the same 
class, however, are usnally considered to reqnire 
food in proportion to their body weight. In 



THlI: FEEDING OF TilE ANIMAL 251 

general, for horses and cattle, about 18 pouuds 
per day of dry lIlatt!'r p!'f 1,000 pounds live 
weight is l'l'qllirt'd for mainti'llallel'. 

460. It i~ f!"Om the food eaten in addition t{) 
that req]lil'('d for maint.(\llaUef' that the profit 
comeR to the feeder. Henee, if all animal re
eeives 110 mol'(> thnn e110ngh to ~l1stnin life, it 
ean 1'ro<1lw,' IJO profit to it" ownf>r. :Much less 
is there profit if un animal is allowed to lose 
in weight; for <'(1111110)) ('XI'"dellCf' has shown 
that when an animal i~ once allowed to suffer 
JOBS in weight, tIl" Joss is f('gailJl'd only at &II 

increased exp"uditure of food above what wali 
originally requirpd to pro<1lw .. it. 

461. The amollnt of food that all animal call 
use profitably OWl' and allon., that requir .... l for 
maintenance, dep~nds upon tho eapa.city of the 
animal and the purpose of production. Mo,;t 
animals wi!! make a retum approximat<lly in 
proportion to the fona ~onsullled, up to a cer
tain amount. Ahove that amount, the food 
simply passes through the animal; ot· the di
gestive apparatus become" disordered and the 
animal refuse~ to eat. However, the capacity 
of different auimals in this respect varies widely. 

46'2. Assume that six pounds per day per 
1,000 pouuds live weil!"ht is about tile average 
amount of dry matter that an animal aan profit
ably use above that reqnired for support. It will 
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h,,10utld that many animals ('an not profitably use 
more thall three or fOllr poulld~, while others can 
use from ten to fifteen pounds, and an occasional 
animal can profitably use a still larger amount. 

463. Thfl amonnt of food that all animal can 
or will eat Ulust 1I0t h,· eonfouud",l with th,' 
amount of fO(H\ that all animal can profitably 
use. Many animals ealt awl eOllHtantly do pass 
throug-I! their bo(lips II considerable amount of 
food of which no ns!' whaten'r is made, and 
this, too, without interfering in any way with the 
general health. digestive functions, or even with 
the appetite. 

"f'. i"'N'd i ng standards 

-Hi4. Feeding standards show the amount and 
proportions of the various nutrients that havt> 
b""n found by experience to be best adapt!'(l 
to the vnrious pmposes. A few are given: 

FOR EACH 1.000 P(lCND~ IJln: WEIGHT PER DAY. 

Digt,tible 
1>", Diflt#iblr. e(f.rbohydnu(I'. Xufriti!'t 

mattl1' protnn 4ndJat ratk} 

Oxen (maintenan(IP) . 17.5 Ih~. O.71bi-1' . X.la lhs. 1: 12 
Horses at work . :?2.5 " 1.X .. 11.8 " 1:7 
Milk cows .24. 2.5 " 12.9 '" 1: 5.4 
Growing pigs (young) 42. 7.5 " 30_ 1: 4 

465. In nny given case, these or any stand
ards may be advantageously varied to a con
siderable extent. The standards are mere guides. 
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The skill of the feedpr dept'!Hj,; UP"U hi~ xlwe""" 
!U finding Ollt how far the individual 1W11111"
ments of his animals warrant a Yariatioll in th" 
~tandal'd, 

, 411. ]lulk ill fh" rfffilm 

4liG. Asi.l" from the amoullt of digeRtibl., 
llutrit'nts and th" Ilutritin, ratio, the hulk of 
the ration is a mattN' of eon~idl'rahlf· impor
tune!'. It haR already 1.ee1l hoted (·tl:l) thut 
considerable portioll" of all til(' lIutrieuts ai'" 

not digested, c,msP<.!uently, ill "\'('I'Y ratioll tlwn< 
is lllore or lesR material of whieh thn IInimal 
makes no USt~, and which nuty he Huid to lIwre1y 
add to the hulk of th" ration, 'Watpr and fihe!' 
II!'<', abo\,,' all other thill',(S, tit" ~ubHtallc"S whieh 
givp hulk to a fodder or ration. 

+07, !<'odd"rR whieh "ontain larK" alllcHUlts 
of eitlwl' 01' both (If theH(' ~llh8b:'lle"H III'" ~aid t() 
be ('oar~p or bulky; fodders which JUlYfJ a mlJJ
imum amount are said to be tloIJceutratfld. If 
a ration is too hulky, the animal is unable to 
eat enough to obtain sufficieut IlJltrientR. Oil 
th(' other hand, a ration way be so concentrated 
that the proper amouut of digestible nutrient~ 
do not sufficiently dist~md the digestive organs 
so that the gastric fluids may fully act. This is 
particularly the case with ruminants (382--384, 
367). . 
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468. When the ration i" unduly bulky be
cause of the presenrfl of largp u moun~ of fiber, 
it is often so unpalatable as Hot to be readily 
eaten. On th" other hand, when water is the 
bulky element, th" food iH alrnoHt always very 
palatable, but thf> pxeeSH of wat,er has a loosen
ing and depleting effect upon til<' digestive sys
tem. Under ordinary eon<iitions for ruminants, 
about two-third~ of the dry matter should be 
furnished in the form of coarse forage and one
third in concentrated food. For horses at work, 
not more than om·-half should be coarse forage, 
while swine and poultry require the ration to be 
in a still more concentrated form. 

4e. PalatalJleness 

469. It is found to be profitable to provide, 
even at considerable expense, a certain amount 
of fresh green food for winter fwding, ill the 
form of roo~ or like material, as a tonic to 
appetite and digestion. Silage is now popqlar. 

470. The palatability of a fodder or ration,
that is, the readiness or eagerness with which 
it is eaten,-is a matter of great importance. 
The nutritive effec.t of a ration often depends 
upon this factor alone. In general, animals 
will make a better return from a ration that 
ill palatable, even though it may not be ideally 
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perfect according to the standard, than they 
will from a perfectly balan('ed ration that they 
do not like. In nllllly cases th(' quality of pala
tahility is inhl'rl'Ilt with the fDdder, ill othel1l 
it is due to the individual whim Df the animal. 
It can only be determined for i;ach fodder and 
each animal by actual trial. 

4[. Cooking and prpparing the food 

471. Most domestic animals are able to eat 
and digest ordinary forage and grains in their 
natural state. But almost all fodder~ may be 
prepared in various ways so that mastication 
and digegti,)[l are facilitated or palatability in
creased. Only upon one point is thNe general 
agreement-that for most animals it is better that 
the cereal grains be ground before feeding. As 
to the advantages and disadvantages of cutting 
or shredding coarse fodder, and soaking, steam
ing and cooking foods, opinion is very much 
divided. 

472. There is probably some economy in 
consumption when coarse fodders are cut or 
shredded. Palatability is often increased by 
soaking, steaming or cooking; but cooking 
renders albuminoids Jess digestible, and to that 
extent is a distinct disadvantage. 

473. A certIlin amount of variety in the 
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(!()ustitllt'ut« of the l'atioll j, appl'eciated by 
all anim!tl~_ If tIll' mtion is compo~ed of 
several fodders, tll"",, may bl' mixed in a uni
form mass and thi~ mixture fed continuously 
for long periods of tim,,_ This is parti .. ularl~
true of cattle HIIlI ~winp_ 

8UG(;K8TIO.V8 ON CH4PTEl! SF 

437a. By-products are S'ttcolldltr,r pl'OdUt'tB wbi{'" rt'!lult from 
the manufactQre of a given product. 'rhu!!, huttermilk Ilud f:l.kim
med milk &1'6 hy-prodU('t,s of bllttpl'-ltlsking, whf'y of chees6-
making', pomace of eider-Illaking, brlUl of J]Qur-makjug Many 
importsut by-products used in feediug 8uiwRls result from thfl 
manufacture of breakfast ('erealiil, the manufacture of glueo,u~ 

~yrup8, and tbe proca~S("H of brewing alld dir<ti\1ing. 
4420. ThE'! $:"1'0l1P takeg its name from albumin, which is 88foU 

in its purest and most ('OIllOlOU forlll in the white of e~g. 

The glut.en or stil.'ky part of the wbeat k",ruel, the casein or 
dlf.·e~y part of milk, and the mtls('u\ar fiber~ of It'sn meat. Bre 
nlRO familiar examples of alhuminoias. From the mRny forms 
they atoSllme, thfOY H.re oft.en spoken of I.I.S protein eompoundl', 01' 

proteids;. They are also often ca.lled nitrogenous Eiubstances (370). 
44;k,. The aHmIUinoids are 11e(·e~p;;ll.ry to all tue proces,ses of 

growth lilitI l'Pproduetion j and sincf'o most animal produets, 8S 

wool, flf'sh. t'ggs and milk, ('"ontain large amounts of nitrog
~nous matter. thfl albuminoids arE' like-wi£l.t:' eSf'f>utiul to pro
du('tion as well 8S growth. 'f"hen the IDllwbers of this group 
are d€'eompOMtld or broken down, th('y gj"\""e up heat., and, thet'e
fore, lllay be used to ke",p the animal warm (372). It is not 
at a.U un~el't8.in that they are not cODeernoo in tbf' forma
tion and st,oring up of fat in the tissues a.nd milk. 

44;)(1;. The word ca.rbohydrate (wl"itten also carbbydrate) 
meSD$ carboD-hydrat.e. Tlle word hydrate signifies a substance 

ill. wbich water combines with some other element: in the caroo
hydratt"s, this other element is carbon. In &II the oarbohydrates, 



the oxygen and by<Jrogtm IU'~ Ui ll.h! }Jtvvurt IOIlIJ in wili!!h t h~1 

oe,'u r in w~Ut·r.-fn·o atoUl8 ot bydrogen to Oll6 ot oxy~n ( H~O 
is waler. j:iutl). The cfLroo~ 
hydrut(!l; ure sowetiwes ~nllt>d 
lL."IlyioidlS,-tiJnt i~. ~tarch-Iike 

materials. 
45311. 'I'll.. dtitflnlJjolltioJl 

of tbl' Utlll'ilh'e rtlli o is "cry 
I!imph·. Fo r I xam'llt·: ('lcJ\"t:'r 
bay or nn·t:.iJ!& qunlily ('on· 
tn;us ~fly 7.4'). of d;~tibJe 
protein, l1.i % of di~cp.tibl~ 

flber, 26.3% of di~",'stiblf' CRr~ 
bobydrnl('s other tilun fiiJt:lr, 
and j .9 % of di~('8riiJle !u1. 
'i'be.ll 23{ times 1.9 is 4_.3 j 

to tbis is added 11.i and 26.3, 
milking in nU 42.3, or the 
st8rcb-cquh·tlleut at aU tbe 
hut- nod ftlt-forming nutri
ents. Tbt"n 42.3 di\"'ided by 
7.4 equa18 5. i. Tbe nutritive 
ral io ot clover hoy is, thel'E'
fOl'e, 1 : 5.7. 

45&. Tbe l"Csults obtained 
trom any food depend in large 
measure UJ:tOb tlIe 
bouBing and care 
which the o.nims.l Te~ 

.Uo. 



t!eiV8ft. Stock sho1l1d bave warm, air,v, light, t!Jaun. sweet actable. 
(He Fjg. a2, p. 80,; and in coJd weatuar tbe drinking wat.f'l' 
should be slightly warmed. Stock should not be turn@() ()ut f>n 
('uhf aud JJhlM~fo'f'Y dItY~, 1HJ(1 it ('ovet'Pd ,.-itJ'd (FifE. 30) should be 
I'M,\·jd('d. 'ro (>ll(h->f1"'1'ot' to s('eur~ good rt-'."Iult ... iu It'eding 811j~ 

mal~ whi<'iI lH'N (>(JM lItH.1 urwomtortah11' is like trying to hoat Q, 

hous~ with th~ wiu<ion's open. 
469(1 .. Our dOUlt'Htie Ittt.ims.IH whHt! in a wild t5:tUt8 depend6d 

fot existent'e ullllogt "'hoHy UpOfl green foI'ftge. This trait 
~urvi\"e$ in the flid tha.t iu many eases nnilllltl~ will make a 
larger return for u gin"n amount of Dutrients Wlit'll givf'n green 
and fresh fo('d than they will for the same l1utl"if"uts when dry. 

469b. Silage {not ensilaJ{e) is foI1l.jire preSf'rYed in a. green and 
tlueewent eondithm. It il'l preserved by being kept in a. tight 
receptacle, from whieh ail' and gernuil are excludM fl,S much &8 

possible. This rect:lptacJe is eallad a. silo. Maize (corn·fodder) 
is the mOR.t popular 8il~e material. It iR cut into lengths of 
all inch 01' two "nd itnmerlia.tEliy piMed in the silo, heing 
tirmly tramped and compacted, and the mass t.ben covered with 
straw, hay, bQards) or other material. Cil"<'ular silos are best 
b~ause the material settles evenly aU around. Fig. 90 shows 
a.' very 6t'onomieal silo at Cornell University. It is 12 feet in 
dia.mt'ter and 24 feet high, Sond -rests on a eemt!llt floor. It is 
made of lumber 24 feet long, 6 inches wide and 2 1m·hes thi('k, 
the edges not bevelled. The piecea are held together by Sf!(' 

tions of woven fence-wire, drawn to~ther by means of sere""
ciampa. There is no framework. Silage h, ufletlll as 8 part or 
the da.ily ration, but it is e&$y to feed it to exct'S$. Forty pounds 
a. day is usually sufficient. for a cow in full milk. 

4:73«. Pet8Qns who desire t.o .'Dunue these 8uqieuts .. furthe'" 
ahould consult Benry's "Feeds and Feeding,)1 and A.rtusbyfs 
«-Manual of Cattle Fe.edingi" also Jorda.n's" l'''~ilig of AnitnalL-



CHAI'n:R XVI 

I. 1'. lWBERT8 

1. The Breediilfl (~r Stock 

474. Animals grow old and die, or they are 
slanghtered for food. Other animals are bon 
ann take their pltlkes. Not (lilly i~ a new ani· 
Ill .. 1 born, but .wery pair of ullilUal~ i" ahl" to 
pr{Klu"t' 1II0rt' than two: nllit iR, thp total num· 
her of allimal~ increases. 'J'his hirth and multi· 
plieation is known as propagation. 

4i5. But it is not ,lUoug-h that !lew animal! 
and more of them shall appcaJ': these nell 
animals must ~ desH·able. They must haVE 

certain attributes or eharowten< which make 
them valuable. In order that these desirablE 
qualities shall arise, the Ht<)Ckman seleet8 cer· 
tai'n animalS to propagate the race; ana tlifs 
control of the kind of o1l'spriug which shall 
appaar is known as breeding. 

476. RMeding may have two objects: to 
(251) 
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maintain 01' l'''l,,'O<iU(''' the I-rin'll t~'I)(' or hrped; 
to produce a umv tYj>" ()t' 1,1'('<"1. Om' may have 
Rlllall 1'('<1 eow", tllld ,lp~il''' II) I'l'Oduee other8 like 
them, or with Romp illlprovellwut on the same 
Ijll(,~; or JIf' nw~' "'jt'll from tI,,·s<· IInimals to 
P1'o<1U('(' jal'gt~ rl"d (·()W~. J n thfl fOJjjler ea.se, he 
maintaius his trpp; ill ttl(' Inttpr, 11(\ pl'oduc('s It 

IH'W ty]w. 
,!,j"j, :\ 1>1, .. ,,<1 is It general 1'lwe or type which 

rep1'OdllCPS its"lf IlIO"" "" less closely. It is 
Rnalagoll,' to II vari"ty in plants. Among 
cll,ttl~, th"]',, aI'" 8u('h hl"'"I];; as Sh()rt-ho1'n~, 

,Jo)'seys, DeVOllfol:, HnistpillS ~ :UW)Ilg- fowls, ~nch 
as BUlltnmR, P1YIlwnth Hoek", Wyandotl!'s, 
Shanghais. 'flit' l'Pl'SOll who gllidpH and con
trols the propagatioIl of ullimals is known us 
a breeder. 

lb, The ",,,,tal ideal 

478. The first principle in breeding is to 
know what qualities one· wants to seeUl'''. Th" 
breeder must have a distinct ideal in mind. 

479. Many ideals are impracticable. III order 
to be prae~cable 01' useful, the ideal must be 
governed by two faetors: the person mnst know 
the characteristics of the class of animals with 
which he is workiDg; he must know which 
qualities. are most likely to be carried over to 
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the offspring, or he perlwtuated. Both 01" those 
factoI'~ firo dpt(~nnilH·.l ll,\" ,'.:q)t·tit·}H't\. 

4RO. 'fit!' idpal tyl''' of anillHtl Y"rips with th .. 
U,(''; to ",hi(,1> th,' animal i, t(, lI., pnt alld with 
th" hreed. Thi' point" oj' I"")'it ill a dairy cow 
(Ollt' whieh i, raiH(>,l ('hiptl~' for tIll' production 
of milk) aI'., Ulllike til., 1''';lIt, ill an i<i(,111 heef 
Ilnimal. Th" poiut" ill 1111 i,)"al Short-hol'll Ilre 
unlike those in all ideal Ay,'shire. 

481, Animals are judged uy their general 
form, the texture of hide and hair, framework 
01' bOIlY ,tl'lldm'p, their motiolls, lind <lispo~itions, 
their perfol'muu" .. and their products, 

1r, How to attain fhf' idprtl 

482. Huving' ]""I']Jf><l what tllA i,lpll] animal 
should he, th" hl'(''''}<'r ,(riveR to secure that i<lpal 
hy breeding ollly from tho", animals which mORt 
nearly approach the ideal. 

48.'1. Animal~ mry ill their power to trans
mit their own f"aturp8 to thoir offsprill!<t, Sornp 
animalR, without allY visib].. "aURE', possel's the 
power of transmitting their oYm eharacteristics 
to an unusual deg-rec. Su('h animals are said 
to be prepotent. Inferior animals may be pre
potent, as well as superior olles. It is impor
tant, then, to di.Jcover beforehand if au animal 
is prepotent, or is what stockmen call a "good 
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breeder;" although pl'l'potency ean be positively 
kn'lwn only hy the eharactf>r of the offspring. 

484. The following ar .. more or less certain 
indicatiolls of prepotem·y: the ('yes are bright, 
wid" 'lpen, alert, fairly wid" apart and som('what 
protruding, or the revers" of sunken. The hair 
is fine and soft, the skin neith .. r thick and 
leathery nor too thin 01' "pap"ry," n'll' of tlabhy 
8tructllre. Th,· bom's al'E' of modemt.. sizp and 
have the appeal'Qnce of b{'ing fine grained and 
strong, as indicated by head, limbs, feet and 
horns, Sueh animals ar(' usually symmetrical, 
nlthough th"y lUay not he fat. In of all their 
lUOVl'ments they IIrt' vigorous, alert and powerful 
and, above all, courageous. 

4R5. Now and then a "sport" appears,-an 
l1uimal which has some new or strange fel1ture, 
I'omething that we have rarely or never seen 
bpfore in that breed (as a hornless or muley 
animal amongst normally horued animals). Such 
occasional eharacters are usually not easily per
petuated, though sports have been the origin of 
many stable typeR, espe<>ially amoug plants. Per
manent improvement is more likely to he secured 
by .!\)!lW, 1illJ.l!JJf NeOOY JWgmPlltMj!lD, Dc! by JNlpS 
and bounds. 

486. The longer any line of animals is bred 
to a single ideal or standard, the more uniform 
the animals become. The breed or the family 



becomes "fixed," 'l'h .. record of this IouI'( liue 
of breeding is known a~ th" pedigr .. e, The 
longer thp pedign' .. , the gl'pat('r is th" likeli
hood that th" animal wiII I'l'protiuc!> its charac
tel's; that i~, "hartt<'tel'i8tk~ wili"h have been 
long p,'esen! (II''' UlOr" flott·ui. than those which 
1ll'H reel'lItly '''''lui!''''!. H"IH''', 11 lOll!-\' I,,>digl'ee 
should in<lical,p IllOJ'(l value thall a ~hort p,,(ligl'ee, 

487, 1<'01' th" gcUlel'al farmer, it is unwiKc to 
buy n herd of }llll','-bloofl stock, unless the objt'ct 
is to in'"ed pure-blood stock for sale, The breed
ing of pure- blood animals is a busines8 by itself, 
and few per~oll~ nre competent to succeed in it. 
But every farmer eau gl'pntly improve his stock, 
if he starts with and constantly tiel'S II good pure
hlood male llluted with good natin. females. 
}"roID the grnd"s so pl'Oducpd iIDprov~meut wjJ) 

be rnpid and Slll't' if the poorest are constantly 
sold and only the b~st bred from. 

2. Where Stock-raising Is Advisable 

4R8. Having now eonsidel'ed some of the 
principles involved in securing good stock, we 
may next inquire in what rB#,riolll; and nnder 
what condition>' it can be raised profitably. 
Live-stock raising is particularly advantageous 
on the cheap, unoccupied and uncultivable lands 
of the West and South. In those regions, stock 
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mllEt depend iarg-eiy or entirely on the natural 
forage, which is sometimes good alld sometimes 
extremely poor aud meager. It lllay require ten 
to twenty acres to support II single cow or steer 
for II year. If tllP "range" is eaten off closely 
during the summer. tli!' animals perish in the 
wintm·. In the dry and Ilearly snowless districts 
of th" 'Vo~t, animals llIay subsist in the wiuter 
011 the mature dt:'ad grasses. Siuce the rainfall 
is light, thesn matured grasses, or natural hay, 
retttin most of their nutrient qualities. 

489. In narrow, shelt«red northern valleys 
surrounded by grass-covered, rolling hillsides, 
where the c(,reaI8 cannot be raised to advantage, 
live-stock fiuds congenial surroundings. In such 
regionf', for Illllny years, was the center and 
home of the dail-Y iudustries. Within the last 
twenty years tht' al"t'as in which butter, chees<; 
aud milk have been pI'oouced in large quantities 
for city consumption and export ha,'e become 
greatly enlarged and multiplied; and maI)Y 
whole farms, formerly used for thp .production 
of the cereals, especially of maize, are now con
<luclk'd as dairy farms. 

490. On high-priced land near the markets, 
comparatively little live-stock will be kept, since 
the manure1'\ necessary to keep the soil fairly 
productive and filloo with humus can he easily 
brought from the cities. The lk'ams which 
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transport the products to the markets oft~D 
return loaded with the fefuse of till' cit.y "tables. 
There is littl,· opportunity for th.. production of 
live-stock on the lllarket-garden farlll. \Vher,' 
intf'llsive agriculture (Illn) is carri('d 0)), It few 
animals to (JonSUlIl<' the I'<,fu,~e, in addition to 
the "work gtock." !!lay h" k"pt to advantage. 
Swille are often a useful a<ljunet to market
gard(\n farms. 

4!n. But perhapH the plat'·,. ahow· all other;: 
where live-stock finds the hest conditiollH, and 
where it is most likely to b" improved from 
gSlHH'nt.ion to generation, is UpOll th,· rh.)" level 
farms which itl'B adapted ti. lllallY killds of 
cropg. Lands whidl ar,· capabl.. of pl'Oducing 
cereals, grasses, fruits, vegetabl.·H. fiow .. rs and 
animals should Iw prized highly. On such lands 
is offered the hrreatest opportunity for th.. high
est agricultnre. DiwTsified agrieultllre, with one 
or two somewhat specialized crops, leads to 
steady and certain income, give" opportunity 
fot' furnishing continuous employment fot' both 
men and team~, and in all wa)'s wnds to 
economy of time and effort (a54(1). 

3. How :bluck Stock Ma!l Be Kept 

492. Cheap transportation, refri~rator ears, 
and the silo, have made it possible to produce. 
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. and send dairy products to market from dis
tricts far removed from the great. cities and the 
seaboard, at a profit. On the rich prairies, 
wherever Illaize will flourish, one thousand 
pounds of live stock, or one large dairy cow, 
Illay be earri!'ll for !'wry two acres of fairly 
good arable land. In "orne cases, some extra 
concentrated foods Illay he required, if the ani
mals are kept up to tIJ .. ir full capacity for 
growth and produetion. 

493. On farms of the East, where a large 
percentage of the land must be devoted to per
manent pasture because it i~ steep and stony, 
one animal of one thousand pounds to two acres 
cannot be carried unless considerable concen
trated food is pumbased. 

494. There are two methods respecting the 
number of animals to be kept on a farlll. One 
method requires that food be bought. The other 
method is to keep only so Illany animals as can 
be maintained by borne resources. On lands 
naturally fertile, and OIl thosf> whieh. have been 
wisely managed, this latter practice is to bc 
commended. It may be said, however, that if 
the stoekman can secure increased profits by 
risking something for extra food, be sbould take 
advantage of it; but most farmers bad better 
not assume many risks. 

495. We may now speak of the practice at 



pUJ'chasing most of tlw grain or other ('otwen
trated food whi('h i~ r('quired. These food~ lire 
mostly by-prodllet~ (4:l7fl), ~uch as brlln, oil
meal, eotton-M,,,l lll('lll, 11IHl th" gluten Illf'als. 
ft is said that it i~ "hea!'''l' t{l pllrcha~e "on
"pntrated foods than to producfI them ou the 
farm, and l1ltl(·h strl'ss is laid on tilt' ft'!,ultant 
plant-food "1' 1I11tt1Ill'P w!li('h is SI'PllrPil from 

fooding thl's" I'l'odllet", 
49(;. A tlJll oj' wlwat hrau "ontains th,' fol

lowing amounts of potential plant-food in ewry 
thousand pounds: 

26.7 n~. nitrogt'u 
~8J) .• pb08pbori(~ Il('iti 
16. I .• potiu.h 

'rhis would seem to indicate that a thousand 
pounds of bran would til' worth, for manurial 
purposes, $5.i'i7, OJ' $11.14 pel' tOll-COmplltitlg 
the nitrogen at 12 cents, phosphoric acid at 6 
cpnts and the potash at 4- Cf\nts per pound. 

497. If the bran is fed to milch cows, it is 
estimated that not less than ;j() per cent of the 
plant-food constituents of the food will be found 
in the manure. If this be so, then the manure 
which is the result of feeding one thousand 
pounds of bran wonld be worth $2.79, or from 
feeding a ton of bran, $5.58. If the bran be 
fed to animals that neither gam nor lose, and 
are not prodncin&' milk or other prodnctB, then 



nearly all of the manurial (Jonstituents of the 
food Ill'e found ill tIl<' PXer01ll('nts. 

4!18. ThiH prlH'tif'" of purl'husillg' food would 
appelll' to I,,· wis,' 011 a fHl'Ili pool'ly supplied 
with plant -food. It Illay h,' assumed that the 
illl'l'f'IlSP in g'rowth, or the products secured from 
th" IUlimal8 whil'h «OUBUn!!' th"gp purchased 
foolls, woulll "'1nn1 OJ' ex" .. ed the ('Ogt of snch 
foodH. If so, tit .. vaIn .. of the ex('rements would 
IJP ('l('aJ' lI(hlitional profit. 

49!). III practicp, howpvel', it is found that 
tit" purchasp of tlH'se supplemental foods be
comes IH'CeSsary largely because; a wise use has 
uot heen mad" of tl1(' land. If ueed of these 
purchased foods arises bel'ause hut a half crop 
is seeUl'pd iush'lld of a full one, then J,(1'eater 
attention should be given to mnking the land 
more pl'oducti\'!'. In mnny case~, the purchased 
foods are required hecause the production of 
grasses and thl' other forage plants has been 
neglect!'d. }'ull crops and wisely purchased 
concentrated foods lead directly to the im
pl'ovtlment of Iluimals and laud, and, therefore, 
to perman!'ut pI'OS~)('rity. 

500.. Wl!pn thp coarser products are used 
for food and bedding, and It goodly portion of 
the grains are fed at home, it is possible, with 
Care, to return to the fields throo-fourths of all 
the plant-food which is removed from the fields 
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to the barns in tilt' crop~, 'fh., ""$.' with whi,'h 
H farm muy h" llluiutairwd 011 " }Ji~]J plaut' of 
prodl1ctiveneH~ when anima]" Ill'p Hm.l.. promi
nent, and the difflculty of lllaiutaillill~ hiJl,'h 
productivity when tlU'y a!'!' wuntill)r, ~h()nlt1 

pmphasize th,· part whieh tht' animal plays in 
8('('uring the htJ~t rl'~ults, 

4a, Ron.illY 

501, Every "ifo!'t should h., ('xprtf'{i to make 
th" animals comfortllhlp, Otlwrwis,', tlll'Y ,'anllot 
do theil' beRt. Ani!tlal~, likp r,p0I'I .. , m' .. most 
uSI·ful when th"y are hap!'y, Pr/)vitl" Hum. 
good quarter~, As to the styl,· and kiud of 
barns, it matt"l"s little so lon~ [I" th,> olf'sired 
results urI' secU1'I'd. 

502, Animals need much air, A sing-I.> eOW 

requires in twenty-four hours 3,12;; euhic fl'e!; 
that is, all of the air whieh woui< I "" eon taine<l 
in a b<;>x-stall about 1$ feet by 17X f<,<,t hy 10 
feet, if she has a full supply, AK a llllltt!'!' of 
practice, however, a cow is allowed about ,too 
cubic feet of air, Twice as Dlueh air space 
should he provided in the hOf!;ll stahle as in th~ 
~ow stable. 

503. In the barn, free circulation of air it 
restricted; therefore, provision should be madE 
for ventilation. Large amounts of ail' introdllCllll 
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at few points create dangeroUJ' drafts. Air 
should he taken into and removed frolIl the 
stable in many small streams. If the stable is 
over-ventilated, it lIlay become too ('old. If at 
least one cuhic foot of air space is allowed in 
the stable for es('h pound of live animal kept 
in it, the ail' will not have to be changed so 
often as when thp animals are so crowded,-as 
is often the case, - that only one-half to one
fourth aR much air space is provided. 

504. A barn with a wall roughly boarded, 
both inside and outside, and tlw space filled with 
strllw, furnishe~ nearly ideal conditions, since 
the air will, be strained gently through the 
strllw. This ventilation should he supplemented 
by a few small, easily controlled openings. 
Stables should not he kept ahov.. 50 degree~ 

nor filII below 32 dl'grees, for any considerable 
length of time. 

505. Abundant provision, should be made for 
the. ingress of light. It is be~t if the light is 
admitted at the rear of tht' animal., especially 
for horses. Provision should a1~o be made for 
temporarily stOl'ing the excrement.,., both to keep 
the stllble clean and to prevent loss of the vlIl
uable constituents of the manures. No ellcre
ments should be thrown out of the windows or 
d!lOl'S of the stable into the open wMthet, wbere 
they form .a nuisance and are wasted (120, 12(4). 



41>. Wilier 

506. All nutriment if; earrjetl into the l<YlI!f'Ill, 
and through it, by Illea"" of water. Siuce 
water is til.. univ.>rxa\ "aniP!". it 8hould ever 

. be present in the ll11illlal tisSUf\R in quantities 
sufficient to aceolllpli~h the d"Rlr"d reslllt!i. Ani
mals should have wat .. !' at least twice a day. 

507. AnimalR fPlI It llalTOW ration (45:.1) re
quire Ulor,~ wahlI' than those which are fed a 
wide ration. A cow in milk may require from 
fifty to eighty pounds of water daily. If the water 
is freezing cold, she will not drink freely and the 
production of milk will hI' reduced. Moreover, 
the water must be raised to th" temperature of 
the body by the heat generat .. d in the animal. 
This may require a part of the flnergy of thl' food 
which might otherwi8(' have heen turneu to ~ome 
useful purpose. If water at a temperature of ahollt 
60°F. is provided for the stock in oold weather, the 
animals will not only enjoy it, but will not re
quire as much food as when oompelled to drink 
water near the freezing point. In large herds, 
coal may well be substituted for meal in heating 
the drin.k:iDg water. 

V. FH4 

.508. 50 many vlUieties of acceptable cattle 
food.. ean he ';""":rAd "hA4 .. 1v in A .......... __ that 
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full opportunity i" offered for selecting those 
which gh'" protllisp of produring the particular 
resnlts deJ<ired in allY given casll. Animals 
which are u~ed continuously at hard work 
require a wid.· or carhonaceous ration to RUp

ply enprgy. Young animals do b!1st on a narrow 
or nitrogenou" ration. Mill'll cows do best OIl 

intermt'dillt,· mtions. Cold stables imply n widl' 
ration; warm stables, narrow rations. The food 
of young iH'rbivorons animals, of those that 
work, and of cows ill milk, may be made up of 
about Olle pOllnd of l,'lllins or other concentrated 
foods to thre(' pounds of roughage. 

509. The "aUlount of the ration and the time 
of feeding- should be goveMl"d according to the 
character and habits of the animal. Horses 
should be fed more oft<'n than ('attle and 
sheep, sinN' tllt'ir stomachs aI'£' relatiwly small. 
Horses are iueliued to eat at ni~ht. Cattle, 
Rheep and swin .. Reldom eat after dark. 

510. TIlt' ration for anyone meal should not 
be so liberal as to injure the, appetite for the 
one that follows. Regularity in: tPue of feeding, 
and skill in presenting the food in an appetizing 
form, are prime factors of success~ 

SUGal/BPIONS ON CHAPTlilB XI'I 

419tf. 'rho b~r moat Im_ the Dames of the vartOUB 

1'&1"" of tile· _&1 The part. of a dAiry oow are ~ 



in Fig. 91. which rt1prtll!lt'nta a ~qYJ)i()al lfQlstt!"in~l"rl~illu eow:" 
1, head; 2. fOl'Qhe~l; 3 .• eyeg; 4. {l\('t'); 5. lIHll .. .l'l; 6, .. at; 7, 
born; 8~ Deck; 9, thront; ]0, shoulder; it, I;ht)llhh~r top., ur 
withers; 12, C!hei\t; 13, crops; 14, chin,'; In, luu·k; Hi, 10111 : 
17, hip 01' hook; 18, rump: 19, thurl or }.iU'\'HIW; ~(I, quartet: 
~l, thigh; 22. j hoek i 2:.S, leg; 24, f~lr('ltrUl; 27., hoof i :!tl, f(ltt!~ 

}11". ~1. lJi&ICt"&m tfJ ~ho.,. the partA! or I.l d.ir)' ... ow fH wbkh dJ .. tlu ... lh·tt 
lUllllell baTe ~ll Kiven. 

ribs; 27, mwk-ribs; 28, flank j 29, belly i 30, fore-tiStlk; 31, 
stifle; 32 •. tail; 33, switch j 34, udder j 35, fletting of t.ail j Uti, 
quarters of udller; 31, teats. The dewlap is the flap of tbe 

. thro.t below 9. The (.>l3cutcheon is the part ~ul'rounding tbt' 
udde.r behind, on which the hair grows upwards • 

• BOa . Following is the ideal of a dairy cow (compare Fig. 
92): The 00"" "hould have .. small bea.d, a l.a.rge muzzle a.lld 
mouth, a eleanp<:ut DOse or face, tha.t iS1 one free fro1l1 1leaby 
growth, A straight or dishing forehead, bright prominent eYHJ 
aud a thin, long neek· &Ild moderate-sized hO!1JI. She . :may be 
from OM to two inehes lower at the .houldeftl tban .. t the hips. 
Her general :Corm, .hen looked at (rom. the Bide, ahouJd be 
.,..-edge¥s.hape, and the aame Ilhllpe Ilhould be apparent wbeli 
tiewed from the real'. The shoulders m:ay be thin, lean aDd 
bon,.; the baek rather long and rugged; the loin fairly brosd~ 
1Mrt· Dot too b~, or the animal will tend tlJ Pdt on beet • . ra. " 
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hip should Uti thrown well uhead, which givas 8 long, powerful 
hind que:rter. The thigbs, ot necessity, a~ thin; the flank 
weB up; the hind leg, u~ul\fly , quite crooked, s.nd the tail long. 
11 the tail be long. it i8 an indication that the vertebne ot the 
back hone IlI'e ~oJnewhnt Joo~ely united, which is an indieaUon 
of good milking qunlitic$. The pony-built, smooth-made, 8hort~ 
bodied, rotund eow is seido'ln a good milker. The teats should 
be sizea.ble fwd pln.c·ed wide apart i the limhs neither too small IIOr 

f.'hit.92. An Idu.1 dairy ('()w. 

100 large. The udder should not be very p4?'.Jldent 01' loose, and 
should extend well to the 'tear, also well to the front, aDd should 
bave Il. broad a.nd firm sotting on tbe nlxlowe:n. The animal sbould 
have a. rugged, rather tean, but not l], delicate a.ppea.rn.nee. All 
animnls , exeept those kapt for speed, sbould have rather abort 
limb:;:, fU:f this indicates, to sollte extellt, constitutioD and pow~r. 
Tt will W notioed (Fig. 92) that tb& milk veins, whleb extend 
from the udder forward on tbe Mbdotuf.", are. large and promi
nent. These iudicate that the eow is a. great milker OJ:, in other 
words, Lhat all alUple supply of blood hll~ heeu furnished to the 
udder by the a.rteries, aDd h~IH\e l\ hU'g IUDount of blood mu~t 



be l'eturut:'d tUI'Oul(h tbH "t'in~, hi tina', th~ veiuM t'll11nl'ge iu 
ordl"r to toakt' room for the retnru of the blood trom the uddt<r, 
Ln BOnw of the bett-t'r milking strain!>. th~Me large vein~ art' in
h(-!rited, and call bfl ilt'fltl liud felt 011 JounA' auimals wili<"b hllv" 
never given mHk: 

4:80ll. Contrast the idt1al \loiUlh; of thl;' he(·f 11IIimui. TIIl~ 

animal. like the lUilch aniwal, should hfWO It Mm"H hl--od aud 
horn .. , IUld u.:. li~ht in the thront.-lntt·h. 1f HI(> nl'tlk, ItlJ.,"H Bnd 
tuil be nlmovl·d (rulll tll(' f~l·f alliuml, tIlt· budy il'l ailnol'lt, a In"r
ft,(>t. paraIJt'iogrlllIl. 'l'hfl ni'(·k i}ol 14burt and vl'ry h~fl.Yy WhflJ'f· 
it. ill set onto tht' sboulder, lu", hllt'k "'tl'Sight, thighs hnilt w..,ll 
Gut at the Teat, awl tbi('k. Tht> hody of the aniwhl iM mOl'.' 
l'OuIl(Il~d. the shurt 1"i1~ 01' loin ilf browi, th.e flank j" wt'll 
dowli. th~ sh(Juld('l'H nl't1 heu\~ alld wt'll eO\"6N,d willi tt/t'ut, 
the Hool' of the cht>6t hrof\d, which plac~l'I th~' fl'out. I.·!."I'I "'iii!' 
llPjlrt, The whole Ktructnre of the anitll31 j",II('lI1.,!o\ rlJO\\IJI'IoIi4 of 
motiou. quietnlO'StI, and a diBpo .. ition to lay "II Ill' ... h uno( flit, or 
in otht<l' WOl'dM, to be 8f>I1ish. No mitk \"\,ilJ" 111'1",:,1', lilt, tllil 

is shortf'r U:a.n the milch COW'I"oj. ar,d Uw /"'(','{'Iw')" fo/, mil}" 

small. As a rule., the bet!f (lIlimsi b1uI a ~I,flf'r IWc\ }I1'II'" vI.J-.. ,.-ty 
touch thaD t.he dairy animal, liint'fI the om~ ilol lI ... mdJ~· fat. nut! til(' 
other 1m,n. A fltroUg, low hri!olkt·t (thf" h811,-!ilH.~ l,al"1 IH:I\\I,t,U tlH' 
(ore leg") 1M d{'f~iwd, not h{'('aul'le tfw fl~!of,il of If iR "Ol'ri, for it. 
js QUit6 inferiQr, bot b«~3U86 it is au ooh-rlll'll jlnJiI'ati''" M HU
})t"rhH' feeding qualities. It will ht:' Dotind 1 hat ill lilt' tlairy 
cow the hrisket. i@ promiuenl, hut thiu, It intlit'a'H, ~""Il ff'ed
illg qualities: 1hat i", fI, J;oud app('tlt" liud pf)\\"IT 10 di;'::~'1"\t alld 
MSiwilate fQ(~. Trut', it Kt'~WS to have DO din('T \'()l!IH,diOIl 

with llw l)roductioD of miJk. lmt 8uiJuaJ.to wbich are waJ"ketlJy 
fl~n(!i(>nt in hri~kl,t aud thin in tlw wl1i~t ulm811y have deHea.te 
('on$titution~ and }ll'if"';'Ht'ious appt'ttitE'M. 

4~Ot', A lOmlerah,j:' thil'k, elssti(· skiD lin\]. ~oft, velvety hair 
tire nJueh desirE-d, l!ot only in cattle but io hOt'tIt!B. A t.b.in O'r 
papery skjD denotes l.aek of cOllStitntioJl. A thick, intdnstic skin 
denotes unre@pouslYeneasin the production of eithel' milk or beef, 

4SOd. With these ideals fol' e&ttle, oompal'e wme of thtt 
points of exceU~nc~ in 11 tl"(itting lwrlie: The {rout h'W; ha"'e 
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8 loog, low, rhythmie motion ~'hf>n the animal iA alert. whi1e the 
hind quartet1i are low{'rf>d antI widt'llNl. and the hind If'gs, with 
their wid{', nIl·emhra(·ing l'lwe<:'}l, show how and Wh("r8 the great 
propf'lling powel' i~ lo('ated. 

4S1a. The seoring of animals is It mutter of hh>nlfil. The pt>l'son 
assumes that a totnl of 100 pointt-1 1'eprt"s(,llts the l)erff'ct allimal, 
t'ilch part or quality bpinl-(' reprl'sentf'd llY Il ('ertain figure. 
Any animal mny thPll IHI jutlgt'd (fit' at n fair) hy thi~ gtandurd 
or seore. DefiTlih~ SCOtt'!'! hav(' lIN'D adoptf'd by various breeders' 
8t'II!ociatiou8, colleges, etc. For illustration, two scores Ilre now glveD. 

4Mlil, Followtug' ifl the SCOrf' for a dairy ('ow used by thfl 
College of .Agriculture, Cornen University: 

OXNERAt. APPEARASCE : 

Weillht,fl,$timnted ..•.• lb8.; actual... . ... Ills. 
Porm, wedge shape flll "Iewed from frHnt, tliu(> awl lOp .. 
QUtllitll, hnlr fil1t'". 80ft; sKin ID(>l1o\\". l\IOij,{,. medIum 

thi("kne",.. !<f:I('l'eli()n yellow: bonf' ~'l(!!ltI ..... . 
('of16titutw1!, \"igot'OutI, not indlned to t_flnt»s" .. . 

Hun .A'Sl' NK(,K : 

MtatU, deall cut; month laTW; nflstril" llU'il" .. 
EIlf!S, iUTU"<-'. hright .. 
Fact, INtll, lOll!!:: Quid cxtiressiull ." 
f'Qt'"~hf'a1I, UTOfld. slil:htly dished .... 
ifat-a, ml'rlium size-: yelluW" inside, fiM~ tt'xrure-
.Xed, fine, mt'dium lImath ; throat dean: liihl (11-''.'1'\111'" 

FORE .o\:sn Hum QeART1:RI"; 
Witht"',ll;'JlII,thin .......................... . 
S)wulder8, li&'hr, cbliQU8 .. 
Rips, fill' apart; }('\"("1 "i)(>twN'n hook!'. .. 
Rump, 1011Jl!, wille •. 
Pll"j.·borll"" 01' tb.urlll, hi.a:h. wide al)art ....• 
'l'higlu, thhl, loue . 
hll", stnia-ht, shQrt; shank :fiue ..... . 
TaU, lone, slim.: -flint' swttrb ......... .. 

J;tooy: 
CAm. deep, 10"': airtb large .... 
.Ililu, broad. ~n sprull.r,l(mc. Wideli:Part: 1.¥'st(uD4Io!"h. 
Bate. lean. atraiKht. chhteopen .......................... . 
.r.ow., bro.d.level. ......... '."" ............ ~ ........ " ...... ~. 
FItm.t. modenlteiy low .•.• 
N~~,la"rll'.................. . ................. .. 



"-lLI.-~r:(,Rnl'!('l ()ftU.r.)'I!1l 

rdd", iI'Iii'. Ilttadu.'d hi((b !,u.l full twfdud, ~.'Ul'OlIdiuC t.,. 
in frollt II.lld tull; Q\ulrl .. r" .. ,'('tt ' 1~) 

('ddrr. r"n.P<I('jnU)i, ilt':xihk. "itl< Inn ... '. t,liuhl ... ~\.;i" r"WI'N'1\ 

'I\·\th l\llurt. fl.1'" hnlr ta 
T~~", '~r'I:", t'\{,1l1) plaN'd 
,flirt I:l'ilU!. Jaral', tortuou~, IIlrli:'~ 1l1ilk ", .. II" 
E.f'1)tch("UlI. Sl'fNulini OVt'T thi~ll'" ,·X\ .. lli!jt'lI: hiJ;:h Rn~l 

It'" 
481r. The tH'Hre for Il hed Rh,\·t tI.~ u~(·d Ity tJu: Dtl"Jlflrtttwur 

of A,.cri("tdtuJ'f'. Cnin'N\ity of Wis(>outiill. is tlw fl)llowill~: 

"",lhl.; A~'ordlnJl' toaae" 
FfI'rm, !<Trll.iltht t()~·HIH· amI utlll .. r ll1)1'. d .... V, hroad, \0", 

MIt. IIt),l",h 

Qu.«lilll. firm btluulin,,; h/.ir tlul' ( i./wl,le IIk;'1 ; dof'f)II6 
bon .. ; ~'-e11Iy fle. .. hed . 

T'dlpl'rQJI"Unt, q\lit't .... 

HrAI) A;Sl> NBCM : 

NuzzI". wouth llU'gt'; li~ thin; uH"lril!> \I,ra:e" ' 
Ellu. larlf'. dear, pla4!id , .... 
i'au, abort; quiet expreuiou, . 
F4nkrod, tIrtUM, (ull , 
Earl. medium .l.z.e, fioe texture . 
Null, thick, short; throat clean. 

81wtdder, eo"IO!'OO wi,th fl.ep.h, ~omVM':t on top; fmU': .. 
Bnd:d, adva.ru:ed. breast wide .... 
Derelup, akl0 DQt too l(J(1M! and ql"'tKlpfnc .. 
~" 8tl'aipt. ahort 1 arIll full; lIhanlt ftM. flnwoth .. 

BoDY: 

C"Aeft. full, dMlt. wide; Kirth JatF: t'l'Op"s tuU ..•.. 
BiN, loft,.. vehed, thicld.Y .6f:sh~., .. 
Bc.el. \tJ:Oad • .tt'aiaht.... .... 6 
L.Mn.. th1ek, brnad .............. _.... .... 6 
I'IIutt. full. 8V4u 1Iritb u~li" ..... _ .... 



Hum QVAkTt:lI:S: 

HipB, IIlllootll]:!o' "overed: distl!.lIt,,, ftpa.rt in proportl()n 
with other Imrtl; ... 

i(1I1np. jnnU', "H'll, wl,it', tail 111'11,01 I'lntonth, not pat ... h~'., 
Pin,bMjf'lf, JIllt llrnlllilH.'llt, farfLl)aM . 

1'hif/IJ/I, fnl) 
7"lJllft, Ilt'f'lI. J,IIU!!L'. 
}'lIrlfl', full, in(\it'ntillll tle>.hilw"". 
L'[1R, "trlliLZlll, !<lwrt, lihllnk t!lw, !o;lJlo"tLJ 

Total .,,1011 

486((. A ('ofl"t'd, lou/: pt'liig"l't't' i~ n18(.1 twitienc(' that no 
('l'OHtH~tI outfmlt~ of tht· hr('t.'ll hnn· 11"('1\ mnd~· wi1biu thl;> tiroto' 
(·overed II)' th(\ r{'(·ol'd. Thf'u tlH' longpr tht' pedigrt'f', till' longer 
the time whi~h has elapsed SlUt'S the' hreed was formed. M.any 
breeds, &8 Shl'op~h;l'es, Berkshirt·" und the Hke, st&rt (rom mixed
hlood 1mima18 moro or It'~~ rpmott'. TIlt' tel'lU "pure breed" 
.. imply lUf'ans that II hl'{>(1d of Rl1itnnll'l hM bef>n hred flO lon1! 
within th« variety thnt a fail' tleg-rN' (If unifoJ'Il.lity in all lead
ing ehnra<>wl'h.dics has hef'n f'lt'<,ul'Hl, and pO""'f'r Rl'qllit"eti to 
transmit thf' lending qualitit's with 1\ fni]" dt'grf>{:I of certainty_ 

4A1a. If the farmN' hAS a dnir~·. let him resolYe to breed 
from uo llnimal which gins If>>lS than 4,000 J)()Und8 of milk a 
year. AllimRl~ which give l€'RJ:l than thil!l amount are often 
kept at » }()S.<I,. aDd thf'Y should bt>- djli.po~f>.d of at once-. Every 
dairyman should also tf'st his milk for l'i(.hne~B, by means of 
the BabeO('k tf'st. Rt'ad 'Wing's "Milk lU'ld Its Products," for 
instruction on thE' Batwo('k milk te~t, and other matters of 
dairyi~!g. 

4910. There is a marked t-f'udeney for farmers to 1."Un too 
much to Que thing, foHtlwing the lead of some person who has 
been sueee-ssful ill a particular line. In trome localities in the 
East, eSpE'Cially in the great gt"ape and hop districts, the i.11 
e1fects of speeialized agrieulture are often seen. When grapes 
and hops bring prices ,,"bieh bal'ely pay for pie-king them,-and 
this not infrequently oeenrst-the farmer becomes discou1'3g'(>d, 
negleete his pla.ntations, and when pri6eS nee to the point where 
profits ohould be ,....,lve<!, the yield per se.... falJa '"' low by 
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rea80n of the negletot thut HO fitil~IH'ial t"6(.'Q\'t>ry is pI)!'!l'!ihlt,. In 
the!Je dh"l.trh,ts lh'e Rt<K'k ~h(luld piny fm llnportaut lllll't. 

4911., It i~ found tllat wbt'rN"(>r tho f\rl!'QJoI. of ~}HI('hd t"'Opl<i 

aro restrieted, and rotat}on lind lnlltt-'d hll~ha\ldl')' aN' n(lt 

~eriously di~ttJ.rhe,l, fllir lltOtit~ un. N.'a1izt'd \wuy Y"tU', 11tH} tb., 
averRge yi~lda of J(1'app~ or hOI»~ lwr RPI'i, IltH lI11H'h nl"lvl' 1hl~ 

average of the !l\rg('l l)lftlltntiolls. Jo'pt·,·h\lil,llti<lll \..; St'IOU 1() htt"fI 
R. markM, deleterh)lUl f'tTt>f>t on til(> ~nnth •• ! th,· ,li:-'!l'll'lti wlwrt, 
it is Ptw:,ti(~M ill a. l(\rJl~1 WilY, IlIltl (Ifh'l\ nil 1111' pl·t~thH'th·ity of 

the soil fl8 weli. Ttl", intt'()dll(·tion (If dOlllt'~ti(' :llIilllnig in I'(m· 
8iderahle numher!' tt'llil .. to t"htlugt' flll thiR, MOI'I'm'Pt. the elf'~ 

va,.ting {'tit-Pot of eonlinp: into imtnt'~lilltl' ('(lutnt't with [ulimat lift." 
especially on tbe ynung, ~h()1l1d ht~ undr'rMt-OOd, 111J~1 IIl'izml. 

500a. A crop of 50 hllsh~l~ of m"lz~. {IN' I\('rl', u.w.l tu., 
Ilt!eompanying' st&lk~. eontuiu8 about (U potltlli", of "itrnp:flil. 24 
pounds of pho~phorii! Iwid and 36 po1.l1ld8 ot' plltltll.h. If, Whf!1l 
ft;d to animals, only oUt'~half of thf;) plo.nt-t'oHd }'(·mov"d by tb~ 

crop is retu:rnt'd, tht·n Illl! 32 pOUUdM of \litrog'I'u, 12 l,ound1'l of 
pbosphoric aeid. alld l~ lXtllud!il of pota"lh will 111' IOlOt frnrn ill.l·h 
&cl''t'. When ~l(Jvet· iM in tho rotation. it will rt:'lo;t«)l't' mUMt of 
thi!t lOMt nitrogPIl. 'Tlw plant 11l'!:'{'et;{t:'H th(· ultimal. Ht, who 
has mastered the art of prodtwinlo! plant.R IOU(\f~(~!1lo1fhlly has 
learned mOl't:! thall half of Ilg-rieulture. 

50011. Anirunls llIay MIdi an iml'oritmt }..I1ll't ill lU&lnt.a.inilig 
the productivity of the land tbat he who flll'lll~ without giving 
them a prominent pfac£' ~honld 1m alilp to fllrni~h good NlMOn~ 
lor SO doing. 

516a. Remt'mber tha.t thoughtful (mort', KOlil'jtud~, love f(Jt 

rhi) animal. and timely attention t.o tbt! many d~ails, play an 
important part in animal iudut;try. Thgt whieh is gained by 
su~r'ior bl'OOdi1l~. food and comfortable buildings may be 
partly lost if kindness is W&D:ting. ~ Speak to thl} animals as 
yan shctl.dd to a lady, kindly." 



YI&. V3_ Tb~ helMi ot thE" ftoek. 



GLOSSARY 

..EstAfltie. Appealing to th~ ftl.{·ultit·" of tlllltf>, 11.8 of 1.'010r. lUudt', 
:f.grirllltto'f'_ f'arOliug. J, In, 
llbtoniH. A uitrQ~l/Ou8 o.-gtlnil- (·"mpoUlul. pl'¥'l'«'nt In both 1.I.flt~ and 

Itnimuls. :no, 142(1, 
.1Iimmt. l·\~, 

.Ilill'tl""i«("y ~aJl.al. 'l'be digl!!ltive ch~lmel ot' ll'W_'C ;177, 
j m,.!tol"aie. To impto\'e . 
• 1 ", .. naf/ie. Open to, Iiahle to: II lootli:> ~"ll i .. ltTUl'lUlnle to tht< lie-tlon of 

Itir, hut .. ~ery bl\rd ",nil h nilt. 

clm~H-dmml. A subatance whicb lnfluelJctH!! the tedure rather than tlJe 
plant·food of the Al)j!. 58. 

:1.nnfWl. A plant which JiVf:l~ only one year. lleanll' aad pigwt>edx toIro 

examples. 
41fliuptic. A lJubstaue(t wldeb kJlls ~eTm." or m}l'robes. 284u, :1870. 
-1 't'1lHaflle. Capahle of hdng tl~£!d ; u" .. ble. 4:lfl. 
4.ril. Angle above the jundion of a le_f·~htlk. ftower·st .. lk. or branch 

with its parent I!I-tetn. 
rlinnial. A plant wbieh Ih'~lS two yeat~. It USllllUy bloom .. and 'Seeds 

the aeeond Yf'aT, Ml111eim~ and parsnip" are example!!. 
flt')t~u,y. Knowledge and r.eieOf'6 of vlants. 16, 
fJrMking down. Said of bard aoils when th£'y become meUo'W II.D:d 

crulllbl}'. 
r/uddi.g. A kind ()f ,gnl-ftiuR. jn which tbe cion 01' hud b· very 8b-oTt~ 

and in8ertw under tbe bark or on tbtl ""()4(\ of the ,.top.k (oot into 
the ",000). 

'1y-p'rOdud. A p.roduet incidentally TP!oIuiting frow tht'J maI:111t~tu~ of 
8Oll1ething else. 437a.495. 

'1o.lIw. The bealing tissue O'n a wound. 2.'". 
'JapiU(I'1I. Bair·lite. Said ot very thin 01' floe chunel., ~spee-LtJ11 

those bz whicb ",.tee moves by the force of .aapilLvy aUt'8Ctloll. 
'o-rboA-Jldro.u. An organic or Mt'bon c()mpound, in ."bich bydrogeJl 

and o1:ygen O«!U't in the nme proportion ... they do in water. 
Supr, .tuch ..... oody Abel' are C"&rbobydratet. 1974. 

(lIlIl) 
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Carbon, A gas, C, exilting in sma.ll qU'mtitie~ in the .tmotphel"e ; 
a.iso in a loUd fonn in charcoal and the diamond. 

Oarbon diotrid. ..A gas, CO~; es;rbonic .add gatt. 
OBrf'l.i{1()rou" Feeding on tle~h. 174. 
Callein. Milk curd, the c:hit'f albuminoid of milk. It is the mllin eon· 

~titu1'!nt of chee"e. 370, 
<JCltrh·crQP. A crop ~rown hetweell l,ltl.nts of " l'f'gulal' crop. in the 

lote1'l"I1\ of time hetwet'D )"('gular (lr(lps. 109. 
Cn'f!(tl. A grain belonging to th{' grMf< family. lI.!I wheat, maize, rice, 
" oat~, tlarh'Y, rye. 
O"henuli'ry. 'rh!l-t HcietICe whidl treats of eompo~itiOli of matter. l~ 

Clt/orop)I811. The grt'tm Jnattt'l' in plants, 19.'1. 19"'1. 
(lj(j~l. A part of a plant in~erte(l in a plant. with thl' inteution that it 

fo;Lall f(YOw. 2:{tL 
Climat()(01II1. 1\.nnwled~· and sdt'I\{~l-' of t'limatc. it includes the 

sdelle.e uf welltht'r (local t'limate) vr lIwtcnrolo,e:y, ]9. 
CQugulate. To tmrdle; AS of l'uilk. 
(JOldfra"u. A gla8$-cove-red bOlO 01' frliOle whkh is he.ted by the 

sun, and in whit':b plantli are grown or kept. 
Comin, true. Rej)roitucinl' the nlri(·t~. ~1501:, 2?7. 
Cf>UHHiuute. To brt'sk up, fl,ne,puhredze. 290. 
Oompost. Rott-ed or((anic mRtter. :U(I. 
CON8(frPation. Saving. 82. 
COl'e'Y'-rrop, A (~Iltl":h-cr()p which is Ilegigll~d to covel' the soil in fall, 

winter and early sprirlp:. 109, IIti. 
Otdtit'fliar. An implement which prepareg the surbee of the ground 

by turning it or lifting it. The spring-tooth harrow is really a 
eultivator 

O«tting. A 'Part of & plant inserted in soil or other met:l.ium with the 
intentioll that it sban grow and make H.J)othl'J' plant; sJjp. 231. 

VdD1'ning. ~enlO't"ing the horns fl'V'nl anitnal..:, 12011. 
tkptmdent. Dependlng.fm othtr l'nelUls t.ben its own, as on tbe COIl-

ditiolUl in which it Uves. 182. 
rh#ttd~ • • To strip. tQ ma.ke bare, to wa.s.b llway. 2611. 

Po"""m. Latent, sleeping, not aeth·e. 
!h-o.,At. .A. wty dry speD or Selll'OD. 
1:&0109.,. The 8cienee wbi~h treats of the inwr·re1.tionahlplf of ani· 

m-.la and plants, and of their relations to their QcBviromnentif.. 
fhe study 1)£ the )tabUs N)d moof'i' of life of organitmll, The 
m1grat.iOcftS of birds, di.tribntion -of t>lanu;, nesting h.biUt. of 
_a.'~"""", ___ __ J..I ....... ... , -...1 ... _ Fil'P_ .......... n~ ._ .... 1.-._. fIlM 



1l1flmtnt. A 6"ubgtIWCf" which is (,(1mposoo of nothing else; art origiaM 
form or Ultltter. t!71l. 

1Cmu'~il)". A mOM' or H'MII. perm&ll~nt and ditfu.\hh, f'lifUblnatlfJII of 
oils or fats and; water. :~96. i196a. 

lJ'Htrgy. Power; fO~{l. Every moving. ehllngiul!' or \'lhraliuK lJQ(ly til' 

~nt (>xtWlld~ tonl'rjly or {tll'N'; "Illt lhi~ for,·.,. it< trltlll\(.!t"rt'.l 11' 
"lome other hody (,I' f"rlll, fHl' lIuthhl~ I ... In,,t. 'rlt .. (·\I .. rl(~· uf iI,lUU" 

JJ~bt 18 (-'xprl· ... .,t'!1 ju llt·st. lil!ht. allli vOW!' w"',\'s. 'flu· elH'rgy 
f.bat is l'{'quirt'!l t{) prodtlCtl th", fliOd j", txrWnd{'fl 8~ h.-.dUy heat, 
lDu8('..ulal' or lll'''YHIl!> el11't'gr, (uHI in utlll'r WflY". 

/,J;l"ifJmolfl!]Y. f.Ocleno:'c uf w"'t'et .... 
A,',,"inmmnlt. The flU"r'U\Uul\ng>l (If lUI IUlirUllI nt' 11!IUII.-lht" ... ·otulltitm .. 

in ..... hi(.'h it lit'''''' ('mupri",'" "Ihnllll" .. nil. 1II1,j .. tHrp. lI.l1lttld .. , 
cU~. Wh. 

o Erm!imt. 'Ycarlug awa.y; ~\fmudBtion. 
/t.',·nflffion. 'rhe dHctl'ine t,hat the p"e~eut khlllM of "lunt~ and IttlilHtll'l 

are rlerjved, (It O\·oh'ed. fr(llll otl!er IH'C\"jau" kind!!. 
_j'}.rCreti;rHl. A ~e('reti(Jtl whidl I~ ilf nit fUrtiler' U"'~l til tlw /tRims! l~t' 

phmt, and whit'll j~ thrown ()if; u!o\ ~we"t. :W';it!. 

I!Jrll'a'tIf!OIlIl, Kxtj'mal: from II", Hlltl".i,jo; fOI'('iI{tI to. 1) .... f,!" 
A'Ttr;,,~ir. H<!'eotH1RI'Y. Pxh'rnn/. f,om till' 1I{jf~I(!('. T'It! "prll,' llll.~ 

{'xtriul!ie "lahlt:',-tbat i ... it i", valuul,11:! 11'" n. 11Iltrk{"hl.hh· or 111()n~y" 
getting article, ",,,ille (""hi it" "3111e 3)\ uuuTh.hWf"Ut. l-lt't' intrin1ilk. 

lfItI~. A bud; fl cuttiug (If fL !-lingili' hUlL 2:t;, 
FIl~·pr"rt;u. The ID1l1UI,lCPlnf'nt I)f tbe farm; the p,.aetieuJ sldt.- lit' 

i'arminp::. It {'A)mpri .. p:>o thfl ll1uulliug (If hUlIl, t('HI~, planh, ,mi· 
mal,",. 11 • 

./!'eetli.Jf.g ,*Iandard. The ideal amount antI qllalitv af fGOd tor a giVt"H 
pUl'JlOI<e. 4Gl. ~ 

F<'t'rII,.nf«ii(ltl. The pl'ooe.1'! by meaDR of wbil"h filtateh, ~ugltr, ea..'WirJ, 
ADd otbeJ' organic ~ublJtancel!l are I"hallged (.1' broken down, and 
new f'OmbinatioDiio made. It ht usuaUyatwnd .. d with heat aud the 

.tf,~!;t~.g ~i~~ S::'tbe land to produee plants. 105. ,. . 
Fiber. Elongated or string·lIke ti~8uel!. 
Fibri.N. An inliloluble tn!! d!geatible a.lbu1lllnoid. It i.J pn;,,,ent in 

blood -clots. 
,-.I'lo«tdat.. To make graJlll)ar or ennnbly. 58a. 
Fodclw. Food lor auirna)iJ. 428. 
1'0i'tt-9f. PJants which are ted to.mm.z. in their uata.ral (!<mdJdml. Or' 

wben merely dtiM. 330. 
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Free u:ut"r. Standing water, or that moving under the influenee of 
gravita.tion, B.R di~tinguisbed from tbat heid by capillary attrac· 
tion. 64, 65, ,B. 

Function. The partj(>ular or ftppoint,ed action of any orgatl or part. 
'rhe lunctlon of the eye is vision; tilat of tht' ht'llrt is distributing 
the blood: that of the root i'! hlking in food. What all organ dON' . 

./I'tHigidde. A substance whi('h kill~ fUngi. 298-
Furrow. Th£> tn'lwh It'ft hy the plow. 9111. 191, 91a. 
}'urrow-sliCf. The strip of earth "'hirh is turned over by 1be plow. 
C(f1tg-plm.l'. An implement eonlprising t"'O or Jll<Jt'e individual plow:"; . 

.l<'igs. 64, 6.i. 
Geology. 'lihe sej~ncfl of the formation of tiu' erust of the earth. 20. 
GeM". See n:iero-organ\~m. 
Glader_ A slowly mo\"ing field Or mll.!l.S flf hot'; n frozen I'tream. 
Glmlds. Secreting orgall8. :-Ui:lh. {:J9, :19(" 
GJuten. The .'mluble nitrnKCnOU$ part of flour. 3iO. 
GIJ/.:ogeu. A stareh. ur stltr(~b-like materiHl, formed ill the animal body. 

Bud from whit'h SUKar j., formt'ti, :W-1-. :S64a. 
Grujtitlg. Thtl prRcticf' of inserting 1\ ('ion or hud in a vlanf. 2:~1. 

~ (h·(tzing. Pl'Lshlrillg. 
_ Grrt.tl-rrops. Crops designed to he plowed nnd",r for t}:{' purpost' o! 

impr(wing tbe soil. 74, 109. 
Hard-patl. Hard, retentive subsoil. %1. 

HarnlN'. An implement wbieh pulverizes the surface of the ground 
without inverting it or lifting it. 

Htadi"g-in. Cutting back the tip!'J or ends of branebes. 288. 
Heat'Y soils. Soils whicb are bard, dense, lumpy, or- those which IU'e 

very fertile. D()(!s Dot refer to weight. 
Herbil-·orou$. Feeding on plants. 174. 
Horticulture. Arts and scieuces pertaining to eultivation of fruits, flow· 

£Irs, "egetabJes, and ornamental plants. 1t is part of agriculture. 9, 9c. 
Hf)st. An animal or plant on wbich a parasite lives. 292b. A plant or 

animal wbieb makes it possible for another plant or animal to grow 
alongside of it. 312a. 

HoUud. A glass.-eovered box or framt? wbieh is artifIcially beated. 
(u8ual!v lJi meaDS of fermentiJ:!:g manure), and in whieh_plant-8 are 

grown. . 
HtUftK$. Vegetable maId. Jt mar contain the renuuns of anima"',' 
B1UIbattdry. Fanning. )a. PI3, 334. 
Hnro,ropi(:. Holding moisture fI!l. a tUm on the surface. 14, 67. 
luiMt. To Pt'8v~nt 01' cheek. lSS 
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I .. Qrwmlr. l\lfttlt,., whlf'h bal' dot ht"t'lllllau('ratt'd into other t~OmflOund. 
by plal1t~ or h,T\inJal"" ., \I rulm-rab art' inorganit'; ahH), all' aDd 
wutt'r. 2,j,;. 

bualil'IJtinti. ~hl(iug with l'Ialinl. 
ill/(f'('fidd"!, A !lllb!ltlUU'f: whh'h killtl illIH>t't!O. 2~5. 

JHtert'llldt', In plllnt". HHJ IIPIU't' h"twt't:'n the jOint .. , :,w-: ... 
Ifl/,.,.·fillagl!, Tillugt' 1'1.'lwt't'fi plAlItl'o. x:.. !HIll, 

bdri1(ldt'. Pe('ulia:r tN, iflU.>rmd. from ,}It' il/.~idt·, Ttll' .ill/pI*, JJnIf h,· 
lrilll'ljr valul',-that i .. , it IIJ \·n.!ultb\f· ,If it~f'lf. to l'at, wholly (LI'ltdt; 

froUl tlw mou~'Y it hriu.l!'!'I. :-:.'1' t'xtl'in ... k • 
• 1rrigutiml. The prlu·tiN· of artUldnlly ,.uppl,\·inlot phmt..'I with water, 

t>!!p{'f"illlly (In II hUI{" 'It";alt·, 6." t~:w,. 

lrrita;Mt'. In plant!'!, 1't'''rwnding t" t'xf('rhal ltJ{t'ltt!ol, a'<: t(1 wind,lIull
shine, hp.llt. lS~. 20~. 

Lflrf'4Iplurallan'(p). Thp wlltm-Iilw stage of inlled~" 
Loyer. A part of a. plant whi<'h i ... IJutd." fl. tttk(l root whilfll;till "tt~hed 

to the parent, bllt "hidl ill iIl1-emh~d to 1m kf;"'erNI fwd to makto un 
ibdf:'pendflnt phmt. :!'lfl. 

~ra('1iiJlg. PaM8ing tbrou~h. null going vf[ in drainal(0 WluerH. 
~t'!1umin"tHr. Belonging to the Lt:'gllllll!Vll<Je or pea family. 110. 
r.,Vhen. A low form of plllllt-lif~" allied to ,.Jj;:'lf' .ml tun~. T}w 

plant body is uRua!h" j!rl1yi!olh {II' .lull·f'o}ol"i'li "nd dryh.h. On tnw 
tnmk!'! it j" ll'{uall" "alled "nit'''''''' :.."911. Pij!. :1. 

[.ig1tt 8I.'1il$. 8(1i1~ which IU(' H't'S 1()II"t~ 8tHi OJlf'oll, 01' whicb are 1'001' 

in plant·food. Doe!! not N"ff'r to wf'ighi. 
HarkiNg out, Making liuf!-'oI or m/trk~ "11 thfl laud I" fa.rjJltatr JilI, .. ing 

or planting. )03, 

X,di""., A fundament"} or und€'rlyiug l:1ubstance; "I)U ill- ~ me~lium 

for holding Wllh~r. An agfmt: If, 1'tlut j<l; a m.-tlillill rHI' tl'll11l'lp<>rt.tng 
water. 49. 

Xiet"f'Jb~. See micl'o·orgIlIlil!nI . 
.; Jliu·o-orgaHlsfN. A mh'ro~('opil! orgfl.uislU. 1t lU"Y be eitUt'l' l)lM.ut Ul' 

animal; but the t~nll iJi t'omml)nly J"tIltneti'lll tr. ha.eteria Ot mi· 
uobes or M'erm~. whicb lire UOW e)B$.'I'oo with plllld~. 35a. 

M'i..wal "'(lft~r. E8rtby Ru&ttert-irOll. potalJh, lime, pbl)$phorulJ, etc 
¥o(4tHx1,a. The curved part of the plow wh(rh inverts the furrow· 

RIlee.. 9], -
,Jlltde1t. .A ooYer on the soil. .82. 

lYil.:ryIk. A. eomponl3:d III _'bich ]';03 i.l> combined Mtith ,. lut4e. 
Narifte:Gtiotl.. 'l'be eb.nging of nitrogen into a nitr&te. 131. 
Nitriu. A entD(KlUt'd in whteh NO:c ill eomhint'd mlb a baH. 
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NitrogllN. A gl\~. N, comprisi!lg approximately four--tlftbs of the 
atmogpbere . 

..:Yutl'iefl/. Food: ulinlt'n!. 
Nult·itltm. The prn{·.el>l< nf promoting anti gm'ltnining grov .. th and "'(.Irk 

of &nlmal antI plant. 
NutrUil"f rlliio. Tltt> proportion between the proteid!\ Il.ud other eon· 

KtitUf1llts in !\ foo~l. 4:>2. 
Optimum f<'IIl}J('l'IltIO'l'. 'I'he bt'~t (I:'mperatu:'ll for the pt'rfoTmn.Uf!e of 

a eertuin fUIIC'ti(lu. 201, :r.!l. 
Orgfmir. Pertaining to ()r~fllli<;ms,-tbitt iI<, to auimaI~ Ilnd plants. 

Organic Dlatter hus bet'U t'labornted 01' cOUlpounded of inorganic 
ntaterialR, amI edstM ill 111lture only 11$ it il< made by animals Or 
plants. FIt'l'I.h. wood, l'>tllrch. protoplasm, sugar, are example'S. 
Tbe ('herni~t IJt'tlIIC.~ orglwi(! matter HI;; that wbich contains carbon 
in combination with othf'r elements. ~5, Z>b, 32. 

OrnitllDllH)Y. SeieDee of birds. 
ORthosis. The mO\'('Oif'nt of liquids throuKb 1Il(·mhf'flnt'... 184-, 185. 
Orygen. A Kft!'l, O. emnprising about one-fifth of tbe atmospheTe. 
PIl!l1lable. Of ,l'uoli or pJtlasanr tllMte. 3i6,470. 
Part ides of soil. The ultimate or finest divisions of soiL 
Pedigrte. A }"eC(lr11t'd geneaIO:!Q'. 486. 
PeptQtlft. A diffusihle and soluble compound formed from nltro~nOtl8 

aubstanees by the !\ellon of digestive liquids. :1f:!1, 390. 
P,.....n.io.l. A plant whl{'h Uves three or more yenr... Rhubarb, tipple 

trees and Cantull\ thistles are exawv1t>8. [143. 
p,.o$phate. A subst'l.tl{'e containing or cOJllpt)Nt.-d of phosphoric acid. 
Plwto.Ylltktll is. Making of organic matter from CO;! and water in pres

ence of light. 198. 199. 
PA,sical. Perta.inir.g to. the body or structure of a thing, as di8 

tiugnhtbed from its life or its spirit. Pertainin~ to the MUon of 
inorganic forces, a~ beat. light, elt"l'tricity. mO\'"f!mf'ont of wa.ter. 

Phll~i(JIQf]'Y' ThE! s('hmoo of life-pro(';es~ or of fun('tinuing. It treats of 
organ~. and tlll·ir 'Wo'tk and \I.f1.eM. 

PokHfial. Possible; latent. Said of powe:rs whicb may be broutht 
into action., but whieb are ,now dormant. -t2a • 

..PreeipiW;,.. Tb.- sediment resulting from·ebemlcat aotion. !J9Oa. 
lTep(Jt~nt. Said of auilllllis whieb htlYc the power of perpetuating thejr 

own characteristics to a .striking degree. 48::l. 
PNtctpltu",. A very eotnpJex and ehangeable ol'ganic lIitro~nous cora 

paaad. present to aU living thingSt and .necessary to their tl:XLrteA08. 

It ill the living matter of ~ells. 
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",""\4. Albw.nluoid; or"..nie llitrog~nouieuwVOUl),d, {t2, .. ~. 4.)O •• !.t, 
PrN.int/. RtltQo~tng part of "" plaht 1,(11' Hit' l".Ut<rmenl 01 tlu~ 

Nm.in4ur. 278. 
Ptomal'n~. A pruttu~t ot decQlUpo!'litian of dl~~1 tl .... \)I'. {{¥okl . 
.P~lIali"~ The f~nutlnt ill IUlli\"a. 31'10. 
PwddU",. Tbe Cementing togethfn" of the ptu'tiele~ of -.oU_, twdoritlg 

tbem han! and stone·llke. 81. 
1l4.,.. A puture, partieuiat'ly one of large e¥tflnt. .$8. 
RatiON. The matforiaJ fed to ItU IlUfm1l1. 

Rtn7tet. The di,lCt'!llh'e I,rilleiple d~l"iV~111 frhO, tIw fourth ~ frus 
Htom~b of rnulirumts : or the dripd Mfonuwll ih~·lf. :1!I2,.. 

lldthtil'!!. Uoldhlg. retaining . 
.Beverled. Said at IlbOllpba.tell whi~h arc iu tlll' I'rHC'I'!o\'" of t~()ntin" 

in1'!oluble. 145. 
BOlIt-{;ap. The tisKue ('ov~rinR' the very tip of thfl Kr(lwinK rou\. 206 . 
.ll«Jt paJituraye. The area ot soH 1'lIortidt"M f>XIU,l<t •• , ti. fI)' IU\l~nkblt! to 
,{ :root ..etiQn. 5.1a, 90. 
Botafio'H. A systematic alu.rha,tion of (ltops. 112, :«)5, :«)I'Xl. 

Bouf/harl'. FOI"llR", aau, ptlrti~uhuJy (~op,rse fo ...... 
Sanitation. Looking after tbe hea!tb, 6spet:'iallr making the ~ondi· 

fjODS ~mcb that digeaSfl or Injury III prev('utM. 
Sap. The juice Qr' liquid. contt~ut!l of l)lantl'. :!ft7(1. 
8af"rat~(1. Full of water, MO that it N\Unot hold ml,,..., 

!k«riJ1I, To serateh or to ha.rrow H~htly, 

! CN'.iOtt. A. special proouet dflrived trom the blood : ~ Mallva. ~tric 
juj('e. 36:;0. 

~ed.rnd. The ~artb in "'bleb 8eedfll art' Mown. 24:-la. 
Stedling, .A plant grown from aeed, and not .. banged to another kind 

by grafting Of budding. 241b. 
SillcWtt.. Sandy. 
Slip. A ""tting. 
Boil. That part of the surface of the earth in wbieb -plant8 grow. 24.. 
&tUi"fI. Feeding green fresh forage, in stable Of tleid. 
Spori. A varlety or form whieh appears "uddenly, or if~ very unUketbe 

typo. til5 . 
.st.e.t. The plant into whieh .. ehm is fret. 236. The parentage of auy 

group or line of aniMal_ or plantlt. The animal tenants of • farm ; 
llve·stoek. 

8lftuJ, .toMste. A breathing-pore. 188. 188a. 
:fil..J;.,mI. That part of the ttOtJ "bleb Hes hem the few inebea of 

am.Uorated and productive g\lJ'fa.et' Mil. It illt 'ORa.ny harder. 
lIghter eolONd, and poorer in plant-fQOd than the .nr~ aotL 
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8ub.QiliNg.' Breaking up the ~uusoiJ. 9i. 
5Mbsurfact>, Tbtl IOWf>r part 01 the :mrflt('f\ soil.-just abovE" the sub

soil. 25011. 
Supf'ra,watf!lf. i'tll'!t its usefulnet';o. 
l'ittpffrphosphatt. t'iometiwf'~ u~f'd to designate ltvailable pLosphates. 

aud Kortl(>tiIllf'S to d(· ... igll!\te mllteriah~ which ('ontain pbosphate but 
no poU\!\h tlr nitrogen. H:1a. 

Supers({turatnr. More than saturatt-d. liO that the wat.er drains away. 
S"pp/~ment(/ry. SecoIldary; used in addition to somethiug else. 
Swi"~, Hog!', pigs. 
Tap·root. A root wiIi('h runs strnight downy.'llr(l~. with 110 "pry largfl 
{ branches. Figs. 33, i9. 
l'utUTe. Or soilM. tbe size of the ultimate partIcle •. 
rWa(1f'. Stirring tlH' solI. IH, R-.lfl. 
ro.riJl. A POiSOIlOll!' l)J·ofhl(·tioll ,-,t (h·eom~)O"iti!)n. 4(~Ja. 

rraitlittq. Plaeinlt or ~Ili.linl!:' the branchel'l of a plant. 278. 
rraHspimtion. Pa:'i1'l1ul! off of water from phmi8. 187. 
rrimmlng. Remo"ing part of a plant to lUlIH'O\'e the looks or man~ 

ageahJeness of the remainder. 278. 
rilrbid. Mudd)" cloudy. 
r.7nder-drahtage. Drainaltfl from below. The water is carried througb 

the Roil, not carried off on the 8urfa("e. 57.68. 
rrNa. A waste nitrogenous compound whieh is cast out through the 

kidneys. 
'fariatiQn. Modiftcation or change in an animal or plant. The coming 

in of n~w forms or types. Departure from tbe normal type. 
n'able. Having Hff': capable of Ii'\'ing or growing. 216. 
Vital. Pertaining to life or li'\'ing things: vital beat is the heat of 

an a.nimal or plant I as distinguisbed from the heat of the sun or 
of a fil't!. 

Wud. A pllUlt which is not wanted. 
Wflter8pro~t. A strong and usually soft shoot arising from an adven

titious or dormant bud,-Gubiide the regular plaee and order of 
shoots. 286. 

Waut'..table. That part of the soil marked by the upper iimit of the 
free or standing water. 57, 57a. 

ZoiJWg1/. Knowledge and scienee of animalt. 17. 



SUGGESTIONS TO READING - CLUBS 
AND TO TEACHER!:! 

This book h,," found a place in reading-Inrult's. 
Tho following' sng'ge~tioIl8 on thi" use of the t"lIi 
were made hy rC'1IlPst of tlH' l""lIling-eireles of 
oue state, awl they an' repl'Odlleed here for the 
ll<Juefit of oth.,l's who Hlay similarly employ the 
book. 

In tbl' produdiou of its wIlalth, agriculture 
operates iu three gn'at fif'lds,-with the soil, Ow 
plant, and the animal. .\Ithough aided at pVl)ry 
point by a knowlpdg~ of othl'1' ~ubject,;;, its final 
"lJe(,('R~ rests on tlHlse ba8p.s, and these are tIll' 
fiel<lR to whi .. h til<! Pl'in~iple8 of Agrienltul'e 
giY('H most attpntioll. 

Agriculture is often said tn he the most fUll' 
damental ana most useful of occupations, since 
it feed;; the wOJ'ltl. The province of a text-book 
of agricnlture is to deal with the original pro
duction of agricultural wealth rather than with 
its mauufacture, transportation or8all). 

The subject of agriculture is hein"" considered 
very generally by schools. This book iR intended 
to supply the demand for a broad know!. 
of the snbject, both geni'raI and llpeeificl. It 

(289) 
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regards farming ag 1\ busine~~, to which science 
lllay he made to eoutriblltp tt large measure of 
Rucees~. It tJ'eatR ttl(' Rubjpd from th{' side of 
pro.luctioll, sinc{' it iH not practicahle to confuse 
this hripf trentmf'ut with II discussioll of social 
ruml qtH'RtioI18. 

The gNwral plan of the hook is to state fUIl

damental prineil'les in terse language without 
very much explanation. In order to cover so 
mnch ground, it is necessary to make the text 
very brief. It is consider,,'] that the hook should 
not run beyond three hundred pages, elge it 
would be so large as to intf;rfere with its gen
eral usefulness. The hare statement of princi
ples is likely' ttl be dry and uninteresting, how
ever, and therefore some incidental and explana
tory remarks are placed in small type at the 
end of each chapter. Principles themselves never 
need pictures for illustration; but the applica
tions of these principles are often made plain by 
the use of engravings. Therefore the en".avjn~s 
are placed in the explanatory text rather than 
in the preliminary statements. 

The whole hook is itself a skeleton or outline 
of the subject. It is expected that the reader 
will fill it in as he goes along, by discussion and 
by reading othElf hooks, bulletins and agricultural 
papers. Some useful references will be found in 
the explanatory matter. 
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Spend at lt~ast O))tl lIl ... ·I;ng 0)) tiw Tublo of 
Contents for th., IJlIl'p<l~e of .11'\'l'lop;l1g II g''llernl 
!Joint of view Oil tlw whole ,ubj,·et of ugl'i,·ultul'''. 
This book is made for adult, 01' for tho~(' who 
are old enou~h to ~raHp a ~puf'rul vif'\\, of thH 
sub,ieets il1(']\I(I",1 ill Ilgl'i,·llltl1n·. II i, ",Pit to 
have all th,·,,· ,nhj~,·ts ill llliud at the ollls"t, ~() 

that the relative ilIlp(lI'tallc(' of ,nl.Ch may lw 
known autl 111)(1.'1·,10(111. 

It will he. l1ot;",," that th" iutl'oduetiou is eon
cerned with a geJH'J'al stut('lIlt'lJt of what agri
culture is. It has three eo-ordinate divisions, I\~ 
lIlay be seen by the analysis Oil page ix. Tht' 
tk~t division utteml'tR to dl'thw agJ'ietlltul'e, the 
second to disCU~8 tlw ]WJ'8011U I attributes Oil 
which successful agriculture d"PPIHI,;, and thp 
third defines the nelrl of its endeavor. Under 
section 1 al'e to he found Ii definitioll of agri
eulture, j,aragraphs ], ::!, la, 2,1; what agricul
ture contributt"s to th" WOI'1<1, ii, :~a; what agri
culture is, 4, 417, 4-b: definitious of agriculture, 
f!-9, Sa, 9a. Iu sectiou 2, it is explained how 
successful farming depf'uds on the executive 
ability of the farmer, in paj'agl'aphs 10-12; how 
it depends on a knowledge of science, 13-20; 
how complicated the business of agriculture is, 
21, 21a, 21b. In section 3, there is an outline 
of tht' things with which agriculture deals, in 
paragraphs 22, 22a, 22b. 
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Followillg' are some questions that might 
be asked on this introduction in order to bring 
out the variollH points involved. These outlill£>s 
nnd questions l1lllY Rll~gest how all the chapt~r8 
ill the book may b" handled with some d!'~ee 
of satisfaetion: 

1. What is agrieulturef hi it the same ag farming! A~ 

husbandry' What &1'6 crops! What iH stock' Wbat are direct 
and indirect products of the land' 

2. Is luarketing 8. part of agriculture t Define primary and 
secondary produeiFi!. Contrast agriculture and manuf8ctur~. 

3. What does agriculture contribute to the world! b: agri· 
culture the most important of all ar11;1 

4. What is an ideal hll!,(bandry' What is mixed husbandry 
and what specialty hU8bandl'Y' Which lnost completely maiotaina 
itselff 

5. Define animal industry, horticllltuTf', f()re~try. Wbat re· 
Jation do these bear to agricnlture! How is forestry p()pularly 
Mi!lOnderstood' 

6. Is the farmer a business man! Why is executive ability 
important! What is meant by personality sud how important i" 
it to the farmer' Ca.n executive ability be gainecd wholly from 
book.! 

7. What do you ~mde1"8tl\nd by tbeterm farm·prae'tioe' What 
is the Vf~lue ot ODE-'S own 8xllerit>net>f 

S. What are staple and sp~ial products! How aNI prices 
mndp tOl" these two el"8"8*,,8 of pt-odnctsf Whieh' class is the more 
importnnt in th(> ftjrJ'ieulture of your regiont 

9. Name two rea8()n8 why a knowl~ge of natuMLl rreienee is 
helpful to thf>o farmer. 

10. Difil{'"rul8 the reJation 01 physics to agrieuJture. ot UUt· 
~baoieB. Of botany. or afiology. Of ehemistry_ Of climatology. 
Of geol~. Explain what you m@1\U by-~aeh of lh~se terms. 

It. Gille some iUu5trationol howeompli6&tedthe bll8in_of 
agrieuJtu1'e ie, 



!!93 

12. Jo;xplain tbe thr~ ~re&t 8ubjtlots witb wbicb tlgl'i(~tl'lfurtJ 

deals, 
13. Is agrieultur(' a seience or ttu art·' 

It will he notieed that th" hody of the book 
is divided illt" till"'" eo-ordinate parlx: tile SQil, 
tlte p[lwt, tlte (mimai, 'l'he~,' roprt'"ent tlH' tlm'<' 
great fUll<iarnelltals 011 whieh tlw slle",,<sflll pl'll('
ti!)e of agricllltu!'\' del'"wls. A "OIllV]"t(> tl'catis(' 
Oil agricnlture woul<l indude 1, di\'isioll that 
would have to do with tlw gellO'ral p,('ollomi(' 
l'l"incipltls that nntlAl'lie t,lw hll~itlHSS, and anoth .. r 
on Hw 80eial relations; hnt tllt' iu~<'ttioll of this 
discussion would ealT~' th .. pn'seut voll11n., quill' 
"eyond it~ limits of u""fuiuess as an elem~ntary 
text-book, 

PART I. 'l'HFJ HOIL 

The soil is consid .. I, .. d in several aspects. It 
is important to state at the on!SHt that the pri
mary consideration is not the plant-food alone 
in tbe soil, hut tbe pbysical cbaracteristics as 
well. In the older books it was (,lIstomary to 
place most of the stress on the ()hl'mical con
tent of the soil. This was because agricultural 
cbemistry was the first of the natnral sciences 
to make great contributions to the advancement 
of agricultural knowledge. It is now under
stood tbat the· physical constitution of tbe soil 
is as important as its cbemical constitution; it 
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may be even more important, since plant-food 
ean be added if the soil has the proper physical 
make-up. 

The soil is considered in six general phases: 
(1) the COlltf'llts of the soil, as to what it is aud 
what it contains; (2) the struetll1'e of tlw soil; 
(:1) thl:' moisture ill the Roil; (4) th" tillage 01' 

amelioration of the soil; (5) tht' ellriehmeut of 
the soil hy m{JallR of farm resources; (0) the 
ent'ichrnent of tlw ~oil by means of eommercial 
or concentrated materials. 

Chapter 1 

At the outset, it is necessary to get a broao 
view of thp '11'1l.1· ill which soils have eorne to 
be, and what th,' cuntent of the soil is. As soon 
the farm,,!' a"velol" a rational point of view on 
this subjf'ct, HlP fil'lds aud hills and swamps 
will have a new meaning to him. 

What are the 80Ure6$ from which aU life and w~8.1tb aN de~ 

riv(>d' Which of the-se sources are beyond the 'control of man' 
What is BOil' What is the meaning of the wotd soil as contrasted 
with land! 

Of what hvo kiool4 of eleOlente is the soil t!omposed (124, 2b)f 
What is the pbysit"nl basis of the soilt What is meant by organic 
and inorganic (256lf Wbat d.oes the eoil eontain besides theae 
two eilUiSEoiJ of materials \2.I))! The pupils "10ul<1 be uke4 to 
detnoD8trat~ the presE'-nee of jno~nie mattf'r in any soil (2&\. 
Wbat is meant by weath<eringt Bow hn.s tbe soil been tormed bY' 
m6lUlR of wea.t.berhllt (26) f What are the agencies by tne&1I8 of 



which weatbering pl'OoePdsf Doea weatheriug &("t Oil tlurf&eet thu.t 
are in g~lH>ral level as well as on tbo8e that are jll(')itwt1t Pupil. 
should bring in a StOD6 or brick or IOlUe oth~r pifl'{'e ot tnitlbtfll 
mah:rial that shows the E'fit't't of lV",atht'tinlot. Why are 1l~bblt'8 
roulldedf Wbut has ht'come of the partit:'!t's tbat. have disallpeawd 
(rom them' Wby mtty weathering proceed lesii II.lowly 011 h;vEll 
areas than ou ste('p hills' Why do mountains and bills ten<l to 
bt:-cotoe rounded' Why are some mountain peuks sharp aud 
otbf'rs round .... df After w!!urhering baa proe-ef!ded, how are t.he 
deta.ebed particlp8 difdrihntt'd 1 

How do plnnts \:WCOtnA agt'nlR in tho formation of soiU Where 
do lichens grow' How do roots act ill the makiug of 80ilf How 
do aniwrt]. ~ontrjbute to th~ makillg of 8oils7 \Vhat ia uodenltood 
by chEHnical action {~O)1 l.t't the tf'ltC'ht'T (.)T pupil Tf'1ld SOUle Qf 
the extracts from Darwin's book on !1 Vf'gf'tn.hle Mold," explaining 
bow it is that the earth· worm contributes to th~ (onn&tioD of BOU. 
Are thpl"e any soile in which organic mntfel' prE'dominates; it '0, 
wheY'e are thpy formed, and how' What is humus' How d0i'81t 
mo"-)~fy the t{,xtllre aud color or AOilRt What, i~ thflvall16 of humus 
(:1:1)' How lOay the fanner secure humus for his laudt How im~ 
J)orhmt do ,-on considl'l' humn8 to be _in the farming' of yonr ]JtJj,gh. 
rmrhoodT Whnt isamkro-oganlsm! Howdomicro-nrjV\nism1!lheu(>cfit 
soils or cOlltribule to the growth of plantl!! Do you unde.rfttand 
that the soH is a 8eene of life ilK we-It a. eoll~etion of materials' 

How is soil transportf'd and laid down' How may BtDilt'S be 
a. 8OUl'ef!' of benf'fit to land' Whnt are tbe ehit't aJtt'ncl~8 by mfisnrc 
()f which soitl! bave been tran~portt'df What 'lOils 'PartUe ttl(U~t 
elOtk-ly of the natUl'e of the bed ro('k on whi(>h th~y U(>f Explain 
bow a stN"am beeOInPS a t.ran!lporler of soil. Wbat is muddy 
watt-f' Let the -pupil illustrate what there ii, in muddy water. 
What ue glaciersf What has been their effect on the BOil on a 
large part oC Dortheastf'fD North Am~ri~af ,~tennine whether 
the aoihJ -of yOtl1' rf'gioQ have been modified by the &etian of. 
!r1aei.el"" What influ"enee has the wind in transporting llOil"" 
lUnstrate from too sand BtOl'tnS of the plains and deeerie. Ie thE"re 
dna' in the atmosphere? It sq, wbat ii! it aDd how May it be 
deteeted' 
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Why iB tWil useful to plant lifer Bow much plant· food mayan 
ACre of land contain' What is aVAilable pJant-food' What;jf 
potential plant-toadf Is all of the plant-food in common soil!' 
available' How dops nature restore or m8.intain the fertility of 
soUat How do ma.n's operations differ from Nature's in thit<. 
regard? Are all plll.ut·food materials equally useful to all plantsf 
What elYect has deep~ro()ting on the 80il, and on the amount of 
plant-lood that the pla.nt obta.ins' Why arB fertilizers usefuJ! 
Wbat is the reMan for their appli('nthm f 

Let the circle or pupils read IUlrngraph 4-8 in concert. 

Chapter 2 

In this chapter we discnss the texture and 
strl4cture of the soil, We shall find that the 
condition of the soil is as important as its com
position, 1<'al'mers have always known this, bnt 
it is only recently that we have found out the 
underlying reasons why. The subject of "soil 
pbysic"" has now come to he of first importance, 

What are the two general oftil.'es of soil 80 far as the growing 
of plants is coucerned' May & -IIoi) that is rieb in aU tbe plant
foods stiH be nnadaptE'd to the growing of crops' Why cannot 
()I'QJ)S grow on roekf Why not on very hard elnyf What is me"nt 
by the "texture" of tb€l 8o\if By the "st,'ueture,"f What is tbe 
~phy~ieal eoudition" of the soilT In what langnage dot's the 
fanner exptE's~ a l(Ood vbysieal condition f What words does be 
use to eX1Jrf"toIS 8- poor physical conditionf 

Name tbe reasons why good structure is important (52). 
WbeJ"e. do the roots feed' What reJR.tion hJltJJ the size of soil par .. 
tit~le8 to the amount of avan"ble plaut-food' mU5trate this by 
breakin~ up " cute I)f Buga.l' or a luUlp of ebalk. MathemAtically 
this .1'()Qld be best HluatratM by eutting up a euhe of W8X. In 
what way, then, may the fining of tWil be said to ibcntA88 it" In'OA 
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dnctivity' What was Jptbl'O '1'1111'ij tlW("'y of the vl,h\t\ or tho 
fining ot the 80il by mean.s of tillage (53t') T Hnw important "1-8 
Tull"s wOJ'k, and wbyf 

In what gem'raJ way mny H.lc lItructUl'8 ot: the 80il be imprtlvftd' 
Whatts W(,8Ut byttwkingtlli! hwJ T1(m'Uow'" Wbat kind (){ Jall,jll 

are mOistly improved by b~ing made mt'!lIowT What kind of hUltt", 
are improved by being ronde compaet or l'eteutiVt·' NIlm8 1h" 
tbl'(,6 ways in which the size of the !loill'tlrti{·If.:'fI llIny bt'l nlodified, 
What are the genel'lll ulSel'lof uHder-t.}miI11lf(t'f Mlty •. lIldt>t-drl1_irl~ 
jng Improve dry 1111ld8f Wha.t is tho WlI.tcr tahleT How ls ;'t 
modifif:'d by unde-r-dl'ltinin~' Whitt is an arnNldmeuU How dOl'" 
it improve Qr modify the eharacft>1:' ot the Mil' Wbat eiff'et. lUfl) 
lime bave when adrled to tbe soit ll8idA from directly {urllj"hillf,:' 
pla.nt·rood' Na.D1e ma.terials from wbi~h bumu!'! may be dt'rin·d. 

What are thf'J values ot: stahle nHn1Url:'~t lines tht-'ir value Ii~ 
alone in the amount of plaut-food that thf"Y (~(mt"inf lllu8trate 
the v&lu(' of good 80il texture by the pl'Rf'ti(lfl or tbfl ftorifiH_ 

Let the- oJalJ8 read alQud and in ('()n{'ert paragrAph SO, 

Chapter /I 

It is important that the pupil g(\t Ii firm gra~p 
ou the structure of this chapter, ('oDceruing the 
nwisture in the soil, Notice that it is dh'ided 
iuto four eo-ordiuate jlat'ts: 

(1) Why moisturt' i, important. 
(2) How tl", watPl' iH h .. l,l ill the "oil. 
(ill How th~ moi.turf'-holdiul( elil'ncityof the 

soil Ulay he i IIcrl'ast'd, 
(4) The sa,,,;ng of the soil moisture. 
Since crops oftener fail for lack of moistuTI' 

than fOl' lack of plant-food, it is ""ry important 
that this chaptel' be given careful consideration. 
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Wby is 80il moisture importa.nt in agricultural praeticef How 
do pla.nts use water! How may the lolSs of water from thf'l plant 
be SllO?;U' What is irrigktion' l;ndu what eonditions is irri~ __ ~ 
tion admissible (63a)f In what part. of the conntry is it a gen~ 
eral practice, and in what part a IIpe('ial prnt"ticef 

In what for"ms lnay water be bdd in the soil! Explain each ot 
these thl't'e lllethods (un, (;6, 6i). Make an exppriment to soow 
the cMopillary pOWtll' of the soil. What is tnf'ant by the tprm !! film 
mohlturet·, In what {·Qtj(lition is the water b{<ld in very wet soilsf 
"~btm lands are jn propf'l' condition for the growiug of crops, is 
the soil wet or is it mt i!-itf Illustrate film moisture by dipping a 
marble or a stone in watt'l'. Illustrate capillarity by applying 
one cotner ot & lump of Sll~i.r to Wfl.tE'l",· Illustrate the transfer of 
watt"r from particle to particle by pl1tl"ing 8ev~ral lumps of 81l$!'ar 
together and applying water to Olle of them. Whf:'re is the free 
water of the soin \Vhat is mUllt by a "leachy" soil' In what 
Boils and llndf'r what conditiol1s dof's water Tun off. the ~nrfft('ef 
Dol'S this wf\sb,'of water from thE' surisct> do any harm aside from 
the loss of the\n'ltpl' itselff 

What is meant by the term '1 raintaH'" How may the soil be 
marla to bold the rainfall' How may 8urface washing be pre~ 
vented' How do soBs vary in their esplteity to hold watpr' 
M.ake an experiment to illustl'ate the cnpacity of the different 
Boils to bold moisture (72a). How dOE'B the humus eontE'-nt of the 
soil affect its moistul'e-boldinll{ capacity' How important is 
humns 1n th~ agfl~ultnTe of yout' ~giont Is t.hf'r8 suffieient l1lin· 
fan in this region to e~rry the nope through the seuon without 
resorting to iTTi~fIJion' 

How is tbe humus in the Boil d4:'piett'df State one reason why 
newly brok~n or newly elf>8l'pd lands give the best crops. How 
n:lI~y the buttlus be gf'lIdually jneTeupd r II'f it possible to put too 
much humu$ in the lanlH The pupil lthonld be iustTUeted in the 
etrf>t>t of humus in difff>-rent kinds of soils. Ql"lj}s tbat are. alrpady 
rit'h in bllm\Ul may be. injuTf'd. nth~l' than Mu£'6tpd by the appll~ 
~ati()n of lJ)orfJ', lVbpTf'ftS those that aT&- lat"king in humus or-are 
very blll'rl. or 'V~ry l(o()fl~ and sandv. rna,- be ~tly bene11tM. In 
m&llyof the )Oeft Mile of the middle West the- addition of JDuch 
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humua ma.y be .. deeiJ..-d di)1l11dv&uta.~e. tiall .tt~tttiOll to the faet 
that in v~ry wiu .. 1y l'~gi()tlS the Mil may he made 80 I!)ol'.~ and 
open and ftn~ as to b~ exposf.'1} to mUf!h dawage by wi"!},,,. In 
new conntrif.'t\ humus roilY be more nhundant thun in old land,: 
why' Are tbe lands in your rlf>lgbho!'hflttd itl nfJ'ed ot bUllltlll' 
IlJuNtNlte when gref'lH'.!J'DpfJ HhouJd be 1,ltlwt>d under 1M the VlJT~ 
pose of giving Ole best ft"!'!lIltS. W!Jut ig the danger o( pla"lue 
thllm under too late in the Sf'asou {j'\lpt 

Explain wbut flr1l.itHI.~e iI,. What is surface dr&iflagll alld 
undet-drfLin8.:;!:I?! How may surfs!.'l! dl'l~illt:\ he ~on"'truelf·d ~() 1U\ 

to interfere l(>l\st with agrirllltul'al ()pel'tltiOllllo' What ~fl''''('t bM 
under-draillaga 011 the 80i I t Wbat effH(.·t do'"',. II warm $bo'P't'er in 
spriug have on .land thnt is ~rteetly drainedt '\~hat "fl'tvt UOt's 
a. cool Bummer 8how~r have' Explain some of til., pra('ti<:f'JII (If 
tile draining, as to ,)ep'b of drain, di~t,alH~e apart of the djfl'i'r~nt 
draius (7611, 7(11). Wh;\t. Flliatir>!l tim·!,! llndf."r·drl:loinl\~6 have to 
t&p-rootfod plants (7Q.{f)T Whnt is Uit'!\l\t hy the 01 5 ()H r~r'ljo\rt" 

HoW' dQf'M tilltH{fI ewtble tbp soil t.o hold moilltute' Ho" doe. 
in~,r&8.Sing tbe en.piital'ity in(,'I"fl'jl~e tlll'l tnlligtllre~holding capMityf 
What is the ~f'neral dirf'(·t\ou of tlH~ mov .. mf'nt of rl'loil'lurt> hy 
meAns of oapillary attrnctiou1 May soil h~ madf:! too nn&1 What 
is mf'nnt by I'I'pntJdting" of M)i!Si" 

What is meant, by tbe ··l'orlf;1erva.tion of mol.turef·~ BoW'd()61 
mOl-8tllre ~ape fl'/)m the hm£l! What ill meant by the «surface
mulen,1 or the «sQil-mulch!" About how ml1eh w"ter is rsqllim 
to JH'odne-e .. pound of dry matter (8H~)! How doe" tillage A-Ve 
tile moiatur't" 

Explain (1) t.he general dir~tion of movement of &oil " .. tar 
in the ff1"0wlnlit' Beason; (2) how the 1Doh.tllre-holding eapaeity of 
the soil may be inereued; (3) hew 8urise-e tl"nporation ma" be 
fM:.ened.. 

Chapter 4 

The tiUage of the soil may now be con
sidered, for we bavf> learned how important 
the physical condition of the soil is, and also 



how necessary th" moisture is and how it may 
be caught a1l<1 "IIv •• d. In ('OlllmOn speech, the 
word cultivation iR used for the stirring of the 
Roil; hut it is tNtter to use th,· word tillage, 
since this is Ii sp""itk technical word with no 
oth"r mt'anillg'. 

The present chapter has three co-ordinate 
parts: (1) what tillag .. is; C.!) what. tillage does; 
(H) how tillage is performed. 

R'(pJain what you mpan by tbe word Winge. Why jfJ tilJage 
pflrformfldf Distingllish the two kiuds of tillage (85). Under 
what ('onditjons are these kinds practieE'df Whnt is m~ant by 
deep and shallow til1ll~ef By surfll~e tillageT 

Note tha.t tilia~$ improvps tbe land in t.hree general ways. 
(R~lld the nrl'lt (,'laU$9 in the paragraphs R7, 88, f9.) How dot's 
tillage improve the phytol{,R.1 condition of the soilT Wbat in
ftuenee ha.s it in saving moistur~' What influence has it on the 
ehemi{la! aetions taking place in the 80il f Of what impol'tan("e is 
ail" to tbe soil (g!Ja)! In what I't."nse j" it true tbat !!tillag€l is 
mnullr~"r 

Note tbat there are three general ways of performing tmage 
with l'efJpeet to the kinds of tools that are USf'tI. Wha.t are they 
(f3a, 3b, 3<'1 If Give s~ven reasons why we Jlfow. Explain hotr 
plol\'ing pulverizes the soil; the relation it b,.!' to green-manur~ 
ingj how it. incl'(>calws the depth of the floil; wha.t relation it baR 
to bard-pnn or Bunj;Joil; bow it modifies the' temperature and 
moisture of the soil; what relation it bas tn weathering. Explain 
what 8ubaoilillS!: is and what it dot>8. Df>fine the worda furrow 
and furrow·sliea 191a). Describe what migbt be eonl'iidered to 
be an ideal IilPneral-purpop,e plow. 

Na.m8 the important 8llrfaee-workiug tools. Give Dve im .. 
portaDt inftnencMI that surfaee-working has on. the Boil. What i. 
meant by the tt:$&rth-mulebt''' What is it fort How det'op should 
it be' Ho., is it made' How may it be destroyed' How i. it 
... paired,. How oft." should it be l'6paired' If the .&rth-muleh 
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it~~lf is vary dry, may it still he (If \lst'f At what lhnt1 of Ill", 
yt'ur is eartli-mu/('h fIlost mwfulr \\tbat relation lUll, tillt(IlN~ 

till!~e to wt'l>dsf Why do W~ till' 
}i;u.me tools tbat hllq~ a COlllltl}.£'tinf! inftuenco 01\ "oil", XtUllf! 

MOW& import1\nt uses of the C'olUlHH'ting t)f the soil. Whut. i8 the 

l)tltH:'fit of rolling the land! Wbat Rrtl tho di~l\dv&ntafl",!d What 
relation liM the folling to ~erml11f\li(ln (l( Rf't'd!ol' Wh11t nohllioll 

to 80il rooistllr{'! Does the roIlin~ of the land fflquire hllll'h 
judgowntf \-';"hyf 

Chapters :; (/ lid fi 

'1Ve now cOllsider tl", l'nri,{;1iin/7 of the soil. 
''I,. have found that til .. ",il j, mwlf> to ht> morn 
fll'oduetivf> by thorough prt'J"lI,,,tioll and by Rub
'eqneut tillage, The plaut' "''" "uauled to lay 
hold of t!H~ Rt01'es of plant-foo,!, and llIliUY 

ehp11li"aJ /I('!i~'itips /1)'(' SI·t HI' that ),I'sllil ill 
r~ndering: plant-food IliOI'f' a\'aiiahl,·. '1'1"., plant 
is giV811 Ii comfortahk· a1l<1 "ougO'niaI pIa"" ill 
which to grow. It thl'iv~s. WI' have fOllud 
that the physical structure 01' <,ouditioll of the 
soil is of primary importIUIC(" 'Vhen wp hllve 
secured the best physical coudition aud hayf\ 
done our best with tillag:e, we lIlay tlwu think 
of adding extraneou~ materials to the ~oi! for 
the purpose of elll'iching it. That is, Wf' maunre 
or fertilize the land. Whether thi~ fertilizing 
pays or not, depends wholly on couditious. The 
addition of mere plaut-food is rarely profitable 
unless the land is first in condition for the very 
best Im>wirur of the plant. 



3n;:) THE PRINC[P(,~:s (W AURWULTUR]l 

Manures are of two general characters; those 
that improve th" t('xture of the soil, and those 
that add pluut-foo<1, 13aru manures usually per
fom! both offi('!'s, and this is one reason why 
tlwy gi"e f'xeelleut results. 

A~ a matter of farm-practice, we may divid" 
all fertilizers or manurial substances in two great 
c:ass()s: tho~.' that are pJ'odueed Oil the farm, 
nUL those that are bought from the mal'ket. 
TIHl best agriculture is that which aims to pro
duce a good part of til<' Ilecl'SSal'Y fertilizing 
materials on the fnrm itself. These materials 
are by-prodUcts (st'e definition in glossary), 

In Chapter Y we discuss three general cate
gorie~: ~ 1) what, tiles\' farm manlll'es arp, (2) 
the enrichiug of soil by IllllUllS of crops that are 
plowed und .. r, (3) direet application of farm 
manures to th!' Jam]. 

The following 'jtWstiOllS will tend to bring out 
the various points ill the chapter: 

What is the f@nl fertiltty of the land' Ba8 it to do alone with 
plant food' Whl'lt is the .first Stf>p towflrd in(,l"88J'!.hlg the prQdu('~ 
t\veness of any soil! What are the means by Which this step rnlly 

be taken t What is humuR ~l'8-view paragraph 33)' How is humu.s. 
secu~' 

"tVlia'G' 6re gr&eu-mIlDUfl>u'"' rlbw mut"Ii or'" rtttr -;V8\kU~ at" If 
el(Jver crop may be left in the ,round (10841' Name the tbf'P8 
et~e8 of reeu-mauu1"6 erops~ and Elxph"in them. How mll,. 
gT(wm"'mannring cro}lS be elassifif"d. with refeJ'eDf'e to tb(>il' nitro~ 
~u·gatb~ring powet't Name anme of the nitrogeh-pt}tetets:. 
Tn what .familv of plants do they belong' Name _e lIf til. 



citro~D-cOn8UQlerg, Qf thol:!.e that do not add uitrog'Em to tltt' _oil. 
Do they belong to allY one group or fnmily or plaut~' Name tbt'l 
three great stllple ~rreen-ntn.uurt> crops or the nitr(l~_·n·l{&thf!ti"ll 
class (lfl), What is meant by illt.etlsive fnrmitlg (111(/ f WllIH 
by exteDsive farming(lllb}f 

What is the ideaJ IDt'thod of sf·~uring the gr"en-manllriJlg 
crop in gflJlt'rnl &.gri(>ultul'e (ll!!) f ("ill It 1't'j,!l\lnr rotatiol\ \1(. 

practiced in mOfl.t kinds. of inteusive farUliugr Why iM land bent'
fited by being "rl'st~d I' in clov(ll' or sow~ other ('rop! Expluiu 
how land roilY be hent'ht('d sometimes even by" resting" in 
weed8. Whaf are the two Yllluf';; of fi!:'rl·en-lO&lmrf.1 crops (114)1 
It it true that greerl- manUrN, may be valuable evtm ",11('n ltaH1) 

plall:t-food is not n~edHH Apply this to frnit-growitlR' crop8. 
How maya system of g!'Pt'D-nltl.llUl'e <'rol}ping be iuau~IIl'1t1~d On 
hard a.ud poor la.uds! Wh~re 8.1'e ('over-crops most. \1~t:'rlll, arId 
why' How e&rly should the cover-crop in orchards he plowed 
under' May weeds ever be uFwful in orchards late in the lW1l80U' 
Why should they not be allowf>d to grow early in the fIIeuotl f' 
What are the disadvantages (if allowing lVeeri8 to gl'ow eN'n Jate 
in the 8eason' 

Wha.t does the applica.tion of sta.ble manurE! do tor the land' 
Upon wba.t doe8 it, 'ValUE! dE-pend (1191' How should stable 
mantlrE'8 ~ proteeted or storfld'1 Explain what you. undeHt&nd by 
.. eOYel"tld barnyard (120a). How are sta.ble m1l1111l"8S .a1feeted by 
e,x-posure to the weatherf What i. tbe value 0( thoroughly rotted 
manure' What is tbe phiJ080phy of composting manures1 When 
the manures cannot be ahelwroo. or protected, wha.t diapoaition 
m.y be made of them? What precautions' 

What is tbe value of muekf What is peat, and what i8 it. 
value' Diseuse maTl; also sawduat, straw, leaves, pomace, a.nd 
the like. Undeor what conditions do you think it would pay to, 
plow under straw' 

In Chapter VI the general discussion of fer
tilizer substances is continued, but in this case 
the subject is commercial plant-foods. This is 
11. lIllbjeci of very great importance, pa.rticularly 
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in the older statf'R, and it will b,' of illcl'easillg 
impol'taJwt' liB the eOllntl'Y l,'TOW8 01£11'1'. It is a 
jechni~al Sllbjf.ct, for the complete understanding' 
of which lIllli'h chetuif'al know1edgf> is needed. 
1'''1'801\8 who dpsil't, to study the suhj{·ct ill detail. 
Rhou\d consult speciltl works and bulletin". 
Howe"e!', the genet'al philosophy of the applica
tion of commercial plant-foods may be under
stood from this brief chapter. 

It will be noticed that the chapter has six 
(~o(\rdinate part~: (1) what the .. Iements of plant
food are in the soil, and which ones are most 
likely to he ('xhansted; (:J) tiH. nitrogen supply; 
(3) phosphoric acid supply; (4) potash; (5) 
amendments, 01' those RllbstRnN's that act bene
tidally on the structurf' or physical (,ondition of 
the soil; (6) discussion of commAl'ciai fertilizers. 

What is 8 ehemie(lUy fertile soil! What is an e.lemt"nt (t'!7a)! 
How many eiementfl are Sl1ppost'd to be np('e~8ary to the plants 
1127; pfl~PS] In-117\' Which of these elements at'e roost like-ly to 
be depleted by the- growing 01 erope' In order that these elements 
may be us-Mul to the plants, what must hf=} their relation to water' 
Do plants US8 these elements in their original or tlDMlDbiuf'd 
torms' What is meant by a compound in the ehemieaI sense 
{l30a)f What is numnt by "available" plant-food? ~8 the 
soil contain mueh uDavai.)llble food of t1)e elements that plants 
needt What makes plant-food available' What i8 the intlupnee 
of tinage in tbis r£'speet' Do I"OO-t9 tbemaelvf'8 make plRnt~food8 
.available (l3la, review also paragraphs 30 and BOa)' What are 
the. disadvantages in tbe use of barn maburea' 

What i. tb. 016 •• of nitrogen f Ho .. <loes it deft the planU 
How. maY the lack of nitrogen be di_vered' Explain "hat 
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Ditrogen js a.nd what its SOUTl'e-ii aTt'. \Vbn.1 i. aW)JwJli)tf ,il;ltritJ 

acid' Nitrfl.tot What is tht:l relation of humll~ to Ilitrogen' What 
i/J nit.rificationf How is it. brought about' lR the )litrog~1I of th~ 
atm()sphere used by plants! If 80. througb what pa~tl.' or the 
plants is it taKen up 1 How mar we add commercial nitrogen 
to tbe (loilT 

What is the chief QffictJ of l'hos.photic acid, \vb.t (lrop\<l, ur,6 

liberally of itt Wh~t Me sources or phosphoric a~lid T What, 114 
tnea.nt by the term phosphate t What is an add Ilbo~llhn1"'! 

Superphosphate (Hlll iT Explain the roJatjonl!lhip~ 01 pholfphorin 
acid to lime. What is a !'rev(lrted" phosphat .. , In wha.t forms 
are the phosphates fouud in cOlUmercial fertiUzf'r~r 

What if! the office of potash! What a.re the "ourcee: of supply' 
Whence came tbe oommercial pot-ash salt$f l<:xplain wb&t 
muriate and sulfate of potash are. 

What is an amend menU Give exa.mplf~.. How does an 
amendment aJ'fect the 'oil' Wh.t etreet ma.y lime ha.ve on landf 
In 'What form may it b~ applif"df What do you. under!ltand by rm 
acidt Alkali' How wsnYllluhManct'H wily be tt'Hted with T~gard 
to aciility or alka.linity (153ft)' Make the tt'st with viD6gar 8tU) 

with lye. 
What is a commercial fertilizer' What i8 meant by a I~eotn· 

plate" fertilizer' '\Vhat is meant by "guaranteed an&JY81""" 
Wbat iB meant by the t{ braDd'" What are the T~18tive eom
mercial values of nitrogen, phosphoric acid and potash' Fijlurt;t 
out the eommereial or ef.\Umated value of .. ton of commereial 
fertilizer wben the guaranteed analysil i8 given. How may you 
determ.ine what i. the value of oommerclaJ fertilizer' 

Would you advise using' .. eomplete fertilizer, or onl,. ODe of 
tho fertilizing elements' Explain under wbat conditions. In 
what kind of erops is nitrogen chietly needed' Is there danger of 
I .... ag nitTOgen (rom the soilr 00 potasn arid p""",,lMrle ""id 
tend to leach out as rapidly u nitrogenr In what eoil. i. Jeaeb~ 
i.g leut pronouaoed t When are fertili2i8N appJied, before or 
after fttting the lJmd' Explain the aix conditione that &Overo 
the application of eommercial fertilize", (lf5 \. Can detlnite :nlH 
be gi_ lor the application ot •• ,h t..rtilizel'8f Why' 
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PART H.-THE PLANT AND CROPS 

We have now completed a general review of 
the characteristics of the soil, the llleans of im
proving its condition and of adding to its rich
ness. WI; now come to the ~N'OIHI of our great 
suhjects-the growing of plants. The growlllg of 
many plantH together resnltH in the securing of 
a crop. Ordinarily the gt'nt'ral farmer considers 
the CI'OP rathflr than the indi"idual plant, whereas 
th(, gardener considers individual plants rather 
than crops. That. is, the gardeIler gives each 
plant special car.... II ... oftf'1l grows the plant in 
a pot alld every vacancy is noticed. The gar
dener, therefore, is likt'ly to ~ecure greater results 
from each plant than the general farmer is. 

H will be seen that this Part II is laid out in 
six: chapters: (VII) what the office~ of the plant 
are to the agriculturist; (VIII) how the plant 
lives and grows; (IX) how plants may be prop
agated; (x) how land may be prepared in order 
to Tecei ve the sl>ed; (XI) how a plant is cared 
for after it has germinated; (xu) a discussion 
of a few fundamental crops, as pasturage, mea
dQw, e.nd (Q1:e.ge. 

Chapter 7 

The following questions will elucidate the 
range of tile Q~S of tM pla.t. Note that the 
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ehl1pter is divid"d iuto iiYo' coi\l'dinat<J IH\Rd~, <Ii,· 
eUR~illg tilt' plaut and the ""01' in it" gell .... 111 
agricultural bearings; tit" plant in its r(,lutioll 
to the soil; the plant in it" relation to climat,,: 
HJ(J plant in relation to animal lif,' j and the plaltt 
in relation to mall. 

Name the generaJ offices of the plant, 81 indic:&ted ill lHU"&v 

ji!rJ\ph 107. What is meant by"erop"f Na.me 8. dozen ("rop •. 
For what purpost\ may ('rops be grownT 

How does the plant inftuenee or modify the I!;oilt lIow doeM 
it rmpply bumusf How dOf'8 it rrot~('t the soil f WhJlt VIi]ue may 
1\ tllp·root have {l70alt HilW may plllnts be lltilittld to pnw8nt 
drifting of sands and other l008~ land!!! f 

Nawe four ways in whieb the 'PIllll infiuem'8s tbe 8uPllly of 
moisture. Bow dof'os it r~ndl'r tbe 1mrfllct' of the enrtb mm-e 
inbtthitable and enjoyabler What illfhwuc-e have forellts on rain· 
rail (l72a , 

What is tbe Tf'lll.tion of plllntH to anima/II' (:IW It t18 ;lttll! 
that "all flesh is grass'" What is the llroulld of lit'"''' Let 'bt' 
class rE-Ail nlolld and in eoncE-rt purl\gr1lpb 175. 

Name sOl'lle of the dirt'Ct uses or plants fo man. What are 
stapJe PI'~JUCtl4' Whnt are !Jf'mi~.IltnpJ,._qt What are 1I1.)1:u1'j,.I' or 
81."celMliGriesf What are conoimentd· What 8l'e bf.'vpra$lt'sf 'What 
elllAAPfi of plant products contribllte to the fond o[ animfllst Huw 
are plnnts Or thE-ir products llf'f'd in the arts Or" mIf0lIfa{'tutf'$1 
How pt'e plant1!l UM'flll a.s OhjP('tA (>f omnmpot1 In wbAt 1tay. do 
tlwy gratify our est betic taflt,ps and sentiments' What i8 flori
cllltu.ret La.nd8ea~ hortieulture' 

Chapter 8 

This chapter, on how the p14nt lives, is in
tended to giva an outline or some of the most 
important activities of plants. If the reader 
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wants a completer account of these matters he 
should consult botanical t~xt- books. It will be 
noticed that the chaptp1' divides into four eo
ordinate hea(ls: (1) what the plant aetivities are; 
(2) the fado1's or agencil's of growth; (:l) the 
processes of growth; \ 4) irritability, or move
IDf'nt in plants. 

Wba.t is mea.nt· by the phrase thnt the plant is a «df'p~ndent 
AtrnetuT'9T" With what must thA plant be supplied in ord~r that 
it shall Jive aud growf What is Dleant by the sensitiveness or 
irritability or a plant! 

Upon what does the stiffness or rigidness of a suct'ulent plAnt 
depend! Why does sueh a shoot wilt when it is 8t!vt'red from the 
plantf Wha.t is m-eant by the turgidity of the eellsf How does 
the 80n~water,pa88 from cell to cellt Explain or illu~tl'a1e tUr
gidity (184a\. What 8,re 'root-hairs, and what is their offieef 
How 1S it that these root~hair8 absorb the aoil _nt~r! Wbat does 
tbe 8oil·water ('IoutainT Tb~ pupil sbould 8('tually st's and exa.mine 
root· hairs. Compare 185b and llgllr~s 35-:n. How m.uch water 
do plants contain' Do plants absorb mo~ water than they ut>{'d 
for purposes of food' If so. what becomes of the surplus' What 
are stomata f What is their action f Illustrate transpiration (8t>8 

6gurf:'tl 40 and 10). What is root pressnr~' Througb what part 
or the plant does the Boil water Meend' How ma.y the J>ath of 
agcent be traced (189b)f 

What is abeorbed with the eoil-water' To what part of the 
pla.nt does this Boil-water, with its contents, ~o, Does the plant 
ablorb onJy those sub8tan~es that an Ul!Ie in building up its tiB8uef 
How may soil substances that are not in solution be brought into 
that eondition t Name 80tlle ()f the lea.dibg substances tbat are 
brought in witb the 8oiJ·.ster, particularly those that 8re of 

primary interefilt to the farmer' Wbat i8 IDeuat by the Hub "f 
What does the ash oontaint Do all the ash ingredif'!Dta ec»Ite f1"01n 
the aom l>o lilly of tile lJOP-aoh m,....cJienlo _e froIn t"" 



Where dot'rt the plant S1tcure its (lXYKtlll T Wbat is UI .. tUlt by 
respiration in ph1ll1s! How is it COmp8.Mti with respit'l\li(m ill 
aIlimalst When does reslliration ehitlfly take placeT How may 
respi"'tion be demohstratt>d (J94a)f HowelMe is OXVg'Nl stlcured 
tban through the Mri&l parllif Do rOQlfI neptl air! Whyf 

WIHlt element is W08t. abuudant in plants' Whetll'6 is it ut'· 
rivedf How doeR it b~'t'olUe plant-food' Uefiul) photo~yntht'8ill, 
Compare it with respiration. Wha.t is 8,8f5imilafioh (l9~ajf Wbat 
is ehlorophyl (l9,"i/Jif WlJat is plttltt-food {198("I' In what ten,e 
toss it be ssid that fl1arlts (. purity the air'" 

Howdo6S heM affect p/;Hlfst What d!'grI:'6 01 beat is nooPfoI.!Iary 
for f'<el'tain acHvitipsf In what parts or the world do ':fN'J! or 
!Jureulent plant tissues most abound f Are all plante equAlly 
affect(>d by similar tempPfllturef 

What 8ubfit,anee results from photo$yntbe-Misf What beeonwll 
of itf Illulltrate bow 8tnrch ru8Y he d('ttof>tt'd {:103blt What arEl 
the internal and external evid('ne-t!K ot growthf Note thltt 'fI:htltl 1\ 

plant ceases to grow it begins to die. In what parts do yOlUlg 
st-ems elQn~te' How does the root behave in this rt>~ltel:'tf How 
wl\y these differences be shown' How is inerl:'BSe in diamtote't 
ed'ecWt Why does the external bark bp('om~ lurrow«d and crack 
and break: away' Wbat is meant by tb~ word "Hap" {207a)t 

HoW' is irritability expresfowd? Name some visibJe move
mecnts of plants. How do VlUllt8 Ul()1'8 'WHh rf"ference to light' 
With reference t.o gravitation f Wbat j$ meRnt by the phl'Me 
"reaetion of pJantB t.o their environment", 

Chapter 9 

We now discus!' the propa.qation of plantB. 
Note that the chapter is divided' into thre{' co
ordinate parts: (1) a discussion of the general 
means by which pJants are propagated; (2) prop
agation by means of seeds; (3) propagation hr 
means of buds. 
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What are the two great (llass~s of methods by meane of which 
plants are propagat(>df What three ohjt',·t~ hnH the farmer in 
mind when he propagntt>s l)IKtlt~' What do you nnderetaud by 
the term t1.propagatiQn1> as applied to phlllts! Wbyare not 8et"d, 
alway, employed as & weans of propagation' What i8 mea.nt" b, 
the term "10 eorne true to seed'" Explain why it is t.hnt plante 
that are habitually propaga!:8J by buds usua-Ily do not. come true 
from leeds (:!15a). 

What 81'6 four g~ner&l requisites or proper conditions tor the 
germination of ~t't>df Whitt is mt"ant by the t1.vitaUty" of "tot-Ii",' 
How do Bt'ltds ""aty in vitulity, aud ,,'hy' What iIJ a Itl!lt'ed~bl:"df" 
1 u what cotlliition should it be f What caution is flUggf>8tt>d for tbe 
ha.ndliug or old find wt:'uk seedsf What is the rElalmQ for tbe 
son-king of tteedsf How is oxygen applltd to germinate SEW-ch., 
Row lDlly this supply be increa~E'd in a simple eXlX"rimt"DtoJ way' 
Wlmt is meant by tbe propt'-l" temperature for the tlf'rmination of 
S~f'd8t Give examples. of temperatures that are best for certain 
kinds. 

Wbat 1S the ideal soil fol" a 8E>ed-bed, and why' Row is the 
dt>pth of plRnting m<K1ifit'd by the kind of 80il! Wh.v is the el\l"th 
PIl('kfod about 8~dsf What cantion is given r~spt'ctinj:t the eov(>r· 
iug of very small 8eed~' What is roel\ut by"re-gptmirllttingf" 
How are very bard QI1(1 bony ~18 8ometimfoO trea.ted' What do 
you und(,<MJta.nd by the tf>rm 'tstnttifirntil)nf" 

Wh.t do you undeTRtand by the phnlse "prop"gation by mf'ans 
of buds"' Under wbat eil'cntnstancf's are plliutB r,ropll1t81l-'d h.v 
hl£>8nr:s of buds' What are the two general type-a of propagation 
by budd 

Explain what a layer is. Bring a thoot into the 8t"hoolroom 
and show bow layering is perform~! 01' make a lAyer from MUle 
bUflQ or tl'E'e nearoy. Wbat planta. are pmllJl~a.ted by mean. C)t 
layersf When are the IaYf'1"8 8t"paratMi from th~ parent plantaf 
Wht'n may,the Opf"I'.tiOIl be p€'rfornJf'df 

What are the ",0 kinds of propRllfl1ion hy means of df't.fOhPd 
-or Rttpftrated budd Wb",t is a euttingf A .,.:lip' A grot'.' Tt"U 
",bat .. ttw()Od or ;fm'P_ll'WOOd ®ttillgl af'e~ and ~Xl>lain how they 
..... made ""d handled. What ..... bar<lwQed lIlld ._at .... t· 
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tingst Bow made and how handlt-d' Name phmb tbat ar& 
prtllJ .gatt..! by IDl:tans of softwood euttings and bardwoud cuttinjltt. 
What is ... "(l;iugle eye" cutting, a.nd hu" plautt'dt 

\\·hat do you undentnnd by the t-Qrm tfl'a.fting' Cion' 
Sto<"k' Whitt is munt by the word If bud» as ueed by (t"attenJ or 
but.ld"1'1f Why do the cion 8l1d Bto(!k unite' Why ie it nMflhAry 
to biud up the "'ount!!, or to cover tbE'1ll with wax' Expla.in the 
ol'ertttion ot cll:'ft, grafting. Of shield· budding Under wba.t 
Cil'l'unn;tan~t'8 atld on what plant. are tb .. ~e metbod. commonly 
uSct-df Of what age ot wood is the cion IHlIlally made' Wbf>n ja 
J!l'nfting performed' Budding' How Are plants made to bu d"latf 
by ID('lltl6 of grafting or buddingi2H6IJlf 

Chapter 10 

The preparation of the land jor seed will now 
be considered. Having l"a1'lled how pl!Hlts IIr(l 

propagated by th" "ardener, we may take a 
broader view of the subject, and see how thpy 
are started in the fields of the farmer . We shall 
now have to do with (1) thl' general factors that 
determine the preparation of the seed-hed; (2) 
the demands made by the plants on the soil; (3) 
the actual making of the seed-bed; (4) the ap
plication of the foregoing principles to £lueh 
fundamental crops as wheat, Indian corn and 
potatoes. 

What ie eaid about the 108"1J from faulty preparation of 1.041., 
Wby is it 80 very important that the farmer should know wha.t the 
idpat -sHd"'bed ehonld be? What is a tWt"d·bf'd, .. a8(:ld in ita 
agricultural _ (243al? What .. re the two faeto,.. that gove", 
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large seed. 01' from {'uttiugs of p()tato~s? Why? How way plants 
('baoge their root sYRtem to a.dapt tbems-elves to di1ft"t'ent kinds of 
seed· beds? How i~ tbe sl!ed ~rovided with food to startit.oit before 
it can seeure t\ foothold on the soil? Ex()lnin the diift'rent char· 
fleter ot 8eed·b~d demanded by clover lind su~t' beetto. Fronl 
what part 0'[ the soil do mo~t of the farm plants derive their 
nourishment? How does a well prepared 8f'~d- bed conduce to the 
&arJines8 of the crull? How do plants dift'er in regard to the 
character of ~e~d· bed that they require (Explain by contrasting 
'Vinter wheat and Indian eorn)? 

Explain the imrwrta:uce of moistore to tbe germination of 
seed!!. What kind ot se4:'d·be-t) is best for the preservation of BOU 
moisture? Review the remarks on the earth·mulch in Cbapters 
III awl IV, and make an applicntion to the prflsent discussion. 
What is meant by thf;:lltRubsoil," " surface soil," and "sub-surface" 
soil? What is the value of rolling the seed· bed? Explain why 
the seed-hed should contain no free water. If it is desired to 
plant s€f;>ds unusually early, whd must be the preparation of the 
seed-bed,-tbat is. how may the soil be warmed up? What 
pffeet half undeJ'·drairutge on tbe germination of seeds (251(t)? 
What ean you say about soils that tend to bake? What is tbe 
adva.ntage of BOwing seeds very early? Do all seeds that germinate 
make good plsntB? Are those that fa.il to make good plan1s 
nec(>8sal'ily a total loss to the farmer? Under what eonditioD8 Me 
sef'ds sown on the Burfa.ee of the soil without tbe actual prepara
tion of a S8¥ii-bed? What cautions are given respecting the 
making of aeed-beds on clay lands? Wby is summer-fallowing 
pUl.!tieed as a preparation for wheat growing ~255b)? 

Discuss the Beed-hE'd tha.t is ht>st for winter wbeat. Under 
what system of tilla.P:6 may this see-d·bed best be secul't'd? Whitt 
eifpct dOE',9 thie sead·bed ha\~e on the root system of the wheat. 
p,ant'r'" N'i:ly IS- 11:" 6etJt ahn:'- 'ft1}~ n,.:flif· tHhro.V m.rt" p .nm"t'l:Y
downwards deep into the soil? Is it probable tbat the l'OOt system 
of the wheat plant tends to c:baotre somt'what as sprinlt adwmefi? 

WluLt il! the ideal ~f\\"d·b(>d (Of' maize or . Indian earn? Bow 
dopa it differ from that of ,«,beat? What a1"8 the bHt maelth'eII 
,,. .. nl,ulUrur earn? WheR mal" the ymtng {'OJ'll be titled? 



Wbat is the proper s$ed·bed for pOLatOOIJ? Hbould thl-Y he 
pla.nted deep Qr shallow? Should they be growu in l •• ~l culture 
or on ridges? 

Chapter 11 

Having !lOW dis(,lIssed til<' pl'eparatioli of the 
seed- bed and Hl(' starting of the erof', I\"() may 
give attention to ;;ome of th" priuciples that 
underlie the suhsequent care of the plant. 'fhis 
care falls under three general categories: (1) tile 
care givell by means of tillage; (:.l) til<' eare 
given hy meall" "r pruning and training; (:I) tim 
cam given by keeping jn8eet~ and fungi and 
other enemies in eheck. 

What is the first considera.tion in tbe care of the plant? 
What a.re the obje~t8 of tillage? What cab you ny sbout ft'Pe~iH? 
Name some ot tb& general meaos ot keeping' wl~ed8 in cbeck. 
How often should $udace tillage be given? 18 it ever prat'ti4'!able 
to till sowed crops? How late may it be a.dviashle to till eorn by 
tnesne of harrows? 

Ie tillage adviSflble in fruit plantati()ns? Wby i, it tbat fruit 
plantations lOay do bett-er without tiflage tban corn or potatot"8 
do? Wby is it very important to till (r'lit plantations E'sriy in 
HIe? May the orehard need olean tillage tbrougbout Jts whoJe 
Hfe? }fay aod ever be employed in an orchard to BrJ\tllnts.2'e? 
Should fruit plantations be tilled unifonnly throughout the &ntire 
seMOn? Exple.in a ",ood general method fol' the tillage of fmit 
lands. 

What is pru_ning? TrainiDp:? Is pruning nnnatural? Explain 
by reference to a tree top what is meant by the phJ'Me "straggle 
for existence." 

Ezplain ho ... lrounds beaJ. What are some of tbe 1acto,. thAt 
deterwine the proper bealing of wounds? Bow does the ePlflWn 

of the y.,.ar ill which tbey are mad. inlluence the healing? What 
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should be the length and form of stub or stump whpn 1\ lnrge limb 
il!!' cut .way? What is the value of dr~8sjllgs ou. WOUUt!ts? .Men 
tiOD one or two good drt's8iu~l3. 

Explain why we prune. What is the Tf'snlt of hE'avy pruning 
of the top? Heavy pJ"lwing of TOoh;? Wlmt ale watt:'J'loI;proutz,? 
What influence has the <:'ile('killg of growtb? How lIIny this 
checking of growtb be brought about? Wbat if' 1hOl 1'ldlol'4ophy 
of beadill~-in young shoots? Exphtill the t'ftt:'cts ot p"UlLing evt-ry 
year 'geraus bt-a.vy pruning in o('c"",ioll&1 ytoPt'8. 

What are tIle It'adiug kiflds of en~mie8 ot plants? Explain 
the two general types of insl-'cts with referelH'~ to thdr tlIt:othnds 
of fe~rlillg. Give illustrations in ('ach. WIHlt fll~ flume of t!te 
CJIlAt'S of fungous pestI'J witb Tt'fer('llPe to tbpjr lUlHmPf of jiving? 
Wha.t is meant by physlologit"al or collbti!lltional tronbh·s? HoW' 
are these troubles to be distinguished? Wha.t is a IUDgUS (292«,? 
What is .. bost (2921})? 

What are the finot requiMit{'s to keeping plantR frpe of inst'ets 
and fuugi' What is Wt-Rut by proph'yluie (294a)? NlIllle 1he 
three general ways in which insects 81'e kUIt-d. '~hat 81'6 the 
callstic applie-atiobs? Disenss the poiso)loUS allplieaUol18. Whut 
e}use8 of mAterials are Ul'tP<1 Il8 fungieides! What i8 BOMt>BUX 
mixture? What is meant by the t.prm "spraying?" E::tphlin how 
.praying 8hollld be perfonnt'd, How are you to determine what 
it the beat S})J'Jly pump? Is MpYtt;dug alone sufficient to 'ket'p 
planta healthy? Explain the different formulas. 

Chapter 12 

We now'pass to a discussion of 'fII/stllres, 
tI&eadows and forage. Relatively few of the agri. 
cultural crops cau' be (xHisidere(J to be funda· 
mental, that is, to underlie tbe geueral system 
of agricultural practice. It is impossible in a 
work of limited scope to discll!;s the cultivation 
of many crops, but some of the principles that 
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underlie crop cultivation can be well i11llBtrat~ 
with It few examples. Riuce grass\)~ and other 
forage crops art· of sueh lIlJ;\"'I'",,1 u~e, these 
have heen chosell for illustl'ttt;Oll. Note that the 
chapter hegins with (l) U gt"Hl"a[ discussion of 
th~ importance of grass",; (:l) pennanent pas
tures; (3) meadows; (.J.) OtlWI' forage plants. 

Why is gra'S!!I said to be the f'mdamentat crop? What J. me8J)t 
by the term «grass" Jts used in ita popular or fiteueral-lanJnltt.gf! 
fW"n5e (J04b-304e)? What do you understand by tbe tet'ID «rota.· 
1iou of eropfod" Whut are the advantages ot rotlltJon 1 How 
important is gt'aS8 in such a system? Give one or"two examplet 
of good rota.tion of crops (305M. Expfl\in bow the numb~r of 
grltS8 plants to a flqnare foot mfl.y be moditlAd by the U8e8 to which 
the plants ale to be put. 

Wbat is a "pasture?" WlJat is a "perman13nt pastut'(!" (OO7a)? 
Bowshoald the laad be pf"f<pat'ed for' the mAking-of II p-erm&uC'!'Dt 
p·lsturf.o( Explain how patttur~8 WRy be made on ditrtll'ebt kiuM 
ot soil. Explain how a good pllJ'ture mtl-y be (f6enred on land 
that hn.s been cropped too eontinuaHy lind tailed to produce "ell 
uuder rotation. Why is it npcef{gary to rrf>pare the BOn fop' per
mao(>nt pastUfIfJ very thQroughly? Why doE's the paature tend to 
ftiil with~? 

Name some of th~ kiDds of ~rltBlJeS UHlt way be emploYf'd in 
the making of 8 perluanent" pastu"e. Wbyare eloTert •• id to be 
t'lboat plants" to tile gr'8SfIies l;n2. :H2(li? Ho" may cloven be 
maintained- in pasfuJ'E"8? AI'it pastures bf'gin to faU tor laek of 
plant-food, how may tbey ba N<vi-ved? Explain how important 
Mnstaut w,.t~hfnlnp-H is to 1be 1D.intenane~ of .. pf'mtflDeut 
)M'UttU1"e. What is the n~ity of k"'flpinS! the ground oonttantly 
anI) e1'eJlly oO'V,f'red with a"uri? WbBt ean you .Y aho~t l'P
tanhlC tno elORP? At:uJut lp.ttin~ the ,A'rllilf'H TUn to aead? ~h.\ 
i1t1t4ld .bont thft Importane~ of llb8fte on the- Rurfaee of th~ pu
t", ... I .. ",I •• OO h ... it "'"1 b.- ~,. ... 11 Reeapihllat<t (as In J'II1'II
~ 311) the esseutial. in the wakimr and keel)ina of PIIAtn""". 
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What is a l'rneadow?" How does it differ from & pasture? 
What is an average yield for a meadow? What is the importance 
of a tueadow in the rotation? In what kinds of meadows &re the 
ltt.rgest yields usually secured? What is the advantage of mixing 
clover with t.he graMselJ? What are the advantages of mixt'd and 
ullmix~d meRdo ..... 8 ror hay? What is the lowest average yield at 
which a mt'adow can be cODsiderf'd to be profitable? 

What is a "permanent meadow?" When may such meadows 
be advisable? What is the problem with lowland meadows? How 
should the number of plants per square foot differ between 
meadows and pastllre8? How may meadows be tilled or prevented 
froni bf'~oming tI bide bound?" 

Name Bome of the grasses that are best adapted to mt:adow&. 
How much seed may be town of graBSe! and clover? Na.me some 
of the grasses of leeondaey special import.nee. Suggest how 
much 8e~d may be required to an acre. 

What is meant by t he term !! forage plants? 11 By« M)u&,h~ 1'1 

\aee glo8saryr? What are ~80iling" pla.nts? What general re· 
marks ean you mAke ahout the g1'owing or tilling of forage plants? 
What. are the two leading forage plants ot the United States? 
Df'scribe them a.nd tell where their greatest areas of production 
are. Name some of the annual forage plants of secondary "falufl. 

PART III. THE ANIMAL AND STOCK 

Note that there are two general subjects con
sidered in this part of the book, These subjects 
are: the animal as an individual, and an aggre
gation of animals known as Ih·e-stock. Before 
one can handle animals in groups or become a 
stock farmer, he must know the characteristics 
of the individual animals and how to feed and 
-treat them. This part of the book is divided 
into four general parts: (XIII) the Irelleral offices 
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of the animal to agriculture; (XIV) animal physi
ology, or how the animal lives and grows and 
performs its functions; (xv) the feeding of the 
alllmal as a matter of farm practicp; (XVI) the 

. general management of the stock. . 

Chapter 13 

We first discuss the offices of the animal. Note 
that the .offices of the animal as related t{) the 
farm afe thrown into several general heads. 
Cite what these heads are. 

Explain the o:ll\ees of the .. nima] &8 outlined itt paragrapb ass. 
What is stock? Name 80me of tb. anima.ls that are ioC!luded 
under tbis term. How does the animal hay!) r('lalion to the IOn 
in l't"SP('oct to maintaining and increasing fertility? What relation 
hf\8 stock to the disposition of the crops of the larm? Explain 
how the animal itself bas intrinMio value tQ man. CIusify the 
suhject, aa in f4a,4b, 44:. What do 10U understand by ~ne phrntle, 
"the animal as a beast of bunlen?" In wbat lt8-18 doee thE! ftlli~ 
mal perleI'm labor tor the tarmer? Bow may the .f:whnal act All a 
destroyer of pests? What influence ba8 the Btook ind1l8try on th" 
div8rsi6ca.t.ion of labor? What 18 meant by t.he pbrue ftc1iveni .. 
fication of labor? Jt 

Chapter 14 

Note that there al"e six coordinate parts in 
this chapter on how the animal lives. Give thet;e 
six. parts in their order or write them on the 
blackboard. 

Thill chapter i& somewhat technieal, aDd 
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extra time should be given to it. The read .. r 
will do well to study it until he feels a sense of 
mastery of the subject as here pre""nted. 

What is a cell? Why does this discussion b~gin with the cell? 
Discuss ~ingte·cpned animals, 8S in paragraphs 356-359. Do these 
lowly animals have distillct organs? What is mea.nt by I~nl(my
celled animals?" What are the offices of individual cells in these 
m8ny~c6Ued animals, 8S ('om pared wilb that or eingle-eelled 
animals? What is meant by the "process of nutrition? ,. By the 
"nt""OU8 prof.'eflses?" By the "prooe!lFot'8 of secretion" (36:la)? 
What are glands (363h). ano what aTe BODle of their offices? 
What are the offices of the corpusclE's of the blood? With wbat 
may these eorpuscles be compared? What is the lymph and the 
Iympbatic system (365, 365a)? What is meant by ft. specialized and 
& generalized organ or organism (:-l60I')? 

What ar. the kinds of food as outlined in 367? What are 
herbivorous a.nimals? Carnivorous? How do the digestive orgll1l8 
of the berhivorou8 animols differ from others? Compare thA 
digf'stive apparatu8 of the horse with that of the ox. Bow does 
artificial eare and selection modify the size of tlle digestive orgnns? 
What muat all foods O(lllt&in in order to be of use to the animal?' 
Nama nitrogenous foods. Name Don·nitrof?6IleOa fonda. What 
i. the &Jl("cial o-mee of the latter? Are the non· nitrogenous f~18 
e1'e.T furtlled f!'om tbe nitrogpuol1S? How? WbQt is mt'llnt by fut 
(8714)? What are the mineral Balb? What is the eonstitutilln ot 
ideal food? What 18 mPlint by a wpH-balaneM )'1I;rion? Cnn" 
d~ftnlte matbpmRtieal mtion be constructed that will be of 4'"quuJ 
YaJue ror aU animal.? Exphlio. 

Wbat is d~l'Itiflll? What ia the alimf>utary canal? What ftrtt 

the di~tiv& .. ,pretiofl.? DifieutlB flftHva. What i& til" _ .. tive 
.... lMinl<""'· .... Iv.; .ruu' _· ..... Itr_' .V'./hl<..,..,. .Ihr.om-...
of the various stomaoha in ruminating animals? Whllt is the 
oiIl"" of the chewing of the ead? Ho,. do the ... lm'7 1f1""d. 
dilfor bot ...... n youth and ARe' What relation b •• tbi. to the ldnll 
of food _ au animal &he"ld ha,"? Wbat"re tho th_ di~iv. 
pt'iDGipleo proiIq ..... by the~? Dooerlbe tho.... What i4 
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IU antiseptic (3Sia)? Wbat is pepsin a.nd peptone' How are 
IH"ptouP8 distinguished? Win.t is \ leir otlice? What i, th. milk. 
curdling ferwt.'utf \\'hnt is a f~rUHLlt t:i79u1? Wbllt i8 rennet, ahd 
for what is it used? Where is the gaatrie jUi(,6 jj.~rettod in bird,? 

What digestion t&kt'fl place in the intt'~til1f'S? DetK!ribe the 
fluids there secreted. What is bile and wb~re ~erett"d? What jl! 
its office? Discuss panC-ft'aric jUit·e. What is meant by an emul. 
silm (~6a)? What is the intestinal juice? 

The vtlriou$ fQoda: hlwing m,en digested, tbey are now to be 
aborbed or ta.ken into the bodily sys1t:'m. Df>seribe bow tbey are 
absorbed by means of villi. Deseribe what. 'Villu. ill. Into 
""hat Buids do tbese digestive ma.tters PIlSS T 

The blood bs'Villg re-eeivt'd the digf<stt'd food" theBe mate-rialt 
now go to various parts of the body to build up the tissu" and 
f€tpair waate. What is one of the naost im.portant new .,roduct. 
1'f'!8uJting tr(}m digpstion? Wlu~t tl'ahstormation takes place itl 
tba Ji\"er? What are ptomaintlll and toxins (409d)? 

Whnt is breatbing? Whtlt is the relative eonstitution or tn~ 
baled and exhal&d ait'? How is the a.ir brought into eontaet ",jth 
the blood' How is the blood eirl!uiated in the ,\,urm·bloodt*d 
animal,? What is the nature of blood as it goes from the bf.'lart 
and returnll to it? What beeOtDt>8 of the "xees8 of oxyg .. o in the 
new or pure blood? Where does the rea.l ~fI .. ct of breathing take 
place? Bow 1.8 th. amQunt of needed air modified by the \mn~ 
dition or activity of the aniwRl? BoW' does the .mount. va,.y ~~ 
t'lteeo. dilfet"ent 8pe<>in ot animals? At what point doe. air be· 
come unable to 80ppori life be~anR8 of earbon dioxid? 'What is 
the value of good v8l1ti!fltioul Grve afly pmt'1ie • .} bintt. 

What ill 1bf>4nt by «waste of tissue?" Undpl' wbat oonditiou. 
doea " .. te proeeed JnOltt rapidly? Under wba.t eouditlonl jl 
wast& repaired? DoH the waste take pla.ee in exact proporUoa 
to the etlf'rgy or work ex}'t'ndt'd by the individual? When will 
the animal lay up ,,,t? Undtn' what eonditiou aTe milk-pto" 
dQelJIR anima's pro6tAbJe to thpir 01JlJf>:re? What.1'& the molt; 

& .. ~bJ.e eotldition8 t<¥r thft tatteail It of animalsI Wlat ars the

"""lI""' of too close eol1fin.m~nt? 18 the ... im&! body '" be 
~to. __ (U6jl 
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Chapter 1:, 

Note the four co-ordinate parts into which 
this chapter on the feeding of the animal i, 
divided; namely, sourpps from which animal 
food is secured, how the animal uses the food, 
the composition of fodders, and the practice of 
feeding. 

What ia the nature of animal food? What is a fodder? What 
must fodder contain in order to ue userul? 

Bow is it that the animal is able to secure energy from the 
materials stored in plants? Ho" does the animal first expend 
energy OD the food? How may the profit in fodder be represented? 
Wby is it tb.&t some substu.nCf'8 that contain an abundance of 
plant~food may still be unprofitable for feeding? Name the five 
ways in which the animal us~s fodder. When the food is scant. 
and insufficient, how is it used? What is meant by 11 food of 
maintenance," II food of support," and «food of pl'oduetion?" Is 
all the food or material consumed by the animal of use to it in 
building up animal tissoe? Why? How does the proportion of 
food digested vary in different animals? How does it vary with 
the i!baraeter of the toOO itself? 

Name the varioua classes of substances which compose fod
ders. To wbat extent ia water pre-sent in fodd~rs? Wbat is a. by· 
produet (437 a)? What is the use of the water to animals? Bow 
does the water (!'ontent inereue the v .. loe of fodder in general? 
What is ash? From what sources do animals aeeure all the asb 
that th-ey need? What is the importanee of &lbuminoids as foddel' 
cODstituents? What elements do they contain? How doea the 
eompOiIition of albnminoida vary? What are e&rbob.ydratee? 
What is the fligni:ticatlon ot the term horo the ~heQlioal point of 
Tie,. (4t11d)? What i. th. particular oiIi •• of _hyd_? 
What ill _n\ by Abe.? Di ..... th. imponance of fat. in tod
d .... How i. the f.eding value of fat exp .... ed (449)1 

What are the 01_ of fodder that .... of diatiaot ..... to the 
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animal? What are they called eoU(\ctiveiy? Wha.t i •• ra.ti{)JI? 
What is a bala.nced ration? Wha.t i •• nutritive ratioll? What il 
a "wide" and a. "narrow" nutritiv-e ration? Give an ,sample 1M 

SUftgtited by 453«), What i •• be valutl or the Dutf'itiV"e ratio-n ill 
actual fet'ding praetiee? Which ()f the food ~ofttflilllf<ntl 18 mOlt 
likely to bEt laeklug and is most needful, tber ... rora, to be 8uppH ... J? 
On wbat does the qUltiitity of food reqnirpd by au Ilnhnal deptond 
(4.5~, 468(1, 4391? How dot's the amount vary between youth and 
agf!? Bow is tbe profit tJeellred from feeding? Upon ... hat din' 
the amount ~f «food lor production" depend? Giy;, an lUu.tnt· 
tion (462l. Is the food tbat. an animal actually eat. a. maa8UN! of 
the amount that it actually Deoos? Explain. What iI .. t.&dhll( 
Btandard? Gi""tt an example, How May tht"lIe fe~iQI atudal1lt, 
be varied? Wha.t is the advantage of m-ere bulk. in ratiOl}? Wlu.t 
are the substancE's that give bulk to a ration? Whitt is m .. nt hy 
the term "coaNle" &8 applied to foddt>rli? What hy thtt terlU 
(( eObcentrated fodders?" Wha.t is the daug .. , in providipg • too 
bulky ration? About whftt proportion of drif"d matter ahould a 
partieu'sr ration Mnfain tor cud>ehewing anim.a.l.? For bOf'l(·jI? 
Wbat is meant by paJHfablel.lf'8B? Wbat i. its vlllue in 'oodn~? 
Gi'V&()P8 reason whysiJage is a good fodder. What i •• ilAl'e14(jJ)/,? 
11 tben i. any advantage in cooking tomb, up-Inin wbat it ilil. 
What ia the advantage of cutting or Bhrt>dJing fodtlfors? What i" 
the advantage of variety or change in the food givilln to b animal? 

Okapler 16 

.A. brief discussion of tke manau-ent 0; stock 
may now be nndertaken. Note the four divisions 
into which this chapter falls: aR" the breeding 
of . stoek, where stock raising is advi*Able, how 
mneh stock can be kept on a given area, and 
the _N of stock in genera). 
~ i. _t by t~ "",pAPtion or in_ of th. _? 

1rw fa ~ bPy .... d the ..... pt'OJIqatioll of _? 'WW 
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is breeding and .hat are its twoDbj60te? W1Jat U a bh'ed? Name 
brtieda in various CialJaeB of stock. Wben maya Ulan be said to 
be a stookMbreeder? What i8 meant by the «mental" ideal, and 
what is it. value in 8took·breeding? When may thfl ideal be 1m
practieable? Row does the ideal vary 1Vith different 01"'188 of 
stock? How are animals judlZ'f'd in l't'gard to their seeUeuce? 
What is U)el~nt by the judging or the scoring of animals (tSla)? 
If po.-sible, appJy the score cards 011 pages 276 aod 277 to animals 
for whi(.lh they are int'ended. Wbat is the first praetiee in breed
ing tor an ideal? What is the second point? "''''hat itJ meant by 
&" prepotent" animal? Give some of the eommon ehara('tt>riaties 
of a prJTlotent animal. What is a "sport"? What import.Dre do 
these sports lisnally have in tbe improvement of the race? Wbat 
is meant by tbe tprm '~fi%",d" as a-ppHf.'"d to breeding? WJJat i, a 
pedigree? What. are the advantages of a pedigree (4S6, 486d)? 
What ia meant by pure· blooded slock? Is pure stock ahraya to. 
be advised fqr the gl."nerlll farmf'T, and wby? How may the 
farmer secnr& the advantages of good breeding (487, 487a)? 

In what retlicms and under what conditioDS is live - s.tock 
growing particularly advaniageous? DiscUS8 tbe advantagt>B at 
the WE>st and South where the range aTI;l&8 are large. Discuss 
the Darrow and sbe1ter{'d valleys of the North. Wbat is the Rf'n· 
eral teuden<'y respecting the extent of stock railling? Name 
some conditions under which .. large quantity of stock eu Dot be 
kept with the mOlt profit. Let the ela88 read paragraph 491 in 
concert, 

Bow mueh stock may be profitably kept ()D flD Ule in the tit"h 
prairie eountri"? How much on farms in tbe East? Wbat are 
the two theories or prineiplea controlling the quantity., etoek .. 
farm can keep witb pro6:t? Explain lbe practice of buybtg atoek 
t.o feed. What are the ecwDOlDics of thi. praetie& "Un fi#or.ea 
-on '(ae Das'18 01 _n.eat DraD 'l'PJfJ, Wh~ ""fi'nt-n"18 "(li18 pra.t!6ee • 
stock .. feeding likfl"ly to be profitahlp? What is 0"& rt>asoa for the 
growth of tbltl p_tJ •• (499? What i. the vain~ of ot ... ~· fM4laa 
in .... _t to maintaiDiDg th" fertility of the laad (Il00, _l? 

What Is the _raI lmportaaee of ... aklng animal. "" ... tort· 
able? l)iacu .. 'Ventilation, and how aeeurt'd. Diae1lM the tlPl,D .. 
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perature at which .taliles ahould he m)\intain~. hi!!Wluft' tht! 
im'"'rtanee of light, and how it. tnay 00 eOllth)Ued. ' llifi'('~lQ ,b.\o 
the DI&aD8 of ewing the IDUllUI'El. WtcU,,1J IJ()ID(I prioClipifltl that 
undtlrHe th~ watering of .nitna.... How d<wtl the rat1(ln vary 1t'ith 
the animal, its age. nnd to., couditio1l$ under 1fbielt it 1. 'It.pH 
Do" Roald tb& raHon and time of tHdiDg be JrOvtl'l'n~? What 
ie the dancer of f(>~ing too rnuoh at &ny onfl tim~? J ... t tbe elaa 
read in eoneert paragrapb 510«, .. t the bottom of ~ 270. 
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Moisture-and gennlnation, 1:1:1. Ul. 
MOisture, eon~r\"atlon. [,(l. GrIt i1. 
Moisture in solis, 38, 47. 
Mold, 20, 51. 
Mold_, 113. 
Moleealeil.32. 
M:onoea1eic pbOliphate, 95. 
Monumenta, ~bg aw&y, :10. 
MOlts, 31, 33. 
• _,,16,29. 
~JIll. 
Match of lIOn., li7, 6.'i, 89. 71. 149. 

"''''1,282. 
JIul!6Ia,lI6. 
~ of potaab. 96, 128. ___ In.-..l>, m. 
~ •• ,II,l!3j 

MUJlit&h), '79. 
M:u .. I~. 2i:l. 276, :rn. 

Nebnulka Experinumt Station. 6..1# 
Ner\·o\J.8 p~eIlH~~ 2)0. 
Nh'hohmn, quoted. 14. 
NUf',24, 
NitraU!! of lWda, 00, 9'Z. 
Nitr"t.,.", 90, 91, lO~. 
NitritJp.atlnD, 38, 65, fn. 
Nltrlhl!\,l04, 
Nitrogen, R7.89, 9h, 101, lH). 203. 
X itrogen, 1l1h()unt in 111,1.1. 25. 
Sitrogen-ptberert!, 79,80,181, 1ft. 
Nitrogen in food. 213, 245. 
Num~rs of IJp~iet!, 14. 
NunerymfllJ:l t

" JhM., .':fa. 
Nutrition in (',elle, 2:10. 
Nutritive ratio, 247, 257. 

Oats, 47, 7~. 
Oatl!! tor forage, 1~3. 
Oat.Pl, reprminatiQtI, 136. 
OatK, water in, 47. 
OfHt'.~~ of tbfl plant. 100. 
Oil·meal,267. 
Oil of vitriol, 9'.t.~. 
O1erleulture. 3. 
Onion 8Mds, 133, 13f;' 
Opium, tOO. 
Optimum 1.etnperalure. 119. 134.. 
Orange, budding, 144. 
Onmgeij, lOb. llIJ7 
Oreh&rd.gru.&, 110,181, 100, 196 • 
0mIum1 •• tIIllqg. 161. JGG. 
Or_Ie _, 18, W,:I8, "'" 31. 
Orpnio matier removed br bUrD~ 
Qretudoma, 21. [11If, lit. 
o-u.I phmtll, a, loti. 
OruUI>oIocr, ~. 15. 
o.-.. ltll.' 
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05treat'ulture, 3. 
Ox. 212. 
Oxen, sttwdards tor, 252. 
Q~Y~'l. 90, IlG, 129. 
Oxygen tlud germination, 1j3. 134. 
O:rygen in blood, 211, 223, 2.16. 
Oxygen in breathing, 224. 
Oyster-r80ising, 3, 

\,l'u""~~\.\\.\'':I.'!.M.> ~. 
I'lhisades, 30. 
PI~Il("reaUe juiee, 215, 221. 
{'li.l'adise, 12. 
PI\1'1\~ltie fungi, 166, 113. 
Pad .. green, ]68, 1 i6. 
Parkinson's book, 1:1. 
Parsnip seeds, 13:~. 
Partides of soU, size tlf, :m, 4:1, 4·j. 
l)~t\lre'S, hal"l"Owinp;. lUG, ItL 
Puturl.'8, pennlWlent, 180, l~i. 
Pathology J 8. 
Pea. family, 79. 
Pea mildew, 167. 
P~.l\, regermina.tiou, 136. 
Pf'_..n~h, budding, 144. 
PetWhes, 106. 
Pear-blight, ]67. 
Pear. propagating, ]44. 
Pears, tUling, 162. 
Peall, 92, 193. 
Peas, to prevent erosioJl. 51. 
Peat, 20, 83. 
Pf'digree, 262, 26::1, 2,8. 
l~psln. :n8~ 
Peptones, 219, 223. 
~~~,,~,'\~ 

Periwnery, 109. 
Pesta! 10, 167. 
Peo .. _ ..... 10;, !lOlL 

Pets,204. 
Phleum prMADse, 195. 

I Phosphate, 88, 94, 95, 104-. 
Phosphatic rocb, 94. 
Phospboric add. 25, 9:1, 9l'!, WI. 
Phusph~nl~. 87, 8B, 1\14" llG,203. 
Pbysicll,6. {170, 174. 
Physiological troubles, HiG. 167. 
Physiology, 8. 
Pigs. Set' &180 swine. 
Ptg!;, sts.ud&l'ds fur, 25-~ 
})in-boue_,2i:1_.2.7ft.2iR 
Planker, 11, 75, 7:;. 
Plant-food defined, 128. 
Plaut-food elements, 87. 
Plant, buw it livel'\, 112. 
Platt-knowledge, i. 
Plant-lice, 166, 168. 
Pl:tnts. species and vftrieties, 14. 
Plaster, 95. 
Plowing, 66,162.171. 
Plo~ing green·crops, 60, W. 
Plowing to dry thtl land, 68. 
Plows, 73, 14. 
Plum, budding, 144. 
Plum-rot, 175. 
POB pratellfolis, 195. 
Points of animals, 262, 27;;, 215. 
Poisons for in~t.s, 168. 
Pomace, 84, 256. 
Pomology,3. 
Ponds and soil, 19. 
Pork. 203. 

, Pot, with plant, '46. 

I 
Potash, 95, 98, 101. 
.Potash, &lUQunt in &oU, 25. 
PotMsium, 87, 104, U6. 
l'_"'_,Wll, 
I Potato mildew, 167. 

PotMo, propagatian, 146, W. ,_-,7i-
i Potato. aeed·~ for. 154. ~Il. 

Pot ...... 1~'~ 1".1 



P.otaCo, varieties of, 14. 
Pobtoes. 1, 00, lOB. 
Potatoes and muriate, 96. 
I.)otatoell, tilling, 160. 
PotatoefJ, water ln, 41. 
Potet:tial plant-food,.-:m 
Poultry, breeds ot. 260. 
Poultry-raising, 3, 203. 
Prairies, stock Oll, 2('16. 
Precipices, 30. 
PreclpltAte, 235. 
Precipitation, 59. 
Prepotent, 261. 
Pre\'"enti'\"es for pesta, 161. 
Principles, 15. 
Principle. of pruning, lt1~, 

• Propagation of plants, 132. 
Propbylaxis, 175. 
Proteids, 247, 248. 
Protein, 243, 244, 248. 
Protoplaam, 113, 127. 
Proventriculus, 220, 235. 
Pruning, 163. 
Ptomaines, 224, 236. 
Ptyalin, 216, 233. 
Puddling, 68. 
Pump, 7. 169, liO, 177. 
Pumpkin, germination, 124. 
Pure-blood stock, 263. 
Pune,278. 

QQack-~31. 

Quadruped., 201. 
Quantity of food, 250. 258. 200. 
Quarries, 30. 

"""'....-; ... 77. 
Qalet·liD>., 40, 91. 
Qah.ee, propaptIoR, 1". 
QulDeea,lI». 
QJaIDlDe, lOtI. 

-.-

INDEX 

llagweed,31. 
Rain drop8, a.i. 
Uatntall, 48, rx), 59, 63, 107, 
Rakes, 69. 
Rsup,263. 
Rape, 79. 
Ratio, nutritlvt.'. ~,,'j. ;157. 
Ration, 214, 2:ill, 2it. 
Red-clover 1« tD.t)'r',*>h·d, t·Ui, 147 
Red·top, 181, 190, 
Refuse, 78. 
RegermlnaUon, ];«i. 
Remediell! tor pe«ts, 11;;. 
Rennet,23.'i. 
Resen:oir for water, 54, 63, 61. 
Resourees ot' soil, 25. 
Respiration In aaitn"als, 22., 
Respira.tion in planta, 117. 
Reiolt of animals, 22ft 
lWlStiog tbe land, SO. 
Retentive soils, 38, 39, 
Ju-vt::rted pbosphate, 9t •. 
mbs,213. 
Riee, 108. 
RIll,36. LI70.2SU. 
Robert&. I. P., ehaptttrJ:l by, 14U, 
Roberta, qno'l,,(l. 25, 35, :16, .s, Ga, 

72,7-1-,76,84,86.100,207. 
Rock and 80Ul 16,42. 
RoUer, 71, 16, 155. 
Root erops, 00. 
Root, evolution of, 31. 
Root, growth ot, 121, 131. 

I Root-h&i~, 112.124. 
Boot-pru&u~, 115, 125. 
Roo"p~, 1&1. 132, ill, 1M. 
Boots on<! ."u t_oo, U. JJ, 
_ .... 175. 

Boto! pl_.I7IJ. 
Rot;atiou, 79, 179, U1, 207.' 
Bot_ on<! """",, 168. 
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Rotten stones, 23. 
Roughage, 191. 
RuminQ,nt~, 216, 25::1. 
Rump. 273, 274, 278. 
RustH, li4. 
Rye and pastures, 181. 
Rye for forage, 192. 
Rye tQ plow um}('r, 67, i9. 
By"" to prt'vt"lJt erosioll .. 51. 

Saliva, 215, 2:12. 
Saltpetrl", 90. 
Salts, 115, 12a, 214. 
S&ml-bvl'l, 35. 
Sand. lnoistul'e in, 51. 
Sand StoM1l8, 25. 
Sands held by plants, HI. 
Sap, 114, 115, ]24, 126, 131. 
Saprophyte, 17!1. 
Sa.wdUl!t, 83. 
SeRb, 167. 
Scale insects, 166, 168. 
Seales, experiment with, 59. 
Rchmees,5. 
Sea. crabs, 200. 
S~a margins, HJ. 
Sea.weed,3t. 
8~a.-wraek, 19. 
Btlason to pnmCl, 16(-. 
Seeretl()l1, tiO. 
Sedge., 19, 100. 
seed,I55. 
8eedage, l33, 135. 
St'ed-bed, 10, 'il. 1~l4. 14.5. 155. 
Seed1iDt's, ra.i:Jing of. 135. 
$ee4s. germination, 133, H2t" lwo 
Semi-1'taples • .148. 
Shade, 108. 
SPler • .referred W, 36. 
Shoop, 3, 108, 1!O1.1l2. __ .1l33. 

INDEX 

Sheitcl'illg lUatmrc, 82. 
Slhil'!! dusty at ~ea, 36. 
Shower,35. 
SUage, 254. 258. 
Silicon,87. 
Silo, 258, 265. 
Single·etllled a.nbnalll, 208. 
Slips,l:UI. 
Srullts, 170. ]78. 
Snowba.lls. la.yering, UO. 
8O&king 8e~d8. 134. 
Soap washes, 168. 
Sod. influence on soil, 21, 68. 
Sod in orcb&rds, 161-
Sodium, 116. 
Soil and IStock._2W. 
Soil, eontellts ot. 16, 42. 
Soil, moisture in, 50. 
Soil·muleh. 57, 65. 69, 71, 149. 
SoU partieles, size of~ 39, 43. 44. 
Soil, texture of, 37. 
Soiling erops, 191. 
Sorauer, refen-ed to. 12-1, 126, 127. 
Specialized,232. 
Specialty· fanning. 11, 279. [14. 
Spe<-ies, numher of in CUltiVatiotl, 
Speclllation, 12. t by. 31. 
Spencer. J. W., quoted 35; ~r 
Sphagnum, 20, 33. 
SJ?i .... l09. 
Spittle, 232. 
Spores, 169, 21~, 23L 
Sport, ~62. 
Spraying, Hm, 169. 
Springs. '8, DO. 
Squasb,bug. 161. 
Squasb, aeedlm, of, ~'. 
Squ .. hes and moisture, 57. 
Stable--manu.re, 21, 4.1. , 
Sta_ ............. 85. 81, $I, 811. t3, 

201.-.1le6. 



8tabl~ •• S2, 86, 258, 200, 27:!, 
Standards, tNMlhlil:. ':!:it, 
St,avle:e, 5, 10{t 
St&reb. 28, 118, 1:.!7, 129. 1:"1. 2:f!~. 
8tal"dl f'qlliv .. lent. 2,n. 
Rt&l'(',b in food. 21:1, 2.m, 
~Wt·r, "('IJl'C or, 277. 
~t ... m. growth of, 121, laO. 
Still ... 273. 
:,\tillk.hug.ll';. 
Htuck, :1, 2cfi. 
Stock Ilnd pastnJ"el'l, 181. 
~t{)(!k, ('are of, 259. 
~tocll:, in grafting, 1~. 
lSt~kbridgf'. refflrred to, 36. 
I!Otomaeb. 21:l, 233. 
btom.ta. 114. 117. 124. 
:o;tonel'l grow smaH('r. :W. 
Kt'm(:!~, rotten, !:L 
foOtratitieation, 1~i6. 

Straw, s''.J. 
Stream!>, aetion of, :t •. 
Streams ('srry goU, 2:l. 
Struggle fot' t"xifl.t.pnef' in tree·f,('l" 

163, 173. 
Stubble and p1c)wing, 68. 
Stubble relu.e, 78. HO. 
Sturtevant, quoted, 14. 
Subsoil, 74. 
SUb80Utng, 68. 
Sub.uri_ce. lSI. 
8ulf&te of ammonia, 9'l. 
SnJtate of potub, 00. 
Sulfur, 87, 116. 
'iJUfnr.. ~wgl\hl&,"lJt9.. 
Sultum ..;.t, 33. 92.94, 95. 
Susar.28. 
S_·boet,H7. 
~Ud muriate, 96, 'tftj. 
SOS .... 1n plant, 120, 127, 131. 
Susar 1m cIIps_. 223. 

i Suprli In food, 21.:1. :ltG, 
; Surum.,,··taJhndnr. 1M. 
j 8uttllgb\. and lfl"O .. th, lUI. 
, Ru~rph(~phate. 10.. 
, SUl"~ry. S. 

sWIUlIl"" :ttl. 
I SWl'II,t, !!ll. 

SW(Ict potlttOt"~. 148. 
SWt't't, vf'rnal gra«fI. 19t. 
Hwirw.:?ol. 
:-\witwMlIIt rW)iltw.,:JOS. 
:"WIlIt', f~'f'iHl1lC, 272. 
f:wltf'b, !'!;.1. 

I'YIll"(!J~ of el"mtontfl. 103. 
I ~~'rinlCfo, 1&.1. 

Taukage. 2();'. 200. 
'r"l.'r(!Oh. 110, 147. 

I Tllrr, l't'tel'N'd to, H, ;~, 36, 
Teatl'l, 273. 276. 
'rt:tn[tf'I'h.t.Ut'f'o tt)r hlU'n~, 2;(1. 
'l'ellJpt"r",tute for rl'ltlluatl(lu. l:u. 
Tl'lnperature of soil, 3.a. 

I Texa.M IIfpt·y. 212. 
1'f'xtilt·fo!, lilt .. 

, Text""' of !Wil~ !n. 
Thawing, inftuence on auiltl, 68. 
Tbinning, 16G. 
ThNlfilhen.7. 
ThriplJ.,168. 
Thurl. 27:1, 276, 27M. 
TlUag(' and water capacity, 54, 03. 
Tillage de-fined, 64, 7'2. 
Til. of the,80Il, 64-. 159. 
~~.9 ... 't..1mt.. 
Timothy tDr IDe""". 186, l89, 199 
Timqtby, pJeture of, tH, 196. 
TotMlstoou, 113. 
Tobeteo and 1PUt'lMe, I&,. 
Tobaeeo _.I6Il. 
T_.I06. 
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1'0018., 66, GD, 71, 74, 75, 16. 158. Water-table, 40, 4,6. 
Toxin., 224, 236. [160, 162. 171. Water used by plants, 63,7 •• 
Trainin"163. Weatber, 9, 10. 
Tnmsptration, 114, 126. 12~). Weatberillg, 16, 00. 
Transl)()rtatioJ), 11, ]5. Wt't"ils. 69, 70. 76, Bl, 1:;9. ]60, Ij"t) 
Tn>.u"portatiofl ot ~oU$. ~:.!. WeC1h and stock, 200. Il;~1 

TrlcltJ.rJe -ph(l~l>b.h'. 94. ,. Wool1:;. kinds, 15, 
Tritolium hybrlrlUJIl, jlwarnatum.\ Wee\'ils., 175. 

medium, pra.teUl!!e, repen£l" ]93, Weight of' water on acre, 63. 
Trimming,I63. fl94,. WeUs,48. 
Tropical plants. 110. Wbeat. 1, 4, 26, 108, l~. 
Trypsin, 2'21. l\~eat and mullein. 36, 
Tull, Jethro, 44. 7!? Wheat and pastures, 181. 
Turgidity, 113, 12.. Wheat, gennination. 121, l:ill. 
Tal'keys, 3, 201. Wheat, propagation, 132. 
fldder. 273, 2i6. Wheat, set'd·hed for, 148, 152. ),.j,;, 

Underdrain~. 40, 53,60. Wheat, tilUng, lCO. [1:;S. 
Va.lleys, 16. Wh?el~r, referred to, 45. 
'~egeta.btes, 3, ll. 109. Whlt-e belleborE, 161). 
\'f'ntUation, 228. 269. Willow. 31, 146. 
Vi"hilitv, 13:1. Windbreaks, 107, l}l. 
'~HruOri~, quoted, 14. Willdmil1a, 7. 
Villus, 222. 2.1.'), 2.16. W~nds and soils, 24. 
VineyardM and rose-bugs, 175. Wme, 11, 109. 
Vitality of seeds, 133. Wing, H. II., chapter by, 240. 
Vitriol, oil of, 92, 9&. l2OG. W!ng, H: H.~ ~fen;<l to. 278. 
Voorhees, refEtt"l'ed 00, 84, 86, 106, :::::::~~~;~~rsJty of, 13, 21'i. 

Waste in animals, 228. 229. Wolves, 212. 
Water,amonnt eoil wiHhold. 47,.59. Wood or timber. 2. 3. 
Water, driving off by heat, 29. Wood products, 109. 
Water tor stock, 211. Wool, 1. 
Water in food8~ 243. Wool-w .. te, •• 
Water In tho plant. na, 114. Work 01 animals, J28. 
WIUe~llly, 19. Warmsl 166, .119. 
WAter mO'Y.laad.r 23. Wom-9\lt ta.n.4e.ll. 
'W.t&r p1anta, 19.. Wounds, healia&', 1$1, 
W_aproots, 166. ZoISlocJ.8. 
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Co-operation in Agriculture 
By G. HAROLD POWELL 

IUuotrated. Cloth, 12ntO, '1.50 
This book deals with the general principles of cOOp<'ration. How 

to orpnizc ('oi)perutive societies, how to finance them, simple 

~~i=:;i~~Sth~(!uh;lli~r!~~~7~:lo1~h'::=ia~I~!~w:; :o~1e~:e;~ 
all eOllflidert'd. Thr author describes at somt' length the most famous 
organizations, Ruch as those which are handling citrus fruits in Cali
.fomia, the farmers' grain elevaton; systems, and the present cOOpera
tion in t,h(~ ('reamery and blltter business. It is, in other words, a. 

B:(~!!~lw\~C;~hr t!~~~htb~~;~l t~itf~ize cooperative socie-

Farm Forestry 
By E. G. CHEYNEY 

IUuatrated. Clcth, 12"",. '1.60 
This hook doalB with the plsce of the woodlot or farm forest in 

;.:bs:~:e~~~~~e'~e~~t~~:g~/~~~ ili~t =be~ed~ 
th",ir relations or a.ssociations in a. forest pla.ntation, the rate of 
growth, the profits to be expeeted and the ptincipaj difficulti .. that 
are usually encountered. It is profusely illustrated. 

Forage Crops for the South 
By S. M. TRACY 

lll'U8lrated. <::ltJth, 19mo. '1.60 
Professor Tracy has Ion experience in southern agriculture, both 

in application and in ormerly P.rof....". of Agri-
culture in the Mississippi and now conducts & 
branch station for arm for . 
culture. He is a botanist of note, and has traveled exteDIIiwly m 
theSouthasaoollector. Hisbookisnotonlyanthentie,but~. 
In it is contained adise1J8Sion of all kinds of plants and """",adavted 
to the Southern Stat.. for fodder, .eoiIing, _turiDg, and hay. "The 
test is abundantly ill_ted. 



Farm Management 
Br G. F. \\·:\RRE~ .. Ph.n .. Prok~50r(lf Farm Mal1a~ment. 
New York State Colh'gc toe ,\griculture at Comdl t:niv(':l'ltity • 

.. farm :-'Ian:a.gcmcnt i~ the !ltu(l~' uf the bttllineq prindrlles in farming. 
It maybe uelitle(i as the scit:nce (If the orgllnil.alion an(\ manll.,:ement uf .. 
(arm cnterpru.e for the pUspolle uf liecuring the greatelOt t:ontinuoUJ profit. 

n Successful farming rcquin.'S good jud~ment in CbtH)5ing n farm and in 
deciding on a type of fanning. It dt:maudl> ch·a..t bu.sineu 1nltllOitatiun 
and management for the efficient Ultt' ~\f caIlitnl. labur. horses. and lna~ 

chiner),. It tC{juires good judgment in bu,'ing and telling • 
.. The change from cbeap land, h&nd tools, and farming to ra.i.ee one'l 

own food and clothing. to fanning all. .. commercial undertaking h .. come 
upon us so suddenly that businesa prindplcJ are not always well Ultrtt:r. 

stood by farmers. l\or do those who uut!Cf1Jtand the application of &uch 
principles to city conditions often know how to apply them OD the farm. 

U Long ages of experience and a generation of scientifl(; rescarcn have 
resulted in a fund of popular knowledge on how to ra~ crl;)p8 and aniMal!!.. 
But there is less background of tradilion conct'rning hu»ineJ8 method, on 
the farm~ and colleges have given little attention tf) this kind 0{ problem. 
The success. of the indh'idual farmer is as mUl~h dependent on the appli~. 
tion of bu&iness prinCiples as it is on crop ywlds and production Qf animah. 

"The best way to find out what tnethods uf farm orgaoiz.ation and man
agement are most succesiful is to study the methods now UR:d and the 
profits secured on large numbers ·of farms, and determine bow the more 
successful QDes differ from the less successful, and find to which of the 
difterenee:s the success is due. After such principlel are (cud. they need 
to be tested by use in reofganit.ing farms. 

., The conclusions in this book are hued on inveJtigatiom 0( the kind 
g:i'VCD. above, aad on cost accounts, census d.ta, travel a:ad study ill ditfet· 
eat portS of the United States and experience in famaiDJ. It is hoped tboIi 
the conelusiom may be of use to fanners aud stadenta." - ,Prlfo«. 

THE MACMILLAN COMPANY 
.... 'IiIIII 



The Standard 
yclopedia of Horticulture 

Edited by L. H. BAILEY 
With the assistance of over 500 collaborators 

w editloll, entirely rewritten and enlarged with many features. with plates in 
color. Qti full-page baURtones. anc.' over 4,000 text illustrations. 

CompktE' ID SI)(. volumes. 

Sri: ('/vlh .. :-';f.'h 
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