
CANADIAN 
JOURNAL OF 

RESEARCH 

YOIX!\fE 17 

SFCTIO,,\ C 

• '. \ '\, .\f),\ 

Pldli.l!Jfd by thf' 

NATIONAL 
RESEARCH COUNCIL 

of CANADA 



-1-

Section C 

Il\DEX TO VOLl:ME 17 

Authors 

Airy. T.-Eloaporation ill ,1~"Tjt·!Jltllr'I' mctt'OroJagy. 1. 

Anderson. J. A.-Set' AYf1:', C. A., SdILlns. H. R. 

Anderson. J. :\., A)Te. C. A., and Meredith. W. O. S.-VJ.rit"till differences in harley. 
and malts. ", Wort nitrogen and malt extract and their cOn"C'lation. with barley 
nitru~t'n frae-tions. 25. 

Ayre, C. :\.- St"{' Andt't:>lJO, J .. -\, 

Ayre. C. A. and Anderson, J. A'~'·\'o.Irit,tal difft'rt'n('t's ill l~rlcvs am1 malta. VI. Autolytic 
prott·olytic act1\-ity oi nt,llt iUld its ~·('rrd •• tinn!' with wort nitrugcll and barh.·y nitrugen 
fr.lrtinn~, BQ. 

8t!11. H. P. and McLellan. J. W.,,,··Hud dt'vl'iopOlt'nt for the fruit·h('3ring 8pur of the 
Waiit'lIt'f apple, .LN. 

Diet', J. F..-St'ptoria (".Hlker of introdu,rd Mtd native hybrid poplarll. 19.~. 

Bosher, J. E.--~'t' H,!!>tin~5. R. J. 
Geddes. W. F.--St-t- Lchberg, F H. 

Gtbbs. R. D.-Studi(·s in trct.' "h\,.'Ii()lr~y I. (rl-ncral introduction. Water contents of 
("eTtain!> C.m,Hlian tH'!'!', 460. 

Grace, 1'\. H.---Ffh·{"{;. oi CdOt' MIRar. ethyl !nt'rruric phosphate. and indoly\ac('tic acid in 
talc on ttl(' ruoting of l-llttings, 321. 

Effects of p1.wf and anima! hormoI\{'s 011 the rooting of dust- and so\utiotHn'att"d dormant 
stem cuttings, 30:; 

Effects of pl.wt and aninm: hormont'S on st-eds damaged hy formaidehyc:it', 445. 

Physioiogic.d acti,rity of a !'I('rit·~ oi indolyl adds, 373." 

Phy~iological actii;ity of a series of naphthyl acids, 247. 

Re!lponses of dormant cuttings of Lonicera tarla1'ica to solutions of cane augar and indotyl­
acetic acid, .:G4. 

\'egetativc propagation of eonifcrs .• 

Rooting of cuttingrs taken from the upper and lower regions of a ~orway spruce 
tree, 178. 

I L Effects of nutrient soiuti(1fl and phytohormone dum. on the Tooting of Norway 
spruce cuttings, 312. 

III. Effect of month of collection on the rooting of dormant ~orway spruce cuttings. 
376. 

Grace, S. H. and Tltistle, M. W.-Re9ponses of dormant cuttings of Lonicera tartarica to 
solutions of indolylacetic acid and nutrient salta, 317. ~ 

Graham., V. E. and Greenberg" L.-The effect of salicylic aldehyde on the infection of 
wheat by Py1hium arrhetwmanes Dr&hater, and the destruction of the aldehyde by 
AClinomyces erylhropom and Penicillium .p., 52. 

Gray, P. H. H.-Vibrio am,locella, n .• p., a soil organism tbat decompoees cellulose and pro­
duces glucose from starch, 154. 

Gray, P. H. H. and Taylor. C. B.-The aerobic decomposition of glucose in podsol soils, 109. 
Microbiological studies of Appalachian podsol lOBs. IV. The decomposition of glucoee 

in soil previously treated with amendments, 141. 

Greenberll. L.-See Graham. V. E. 



-- II --

Grove"" J. \\-, 'VIIII!' P,':;;,u/" ",,(Of' it,S ilnd their conidial stages, 125. 

lIaHtln~H. R. J .. Bosher. J. E., and I'\t>wton, "'.---Bulh nematode nmtntl in ifis by hot 
"'.der, ]4.";. 

IIHdt·hrand. A. A. \·()t(·~ on lTH'al~' 10m: inJlIry on strawberry .1nd irs ("cscmh\"nr.e to 
, ri Ilk].., 2(/.~ 

IJopJdnM. J. \\', .\I,:fl! 1l1tllf.d l1H'tl'(lrolog~ ~"!JH' dldractcril'tics (,f wind in :\Iherta and 
" .• "k.ll,h"\\.!II,.:l 

( "fl,)f,lf.,ti\(" dn·(·l"J>l1lt'llt of tIl" Idw;ll v:!T-it'tit's under \'dryinf: moisture slIpply, Hi. 
L.,tilll,ttio[l ()t )!-,d ,1ft',1 III ",he,ll lr"n) lill('ar dlllH'IlSillns, 300. 

JJlnath.'fT. \'. '-~'( '\,'""lorl, l P. 

James. !':. and Sutherland, M. L. T\w a"I'ur.II·Y ,,! th{· pl.Hin.,:: m\,thml fOf l'stimating 
t)U' rl(Jrl1l>('I~ <)j lhl( tr'ri .• and !lIJl~i from (Jill' dilution .HId from OIlC aliquot of a 

I.d,or,i!"ry S.lllll'k of o.ui1. 1)7. 

111\' ~.~, d nd f um';l III 

1lId]1()d f(,r ('0.1 inwl in.l: th(' llum1){'r" I)f o.oi1 bacteria, actin!)­
dilutl[lIl 1'1.ltt'{], ~~ 

Johnson, L P. Y. A 1]('''l"1iPli\'I' !io,1 of Il,Hural ,lnd artificial inter"p<'cific h~brids in ~'orth 
;\r1ltTic,lfl jon'st-IH'( /.:\,)It'fa, 411 

d Joluuwn. L P. \', nnd Md,t"noan, H. A. - :\ll attempt to hyhridize annual and perennial 
,·11''''1(1 ~Jw(";('.." 3S 

JohnNol1, T. '-'1'(' ~I·"tllfl. \1, 

K{·nway. C. U. and PeW. 1-1. B. i{l's(',lrch('s un drought resistance in spring wheat. I. A 
Illachinl' for ml"\"\lring tIlt' n'!->ist:lmT of plant" to artificial drought, 294. 

l,t·dini!hunl. G. :\. _. St lillie" ()11 P(llymyxil J;rllmi7Iis, Il, gen. II. sp., :I piasmodiophoraceolls 
root p.lr.lsitt' 01 whedt, 3/'1, 

1,(·hbt·r!ot. F. H .• ~k(;re!otor, W. G .• and Geddes, W. F.-Flax studies. 1\'. The physical 
.!lld rlJt"mi('.!l Ch,(r,Ktl'rio,til'!-> of ttJXst·(·c} at progn'""in' sLlges of maturity, 1~1. 

l\1c-Cnill.. J. D. S,·(, :\!("at!,t, A. C 

l\h'CUIlIl, A. G." McCai~. J., D .• and Paul, A, D.~Effect of ,-arious conditions of storage 
,HI Iodk1l1g quality 01 lillur,-l52. 

MeCalla. A. G .• Weir. J. R. t and Neatby, K. W.~Effects of temperature and sunlight 
"11 t!w r.llt' "f dOlll',,)ll')t1 of btetl.l..'>. ut UW..i.U! <,ltvl 'l.wli.olus, 388. 

McGregor, W. G'--~('I' Lt"hherg-. F, H. 

MeLeHan. J. W. -St'I' HI'1L 1-1, p, 

Mcl.ennan. J-f. A. -Set' Johnsoll. L. P. y, 

Malloch, J. G.-· :-'t'(' :'\('\\'1011, R. 

Meredith. W. O. S.-- ~'l' :\ndl'Nm. J. :\. 
Neatby. K. W.-'-~'{· \kCt!!.l, ;\, C, 

Newton. J. D., Wyatt. F. A .• Ignatietft V., and Ward. A. S.-Nitrification under and 
~~~.~1~'it'~~,f21~~~: hrollll', timothy, and western rye grass, 11. Soil microbiological 

Newton. !\t.-St't' l't'tur$tHl, B, 

!\;ewton'2~~ and Johnson. T.-A mutation for pathogenicity in Puccinia graminis Tritici, 

Newton. R .. Young,. R. S .• and Malloch, J. G.-~itrification under and after alfalfa, 
brunl(' .. timnthy. and wt'stern rye gras". 1. Kitrogen absorption of hay crops and 
"un't·e(.hn~ wheat ~'r(lps, 212. 

Newton. W.-Set' Bastillt!s, R. J. 



-III-

Okulitch, D.-Microbic dissodation of lactic acid stn'ptocorci, 171. 

Paul, A. D.-&·e McCalla. A. G. 

Peto. H. B.-Set' Kenway. C. B. 

Peturson. B. and Newton, M.-The effect of It'af rust on the yield and quality of Thatcher 
and Renown wheat in 1938, 380. 

8&11an8, H. R. and Anderson. J. A.-0bscrvations on till' study of yarieta! diffcrt'nces 
in the malting qu,dity of harley. Part 1\', 5i. . 

\"arietal differences in harleys and malts. VII. Starch-liquefying <1ctivity. autolytic 
diast;ltic activity and thf'ir ('orrelations with saccharifying and prot("()lytic activity, 
361. 

Sutherland, M. L.-Sce James, ~. 

iaylQr. C. B.-See Gray, P. H. H. 

Thistle, M. W.-Sep Grace, ~. H. 

Thompson, G. E.-A leaf blight of P(lpulus tacamahaca MilL, caused by an undcscribl-d 
species of Lino.lpora, 232. 

Ward, A. S.~St."e ~e\l,'t()n,]. D, 

Weir, J. R.~See :McCaJla, A, C. 

Wyatt, F. A.-See r..Iewton, J, D. 

Young" R. S.-See :'\ewtoll, R. 



- IV-

Section C 

J:,\DEX TO VOLt:ME 17 

Subjects 

Ahies, itll!'TSpecilll hr"rid~ of, 414. 

Acer. l!tll'rhIJeciflC Ilyilri<is of, 414. 

Acldlty of stored flour. 4':;6. 

ActinornycCfi 
Accur,l(\ of pl.lting nwthod for estimating 

1I\\\1I\I;·1'-.U\,71. 

!\UllIioN of, ill puds(Jll'ooil. 148. 

ActlnomY('e8 crythropolis. I }estruct ion of 
salicylic ;Jhkhydc in suil hy, 55. 

Aesculu8, lllll'nlp('cifh' hybridfi of, 414. 

All.rlcultural metPOrology. St'£' ~lctcor­
I\)~~, Ag-ricul1ur,\\. 

Agropyron tenerum, SI'I' West(,nl rye f,!Tass. 

Air temperatu[(~. Rdation hetween ratc of 
(TUP\frilCitJrJ of "ater and, 2. 

Alfulfa, Sitrif!catitJn under and after, 
112,25(1. 

Alnus. I IItf'rg[lf'cili{' hybrids of, 414. 

Amelanchier sp., host of j'ezicuia pruinosa, 
134, 

Amino llcids as nitrogen ROUfee in culture 
lllediullI, 154. 

Ammonium chloride, Eff<'ct of. on diastatic 
(lni\'ity of \'ibrio amylocella. 159. 

Appalachian upland podsol soils, Micro­
I)iolo~ical studies of, IV. The decom­
position of ~lucose in soils pre\-iousiy 
tH'J.ted with amendments, 147. 

Apple, \\'agener, Bud dt'vt:'\opment for the 
fruit-bearin~ spur of the, 33Q. 

Arbutus, Interspecific hybrids of, 414. 

• o\spen poplar. See Populus tremuloides. 

Aspergillus oryzae, Starch hydrolysis by, 
1M. 

Avena species, An attempt to hybridize 
annual and perennial, 35. 

Bacteria 
Ani\'ity of nittifyin~. in tocated podsol 

soil, 150. 
Distrihution of fungi and, in soil profile 

layers, 281. 
~umher of, in treated podsol soil, 148. 
~umhcrs in podsol soil, 117. 
Plating method for estimating numbers of, 

in soil, 97. 
Soil. Accuracy of plating: method for 

estimating numbers of, 72, 

Baking, quality of flour, Effect of various 
nmditions of storage on, 452. 

Bak1n~ tests on 
flour stored under various conditions, 454_ 
Thatcher and Renown wheat flour, 384. 
wheat f10llr and rdation to nitrogen con-

tent, 227. 

Barley, Vari£'tal differences in the malting 
quality of, Part IV, 57 

Barley nitrogen fractions 
Relations between malt extract and, 28. 
Relations between wort nitrogen and, 26. 

Barleys and malts. Varietal differences in 
\'. Wort nitrogen and malt extract and 

their correlations with barley nitrogen 
fractions, 25. 

VI. Autolytic ptoteolytic activity of malt 
and its correlations with wort nitrogen 
and barley nitrogen fractions. 239. 

VII. Starch-liquefying activity, autolytic 
diastatic activity and their correlations 
with saccharifying and proteolytic acti­
,·ity, 361. 

Betula, Interspecific hybrids of, 414. 

Betula alba 
v. papyrifera, Water content of, 463. 
v. pendula laciniata. \Vater content of, 464. 

Betula popuUfolia, Water content of, 467 . 

Birch 
Field, See Betula populifolia. 
Paper, See Betula alba. 
White, See Betula alba. 

BlOme. Nitrification under 
212, 256. 

and after. 

Bacillus rum.inatus. Starch hydrolysis by,. 
166. 1 Bromus ioerm1s. See Brome. 



-v-
Bud o1~W=::r f~~;~~ ~r;9i.t~bearing spur 

Bulb nematode control in iris by hot water. 
144. 

Calcium carbona te, Effect of, on viability 
of Vibrio amylocella. 160. 

Cane sugar 
Responses of dormant cuttings of Lonicera 

tartarica to solutions of indolylacetic 
acid and, 334. 

Results of treatment with dust containing. 
on 

Coleus Blumei, 325. 
Iresine Lindeni, 325. 
Lonicera tartarica, 330. 
Physocarpus opulifolius, 328. 

Canker on poplars caused by Septaria 
musiva, 195. 

Carbohydrates decomposed by Vibrio 
amylocella, 168. 

Carbon dioxide 
Evolution of, from glucose in soil, 112, 151. 
Production 0(, by Vibrio amylocella, 161. 

Carpinus caroliniana, host of Pezicula 
carpinea, 131. 

Carya, Interspecific hybrids of, 416. 

Castanea, Interspecific hybrids of. 416. 

Catalpa, Interspecific hybrids of, 418. 

Cellulose decomposed by a soil organism, 
Vibrio amylocella, 154. 

"Chinook machineH for tests in research 
on drought resistance, 294. 

Coleus Blumei cuttin~ 
treated in solutions of chemicals, 251. 
treated with dusts containing cane sugar, 

ethyl mercuric phosphate. and indolyl~ 
acetic acid, 322. 

Conidia of 
Pezicula sp., 135. 
Septaria musiva, 200. 

Conifers, Vegetative propagation of, 
1. Rooting of cuttings taken from the upper 

and lower regions of a Norway spruce 
tree, 178. 

IIh;!~e ~u:~~~~~~~ ~fVo~~ 
spruce cuttings. 312. 

III. Effect of month of collection on the 
rooting of dormant Norway spruce 
cuttings, 376. 

Comus 
alba, Responses of dormant cuttings of, to 

dust treatments with plant and animal 
hormones, 305. 

Interspecific hybrids of, 418. 
species as host of Pezicula Corni, 136. 

Cramegus. Interspecific hybrids of, 418. 

Crinkle, Mealy bug injury on strawberry 
and its resemblanct> to, 205. 

Crypt08poriopsis 
cornina, the conidial stage of Pe%icula 

Coroi, 137. 
fasciculata, the conidial stage of pezicula 

carpinea, 132. 
l>pecit·s, the conidial stage of Pezicula 

Hamamelidis, 142. 

CUpresSU8, Interspecific hybrids of. 418. 

Cytospora chrys08perma attacking dead 
trees and cankered areas of poplars, 198. 

Diastatlc activity of 
barley varieties, 61. 
malts, Autolytic, 363. 
Vibrio amylocella, 159. 

Dermatea sp., Resemblance of, to Pezicuta 
sp., 126. 

DlscosporieUa phaeosora, the conidial stage 
of Pezicula Rubi, 139. 

Droug,ht resistance in spring wheat, 
Researches on, l. A machine for mea8ur~ 
ing the resistance of plants to artificial 
drought, 294. 

Enzymatic activity of barleys and malts, 
367. 

Enzyme, Activity of, in Vibrio amylocella.. 
164. 

Ethyl mercuric phosphate, Results of 
treatment with dust containing, on 

Coleus Blumei, 325. 
Iresine Lindeni, 325. 
Lonicera tartarica, 330. 
Physocarpus opulifoliu8, 328. 

Evaporation in agricultural meteorology, 1. 

Flaxseed. Physical and chemical propertie. 
of, at various stages of maturity, 186. 

Fhu: stUdies. IV. The physical and chemi­
cal characteristics of flaxseed at progrea­
sive stages of maturity, 181. 

Flour. Effect of various conditions of storage 
on baking quality of. 452. 

Formaldehyde, Effects of plant and animal 
hormones on aeeds damaged by. 445. 



- VI-

Frastarla t'Jrstinlana . . "(',J!~.' IlIIl.;s on, 2(}/. 

f"ungi 
AC/uran of pl.Jring nll'lh"r/ (or ("~tillJatjng 

fJlJJIllwr~ oj. ;1. 
Pi~rriiIlHi"fl ,,( I"l' [('rid ,uul, III til(' soil 

pr<Jtd~' 1.1 ~Tr~, 21' I 
'\umj'(T "I. ill tr~',1ft"d r,(>d~,,1 "oiL 14.'\ 
:\!lmll!'r~ in pod",,1 ",ul. 11 i. 
J'('rlr',1 alii! illl]wri{"( 1 "tol~t'I- oi. 125. 
1'1.1tillj.: IIwlhud 1 Ir 1· ... t!lll,Hing num!wr;, of, 

in ,,()il, IJ i. 

FunJo1Ufi 
.. 1[;11 kln~: "I)l)lllu!- t,J(<lIll,lh,II",1, 23(J. 

(In jlllpl,ltl-. "'t'plllria lllu"i\d. Jl).~. 

Gt'l"mitUttion time of l';lrlt,\ \'arieties, oi, 

Gladiolus. Fftl','I" oi le!tlpt'r.Jture and !>un­
II>:hl Oil 11ll' r.lie of 1'lollgatiol1 01 sIems 
ut.:\I'!'i. 

(_;Iedltsill. illtl'r;,])!'cihc hyhnd;, of, .IlK 

Glucost· 
I )1'co11lpo"itiol1 "I, ill ~(lils previol1sly 

tH'dlt'd v.ith ,111ll'mll1l1'nI;" 15U, 

{orlllt'd trolll starch hy actioll of a soil 
org,lni!>lll. \'j]>rjo <lmyloCt·H.I, Ud, 

in jlod;,()1 soik :\ern\Ji .. dt'l'ompositiun of, 
lOll. 

Glydnt·, LII'I'('1 of. on d(,(,omposition of 
gllll ll"t· II! ;,oil, 12U. 

lIamnmt'1is \'iq,~iniana. ho~\ of l'ezicula 
Il.lm<lllwlidi,;, loll. 

Hardwoods, Weight ,wd density of freshly 
cl1t,·liI1. 

Hay crops, Yield .md nitrogen absorption 
01. 215, 

I1enlio(_·k. ;--{'I' TM1,l.:a c:ln .. uiensis, 

Hornlon(_' 
,lIld nutrit'IH solutions, Response of Loni­

nT.\ tartari(',l to, 319. 

Humidity. ReJath'e, Relation to growth of 
~ladi()lus of. 395. 

Hybridization of annual and perennial 
:\\'(:n,'1 specie,,", 35, 

Hybrids in !'orth American fort'st*tree 
genera, Descriptiv(, list of natural and 
artificial interspecific, 411. 

i Hydroaen ion concentration of treated 
podsol soil, 149, 

lIex. IntenoJpecific hybrids of, 418. 

Indolylacetic acid 
Effect on damag(~d wht'at, 4$0 . 
Effcct on rooting of I\orway spruce cut­

tings, 179. 
Plant cuttin/{s treated in solutions of, 248. 
Response of .;\or\\'a)' spruce ('uttin~s to 

treatment with dusts ('ontaining, 377. 
Responses of dormant cuttings of Lonice1'a 

tartarica to solutions of cane sugar and, 
334. 

Responses of dormant cuttings of Lonicera 
tartarica to solutions of, 31i. 

Rt'suits of treatment with dusts containing, 

Colt,uS Blumei, 325 
Ir{'>;ine Lindcni. 325, 
Lonicera tartarica, 329. 
Physocarpus opulifolius, 328. 

used in prupagation of cuttings from 
;';o1'way spruce tret, 1 iQ. 

Indolyl acids. Physiological activity of a 
series of, 373. 

Indolylbutyric acid. Effect of, on dormant 
cuttings of plants, 30i. 

Iodine value of flaxseed oil, 186. 

Iris, Bulb nematode ('ontrol in, by hot water, 
1+1. 

Iresine Lindeni cutting,s treated with dusts 
containing cane sugar, ethyl mercuric 
phosphate, and indolylacetic acid, Res~ 
ponses of. 322, 

dUf-\ trt'atments, Effect of, on .:\orwav 
;,prtH'~' ('ut\in~s, ,,15, . Juglans, Interspecific hybrids of, 4-18. 

tn',llllH'llt in propag:,lIioll oj cuttings from i Lactic acid streptococci, :\licrobic 
:\orway sprw:e trt'l', li9, sodation of, 171. 

dis--

Ilormones 

1'1~~~.!2;;~tiYiry uf a series of naphthyl acids 

J'l.lIlt and anim,II 

Lllt'CIS on the rooting- of dust* and 
,,:,hnil'n-neatf'd dorm.lnt stem cut~ 
lings. 30:;, 

Efft,\'t~ tlll s~:eds damaged by form~l­
dehd.l'.445. 

Larix 
europaea, \\'ater content of, 480, 
Jnrerspecific hybrids of, 420. 
laricina, Water content of, 480. 

Leaf area in wheat, Estimation of, 300. 

Leaf blight of Populus tacamahaca Mill, 
caused by an undescribed species of 
Linospora, 232, 



- VII-

Leaf canker of poplars, 199. 

Limestone amendment to podsol soil, 149. 

Linospora tetraspora causing foliage disease 
of Populus tacamahaca, 236. 

Lonicera tartarica cuttings, Responses of, 
to 

dust treatment with plant and animal hor­
mones,30i. 

a series of indol)'1 acids, 3i3. 
solutions of cane sugar and indolylacetic 

acid, 334. 
solutions of indolylacetic acid and nutrient 

salts, 317. 
treatment with dusts containing cane sugar, 

ethyl mercuric phosphate, and indolyl~ 
acetic acid, 322. I 

treatment with solutions of chemicals, 253'1 

Lutescens and Reward X Caesium, Com­
parative development of, under varying 
moisture supply, 87. 

Maltllolia. Interspecific hybrids 0(,420, 

Maize. Effects of temperature and sunlight 
on the rate of elongation of stems of, 388, 

Malt, Autolytic proteolytic activity of, and 
its correlations with wort nitrogen and 
barley nitrogen fractions, 239. 

Malt extract 
of barley varit!ties, 64, 
Relations between barley nitrogen frac­

tions and, 28. 

Malting quality of barley, Varietal dif­
ferences in the, Pan IV. 57. 

Malts. Varietal differences in barleys and 
V. \Vort nitrogen aQd malt extract and their 

correlations with barley nitrogen frac­
tions, 25. 

VII. Starch·liquefying activity, autolytic 
diastatic activity and their correlations 
with saccharifying and proteolytic acti­
vity, 361. 

Mealy bug injury on strawberry, 205. 

Medicago sativa, See Alfalfa. 

Meteorology. Agricultural 
Evaporation in,!. 
Some characteristics of winds in Alberta 

and Saskatchewan, 4. 

Micro~organisms 

Number of, in treated soil, 148. 
Seasonal fluctuations in moisture and 

numbers of, in soil. 275. 
Soil, Decomposition of glucose in podsol 

soils by, 109. 
Starch-hydrolyzing, compared with Vibrio 

amylocella. 166. 

Milling tests on Thatcher am! Renown 
wheat, 3M. 

Moisture in soil 
Seasonal fluctuations of nitrate nitrogen 

and, 2W. 
Seasonal tluctllatiolls ill nUmht,ts of micr~ 

organisms and, 2iS. 

Morphology of bud de\-'elopment for 
WagCnt'r apples, 341. 

Mutation for pathogenicity in rust. 2Q1. 

Mynmoeba of Polymyxa graminis. 46. 

Naphthylacetic acid, Effect of, on damaged 
wheat, 440. 

Naphthyl acids. Physiological activity of a 
St'ri('s of, 011 cuttings of 

Coleus Blumei, 251. 
Lonie-era tartarica. 253, 
Vihurnum Opulus, 249. 

Nematode, nulb, Control of, in iris by hot 
water, 144. 

Nitrate nitroten and moisture in soil. 
S{'asonal fluctuations of. 260. 

Nitrification 
by bacteria in treated soil, 149, 
of soil, 259. 

Nitrification under and after alfalfa, 
brome, timothy. and western rye 
J1rass. 

I. Kitrogen absorption of hay crops and 
succeeding wheat crops. 212. 

I I. Soil microbiological activity, 256, 

Nitrogen 
absorption of hay crops and succeeding 

wheat crops, 215. 
Effect of nitrate, on glucose decomposition 

in soil, 112. 
in culture medium for soil organisms, 158. 
Wort, of barley varieties, 62. 

Nitrogen content of 
flaxseed. 191. 
wheat grown under varying moisture sup- , 

ply, 95. 

Nitrogen fractions 
of won and harley correlated with proteo--

lytic activity of malt, 239. . 
Relations between wort nitrogen and 

barley, 26, 

Norway spruce cu ttings 
Effect of month of collection on the rooting 

of dormant, 376. 
Effects of nutrient solution and phyto 

hormone dusts on the rooting of, 312. 



- VIII -

Nutrjent lIalts, Re-flpun!'w!! of dormant cut· 
tjn~!< (Jf LOfliu·r.i tiirtari('a to solutions 
of, q7 

Nutrient RoJution5, Rt·sIHJIlSt·!\ of :\orway 
IIl'rLW(' clIlIlnl!"Jo. tn'dted with, 315. 

Oestriol. '·.!Tj·f·t of. or1 ddmaJ('cd whC'at, 44(). 

Oestrone. Eff('ct of. on dormant cuttings of 
pl.lIlt!!,307. 

011 ('ontent of fta:::seed. HiS. 

()phiobolus ~raminh •. 214. 

Pora"h(' of wheat, J'olymyxa grdminis, 11. 

gt'li n. sp., it plas!lIodiophoraccous root, 
31' 

Pa'ho~('nlclty In Puccinia graminis 
'1'rttld. A mutatioll for. 297 

Penldlllum !'op., )h-f.(rtlc(;on of salicylic 
aldl']]\'dt' in tht' soli by, 52. 

Pezi('ula 
('arpin!':! and its conidial stage C'rypto. 

SIH)ri()]lSis fa!'>('it'l,l.lta. 126. 
Conli and its conidial stage Crypto· 

sporiopsis c(lmina, 135. 
lIam;wH'lidis sp. nov. and its ronidial 

stag!', ,I Crypt(lsporiopsis sp('cit's, 140. 
Ilruin!lsa ,IIUi ils conidial stage Sphaero· 

[l1'm;! pruino!>lI!l1. LB. 
Ruhi and 115 conidial stage llisrosporiella 

pha~'(Js(Jra. Hi. 
spwit's and !tll'ir ('{H1idial slag('s, 125. 

Phenological data of some Canadian trees 
in spring-, 4i2 

Phleum pratense. Sec Timothy, 

Phosphorus, Walt'r.soluble, ill soil, 2i 1. 

Physocarpus opulifolius cuttin~s treat('d 
with dusts ('o1l1aininf::" rane sug-ar, ethyl 
Illercuric phosphate, and ind()lylacet~c 
ilcid. Responses of, 322. 

Phytohormone dusts. Response of :\orway 
spru('t' cuttings to, 314. 

Plcea 
('xc-elsa. Rooting of cuttings fTOm upper and 

lower Tf'g:iOIlS of. liQ. 
lnterspt'citic hybrids of, 420. 

Pinus 
I nteNlpecitic hybrids of. 420. 
ponderosa. \\'ater ('on tent of, 480. 
strol.ms. \Yat('r ('ontent of. 48.0. 

Plant hormones, Activity of a series of 
naphthyl arids as, 24i: 

Plalrnodiophon\ brassicae, C omparisoflt of 
flagellatioll with Polymyxa graminis, 43. 

Platanus, InH'rspecific hybrids of, 422. 

Plating method for estimating 
the numbers of bacteria and fungi in soil. 

Accuracy of. 97_ 
the numbers of soil bacteria, actinomyces, 

and fungi in the dilution plated, Accuracy 
of, 72. 

Podsolsoils 
Aerobic decomposition of glucose in, 109. 
!\1 icrohjological studies of Appalachian, 

14i. 

Pollination, Cross, of annual with perennial 
AVl'na species, 35. 

Polymyxa graminis, n. gen. n. sp., a plas­
modiophoraceaus root parasite of wheat, 
3<. 

Poplars 
Russian, Canker of, 196. 
Septoria canker of introduced and native 

hybrid, 195, 

Populus 
balsamifera inoculated with Septoria 

musiva, 201. 
berolinensis as a host for Septaria musiva, 

201. 
Interspecific hyhrids of. 422. 
Petrowskyana as a host for Septoria 

musi,-a, 196, 
species as hosts of Septaria musiva, 200. 
Rasumowskyana as a host for Septoria 

mllsi"a, 196. 
tacamahaca 

Leaf blight of, caused by an undescribed 
species of Linospora, 232, 

inoculated with Septoria musiva. 201. 
tremuloides, Water content of, 465. 

Potassium nitrate, Glucose production by 
Yibrio amylocella in presence of, 161. 

Protein content of Marquis wheat, 226. 

Proteolytic activity of samples of malt 
determined by an autolytic method, 239. 

Pseu2ifoccus sp. parasitic on strawbeTTy, 

P8eudot8u~a muaonata, 'Vater content 
of. 480. 

Puccinla 
graminis Tritici, A mutation for patho­

genicity in. 297. 
graminis triticina Erikss., Effect of, on the 

yield and Quality of Thatcher and 
Renown wheat in 1938, 380. 

Pythium arrhenomanes Drechsler, Effect 
of salkylic aldehyde on the infection of 
wheat by, 52. 



IX-

Quercus, Interspecific hybrids of, 430. 

Reward X Caesium and Lutescens, Com~ 
parative development of. under varying 
moisture supply, 8i. 

Rlbes odoratum, Responscs of dormant 
cuttings of. to 

dust treatment with plant and animal 
hormones, 308. 

treatment with solutions of indolyl­
butyric acid and Ot'strone, 309. 

Robinia, Interspecific hybrids of, 434. 

Root parasite of wheat, Polymyxa 
graminis, n. gen. n. sp., 38. 

Rubus sp., host of Pezicula Rubi. 138. 

Rust 
Leaf, Effect of, on the yield and quality of 

Thatcher and Renown wheat in 1938, 
380. 

Puccinia graminis Tritici, 297. 

Saccharlfying activity of malts, 365. 

Salicylic aldehyde 
as a predisposing factor to Pythium 

damage, 53. 
Organisms capable of decomposing, 54:. 

Salix, Interspecific hybrids of, 434. 

Salts. Nutrient. Responses of dormant cut­
tings of Lonicera tartarica to solutions of, 
317. 

Sapwood, Water content of. 481. 

Septoria 
canker of introduced and native hybrid 

poplars, 195. 
musiva causing canker on poplars, 199. 

Sodium carbonate amendment to podsol 
soil,149. 

SoI1(8) 
Aerobic decomposition of glucose in podsol, 

109. 
Microbiological activity of, 256. 
Microbiological studies of Appalachian 

podsol. IV. The decomposition of glucose 
in soils previously treated with amend­
ments, 147. 

organism, Vibrio amylocella, that decom~ 
poses cellulose and produces glucose from 
starch, 154. 

Phosphorus in, 270. 
Plating method for estimating numbers of 

bacteria and fungi in. 97. 
QuaHty of wheats grown on podsolic and 

black loam, 453. 

Sphaeronema pruinOlum, the conidial 
stage of Pezicula pruinosa. 134. 

I Spiraea Vanhouttei. Responses of dormant 
cuttings of, to dust treatment with plant 
and animal hormollt"S, 30lt 

Spona08pota 8ubterranea, Comparison of 
flagellation with Polymyxa graminis, 43. 

Spruce cuttings, See !';orway spruce 
cuttings. 

Starch 
Glucose formt'd from, by a soil organism. 

Vibrio amylocella, 163. 
~liqu{'fying activity of malts, 36.~. 

Stem canker of poplars, 197. 

Storalle of flour, Effect on baking quality 
of. 452. 

Strawberry, Mealy bug injury on, and its 
resemblance to Crinkle, 205. 

Streptococci. Lactic- acid, Microbic dis­
sociation of, 171. 

Streptococcus 
cremoris, Dissociation of, in the presence 

of glucose, 174. 
lactis, Dissociation of, in the presence of 

glucose, 175. 

Sugar, Cane, See Cane sugar. 

Sunlight, Effect of, on the rate of elongation 
of stems of maize and gladiolus, 388. 

Taxus. Interspecific hybrids of, 436. 

Temperature 
Air, Relation between rate of evaporation 

of water and, 2. 
and sunlight, Effect of, on the rate of 

elon~tion of stems of maize and 
gladiolus, 388. 

Daily, and wind mileage, 22. 
Effect of, on quality of stored flour, 454, 
Effect of, on survival of bulb nematodes, 

145. 
Germination, of barley varieties, 67. 

TUia, Interspecific hybrids of, 436. 

Timothy, Nitrification under and after, 212, 
256. 

Tree genera, Natural and artificial inter­
specific hybrids in forest~, 411. 

Tree phY8ioiogy, Studies in. I. Water con­
tents of certain Canadian trees, 460. 

Tauga 
canadensis, Water content of, 478. 
Interspecific hybrids of, 438. 

Ulmu8, Interspecific hybrids of, 438. 



-x-
Vejl:etatJve propallation of {'onlfers 

l. J<o(lfinr,:o( ('uttift~~ fdkt'n from rlH' upper 
and juwN rq;i/)n.~ (If ;t .\·orway spruce 
tn'c, J;X 

II. LIft-cIs of IltItrien! solution and phyto~ 
IwruuITU" dUlitli Oil rootillg (,f .?\orway 
spruc!" ("lIttjfJg~. 311. 

111. l·;ff(·cl of Inonth of collection (In thc 
rootins:: 01 dl>rmant ~()rway spruce cut· 
lings.3i6 

VIbrio atrJ·Jocdla n sp., <I soi) oqpnism 
t hat d!'r'(J!Il]lo!",~ ,dlllloSl' and pr"duces 
J,:lllCOf;l.· frulll !ltdr,h, 154 

Yiburnum OPUlU8 cuttin~s treatf'd in 
1'"lutiulls of ch(·mind .. , 24Q. 

\\"agent'r apple, Hud dn'(·!opllll'nt for 1 he 
fruit·]'earing spur of tlH' .. LN. 

\Vatr~()conteJ1tN of certain (. 'anadlan trp{,s, 

Western rye Q,rR8!o1, \:itriltcation under d.nd 
aftt·r. 212. 2S(I. 

Wheat 
Lflt'ct of h[)rmol\('s on damilf;cd, 445. 
EITel't of !oalic\"lic aldeh~·d(· on t he infection 

;:~'(III~'h~~~;i,I~~;~::c'i~~~('::;nll~;~~l~~(:t~h~:(:~~l~~: 
~t~·:1~!1~;:1.:Y?2·~ erythmpolis and j'enici!-

Enl·el!. (If temperature and sunlig-ht on 
gr(Jwth II/ m~li.l". gladiolus ,Ind. 391. I 

Estimation of kaf are,\ in, 300. ' 

(~tllT~)i.nati{>n of formaldrhy(\c-damaged, 

Wheat....-..-continued. 

grades and protein content, 228. 
Xitrificatjon under, 221. 256. 
I'olymyxa graminis, n. gen. n. sp., a pfas­

modiophoraceous root parasite of, 38. 
Protein content of Marquis, 226. 
(,Jualitif's of flour from Garnet, Marquis, 

Red Bobs, and Reward, 453. 
Spring, Drought resistance in, 294. 
Thatrhcr and Renown in 1938, Effect of 

leaf rust on yield and quality of, 380. 

Yield and nitrogen absorption of, 221. 

Wheat varieties 
Comparativc drve!opment of two, under 

yarying moisturt:' supply, 87. 
infected by rust. 298. 

Wind mileage. Relation bet ween daiiy tem­
peratuTt· and, 22. 

Winds 
Diurnal \'ariation in, in Alberta and 

Saskatchewan. 11. 
in Alh('rta and Saskatchewan. Some charac­

teristics,4. 

Wort nitrogen 
and proteolytic activity of malt. 245. 
of barley \'arieties, 62. 
ReJ.ations hetween barley nitrogen frac­

tIOns and. 26. 

Zoosporan~ium. Development of, in Poly­
myxa graminis, 40. 



Canadian Journal of Research 
Is"," by Tn NATIONAL RESEARCH COUNCIL OF CANADA 

VOL. 17, SEC. C. JANUARY, 1939 NUMBER 1 

EVAPORATION IN AGRICULTURAL METEOROLOGY' 

By T. ALTY' 

The rate of evaporation from a free water surface and its relation to other 
meteorological factors are of considerable importance to agricultural science. 
The correlation of evaporation with air t~mperature, vapour pressure, and 
wind velocity has been examined by Hopkins and James (1), who showed 
that while, in general, high average temperatures were associated with high 
evaporation, the correlation between the two quantities was" very poor. 
The object of the present note is to emphasize the fact that in order to relate 
the rate of evaporation to other meteorological factors, the temperature of 
the evaporating liquid surface must be known, and that the measurement of 
such temperatures at agricultural meteorological stations would be valuable. 
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FIG. 1. Rdation betw«n .xpeeled (E,) and actual (E,_) 
,ates of euaporali4n oj water I in arbUrary units. +. air and 
water oJ, same tempera.lure. 0, water wanner than air. A, air 
warmer than water. 

On theoretical grounds the rate of evaporation E under any given condi­
tions should be directly proportional to the quantity (P - p), where P is 
the saturated vapour pressure at the temperature of the surface of the evapor-

, ~;::t!:,.~~ !!?1~ Piyms, U_sit, of GlGs,ow, Sctlllond. 
Caq;iIl P,ofustJT, U~ of GlasgOfD. 
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ating liquid and p is thf' pressure of the vapour actuaIly present in the air. 
In til(' cour.~ of other work, art opportunity arose of examining experimentalJy 
the rdation between E and (P - P). A stream of dry air was drawn at con­
stant speed over the {·vaporating surface. In each experiment the tem­
perature of the liquid in the actual evaporating surface was measured by 
means of a thermocouple immersed in the surface; a second thermocouple 
enabled the air t('"mperature just above the evaporating liquid to be measured. 
Th(:'St~ tempt'r~tures wer('" measured at regular intervals during the experiment. 
As they varied somewhat during the course of the experiment, (P - p) would 
change. Howf>ver, jf dEl js the amount of evaporation to be expected in 
a short time dJ, then 

dE, k(P - p)dt 

and 
E, = kf;p - P)dt 

where k is a constant and T is the duration of the experiment. 
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This integral was evaluated graphically and the result plotted against the 
actual rate (Es) of evaporation. as determined directly by weighing. The 
results a<e shown in Fig. 1. It will be seen that there is an excellent linear 
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relation between El and E". Since in evaporation experiments in the open 
air the liquid may be either warmer or cooler than the air above it. experi~ 
ments were performed with air and water original1y at the same temperature 
(+), with the water warmer than the air (0), and with the air warmer than 
the water (~). Fig. 1 indicates that Ell E2 remains constant no matter what 
may be the relative temperatures of air and water. 

For comparison, in Fig. 2, the rate of evaporation in these experiments is 
plotted against the air temperature. Clearly there is no very definite relation 
between these two quantities. For studies of evaporation it therefore seems 
very desirable that water surface temperatures should be determined as well 
as air temperatures. It should be noted that as the evaporation process 
itself cools the surface, the temperature of the latter is never equal to that 
of the liquid as a whole, No doubt a good approximation to the required 
surface temperature could be obtained by floating a thermometer horizontally 
in the surface. 
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AGRICt:L TlJRAL METEOROLOGY; SOME CHARACTERISTICS 
OF wIlms IN ALBERTA AND SASKATCHEWAN' 

B,· J. \\'. HOPKINS' 

Abstract 
(hef;1 IlI'rlod "f ~·I,.lr",. the mOIlthly ."lcan mileage of wind ~r d~y during 

du' l'ix /1",(1111", .\pnl (0 Septcmhei. at IOU: meteoroloipcal st~tlOns In central 
.we! l'''llt h('rn i\lllt,rta and ~a~katchewall IS greatest 10 Apnl and ~Jay. and 

::;~I.~lll~~~J{:;~;~"i~II~'~~a;;[~,~lt:~i·n~ ::; ~~~, ~~~i:~ ~~c 5~~.~c Srg~i~~~~~)~o~~e\~~i(~(:~t~~~ 
11111'f-<ltlllllal fllICHi,ltion ... at lil(' {!JUT ~tali()n!' is not demollbtraLle fro~n the 
,I\ailahk d.ila, \'llt Iht'n' j:-. sum!.:' indication of I:orrelation hetween the mtleages 
at a ).;in·11 btatioll in C-1HTC;..;..j,·c nJontlls of the same year. During the S€ason as 
a '" Iwk. Illlfthw{'qprJy wind!' pr(,dominate, but in this respect also there are 
!,n'!lOunn'd anrludl \·arjalion~. . . . . 

Yariatlun in tlw amount of wlud from day to day wnhm months is also 
I'ruIlOlHln·{l. ,\1ul r,\\Jl(>~ arc ptCM'nt.cd hhowing f~)r ea:h of the six months the 
n·!.l1i\'I' tn'qul'nn of fJ(TUrrenc(' of dltft'rent dally nnleage>.. 

{)n tIll' wh(l((', milt;: wind i~ f('conicd duting the daytime than at night. The 
hourly a\'l'r,q.::{'~ lor all hi" ml)nth~ ~how a definite diurnal trend. the ~axjmum 
l)('ill~ in tht· vjcinity of 3 p.m., but thl' actual hourly sequence on a gwen day 
may de\'iate markedly from tlli" underlying regularity. There is a slight ten­
dellcy rnt d.1Y'" of ah()\'('-an~ragl' temperature to have a higher wind mileag-e. but 
Ihi" 'j" a mirlOr factl.'r in ('ompati~n with tht: uncorrelated variation of both 
quantitit,s. 

]n view of the important influence that winds may exert upon growing 
crops, by affecting transpiration and hence the water requirement (3, 4), as 
well as by mechanical damage, a statistical study has been made of wind 
ouservations for the months April to September inclusive recorded at four 
representative meteorological stations in central and southern Alberta and 
Saskatchewan. Similar studies of rainfall and temperature statistics have 
already been reported (1, 2). The stations in question are Lacombe (central 
Alberta), lat. 52' 28' N., long. 113' 44' W., alt. 2783 ft.; Calgary (southern 
Alberta), 51' 2' N .. 114' 2' W., 3428 ft.; Battleford (central Saskatchewan) 
52' 41' N .• 108' 20' W .• 1592 ft.; and Qu'Appelle (southern Saskatchewan), 
50' 31' N., 103' 56' W., 2115 ft. 

\rind mileage is recorded at three of these stations by anemometers of the 
three-cup type; at Lacombe an older type of four-cup instrument is in use. 
The height above ground at which the instruments are exposed ranges from 
about 25 ft. at Qu'Appelle to about 80 ft. at Calgary. In all cases the ex­
posure is reJX)rted to be unobstructed. It requires to be noted that in April 
of 1931 the Calgary anemometer was removed to the local airport, since 
when the mileages reported have been consistently higher than those prevailing 
at its former location. Comparable data are available for three of these 
stations for a period of 14 to 16 years, but it has been ascertained that the 
anemometer at Lacombe was in a defective condition for some time, probably 

1 Manuscript received November 24, I()38. 
, Contribution from Ike Division of Biology and Auicsdlure, National &.seat'ch Labortl-

t6!"~~' Oltau'll. PubJ£shed as Paper l110, 155 of the AssocicUt: Commi4ee on Grain Research of 1M 
]\ai1onai Rt'sei1:r~h Counc.u of Canada and the Dominion Department of Agricuhu,.~. 

I StailS/'Cfan, NaJwTUJi Research Labotaloriu, Ottawa. 
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from 1931 to 1936. Consequently, only the observations made prior to that 
time at this point have been included in this study. 

The data used were in part extracted from the published Monthly Record 
of the Meteorological Service of Canada (5), and in part transcribed directly 
from the original record sheets in the Meteorological archives, by kind per­
mission of Mr. J. Patterson, Controller, to whom thanks are due for making 
this material available. 

Monthly Mileage 
Table I summarizes the available records of total monthly mileage, giving 

the average and maximum and minimum values for the period indicated. 
As three of the months considered comprise 31 days, and three only 30, all 
comparisons have been made on the basis of monthly mean mileage per day. 

TABLE I 
WIND MILEAGE, 1922-193i. EXPRESSED As MONTHLY MEAN MILEAGE PER DAY 

Station* Statistic I~ May June July August September 

Lacombe A,'erage 198 210 19.1 167 144 171 

::\laxirnum I 2.10 2.14 217 201 176 218 
Minimum 

I 
146 186 178 14() 12.1 127 

Calgary Average 194 198 185 158 16.1 174 

::\laximum 2.18 2i2 2.11 2.1.1 212 222 
!'vlinimum 140 l.ll 139 01 100 125 

Battletord Average 237 247 215 21G 187 200 

I Maximum .103 307 261 .114 22.1 261 
Minimum 111 206 163 154 135 154 

Qu'Appelle Average 241 241 

I 
212 193 195 216 

Maximum 283 287 276 256 248 256 
Minimum 188 170 157 149 176 182 

• Lacombe, 8 yr. data (1()23-1930). Calgary, 15 yr. data jar April, June. July and 
August, 16 yr. Jor ... ".fay and September. BattJejord, 15 yr. data jar April. 14 )'1'. j01' other 
months. Qu'APPelle, 16 yr. data J01' all months. 

There is a similar seasonal trend in the averages for all four stations, the 
mean daily mileage being greatest in April and May and least in July and 
August. The average mileage recorded is higher for all six months at the two 
Saskatchewan stations than at the Alberta ones, but there is no significant 
difference in this respect between Lacombe and Calgary or between Battle­
ford and Qu'Appeile. In all cases the range of variation of the monthly 
means over the ~riod studied is considerable. The average range for the 
six months is, in terms of the unit of mean mileage per day adopted, 63 at 
Lacombe, 120 at Calgary, 124 at Battleford and 97 at Qu'AppeIle, or 35, 67, 
57 and 45%, respectively, of the mean. Clearly, therefore, there may be 
appreciable annual differences in the incidence of wind per month, and it 



j:; of jntt'rf'~1 to as{'ertain the degree of correlation (i) between the mileage 
rt.·corded at· the differt'nt stations in the same month, and (ii) between the 
mii('ag(' at the samf' station in sllcct'ssive months. 

Th(· first of t1wse points was investigated by the calculation of correlation 
co(.fficients. Tlwsl' art', of ('ourse, subject to considerable error owing to the 
~mal1 number of ~"('ars' rt'cords available, and a fairly high value is required 
for sl<ltistical significance. Of the 36 coefficients thus calculated for the six 
possihle pairing-s of the four stations for each month, only one exceeded the 
sc;; point, i.e., rather less than the chance expectation. It cannot therefore 
1)(> as~{'rt('d from these data that there is in fact any correlation in the inter­
annual nU(·tuation~ of monthly wind mileag-e at the four stations. This is 
in {'ontra~t to tht, situation prevailing in the case of tempt"rature and precip­
itation, hoth of which were previously found to show significant correlation 
1)l'tW('(,Il stations (1, 2). 

Corrdation lwtween the total mileage recorded at individual stations in 
su{'cessivt, rnonth~ of the same year was investigated by the analysis of variance 
procedure. The variance of the monthly totals over the period of years 
for which records were availablt' at each station was separated into com­
pont-nth due to average differences between months, average differences 
between yt'ars for the six months considered, and residual, as shown in 
Table II. (In lht· computations for Calgary, allowance was made for the 

TABLE II 
A:-;ALY~IS OF \'ARIA:\CE OF ~I()~THLY WI~D MILEAGE, APRIL-SEPTEMBER, 1922-193i 

I i I ,',manl"!' L[l.<;Ombd: Calgary I Battleford Qu'Appelll' 

_____ 1 DJ. !_Meall~I_~I",ano'na"l~ M,an'4n"'!.·~IMeanSQuare 
BNWL'<'11 ,·,·.In< I 7h'. i(XI.! U 549,100··1 B 3.210.500**~ 15 1.5(18,100·· 
B,·tw~,<'n nlul1th~ I 4.29Q,QOO" 5 I 3.618.600"1 5 6.833,000"'1 5 16,046.000" 

Re~idu,,1 J.' r 320,Q()() i I 19~.50(l I 65 84Q.,~OO I ! 460,000 

t }O!3-1fJ30 . 

• Exards mea11 square residwu. 5("-;_. t!!VeI of sign~ticance . 
•• E.r:rrrds t1It!an square residual, J\'(, In'el of significance. 

previously noted change in the position of the anemometer in April, 1931.) 
Average differences between months, due to the foregoing seasonal trend, are 
reRected in highly significant mean squares, but for all four stations the mean 
square between years also significantly exceeds the mean square residual, 
indicating, that annual differences in the total mileage for the six months were 
rather larger than would be expected from the fluctuations in the individual 
monthly totals, had these been entirely independent in each year. 

. So far, attention has been confined to the total mileage of wind per month, 
lrrespective of direction. The partition of this total between the eight points 
of the compass, N, NW, \Y, SlY, etc., is, however, also recorded, and Fig. 1 
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shows the average values of these in the form of wind-roses. Durjng the 
season as a whole, north-westerly winds clearly predominate, but in spring 
there is also a large mileage from the south-east. This, however, decreases 
as the season advances, tending to be supplanted by northerly and westerly 
winds at Calgary and Battleford and by southerly and westerly ones at 
Lacombe and Qu' l~ppelle. 
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FIG. 1. Mean monthly mileage of wind from the eight points of the compass at meteorological 
stations in central and southern Alberta and Saskatchewan, 

These data also permit the resultant horizontal air movement at each 
station each month to be computed. By the application of the ordinary 
rules for the composition of vectors, the mileages from the eight directions 
given may be expressed in terms of two components, northerly and westerly. 
Table III summarizes the values obtained for these, expressed as in Table I 
in terms of monthly mean mileage per day. There is a preponderance of 
positive westerly components, i.e., of westerly resultant winds, at aU fQur 
points, which tends to increase as the season advances, and Calgary is 
distinguished from the other three stations by the predominance of positive 
north components. Otherwise, the averages show no clear-cut tendency. 

By reference to Table I it will be seen that the averages for both north and 
west components are small in comparison with the average total mileage. 
Whilst this is, of course, partly due to the occurrence of winds from opposite 
directions within the same month, another factor is the annual variation in 
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TABLE III 
Rtto:.l"LTA""" WINDS, 1922-JQ3i. EXPRESSED AS MONTHLY WEAN MILEAGE PER D/t.y 

I I Apnl i May I June July AllRUrt September 

SUluon I Stau,tl( :--;--~I-; -;- ---;-;- -;--;-~---;--;-

I.acomh .. t -- ,-.::~- I~~ --.: --:---:1-'-' ~~ -: ~~ --:-~ 
I \IaXlnlUm 36 ~o 43 60 37 38 32 14 39 49 46 I Mmimum - 58 - 29 -57 -58 - Hi -39 -40 -18 -47 -to -29 

C.'~", A,,",,,.. '(I 43 "I .10 38 "45 J4 55 .. 

Maxjmum 85 73 76 85 8.~ 99 7i 49 24 74 90 81 
Mmimum - 21 - 5 -14 -]4 - 16 10 -18 -10 70 - 5 18 

Qu'ApIld!e 

t jfJ2J-]QJ(). 

Maximum 
Mimmum 

AVt"rage 

Maxllllum 

I "mim'"'' 

1- 9 " -10i 

- 6 

I " - 90 

-21 

65 '0 
-I.n -91 

- BS -72 

-18 13 

54 " -il - 30 -69 

-4 21 

54 11 92 
-100 -59 

16 10 " 30 39 

54 77 48 '6 59 65 
-34 -22 -26 -41 20 

-12 J] -22 41 41 

J2 112 29 79 30 81 
-48 -37 -72 13 -74 14 

the values of both components for all months, which comprises many actual 
reversals. The effect of these annual differences on the direction and ampli­
tude of the resultant winds is shown in more detail in Fig. 2, in which the 

APRIL MAY JUNE JULY AUGUST I SEPT. 

i 
i 

, .. ~ .. 
, /~ 

I <~ ,i .~ i 

""'5<10 () !IOIXIKlQ5C 00 501OOIOO!IO 00 5OIXIto05O 0 050100100:10 0010Il1010050 00:10100 
"ONTHU Wf;..... "'ILt ... CI: I'I:R !lAY 

FIG. 2. ResuJtant wind vectlWS. Length of vectors induates mean mikage per day. 
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resultan' Vt'{'tor for (;ach month, deduced from the westerly and northerly 
compont'n(s,is [('pn'S('nc(\'} indiddually. The annual fluctuations in question 
occur jo SOffit' ('xtent in all months, but are most pronounced in the first half 
of the s('a~)fl, April to June. 

Daily MHeIIge 

Two aspects of tht· daily mileage are of particular interest, 'lJiz., the variance 
and frequt'llcy Ji~tribution charactt>ristic of each month. 

Tahle 1\' shows the results of an analysis of the total variance of the daily 
oh~'ryati{lns for April, May, ~ - - - September, at each station into corIl­
POIlt'Ilts within and between years. On the whole, the mean squares between 
y(.'ars tend to tJxcl'f'd those within years, suggesting that the average wind 
vt'locity ()f f.g., July in an individual year is to some extent affected by sources 
of variation other than thoge resulting in the day-to-day differences within 
month~. \\Thib.;t thif> is brought out most clearly in the records for Battleford 
and Qu'Appf'IJp, which are more extensive than those available for Lacombe 
and mort' homo).!,t'tlf'Ou:; than those for Calgary, significant inter-annual 
variation wa~ demonstrable in the previously examined records of both 
pn'cipitatiol1 and tempt'rature at the Alberta as well as at the Saskatchewan 
station!:'> (1. 2). 

TABLE ,. 

J~TRA·M(I~Tf{LY ~TA~n.\Rll nEYlATJO~ OF DAILY WIl'\D MILEAGE. 1922-193i 

:-'tJ.tiU!I 

Lal"tUllbt·t 

Battlefotd 

Qu'Appelle 

t 1fJ:!3-JI)3(). 

~t,l1Id,lnl _. ~ \ "I I,) I \ I 
dt'\"idtioIJ ! , .. pn "lily I June July [' August Sept. 

i - ~----I --I-~I-~--'----
I ~!il~: pee day I ;5 I Hl 81 60 I 49 
I A~ J' of mean I 38 39 42 36 34 

I ;\Iilt:~ per day I g3 i7 66 5i 54 I ,"h f;: of Ill(',ln 43 39 36 36 33 
I 

[

' )lilt';; Jlt'r d.1Y 111 120 104 93 83 
.'\s (:;_ of ml'au 'I 47 48 48 46 45 

::\1iles per day 93 89 80 iO 71 I As c;, of mean I 38 37 37 36 36 

68 
40 

69 
40 

93 
47 

78 
36 

Table Y shows the intra-monthly standard deviations of daily wind mileage, 
computed from the intra-annual mean square!) of Table IV and indicative of 
the day-to-day variation experienced within each of the six months. These 
are given in terms of actual mileage per day and also as a percentage of the 
mean, often termed the "coefficient of variation". At all four stations the 
yariation in actual mileage per day is greatest in spring (April and May), 
dirninishc's progressively throughout the summer, and begins to increase again 
in September. The mean mileage recorded shows a similar seasonal trend 
(Table I), with the result that the percentage intra-monthly variation at 
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Battleford and Qu'Appelle is practically the same for all six months considered. 
At Lacombe and Calgary, on the other hand, the summer decrease in day-to­
day variability is rather mOre than proportional (0 the diminution in mean 
mileage. In all cases the general level of variation indicated is quite high, 
the standard deviations, comprising roughly one-quarter of the main range, 
being themselves of the order of 40%. and approaching 50% at Battleford. 

Tables VI to IX summarize by months the frequency distribution of the 
daily mileages recorded. at the four stations. The first column of each of 
these tables indicates the class intervals into which the observations have 
been grouped, and the second column the average m.p.h. corresponding to 
the preceding daily totals. This latter figure is useful as a mental reference 
point, but must, however, be regarded as to some extent conventional, as the 
average diurnal distribution of wind between the night- and day-time hours 
is unequal. The main body of each table is then divided into two portions, the 
first showing for each of the six months separately the percentage frequency of 
daily totals of the various mileage classes, and the second the percentage (to 
the nearest unit) of days on which successive values were exceeded. 

In all cases the frequency of occurrence of the different daily totals follows 
a well-defined pattern. Daily mileages of the lowest order. () to 60 m.p.d., 
are rare, but thereafter the number of occurrences in the successive classes 
rises rapidly to a maximum, from which it diminishes somewhat more gradually 
as the higher values are traversed. All the frequency distributions thus gene­
rated are asymmetrical, the great majority of the observations falling in the 
lower half of the range of variation and the higher mileages occurring relatively 
infrequently. This "tail" of high values is much more pronounced in spring 
than in summer. Thus at Battleford. for example. (Table VIII) 29% of the 
daily totals recorded for "-'lay exceed 300 miles (an average of 12.5 m.p.h.). 
whereas the corresponding figure for August is only 12%. In this connection, 
it may be noted that an increase in the incidence of light winds is particularly 
desirable when crops must be produced under conditions of limited moisture 
supply, as experiments (3) indicate that the transpiration of plants tends to 
increase as the square root of the wind velocity, rather than in direct propor· 
tion to the velocity itself. A reduction in velocity from 7.5 to 5 m.p.h. 
would therefore cut down the rate of transpiration more than a reduction of 
from 10 to 7.5 m.p.h. 

Not only the g-eneral pattern of the frequency distribution, but also its 
seasonal trend, is similar at all four stations. However, some of the dif~ 
ferences in detail shown in Tables VI to IX may be of considerable practical 
importance. At Lacombe, central Alberta, for example, only 10% of the 
August days for which records are available exceed 10 m.p.h. in average 
wind velocity (Table VI), whereas this value is exceeded in 28% of cases 
at Qu'Appelle, southern Saskatchewan (Table IX). 

Diurnal Variation 
Diurnal variation in the incidence of winds was studied by an examination 

of hourly mileage records. Owing to the labour involved in dealing with the 
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number of individual ousen-ations concerned, two stations only were selected 
for Ihis purr~>st', "IZ., Lacombe (central Alberta) and Qu'Appelle (southern 

Saskatdlf'wan). 
Table X shows for each month separately the average for the four years 

1924, 1928, 1932 and 1936 of the mileage recorded during successive hours of 
th(' day at Uu'Appelie. The hourly averages for all six months show a 
d(~flfli1<' diurnal tn'nd, incrt'asing during the forenoon and early afternoon 
until a maxirnuIll i~ attained in the vicinity of 3 p.m., then falling off markedly 
until about 10 p.m., after which there is little substantial change until some 
time ~ubs('qut'nt to sunrise the nexl morning. In these respects the average 

TABLE X 
Jhl'}{r-;AL TRESD OF AVERA{;E WISi) MILEA(,E AT QU'AI'PELLE, SASKATCHEWAX, COMPCTED 

FROM I:IOL:RLY RECORDS FOR 1924, 192!{, 1932, ASD 1936 

llourl\ 
.\wrage mileage recorded 

i"""~I~i~""," _' __ :\~;~)I_~I AUg~i September 

1;:1 am i ~ ,\ ;!,' ~j ~.~ i ~ ~ i U 
i=1 ~: it I {l.S 6.5 I 6.i I 7.S 

4~S 80 ~'i: ~~ I g.; I ~.~ I f·.,~ 
5-0 i9 i3 6.6 65 69 79 
(r- i ~.() 7. i -; :2 6.6 7.1 7.9 

~=~ ~>~ ~.~ ~.~ ~:~ ~:~ ~:~ 
9~10 105 106 0.0 8.5 8.7 9,3 

10-11 11.2 11.S 9.i 8.9 9.3 9.9 
11-12 11.3 1l.S 96 9.3 9.9 10.2 
12-1 p.m. 11.3 11.9 Q 9 9.6 10,3 10.7 

t,~ n.¥ g:i }g:~ g:g ~g:~ ~~:i 
34 It '"" 12.3 97 9.7 10.3 11.2 
4-5 10.7 11.7 9.4 9,6 9.4 10.7 
5-<> 10.0 11.3 9.0 9.1 8.7 9.3 
6-7 9.2 104- 8.0 8.4 7.6 8.1 
7-g S.6 9.1 i.4 7.4 6.9 7.5 
S-Q i.oS 7.8 6.6 6.8 6.1 6.9 

Iti~ ~:~ t~ tb tj ~:~ ~:Y 
IHl 7.6 6.7 6.1 6.9 6.5 7,4 

TABLE XI 
PROPORTION OF AVERAGE WIND MILEAGE AT QU'APPELLE, SASKATCHEWAN, FOR 1924, 1928, 

1932 AND 1936, RECORDED IX DIFFERENT QUARTERS OF THE DAY 

Interval April May 

I 
June July August September 

12-6 a.m. 21.6% 19.4% 20.4% 20.9% 21.6% 22.0% 
6-12 a.m, 27.0 26.9 27.3 25.7 26.4 26.0 

12-6 p.m. 29.8 32.1 I 30.9 30.8 31.3 30.8 
6-12 p.m. 21.6 21.6 ! 21.4 22.6 20.7 21.2 
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diurnal march of wind mileage is very similar to that of air temperature (2), 
but whereas the amplitude of the diurnal variation in air temperature is greater 
in summer than in spring, the reverse situation obtains in the case of wind 
mileage. 

I t follows from the diurnal trend indicated that on the average a greater 
mileage of wind is recorded during the daytime than at night. The extent 
of this inequality is illustrated in Table XI, which shows the proportion of 
the average daily total mileage recorded in different quarters of the day. 
This is a feature of some practical significance, as shown by the experiments 
of Martin and Clements (3), which indicated that the effect of wind in acceler­
ating the transpiration of sunflowers was about 20 times greater during the 
day, when the leaf stomata were open, thar. at night, when they were closed. 
It may also be noted that the third quarter of the day, having the highest 
average wind mileage, is also on the average the period of maximum tem~ 
perature and minimum relative humidity. 

Although, as was mentioned previously, the actual amplitude of the diurnal 
variation in average wind mileage is somewhat greater in spring than in 
summer, the percentage variation is much the same for all six months. 

Tables XII and XIII, which are similar in form to Tahles X and XI, show 
the averages obtained for Lacombe. These are computed from only two years' 

TABLE XII 
DI{;RNAL TREND OF AVERAGE WIND MILEAGE AT LACOMBE, ALBERTA, COMPUTED FROM HOURLY 

RECORDS FOR 1924 AND 1928 

Hourly Average mileage recorded 

interval April May June July August September 

12-1 a.m. 5.~ 6.0 5.1 5.4 4.4 5.4 
1-2 5.3 6.5 5.5 5.4 4.5 5.5 
2-3 5.0 5.6 5.0 5.3 4.5 5.5 
3--4 5.2 5.4 5.0 5.3 4.4 5.8 
4-5 5.6 6.2 5.1 5.7 4.9 6.1 
5--6 5.9 6.4 5.4 6.1 4.6 5.7 
6-7 6.1 7.4 6.6 6.2 4.3 5.5 
7-8 6.9 9.3 7.5 7.4 5.5 6.4 
8-9 7.5 9.2 8.0 8.0 5.6 7.6 
9--10 8.8 10.7 9.0 8.4 6.5 8.4 

10-11 10.1 11.3 9.6 8.7 7.9 9.6 
11-12 9.6 11.4 10.0 9.2 7.9 10.0 
12-1 p.m. 9.9 11.6 10.3 9.2 8.0 9.6 
1-2 9.7 11.5 10.0 9.5 8.2 9.6 
2-3 9.0 10.4 9.5 8.9 8.4 9.5 
3--4 9.2 11.3 9.6 8.7 8.1 10.0 
4-5 9.1 11.4 9.4 8.8 8.1 9.4 
5--6 8.6 11.0 9.6 8.7 6.8 7.7 
6-7 7.4 9.3 8.5 7.7 5.6 6.2 
7--8 6.7 7.4 6.8 6.9 5.2 5.8 
8-9 6.0 6.0 6.1 6.4 4.4 5.4 
9-10 6.0 6.4 5.6 6.4 4.5 5.8 

10-11 6.4 6.6 5.8 5.7 4.5 5.7 
11-12 5.7 6.1 5.7 5.9 4.4 5.4 
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record!", 1924 and 1928, owing to the subsequently defective conditi~n of the 
anemometer. For thi:.. reason, the hourly means are somewhat more Irregular 
than thosf' for Qu'Appdlt·, hut thf' general trend is substantially the same. 

TABLE XIlI 

J'}lOI'Q}lTH'" (Ir A\ ERA(.,: Wl:-;O MILT~AGI, AT LAtOMBE. ALBERTA, FOR 1924 A~D 192R, RECORDED 

Ir-- DIFFERE~T Qt'ARTERS OF THE DA\' 

12-6 a.m. 
h·l.:! 

12-6 p.m. 
6--12 

IX $(';, 
20 0 
31 ; 
21 8 

177% 
29.0 
32.9 
20A 

17.4% 
28.4 
32.7 
21.5 

19.1% 
27.5 
30.9 
22.5 

19.3% 
26.7 
33.7 
20.3 

19.8% 
27.7 
32.5 
20.0 

FIG. 3. At'~age dimulll 'i.('i'ld mifeagt' Cltrt'f'S for .May, July and Sf.'ptember at Qu'Appelle, 
Saska/c}zro'G7!, (omJmtcd/rolll/l(Jurly r('(ordsftlr l~O-l, JOl8, ]fJ32 and 1936. 

The foregoing ft'marks apply, of course, to the average values of Tables X 
to XIII, which are in each case the mean of 120 to 124 daily observations at 
Qu'Appelle or 60 to 62 at Lacombe. It would, however, be erroneous to 
suppose that the an'rage trends indicated are closely or even approximately 
reproduced 011 the majority of indiyidual days. In practice, the incidence of 
winds at any specified point is considerably affected by the passage of the 
successive high and low pressure systems which are such a characteristic 
feature of the climate of temperate regions, as weB as by mOTe local con­
vectional effects, and these may operate to modify or to mask completely 
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the underlying trends noted above. This will be appreciated. from a com­
parison of Fig. 3, which illustrates the diurnal course of the averages of Tablt- X 
for the three months, ".Iay, July and s..ptember, with Fig, 4, which shows the 
actual sequence of hourly values recorded during the first 28 days of July. 
1932. Tht' contrast between Figs. 3 and 4 incidentally providt·s a good t'xam­
pie of the somewhat abstract character of many so-called mt·tt'orologit'al 
"normals". 

FIG. 4. lJourly mileage of 'U·ind rerordrd at Qu'Appelle. Saskatchewan, durin?: the first 
28 days-of July, 1932. 

Hourly Mileage 

The individual values used in the computation of the foregoing diurnal 
trends also provide material for the study of the hourly frequency distributions 
characteristic of each month, Tables XIV and XV accordingly show the 
average percentage frequency of occurrence of different hourly mileages 
during the four and two representative years at Qu' Appelle and Lacombe 
respectively. 

As in the case of the daily totals classified in Tables VI-IX, the frequency 
distribution of the hourly mileages follows a well-defined pattern, Very low 
values are again infrequent, and the majority of the observations once more 
fall in the lower half of the range of variation, being exceeded by a "tail" of 
higher mileages which diminishes progressively from April-May to August. 
The resulting skewness of the distributions is, however, less marked than in 
the case of the daily totals, being accentuated in the latter by the tendency 
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of high velo('itit'~ tn per~i~t over a number of successive hours of the same day 
(rf. hg. 4) .. 'fiJi" tt'Tldt"wy i!-> most noriC(~able duri~g ,the summer mont~s, 
and ht'nee afft'ch tbt· :·wa~onal trend also, so that this IS less pronounced in 

tht' h(/udv th.lll ill ttl{' dai1\' miiea,ges. although still quite noticeable. 
,. ig!-> S' and (J ... how by ~l'ans of histograms both the average frequency 

di~tril,utifln.., of Tables XJ\' and XY and also those for each year separately, 
till' {fJUI- <lTl(i tW()')'('ar a\·(·rag-t·s for Qu':\ppelle and Lacombe respectively 

FH., 5. l'crIC1ltaf,l' frrqw'ncy distribution of hourly 'U.'tnd mileage at Qu'Appelie. Saskaf­
liln"(1'1. Fflllr-Yl'Ur III'rruge superimposed upon 11ldit'iduaJ histograms by vertical bars. 

being 5upt'rimpos€'d on the individual histograms in the form of vertical bars 
to fadlitate comparison, The general nature of the distribution is main­
taint,d from year to year, but there may be an appreciable fluctuation in the 
perct'ntage of hours with specified mileages, particularly at the lower end of 
the rang-e which, as has previously been suggested, is probably the region of 
most importance in its effect on evaporation and transpiration, As in the 
case of the daily mileages, the average proportion of lower values is signif­
icantly greater at Lacombe than at Qu'Appelle. 

Relation between Daily Temperature and Wind Mileage 

The final point to be considered was the nature of the association, if any, 
between daily temperature and .wind mileage. Even a moderate degree of 
correlation between these two weather elements during the summer months 
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would, of course, be a decidedly adverse feature from the agricultural point 
of view. On the other hand, if they fluctuate independently, this circum­
stance must be taken into account. In order to study this point. daily mean 
temperatures at Qu'Appelle for the months of April, June and September 
were computed from the daily ma. .... ima and minima, and are shown plotted 
against the corresponding daily wind mileages in Fig. 7. 

APRIL MAY JUNE JULY AUGUST SEPT 

FIG. 6. Percentage frequency distribution oj hourly wind mileage oJ Lacombe, AlbuJa. 
Two-year average superimposed upon individual histograms by vertical bars. 

APRI L JULY 

..... : ...•.. 

)~~~j: . 
~o 70 eo 
"r"'''ER",TURE. 

SEPTEMBER 

FIG. 7. Daily temperature and wind mileage at Qu'AppeJJe, Saskatchewan, 192Z-1937. 

The intra-monthly association of these two quantities yielded simple 
correlation coefficients of 0.147 for April, 0.141 for July and 0.014 for Sep­
tember. These are all small, but before concluding that there is little correla­
tion between daily temperature and wind mileage, it is necessary to take 
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account of the fact that their average seasonal trend is dissimilar, monthly 
mE-an tf'mlJeraturr being- at its maximum in midsummer, when monthly wind 
milt'agt.' ifi at its minimum. This circumstance might operate to mask an 
actual positive intra-monthly correlation, but apparently did not in fact do 
so to any apprt'ciahle ('xtent, as the correlation was not effectively altered by 
tht: elimination of tht' linear intra-monthly secular trend, the partial coefficients 
Iwing 0.144, 0.141, and 0.058 for the three months respectively. As 
these are computl-d from between 300 and 400 daily values in each case, the 
fir!:-'t two, although small, are statistically significant, exceeding the 1 % point. 
It may be surmised, therefor!:', that there is a slight tendency for days of 
aUO\·e·averagr tempt'ral ur{' to have a higher wind mileage, but that this is a 
minor factor in comparison with the uncorrelated variation of both quantities. 
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VARIETAL DIFFERENCES IN BARLEYS AND MALTS 

v. WORT NITROGEN AND MALT EXTRACT AND TJIEIR CORRELATIONS 
WITH BARLEY NITROGEN FRACTIONS' 

BY]. A. ANDERSON', C'. A. AYRE' MiD W. O. S. MEREDITH' 

Abstract 
Data representing 12 barley varieties grown at 12 experimental l'tations in 

Canada were used to examine r~lations among wort nitrogen (w), malt extract 
(e), barley nitrogen fractions (Xl. and total barley nitroj.!cn (n), 

Significant inttr-varieJaJ partial correlations. independent ()f total nitrogen. 
were found between wort nitro~en and salt-wluble nitrugen (rw~.p "" 0 88), 
and between extract and salt-soluble and insoluble nitro~en fractions (r ... D .. 

0.60 and -0.65). Partial correlations between wort nitrogen and alcohol­
soluble and insoluhle nitrogen were ncgatin. hut insignifirant (r ..... == -0.54 
and -0.32). 

Intra-varietal simple wHelations hetween wort nitrogen and insoluble. aieohol. 
soluble. and salt-soluble nitrogen fraction" were all positive and significant 
(r .... "'" 0 n, 0.74. and 0.01), and those between extract and each fraction 
were all negative and significant (r .. = -0.88, -0 96 and -0.77). All of 
the corresponding part ial correlation coefficients were insignificant. 

The differences between the inter- and intra-varietal relations can be summed 
up as foUows: between varieties, total nitrogen and fa("tor~ associated with it 
have little influence on wort nitrogen or extract. whereas nitrogen distribution 
and factors associated with it have a measurable effect; within varieties, total 
nitrogen and factors associated with it are largely responsible for the control 
of wort nitrogen and extract, and one of these factors is nitrogen distribution. 
The differences result mainly from the fact that whereas within varieties nitrogen 
distribution is dosely related to total nitrogen content, between varieties nitrogen 
distribution is independent of total nitrogen content. 

25 

The relations between extract yield of malt and various barley properties 
have been investigated by Bishop (4-7). He made statistical studies of the 
relations of extract with total nitrogen, insoluble carbohydrates, IOOO-kernel 
weight and percentage germination of the barley, and with wort nitrogen, 
and used these properties in developing prediction equations for malt extract. 
So far as the present authors are awar~, no statistical study has been made 
of the relations between malt extract and barley nitrogen fractions, or of 
those between wort nitrogen and barley nitrogen fractions. It appeared 
that an investigation of these relations might yield useful information and it 
was accordingly undertaken. 

Data and Methods 
The experimental data were collected by analysis of 144 samples of barley 

and of the malts made from them. The samples represent 12 varieties grown 
at 12 widely separated experimental stations. in Canada. A detailed descrip­
tion of the varieties and of the methods tise'li'·;it !gr\iwing the, samples was 

1 Manuscript reuiw:d December 31,·~938. 
Contrilndi<m from the Division of Biology and A griculture, Nation4J_Researc~ Laboratories. 

0UafDQ., and the DeparlmenJ of Plant Science. Vniversuy of Manitoba, Winnipeg. Published as 
Paper No. 156 of the Associate Committee on Grain Research of the National Research Council 
and the Dominion Department of Agtictdture. 

t Biochemist, NaJionaJ Research Laboratories, Ottawa. 
, Senior ~rch Assistant, Associate CcmmiUee on Grain Research, Department of Plant 

Scienu. UnifJersity of Manitoba. Winni~g. 
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puhli~)H'd in Part I of this series (1), which also contains summaries of the 
data on Ih,· total nitro,l.{cn and nitrogen fractions of the barley samples. A 
u(::-.criptioll . of the lTlethod;; used for making and analyzing the malts, and 
sunllllclri(':-' of tht' data (In l'htract yield and wort nitrogen, were published in 
('an 1\, (II), 

Tilt, rela! ions lwt\Y(>{'n t'ach pair of proper{ ies \\ efe examined by calculating 
(i) the simpit, ('orn·iatinn cO('ffiejenl, and the partial correlation coefficient, 
indqwlld(,Jlt of total nitrogen, for yarietal means over all stations, which 
n'pr('~t'nt th(' an'rag<' intt>r~,:arietal relation; and (ii) the simple and partial 
corn·i;:ltion coef11cients for station means oyer all varieties, which represent 
tiH' an'rage intra~\"ari(,tal n-'Iation, Some multiple correlation coefficients and 
rq!,n's~i()n t'quatj()n~ \\'en> also calcu!aH>d when it seemed probable that these 
~tal i~tics would pro\'(' illuminating. 

Relations between Wort Nitrogen and Barley Nitrogen Fractions 

('orr<'iatiol1 codlici(,nts showing the relations between wort nitrogen and 
barley nitrogell fractions, and wort nitrogen and total barley nitrogen are 
givt'll in TallIe 1. The incll'pendl'nt variables are listed in the first column, 
and till' [(>la1ion between wort nitrog-en and each of these is represented by a 
row of four corn._·lation coefficit'nts, namely, the simple and partial correlation 
('(wfficients for \'aridies and stations. 

T.\HLE I 
RELAn<l,\~ A~IOK(.i W(IRT :-'lrfl.Ot;ES (v.), IHI<LEY :-"lTI<OGE:-< FRACTJO:\'S (,), .\:\D TOTAL BARLEY 

)\'nR(I(;E~ (Ill 

Correlation coefficients 

ilHj('IWnOl'nt \'arial,le!­
ji .. tcd i){'io\\ 

\'aricties Stations 

____ , __ " __ ~ ______ I _ _::~_~_Ie_, _1 _____ 1 _____ 1 ____ _ 

In~olllbk protein nitrogell I - .231 

Partial. Simple, Partial, 
r~,D '- r..,.,,. 

- .319 , 769·- .253 
:\lcllh(Jl~soluhlc protein nitrogen - 1 i-1 
Ttltol] ~,alt-soltlble nitrogl'n ,8Si·· 

-,537 , 736·· - 150 
.88$-- .610· .118 

s..dt-:-oluhlt' protein nitrogen' S2i·-
:\on-prot('in nitrogell .863--

, 824*· .564 .005 
,841*· ,522 -.289 

Total nitrup.ctl 166 764·-

R('::-iduai degree::- of f rl'l'dom 10 10 

, XOT~: In this and laier tables,·· denotes thaJ ihe lr;~ level, and ·thaJ the 5~ level of significance 
IS uUawi'd, 

inter-tlarielal Relations 

The inter-varietal relations between wort nitrogen and the barley nitrogen 
fractions are represented by the simple and partial correlation coefficients 
given in the first two columns of data, In considering the latter it is useful 
to think of them as coefficients of correlation between wort nitrogen and the 
property in question, after both' have been adjusted for varietal differences 
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in total nitrogen content, 1:.e., after the complicating influence of varif."tal 
differences in total nitrogen content has been removed. Compariwn of the 
partial and simple correlation coefficients shows that, with rt~spt'ct to the inter­
"'arietai relations, this complicating influence is reiativcfy small. It will be 
wise. neyertheless, to confine further discussion to the partial correlation 
coefficients. 

These statistics show that between varieties wort nitrogen is direttIy 
correlated with total salt-soluble nitrogen and with the two fractions into 
which this was split, namely, salt~soluble protein nitrogen and non-protein 
nitrogen. A relation of this sort might well be expected on common~sense 
grounds. The wort is a dilute salt solution and should contain a very con­
sidt'rable proportion of the salt-soluble nitrogen compounds eVen if these 
were not hydrolyzed by proteolytic enzymes during the malting and mashing 
processes. l\loreover, the least ~o!uble portions of the salt-soluhle fraction 
would presumably require only mild hydrolysis to bring them into solution 
in the wort. \\"e might thus expect the salt-soluble nitrogen fraction of the 
barley to make a fairly large direct contribution to wort nitrogen, which 
would be enhanced by enzymatic hydrolysis of the least soluble compounds 
during malting, and offset in part by a comparatively small loss of soluble 
nitrogen transferred to the roots and synthesized to less soluble proteins in 
the acrospire. 

In the authors' opinion the partial correlation coefficients are surprisingly 
high since other factors) specifically the activity of the proteases, must play 
a part in controlling wort nitrogen. In this connection it is interesting to 
note that it was shown in Part III of this series (2) that an inter-varietal cor­
relation exists between total salt-soluble nitrogen and total saccharifying 
activity of the barley (r = 0.739). The possibility of a corresponding 
correlation between salt-soluble nitrogen and proteolytic activity is thus 
suggested, and if such an association exists it might tend to raise the coefficient 
of correlation between this barley nitrogen fraction and wort nitrogen. ",'hat­
ever the explanation may be, it seems clear that varieties having a larger 
proportion of their nitrogen in salt-soluble form tend to yield higher per­
centages of wort nitrogen. 

I t is also interesting to note that although the partial correlation coefficients 
for wort nitrogen and the two least soluble nitrogen fractions are not significant 
they are at least negative. This was to be expected since as the salt-soluble 
fraction increases the salt-insoluble fraction decreases, so that if the former is 
directly correlated with wort nitrogen the latter should be inversely correlated 
with wort nitrogen. This can be demonstrated by treating the insoluble and 
alcohol-soluble nitrogen as one fraction, salt-in!!Oluble nitrogen. The coeffi­
cient of partial correlation between wort nitrogen and salt-insoluble nitrogen, 
independent of total nitrogen, proved to be - 0.923. 

I ntra-varieta.l Relations 

The intra-varietal relations between wort nitrogen and the other properties 
are shown by the simple and partial correlation coefficients given in the last 
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two column." in Table I. These preSt:'nt an entirely different picture from the 
c(Jrfl'~ponding one for the inter-varietal relations. The simple correlation 
codflCit:'l1ts for w(Jrt nitrogen and the two least soluble nitrogen fractions are 
pm.itivt· and significant, and all the partial correlation coefficients are insig­
nificant. 

The {'xplanation of the differences between the inter- and intra-varietal 
relations appears to lie in the fart that, whereas between varieties the nitrogen 
distribution i:~ independent of total nitrogen, within varieties the distribution 
is mort' or less dt'f)l'nclent upon total nitrogen. Thus Bishop (3) has shown 
that wit hin varieties, as the total nitrogen increases, the amounts of each of 
lht, nitrogt·n fractions also inert'ase more or less regularly, although not at 
the !->amt' ratf'S (Sl·t' also Part] of this series (1»). It thus follows that as salt­
soluhlt· nit rogt'o in(T('a~s, akohol-soluble and insoluble nitrogen increase 
also. Accordingly if a direct inter-varietal correlation is found between wort 
nitrogen and salt-soluhle nitrogen, in accordance with expectations, direct 
correlations should also exist between wort nitrogen and each of the less 
soluble fractions. 

In calculating the partial correlation coefficients adjustments are made, 
to Loth wort nitrogen and the fraction in question, for the effect of differences 
between stations with respect to total nitrogen. After these adjustments 
are made there remain only the variations resulting from irregularities in 
the gen(.'rally regular increase in each fraction with increasing total nitrogen 
content. Tht'st' remaining- variations are not large in themselves, nor are 
they large in comparison with the experimental errors involved in deter­
mining them. In consequence little opportunity exists for demonstrating 
the possible existence of intra-varietal partial correlations between wort 
nitrogen and barley nitrogen fractions, independent of total nitrogen_ 

It seems dear that within varieties the main factors controlling wort 
nitrogen are associated with total nitrogen rather than with nitrogen distri­
bution among the protein fractions. These factors are probably connected 
with proteolytic activity, which may well be correlated with total nitrogen 
within ,'arieties, but not between varieties. Relations of this sort between 
malt saccharifying activity and total nitrogen have already been demon­
strated in an earlier paper in this series (2). 

Relations between Malt Extract and Barley Nitrogen Fractions 
Inler-tlQrietal Relations 

Simple and partial correlation coefficients showing the inter-varietal -rela­
tions between malt extract and each of the five barley nitrogen fractions, 
between malt extract and total nitrogen, and between malt extract and wort 
nitrogen, are given in the first two columns of data in Table II. Comparison 
of the simple and partial correlation coefficients shows that inter-varietal 
differences in total nitrogen h'!ve only a slight tendency to mask the real 
relations between extract and the various nitrogen fractions, 
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The partial correlation coefficients show that between varieties extract is 
inversely correlated with insoluble protein nitrogen and directly correlated 
with total salt-soluble nitrogen and salt-soluble protein nitrogen, but that 
significant correlations do not exist between extract and alcohol-soluble. non· 
protein nitrogen. or wort nitrogen. 

TABLE II 
RELATlOl';S AMONG iWALT EXTRACT (e-J. BARLEY NITROGEN FRACnONS Al'W WORT NITROGEN (J:}. 

AND TOTAL BARLEY NITROGE~ (0) 

Conelation coefficientg 
~~~~~~---------

Yarieties Stations independent variahles 
listed below ----·~-~I--~----

Si~~le, I P;~~:al. Sin~~le. Pa:~.~1. 

Insoluble protein nitrogen - -.728··1 -.648· - .883·· 
Alcohol-soluble protein nitrogen - 200 .201 - .958·· 
Total salt-soluble nitrogen 452.604· -.767·· 

Salt-soluble protein nitrogen 590· I .696* - .641* 
Non-protein nitrogen .138 I .341 -.785·· 

Total nitrogen .380 - .957·· 
Wort nitrogen 431 .542 -.716*· 

022 
-.319 

.306 

.321 

.014 

.073 

-R-',-id-u-a-' d-eg-ree-'-O-f-f-'eed-O-m---"---1-0~1---9-- --1-0--1-----

It seems best to deal first with the relation between extract and wort 
nitrogen. The partial correlation coefficient (0.542) fails to attain the value 
(0.602) required for the 5% level of significance. Nevertheless, the value is 
high enough to suggest that a significant partial correlation might be demon­
strated by investigation of a larger number of varieties. 

In the present investigation the ll1aximum difference between varieties 
with respect to wort nitrogen calculated as protein was 2.0%. whereas the 
maximum difference in extract yield was 5.8% (see (9) Table J). Thus it 
appears that the amount of wort nitrogen a variety yields can have only a 
relatively small influence on the total yield of extract, and a close correlation 
between wort nitrogen and extract would hardly be expected. 

Since the partial correlation between wort nitrogen and extract is not sig­
nificant, the significant partial correlations between the salt-soluble nitrogen 
fractions and extract cannot be wholly explained by the direct contribution 
which these make to wort nitrogen. Some other factors must be involved, but 
these cannot be the result of proteolytic activity since this must also con­
tribute only to wort nitrogen. The possibility that these factors represent the 
activity of various hydrolytic enzymes, other than proteases. suggests itself 
and receives some support from the previously noted fact that an inter­
varietal association between saccharifying activity and total salt-soluble 
nitrogen has already been demonstrated (2). 

Since the insoluble protein (glutelin) can contribute to extract only by means 
of hydrolysis by proteolytic enzymes, an inverse correlation between thi. 
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fraction and (~xtract might be expected. However, since in the present study 
thE' maxirnum difference betwt"t'n varieties with respect to insoluble protein 
\\d~ J(':;~ than 0.9("; (set' (1) Table III), whereas the maximum difference in 
(.xtract was 5.8(";. it again seems surprising that a significant correlation 
bhoulJ be obtaiTH"d. A possible explanation may be that varieties that 
("ontain larger amounts of insoluble protein also tend to contain larger amounts 
of th(' in~()lubh' carhohydratt's, lig-nin and cellulose. 

1"'11"1<,''1'\ 11('" l'I<IIlICTJ(I-";-

1,jl\wrt i'l.lin .. 
'\:;IPI'.lll 
l)j!)"t'rt'1l("(" 

T"t .. .d 

\ .d\l(· 

, {)(j 

1 S-I-
1 L~ 

TABLE III 
EXTRACT (E) FROM TOTAL r.ITROGEl\ (~) AXD TOTAL SALT­

~(ll.{ ill-I-: l"I1ROGE:\ (~) 

E = H44 - r,,3 I'\ + 5.1 S 

llilroj.;l'll, Tr.tai ;,alt-'-ol. X ' 0 

\lultiplied \'d!UC 
::\[ultipiied 

I" _" 3 by 5.1 

-1() ()$ HOi 4 12 _ 
" ~o ,~!)X i 3 OS _ 7 2S 2()() 1 07 

Ii ~ 
- 6.2 

An a!tprn;lti\,(' f'xpla1lation also suggests itself. Bishop (5), in discussing 
intr<J-\'arit'lal rt,jations between total nitrogt>o and extract, points out that 
tIll' derrl'ast' in extract with inCTt'asing total nitrogen is considerably greater 
t han would Ill' ~xpected if the decrease resulted merely from displacement 
of ~oluhk C'arhohydrates by nitrogen compounds. He therefore suggests 
that the protein, in addition to replacing carbohydrates, "seals up" some of 
the remaining carbohydrates, thus making them less readily extractable. It 
St'em~ po~siblf' that this sealing up, if it exists, may be largely a function of 
tht' glutelin proh'in which might thus have a greater effect on extract yield 
than would be expen('d from consideration of its quantity alone. 

\\'lwreas the partial correlation coefficient for insoluble nitrogen is negative 
and sig-nifieanl, lhat for the alcohol-soluble fraction (hordein) though insig­
nificant, i~ positiyt'. It accordingly seems reasonable to suppose that the 
alcohol~soluble fraction can have little effect in any sealing up of soluble 
carbohydrates" hieh may exist. Bishop (8) has suggested that the alcohol­
soluble prote-in and starch play similar roles in the grain, both acting as 
rest'n·es. The possibility of some inter-varietal association between these 
two reserve compounds suggests itself as a possible explanation of the fact 
that the partial correlation coefficient for alcohol-soluble nitrogen and extract, 
though insignificant, is positive, On the whole, it appears more surprising 
that it is possible to demonstrate, with only 12 varieties, that significant 
correlations exist between extract and certain nitrogen fractions, than that 
significant correlations cannot be demonstrated between extract and other 
fractions. 
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Intra-varietal Relations 

The intra-varietal relations between ex.tract and barley nitrogen fractions. 
extract and total nitrogen, and extract and wort nitrogen, are shown by the 
simple and partial correlation coefficients given in the last two columns in 
Table II. The intra-varietal relations for extract are similar to, but the 
reverse of, the corresponding intra-varietal relations for wort nitrogen. All 
the simple correlation coefficients are significant and negative and all the partial 
correlation coefficients are insignificant. 

The explanation of the differences between the inter- and intra-varietal 
relations for extract also appears to lie in tht> fact that, when"as between 
varieties the nitrogen distribution is independent of total nitrogen, within 
varieties the distribution is more or less dependent upon total nitrogen content. 
\\ ithin varieties the alcohol-soluble protein nitrogen and the insoluble protein 
nitrogen are closely correlated with total nitrogen content (r = 0.985 and 
0.926, respectively) so that little opportunity exists for demonstrating partial 
correlations between these fractions and extract, independent of the efit'ct of 
total nitrogf'n. It is quite clf'ar, hmvever, that as the total nitrogen inw 
creases, these two fractions increase also, and extract decreases. 

It is also clear that within varieties, as total nitrogen increases, the amounts 
of the more soluble nitrogen fractions and of wort nitrogen also increase 
slightly (1), and it appears that these incft'ases are associated with a decrease 
in extract. Further consideration ·will suggest, however, that in spite of the 
inverse associations, increasing amounts of the more soluble nitrogen fractions 
may add to extract yield. Thus within varieties and with an incrt'ase in total 
nitrogen, the loss of extract resulting from displacement or binding of poten­
tially extractable carbohydrates may well be far greater than the possible gain 
in extract resulting from a comparatively small increase in the amount of 
salt-soluble nitrogen compounds entering the \vort. Common sense suggests 
that this hypothesis is sound and it also receives some support from the fact 
that the partial correlation coefficients for the more soluble barley nitrogen 
fractions, though insignificant, are at least positive. 

The possible quantitative aspects of this matter can be brought to light 
by calculating the regression equation for extract (E) on total nitrogen (N) 
and total salt-soluble nitrogen (S). This turns out to be:-

E = 84.4-6.3N+5.1S. 

Results obtained by using this equation are shown in Table III. The data 
for total nitrogen and total salt-soluble nitrogen are mean values over aU 
varieties, and Nappan and Gilbert Plains are the stations at which total 
barley nitrogen was highest and lowest (see (1) Table I). It will be observed 
that an increase in total nitrogen content of 1.15% results in a predicted 
decrease in extract of 7.25%. On the other hand, the small increase in total 
salt-soluble nitrogen of 0.208% results in a predicted increase in extract of 
only 1.07%_ The net decrease in extract is thus 6.2%. 
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This example must be considered as a hypothetical illustration of the possible 
simulta[l("'(JUs rclation between extract, total nitrogen. and total salt-soluble 
nitrog(·n. Sin('t' tht· coefficient of partial correlation between extract and 
total ~alt~soluLle nitrogt·n is not significant, the available data fail to prove 
that the corresponding- partial regression coefficient is of the order of the 
calculated estimate, 5.1. It may even be negative. though this seems rather 
improbable. 

The differences between the- inter~ and intra-varietal relations for extract 
can be summed up as follows: between varieties total nitrogen and factors 
a~sociated with it have EttIe influence on extract, whereas nitrogen distribuw 

tion and factors associatt'd with it have a measurable effect; within varieties 
total nitrogen and factors associated with it are largely responsible for the 
control of t"xtract, and among these factors nitrogen distribution must be 
nurnbered. The differences result mainly from the fact that whereas within 
varit'ties nitrogen distribution is closely related to total nitrogen content, 
betwc("n varieti("s nitrogen distribution is independent of total nitrogen content. 

Simultaneous Inter-varietal Relations among Malt Extract and 
the Nitrogen Fractions, Total Nitrogen, and lOOO-kernel 

Weight of the Barley 

The multiple correlation coefficients given in the last three columns of 
Table IV were calculated with the object of determining whether the inter~ 
varietal prediction of extract from barley nitrogen fractions could be im­
proved by introducing totaf nitrogen or lOOO-kernel weight, or both, as 
additional independent variables. It was obviously useful to study further 
only the three nitrogen fractions which yielded significant partial correlations 
with extract, independent of total nitrogen content. 

TABLE IV 
SIMULTASEOl·S INTER-VARIETAL RELATIO!'OS AMONG MALT EXTRACT (e), BAkLEY NITROGEN 

FRACTIONS (x), TOTAL BARLEY NITROGEN (n), AND lOOO-KEKNEL WEIGHT OF BARLEY (g) 

Correlation coefficients 
independent variables 

li$ted below Simple, Multiple, Multiple, Multiple, 
r_ R. •• R.Q 1<... 

Insoluble protein nitrogen -.728-- .738- .737-
Total salt-soluble nitrogen .452 .676 .844-- .859· 
Salt~wluble protein nitrogen .590 .748- .836-- .875--
Total nitrogen .380 .470 

Residual degrees of freedom 10 

The mUltiple correlation coefficients for extract, a nitrogen fraction, and 
total nitrogen are given in the second column of data_ Comparison of these 
with the corresponding simple correlation coefficients, given in the preceding 
column, shows that an appreciable improvement was obtained with respect 
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to total salt-soluble nitrogen and :-;.alt-soluble protein nitrogl·n. Statistical 
analyses showed. howpver. that tht>5t· improvt'ml'nt~ could not he considered 
significant (see Table Y). 

T:\Hl.E \" 

:\XALY:-iF.~ OF T"TER-\·.\RIE1'\1. 

\'ari,illCt' accounted for In 

Lt1(:'( t of:\.l 
·\drled effect uf tot..!.l nitroKcll 
i{(· ... idual 

Effect of Xl 

Added effect of lOoo-kernei wt·jght 
Re;-;i(Iual 

EtTen uf XI 

.\dded effect of tutal salt-sol. :\ 
Re"idual 
-~ ~--~-.--.. -~-.--- - I 

Effert of Xl and lOOO-kernel weig-ht 
Add{,d effect of wtal nitrogen 
Residual 

Degn'I'" 
(If 

frl't'dulll 

\IF :\1.\1 T EXTRi\CT 

:\.1 I :\1 = Till-II XI = Salt-
In"olul,!t- ",ill- soluhle 
protel!1 slllubk protein 
nitr,)gl'1I nit rngl'll nil ro!-!cn 

271..j.· 
; ., 

25 9 

104 () 
129 3 
31 () 

tiR.1· 
IOH.4 
Z.c;.l 

190.9'" 
lO.1 
15.0 

The effect of introducing IOOO-kernel weight (G) was next invt'stigated 
\rith respect to the insoluble protein fraction. the effect was negligible. On 
the other hand, significant improvements were obtained with respect to both 
other fractions (see Table V). It thus appears that some inter-varietal factor 
e:\.ists, which is common to the control of extract and 1000-kernel weight, but 
is not common to the control of extract and the salt·soluble nitrogen fractions. 

As a further step the multiple correlation coefficients between extract, the 
nitrogen fraction, total nitrogen and lOOO-kernel weight were calculated, for 
the salt-soluble protein nitrogen and total salt-soluble nitrogen fractions. 
These are not significantly higher than the corresponding multiple correlation 
coefficient in which total nitrogen is not included. 

One other simultaneous relation also appeared to merit investigation, 
namely, that between extract, insoluble protein nitrogen, and total salt­
soluble protein nitrogen. The multiple correlation coefficient proved to be 
0.738, which is not significantly higher than the simple correlation coefficient 
for extract and insoluble protein nitrogen only, ;_0.728. 

It is obvious that it will be necessary to obtain far higher multiple correlation 
coefficients before a useful inter-varietal prediction equation for extract can 
be developed. In the meantime it is apparent that in developing such an 
equation insoluble protein nitrogen alone, or total salt-soluble nitrogen in 
combination with WOO-kernel weight, may prove useful. It should be noted 
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that the I,"D-~t."..(!;(' extraclinn method (5j~ potassium sulphate foHowed by 
hot iO(~' akolwl), u~·d for determining insoluble protein nitrogen, precludes 
it:. n'ady U:.t' for pn'djctioll purposes. There is reason to believe, however, 
that t ht, detefminal ion could be made using a single solvent, possibly 80/0 
hodium :-.alicylJtl' solution (10). 

A nalyses of l'ariance 

In order to cktermin(, wht'tner the multiple correlation for extract and two 
ind{'IwndeDt variables could be considered significantly higher than the 
simple correlation b(,tween extract and the first variable. the inter-varietal 
variance for t':xtract was analysed into portions accounted for by: (i) the 
fin;t independent \'ariablp; (ii) the added effect of the second independent 
variahk; and (iii) tht- residual variance. \Yhen the mean square for the 
addl'd eflt~ct o{ the ~{'c()nd \'ariable prm:es to be significantly greater than 
t he residual l1IhlIl squan', the multiple correlation coefficient can be con· 
sitlen·J siRnificantly greater than the corresponding simple correlation co~ 
efficient. 

The resulting mean squares for seven of these analyses are given in the 
first thrt'l' sections of Table Y. It is apparent that significantly higher 
multiple corrpJalioIls \\'t're obtained only by combining 1000·kernel weight 
with either total salt~soluble nitrogen or salt-soluble protein nitrogen. 

Th(' 1.1,:;1 seclion (If Taule \. gives tht' mean squares for corresponding analy­
St_'s dt'signl·d to determine wlwther the addition of a third independent variable 
raised tht' multiple correlation coefficient significantly. The statistics show 
that no significant increase was obtained. 
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A:\, ATTEMPT TO HYBRIDIZE ANNUAL AND PERENNIAL 
A VENA SPECIES' 

Abstract 
Cr();,~ pollination of annual with perennial :\vena :-;pcci(';; did not re-suit in the 

production of hybrid ~eeds, but certain "pecific comhinations produced ovary 
stimulation. 

Suc-cess in hybridizing annual Triticum and pert'nnial Agropyron species 
(1, 2) and the resulting interest in the production of new, perennial (oraKe 
crops prompted attempts t() hybridize annual and perennial Avena species. 
The objective was the production of a perennial plant having the general 
foliage and seed characters of annual, cultivated oats. However. after two 
years' work the results, herein reported, are essentially negative. 

Nine annual nnd eight perennial Avena species were used (see Table J). 
The annual species A. sativa and A. byrontina were represented by six and 
two varieties, respectively, while the perennial species A. pratensis. A. plani­
culm is and A. pubescens were represented by six, four and two forms, 
resp€ctively. 

Using the annual species as maternal material, a total of 2,914 florets were 
emasculated and cross-pollinated (1,652 in 1937 and 1,262 in 1938), A total 
of 56 crossing combinations, not distinguishing between strains, were attemp­
ted. In most Cases the 1938 work repeated the combinations attempted in 
the previous year. 

The annual (and biennial) species were started in the greenhouse in late 
winter and transplanted to the field in the spring in order that flowering 
might coincide with that of the perennial species (early mid-June). In 1931 
about 300 florets on potted plants were emasculated and cross-pollinated in 
the greenhouse. The hybridization technique was to emasculate the florets 
of the annual plants about three days prior to anthesis, bag with glassine 
envelope, and pollinate with perennial specjes three days later. Further 
details on the general technique used are outlined in a previous report (3). 

Table I presents data on the material used and the number of florets cross· 
pollinated in each crossing combination attempted. No hybrid seeds were 

1 Manuscript received January 11,1939. 
Contribution from the Division of Forage Plants, Central ExfJerimentcl Farm, Ottawa, 

Ontario. Published as N.R.C. No. 791. 
:1 Formerly Research Assistant, Division of Forage Plants, Central Experimental Farm; 

now Forest Geneticist, Division of Biology and Agriculture, National Research Council, OUawa. 
3 Research Assistant, Division of Forage Plants, Central Experimema/ Farm.. 



obtaiTlN.l from any of the (TOS!' pollinations made. In the case of A. sati'l'a 
var. Early I{ipt" r;ollinatf'd hy A. pratensis 1422 and by A. montana 1430, a 
oumtwr (If df'floitt'lv !'timulatpd ovaries were observed (Fig. 1). It is ques­
tionahlt, whether this indicates closer phylogenetic affinities betw('en these 
f{lrm~ than lwtwt't'n forms which produced no ovary stimulation upon cross 
pollination. Such ~timulation is not considered to be the result of aC'tual 
fertilization, but ratht"r th(· result of activation by a chemical agent produced 
h~ tht, f(Jrci~n pollen. probably in the course of germination. 

TABLE I 

TUE r-;TMUER OF FLORfo:T" Of' A!\:-;t·AI. SPECIES CRllSS-POLLlXATEU BY l'EREX:-"lAl. SPECIES 

Male parent (perennial Avena spp.) 

A. salIM 1.. "aT. EIl!:I .. 
.-I. JUl,N.!.. \'nT. Bllld;: B()untifuP 
,.(. satJlItI 1-. \'ILf. SIJlty Day to 51 2.1 
A.b.l'IallJi .. " L". Koch 
.-l.b ..... an/.,JlI\"ar Early Ripe " 23 "" A. "tWa L. 
.'). ij)jjl.cl, 

.4. s/t:'I'"il'5 L. HI 

.<t. abys.I'j,,,,u Ifodl~t. Q 

A. 5tl"lio'<c Schn'b. 42 
A. u'usli; Stc-udel " 

I 
4. h~ .. t'J.' Roth. ." 

Tllt,\I~ ". I 1.11 
I 137 .. , 

I S,wlhas rtJrr to strains within -,pail'S ()r l'urieties. 
2 Win/('r varut), rbinrniai), 

" 7 

" 
2" 

~ n~finitc stimuJaJiotl (Jf crrtu/II aoss-pollinated ovaries. 

58 
21 

200 

124 

" 162 

" 101 

I 

202 

.1.1 

58 
21 

.139 

563 11 512 
23 217 

35 
172 
129 
14,1 

276 
34 

10'1 2914 

It is concluded that the annual and perennial Avena species in question are 
either not intercrossable ur are intercrossable to a degree which is insufficient 

to produce positive results within the limits of the present work. Further 

attempts to intercross annual and perennial Avena species should, accordingly, 

be more extensive than the prfsent investigation both in the number of com­

binations and in the number of cross-pollinated florets in each combination, 
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FIG. 1. I .• rft, normal seed. Upper ri{izt, 1UtSiI"mu/aied vuar;u. 
Lcrwu right, stim-uJated O1'(lrjes. 
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S1TDIES 0:\ POL}".'I1YXA GR.1.'11l!,'IS, '\. GE'\. N. SP., 
A PLAS!I10DIOPlIORACEOl"S ROOT PARASITE 

OF WIlEA T' 

By (~. _'\. LEDl~GIl:Ul~ 

Abstract 
:\ IW\\ r!1t'rHl,,'r "f \11(' l'la .. tJllJdi0l'hnr.Jk ... \~ilh r,ttlwT IIllu"u.d ("haract~'ri~tics 

11,1 .. 11('('11 ["uIIII I'.lr.l"ilizing tht' r(l\)t~ "f wl1l'al grown in '>oil f~(lm thrl'l' <htTcrcnt 
['u-,dilil· ... in ('man" In addllil'o 1(, ';P()f(' tlu .. teT" of 111(' L/f;flil'r([ tYfJt'. large, 
"I'pl.ll(' z"(! .. p"r,lIl~i,1 wit h ("(Jtl."pi~·t!Oll .. tl!]Jt'~ f"T 7.oo"porl:' di~'h~lrge an' pr('sent. 
T111"",· mliltinu("kall' ZOO"'jl<Jranj.!la ,In' pnl{ill('cd by progrc;,;,IYc tubular out-

~,~~:~~il~:~ It.~''::\ I: \:: i ~~\\\:~.a 'I'n ~ ~\::~:\);I~~a;: ::::1 ;If(~'~1 i~~ sl;;~~~~i~:k~~I{'m~\;;~~~I:~;~ 
II1P':;lffhl("1;.II· <1"\'d"11 tiT!>'!. therl ,;cj.!"nJent ',II form spl)~('cluster;; without f(~rma~ion 
u\ a !>t't.!\ 1l1l'lIIhr.l1w, Bolh ZOlJ~}llJran~la LInd rcstlllg sporco: produce Identical 
1.('O:.P'lIt·., widl lW(, Ilagt;\I'1 (If unequal \tong-tho 

TIll" »ul11atic ml("1ear divisions ill the growin)::: myxa1110ehae arc rhuructt'rized 
by Ill!' "iIIHiltalH"'\h dh'j,.,ioll!)f bllth the nucleolus and chromatin within a per~ 
"1~!('lll (w,l('.Lr Im'mlmllL('. During the transitional phase which f{)lI{)w~. the 
llIWh-"ltI" di,.aplH".lr ... ,II\(\ at the SHUl' time there is an intensification ?f the 
!-1.lining l'r,,[wrtie ... (~f Ihe surrounding cytoplasm, Prior to ~~mentatlOn of 
tht, 1ll\"xiLlllOehat' to lurm the sport.' dUf;t('rs, and in all divisions during growth 
uf thl' 7.<)osp(,rallg-ia, the Ilud('oli and nuclear membranes disappear, and divisions 
.In· of ordin;lry lllilOtie type. 

Rl'Iati()n.~hi]' with Ill(' Pla"\1lodiophoralcs is indICated by the form of the 
n .. "t I11g ~p()n' dU"tt'r ... , I he Zllel hll{] of nuclear division during growth of thc 
11l\'Xalllot'!I;!(', and thl' char.h'teri"lic llagellatinn of the znospore, 5mce the 
zU~''''l'(ll"allgi.d dl;u"U'terj,.,tic" uf tl';:. funguo: differ from tho!ic of other genera 
w"hin I hi ... prticr. it i ... cOf}"id('recl de ... irahle to place it in.a flew genus for which 
thl.' hinomial p{ll~'m:::x.u graminis is proposed, 

Introduction 

Apart frum Pfas11I(J{hvphofl) brassimr and ~''';ponf!.ospora sublerranea, which 
hnn' b('('n studied quite inlt'nsin'iy on account of their world~widt economic 
importann', few spt'cit's of tht." Plasmodiophorales have received much atten­
tion from plant pathologi~tR. It was of interest lhl:'Tefore 10 find a member 
of this (lrdl~r prC::'~t'nt as an intracellular para~ite in the roots of wheat. as no 
pre"iou:-; n'curd of parasitism of cereals by the Plasmodiophorales could be 
found. 

The fungu~ \Ya~ first discovered in the autumn of 1921) during an inycstiga­
tion of certain root rots of \,,'heat occurring in Ontario. During the following 
three y{~ar~. studies wert' made on the organism in the Botany Department, 
University of Toron((I, whenever infected rOots were a\-ailabJe. Later, special 
studies on germination of the resting spores and morphology of the zoospores 

1 Manuscript recl'it'ed Jatwary 2(), 1939. 
l'his pa/>t'T rrmstiJlIJrs PtJl'l nf n Inrsis submiJled to Ihe Graduate School of Ihe Unirersity 

of Toronto i" pllrtiaJ fulfilment of t)1( requirements for the degru of Doctor of Phil{lsoPhy, The 
project 'Was started at the ["nit'eni!), {If TM(l1lf{l in 1929 and ClIrried on there during the tenure of 
two Natimwi Rcsrdrd. 0Iur/(11 SfilOlarships. and a research assistantship from the Department 
of Bol.ony. f:urtlll.'r studje.~ 'wen' made at til-e Horticultural Exper·jmetltal Stati-on al l'"j,J.etand, 
OmorI(!, ami In zhi' Laburalories of Cr."plogamic Botany aJ Harva.rd Cnivet'si,11' in 1937, The 
wQrk lias bt:'(n compit:'lrd in tM Dil.'isi~n of Biology arid Agriculture of the .\'otional Resrarch 
Laboratories, Published as N.R,C. No. /"92. . 

z }.tY({I/ogis(, ."'"alianal Rrsrarc/l LaDoratayles, OttaulO, 
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"tTl' made in tilt' Lahoratories of Cryptogamic Botany at HarY~l.fd l'nivt'rsity 
(~I. In n'n'nr ~'ears most (If the earlier ohst'n'uti(J[ls han' bt·t·[l rt·cht'(."kt"d 
and additional cytological :;.tudit·s ha\'t' 11t"'f"1l Oladt· ill Ilw ~ali(ln'll H.t·~war('h 
LalloralOrit'~, (htawa. 

Resting: spor{'s were discon'red fir::;.t hut it wa~ soon found that largt· c}lylrid­
likt· 7onsp(lrangia wen' associated with them in tht· wht'at foots, 1t wa~ thus 
of primary importann' to dt'lt'rmin(> whetht'r tlw~t-' zoo!-;pnranl.!,ia ~lT1d resting 
:-;!lof(.':-.l){'!ong_t·d in (ht, lift' c~Tlf' of the sanw organism. ,-\~ a r('~u!t of cultural 
and morphological .... lUdie~ tht'f(' i~ now no dou"r thai Ihi~ i:-. SIl. Tht· fol­
!n\\"ing reaf,ons are giw·n fur thi~ conclusioll: 

111 Spl)rt' c1u~tt'r~ and z()():,poratl.~ia \Iolh rh'\'t'\ojll·d in r()(lt~ (Ii \\ IIl',11 st't'd~ 

lip).!:, grm\'in~ in nutrient ~Illut i{llb \\ Ill'lI in{)('uiat it 111-; \\ {'n' TlI;H.!t, \\ it h /(I()~P(lft'S 

from /.oo~porangia only. 

(1) \Yheat p!anb grown in :-.h-ri!izt'd !-olli! which had llt'l'n in(l('ulatt,d with 

Ihrt'e~year-(jld, drit"d. finely po,,'dt,rt,tJ, illft'~ll'd root:' produn·t! [loth stages 
llf th(> organism. Sinc(, it i:-; \n~· unlikely that the lhin-\\'uIIN} Z(I()sp(,rang-ia 

{'an !">un-iH:' aftt'r drying, both typt':-;. (If thalli probably devl:'lopf'd from gt>rmi­
nating resting ~p(lrt·s. 

(3) Tht' organism has lwt'n undt'f ()h~lT\"ation for !lint· yt'ars and lht' 1\ .... 0 

~tag-e~ have in"\'ariably h{-'('ll £l:-'s()('iatt'd on wheat frllm many difierl'llt plant­
ings in soil from difft'rent Incalities. 

(4) During development. Z(lu::-;pI)ran!!ia are nll)st ailundanl at flr:-;t, \\hert'as 
ttl(' resting spores appear in f..;reatt'r llumbf'rs as tbl' roots h('("oInt' mort' hf'avily 
inft-ctecl, This \\Oldd not he ('xpt'cted if tht, zoosporangia and re.'iting sporcf, 
\n're difft'rt'nl or.c-ani:"im~, 

(S) Both spore clustt'rs and Zo()sporan.l-,;-i.a producp identical Z(){lspon'~ of a 
characteristic biHagellate type which haYl;:' b(,pn found tl) occur among the 

lmH'f fung;i only in the Plasmodiophoralf!s. 

As a result of the studies that ha"\'e bf!cn made on this organism to uatt.·, 
thl' life history has [wen fairly weli f'stablisht-'d. Su("h points as remain to 
lif' investigated are of a type on which information if; Hill lackjfl~ 011 even the 
oldest members of the ordt'r. It seems advi;;;ahle therdon' to present the 
work as it now stands, lea\-ing these questions for future c()nsidt'ration. 

The absence in ~orth .\merican herbaria of all but a few ~pecie5 of the 
Plasmodiophorales, and tht' fragmentary accounts in the literature of some 
of the life histories, made it extremely difficult to determine the affinities of 
this new spedes. Hm\-en'r, during a visit to Great Britain, the writer 
recently took advantage of the opportunity to compare it with most of the 
known species in all the genera of th~ order and was thus able to settle defin­
itely the problem of !""elationship and nomenclature, 

For reasons that will be discussed later it appears best to establish a new 
genus and species. Hereafter the binomial Polymyxa graminis will be used 
to designate this plasmodiophoraceou5 root parasite of wheat. 
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Material. Methods. and Host Relationships 

Thf' funj.!~s was discovered in \Jarquis wheat root::. that had bet'n grown 
in ~Iil "btained from (h(" lentra! Experimental Farm at Ottawa. Later. 
whf'at plants ~rowing in the strawberry hf'd:-; of the \'ineland Horticultural 
Station w('n- found to b£:' infpctt'cl, and soil from tht' Agricultural College Farm 
at (;U('\ph al~) contained tlw nrgani:-.m. The heayjpst inf('nion~ of wheat 
\n~rt' ohtaim·d in (he g-r{'t'nhouS(' at ahout 60 or 65° F. t llsing soil from Ottawa 
that had bN'n frozen (If dried for a f~'w months. 

Sinf't' theft' w('rt' no obvi()u~ t'xH'rnal symptoms of disease in the host. such 
as hYJlt'rtrophy or di~('oloration of the roots, microscopic observation was tht:' 
only available method for detectinR the prt'Sf'nce of the fungus. Heater 
mounh of li\'ing roots weft' quite satisfactory after thorough washing and 
removal of tht· air from the tracheids. Howt've-r, the fungus staim>d RO clearly 
with acid fuchsin or cotton blue in larw-pheno\ that it was usually preferable 
10 5tudv stainl:'d material. If the ronts were fixed in Bouin's or chrom~acetic 
fixer before lacto-phenol was added even nuclei were weJl prest"fved, but for fine 
cytological details microtome sections Wefe superior. Difficulties due to 
hardening- of the xylt>m in xylol were avoided by using- an n-hutyl alcohol 
~rie~ during- the dehydration process. 

Studies wert' made mainly with I\'1arquis wheat as the host plant. but during 
the course of the investigation it was observed that Kubanka and Dawson's 
Golden Chaff \-,·heat are al~o susceptihle. In addition barley and rye, but 
not oats, haV{~ bt'en infected. A similar type of resting spore was found in 
the roots of species of Agropyron, Scolochloa, Rumex, and Impatiens, but 
zoosporans,:ia were not always associated with these. Several species of 
Juncus and Poa on which Ligniera had been reported in Europe did not 
bt"C'ome infected when grO\\'n along with parasitized wheat roots. 

Morphology and Life History Studies 
The Zoosporangia 

The zoosporangium begins. its development in the cortical cells of the wheat 
root as a uninucleate spherical thallus about three to four ~ in diameter. 
The presence of a delicate surrounding membrane distinguishes it from the 
naked amoeba of similar size that will ultimately produce the resting spores. 
Nuclear divisions soon produce a multinucleate thallus, which may either 
rt'main spherical or become grt"atly elongated (Plate II, Fig. 14). The next 
sfep in the process is the production of a blunt lobular process from one side 
of this primordial thallus. A single nucleus moves out into this lobe and 
becomes much enlarged. Divisions follow and the new lobe becomes multi~ 
nudeatt.~ and in turn sends out other lobes. In this manner a large septate 
thallus is developed which is completely surrounded from the beginning by 
a thin mt'lllbranl' (Plate I, Figs. 6, 7, 9). Although most of the lobate out~ 
growth~ are round Or harrel-like in appearance. they may be very long and 
tubular, extending almost the 'entire length of the host cell. Development 
may then cease or a series of short blunt lobes may form at the end (Plate I. 
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Fi,g. 10), There are indications that a thallus of this type can pass through 
the walls of the host cell and invade neighhourin~ rells. A slight constriC'tion 
occurs at the point of passagt' throup"h tht:' n'\! waH, and furthrr development 
pwC'et-ds in the new cell. 

Tht' discharge tuhrs of th{' zlioFoporangiulll dt'\"l'lop in tht' same mannl"[ as 
the lobes of tht:' thallus. Short. blunt ()utgr(lwths grow toward tht· t'xterior 
wall of the host cell tPlate II, Figs. 11. 15 and 16), 1f the zoosporangium 
Iit"~ in an epidermal Ct~1t next to tht:' surface of the root, a smail round knoh is 
formt"d which presses tightly against tflt" cell wall. \i\'hen the zoospores are 
formed a tiny opening appears in the centre of this knoh through which ther 
t'scape (Platt' II. Fig, 20). Should the zoosporang-ium lie dt'{·pt'r in the cortex 
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FIG. 1. Polvmvxa gruminis, FIG. 1A ANn lB. Types of Lobular outgrowths in early 
stages (If zQosPfJrangt'a{ M:tJel(Jpment. X600. FIG. Ie. Mature Mospnrangia with discharge 
tubes passing through neighbouI'ing host ceUs to reach the surJace oj the root, X6fX). All 
figuI'es drawn with the aid of the camera lucid4. 

of the root. the discharge tubes may have to pass through adjacent cells to 
reach the exterior. A slight constriction appears at the point where the dis-­
charge tube passes through the cell wall and the tube remains long and 
narrow right to the surface of the root (Fig. Ie; Plate II. Fig. 19). Usually 
there is one discharge tube on each lobe of the zoosporangium, but occasiona11y 
there may be more (Plate II. Fig. 18). Viewed from the side the tube is 
cylindrical, and a septum is present at the point of connection with the 
Z<lOsporangium. and also near the point of exit (Plate II. Fig. 16). 
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TIll' qtll'~li{)n (If \\ ht'lhef tilt" s('pta in tllt' 7.{)o~porangium ht,twt"f'n the 
diffl'lI'lI! Itlilt,:-' an' \ nit' or p~'udost'pta can be dett'rminf'd most ft'adily in 
7!NI .... ll('rOlIll:i.1 I h.l! han' di..,chargt·d mo~l of I heir zoospores. Zoo~porf's trapped 

ill 1111' i'iJIl:...porall.L:iuOl tin' c()nfined to a :.it1~l(:' lob(' and cannot pass throu).!h to 

;:wolhl'! jl,irl of till' Il1allu:-.; ai!->(I \'aripus lob{-'~ discharge their zoospores at 

dillt'1"t'llt tjnH'~ '1'lw1'l·fol'(-, 1lH' :-.t·ptum mu~t he a true one. In Ihe di~charge 

1 uilt':..., 1111\\ ('\Tl. Ilpellilll::-- (l('cur ill the :"'l'Pla 10 permit tht' pas~age of zoospores. 

I, j" difllt'lll1 \(1 (k:...criill' eli-ark all tht" changt'!'. which occur in thp proto­
pl.l..,m (.I th(· th;t!rtl~ ;,1 1111' \'ari\)l~:'" :...Iagc::... of grpwth. Early in the course of 
d!'\j']('IJJlll'/l! il j .... ulJ"fj JJJH'l_\- .l..:ranular and quile yacUolalf' in appearam'f' 
11'1.11t" I. \-jL:. ...... :; diU! ~ I ~l)nw of lilt' \"ari()u~ changes in granularity. \"acuola­
till!) ,1]](\ II"11'il1'..'I"[\(·\ (,f 11ll' prllt(lpla!-'nl may Ill· ('ompart'd in the living thalli 
h_\ f'"\dllli!ling l'LI II , I. I:j:..:~. 3 10 ~nd Plait' 11. Fjgs. 13, 15, 16, and J<), The 
till!' H'frill;!VnI l,;r,11IIl\\· .... (If .1 t\t-q'\oplng zoosporangium arf' clearly shown in 
PlaIt' II, Fi'..!, 1:;. TIlt' tliffnl'IWt· in appt'aranct' of a z()(l~poran!;ium before 
and ,die/ /III/"'plln' ddimiLlli(l1l i:-- jl1u~lr,t!{·d in Platt" II. Fig. 13. 

T!II' II,tll ... (If 1111' ('lllPI~ /ul)~Jl()ran.l.!ia lend to ~wr~i:-.l after tht., z(Jo~pon's 

.lll' di .... ch,IrI.:t·d ,Il\(l Lltl'! ;I!"t' fn'quelltly fpund in n .. l1~ in \\hich re~ting spore 

dU~ltT~ It,ll t' dt·I·t"!Plwd 

F](,. 2. Pol.,'my,1;(/ ~r',"lillis. A, H, C, 1), E, i\XD F, Z(105p{lre~ dlll~tratl1lf!.. ".Orne 
{~( II", rI/(lII.~I"., ill slraJ) •. )<" 1-;5(1. FIG. 2H. Bi'lIlril'llir sporr .Nth four fiuJ!l'lla prohtlbl} 
J{.rmfd ,lS " ns"lt l~f.rIlSioll (l/ !'e'() III/iIlUe/l'lltc zoospores, XIO(lU. FIG. 1]. Amoeboid !;oo­
sport'S, x..i(lO(I. ...//tJiJ,:,lIrfS dri1"-'1f ,('ilh the aid offilt' umnra luo"cia, 

The Zoospores 

Tht· zoospores an~ fully de\'doped within the zoosporangium and exhibit 
ronf;idt'rable moYemenr even befnrf' tht·y are discharged. Each zoospore 
oozes out of the end oi the tube and appears at first as a small bubblf' on the 
Rurfal't' of the host rell. Since there is no Yesirif' formed each zoospore is 
rnall1re as soon as it leaves the discharg-e tube. '''hen first released tht, 
zoospore is bulgl-'rl in the centre wi'th pointed ends (Fig. 2, A and B) and appears 
to be amot'boid for a moment; then the flagella begin to lash around and it 
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;(l()Sj)orQIII:.wm; SliJumi ",I<l (/(>...p h('ow/uCld Iuds,,,. Xl()/f. 1-",.,. rll. O.sd1/Jrg~ I,u,cs pClutralr'ff Ihm.n.:" rvodl.J of 
adjlUf'''1 , .. lila HU( 1l c;:Unor- of III .. ,(J(.II, X lJUU. FIG. 20. [)u<'h!J r~i u.b.: ( (lP':""'1: 0''' ull .. ,all; find III Plemm jll-is 
u'eak JI:ur . UIUI<lI>.cd. X /3M) , 
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~wim:-; away with a rolling, turning- motion. Should tht:' zoo5'~"X)rangium lit' 
deep in tht'" ('orH.'X the zoospore!'> will han' to tra\'t'r~l' tIl(> long slE'ndt'r di:o'l· 
chan..::e tuhe to the exterior (Fig. 1('). In such rircumstanC't's thl' 70f.l~p(lrt·s 

pa:->!' along ~ingly as in the mycelium {Jf ApharwfTI.vtcs. 

From the work of previous inw',Stigators of the PJasrnadiophoraif'!', if ,,,as 
to lw expected that tht.· Z()OSP()ft'~ would he unifia,l.!"t·llatt'. Such appt'art.~d to 
he tht' case on first examination of li\'ing sporf's. Ho\\'p\"t'r, it was noticed 
th.lt {'\'l'n with the tlagdlum trailing, tht' zoosport.· was able to move rapidly, 
and tlw agitation among th{., bactnia and partid{.'~ in tht> watpr at tIll' antt'rior 
("'nd of the spore close to tht' ha=-<:' of the long tlagellum indicated that some· 
thing W<l:" moving in that n'gioJ}. \\'hpn slaint·d pn'par.aljoJl~ Wt'J't' madf'. 
pro(lf was obtain(·d (If tlw prt'~('IWt' of J sh(lrt tlagt·llum of about Ollt· quartt'r 
tilt" It 'ngth ()f the hln.~ (liw. 

\Io~t 5tudenb !If till' \ow('r fungi an' agreed that Z(lOSPOfl' t1.1gt·\Iatioll i~ 

it "t'ry important characlt'r, which remain:- conRtant within a particular group. 
It \\,1:-> ~urprising, thpreforf", to fint' on(' rut'mher (If the Plasmodiophoralt,s 
diifpring from the others in this. n·spt·cl. Ac{'{)rdingly, a fp.jnvt>stigalifl1l of 
Iht' zOOSport:'S from the resting spon'~ of Plasmodiophora hrassi({/f and 
.",'POl1f!.OspOra subterranell was made, and llwy, too, were found to be hitlagf'l\ate 
with a long and a short flagellum (8"). Th(' same charartt'r was found in the 
Z()()spon's from the zoosporangia of Spon.!!.osporll subterranea when the~w wt"rt" 
di!-lcm'('rt'd in 1935 «()). and just recently also for zoosport·s from !-Ipon" hall:.: 
of Sorosphllfra l-eronirae. This typP (;f tlagellation is Quite different from 
that of any (If the \owt'"r fungi or \iyxomyct'tt'"5 and is not unlik(~ that of 
lH:'terokont algae (15). It is interesting to note that tht:' short flagellum was 
al~(l overlooked for many years in lhe algae, and its disco\'ery caused a r{"'~ 

dagsification of the Chlorophyceae. 

TIlt' I["ing zoospore may be studied most conveniently in a very thin film 
!If watf'r em a COVf'T slip over a Yan Tif').!ham ct-'ll. The spt't-'d of swimming is 
thefeby ~reatly reduced. making it possible to observe flagt'lIa, vacunll's and 
t'ven the living nucleus. l'nder this \"{'ry unfavourahle environment it is not 
long before the zoospores encyst or bt'come amcwhoid. The period. of zoospore 
acti\'ity dt'pencis largdy on the environment, temperature being: one of the 
most important factors. At 28° C. many zoospores become amoeboid and 
encyst in a few minutes. whereas at 18° C. they swim actively for several 
hours. If the zoospore is not in rapid motion it i~ g-enerally spht'riral in 
shape. At times it may be top-shaped. pear-shaped. or ovoid (Fi~. 2. A- E). 
Zoospores have been observed swimming with the flagl'lIa in front of tht> 
sport'" but usually they art propelled frum behind. The body of the zoospore 
rotates over and over when in mot jon. If it is not very active it may rotate 
in a circle. pi\-oting around the long flagellum, which moves with a slow 
undulating muvement. even when the zoospore is motionless, 

After the zoospores have been swimming two or three hours under favour· 
able conditions. or much sooner if the temperature is high, most of them 
become amoeboid. The flagella disappear and the amoebae move on the 
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~urf.1C·I' of dH' ~Uh~TraIUrn IJ\' nwal1:-. of ps(>udopociia (Fig. 2J). These amoebae 
\.lfT ~n'alh' in .. h~IP(· alld·.'"iizl·, 1'~uaJJr Iht·y are very \,acuoJatp. and the 
~)rrl;"p!a:-'TTi'in tilt' pRt'ud('podia ha~ bt'('n observed to flow around and engulf 
~ll1al1 'llljl'ct ~ It may be p(J~sibll' t hat they can in~est solid food particles 
in 1 hi .... \\;J\, in lilt' ...,am,' manner a:: that dt'scrihpd hy 'lain' and Tison (10) 
fflr IH(J~JI()n'''' of Lignirra _illfl( i. 

Z(lH~pon'~ 1hat ha\'" hl'I'1l tixt'fi m'er o!o;mic acid fumes. dried on a slide and 
!-li!in('d. art" :o:pht·rical in :-.hape. Tht' a\'t:'ragt' diameter of 150 stained zoospores 
wa ... 4, 2jJ., wil h a minimum (If 2.:=; and a maximum of 5. 6J.J.' Tht, long flagella 
art- 1h 10 20,u in length and tht' short ones 4 to 5J.J.. A ~tainf'd zoospore has 
IirH'h- vacuolate ('vtopla!-o111 (Platt' II I. Fig, 24) with dark granules scattered 
thro~,gh()ut. Fr;~quently a largt-' dark spot in tht' ('entre of a clear area is 
viRihlt' on th{A margin of tht· zoo~port·, This may be a vacuolt·. The nucleolus 
of a zoosport' nucleus i~ not as conspicuClus as that of the amoeba within the 
h()~l cell. Tht' nuch.·u~ i!-' mmally ovoid (Plate III. Fig. 24), hut may occasion­
ally he top-shap.·d (Fig. 2C;) or perfectly spherical (Fig. 2, El. 

Tht, fla~l'lla rna...,. lw traced to the surface of the nucleus in stained material. 
The\' ha\:e som('timt'~ ht't'n found to be al tac-hed close together at the base 
(Fig'. 2])), though more often they are separated (Fig. 2, E and Fl. Although 
tlwy appear occasionally to ari5t' from the opposite poles of the nucleus. it is 
helit'Vl·d in thest' instances that th(' denst'iy stained nucleus may mask the 
true proximity of tilt' points of origin. Occasional zoospores with four flagella 
han' bt't"n found (Plate III. Fig. 2i). Such spores are invariably binucleate 
(Plate JII, Fig, 28), It has not been possible to determine whether they 
art' Iht' product of a fusion between two zoospores or the result of incom­
plt'tt' st'paration within the zoosporangium. 

The prm't'ss of pt'llt'tration by a zoospore has not been obser\'ed, although 
many attempts have bet'"n made to do so by transferring zoospores to young 
wheat rootlets growing in water or nutrient 5'olution. One zoospore which 
had lWl'ome am()("boid on the surface of a root hair 'was watched for 12 hours, 
but it did not penetrate tPlate I, Fig. 1). During this time several others 
had passed into ot'arby ront hairs and assuDlt:'d a spindle-shaped amoeboid 
form inside the host ('ell. ::\0 empty membrane could be found on the surface 
of the root hair after penetration of the zoospore as is the case with Olpidium, 
It may, therefore, be assumed that the t'ntire amoeba passes into the cell as 
describt'd by Curtis (5) for SYllcizytriut11. 

The Restitlg Spore Clusters 

Tht" rt"sting spore thallus begins de\'t~lopment in the host cell as a naked 
amoeba, and at no stage of de\'elopment is a uniyersal membrane present. 
Repeated nuclear di\'isions occur and a multinucleate ffiyxamoeba is finallv 
formed. Its spread being uncontrolled within the host c~ll, this rnyxamoeb; 
may assume many different forms. Frequently it is long and tenuous, ex­
tending the whole length of the ceJI in which it started growth (Plate III, 
Fig. 30), or it may form a crescent-shaped mass about the host nucleus. At 
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this stagt", long thread~likE;' pSt'udopodia frt"qut'ntly radiatt" in various dirt"c~ 
lions. Latt"f tht"se pseudop(~dia art" rNractt'd. the protoplasm of tht· fun~us 
ht"C'omt's much denser and the thallu~ may split up into a group of daught('f 
ct"l1~ or meronts, as termed by some Writt'fS. Thl'Sf;" mt'ronts lit:' in rows or 
in closely packed groups in tlw tracheal and cortical ('{'lls (Plate II I, Figs, 29, 
32 and 33: Fig. 3, Band Dl. Fu:;ion~ in !he living fungus Wt'rt' occasionaJJr 
ohspr"f'ci among separatt_· thalli lying in the same n·ll. \\'ht,tht'r tht'!oot' wen: 
thalli of oppositt' sex Of ffit'rt'iy ml'ronts from the division of a ~ingll' mnlhn 

J[ " .. -. 'I 
A 

E 
FIG. 3. Polymyxa graminis. FIG. 3A . • "laked myxamot'bae during period of active 

grou/th. X6()(). FIG. 3B. Merontsformed by division oj myxamoel)ae. X 600. FIG. 3C. Same 
cell as in 3B, afll'r tke different meronls have coalesced. X 600. FIG. 3D. Myxamoebae just 
pr'z'or to the beg~'nning of segmentation. X600. FIG. 3E, Segmenta#on of myxamoebae to form 
resting spore clusters. X 600, 

thallus was not known. In one instance the granular protoplasm of four 
thalli kept milling slowly around unti! suddenly their contents spread out and 
fused into one mass, which filled the lumen of the host cell (Fig. ", B and C). 
In another instance an elongate mass of naked protoplasm (Plate III. Fig. 30) 
suddenly spread out evenly in the host cell (Plate III, Fig. 31). The reason 
for the above phenomenon is not clear at present but is mentioned because it 
may have some significance in nuclear fusion. 

During early stages of growth the myxamoeba appears very vacuolate. 
but as further development takes place the vacuoles gradually decrease in 
size and the thallus finally becomes a closely packed. mass of dull granules. 
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(Pla!I' J, I. F11-' .... 2!) and .Bi. TIll" (kn~jl_\' jJ)erea!"f'fo; furthl'r and oil~' ~ubstances 
app(,ar. \\ hich inn('a~(' thi' n-friolwncy of tilt' thallu!' jU:'l prior to spore 
di'lirniLlliflll (Platt' IY, Fig. 39), Lint's of ('\t'avag-(' appear around each 
Iluc\('u"" ;\lHI II\" dn.:n'(·:-- n,I1 W<lll~ art· 1.11d down, l'ach consisting at maturity 
of dll i!IIH"l" 11\',l1i1lI' bYl'r and an {'U\l'r. ~m(l()th. hrownish-yellow waH, which 
j..., fll"'I,r! \\ilh lilt' lH'j~}dJlJurjnl.! ('1,1\;- IPLltl' 1\', Fig", 37 and 38\. "\\ost of 
1ht, cd1 ... ;11'(' quilt· ~jllH'ri"<Ll, hut pn·~:--Urt' l':\i'rled on th(' sidps may caUse some 

tt> II(' lLilt('Ilt'd (If 1,1;lny-:--itin\ (Plall' 1\', Fil..!_:-> .. n and 40). Indiyidual cells 
1111114' "'pPtt' C\U .... lt'r:-. 111t'.l:.UrI· frllm ;; tl) 7/1 in diamt:'tN, The ('untt'nts are 
~nl(lolh <llld n,frin,:..,:('111 \\ir/JIIl1! ('I11J"pjC!lI)U~ oil dropl(·t:; (PlaIt' n', Fi,s..:. 38), 

Ir ~{,I!n'k !--('{'JI1!-- n('('('~, .... ,iI'\' II/ itHa!\'",,(' Ihc :-.hapt-> and sizt-' of thc spore 
( 111"(('1'" ill 11'\'\1 it III t I It h(bl' 1'('1~' 11"It,(1 in t\;(· (1\ lwr ~('rlt'ra as Palm and Burkt' (13) 
h,\\'(· dll!)I' [01 SIII'O"/'/I,!I'1',/ 1 t'rolli((I/', \1\1\ ~ilnlt' cnmparlsolls may ht.' usefuL 
\\11"'\ ll~ 1\1(, --\)\111':-' ,tn' "imil.ll' III Iht)"t, rVjlortt·d felr Ligllirrt! junei hy Cook 0). 
(kc,p,.iIJIl,.Ih, illt\i\'i(\Il,tl ~pllrt':- ... imibr w \ho:;!' (If P/asmodioplwra brossicae 
IlI;1\ /1(> f(Jll;nj 11'l.tl(' I\', I:il..:, 3()). Four ~pon'~ grouped log'cl1wr.1:' in Tetra-
111\',~·{[ !l<l\I' !It't'll (II J"'(T\'t'd , ,Llld (111lI'1" ('\U~H'I'~ somt'times rest-'mhlt' lht' spore 
(';;kl'k (d' , .... ·orotii.l( }II, t'\I'('pl flH 1 hl' aIISt'11Ct· of tIlt' uniYlTsal membrallP, The 
:-.ilC :llld :-.h.lJw ()j tl)(' ~JlIlI\' \'lll~lt'r:-- and Iht, gn'al numher:- pr{'~('nl in heayily 
inf"('\I'd pl(\l:-- ;IJ'(' "h(l\\'11 ill }'1,11(' I\" Fig~. 35 and 3(). PraC'ticall~' t'Yt'ry 
c(Jr-lied ('(,II .!rld l'\'('!J ~(rnj(' of Iht' If',!c!tt·id:-- in ~uch ro01f; are filled wilh spore 
c111:-;lt'r~, SPlllt·\ illll'~ lon!-!iHldin,1l ro\\:--, of \'(,11:-- an' infected (Plate J\', Fig. 34). 
Thi:-. indkat{'~ thaI tht' fllJ1gU~ ha:-. \It't'll tran~ft'rrt'd from cen to n ... ll during 
muitiplic;lIioll hy di\'i:-;i(1II (If an original infpcled mt'ristematic host cell. 
There i:-. no t-'yid('IlCt, 111<11 tht, 1l1Y~~UTl(\t'ba can pass fr(Jm cell to cell in non­
m('ri~l('mdti(' h(I",1 ti!-,~tj(' 

(;t'rminalit.lIl oi lIlt' :-;plfl'l'~ ha~ heen (llnainl'd on sl'Yeral occasions, hut only 
aftl'1' a pro\(lllgt'd trt'illnlt'ot of al\l'fnalt' \\'l·ttin.i..;. dr:o-'in_g. and freezing. \Yhen 
l{\IJ~I)(\n'..; apl)t'~Irt'd in a hallgin;,! drop of \\;Ht>r containing a number of spore 
dtl~lt'r~, il "';1"'; ,lpparel11 from compari::-;oll of numher and diameter of zoospores 
\\ilb {'1l1J1\Y n'lI~ in the sport' duster. that only one zoosport' was produced by 
{·;'teh !'t'll. In tllallllt'1' (If swimminl!, and type of tlagellation these zoospores 
Were idelltical with 1hm-w from tht-' z{)of'pnrangia. ()thpr writers have llSed 

tilt> term :;warm t'ell~ or ~warm SpOf{"'s for thest" zoospores, as this is the 
termin(Jlo~~' u~l·d in tIlt' :\lyxomyct'te5, hut it sef'ffiS prC'ferable to discontinue 
1hi~ u::-;age no\\' .• b tilt' loo:o;pores of thp Plasmodiophoralt"s are quite different 
fJ'(lrn thO:-;l' of till' \iY\(lI11YC(,lt'::-o. 

Cytological Studies 

]n .tll the ;o;pt'cit"s llf Pla"Ilwdiophorales studied cytologically. nuclear 
heh;n,jour during growth of the myxamoeba has bt:'en found to differ from 
ordinary mitosis. During the period. of vegetative growth of the myxamoeba 
the cOIlspicuous nucleolus persists and di\"ides simultaneously with the 
chromatin within the nudear membrane, On account of the unusual con­

figurations. which at the metaphase take the form of a cross, it has sometimes 
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PLATE 1\', Po(vm)'xo grami,tiS, F IG, J-I. LU""1l sport d,..lIcrJ IYUtl III (]tit rll" .. ~ of cpjdamai ct(J~. X90. 

FIG. 35. StriP of ,pldcnnal,OOl fl lSl'/' ~hU".l·lng denJlty of "'IU/i(Jn and rar.(d s hape:> of ~p(lrc dlU'us . sluj'":d. 
wrl(l-p}u1J()/ aeid !ueJWII, X.J(J5, Fu,. JI'.>. :'/,urt rJUJltTJ, .swn",i lacl()--pll(>loJ oc,djudwn. X 46R. FIG, 3;. 'fwo 
dwra~uriSli' span: t.lJlJUn, iI!;'IlIg. X9.?5, FIG. 3ft /IItd,nd .. al tells <4 a .spOrt dJil.$Ur SilCIICillf lilld~HtJS of'U.'all. 
lirirtg. X/J66. FIC, .19, Swgc ill dnc1npmtll' of spore ,huler. :ruth 11<.1..1 be.JI, jr"rllll. tirinR. X IJ66. FIG. 40. 
Sullon Ihrough spore dWl/as. ~Iall'td sa) 'II.un tcn,iolt·no/tr. X /ZOO. Ff<;_ 41. Z()(J!,;porc pn)<Jl(.(cd OJI ger"'"'otit:m, 
staincd. xnoo. 
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bet'n called "cruciform division" hut is more commonly known as proto­
milO"i:-;. Since this phenonll~non hag bt"{~n ob~'rv{'d frf'quf'ntly in tht' rla~mo­
diophorates and not ('l~(;'whl'r(' among tht' fungi, Cook (2) h,b sug-gt'stt'd that 
the presenct' of protomitosis might be used as a diagnostic ('hara('t~r of the­
group. Although it if. not propoS{'d to prt'sent a dt'tailed an:ount of the 
cytob~y of the fungus described in this papt'r, :,;ufiicit'nt v\"idt'nn' will be 
presentt'd to show that it is not unlike otht'r mt'mbers of the order in its 
nuclear behaviour. 

The Somatic Xuclear Di,risions hl the JJyxamoebae 

Tht· first indication of nucit'ar division in tht' myxamoeba is an enlarge­
ment of the nucleus and an incrt'ast' in the intensity of staining of the chromatin 
granules, which radiate out from the nucleolus like the spokes of a wheel. 
(;radually a rinR of chromatin appears and in polar view it complNcly sur­
rounds the nucleolus. At right ang-Ies to the polar axis the ring appears as a 
band across the nucleolus, but if viewed at a slightly different angle the latter 
may lie slightly above or below it (Platt' Y, Figs. 4S and 48). This con­
figuration is similar to that called the "balance scale" by Nawaschin (11), or 
the "unipolar spindle configuration" by Horne (6). No asters or centro­
somes were found at this stage as reported by N awaschin in his studies. The 
nucleolus now elongates and projects through the ring of chromatin as a 
short blunt peg, Further elongation of the nucleolus produces the typical 
"cruciform" figures which have so often been described by the various workers 
on the cytology of the Plasmodiophorales (Plate V, Figs. 44-48). Apart 
from the presence of the nuclear membrane and the division of the nucleolus 
with the chromatin, this is in reality a ring-like metaphase figure and has 
been described as such by Horne (6), The chromatin was distinctly granular 
in all rings examined, and in some cases was organized into more or less definite 
bodies believed to be chromosomes. The next step in division involves 
splitting of the ring into two halves that move apart toward the ends of the 
cylindrical nucleolus. Horne (6) calls this the telophase. It corresponds to 
the "double anchor" or "dumh-bell" figures of other writers (Plate V, Figs. 49 
and 50). Next the two halves of the nucleolus contract and separate com­
pletely, the spindle fibres disappear, and the nuclear membrane, which has 
been present throughout the whole process of division, constricts and doses 
in around the daughter nuclei. Thus through repeated divisions of this type 
a multinucleate thallus is developed. There is remarkable uniformity within 
a single myxamoeba in the time of occurrence of the different phases of 
nuclear division. 

The Transitional Phase 
The nucleoli disappear when the myxamoeba has attained its full growth, 

and simultaneously densely staining granules appear in the cytoplasm sur­
rounding the nuclei. This has been called the akaryote stage by Cook (2), 
Osborne (12), and Schwartz (14), and the transitional phase by Horne (6) 
and Webb (17). Although earlier students thought the chromatin was 
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also t~:xtrU(lt·d. h'a\'in),:: an empty nucleus. \\'ebb (17) has dt;>monstrated that 
thi~ l!' not Hue, \It'rau~l' a fint· chromatin reticulum may bt:' se-en withi.n the 
nuclear mt'mhrane j( Newton '5 iodine-gentian-violet method of staining is 
f'mploy<,d. \rf,bh'!- Ilhst"rYation has b~en substantiated in the prt'senl study, 
In preparati()n~ staim·d with iron-alum haematoxylin the nuclei appeared to 
1M' d{,Hlid of chromatin, wlwrea;<; jodine-gentian-violt·t revealed irs presence. 

In SnrMpharra I 'e.rorliwf, \rt·hh has described a nuclear fusion during this 
phase: I,ut although nuclt·j have Ilt'en found assoriatt"d in pair~, it was im­
po~~ll)h· in tht' prest'nt study to dt·termine wh('tiwr actual fusion took place. 

Xutirar 1)j'l'isirms Pre.rffJin~ Spore Formation 

By analogy with other spt'cit's of Plasmodiophorales, meiosis should occur 
in tht· di"isinn:-; that prt'C'l'Cit· the st'gmentation o( the myxamoebae into the 
5pon'~ that makt· up tht' sport' clu~lers. So far it has been impossible to count 
tht' number of chromoR(m1{>~ present in the nurl€'"us, so definite proof of mt'iosis 
mus1 await further 5rudj("~. In di\-ision figures found at this stage of develop­
ment of tht.· fungu~, both tht> nucleolus and the nudear membrane had dis­
apJX'an·d. and the chromatin formt·d prophase, metaphast', anaphase. and 
tt'l()phai"{~ ('onfi~urati()Jls (Platt' y, Figs. 52-57) of the ordinary type found in 
hight'r plants. 

Sudear IJH'isicms ill fiTt Zoosporallf!.ia 

Throughout tht' whol{' period (If growth of tht' loosporangium thf're is no 
division of the nucll'olu:-; with tht.> chromatin within the nuclear membrane 
comparable to that obser\'ed in the growing myxamoeba. All di"isions were 
of the ordinary mitotic type, and even in the so-called resting nucleus no 
ronspicuou!' nucleolus was present. These obsen'ations are in agreement 
with those mad!? by Cook and Schwartz (4) on the nuclear divisions in the 
zoosporangia of P}.asmotiiophoro hrassi[ol', except that they state that the 
resting nuclt·us resembles in all essential features the resting nucleus of the 
plaRmorlium. In Lignt"era junci. however, Cook has described protomitotic 
nudear diyision in early stages of zoosporangial formation_ 

Discussion of Systematic Position 

In considt'ring- the affinities of Polymy::r.:a graminis with other non-filamentous 
intract'llular parasitt·s, it is obvious that the character of the resting spores 
alone separates it from the Synchytriaceae, "-oroninaceae, Olpidiaceae and 
Ancylistaceat". Supttrficially the zoosporangia bear some re!:;emblance to those 
of Septolpidlum litleare, described by Sparrow (16) in 1933, since their course 
of dt'velopment i.s similar, and at maturity they consist of a series of con­
joined truncated segments_ However, the fact that Septolpidium is an algal 
parasite with uniflagellate zoospores, which form a vesicle when discharged 
through non-septate discharge tubes, indicates at once that it is not c10sely 
related to Po/ymyxa_ 

Several [ines of e"idence, such a's the type of resting spore clusters that 
develop from multinucleate myxamoebae, the meth?d of nuclear division during 
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growth of the- myxamoeba, and the characteristic biflagellate zoospores, poinl 
to relationship with thE" Plasmodiophoral(>s. Gent'ric- differences in this order 
have hitherto been made almost {'ntirely on the- arrang-emt'nt of the mature 
resting spores. The presence of spore dusters in Polymyxa separate it from 
P!-asmodiophora, in which the spores are free. Indusion with either Sorodis(us 
or Sorosphaera is not justified. because the- spores in t hl'~ genera art' grouped 
into flat spore cakt's or sport" halls which an~ surroundt'd hy a universal 
mt"mbrane. Likewise the spongy spore halls of Sponf!.ospora or the tetrad-like 
g-roups of spores in the ge-nU5 l'etram),xa art' quile differe-nt. Only with 
Lignitra, in which the spores are arranged. in aggregates of indefinite size- or 
shape. is there marked similarity of resting spore charactt'rs, but the dissimilar 
zoosporangia and absence of schizogony in this ~enus predude the inclusion 
of Polym)'xa. 

l'ntil quite recently zoosporangia were not thou~ht to be present in the 
P!3.smodiophorales. Cook (1) was tht' first to dt'scribe tht'm in Li?,niera 
.lunci, followed hy Cook and Schwartz (4) for Piasmodiophora brass£cae. 
and the writer (Q) for Spongospora subterranea. In these thrt"e s(wcies th(.· 
zoosporang-ia are- small simple structures lacking zoospore dischargt' tubes. 
In P. brassicae and S. subterranea t.hey are very evanescent bodies usually 
present in the root hairs of the host. Although these zoosporangia appear 
to be quit.e different from the conspicuous. highly organized tylX'" present in 
Polymyxa, when direct comparisons were madt' with Spon?,ospora subterranea, 
the zoospores produced from each were found to be almost identical. In 
fact it is the presence on such zoosJXIres of two flagella, one long, the other 
shurt, that prcyides the best {'vidence for close relationship between these 
species, even though there is considerahle difference between the two species 
in zoosporangial and resting spore characters. ]n this respect the Plasmodio­
phorales are by no means unique. for it is a well known fact that within the 
different families of lower fungi. zoospore characters arc quite similar in 
different species and g-enera of a single family, whereas there is frequently 
considerable variation in the zoosporangia and resting spores. The practicf" 
has generally been to use these latter differences for the separation of genera 
and species. Thus in the Oipidiaceae such characters as the location of the 
sporangia in the host cells, the presence or absence of exit tubes on thf> 
zoosporangia, and companion ct'lls on the resting spores, are of importaru:e. 
Indeed, the zoosporangia provide most of the important characters used to 
separate genera in several families of the lower fungi. There is ample prece­
dence therefore to place more emphasis on zoosporang-ia in classification of 
the Plasmodiophoraceae. :Most of the present difficulties in the taxonomy 
of this family are due to lack of knowledge of complete life cycles, thus making 
it necessary to place too much emphasis on minor differences in resting spores 
as a means of separating genera. Palm and Burke (13) have even suggested 
that it might be preferable to merge all the present genera~with the excep­
lion of Cyslospora, which is a doubtful member-into the genus Plasmodio­
phoTa. It seems to the writer that this proposal only transfers the difficulties 



('f)('{)WIIt'rNi in ~'paratjng ~el)l'r.a In thl' sp('ci('s, without irnpro\·jng tht> prest'nt 
!->y._t('Ol (If cb ..... ifwatillil. For the pres(:nt it appearf> advif-ahlt' to retain the 
~i~ ),!('Ilt'ril recognizt,c\ a:-- va\i(l hy ("(,ok ("J in hi5. monograph of the Plasmo­
dioph()ralf.'~, adding to th(,~l' tl1<' IH'W genus Polymyxo with the following­
di<'H.!',lt~si:-. 

PolymyxlJ n. ~~('n. Diagnosis 

f{('~ting :-por(' ciu!-'lt'r:o; of indf'finitt· sizt' and ~hape, without uniycrsal m('111-

hran('; produced by !-tChizogony and H'Rnwnlation from nakpd multinucleate 
J1ryxam(wl.,u·. ZO(lsporangia conjoined serie!-i of thin-wallt'd, lohular. multi­
Iluc\(·at(· st·gml·tll~. each with Ol1e or more discharge tuhes. Similar zoospores 
produl't·d tiy rp!"ling spures and z{)osporangia, each bearing two flagella, one 
June..: alJd PfH' s}}On. 

Po/ymyxil I!,fIJl1Iinis n. ~p. 

Rt'~ting ~p(ln'f; sphprical or many sided. -' to i J.i. in diameter, smooth, ycllm\'­
hrown outt'r wait!". Zoosporangia large. st:'ptate, with persistent. smooth, 
thin walls. Discharge tulx's segmented. Zoospores numerous, 4 to Sj..t in 
diameter. di!"(_'harg-t'd without veside formation. Non-hypertrophying, obli­
gate para~itl;', in roots of Triticum lIestiL'um L, 1'. durum D{;'~f., Ilordcum 
'i'lilgate L. and Serale ccteale L 

Type 5pt·cimens are dt:'positPd in the herbarium of the Botany Department, 
l'nivt'rsity of Toronto. Ontario. 

Poi.vmyxa gt'flUS noyum 

(. ;Ionwrulis !-iporarum quit'sct·ntium mag-nitudine et forma indefinitis, sine 
mE'mbrano unin'rsali. per fissionem sejunctionemque e nudis multinuc1eatis 
myxam(wbis generatis. loosporangiis in seriem tellui~tuflicatorum, lobula~ 

wrum, mllitinudeatorum segmentorum conjunctis, germinatione zoosporas 
per unum n'l plures processus (:'\,acuantibus. Zoosporae e sporis quiescentibus 
fortll.lti.w :-;unt similt's illis t' zoosporan~iis exellntibus; singulae zoosporae duo 
1iagt'I!a, unum longum. st:·d a!terum brt'\'e, ferenL 

Polymyxa ,l!f(lmillis specit,~ nO\'a 

Sports quit'~centihus globosis vel muitiiateralibus, Ievibus, fulyis. 5 to 7}.J. 
diam. Zo{}sp(.)rangii~ magnis, septa tis, cum muds persistentibus levi bus 
tt'nuibus. Proc(>ssihus eVZlcuationis in segmenta divisis. Zoosporis topiosis, 
4 to Sp. diam., sine origine yesicarum emissis. Thalle parasitica obligato, 
non tumefaciente in radicibus matricis. 

In radicibus Tritici aestivi L., T. duri Desf.. Hordei vulgaris L., et Secalis 
ct"Tf'aji,5 L. 
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THE EFFECT OF SALICYLIC ALDEHYDE ON THE INFECTION 
OF WHEAT BY PYTHIUM .4.RRHENOMANES DRECHSLER, AND 
THE DESTRl'CTION OF TilE ALDEHYDE BY ACTINOMYCES 

ERYTHROPOLIS AND PENICILLIUM SP.' 

Abstract 
Salicylic aldehyde, when added to soil at the rate of SO p.p.m., seems to 

pn'di~f'OSl' whcitt root~ 1(1 attack by para!!ttic strains of Pythi'U'nl arrhenomanes. 
AclI1wmycrs t'rythro/Jo/u and a spedes of Penicitliutn have been found in soil 

from the tll'althy an'a of a field partially infected with Browning root rot. These 
('r~ilfli:-m!> CClll."(·d {he tlisilppcaranc{:- {If salicylic aldehyde in an artificial medium. 

It i!<; SU!oi!,:Chll'd that I<H k of activity on the part of such organisms in certain 
area" of a (wid Ill"), kad to an accumulation of So:'llicylic aldehyde or produrts 
anin~ in a similar manlier. nnd that this may be a predisposing fa{'tnr in the 
dppcilrancc of Browning foot rot caused by Pythium arrMnomanes. 

Introduction 

1 )uring an investigation (If host-conditioning facwrf' that influence tht> 
!-'t-'Vt'rilY of root rot of sugarcane hy Pythium arrhenomaues, Rands and Dopp 
(.1) found that the prf'~t'nct' of salicylic aldehydt' in the soil increased the 
susceptibility of the cane to fungus attack. Concentrations of salicylic 
aldehyde of 20 and 40 p.p.ID. parts of soil had little influence on cant' growth 
in the absence of the fung-u!', but when the fungus was present an apparent 
prt'disposition of (he roots to at tack became e\·ident. A. reduction in "'eight 
of plants was obtained that amounted to two to !;E'VE'n times the reduction 
found \',:hpn (lnly the fungus was present. The prevalence of P:ythium root 
rot of .sugarcane un the heayy. poorly drained soils of Louisiana was thought 
to be due, in part at least, to the presence of this and similarly behaving com­
pounds. Improvement in drainag-t· and general fertility in such areas was 
reported to increase marh'dly yields of cane. 

Shorey (4) showed that salicylic aldehyde was present in some soils and 
attributed its pn"S{'nct' to the addition of the aldehyde itself or to bodies 
yit'lding it in vegetatin' remains. Skinner (5) mentioned that aldehyde (not 
necessarily salicylic aldehyde) was more commonly found in acid soils, but 
that it was also obtained in cer.tain cases from neutral and alkaline soils. He 
found that salicylic aldehyde was not harmful to the crops tested in culture 
solutions in amounts of 10 p.p.m., but that 2S p.p.m. was decidedly harmful. 
In soils, SO p.p.m. was injurious to corn in both sand and clay soils, the effect 
being mort' marked in sand. Soils with strong- oxidizing power (as deter­
minE'd by 'he oxidation of aloin) Overcame the effect of the aldehyde, and the 
th{'ory was ad\'anced that the destruction of the added aldehyde was due to 
biolog-ical processes. In the soils tested, the effect of the added salicylic 
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aldehyde was o\-ercome by the application of lime. Phosphorus al~) n·duct'ti 
1 ht· damage in all cases and f'liminatro it entirt~ly in SOmf\ Field t>xpt"riments 
n'riht'd these rf'sults, and indicated that th(> aldt·hytlt· pefsistt'd in some soils 
and disappeared in others and that this could he linked to thl" oxidizin~ 
powt'r of tht> soil. The soils in which tht, aldE:-'hydt' wa~ dt·stroyt·d had strong 
biological aC"tivities, good oxidizing powers. and wert .. ft·rtile. Salicylic aide· 
h~'de was found to occur more frequently in soils of low productivity. No 
nlt:'ntion is made in any of these studies of disea:-ot· havin).!, an influence on the 
results obtained. In solution culturt's, howevt'r, it was found that tht' addition 
(If 10 p.p.m. of mangancst' completely overrame the adn>rs(' t'fft-'rt ()f th(' addt'd 
aldehyde and that the roots were less stunted in t hI:" pre~('nC(' of lime. 

Browning root rot of wheat in Saskatchewan is ('au~t'd primarily hy Pythium 
IJrrilenomanes (7). Thert' has been oDsl:'r\'(>d, in c-entral and northern Sa~kat~ 
cht:wan, a tendency for the diseased patches of a field to occupy sli~htly 
depressed positions as compared to the uninfected portions. The moisture 
content of the soil in these Browning an'as is u5ually hig-her than that of 
C-(lrrespondin~ disease-free areas of the same field. This may bt· explained 
partly or wholly by the lowt'rl:'d demand on soil moi!.'tuft' due to the stunted 
g-rowth. On the other hand, it is not uncommon to find field~ of rolling 
topography in which the wheat plants are healthy on tht:· hight'r and lower 
a:-eas and infected on areas of intermediate elevation. Thift rondition is not 
comparable to a hea,'Y, pourly drained soil as mentioned by Rands and 
Dopp (3). The exact relation of drainage to the inridence of Browning root 
rot is not dear. 

Experimental 

Salicylic Aldehyde as a PredisposinJ!. Fartor to Pythium Damaf!.c 

The results obtained by Rands and Dopp (3), Shorey (4), and Skinner (5), 
suggested the need fOT a study of til{' effect of salicylic aldehyde on the sevt'rity 
of attack of wheat roots by Pythium arrhenomanes. To determine whetht'r 
the aJdehyde would predispose wheat to attack by the fungus the following 
{"xperiment was devised. A weighed amount of soil (1500 gm.) was placed in 
{"ach of eight pots. These were sterilized in the autoclave at 20 lb. pressure 
for four hours and then in the hot air oven at 1600 C. for two hours. Duplicate 
pots were treated according to the following scheme: 

A. Controls-not treated. 

B. Salicylic aldehyde added to give a concentration of 50 p.p.m. 

C. SalicyliC' aldehyde, 50 p.p.m. Inoculated with Pythium arrizenomanes, 
strain SH:: . 

D. Inoculated with Pyth£um only. 

Two days after treatment. 20 disinfected wheat seeds were planted jn each 
pot at a depth of one inch. The fungus was grown on a mixture of sterile 
soil and cornmeal, and a blank of this medium was added to the other pots 
to eliminate any difference due to the cornmeal. The resulting crops produced 
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ill ,lit· ).,!n·(·jlhcIU"'I' \\t'n' jJilf'loCr,ll}ilr'd \\llf"fl threl' wt.·cks old and are shown in 
Fi,l.:. j TIll' ,IPP,III'lIl dTI'll ,If .. ,tlicylil' dldl·hydt, in intensif~'ing lhe injury 

PlodlHt·d"~ ill(" fUIlp.:Il" j"l·\-idl'r11 in Ih<' illll~lralion. 

/Jnlllliou r~r ()r!!rJ1lI.''''~ 'rhil! nffOm/)(lSe :'ialirylir Aldehyde 

""ki II ",'!" L~! rd"ln,d lei [ltl' di:-.. lflPl'dra nn' tlf ~~di('~'li(" .. dddl~-dt· {rom [h(' 

~ri\ <lTld Ilh·IHiltllt·d Ih,1I thi .. W~h dUl' [II hio\IJ).!,icai pnJl't·~:"I..·:-\. \"ol1lention 
\\.1 ... Ill,ult, til "'PI'Cill(, on.!cllli" 'n'" capdllll' (If prociucill},! lhi~ n·~u\t. T\\o 5uch 
(l1!.!.ani ... nh \\"\"1" i ... r,lau·d 11~ tlw follo\\ ill~ ~lInph' prot'l'dul"l'. :\ nutrient 
:-olUlil)lI \\.1" Plt 'l>.1rt'd Ih.11 ("Olltained tht· :-,111:-. u~t:d I'y Thorntun (6) in 
CflllJlli llt-:. 11.l("lnid ill "'(lil. hUI wilh Ilw (It;,1r and lllannitol t'lirninatl'd. This 

FI(~. 1. c- /I)',/ro/. S/I',,"~ . .'d .Hlll, S.l-slrrifi';t'r/ soil pfll.f 50 p.p.m. safiryli( aldehyde 
1/';lIsl ""nl ",'ol/Ilk ('/1. I; I' .~I('rtll';t·d soil pIlls ;'/(I(lI/l1m (~( P)'lirillm arrJu)I)(lmancs; 
,\. 1 + P JI,.nil:t·d MIll plzn 50 p.p.m. sulicylir a/dell.w/,' pills j,lOcu!um (.f PytltiwlI 
flrrlrrlll'tII,lur'l. 

\\ ' iI:" :-It'rilizt:'d ill 100-ml. (lu,:ullilies ill 500-ml. flasks. Salicylic a ldehyde \\'a5 

addl~d dftt'r stt'rilil<.lt ion tugiv{' ('ollcent rali(lnsof 10 and 20 p.p.m.,respecti\'elr. 
Th i~ nwdiulll \\'a~ inocula tt'd wi th a ::- u!'lpens ion of organ ism s obtained by 
shakin~ lip 25 ~m . of ~oil from the healthy area of a partially infected field, 
allowin~ th\.' coarser particle~ to settle. and withdrawing 0.1 ml. of the rela­
t i\'l~ly clear su~pt'n~i(ln, Artt.~ r three weeks' incubation at room temperature, 
the !lute-rial in the tlask~ was plated on Thornton's agar for bacteria and on 
peptone-~luco~e-acid ngar for moulds. No moulds were obtained from the 
flasks containing 20 p.p.m. of a ldehyde and only one rype appeared on the 
plate~ from the 10 p.p. m, flasks . Sixteen cultures of bacteria were isolated 
from the plates. 

The indiddual ability of each of these crude cultures to destroy salicylic 
aldehyde when grown on a l"\1ineral-salt-salicylic-aldehyde m ixture was then 
tested. After 4: days' incubation at room temperature the salicylic a ldehyde 
had disappeared from 4 tubes; afler 11 days' incubat ion it had disappeared 



GRAHA.AI A.lW GRE.E!+.·RE.R!;: S.4.LICTUC AL[)f':HrDE .Hm ROOt ROT .55 

from 2 more, making a total of 6 positive aldehyde--destroying cultures out 
of the 16 tested. The aldeh,'dt' had not heen destroyed hv tht> m{luld C'liiturt" in 
4 days but was dt'stro)'t'd a-ftt'T 11 days. Thr(lugl~ tht' -courtt'~y of Dr, J- E. 
:\lachact'k. of the Dominion Laboratory of Plant Pathology. \Yinnipt"~. the 
mould ('ulture has been tt'ntatin:,iy idt'ntifit'd a~ lwlonging: 10 tht' Prni,illium 
Janthinellum ~ri{,5 and is prohably P. Rit'Olii Zaleski. 

':\ficroscopic examination of tht" bacterial culture!' indicatt'd that tht're 
wa~ a Gram-positi,-e branching organism present in all thost· that caust'd the 
di~<:lppearance of salirylic aldt'hyde. This organism apparently bt·lon~t·d to 
th{- Actinmn),cefaceae (Berge)" (1)). CuIturt:' No. i wa~ a PUrl' ('ultuf(' of this 
organism, and it has been identified as Actinomyces rrythropolis (Gray and 
Thornton) (2), (Bergey) (1). This organism wa~ orjg-jnally isolated by 
(_~ray and Thornton (2), who fl:'pont'd that it cau~t'd tlH' I'rl'akdown of phenol 
and m-cresol. A comparison of Cultun- No, 7 with 1ht' on.;ani~m of Gray and 
Thornton proved that thl')" are ide-ntical. 

Discussion 
This study of the effect of salicylic ald(·hych ... wl1l'tl addl:'u to soil and its 

retation to the attack of wht'at foots by Pythium arrhenomanes was {'om­
Il1t:nced too late in the season 10 allow any field work to be dont· on (he suhject. 
Tht' fact. ho\\"t'\-er. that salicylic aldehyde was found in many soils by 
Skinner (5), coupled with the ohsen'ation that the addition of this 
aldf'hycie to soil st"ems to incrt"ase the susct'ptibility of tht:' rootf' of both wht'at 
and sugarcant' to attack by Pythium arrhenomanes. is considen.>d to I)t" V('ry 

suggt'sti\'e, It remains to be st'en wht'ther ~alicylic aldt'hydf' ('an Iw isolated 
in larger quantities from diseased areas under natural ('()nditi(ln~, than from 
unaffected soil. The effect of the salicylic aldehyde seems to be on the plant 
rather than on the fung-us, as shown by Rands and Dopp (3) and also by our 
f'xperiments in which it was prayed that the fun~us (""QuId not grow on a 
mt'dium containing 10 p.p_m, of salicylic alde-hyde--an amount whirh was 
without effect on wheat. 

Yanterpool (7) has shmt:n that the addition of phosphurus fertilizer to soil 
eliminates serious damage to wheat from Pythium arrhenomanes. Skinner (5) 
showed that tht' delt:>terious effect of salicylic aldt'hyde in soil was iesSt'ned by 
the application of phosphorus and that 10 p_p.m. of manganese overcame it 
entirely in solution cultures. These results art' very interesting, and it is 
suggested that there should be determinations made of the amount of man M 

ganese in healthy and dist'ased soil and in phosphorus fertilizers. It is quite 
possible that other substances, acting somt"what as catalysts, would have an 
effect similar to that of manganese_ A study of the effect of some of these 
substances on the growth of Actinomyces erylhropolis is also suggested. 

This preliminary study suggests that \I.-hen soil conditions are such as to 
inhibit the growth of organisms that are capable of breaking down salicylic 
aldehyde. this substance will accumulate in the soil and contribute to the 
severity of the attack on the roots by Pythiurn arrhenomanes. It is realized 
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Iha! odwl" ~u":-.lanCl';-' may Iw capablt· of predisposing wheat to attack in a 
;-,imilar lllaJlJlt'1". In any cast'. micro-organisms have been found in soil that 
Cill! dt·.",tro)· .... alicylic aldehyde, al,hough the manner in which the aldehyde 
i~ dt'l-t 1'0)- {'d j:-, 110\ known. It i:-. apparent that qualitative relations between 
\ IH' fI(Jr,l of illft'Ctt-'d and uninft'cted areas may be of importance in deter­
rninill~ t h~· incidelln> (If the diSt.'a!'('. Thi~ hypothesis affords a reasonable 
('xplanation (I~ tht· tenut'ncy for Browning diseast.' to appear in isolated areas 
of an otlwfwiSt' }It'althy t){'ld. 
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OBSERVATIONS ON THE STUDY OF VARIETAL DIFFERENCES 
IN THE MALTING QUALITY OF BARLEY. PART IV' 

Abstract 

An inv{'stigation was undcrtakt'n to compilr, thp relatin' m,}.Knitudc~ of the 
differentia! effet'l~ of em'irunment (i.e .. stationsi and of malting mf'tho<\g on the 
malting quality of barley varietie~. Samples uf Olli, O.A.C. 21. Hannchen, and 
"Keg-al from four stations were malted by eight nH!thods representing the com­
binations of germinating at 50c and 56° F., at 42 and 46% moisture, and {or six 
and nine days. 

Statistical analyses showed that, with regpect to diastatic activity, wort 
nitrogen, and extract yield. the variations due to the differential effect of environ­
ment on 'varieties were greater than the variations due to the differential effect (If 
malting methods on varieties. As a result of this study and earlier ones, it appears 
that the former effect is the limiting factor in studies of the comparative malting 

fnu~~t~~t i1(e;·~~::t:~sihe~~~e~~:::a~~~c~lSth~ ~~S:uf~~rt:a:~in~u~~:s:r~t~eh! 
aWJided. In general, it appean:, that if routine tests show that the mean values 
for any variety, when grown at 12 station!> representing a reasonable range of 
environment, differ from the values for the standard yariety hy more than 1% 
in extract, or 1Oe;; in dia"tatic activity or wort nitrogen, a real difference exists 
between the varictie~, which cannot be oven"unw by any reasonable change in 
malting conditions. 

As a result of previous studies in this series (2, 3, 5), it has been suggested 
that the differential effect of malting methods on varieties may be an appre ... 
ciable source of error in the interpretation of the results of routine tests in 
which all samples are malted by one method. It seems probable. however, 
that the limiting factor in studies of the comparative malting qualities of 
varieties is the differential effect of environment on them. 

Theoretically it should be possible to make an adequate test of this hypo­
thesis by means of one large investigation involving malting, under a wide 
range of conditions, samples of a large number of varieties grown at a number 
of points representing a wide range of environments. In practice. the diffi~ 
culty of obtaining a suitable series of sufficiently large samples of barley, 
the limited capacity of available malting equipment, and the amount of time 
and number of analysts required, make it almost impossible to carry out one 
single investigation of adequate size. It has accordingly been necessary to 
resort to the use of several small investigations. Considered individually 

I Manuscript received FebrtuJry 21.1939. 
COnlributwn!rom the Division of Biology and A grictdture, l'.lational Research Laboratories. 

Ottawa. PublisWas PaPer No. 159 o/tM Associ,aje ComrniUee on Grain Research of tile National 
Research Council and the Dominion Department of Agriculture, and as N. R. C. No. 798. 

2 Biochemist, National Research LaboratlJries, Ottawa. 



58 IANADIAN JOCR.\;4L or RLr.,EARCH. l-OL. 17. <"EC C. 

th(>!'{' are not particularly ('onvincing, but considered together, they provide 
a ~;o(Jd deal of support for the hypothe~is. 

Thi~ paf>t:'f pn·sents the T{'suits of a fourth study in which samples of four 
harley varit.'t i{'~ from four {'xperinwntai stations were malted by eight methoc1s. 
An at tempt wa:-. ma(h' to determim' whether ('ircumstances might f"xist in 
which thl' difft'f('ntial t'ffE·C't of malting methods on varieties, rather than the 
differt'ntia\ effect of t'n\'ironmt'nt on varieties, would be the limiting factor 
in investigations of varil?ta\ difft>renn's in barley. For this reason an attempt 
was made to exaggerate tht' former effect. The malting treatments were 
!-wi('("t('d to COYf'r a v{'ry wici(' range of conditions: from a 6-day period of 
l->10W growth at 50° F., 42"; moisture· and with minimum aeration, to a Q-day 
pf:'riod of rapid growth at S6° F., 46~;/~ moisture and with liberal aeration. 
All th(' malt!' grown undf'r tht.· first ~t of conditions were definitely under­
modified, wlwn'a~ a1\ thoS(' grown under the last set of conditions were over­
modified. Tht' range of condition!' was thus wider than that which would 
Ill' sdeclt'd for making commer('ial malts from these barleys, and the differ­
('ntial efit"ct of malting m('thod~ on varieties was thus exaggerated. 

:\10reon'r, further t·xaggeratlon was obtained by using previous information 
on some 20 yuri(·tie:s grown in Canada to select four that promised to 
differ very widely in their reactions to changes in malting conditions, including 
amongst tiwse one two-rowed variety, Hannchen. In our opinion most random 
~clt'('tions of four \"arieties would tend to show less differential response than 
'the four varil'tie~ used in the present study. This would apply particularly 
to sets compnsed entir('ly of six-rowt'd or entirely of two-rowed varieties. In 
gt·neral. eXLt'pt for certain exp(·rimental purposes, it seems unwise to attempt 
to compare the malting qualitit's of two- and six-rowed varieties by malting 
them by th(' same method, since, if this is satisfactory for one class, it will 
hardly do justice to the other. The f('sults showed that the two-rowed 
Yarit'ty, Hanncht'n, contributed more than its share to the interaction between 
malting treatm('nts and Yarietif's, partirularly with respect to malting loss 
and wort nitrog-(·n. Thu)o; if Hannchen had been replaced by a six-rowed 
variety, it seem:.:. prohable that the diffen'ntial effect of treatments on yarieties 
would han' been reduct'd. 

On the other hand, no altempt was made to exaggerate the differential 
('ffect of enyironmt'nt on varieties. So far as can be determined, se-Iection of 
four varieties which differed widely in their reactions to changes in malting 
conditions, did not al~() result in selection of varieties which differed abnormally 
in their reactiuns to changes in environment. In addition, it appears that 
the four stations selected represent a fair sample of the range of environments 
over which Yarietlt's are commonly c:ompared in Canada. and the differential 
effect of stations on varieties is of the order usually found in investigations of 
this type. 

Jt is thus apparent that in the present investigation a definite attempt \\'as 
made to disprove the hypothe~is in which we are interested, namely, that the 
differential effect of en"ironmt'nt on varieties, rather than the differential 



dlt'ct of malting treatment on Yarieties, is tht:> limitin~ factor in studit·s of 
the comparative malting qualities of differt'nt barley yarit:"tit'~, In ~pitt· of 
this attempt the results served to suhstantiate th{> hypotht'si~ with rt''Spect to 
diastalic activity, wort nitrngt"n and extrarL 

The investi!-!ation was so cit-signed that ("t'rtaln intefn·lations betwt"{'l1 
tlw effpcts of Rf"rmination time, tt'mperatufe, and moisture ('ould be invt'sti. 
)..:.1tt'd by statistical meth{)d~. Althou~h the results thus uhtaint'd ha\"e linlt' 
ht'aring on the hypothesis under invt>stigation, they aPf)f'an'd to bt, worth 
ft:'port ing briefly. 

Materials 

The following four varit:'ties Wf're selected for study: O.A.C. 21. tht' 5ix­
Llwed. rough-awm·d :\lanchurian type varil't) which is acceptt'<l as the stan­
dard of malting quality in Canada; O:Ji, a similar variety to O.A.C. 21 hut of 
('arlier maturing habit and with ratht'f smal\pr kernels, which Sl't'ms promising 
from the malting vi('wpoint; Rt"gal. a six~rowed, smooth-awnt'd varif'ty which 
Canadian maltst{'rs consider unsatisfactory; and Hannchen, a t\\'o~rowf>{l. 

f()ugh~awned variety of which considerable quantities art' malted in the t 'nitf:'d 
States. 

Samples of these four varieties, grown in adjal'l'nt plots, were obtaint'd 
from four experimental stations. namely: ;-.Jappan, Nova Srotia; Kapuskasing, 
Ontario: Ottawa, Ontario; and Lacombt", Alt)('rta. 'The thin kt'rnt"ls were 
removed from the samples by passing them over a ring grader with rings 
5 '64 in. apart. A Boerner sampler was used in prt'paring sub-samples. 

Equipment and Methods 
.1I ailing Equipment 

The malts were made in laboratory t'quipmf'nt at tht' .r\ationai Rf'search 
Laboratories, Ottawa. One steep-tank for 16 samples, two germinators, t'arh 
for 8 samples, and one kiln for 8 samples, were available for the investigation. 
The germinators and kiln have already been described (I). 

)\ew steeping equipment was built just before the present invpstigatinn \\'as 
started and will be described in detail in a future paper. It provides for auto­
matic aeration of samples and automatic changing of steepwater. In addition 
it permits the steeping of individual samples to he started automatically at 
predetermined times (within ± 5 min.). This feature, in ("onjunction with 
pilot experiments designed to determine the length of time required to bring 
a sample to the required moisture content, makes it readily possible to stet'p 
all samples to within ± O. St:;,c of the required moisture content at the same 
timp. The exact moisture content required can then be obtained by adding 
a few grams of water by sprinkling with an atomizer or by removing a few 
grams with blotting paper. For the present investigation, sampJes repre­
senting 250 gm. of barley dry matter were steeped to 42 or 46% moisture at 
500 F., with a change of water and 1 hr. of aeration every 12 hr. 
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.Afaltin;:: Treatments 

The eignt malting tretltnlf'nts used consisted of the combinations oL­
two ),:Nminatioll 1inH'~, 6 and <) days: two germination temperatures, 500 

and ,s()O }'.; and t w() 111(li~1 un' levels, 42 and 46(';. 

In order to acn'lltuak diff('rt'nc('!'i in growth rate, the samples that were 
t.lel'lwd 10 42(,( moi:-.tuff' w('re given Jess af'ration and no watering. They 
WCft' germinated in cylindrical gah'anizNi iron containers. 6 in. long by 6 in. 
in diameter, containin,L:" t'ight ~·in. h(Jle~. Aerarion and evaporation wefe 
thus f(·durt,d 1o a minimum and the samples grew relatively slowly but con­
tinuously and "lthoul rNluiring water. The samples that were steeped 
to 46('( moi~tun' \",:t>fl' germinated in 200-holE' containers. Considerable 
;l{'ratioo was thu~ provided, and as t'yaporation took plan' all malts were 
sprinkled with 20 gm. of water aftf:'r 72 hr., and the 9-day malts were sprinkled 
a sf'cond time with 10 j:!m. of water after 144 hr. 

All malts were drit'd in thl! same kiln in rotating wire-mesh cages under the 
following timt·*temJ)£'rat ure schedule: 0 to 6 hr., temperature rising at constant 
ralt' from 900 to 1250 F.; 6 to 12 hr., at 1250 F.; 12 to 16 hr., temperature 
rising at constant rate to 1400 F.; 16 to 21 hr., at 1400 F.; 21 to 22 hr., tem­
perat ure rising at constant rate to 1 iO° F.; 22 to 26 hr., at 1700 F. 

Mailing Plan 

It sf:'t'ID('d best to makt, in each batch the 32 malts representing eight treat­
m('ots applied to four \'arietie!:-i from one station. This could be done as 
follows: hy germinating four samples steeped to 420/0 moisture and four 
Ramples stt;'('ped to 46<;0 moist ure in one chamber at 50° F.; by germinating 
a corresponding set of eiRht samples in the second chamber at 560 F.; and 
by rf'moving and kilning half of each sample after six days and the remaining 
halves after nine days. However, this procedure could not be followed, 
since it involved kilning- 16 half-samples simultaneously whereas the kiln 
accommodated only eight half-samples. It was accordingly necessary to 
malt lh.> half-balch !(rown at 56° F. five days later than the half-batch grown 
at 50() F. Thi!S schedule made it possible to remove the green malts in lots 
of eight and thus to dry all malts in one kiln. 

Four batche&, one for each station. ,,'ere required to make one set of 128 
malts, and four more batches were required to make the duplicate set. The 
first and second sets of four batches were malted in random order. and the 
samples were also arranged in random order within ha1f~batches. 

A mllylical Methods 

The moisture content and extract yield of the malts were determined by 
the Official Methods of the American Society of Brewing Chemists. Diastatic 
.acti..-j ty was d~termined by a ferricyanide modification of the official method 
(4). \rort nitrogen was det~rmined by a Kjeldahl determination made on 
25 ml. of wort after acidification and evaporation to a thin syrup. and is 



reportt'd as percentage of malt dry mattt'r. ~la1ting loss was calculated from 
data on the dry weights and moisture contents of the- harler samples and the 
tini~hed malts. 

Single determinations of diastatic a('ci\'jty and malting Joss were made on 
f'.1C'h of tht' duplicate malts. Th(· precision of the malting methods was thus 
('~tab:ished by use of the two prnpertie~ most sensitive to variations in malting 
conditions. Owing to press of other work the rt'maining portions of duplicate 
malts were mixed and sing-If;' determinations of extract and wort nitrogen 
were made. 

Diastatic A ctit~ty 
Results 

The results for diastatic activity are presented in Fig. 1 by means of a family 
of 25 histograms. These are arranged in tabular form. the columns showing 
1 h\:' results {or different malting treatments and the means over all treatments, 
and the rows showing the results for samples from difft>rent stations and the 
means over all stations. 

Each individual histogram contains four columns which represent the four 
vaneties: from left to right, Olli, O.A.C. 21, Hannchen, and Regal. The 

FIG. 1. Histograms for diastatic activity iUustraling the diJfere1!'ial effects of staJions 
and mailing t,.ealments em oo,.ieties. The jour columns in each hntogt'am represent Jour 
varieties: 0 = QUi. A "" Q.A.C. 21, H ... HaflttCMn. and R - &gal. Tops of hatched 
portions repre.sent six-day malls and tops of blank portions represent mne..aay maus. 
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halciJ('(i portion of {·itch column n'pf('s{'nt~ the rf'sults for six-day malts and 
llw \\ hilt- portion rt'Jlr(_>:·wnl~ tilt' additional t'ff('c{ of growing the malts for 
tlm'(' tlwn- dap" It should bt· noted that all histograms are coded. since the 
ha,.,p lilll'''' n'pn'!'('nt 50° rath('r than (10 Lintnt'f. 

II i~ prn\,ahly hest I() con,.,idt'r first the histogram in tht' Inwt'r rig-ht-hand 
('OrrltT, \\hidl pn's('fl!S th(' mean \';:due:;; for each variety over all stations and 
maltinl! tn';},nwnt,." Tht, varietie,., fall in the following order: Olli, 1580 

Lintllt:r; O.:\.C 21,142 0 L.; Hannclwn, 1250 L.: and Regal, 97 0 L. 
By ("onsidl'ring tht' five hi,.,to~ram:- in tht· last column we can now determine: 

(i) wlw!ht'r diff('n'ncf'''' exist ~)t-'tw('('n tht· average values for each station; 
and (iil wlH'thpr thl' varietil's fall in tilt' same order at each station. Nappan 
!-laT11pk~ gav{' tht' lowt':;;t an'rage value, 10So L.; samplt's from Kapuskasing­
and Ottawa Rave medium valut.·s of about the same order, 1230 and 1280 L.; 
and !'amp't'~ from Lacomhe gan" the highest average value, 1650 L. 1\ J Ore 

dt'tailed ('ompari50n~ of the fi\"(, hist()~rams will show that at Kapuskasing 
and Ottawa the variet it's {t'll in the order shown hy the means (black histo· 
gram): at Nappan the main discrf'pancy from this order is that Olli Rives a 
lowl'f "atut' than O,A,C. 21, and at Lacombt.>- the main discrepancy is that 
Hannchen Rivt.'~ a hiKher value than O.A,C, 21. It is thus apparent that the 
difft'rl'ntial eff('ct of stations (i,e., environment) on varieties is very consider­
able. 

The hot tom row of histograms jlJustrates; (i) the mean differpnres between 
malting tn'atment~; and (ii) the differential effect of treatments on varieties. 
It is appart'nt that diastatic activity was increased by increasing the germina· 
tion time. hy increasing the moisture content. and by raising the tem­
perature. SincE' the configurations of all histograms in th€' bottom row are 
very similar, it is ob\'ious that there was comparatively little interaction 
between treatments and varieties. It is apparent, how{'ver, that there was 
some interaction. For instance, in general, a change in treatment that 
1t"nd("d to increast' diastatic activity had a greater effect on OlIi than on 
Regal. 

The remaining 16 histograms (first four rows and first four columns) present 
the- r{"'~ults for each treatment at each station, Comparison of these within 
ro\\'~ f'hO\\'5 t ht' interaction between varieties and treatments within stations, 
and comparisons within columns show the interaction between varieties and 
stations within treatments, Since the histograms are very similar in con­
figuration within rows, whereas considerable differences exist between the 
configurations of histograms in different rows, there can be no doubt that 
with respect to diaf.tatic acth>ity the differential effect of stations on varieties 
was considerably grt>ater than the differential effect of malting treatments on 
\rarieties. 

lVor/ ]\;it,.ogen 

The- family of histograms for total wort nitrogen as percentage of malt dry 
matter is shown in Fig. 2. These are arranged in exactly the same order as 
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th(1~ in Fig. 1. They are also nx:it'd: tht· hast· lines. repn~st'nt O. 6S(:(_ 
rather than 0<:; .. 

The histogram with black ('olumns shO\,'~ that with rt'~pt·ct to mean vaiuf:'s 
(J\'t'r all stations and tn:'atments, tht· \'arit'lit~S fall in tht' following: ordt'r: 
OHio l.OW·,; O.A.C. 21. 0.89<;; Hannchen. O.Si c ,; iind Regal, 0.84'.';. 
Tht' mean values for stations over all varieties and trt'atments art': Nappan, 
(l.8()f·~; Kapuskasing, O.8V~~< Ottawa. 1.0W:'C: and Lacombe. 0.94(:(1' 

FIG. 2. Histograms jor wort nitrogen illustrating the differential effects of stalions and 
malting treatments on lJariLties. For additional explanation see title of Fig. 1. 

The last column of histograms shows that the varieties fell in different 
orders at different stations. The configuration of the histogram for Kapus­
kasing is almost identical with that for the means. At Nappan, O.A.C. 21 
gives as high a value as OlIi; at Ottawa, Hannchen gives considerably higher 
values than O.A.c. 21 and Regal; and at Lacombe, Regal gives a slightly 
higher, rather than a lower, value than Hanrichen. Thus with respect to 
wort nitrogen, it is apparent that environment has a considerable differential 
effect on varieties. 

The differential effect of malting treatments on varieties is illustrated by 
the last row of histograms. If only the six-day malts are considered (hatched 
portions of columns only) it is apparent that the histograms have much the 
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bam(' configurations. A fair degre(' of similarity also exists between the histo­
grams f(lr nint"-day malts (tops of columns), although it will be observed that 
a chang(' in m()i~t UTe rontent ha::; a n1nf:.iderable effect on configuration. The 
configuration!'> of ttuA histograms for the six- and nine-day malts differ con­
!;idprably. It if, thus appart'1lt that the interaction between varieties and 
germination time is fairly large, and is greater than the interaction between 
varieti(·s and moi~turt' content, and that this again is grf:'ater than the inter­
action bNwf'en varit'tles and Rerminatjon temperaturE', 

Furthpl" in~pection of the histograms in the bottom row wiII show that the 
two-rowt'd variety Hannchen contributed most to the differential effect of 
treatments on Yarit'tit's. It showed a far greater response to the increase in 
germination timt:' than any of the other varieties. a,A.C. 21 also contributes, 
sinc(> it tends 10 rt'spond least to changes in treatment. 

By considering th(· remaining 16 histograms by rows, the interaction 
betwt't'n vari(>ties and treatments within stations can be elucidated. It 
will be ohserved that at Nappan, O.A.C. 21 samples grown at 56° F. gave a 
lower percentagt:' of wort nitrogen after nine than after six days of germination. 
A similar h:ndene), for the percentage nitrogen to remain constant or decrease 
slightly, with an excessive increase in germination time, was observed in a 
study of a low nitroRen sample of O.A.C. 21, reported in Part II of these 
studies (2). It will also be observed that at Ottawa, Hanochen showed a 
(ar greater increase in wOrt nitrogen with increasing germination time than 
it did at the other three stations. 

A general comparison of the differences in the configurations of histograms 
within and betwt't'n rows, special attention being paid to the last row and the 
Jast column, leaves little doubt that the differences between rows are greater 
and thus that the differential effect of stations on varieties is appreciably 
greater than the differential efff:'ct of malting treatments on varieties. 

Extract 

The coded histograms (base line, 67.5'70) for extract are presented in Fig. 3. 

The roean values for varieties over all stations and treatments are: Olli, 
77.6: O.A.C. 21, 75.6; Hannchen, 78.0; and Regal, 72.9.%. The mean 
values for stations, oYer all varieties and treatments, are: Nappan. 77.9; 
KapuskasinR, 76.3; Ottawa, 75.8; and Lacombe, 74.3%. 

The last column of histograms again shows that the differential effect of 
stations on varieties is quite large. Hannchen is about equal to OlIi at 
Nappan, appreciably higher at Kapuskasing and Ottawa, and appreciably 
lower at Lacombe. These two varieties yield considerably more extract 
than O.A.C. 21 except at Lacombe, where Hannchen is only slightly above 
O.A.C.2l. Regal yields the lowest value at all stations but is not much lower 
than O.A.C. 21 at Kapuskasing. 

The differences in the effect~ of treatments are particularly obvious in this 
family of histograms. At the higher temperat .... e and moisture level (fourth 
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column), the nine-day malts yielded less extract than thp sixMday malts. 
whereas with other treatments the reverse holds trut'. It is thus apparent 
that the malts made at the higher temperature and moisture level wert" 
Yfry much overgrown at nine days, with the result that the extract yield was 
decreased by excessive malting loss. Results of this t)'rt' were also obtained 
in the investigation reported in Part 11 of this series (5) and art" there iHu­
stratt'd by curves in which extract yield is plotted against germination time. 

FIG. 3. Histograms jor extract illustrating 'he differential effects oj statio-ns and malting 
treatments on. varieties. For ad4itWnal expla:ruuion see tUJe of Fig. J. 

Inspection of the individual rows of histograms will show that there is an 
appreciable interaction between varieties and ma1ting treatments. This is 
particularly noticeable with respect to the differences between six- and nine­
day malts made at 50° F. and 46% moisture. At three out of four stations, 
O.A.C. 21 yielded less extract at nine than at six days, whereas the other 
varieties, particularly Hannchen and Regal, yielded more extract at nine 
than at six days, at all stations. The results for 56° F. and 46% moisture are 
similar, since the decrease in extract from six to nine days is greater for 
O.A.C. 21 than for any of the other varieties. 

In general it is quite apparent that the differences between the configura­
tions of histograms within rows are much less than the differences between the 



(,()flfigurati{)n~ of hislogram~ in difft'rt'llt rows. It follows that with respect 
tC) 1'\"lr,H't, tlil' ditll'r('ntial ('ffect of malting trt:'atmt:'nt~ on varieties was much 
hJ\\t'f than tIlt' differentia! effect of :-fat;on~ on ,·arh'{ies. 

JJallil1;!. J.oss 

Thl' cod(,d histogram:-- (l)a~' lint' at 5(';) for malting loss are prt'sented in 
Fig. 4. 

TIll' Tlwan yalu{'~ (or \·arit,tie,." o\'('r af! stations and malting treatments, 
are; (llli. 11l.~: 0 . .'\.<". 21. 10 i: Hannch('n. 11.1: and Regal. 10.1";. The 
nwan \·ahw,., for stations. over all varil-,tie~ and tfeatments, afe: Nappan. 10.1; 
l\.apu~kasill!.:. 10 4; ()tta,,~l. 10.7; and Lacomhe. 11 6r~, . 

. FJ(;. 4. IIistv~ra".ls for maitinJ{ loss illustrating the differential effects of slaJums and malt­
/IIg Jrmlml'nis nn t'GTJl'Jies. For adtiiJionaJ c:rp/.anmion set! JitJ.e oj Fig. 1. 

Inspt'ction of the last column of histograms will show that there was some 
interaction between stations and yarieties. The relations between Hannchen 
and Regal remain about the same at all stations. On the other hand, bv com­
parison with Hannchen. Olli and O.A.C. 21 give much lower values for Nappan 
and slightly higher values for Lacombe. 

The bottom row of histogra~s again illustrates the differential effect of 
treatments on varieties. Considering the six-day malts only, it is apparent 



that at the lower m(listurt' It'\"els (first and third columns of histogram~) 
O .. -\.C. 21 givps lower value::. than OUi or Hanncht'n. wh(·rt·as at higher moisture 
umtt-'Ilts (second and fourlh columns) 0 . .'\.('. 11 givt'~ higher ,".;:dues. Again 
con~idt'ring the six- and nine-day mJ.It~, it i~ appart'llt that tilt' additional 
thret' days' grmnh rf'sulted in a \!,rt'ater intTPa:'w in ttl(' malting loss for Hann­
cht'n than in the malting losses for lht' other thrt't' varit'lies. 

In gent>ral, the diffe-renct's twtwt't'n tht· configurations llf histohratns within 
row:, art' nf about the saml' ordt'r a~ the diffen-'nct·s lwtwt"t'n ru"·s. It accord­
ingly appears that with respt'ct to malting: loss. the diff€,ft·nti.li efft'ct of maltin~ 
trt:'atments on varieties is of about tht' same magnitudf' as tht· difft'rf'ntial dfpet 
of stations on varieties. 

J'lteractions Between Germinatiml Time, Temperature, and Jloisture Let,t[ 

The investigation also hrought to light certain interactions betwpt>n germ­
ination time, temperature, ami moisture level. The~ f'fft'C'ts (-anBot be 
readily elucidated by study of the histograms in Figs. 1 to 4 and data illustrat­
ing them are therefore given in Tabl€' 1. The data presentt'd are mean values 
for all samples. 

TABLE I 
DATA FOR D1A:;TATiC ACTIVITY. WORT !':ITRQ('E!\', EXTRACT, ANO MALTI'«; LO'\S, ILl~l!<;TRATI"G 

I!\TERACTIO!'S HETWEE~ GERMI~ATI()!\' TIME. TEMPERATeRE. A~[) MOISTt;RE LEVEl. 

Time XteUlj"}!'rature Time X moistur{' MQi~tur('" X t(""mr>er..lture 

--------- ----~---_--

Prot><:·rt~· . Tempemtt/r(' . I M(/!sturt' . I Temneraturt-
Tlme ------. Tlmt' ------ MOl~turt' -~-----

Sa" F. !i(i0 F. ·Uo/" 46'1; 5(/" F. .W· F. 

--------------------------~--
D!.lstatk 9 ctay~ 1.33 \-1.3 9 da~'~ t.H 145 4(i"; tJO 1" 

actidty 6 dan 1I6 130 6 day~ Iii 1.l0 41<;; 119 12Q 

Difference 19 13 Differe1"lce 14 15 Diff~r{'nc{' 1.' 
------_ ------------------
\\'.;.rt nitrogen 9 days .1193 .956 9 day~ .91J9 .,," .KM 984 

(i da,·s 829 919 6 days 8U ",0 R2i .921 

Diff("renc~ 1)6.1 037 Difference 096 Ito Diffr:nm{:e ()63 

----------------------- -----
Extract 9 day~ 76 3 700 9 days 70S OS 9 76.0 7S 9 

6 daYb 7.'i 7 76 1 6 day~ 75 , 76.0 7(i.O 76.l 

Difference 0.6 ~O 1 Difference 0 7 -0.1 Difference ~O 4 

--------------------------
?\lalting lOllS 9 days 10.4 144 9 da}'~ 9 6 15 1 I 46% 

to(i 15 1 

6dars i.4 10.6 6 days 1.3 10.6 44% , 2 9.8 

Difference 3.0 3.' Difference 2.3 U I Difference J.' $.3 

The interaction between time and temperature was quite marked with 
respect to each of the four properties studied. A three-day increase in germ­
ination time has a greater effect at 500 than at 560 F. on diastatic activity. wort 
nitrogen and extract, but the effect on malting loss is less at 500 than at 56° r. 
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The data also ~how that interaction!' existed between time and moisture, and 
m()i~tun' and t('mperaturt'. 

Tl1<' data for ('xfracl an' particularly in!ere~ting. It will ne observed that 
at tIl{' lower It'mr*,raturl' and at the lower moisture level, extract increased 
with an incn>a~(' in germination timt:' from six to nine days, whereas at the 
hiJ.dH'r fl'mp{'ralur(' and mOiSIUH-' It'VI:I. f'xtract decreased with increasing 
~(.Arminat ion t iolt'. Similarly. a decrea5t' in ('X tract also took place at 56° F. 
whtAn the moisture ('onlt>nt was raised from 42 to 46S(., whereas at 50° F. the 
change in moist ore: had no effect on extract yield. 

Tht' l';\i!--tt,tH,(:, of tht'S{' interaction effects emphasizes the difficulty of making 
accurate statt'ffients ahout tht' general effect on malting quality of a change 
in malting conditions. The- effect of a change in anyone- malting factor such 
as J,:<'rmination tim£' will dt'pt'nd upon the levels at whirh other factors such 
as tt'mperaturt' and moisture are maintained. :!\loreover, it will also depend 
upon the variety and total nitrogen ron tent of the harley under investigation. 

Statistical Analyses 

A~ a first st{~P in th{' statistical analyses, the variance of the data for each 
df'termination was analysed into portions due to; (i) average differences 
between varieties; (ii) average differences between stations; (iii) average 
diflen:'nres hetween malting treatments; (iv) differences in the relative average 
performance of varie-ties at different stations; (v) differences in the relative 
average performance of varieties under different treatments; (vi) differences 
in thf' relative an'rage performance of stations under different treatments; 
(vii) the second order interaction between varieties, stations and treatments; 
and (viii) differences between duplicate malts (for diastatic activity and 
maltin~ loss only). The results of these analyses are reported in Table II. 

:-';0. 

iii 
h' 

vii 
viii 

TABLE II 
A~ALYSES OF V.UUASCE FOR DIASTATIC ACTIVITY, WORT NITlWGEN, EXTRACT, ASD 

MALTING LOSS 

Degrees 
0' �----------------------------Variance due to 

Mean SQuares 

activity nitrogen 
Extract 

Maltina: freedom Diastatic Wort 
l~ 

--·~~~~~-I--- ---------------

\·I.lrieties 42,98(;" .1697-- 175.18" 12.63--
StiltlOnS 40,843-- .2275·· 70.84-- 26.20" 
Treatments 4.947tt ,0924tt I 87tt 416.567tt 
Yarieties X stations 1,347U .0123U 8.41U 1.33! 
\'arietifi X treatments " 16·· .0022" 26-- 1.20"'· 
Stations X trenttnenu II 58·· .0049·· .1S·· 1.18·· 
Yaneties X stations X treatments .3 18 .0007 .05 .2' 
DuplicatemaJU 128 • .38 

"S,gnificantly grM1.er than (iv); ttSignificantly greater than 1M larger of (v) and (vi); :Sig­
nificantly greater IJu:Jn the larger of (vii) and (viii) . 

.:'\OTE: In this and flu- _foUou';n£ ta.bJ~, ooubk signs denote l4a.t flu 1% kvel, and single sips 
thai tlJ(! 5 % llJPtl of significance is aUained. 
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The statistics show that, with respect to f'ach detl~rmination. the mean 
:,quares for varieties and stations are significantly greater than Iht· ffit'an square 
for the interaction between these two factors; that the mean squart' for malting 
treatments is significantly greater than the mean squart'~ for the inlt'ractions 
between this factor and stations or varieties; and that the mt'an squart"s for 
the interactions between f'ach pair of the three main factors art· significantly 
greater than the mean squar(" for the ~cond order interaction hetwt·t'n the 
three factors, which forms an estimate of the error of the investigation. 

As th€' inve:-;tigation was undertaken with the main object of comparin,g the 
intt'raction betwe{~n \-arif'ties and stations with the intt>ractinn hetwt"en 
.... arieties and treatment~, particular attention should be paid to the corre· 
~p()nding mean squares, The ratios of the tnean squares for varif'tit·s X 
;orations to the corresponding mean squares for yarieties X treatments are 
as follows: for diastatic activity. 17.7; for wort nitrogen, 5.6; for extract. 
32.6; and for malting loss, 1.1. It is thus apparent that, except with respect 
!o malting loss, the differential effect of stations on varieties is a great dea1 
larger than the differential effect of malting treatments on varieties. 

As a further step in the analyses, the variance due to the interaction between 
varieties and malting treatments was analysed into portions due to; (i) differ· 
ences in the relative performance of the varieties with different germination 
times; OJ) differences in the relative performance of the varieties at different 
moisture levels; (iii) differences in the relative performance of varieties at 
different temperatures; and (iv) a remainder, representing the second and 
third order interactions, which forms an appropriate estimate of error. The 
results of these analyses are given in Table III. 

TABLE III 
AX.o\LYSES OF VARIANCE DUE TO INTERACTION BETWEEN VARIETIES AND JdALTISG tREATMENTS 

Degrees Mean squares 
No. Variance due to of 

freedom ~!~i!itt~c nj~~~~n Extract Mic!!!n
g 

--1---------------------
Varieties X times 
Varieties X moisture 

iii Varieties X temperatures 
iv Remainder 

3 
3 
3 

12 

170tt 
17""* 
104-

19 

• and a significantly greater than remainder mean square. 

. 00843 !! 

.00387*· 

.00120 

.00046 

.S87!t 

.464* 

.361· 

.(>97 

3.i1!! 
3.30·· 
110-

:06 

Of the three interactions studied, that between varieties and temperatures 
is lowest for all determinations. For wort nitrogen the interaction between 
varieties and times is highest, but for the other three determinations the 
interactions between varieties and times and between varieties and moisture 
levels are of much the same magnitude. 
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Discussion 

TIl!' n'sult:-. o{ the jn\'f'~tigatj()n are quite clear-cut, The varieties did no, 
fall in ('xacIl\' the same order, lrith respect to any determination, when the) 
upn' gm"'n ;l( diRf'n'n! f>lations. It is thus clear that environment had a 

markl,d difit-'J"clItia! d1(,Cl on varieties. Jloreover, it is also apparent that 
,I'/u'n lhf' malting treatments werf' changed, the relative positions of the 
vari,·Jit, .... , ,>\"ith rt'.'ipeCI 10 each df'terminalion, were also appreciably changed. 
}-IO\H'v('r, ('xcepl with r('1-'pect t(J malting Joss, this differential effect of malting 
tn'atnwllts on \'aricti{-'s was hy no means as great as the differential effect of 
('Ci\-jmnrm'nt on \'arje!j(·~. The lauer was thus the limiting {actor in the 
study of tht· \'aridies, but in spite of it, significant differences were demon­
~tratt·d Iwtwet'n varit·tal fit'ans for each determination. 

These conclusions apply s[){'cifically to the particular varil'ties, stations, and 
malting m('thods studied in tht' pn"sent investigation. Because of the small 
numlwr:-. of ,<;ampJes and method,..;, and becausl' these do not represent random 
st'\(·("tions from iargt'r homogt'neolls populations, there is some danger in 
arRuing from the particular cast· reported in this paper to a more general one. 
It will ht, horne in mind. however, that by t'xaggerating thE' differential effect 
of malting treatment 011 Yarit'ties, but not the differential effect of environment 
on varit'tit'~, a dl·liht'ratt' attf'mpt was made to disprove the hypothesis that 
tlIt· lattt'f is grt'att'r than the former. Considerable weight must th('refore be 
attached to the fact that in spite of this attempt, the results for diastatic 
acti\-ity, wort nitrog!?n, and (-'xtract provide strong support fOf the hypothesis. 

\\"ith ft'sfx'ct to malting los~ the two differential effects WerE' of the same 
order. Thi1-' SHves to emphasize the necessity for caution in intE'rpreting 
data on this property. The mattt"r has always been a difficult on!? Differ­
el1(:t-'s between varieti('s are generally small by comparison with the precision 
with which th£'y can ht, determinf'd. though significant differences betwE'en 
certain pairs of varieties can frequt'ntly be demonstrated in spite of this 
limitati(ln. It st't'ms difficult to E'stimate the importance and significance of 
varietal ditItTt'oces in malting los." as determined under standardized con­
ditions. and tht' n.~sults of the presE'nt investigation merely serve to increase 
tilt' difficultips and emphasize the need for further research. 

In t 'anada. tht· routine lahoratory malting test is used for comparing newly 
den·loped or nt'wly introduced varieties with the standard variety, O.A.C. 21. 
The It':-;.t YarjPtlPi; and the standard arp grown in small plots at a number of 
stations. The barleys are analysed, malted under standard conditions, and 
the malts Urt' also analy::!.t,d. Since the barley ,:arieties do not fall in exactly 
the same relatin" po~itions at aU stations. with respect to any barley or malt 
property (i.e., since then' is a differential effect of environment on yarieties), 
the mean diffE'rence between a le~t '-arit'ty and the standard must attain a 
certain magnitudE' before it can be considered significant. It has been our 
experience that fairly reliable esti'11att's of differences in malting quality can 
be obtaint:'d by growing the varieties at twelve widely separated experimental 
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stations. ender these condition$, mE'an differencE's of about 1 c-~, in t'xtract. 
HJ("~ in diastatic acti\rity, and lOC;; in wort nitro~en. generally prove to be 
~ignifirant. In other words, if differf'nct"s of this ordt'f are found wt' ~hould 
t'xpect more reliable results, obtained hy testing a far g-reatt'r number of 
samples. to sho\\' condusivf'ly that real differences exjst between tht.· \'arielit's. 

The conditions used in the routine tesr simularf> those wwd in commt'fcial 
plants in Canada and are thus adapted for malting- avefag-t' samples of the 
standard variety, O.A.C. 21. The qut'stion that now arises is whether a 
tt-'st variety might not show up to twt ter advantage if the malting conditions 
wert' changed. As a result of this and earlier in\'estigations (2, 3. 5), it 
appears that the spreads between certain pairs of \'arieties can ht· affected by 
changing the malting condition:-. This is partie'llarly trut' of \"ari{'ties that 
{~iffer widely in malting characteristics, but if widt' differt>nct·s art' shown to 
('xi:;;t between any pair of varieties under one !:-iet of malting conditions, it 
seems probable that these will persist undt'r all sets of conditions within a 
reasonable range. In general, we believe that if thf' routint' test shows that, 
on the average, a variety differs from the 5.tandard hy more than 1 c~ in extract, 
or lOS( in diastatic activity or wort nitrogen, it will be found that a f(~al dif~ 

ference exists between the varieties, which cannot he overcom{' by any reason­
ablE' change in malting conditions. The routjnp test should thf'refort' serve 
for the elimination of varieties that are definitely inferior to the standard 
with respect to one or more important malt qualities. On the other hand, 
all varit'ties that the routine test shows to be reasonably promising- wi!! require 
further and more extensive study before it is possible to decide wht'ther tht'y 
are equal in malting quality to (l,A,C, 21. 
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THE ACCURACY OF THE PLATING METHOD FOR ESTIMATING 
THE NCMBERS OF SOIL BACTERIA, ACTINOMYCES, 

AND FCNGI IN THE DILUTION PLATED' 

Abstract 
During the crop <'t'asons nf 1936, 1937, and 1938, 1465 samples of field soil. 

held in thf' laboratory ol1e day after \rushing, were plated by the recognized 

:1~i~~~ti~:~lHfrJ~t~./;~~~~~r(7~:~~:~;i~I~I~d~fd~~~~~~nmf;~('~~U~~~f";I~:~':sn~a[~~~~?~~ 
('ilrh set of ('(HInts. These value!'; for each group of micro-organisms were 
(Ii<,tributt'd intc) ('Ia .. ~e"" and the number in each class wa~ compared with 
the theort'lical f(lr the POi!>SOll series. The data for each year indicate that the 
fungal ('ollllb conform to {'xpe('tancy un the hasis of random sampling, and 
show ttl<! I t ht· met hod proddes a reasonahly accurate estimate of the population 
in the <Iilu! ion plated capable of developing under the conditions of grO\vth. 
Too man~· !'ets of count~ of hacteria in each year yield high Xi values. The 
count!> of actinomyces conform to expectancy. 

In an attempl 10 delt'rminc the cause of this abnormality for sets of counts of 
bacteria. samples were plated on the afternoon of the day they were taken from 
the fit·ld. Tlm'c hundred and four samples plated in six replicates of one 
dilut ion. and another 100 samples plated in four replicates, yield Xl values 
who~ di;.trihutions conform to expKtancy. Accordingly, the plate method 
provides u satisfactory estimate of the bacterial population of soil in the dilution 
plated if the procedure is carried out within six hours after sampling. Data on 88 
samples pi,ned nn the day of sllnpling, on 88 samples held one day, on 88 samples 
held two to five day~, and on 88 samples held eight to thirteen days show that the 
discrcJX!ncy hetwet'n the actual and theoretical distributions of X" ,'alues becomes 

:~~gJ=~~ii~~i~t~a ~e;a~ t th~C~r~~c~:~~~~~ :a:~~i:~e t~edi:J:l~~~ ~~d~h~ 
technique of plating hear no relation to the abnormal variation in counts of 
bacteria on replicate plates. 

A r('cord was kept of the presence of abnormal types of bacterial colonies and 
various genera of fungi on all plates from 468 samples plated one day after 
samplillf:" and crushing during 1938. The data show that sets having pin·point 
colonies or spreading colonies of the Mucorales on one or more plates usually 
have high Xl values. Counts on such plates should be excluded from the estimate 
of the mean numher of bacteria in the sample. Likewise, the number of actina· 
myces colonies on each plate from these samples was recorded. The Xl values for 
these counts ·were found to conform to expectancy, indicating that the factor or 
factors associated with a large number of high X, values for counts of bacteria does 
not affect the count of actinomyces in the same way. 

of ~:~~~~f:~~~i~:~~u~:chn~e~ :!r~e~o~~:I:~~~d~tetda~ ~i~id~~ffi~~~~:~h!~ 
are not significant ill each· case. . 

In trod uction 

The problem of estimating the numbers of micro-organisms in soil has 
engaged the attention of soil microbiologists since the beginning of the science 
and, after a half century marked by methods that are far from adequate, 
still has a fascinating appeal. The soil is known to be teeming with micro· 
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scopic life. There must be somt" way of estimating with reasonable ac('ura('v 
tht' number of the various form~ that exist in a g-i\"en Ramplt". Th(' plat~ 
nwthod. because of its wide US{-' in earlv studi('s and llt'cau!W of its association 
with counts in other substances. pa"rticularly dairy productR, still offers 
promise of providing results that have practiral application. It is not with­
out its limitations, which art" recognized and cannot he considl'rM lightly. 
The statement by Conn (5) that "It has in fact lon~ been realizt'd, even by 
those using these methods, that such counts havt> little ~ig-nificance; and they 
have ('orne to be used less and tess as bacteriolog-ists have learned more about 
bacteria in the soil" repre~nts an opinion that scarcely can be accepted as 
final. This investigator, supported in his opinion by \\"inogradsky (36, 37), 
favours the dirt"ct microscopic technique, which to date has not lwen given 
,i:::eneral approval and has not provided evidence of superiority (25). Thorn~ 

ton and Gray's (25) belief, in reference to the platin~ m,·thod, that "such 
counts have undoubted value in comparing two or more samples" appears 
to be shared by many who have continued to use the plating method, even 
since the development of the direct method. Among the foremost of these 
may be listed the following: Bisby el al. (I), Brierley el al. (2), Brown and 
Benton (3), Cobb (4), Corbet (6), Eggleton (7), Erdman (8). Gray et al. 
(14, 15), Harmsen and Verweel (16), Jensen (17), Lochhead and Thexton (18), 
Newton (19), Stevens (20), Taylor (22), Taylor and Lochhead (23), Timonin 
(24), Vandecaveye et al. (26-28), Waksman and Purvis (32), Williams (33), 
Wilson and Lyon (34), and Wilson and Kuhlmann (35). 

Historical 

The mathematical analysis of data obtained by the plating technique has 
engaged the attention of many investigators. Fisher et al. (9) developed a 
statistical control method for checking short series of parallel plates. They 
showed that, under ideal conditions of plating, the counts of bacterial colonjes 
on parallel plates vary in the same manner as samples from the Poisson series; 
and that, when these conditions are fulfilled, the mean count of replicates is 
a direct measure of the density of the popUlation. For a large number of 
sets of parallel plates, agreement with the theoretical distribution may be 
tested by 

x' = Sex :: X)' 
I 

where x is any number of colonies counted on a plate and x is the mean 
count of the replicates. 

Waksman (29) found a probable error of 1.8% in counts of total bacteria, 
2.7% in counts of actinomyces, and 5.8% in counts of fungi, when con­
sidering 50 plates from each plot for each group of micro~organisms. He 
presented, in addition, a table giving a weighted value based upon the number 
of samples from one source and the number of plates from the sample. To 
obtain a weight of 3.00, or the minimum for a very good rating, would require 
ten plates from each of three samples or two plates from each of ten samples. 
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\riJ!'>(1O and Kuhlmann (35) applied the X2 mf'thod to counts of rhizobia 
(Ill Fred and "'aksman's medium i9 (12) obtained by a standardized tech­
niqm', an(-{[nund that in data bas('d on sets of three replicate plate.s the large 
"alu('s of X~ aros(' froIll counts in which one platt' showed undue variation 
from the (Jther two. In a ::wC'ond ('xperimf'nt in which five replicates were 
wwd. ('ither the plaH' that showf>d markt."d dt>viation from the others, or the 
third plah' Wht.'11 th"'H' was dose agreement in an, was eliminated. In this 
case, the ,'ariations nott'd in the remaining plates could have arisen by chance 
alone. 

Gray and associat{' (14, 15) prppared fivf' rf'plicates from each sample, but 
in some cases t h(> ('ount could lw cakulatt'd from a smaller number of plates 
only. They show the number of plates used and the reliability of the results 
in rdation to the X~ index of dispersion . 

. It-m;(·n (17) applied statistical tests to counts of bacteria, actinomyces. 
alld fungi in fifty samples of soil. He- used formulae designed to test the 
variation wht'"n tht, numhe-r of replicate plates is not constant. The method 
does not verify the theoretical distrihution with any exactitude but does 
test whether tIlt' general levt'l of variability conforms with expectation (10). 
This inv{'stigator found the variation between parallel plates of bacteria to 
lw very close to the expected, while that for replications of actinomyces showed 
a tendf'ncy to subnormality. He suggrsts that, since in the case of the actino­
myces the difference is not very great, there is justification in considering the 
majority of the actinomyces counts as reliable, The test applied to the 
counts of fungi gave a difference within the permissible limits and he con­
cludes that the technique must be considered as giving a reliable index of the 
numbers of mycelial fragments and fungal spores capable of developing on the 
medium used. 

Harmsen and "erweel (16) applied Fisher's control test to a large number 
of series of replicate counts aod presented histograms which indicate that 
numbers of bacteria found on parallel plates from field samples have an 
abnormal variance. This is proved true also on data published by ~'aksman 
and submitted to the t€'st by these investigators. In this work, and in that 
of \\'aksmao also, tt'o replicat€' plates from each sample were used. However. 
they found a very satisfactory distribution of X2 values 00 the data from 
act ioomyces. 

In a recent paper by Sutherland and James (21), the literature dealing with 
the problem of the application of the X' test to bacterial counts by the plate 
method was reviewed, In this report it is shown that the technique of making 
dilutions and preparing plates produces a mean of four counts that is accurate 
as an estimate of the population in the dilution sampled when certain pure 
cultures are used. This finding is of interest from the standpoint of eliminating 
technique as the cause of the discrepancies in the X:! distributions referred to 
in previous reports. 
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S{(!pe {If the Problem 
Experimental 

The procedure for estimating th{' numher of micro~oq:ani~m~ in the ~oif 
uf a givt'n field involves so many stf'pS that tht'rt' i:, prohahility of ~rious 
(·nor. Tht· work reporh·d ht'ft'after i~ an attempt to dt:termim> tht, accuracy 
of each s;tt'P in the laboratory hy tnt' application of 3n'('ptf'd matflt'matical 
tt'!'ts to the data obtained and, where nt'cessary. to providt> a technique that 
i~ satisfactory fOf th(' purpost· intended. Ohviously. thil" m'C't'Rsitatl"s ~tartinR 
at a point farthest from the field sample and progrt':_.;sing- on(-' sh'p at a time. 
According-Iy, this presentation dt'aIs only with the accuracy of tht' mean C'()unt 
(Ii four or six rt'plicates from ont' dilution as an I?'stimatt' of the population in 
lilt' dilution plated . 

. -\ second paper will dt'al with the accuracy of the count from one dilution 
as an t'stimate of the population in tIlt' aliquot samplt' ust'd in making the 
dilution. and the accuracy of the count from one aliquot sample as an estimate 
of the population in the sample brought to the laboratory. 

I. THE ACC'CRACY OF THE :\lEAN COl":-NT OF FOt:R REPLICATE PLATES 

FROM O~E DILUTION: BACTERIA 

J!etiwd of Procedure 

The 1465 samples used in this study Wf're taken from two permanent series 
(If plots in the experimental field of the Dominion Rust Research Laboratory 
at the t'niyersity of Manitoba, in a long-term investigation of the microflora 
of grain~producing soils in relation to the cereal root~rot problem. The soil 
is a dark brown, heavy clay that becomes compact and sticky when wet. 
At many samplings the soil had a moisture content of over 40% and did 
not break up readily. Each laboratory sample was a composite of six cores, 
6 by q in., taken at random from a hundredth~acre plot. It was crushed 
hy careful hand manipulation and mixed thoroughly. A moisture test was 
run. and sufficient soil to give 25 gm. on a dry basis was added to UO ml. of 
sterile water in a pint jar. This dilution was shaken for five minutes on a 
mechanical rocker shaker and given a vigorous shaking by hand immediately 
before a transfer was made. Higher dilutions were made in six-ounce, screw­
topped medicine bottles and shaken by hand 25 times. The 1 : 200,000 
dilution was used for plating in 1936. This was changed to 1 : 800,000 in 
1937 and I : 500,000 in 1938. The higher dilutions seemed advisable from 
the standpoint of ease in counting, The number of colonies per plate ranged 
from 40 to 200) except in occasional samples where pin-point colonies raised 
the count. A one-millilitre sterile pipette was rinsed once in the dilution to 
be plated and one ruL was delivered to each of four plates. 

Fred and Waksman's (12) sodium albuminate agar was used for bacteria and 
actinomyces. This medium has been used by Harmsen and Verweel (16) in a 
similar study, and by others. Incubation was at 25 to 28" C. for eight days. 
The higher temperature appeared necessary because of the impracticabUity 
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(If maintaining a lower ternpt>f,Hure during the excessive heat of midsummer. 
A n1{Jul1t(·d It'Il!-> (If four-inch diamett>r and two to three diameters magni­
fICatioll' \.\.as wwd to dlt'ck all plates before recording the counts. 

'I('an and xt (Chi !->quare) \"aiu('s Wt'rt' calculated for each set of counts on 
four rt'plica1t-~. Tlw X~ vaiup!-> were distributed into classes on the basis of 
das'f. houndarit·s fur tnrC;:'t' dt'gr('('s of freedom. FinaHy, the g-oooness-of-tlt 
tt'st (!3) was u!->t'd to asn'rtain the agrt'ernent between the actual and expected 
Of tht'"oret icai dist ributions. 

RES"CLTS 

The goocint's!H)f-fit test appiird to the distribution of XZ values for counts 
of il<.lctt'fia on 504 samples investigated in 1936 gives a final X2 value of 1336.08. 
with a P ,·alu(· d{~('idedly helow the 1 C;;. point. This finding was confirmed 
on 4<)3 samples studit·d in 1937, and on 468 samples in 1938. The data for 
1938 are presented graphically in Histogram 1. 
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HJ~TOGRAM 1. X2 distribution on 468 samplt:s for counts of bacteria, }()38. 

These results show that the distributions of X'.l values vary widely from 
E.>xpectancy. Thf'Y poin t clearly to some factor or factors responsible for the 
exceedingly small P values in the data presented. A large series of sets of 
parallel plates should yield X2 values that are distributed according to the 
Poisson series, if the technique of dilution affords a perfectly random dis­
tribution of organisms. and if these can develop on the plate without mutual 
interference (10). A P value between 0.9 and 0.1 may be accepted as in­
dicating that the variation among- counts on replicate plates from one dilution 
may be attributed to chance: 
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11. FACTORS C'OSTRIBt:TI;o.;:G TO THE ABNORMAL VARIATIOX AMONG 

('Ol'STS OF BACTERIA ON REPl.ICATE PLATES FROM OSE DIU'TIOS 

I" ) Time Sample Held in the Laboratory before Platjn~ 

The data obtained in tht' preceding section wert' obtained on sarnplt's ht'ld 
in the laboratory one day after they were broken up. This was carrit'd on 
.\:, a routine procedure to allow time for moisture determinations in order to 
obtain counts directly on the basis of the amount calculated to makE> 25 gm. 
ni dry soil. Late in the Sllmffit'r of 1938 this pro(,edure pron·d to bt· faulty 
from the standpoint of abnormal findings in the tests of variance to be con· 
~idt'rt'd in a later paper. As a consequence, data on 88 samplt·s plated on 
{he afternoon of the day o[ sampling "'ere available [or x? distribution studies. 
The failure to find the usual abnormal distribution of Xl! values prompted the 
contilluance of the study of fresh samples as they affect the accuracy of the 
mean of four or six replicates from one dilution in conjunction with the tests 
of variance studies referred to above. l;nfortunately, the record of how 
long others have held samples before plating is not made dear. The work 
of Harmsen and Verweel (16) gives no indication of their procedure in this 
respect. Likewise, the data furnished by Waksman (3\) and analysed by 
1hese investigators. give no definite information on this point. \\laksman (30) 
states that the samples were "plated as soon as possible", which allows for 
varied interpretations. 

RESULTS 

The distribution of X2 values on 304 samples, each plated in six replicates 
from one dilution, is shown in Histogram 2. The goodness-of-fit test applied 

~, ... c"",o_Q\.ot"". 
_ ......... ~'.<O..of"'" 
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HISTOGRAM 2. X2 distribution on 304 samples PlaUd immediateJy for c01lnts of bacteria, 
six replicates. 
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ttl \ hj~ di!-.\ riflll! ion gi\"t,~ (1 final XZ \'alm' of 14.19 with a corresponding P valw" 
of appro:\imal('\y 0.36. Thif> finding- was confirmed on 100 samplE's plated in 
fou! n'plica!e~. \\ hich yit·lded a final X2 \-alue of 7.82 with a corresponding P 
\';ilUt, of alliJut (J. g_~. 

Th,'sl' rt'sults show that the distributions of X~ values conform to expect­
ancy, and indicate dearly that th(:' discrepancy in the distrihution of X2 

"aIm'!'> resulting from ahnormal variation among- ('(mnts of replicate plates 
from om' dilution may bt' avoided by proceeding with the laboratory tech­
nique of dilutin,l! ann plating within a few hours after sampling. 

Further j,\·ich'nce on the effects (If holding samples of soil in the laboratorv 
on tht, ahnormality of the distribution of X2 values is shown in the data o~ 
{Clur s{'ri('~ of counts on samples ht>ld for different JX'riods. In this experiment 
thl' ~ampll's \\'('re not plated primarily to study the distribution of X2 values. 
and ('onsl'quently the counts at the various ages art' not on the same samples. 
HO\\'('\"('I", t.hey repn":wnt samples taken from the sam{' field. plated by thf> 
sanw t('chniqUt,. c{)vt.'ring thl~ sa.me period of the year (July 21 to Sept, 1, 1(38). 
and may he considered comparable. Each ~ries is on 88 samples, The 
first !'wri("s represenH samples platt>d in six rf'plicates from one dilution on 
the afternoon of tht' day ohtaint ... d: the second, plated in four replicates one 
day aftt'r hrt>aking up: tht, third, in six replicates after holding five to six 
day~; and tlw fourth, likewise in six rt'plicates after eight to thirteen days. 
Since for gi\'en P values tilt' X~ valul:'s for the class houndaries differ with the 
degrees of fr{'(>dofl}. tilt' data in the goodness-of-fit test are pre:-:t'ntpd on the 
basis of the P yalu(> distrivutioll. hut with arbitrary numbers designating 
dasses. 

The distributions for these 352 samples are presented in Histogram 3. 
Tlw goodnt'ss-of-fit test gives final X2 and P values of Q.62 and 0.73 for the 
samples platt'd within theel'" to !'>ix hours: 93.86 and less than (LOl for the 
~amplt':; pbtt'd after holding one day~ 233.19 and less than 0.01 for the 
:-;ampl{-'~ held five to six days: and 405.28 and less than 0.01 for the samples 
ht'ld eight to thirteen da~'s. The gradual rising of the final X2 values indicates 
a prngn>ssive inut"ase in the degree of abnormality and suggests that the 
factors n·spon::;ible becume more marked as the time the samples are held in 
tht" laboratory i~ prolonged. 

(b) CerIa in Types of Bacteria and Fungi on Plates for Bacterial Counts 

During the fin;t t\\'o years of this study, the abnormal count on one or 
more piatt's in a set frequently appeared to be associated with the presence 
of certain types of hactl:'ria or fungi on the plates. In an attempt to deter­
mine whether tht'sl:' types of organisms are associated with the abnormal 
distribution of X2 values. their presence was recorded on the plates prepared 
in 1938. This wa~ done on 468 samples, representing 1872 plates. The 
idt.~ntification and rt'cording of these types were carried out before the plates 
Wf're counted. in order not 10 look for their presence only on plates with low 
counts. These were consider~-.d in relation to the distribution of X2 values. 
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PLATtO 
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HISTOGRAM 3. X2 distribution on J52 J'amples held varying times for counts of bacteria. 

RESULTS 

The presence of an excess of pin-point colonies was noted on one or more 
plates from 23 samples; of these, 22 had X2 values with a P value lower than 
0.01. Cultures of the orcler '\lucoraJes occurred 51 times. ::\-105t of these 
were Rhizopus nigricans, but not all. Of these, 29 sets had abnormally high 
X~ values. Fusarium spp. and Alternaria spp. appeared in 109 samples. 
These were spread over the X2 class value range. The same was true of 
spreader types of bacterial colonies, which were recorded on 91 sets. The 
remaining 194 had colonies of various genera, including Penicillium, Asper­
gillus, Cephalosporium, Cladosporium, Cylindrocarpon, J.llonotospora, PhMna. 
Trichoderma, Verticillium and others occurring rarely which did not appear 
in one class more often than in another, or were free from unusual colonies. 

The data are presented graphically in Histogram 4. In order to simplify 
the presentation of these data, the term "miscellaneous" included the 194 sets 
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mentioned ahovv; and Fusarium spp. and Alternaria spp. were grouped to­
gether. Further, as plate:" in one Sf" frequently had more than one type of 
("'olony recorded, tht'y were distributed arbitrarily in classes in the following 
ordn of prd('rence; pin-points. Alucoraies, Fusarium and Alternaria, spreaders 
and mis('{'lIant'olls, For example, a set with a Alucorales and a Penicillium 
was placed in the JJucorales class only. 

0--" 

.~~." 
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HISTOGRAM 4. X' distribution on 468 samples Jor counts oj bacteria, 1938, showing the 
tffl!ct of cerlain types of baderia and fungi. 

These findin~s indicate that there is sound reason for rejecting plates that 
haye a lar~e number of pin-point colonies or are overgrown with Rhizopus 
niR"icatts, particularly if the plates concerned differ in count appreciably from 
others in the set. Had this been done in this analysis, the number of sets 
having abnormally high X2 values would have been reduced more than one­
half. There still remain too many sets with high X~ values, the cause of which 
is not suggested. 

(c) The Presence of Actinomyces on Plates for Bacterial Counts 

The c-ounts reported as bac-terial counts in this presentation include the 
actinomyces group. Since actinomyces may be distinguished from bacterial 
colonies, an attempt was made to determine whether the discrepancy in the 
distribution of X2 va1ues for the total count was characteristic of both groups. 
During 1937. actinomyCf's were counted after incubation for 12 days. The 
counts in 1938 were made at eight days at the time of making the total counts, 
so as to provide three sets of data for each plate, namely, the total count, 
bacteria only, and actinomyce~, 
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RESULTS 

The ~oodn{"ss-of-fit test applied to the distribution on 483 samples invt'sti­
,.lIed in 1 Q37 gives a final X' value 01 32.21 and a P "alue slifthtlr below 0.01. 
The 468 samples studied in 1938 Itiw final X' and P "alues of 14.51 and 0.34. 
respectively. The finding for 1938 appears in Hi~togram 5. 

i 
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HISTOGRAM 5. Xl distribution on 468 samples for counts of actinomyces, 1938. 

The counts of bacteria only, or the total count less the actinomyces, give a 
distribution with a final X' value 01 1927.43. 

These results indicate that the discrepancy in the distribution of X2 va}ues 
for the total count is due to variation among numbers of bacterial colonies 
rather than among numbers of the actinomyces. The factors causing the 
discrepancy influence the development of bacteria on certain plates, but 
apparently do not affect the actinomyces growth on this medium. 

(d) Moisture Content of Sample Plated 

),!Joisture tests were run on 1476 samples before plating. These varied 
appreciably, even among samples obtained at one time from adjoining plots. 
As moisture content might influence the factor or factors inducing the ab~ 
normal variation among counts on samples held in the laboratory, percentage 
moisture was correlated with P values corresponding to the X! values obtained. 
!'.Joisture readings were classed on a unit basis from 13 to 49. The P values 
\\-"ere divided into 20 classes with an interval of 0.05 ranging from a P of 1.00 
to a P 01 0.00. Since the X' values lor all the P values required were not 
given in Fisher's table (11), and interpolation on a linear basis did not appear 
to be accurate, the figures given in this table were graphed on squared paper 



OIl iJ .... calt' laq .. :-t· enough that the X~ and P values could ht' read to the second 
dt'CIIll.l1. TIll' X~ \'alut·~ for tht' missing P values were taken from the graph. 
A correlation sudan> for fwrcentagt' moisture and X:! values was prepared 
from the data for each yt'ar and a corrt'iation coefficient cakulated for each. 

Th(· data for 1')36 givt' a con-dation coefficient of {L0836; for 1037, a coeffi· 
('it'll I of O. 0444; and for 1931', of () 0697. Tht'l test applied to the correlation 
('fwfticit'lIt .... givps I valu('s of 1,87, 0,996, and 1 51 respectively. \\'hen n 
j:-. takt·tl a~ inttnity tht, 5('; len'l of signittcance has a! value of 1.96, and the 
1 ( ( . a va\u{' of 2, Sg. Tlwi"o(' H.·sult::. may he accepted a:o. indicating the absence 
of a :-.ignificant correlation lwtwt'cn moisture and X2 \"alues, Consequently, 
moist ure dop!"> not inHm'nee 1 he distrihution of Xl! values obtained from 
!-'t'ts of counts of bact(~ria on rt'plicate plates from one dilution of soil. 

III, TilE A( (TRACT OF THE ~IEA:"i COFS'T OF FOl"R REPLICATE PLATES 

FROM OKE DILl'TIOX: Fr~GI 

Jlrlhod of Proredure 

Tht' samplt,!- rt'fnrt'd to in St>ction I were plated for fung-i at the same time 
as for h~l('tt'ria. The 1 : 5000 dilution was used on all samples. The number 
of colon if's ranged from S to SO, with most of the counts midway" between 
thest.' limits, Czapl'k':-; (12) medium was used. It wa.." acidified by the 
addition of (),S 011. of lactic acid (to ml, of 85(;';. l·.S.P.X, made to 100 rnl. 
with distilled water) to lOO ml. of medium after the final tl:'mpering. Counts 
\\t'f(' made after four days' incubation ~lt 25 to 280 C. The data were submit­
tt'd to th(' mathl:'matiral tpsts applied to the bacterial counts, 

RE~UL'fS 

The goodness-of-fit tes1 on the X2 distribution for counts of fungi on 468 
samples inn>stigatl:'d in 1936 gives a final X2 value of 32.32 and a P value 
slightly below 0.01. A better fit was observed on 498 samples plated in 1937; 
and on 467 samples in 1938. These two P \"aJues are 0.63 and 0.18. The 
tinding for 1038 is shown in Histogram 6. 

These resuits show a close agreement between the actual and expected 
distribution of X2 valu{'s and indicate that the mt'an count of four replicate 
plates may be used to estimate the number of fungi in the dilution plated. 
This i~ a confirmation of the finding of Jensen (17), but on a larger number 
of samples, I t i~ recognized that the count may represent spores and pieces 
of mycelium and that the technique does not distinguish between them. 
~t'\"ertheless, thert' should not be serious objection to the use of data obtained 
by this technique in comparing the numbers of potential fungi in different 
dilutions. 



JA.MES AND Sr.TI1E.RL-l,XD: A CfTRA O· OF PLATE ["(l("XT JJETllllP ~q 

HISTOGRAM 6. X~ disiribution 011 ..J.6i samples for counts of fungi, ]()38. 

Discussion 

The application of proven mathematical formulae to test tht' accuracy of 
data obtained by the soil bacteriolog-ist requires little justification. The 
bborinusness of the technique invol .... ed in obtaining counts of micro-organisms 
by any method demands the use of every test that will verify the validity of 
the result or lessen the routine labour of the undertaking. The hacteriologist 
who makes an estimate of the numbers of fungi or bacteria in soil, does SO 

for the purpose of relating the estimate to some condition or treatment. If 
his estimate is accurate, some practical advance may be made in an under­
standing of the intricacies of the complex medium with which he deals. If 
it is not, his findings retard rather than advance the science. 

The most important result concerning the distribution of X~ values for sets 
of counts of bacteria has to do with the time the sample is held in the Jaboratory 
before plating. A sample plated on the day it is taken from the field yields 
counts that may be accepted as satisfactory for the dilution plated. The 
counts on samples held one day or more give X2 values that have abnormal 
distributions, similar to those presented by Harmsen and Verv.'t'el (16), 
who did not make dear how long their samples were held. 

There still remains to be explained the cause of the abnormal distributions 
of X' values from samples that are held before plating. Two conditions 
appear to be associated with an excess of high X2 values: a large number of 
pin-point colonies on one or more plates in a set, and large spreading colonies 
of the ... lfucorales on one or more plates. In this connection, the data presented 
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ju!-!tify tlu' ('xclusion or counts from such plates in a set, ?n the other hand, 
th"rl' is ampit' cI'id,'ncl' in the data presented that certam factors bear no 

relation to the problem. Tht· samples providing the good fit in the distri· 
llUlioll of X:' \'itIU{~~ were ohtainf'd from the same plots as those that give the 

afmormai distribution. They were plated fJY the same technique, pertaining 
to diluting. pipf'tting, pouriIlg, incubating, and counting, and by the same 
operators. Th(' medium was the same. The counts giving a good fit were 
obtaim'd OVl'r part of the Rame season as those that did not. This would 
app·ear to eliminal<> the source of soil. laboratory technique, medium and 
S('ason <is factors contributing to the phenomenon. The correlation data on 
moisturt, and XZ values show dearly that moisture content is not associated 
with X1 values. However, epidemics of high X2 values have been reported (9). 
Tht· data prt'sentt'd in thi~ study indicatt' that at ct"rtain sampJings a larger 
numher of high X2 valut's Occur; particularly early in the summer. These 
rould he accounted for, primarily. by the presence of pin-point colonie~ or 
t'xcessivf' numlwrs of 111ucorales on the sets. In fact, at all but one of the 41 
platings of 36 samples in tht· experiments dealing- with samples held one day, 
thert> is an t'xcessive numbt>r of high X2 values. Further, the data for the 
summt'r of 1 Q38 show that the causal factor does not affect the counts of 
actinomyces on the platt's yielding the excessive numbers of high X2 values 
for counts of hacteria. 
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COMPARATIVE DEVELOPMFNT OF TWO WHEAT '·ARIETIES 
UNDER VARYING MOISTURE SUPPLY' 

Abstract 
Two YarietiL's of \,dll'at, l.U!l'"rl'n'- ;}nd a cro.~.~ pf Rt'ward X Cal,<;ium. "t'n' 

hoth j.!;rown in the greenholl!-t' at fOllr level,.. of soil Illoi .. turt· suppl). The plaut:­
produced were har\"bted individually and Mtbjt'{'tcd to "trunuml ('ounts, 
measurements, and weighing,; de;,i!!:llcd tu iUu.<:;trate l'('rtain compoll(,llbof growth 
and yield. 

Significant elfel'ts of tnuj"turl' supply un number, heiv;ht, amI weight nf 
"hoots, number of fertile heads, and \\cig-ht, "ju', ami nitrogen nmt('nt of .:rain 
per plant and per shoot. cliffe-rio!_! in some case;. in tht~ two varieties, were 
demonstrable. The relati(m bt'tween the production of straw and fruiting 
parts per tiller also seempd to Iw il \'arlf'wl characteri;,tic. It is SlJ~g-l'stcd 
that oh~r'\'ations of thi,: type, under fidd plot conditions, on a rdatively small 
numher of plants grown under control1cd mllj"tllrt' hupply, Illig-ht llw\'ide ll!j(·fui 
information respecting the adaptal,ility of different \'arieties of plant" . 

. \nalysis of agricultural yiPld through ~tudit's of the growth and develop­
ment of crop plants is a problem which has rect"iv('d the intermittt"nt attt'o­
tion of agronomists for somt' time. Balls and Holton in Egypt (]. 2), Engledow 
and his successive co-workers in England (3-5), Tincker and JoneH in \\"alt's 
(10), Smith in Australia (9), Immer and Stevenson in the t;nited States (8), 
and Goulden and Elders in this country (6) are some of those who have deaJt 
with one aspect or another of this suhject. It would seem that information 
of this sort might find· some application in both the genetiC'al and agronomic 
phases of drought investigation;.;, as Wf"l1 as in the field of crop estimation and 
forecasting (11). Accordingly, the small preliminary trial now to be described 
was conducted in the greenhouse of the National Rt~search Laboratories, in 
order to provide some indications of the po.5.."ibilities in this connf'ction. 

Experimental 

Two varieties of spring wheat believed to differ in druught resi!';tance wen~ 
u~ed. namely Lutescens and a cross of Reward X Caesium. Seed of these 
,,·as kindly supplied by Prof. K. \\". Neatby of the Cniversity of Alberta. 
The procedure was to grow all the experimental plants under uniform con­
ditions until just after the initiation of tillering, when four levels of soil moisture 

I Afanuscript received Marck 3, 1939. 
Ctml"iDuJwn from tJu Dit""ision of BioJog)' and Agriculture, Nali01wl Research Lal)(mYvries, 

Ottawa. Published as Paper No. 160 of the Associate Committee on Gram Research of the Nationat 
Reuarch Council of Canada and the Dominion Department of Agriculture. Prepared !1'("n a 
paper read wfore Section G of lhe Ameru:an Association for the AdtJ(fnamem of Science, Ottawa, 
iune29.1938. N.R.C. No. 7()(). 

! Statistician, Natiotlal Research Laboratories, Ottawa. 
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W{'f(' imp(Jsed and maintained until maturity. Individual plants were grown 
in ~ll'am-st('riliz('d soil in 6-in. pots. each combination of variety and treatment 
being f"t'pli("aled six times. In ordf'r 10 f{:,duce errors dut:' to positional effects, 
the P(Jt!-- \\(,ri' arrangt·d on tht:' gr{'('nhous(-' l*nch in six randomized blocks. 
t';teh hlock comprising ooe repn'sentativ{' of each variety and treatment. Th€' 
four ~(Jil moi .... ' un- lev('is adopted weft' 30c;, 27 $(:(, 25('~, and 22. Sr:(. res­
pectively. These may he thought rather high for us(' with drought-resistant 
yaridi('~, but it should he explained that these figures refer to tht' level to 
which the .... oil moist un: was adjusted hy wt'ighing (-'vt'ry thrct' days, so that 
th(, avcrage moisture available would in each case be below the fig-urt' indicated. 
FurdH'rmon', thl' soil wwd, b{'ing a good quality potting loam, had quite a 
high moistun'-holding capacity. 

,~'Nling took plac(' in January, and han'psting eariy in June, 1938. 

Results 

Each plant was harvt'sh .. d ~('paratel:' and subjected to certain structural 
counts. rm'asun'nwnts and weighing-so The results of these are described in 
th(· followin,l; paragraphs. 

Tabl(' I f>hows tht' aYe rage number of shoots, heads and grain-bearing heads, 
thl' a\'t'ra~t' \\Tight of cu\ms, of heads and of grain, and the average number 
and sin' ~f kf'r~('ls per plant produn·d by the two varieties at the different 
moist lire levels. It will be sePIl that t he imposed differf"nces in moisture supply 
had an t'flt'c't on the production of s('('ondary tillers, but that at all four 
m(li~t Uft' 1f.\'(·ls Reward X Caesium produced a consistently higher number of 
shoots IH'r plant than did Lutescens. The situation in the case of the total 
numb(>r of Iwads producpd is very similar, Reward X Caesium showin!-!: a 
significant ('x cess at thn>(' of the four moisturt' levels, This variety likewise 
produced a con:-:istently higher number of grain-bearing heads per plant, 

The etTect of moisture supply upon the production of straw is quite clear­
cut, both \'arie-ti(·s beha\'ing very similarly in this respect and the differences 
ht'tw('('n them being negligihl<>, On the other hand. the weight of heads and 
of grain produced by Lutesc~ns tends to be greater at hig-h as well as at low 
rnoistun's, There i,s no clear-cut distinction bet\veen the varieties in respect 
of th(' <l\"t'raj;.:t' number of kt'rnels produced per plant, but the average weight 
~wr kernel is consistpntly higher in the case of Lutescens, 

Tht' manner in which thf" foregoing gross results were arrived at by the plant 
may nO\\' he considered in a little further detaiL Table II shows certain charac­
teristics of tht· average plant of each variety produced under the four moisture 
n·gimes, The influence of decreasing moisture supply in reducing culm length, 
partIcularly in the s('C'ondary tillers, is quite ob\'ious, Efff"cts on weight of 
head and on grain yield are also e\'ident. In both varieties the yield from 
the first and s€'('ond tillers is maintained fairly well throughout the moisture 
range, the third and fourth tillers show marked declines, and in the case of 
Lutescens the fifth disappears entirely. This is probably a practical advantage. 
sinn> the production of a certaih number of small and low-grade kernels is 
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then-by avoided. The additional grain yield of Lutf'sC'ens, noted in Tahlt> I. 
i~ thus mainly attrihutable to the ~urwrior performann' of tht' first. St'\.·ond and 
third tillers. and not. as might pt'rhaps havp bt"f'n f'Xpt·clt·d, to a ilt'ttf'r sus­
tained fruiting capacity in tht· fourth and fifth ~i(lt· tillers. 
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Turning now to intra-varietal comparisons, Fig. 1 shows for each variety 
separately the average weight of the head plotted against the average length 
of culm of successive tillers of the plants produced under each condition of 
soil moisture supply. For the most part there is a fairly dose relation between 
these two attributes, which is maintained. under all four soil moistures. The 
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four value:., for tht, first tiller:, of Rt'ward X Caesium. however, (which are 
distingui:-.hcd in tht, diagram by the superscript 1) provide exceptions to this 
!.:('lltTal tt'Odl'IlCY. It is thought that thi:- anomaly may be due to the fact 
that ttl(' prim(lrdia froIT! which tht .. S(_· lwads developt'd, being the first to be 
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laid down, suffered from unfavourable growth conditions (chiefly low light 
intensity) in the greenhouse during the winter period. If the points in question 
are excluded, the correlation is appreciably improved. In the case of Lute&­
cens, the relation as a whole is quite regular and the first tillers fit well into the 
general trend. It will be observed that the correlation in both cases is 000-
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linear, and that the (urw' for Lutt'sCPTlS rist's mor(>' stt't'ply, Thf' point and 
degree of cun:ature, as well as tht' gener..tl sl(l~){'. may tht'rt'fore ht' yarit·tal 
dlaractt'ristics of somt' practical importanCl._' untit't" drnu}!,ht ('o1\ohion!:'. !'In(''t'­
they art' measurt'-s of tht' ('xtt'nt to which tht' pmduction of fruitin~ parts i~ 

maintainf'd when ye~t'tativt' dt'\-l'lopml"nt. a::; indicated Ily ":'itraw Jt·ngth. is 
limit~'d. 

Fig. 2 shows a yery similar relation bt'IWt't'T1 grain yit·ld and ('ull11 h.'lIgth, 
Tht' correlation is again ruryilim·ar. and tht· results for <-ill four moi:.turp)"o fall 
into tht' same gpnt'ral ::;ystt'm, hut the actual dt·tails of the relation would M·t'm 

tn lit' somewhat diffen'nt for the two yarit'ti{'~, The curv('u form of tilt' 
n:·ja!jon is suggestive of an examp!t· of dw differential rdalin' growth m('s of 
(Ir;.:.ans, of the type made familiar hy Huxit,y and terml-d hy him "lwtl'foJ.,:oIlY" 
l 7 ~I 

This supposition rt'cpjYes sorrw support Whf'Il I hi' fort'goin,l! data an' rt'­

plotted nn a logarithmic scale, as is shown in Fig-, 3, the approach to the 
rt'quin~d linearity heing quitt' dose, particularly in tht· cas{' of Lut('sn'ns, 
HPH' also, then, there might be a possihility of di":'itinguishing ht:'twt't'll \-,uietit's, 
on tht' basis of their relativt' growth gradients. 

o 
o 
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FIG, 3. Average length of culm and weight of grain, in logarithmic units, of successive 
tillers of plants grown under four different levels of soil moisture, 

Differentjal relatjve growth rates may occur not only in separate organs, 
but also in different parts of the same organ, as is illustrated in Fig. 4. Here 
the average length of the top internode of the various culms of the plants at 
each soil moisture is plotted against the corresponding average length of the 
basal internodes. Once more there is a tendency towards curvilinear corre­
lation, the length of the topmost internode increasing rather more than propor-
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tiona1(·lv \\ilh that of tilt' ha~al ont'~, It may also be noted that the ratio of 
top 10 I:a:-.;:J inH'rrwd(' it'ngth is in g«nt"ral higher for Reward X Caesium than 
for Lul('~c('ns. 
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1"1(;, .. 1.. At'cnl~e 11"1R,th of basal anA lOp internodes (if (ulms of successive tillet'S (If plants 
~rO'<L'l1 1l1lder fnllf dij{f'rt'llt iel't'is (If soil moist un' supply. 

\Yhilsl the gt'Iwral trend is quitp clear, there are a number of indiddual 
irregularities, and it ~t't'med worth while to asc{'rtain whether these ,,-en' 
significantly associated \\'jth grain yield. It was found that the association 
bt'tw{'(>11 yip\d and total length of culm gave rise to a correlation coefficient of 
0.948 in the cast' of Reward X Caesium and 0, Qi2 in the case of Lutescens. 
In neithf'r instanc{' was this correlation significantly increased by considering 
tht> kngths of the upper and lower intt'rnodes separately. 

Tablp III shows tht' results of nitrogen analyses, by the Kjeldahl method, 
of tht' grain from the individual heads. 

\\"eighting the result for each head in proportion to its contribution to the 
total yield. th(' nitro~('n content of both varieties clearly increases as soil 
moisture is withhf'ld and yield reduced. From the unweighted averages of 
the first, st"rond, etc., tillers it is further seen that this increase is to some 
extent distributed over the whole plant. In Reward X Caesium, however, 
the increment is more pronounced in the fourth and fifth side tillers than in 
the first three. In Lutescens, on the other hand, this is not the case to nearly 
the same extent, since the fifth tillers of this variety, even if present, were 
infertile at all but the highest moisture level. The results as a whole thus 
do not in all respects parallel those reported by Engledow and Wadham (5), 
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who found a proJ.!r('~sivl' increast' in the nitrogpn contt'T1t of the grain from 
!-.Ul'cessin' ~id(· tillers of harley plants grown under English fi€'ld conditions, 

In {'ondu~iot\, it ~h(\uld p('rhap~ 'K' (lnce again pointed out that the purpose 
uj tlli:-. ~tLJdy \\'a~ IHlrt,ly t':\plorator'Y, and it is not suggestpd that the present 
1"('<"UItS, !-.f'cUH,d utldt'f wintn greenhouse conditions, would he duplicatt'd in 
all fI'!->Pt·ct!-. in the fit'ld, It does seem reasonable to infer, however, that 
oll!->t'n'atioll!-. of thi~ type, under field plot conditions, of a relatively small 
numher of plallh grown und("r controlled moisturE' supply, might provide 
useful information rt'~pt·cling the adaptahility of difh~rent varieties of plants, 
and al~(l rt'~pt'ct inl.!, tht, morphological aspects of drought resistance in general. 

References 
]. HAl.L<", \\'. J <" .\I1.dy~('!- of <ll!rit'ldtural yield. P.lrt J II. Tlu' influence uf natural em·jron~ 

1l1t'!ltal L!n(jr.~ 111'UTl th{· yield of Egyptidll C,)ttOll. Phil. Trans. (H), 201' : 15i~223. 
l(nfJ. 

'J ilALLS, \\', L d[td.IIOl:!,);>', F. S. Analy:.t,s of a\-';ricuitural yield. Part I. The sJla(in~ 
{'xpni11lt'!lt wIth Lg~'!Hian cotton, 1912. Phil. Tran~. (H), 206: 103-180. 1915. 

". ES(;Ll"UOW, F. L. ,llId RM.f1AH, K. Itl\,l'~ti~:lti()n;;: 011 yield in cereals. YII. A study of 
d,'V"\Dp\\Wnt and Yl,'ld in wheat bast·d upon Yarit·tal {"otnparison, J. Agr. Sci. 
20 ; 2(J$-,H·l_ 1930. 

4, Lr-;(;U,I)(lW, F. l.. aurl \\"AIJHAM, S.:'\1. Im'e"tigatiollS on vield in the (,(·reals. 1. Part I. 
(;{'lIt'rJ.l {'(Jrlsideratiuils. J. Agr. Sci. 13 : 390-!03. 1923. 

5. E:-;{,LEllO\\-. F. L. a!l~ \\".\DHAM, S . .\1. In\'eo:ti~ati()ns on yield in the cereals. J. Part II. 
~ study of ccrtaUl badey charaner:'o.: methml!', tiU\'tlliltIOr\S and comparatiyc oh~r""a­
tHlll!- 0>11 two pllrl' lineo.. ]. A,g-r. Sci, 13: -1-04---1-39. 1923. 14: 66-9.s, 2Si~324, and 
325-345. 1924. 

h. \ ;m'LDE-";, C. II. and EUJEk", T. A statistical ..;tudy of the characters of \\heat \'arieties 
affl'nill~ yil·ld. Sci. Agr. 6 : 337-345. 1926. -

I. HexL];Y, J. S. Probl{'ll1s of reiari'-e growth. \lethucn and Co. Ltd., London, 1932, 

S. IMMEk, F. R. and STEYEXSO"', F. J. A hiometrical study of factors affecting yield in oats. 
J. Am. Soc :\grnn. 20: 1107-1119. 1928. 

t), SMITH, }L F. The '.lrhllHhty of plant densltv In fields of ",heat and Its effett on \ield 
C. S. 1. R. (\u.,tr.lba) Bull 109 193i - • 

10. TI~CKfR,::'\1. :\. H. and JO~ES, :'>.1. G. Yield studi~s in oats. Ill. The inter-relationship 
of the poirb of the oat plant during den!opment. Ann. AppL BioL H~ : 37-53. 1931. 

11. YATES, F. The place of quantitative measurements on plant growth in agricultural 
mt:t;'()rol"g)~ and nop forecasting. Rept. Coni. Empire Meteorologists, London, 
19,~_': 109-1 d. H.::\l. Stationery Office. 1936. 



9; 

THE ACCl:RACY OF THE PLATING METHOD FOR ESTIMATING 
THE NI'MBERS OF BACTERIA A)I;D Fl'NGI FROM ONE 

D1U:TION AND FROM ONE ALIQrOT OF :\ LABORATORY 
SAMPLE OF SOIL' 

Abstract 

ra~X i ~ :;~tn~~~i l~~~.t ~I i\ ~\ ~~ ~l! r~.~~l h:i f I~\I~; I ~~;~~~:;; t :~l ~:J:~~~~~ '~( )~: !::;~JI!';~ ~li)~~; i: :;~ t, t f'~)I; 
n,Hlnts of fL:ng-i. The a!\aly"i~ of \"arian("(' ~hu\\-~ that thert' an' Il"t "i~llitic.LTl\ 
(hf1('fenCe" HI COUnts of fllng,i among n'plicatl' dilutinf)'. fr(JIIL (lIH' ,diqw,t. but 
that there an' among" a!iqllot~ from one lahoratory S<lI11pk. E.1Ch replic.ne 
dilution wa., raised and the final dilutiun" p[.llt·d in (ollr n'plic,ltl'" fur COlW!" 
oj: h;~c!eria. TIlt' dal.1 f(lr \J,lcteri.tl ("(lllllt" ~h(l\\ .~ignific.lll! ditTN{'nn'" ;111lUIlS" 
ddu\IOTb from one aliquot, but not amoJlg al1'lLiOt samph·:-,. 

In u ~ec()nd experimenc {Inc ]5~gm. aliquot taken frolll <t !'kilt/pIc was dilut('d 
1 : 10 .. 111(\ another was diluted 1: 50. Each nrigillal dilt1tion \\;1', r,li"t'd to 
1 : 5,000 in 11 replicatt' dilutiulls. whir-h were platpd in four n·plir.ltt· ... for tungi. 
Th(' experiment W,\" repeakd 10 timt'''. In thi" ca"e, the data show that tht, I : \0 
method of making tht' orig-in,\] dilmiol1 yield<; si~nifi{,.lnt diffcrl'fln'" aTnong the 
final di!utirms and that tht· 1 : 50 "y"tem, whi,h rt'adwd 1 : ;:i,nOO in ont' tran"f{'r, 
is preferahl(·. Each dilution \\,\" rai,;ed to I : SOO.(}(IO,\nd the final dilLlti{)n~ Wl'n' 

plated for hacteria in ~ix replicate". Tht' <w.:dy;-.i ... "ho1<\'s that the 1 : II} medl()d 
\ ... not reliablp becau"c of ~ig-nifi('ant difference" am(ln~ tiiluliun,,' and that th{' 
1 : 50 method i" preferable, although fdiling to reduce thE' difference .. ttl in­
significance. 

The 1 : .sO and 1 : 100 sy"H'rtI" of making the original dilutil)n were cOlllpan'u 
in Experiment 3, a ... \n·ll ,I'-, differ{'nct's among- aliquot ~atnple-;. :\ fresh sample 
wa~ plated in five aliquot.,; fur cach sy"tel1\. each <1liquot in ten r(_·p!il·at(· diluti()l1~ 
aud each dilution in four rt:'p\icat(~ p\at{;'s for hacteri,l. The 1 : 50 system again 
;.how" sig-nifwant differencc" amonl; dilution" <lnu tht: 1 : 100 ,;y.,;H:m is {1I)t 

preferable. Ukewise, there are significant ditTen:nce;. among aliquot ..ample!> 
in t'-ach ca;,e. 

In Experiment 4- all diluti{Jn~ wen: rai:-.ed from 1 : 50 original dilutions. Each 
trial consiMed of six aliquots, raised in six replicate series d dilutions and platt.!d 
in "ix replicate plates from each final dilution. Thi,., was repeated {our times 
for fungal counts and six times for counts of ba\'teria. The analy,.,i" a!!;ain ~how,., 
that for fungal counts difFer(:'ncc" amonR dilutiun" are not significant. while for 
uacterial counts they are. .'\gain. there an' signjfimnt Jifi"ert'nn.':, for aliquot 
samples in the case (Jf both fung<tl and ba:cterial (."olmt". 

In Experiments 2, 3, and 4, the plating, pouring, piling of plates in the in~ 
cubator and counting of plates were carried Ollt in onc order. The analysis shows 
that none of these practices adds anything significant to the error of plating. 

As the errors of the sample used and of the dilution plated arc significant. 
reliable information on the counts of bacteria, actinomyces. or fungi in a labor· 
atory sample is not obtained hy the usual procedures with one 2S-gm. ~mple and 
one final dilution from it, regardless of the number of repficate plates made from 
the dilution. By the use of six aliquot samples with three replicate dilutions from 
each, and one plate for each dilution, the estimate would be ba5t'd upon these 
three factors in about their proportionate weight. 

Only by carefully designed experiments and the application of statistical 
methods to check the validity of the results obtained can progress be made in 
developing the plate method of counting bacteria or fungi in 50il to a stage 
where it may be used for practical application to the problems of agriculture. 

1 Manuscript received January 3, 1939. 
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J'n Decem~, 1938. Tiu compkte data are in tlu tlusis in the library of that institution. 
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&search Assistant in Bacteriology, The University of Manitoba. 
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Introduction 

At dw conclusion of the plating of 504 sarnple~ of soil by the methods 
d('~crilwd in a pn:\·jous papt'r (3), it sf't'l1led apparent that counts on samples 
frpm piot!-o n'('('i\'ing nne cultural or fertilizer treatnwnt varied appreciably 
and did not ~h()w a consistent n'lation to those from plots trt'ated differt>otly. 
The 3() s'lmp/es at ('ach sampling rt'presenled six trt'atmt"nts replicated ~ix 
timt's. Lach plot was sampled scn'n times during th{· season. On the­
a:-,sUl11ptioll tllat 42 r('plicate samplt,s from plots r('cf'i\'ing a given trpatment 
would yit·ld ('(lUt1t~ diffpring from 42 I"l'plications from similar plot~ that 
\\t'lt' not tlTated, it ~·t'rrl('d advisabk to consider the probability of there 
bt·ing a w('akllt'ss in the tt'chniqu{' (If dilution and sampling in the laboratory. 
A ~('rit'!-o (If n'plicate tlilllti()n~ from ont' sample could be rnadt' and a statistical 
(('!-o! applj('d 10 tlJ(' data t(J determine whether the re~ult from one dilution 
gi\·t,!-o a reiiahk {'stimate of tht' population in the sample. Similarly. a series 
of aliquot sartlpk~ could ht, studied to df't('rmint.~ whetht'r om' sample is suffi­
cient to giv(' a reliahk estimate of the population in the large sample brought 
to th(' laboratory_ The anaJysi~ of \'arianc(' was con:3idered for this study, 

In "iew of tIll' fact that counts of bactl'ria and fungi in general follow the 
Poissoll series, it may he qu('stiOlwd wht'ther thf' analysis of variance should 
be applii'(l to such data. This suhject has lwen considered by Cochran (2), 
l-dlO makt,)'; 1he follon-jng !"latemt'nr. "So long as trt'"aimf'"nt ff'sponses are of 
the order of S()C~ or under. and tht' standard f'rror per plot is under 12({. there 
can he littl(' wrong with the use of analysis of variancf', no matter what form 
ti1(' data analyzt'd may tak('''. \\'hen the analysis is applied to data obtained 
for the imprm"('ment (If tpchnique there appears to he no reason for making 
adjustmt'nts of the data before the analysis is made. The variation among 
fit'an!" for dilutions in tht· data prest~nted frequently e"Xceeds the 507(' limit in 
tht' ca~t' of counts (If bacteria pJalt'd from dilutions ra.isf'd from the 1 : 10 
original dilutions. \\"hen tht:> technique is improved by using the 1 : 50 
sysh'm (If making the original dilutions the variation in means is belO\\' 40% 
in the majority of cases. The standard error for the units analyzed for variance 
among dilutions is of the order of about 15S; for counts of bacteria and 20% 
for fungal counts, 

The yariation among I"f'plicate counts of fungi has been considered (3). 
and has bet'n found to conform to expectancy on the basis of random sampling. 
This variation among parallel plates may be accepted arbitrarily as the error 
in the analysis of variancf'. If the variance among dilutions is larger than 
the error variance. there is sound reason for considering this to be a source of 
serious error in the method of obtaining counts by the plate technique, If, 
on the contrary, tht' yariance is about proportional to the error, this may be 
accepted as indicating that the system of diluting adds nothing to the error. 
The same holds true for the aliquot sample used in making the dilution. 

The case for bacteria is more-complicated. The distribution of X2 values 
in the earlier studies d~s not ronform to expectancy, and the error is large 
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a~ ~hown by an t'XCf"5S of high X~ values. Significant variation among dilutions 
Of aliquot samplf"s is even mort' serious than in tht, cast' of fungi, since il is 
compared with an error that may be laq.:::~r. Fortunately. in the latt'r l'otudit's 
this error is reduced and the t'ffects of dilutions and aliquot samples an' shown 
\\ ith more precision. 

Experiment I 

:\IETHon OF PlWCEDVRE 

A ,<;ampl£' held in tht' laboratory DDt' wt't'k Wtl$ s.it·vt'd and mi.\t'd thoroughly. 
Six 2S-gm. aliquots wtore transferred to six 240-ml. dilution blanks and shaken 
3.~ described preyiously (3). EaC'h 1 : 10 dilution, obtained in this manner, 
\\ i.b given a \'i~orous shakin~ by hand immt"Cliately lwfort' a t ransfl'r to each 
of :.-;i . ...: higher dilutions was madf'. TheS{' replicatt' dilution~ wert' raist·d to 
makt· 36 final 1 : 5,000 dilutions rt'presenting six aliquots from OUt' sample. 
Ea('"h dilution was plated in four replicates for counts of fungi. 

t-.ach dilution was raised to 1 : 20n,OOO and plated for counts of hacteria, 
Owin~ to a mishap one plate was lost. Accordingly, the data repr€'!wnt 30 
dilutions from fivf' aliquot samples. 

:R.ESl'LTS 

In the analysis of \'ariancE' for each aliquot sample thert' are 5 df'gn'es of 
frt:'E'dom for dilution \"ariance and 18 for error variann'. For 18 degrees of 
freedom (the smaller mean squart') and 5 degret's of freedom (the grt:'att'r 
mean square), the 5S~, level of significance has an F value of 2.77 (4), The 
six aliquot samples have F values for dilutions as follows: (). 64<), 1.20, 1.53, 
1 36, O. i40 and 0.415. These are all Jess than the 5<;'{:, level of significance. 

The complf'te analysis of variance for the six aliquot samples follows in 
Table I. 

T_,\BLE I 

COMPLETE ANALYSIS OF VARIASCE'-}'t;!\'GI 

Total -~II 
.\iiqllot sampib 
f)iJutions 
Error i 

F /1 5% 

---I-~~--

89 LS6 
6.00 II 2 30 

These results suggest that for fungal counts the variance among dilutions 
does not add to the error of plating, while that among aliquot samples intro­
duces serious error in the method, 

A similar analysis of the data for counts of bacteria on five aliquot samples 
,how. Fvalue6 for dilution. as follows: 4.04,5.52,1.46,0.435 and 2_14. 
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Two of tht·~· are aho\'(' the _i( ( le\'('1 of significance. Tht, complete analysis 
for 1flt' fl\'('_aliqu(Jts fol1fJWS in Tablt' II. 

T.\I\I.E II 

('()~II'LE1T .... :"AI-)":O;I" OF YARIA:"CE-ll.\CTERIA 

=-=:=-:;-c~. -::--=-. --:===~ ____ _ 

Total 
Aliquot ;,;\m"k;. 
I)illllioT\;' 
Error 

Sum of \1 n.L 
;,(jU,lrc" 

---1-- -

U()21 %6i I 
S~O 0921 

5H.J.O K7.J.6 
7261 0000 

119 

• 2S 
90 

:'-olean 
"quare 

130 0230 
233 6350 

1'10 6778 

F 

1.61 
2.90 

50(-. 
level 

24-i 
1 63 

Thi!-i analysi~ shows that fer hactl'rial counts the variance among dilutions 
is significant, whilt, that among aliquot samples is noL Again, attention is 
drawn to tht, LH't that the error for counts of bacteria is large. According!)-', 
the eff{'ct of \'ariation among dilutions undoubtedly is more serious than the 
result :-;hows. Further, the fil~ding for aliquot samples may be affected sf'riousiy 
by th{' errors of n"plicate platt'S and dilutions. These errors must be rt'duced 
to a minimum hefort' \'alid comparisons for dilutions or aliquot sample~ can 
he made. 

Experiment 2 

Thi~ experiment was undertaken iwfort' the error of replicate plates for 
counts of bacteria was under proper control. Accordingly, the error variance 
may ht· large and the t'fff'ct of \"ariation among dilutions may be more serious 
than is :-.hOWil in the data. Three points appeared worthy of further study; 
firstly, to substantiatt· tht' tlnding concerning dilutions for fung-al and bacterial 
count~ on a mort' comprehensive scale; secondly, to determine whether the 
USt' of a larger quantity of water in the original dilution would lessen the dis­
cn'pane), among counts from different dilutions from one aliquot sample; 
and thirdly, to ascertain whether there was systematic error in plating. The 
last problem s(.~en1t'd important from the standpoint of reference to many 
minor points in techniqul' such as: the order of plating, the order of piling 
platt's in the incubator and the order of counting plates. 

::\1 ETHOlJ OF PROCEDGRE 

Tht:' soil samples were held in the laboratory up to seven days before plating. 
In each trial the sample was sie\"ed and mixed thoroughly. A 25-gm. aliquot 
was suspended in 240 roL of sterile water. From this 1 : 10 dilution 11 
replicate series of dilutions were made. yielding 11 final 1 : 5,000 dilutions 
for plating for ('ounts of fungi Another 25-gm. sample was suspended in 
1240 m!. of sterile water. From, this I : SO dilution II series of dilutions were 
made to give the 1 : 5,000 dilutions. Each final dilution was plated in four 
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replir...att's. Thus each trial gayt' 44 platt'":-- from 11 dilutions of ont' sam pit· 
u~ing the 1 : 10 system of making the original dilution. and anothn 44 platt's 
using the 1 : SO system. The t'xpt'rimt'nt was repiicatt"'d ten times. 

The dilutions used fur making fungal counts Wt'f(' rai~f'd to 1 : 500,000. 
Tht .. ~t· ,n're plated for counls of baClt·ria in si" rt·plicates. Thi~ gan' 66 plates 
for hartt'rial counts for each !'ystt'm of making til(' orig'inal dilutions. Likt,· 
\\"i~(". this procedure was repealt .. d It'n timt·s. 

To introduce a large interaction \'arianc(;> bt·twt't'n dilutions and replicatt' 
p1ate~. if possible. the plates wen' prepart'd, poured. pilt'd in thl" incubator 
and counlt·d in systt'matiC' ordt,r. In the analysis. th{' intt'ranioll "ariann" 
is ha!-it'd on columns, obtained by rt;'C'ording the cou:lts in order. Tht' numl)t'r 
of cit'greps of freedom for interaction is tht' product of tht' numbt:'r of dt'grt't .. s 
of f,c:pdom for dilutions and that for parallt'i sets of platt·s. 

In the analysis of variance for ('arh sample then_· are 10 degn·es of fret'dom 
for dilution yariance and 33 for error. For 33 and 10 d{·grt't·s of fr('('doffi tht' 
F valut':" at the 20 and 5~); It·ye\s of significance are 1.465 and 2.153. rt'sw 
pt·ctiYt-'ly. 

Tht· 1 : 10 method of making t he original dilutions for count s of fungi 
gi\'es the follO\'ring F values for dilut ions in tht' teo replications: 1. 4(), 2.30, 
0.880,0.996, 1.61, 1.58, 1 59, 2.35, 0.726 and 0.648. Thl'se may b.. 
Jistributed and compart·d with the th{'oretical distribution as follo,,"s; 

, , I p 1100-02°1020-005 0:)5-000 

Actual ---5---1--3------2 ---
T~retlcal -- 1-- -8---~15---1--5--

I , 

Tht' 1 : 50 method of making the original dilutions gives the following 
F ,'alues for dilutions: 0.939,0,718,1.39,1.98,0.546,2.01,0,803,0,655, 
2.22 and 0.694. Tht:'ir distribution follows: 

I 

_p ____ i 0.20 - 0 05 I 0 05 - 0.00 

1---Actual 

Theoretical 1.5 .5 

These results appear to suggest that there are significant differences among 
dilutions in counts of fungi and to indicate that the 1 : 50 method of making 
the original dilutions is preferable. 

As the experiments that follow yield further information on the interaction 
variance in plating, this part of the data will be considered later. 
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In the ana.l\"si~ on hach'rial ("ounts there are 10 degrees of freedom for 
dilution varian"ct' and 55 for {"'rror variance. For 55 and 10 degrees of freedom 
I he F valll('~ al t he 2()('~ and 5(:~ le\'els of significance are 1.42 and 2.00, 
respectively. 

The it'n F valu(':-; obtaint'd bv the 1 : 10 method of making the original 
dilu(ion,follo,,·,.1.53,3 07,2 94',4.16,2.63,2 65,2.73,2.15,3.75andl.31, 
with this di!-.tributinn: 

00 - 0 20 I 0 20 - 0 05[ 005 - 0.00 

_1 ___ :-- -0 ---:---9---
R . 1.5 I .5 

I' 

Tll{·orctical 

i 
~-I---

i , 

The 1 : 50 nwthod of making tht' original dilutions gives the following F 
valm's for dilution" 100, 2.00, 1 28, 1 78,0.943,2.49, 168, 145, 167 
and 1. i2, distrihult'd as: 

.OJ 

J' 1.00 - 0.20 I 020 - 0.05 0.05 - 0.00 
_._.-- --. ____ I~----.--- __ . __ _ 

-\~,d_ . ___ \I ___ ~ ___ I __ .4 ____ -=-__ _ 
Theoretical 8 i 1.5 .5 

H('["(" as with fungal counts, the re[omlts for the 1 : 50 method show an error 
for dilutiuns ht'yond that for re-plicate plates. but indicate- a marked re-duction 
in variation dup to dilutions. 

Experiment 3 

The 1 : 50 nwthod of making: the original dilutions appeared to reduct' 
the ditTt'r('nn's among dilutions. Consequently. this experiment was designed 
to confirm the finding. to determine the effect of further increasing the propor­
tion of water in tht' original dilution. and to measure differences in aliquot 
samplt'"s by the impro\"t'd It.~chnique, 

~lETHOD OF PROCEDCRE 

Tht' sample uSt,d in this study was plated on the day it was taken from the 
field. Tht;> counts of bacteria only were considered. The 1 : SO and 1 : 100 
methods of making the- original dilutions were compared in five replications. 
Each consisted of ten replicate dilutions with four plates from each. This 
gave 200 plates for each method of making the original dilution. 

In this experiment thf'"re are 9 degrees of freedom for dilution variance and 
30 for error. For 30 and 9 degr~s of freedom the F values at the 20 and 5% 
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lewis of significance are 1.482 and 2.225 !""'p<'Ctivel)". The 1 : SO method 
of making the original dilutions givt"s F values for dilutions of 2.3i. 0.901. 
1.05,2.11 and 2.03, distributed as follows: 

p 1100-0201020 005 005-;;-; 

-;-:-:-:-~t-ic-a-l--I --~"~'=i=~2;; _=--I;~-
The 1 : 100 mpthod of making the- original <.lilut ion::- ~ivt's F valu('s of 1.26. 
11. 2,87, 3.27 and 3.83, with the following di~lribution: 

P 11.00 - 0.20 .~~ ~o .~~~I_~.O:i .. ~~ 
~I--'-- {1 3 

Theoretical !-----I---~~·-l---.25-·· 

This result suggests that tht' 1 : 100 method of making tht, original dilutions 
i:;; not an improvt'ment over tht· 1 : 50 method in so far as" the error caused 
by dilution differt"nres is concerned. 

For 150 and 4 dt'grees of freedom for aliquot samples. tht' 1 ('10 level of sig. 
nificance has an Fvaluf> of 3.44. In the 1: SO method. the Fvalue for aliquot 
~amples is 7.80; and in the 1 : 100 method, 9.64. Th(,st' results indicate 
significant difff:>renct's in counts of bacteria among- aliquot~ taken from one 
~ample. In this case the error of r('plicate plates was rt·duced to that of 
random sampling by the use of a fresh sample. Likewise, the error of dilutions 
was lessened appreciably by the system of diluting. 

Experiment 4 

This experiment was designed primarily to determine whether there are 
significant differences in counts of fungi and of bacteria among aliquot samples, 
and to obtain more data on dilution variance and on interaction variance in 
plating from samples of soil plated on the day obtained from the field. 

IVIETHOD OF PROCEDURE 

All plating was carried out on dilutions prepared from 1 : 50 original 
dilutions. Each trial consisted of six aliquot samples. Each aliquot sample 
was plated in six dilutions with six replicate plates from each. This was 
repeated four times for fungal counts and six times for counts of bacteria. 

RESULTS 

For 180 and 5 degrees of freedom for aliquot samples, the 1% level of sig­
nificance has an F value of 3. 122. The data for fungi give F values of 78.48, 
2.09,53.14 and 3.49. For bacteria the F values for aliquot samples are 
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15.46.2.16,621. 5.9i. 27 16,and 19.11. From these figures it appears 
obyious that aliquot samplp~ introduce a large and serious error in estimating 
ttl{" populat'ions of fungi and hactf'ria in a s.ample brought to the laboratory_ 

\\"}H-n the data for dill1ti(ln~ art' considered, thE' finding;.; of pn>vious experi~ 
llH'llh arc confirnwd. In thf' cast' of fungi there art' 30 and 5 dl?grees of 
fn.{.doHl for diluti(jn~. For these deg-reps of freedom, thp F \'alues at the 20 
dnd S(; !t,\TI .... of significance an> 1.S7 and 2.53, respt,ctin'ly_ The distri~ 

hUl ion follo\\!-.: 

I' 

rill' di .... !rilnnil)ll f(JI- hactnial CClllllh i,.. a~ f()JJow~: 

Summary of Data for Dilution Yariance 

The follo\\ ill.!.! distributions combinf' the dilution varianct' data on the 1 : 50 
~ystl'111 of makillg thl' original dilutions for Experiments 2 and 4 in the case 
of fungal ('ount~, and for Experimt'nts 2. 3 and 4 for counts of bacteria. The 
d('gret':- of fn.'edom available for the estimation of the effect of dilutions vary 
in tIlt' difIen'nt t'xperiments, but the 20 and Sse· points for each experiment 
were determilwd as the F "alues were distributed into classes in each case. 
This i~ the lwst ('\"idpnce at our disposal in this study on the effect of dilutions. 
although it cannot lw taken as final proof because of the small number of 
\ .dUl':';; invoh·ed. 

The dislribution of 34 F values for fungal counts is prf'sentt'd first: 

P \ 1.00 - 0 20 1 {) 20 - (). 05 \ 005-0.00 

;:~:t~:I~----I--~;-2-~1 ~~:-:- -1--~1.~7-

The distribution of 51 F "alues for counts of bacteria follows: 

~P _____ ~_- 0.20 I 
Actual 25 1 

Theo;;;i~-I --_.V-j 

0.05 - 0.00 

13 

0.20 - 0.05 \ 

13 
!-----

7.65 I 2.55 
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Summary of Data for Systematic Error 

:\s reft'rred to in Experim('nt 2. a deliberate attpmpt Wd~ madt· in the la~t 
thrt't' t'xpt'rirnents to introduce a~ larg~~ a ~ystt'matic t'rror az; possihk without 
interft'ring with the regular routint, of plating. As 00(' would ('Xrwct tilt' ~an1t' 
:--(Iurn',.. of systematic {'rror to dffect th" fl_ln.~i and tht' bactnia alikt,. till' two 
~('t:- (If data for distributions are ('on:;idt'rt'd to.I.::('tiwr. 

J> , 1 (lO- II 
I 

20 () 20 
r 

Il 0.:; , () OS " '"' , ~ 
:\'·[lI.,! 1)2 1~ I 
·}'h{'()rl'tic.ll 'H ., \; S ') 

i tJ this at tempt to int roduce a systt'matic tTrOr it i~ appawllt t hat till' 1'0111 inc 
technique invol\"f'd in large scalt~ plating of soil samplt'~ for counts of fun~:.i 

(If bactt'ria adds nothing significant to tIlt' error. 

Discussion 

The variation between two dilutions from one aliquot sample or 1::)('twt'en 
t..,yO aliquots from one laboratory sample introduct,s a problem that d()('s 
not appt'ar to have been considered prf'viously. It is obvious that tIl(' count 
obtained. however accurate it may be made hy n·finements of laboratory 
tt'chnique and replication of plates, rt'presents merely an accurate count on the 
dilution plated. This limitation must be recognize-d. If the dilution plated 
i~ not representative of the samplf' in the lahoratory or tht' soil in th{' fit·ld, 
llw count has no valuf' for the purpose intended. 

The data show clearly that one dilution made by starting- with 25 gm. of 
~()il in 240 ml. of sterile watf'r and raising it to the rt'quired dilution for plating 
does not provide a reliable samplE' for estimating the number of bacteria or 
fungi per gram in the 25 gm. of soil used. Yariation in dilution blanks and 
in pipettes undoubtedly causes part of the error of dilutions in this study. 
Each 1 : 5,000 final dilution plated for fungi represented two consecutive 
dilutions of the original 1 : 10 dilution or one dilution of the 1 : SO original 
dilution. Likewise, each final 1 : 500,000 dilution plated for bacteria and 
actinomyces represented three consecutive dilutions of the 1 : 10 original 
dilution and two only of the 1 : 50 original dilution. That is, the error of 
the dilution blanks and of pipettes used in transferring was in the ratio of 
2 to 1 for fungal counts and 3 to 2 for bacterial counts, when the 1 : 10 system 
of obtaining the original dilutions is compared with the 1 : 50 system. The 
1 : SO system of making the original dilution proves to be superior in that it 
reduces differences between replicate dilutions for counts of fungi and bacteria. 

An interesting comparison of the results obtained by using two consecutive 
dilution blanks in raising the original dilution to the one used for plating fungi 
and bacteria may be made. The data on analysis of variance for counts of 
fungi in dilutions raised from the 1 : 10 original dilutions in two consecutive 
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dilutions. pre~l'nlt'd in Experimt-'nt 2, show the distribution of F values in 
c1a!-'~j's for F corn-'sponding to ('('rtain P ... ·alm·s. The theoretical number in 
each cbs:, is gin·n also. A ratio may tw obtained by diyiding the actual by 
lilt' t~H·on'tjcal numlwr in each class. Similar data for counts of bactuia, 
in dilution:-- raist'd from the 1 : SO original dilutions in two conse('uth'e dilutions, 
may he found in the summary of data for dilution Yariance, and similar ratios 
may Ilt' ol,lained. TIlt' rati():, follow: 
==·;:·=c~--=:_ 

Flln~!, 1 : 10 dilution I Bactl·ria, 1 : 50 dilution 

1 OIH) 20 1_0 21HI"5 ~ ~5" "J 1 01>-0 20 I 0 2:~)~T~~:I;-I:-
5 i 3 -:=-~r;=-I=-~J-6-,--F-'(55~ 

I' 

Tlit·or. 

A/I' ___ ---'--
1.25 +; I T-~wl--I70-I--51o-

TIl(' c10se ~illlibrity in the ratios of actual to tht'oretical in the corresponding 
classes for {he {\YO ~{'{s of data st'ems to suggest that yariation in dilution 
hlank:- ;111(1 in pipt't It'S is Ofl(' of the main C1USt.'S of the error of dilutions. 
\\,il{'11 tIl\' 1 : SO method of making the original dilution is used, oot-' dilution 
hlank ollly is rt'(juir('d to raise 10 the 1 : 5,000 dilution USf'd for platin~. In 
tilt' dal<l for fungi. pn'sentt'd in the summary of data for dilution YariancE', 
this I1It'thod n·du('('~ th(' effect of dilutions from that of the 1 : 10 for fungi 
shown a!lo\'{' to tilt' following: 

====~~======================== 

Fung-i, 1: 50 diiution 

l' 100 - 0.20 I lUll - 0.05 0.05 - 0.00 
---~--.--- .---~--

Actual 25 

Theoretical 2i .2 5.1 17 

A/1' .9191 1.1i65 1.iMi 

Since Iht'rl' is such a close agreement in the ratios of actual to theoretical for 
fungi and bacteria when two dilution blanks were used for raising, it is probable 
that a similar improvement would result if one dilution blank only were used 
for raising to the dilution required for plating bacteria. This would mean 
the use of much larger dilution blanks than is the general practice. 

The possibility of variation in dilution blanks introducing error in the 
technique was recognized early. Accordingly, over 400 blanks selected at 
random after sterilization were measured in a lOO-ml. burette. They were 
found to vary as much as ± 3%. This is a greater tolerance than the ± 2% 
allowed in the Standard Methops of Milk Analysis (1). The pipettes used 
were uniform in type, but were not checked for t~lerance. 
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Another cauS(' of the {'rror of dilutions probahly if, thf' rapid St.'ttling of tht. 
~(ljl in the 1 : 10 dilution lwfon" the first transfer is madt~. In OtiWf wordf" 
lht' mixture of soil in watt'r dot's not rt'prest'nt a uniform sllSTlt'nsiofl. Tht· 
ITlatin'iy twtter result for counts of fungi may!:>t' du<~ to tlw ~ilt· of the fungal 
"pores and pieces of mycelium. Tht'st' would ht, st'paratf>d from tilt' soil 
particles more readily and wou!d n'main suspt'ndtod long-tor than soil partic1t'5, 
which carry the bacteria down. 

TIlt:' use of 1240 rn!. of watt'r to :-ouspt'm125 ~m. of ~oil in tht' original dilution 
pro\'ides a marked impron'mt'flt in t('chniqU('. Tht~ variance among dilutions 
j"r counts of fungi is rt'duced to insignificance by this proc('durt,. Accordingly. 
(lIle dilution may suffice to pnn:ide an l'stimatt' of tht· population in thf' 
],:;-gm. aliquot sample used. This is not ~o for counb of haC"t{'ria. Th{' 
Y<lr!:lnc(' among dilution:;;. although reduct,u hy thi~ method of diluting, is 
~lil1 highly significant. 

Thi~ being the case, there i~ no alt{!rnatin' other than to suggest the use 
nf a 1 : SO original dilution and tht, n'plication of dilutions, rather than thf:~ 

replication of plates from olle fmal dilution. This is shown clt'arly in tilt" data 
for systematic error. The variance for columns is not signifICant. This 
nwans that one plate from each of six dilutions produces an f'stimate that 
dot's not differ significant!y from that of another plate from each of tht· same 
dilutinn~. Thf' greatt'r the numher of [{'plicate dilutions tht' more ,wcurale 
tilt" estimate of the population in tilt' sample dilut{"d. Again, it must h{· 
reali7ed that tht' rt'sult al this stage prcn:ide!-> mert'ly an estimate on t/zf' 25-gm. 
aliquot s(]mple used in prl:"paring the dilution:.--.. 

The data sh(iW conclusin:ly that one 25-gm. aliquot sample dot·s not 
pr(l\'ide an accurate estimate of the population of fungi or hacteria in the 
sample brought to the laboratory. Further, the variation among aliquot 
~ampl{'s is much grt'ater than that among replicate dilutions of one aliquot 
:-:ample. Accordingly, this furnishes the most serious error in the technique. 
I t should be given first consideration and more weight than the error of 
dilutions or of replicate plates. As a suggestion, if one is to limit the study 
to 18 plates prepared from one laboratory sample, six aliquot samples should 
be plated in three replicate dilutions with one plate for each dilution. The 
data presented do not justify outlining a definite procedure in this respect, 
but substantiate the conviction that, until some improved method of reducing 
the error of the aliquot sample and that of the dilution has been established, 
little valid information can be obtained with less labour. 

The interest in svstematic error rests wholly on significance. The data 
show clearly that, ~ompared to the error variance, the minor errors of the 
technique are not significant. This does not lessen the necessity for carrying 
out the procedure in a careful and orderly manner. At the same time, nothing 
practical may be expected to result from certain refinements in technique 
that may seem important in the plate method. In this study the first plate 
prepared, poured and counted did not differ significantly from any other in 
the set. The same was true of the bottom plate in the pile. 



108 CAl"ADlAN JOVRb"AL OF RESEARCH. VOL. 17. SEC. C. 

Probablv t he chief problem in obtaining an estimate of the population per 
gram (I( !-'o;I'in a ,t;iw'n field has not been considered in this presentation. It is 
of,,"jous that an estimate of the population in a laboratory sample has little 
"aJue jf it cannot he related to thp field soil. It is equally clear that, if the 
('sl imate on the laboratory sample is not a('"curate, valid information on the 
populaTjon cannot lw obtaim>d. On this assumption this important point 
has Iwen leh for later study_ 

Finally, tht· data pn·~;.wnted appear to provide sound reason for the UI1C'er· 

tail1t~· about the "aIm> of the platt> method referred to in a previous paper (3). 
Lik('wi~{'. they ~uggt'st that much that has been done in an attempt to apply 
('otlllf~ (If micro-nq .. ;a.nisms to certain conditions or treatment:.; may be worth­
\(o~:-. Each of thl' ahon' two statl'rnl'nt~ is a condemnation of the method 
as it h;l~ hE'I'n u~,'d. ::,\pitlwr has any relation to tlw method that may tw· 
<lpn'loped by tilt' application of statistical method:_.. to prove tht'" validity of 
{'ach step in tht' procedure .. 
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THE AEROBIC DECOMPOSITION OF GLUCOSE IN 
PODSOL SOILS' 

By P. H. H. GRAY' ","D C. B. TAYLOR' 

Abstract 

The d~omposition of. ~lu{'()5{~ in s.\mph~~ from cu]ti\<ttl·t! podsnl ~oil" of tilt' 
Appalachlall: upland region of (,Jut·bee Pnn·jnc(' ....... 5 t'!Tet'tt'd f<lpid\v bv .II'mbie 
micro-orgalUsm~ without the aid of added uitro~('n. l'ot,\s,'.:,iulll ultratl' ~timu­
late<l the fat{" Q! carbon dioxirh· prnduC'tion from glllro,,1' addt·(\ to soil: th(' rate 
inercast'd chieny during the carly sta,ges while glucose W,IS still prt'~oit'llt. and 
haf'teriai number .. weft' risiIlf,;. FtHlgl de\Tl()~){'d high tlllmht'r .. Liter thall tlw 
bactrriu: th~y developed ('sp~_'{'i,dly in soil to which gln'int' \\a .. add!'d with tht' 
giw:ost'. Biological activity wa .. ~tinllll.tted in soi[~ ill which gllle(}"!' had prt·_ 
\'inus]y been cit-composed. Th~' deco!"llp(lsition of thl' ~lll(,O"t' dppe.Ir" to rt"lea~t' 
other sourccs of ,!I'ailabk fnod rnaten,i/. 

Introduction 

IOQ 

Among the factors that ha\'t' an t'sl"t'ntiai hearing on 1 he df'composition of 
carhunaceous residues in soil, the nature and amount of a\'ailable nitrogen 
would appear to be of first importance. It has been found ,that the addition 
of availablf' nitrogen, in the form of salts of ammonia or of nitric acid, Or in 
manure, stimulates the decomposition of n·lIulose (2). It has also been shown 
that the organisms in soils that haw' not received such treatments ar£' capable 
of decomposing cellulose, though at a much slower rate. This is usually 
accounted for by the existence in the soil of a small amount of some form of 
a\'ailable nitrogen. The concentration of nitric nitrogen preSt'nt in soil appears 
to han' some effect on the amount of cellulos€' dt'composed; in fact, the relation 
is masked when an excessive amount of nitrate nitrogpn is added (15). The 
nature of the nitrogen compounds, other than ammonium ~alts, nitrites and 
nitrates, a .. ·ailable to the organisms in soil is not known, hut they are assumed 
to be adsorbed ammonium compounds derived from thr decompol"ition of soil 
protein. ~itrate nitrogen would appear to be the most important source of 
nitrogen for the heterotrophic micro-organisms. 

It has been established that the decomposition in soil of plant materials, 
such as straw, is controlled by the availability of the organic nitrogen in the 
material or, as it is generally stated, by the ratio of carbon to nitrogen. 
~Iaterial that has a high C : N ratio is decomposed more rapidly if ammonium 
Or nitrate nitrogen is added to supply its natural deficiency in available,nitrogen 
(1, 12, 14); that is, the C ; N ratio must be lowered if microbial decompOsition 
of the carbonaceous material is to proceed efficiently. 

1 Manuscript received December 30,1938. 
Contribution from the FacuUy of Agriculture of McGill Cnit'ersiJy, Macdonald College, 

Que., Canada. Macdonald College Journal Series No. 114. 
1 Associate Professor and Head of the Department of Bacteriology, Macdonald College, Que. 
a Research Assistant, Department of Bacteriology, Macdonald College, Que., May to Sep.­

tember 1937, by arrangement with lhe Division of Bacteriology, Science Seroice. Department of 
AgricuUure. Ottawa. 
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Organic compound~ confaining no nitrogf'n, such as decomposition products 
(If cellul()~> crr ~·(_·llulosic material, may he a c..-ause of the temporary removal 
of nitnlg('l1 and rt'sult in deficieIlt plant growth. This is gl?oerally aCC'f'pted 
a<.; ttl(' n'aSOJ1 for Imn'rl'd yi('ld~ after the application of straw to soil, or its 
U~t' 01!- a mulch. Such tn'atnH'nts may, howt'ver, ultimatE'ly result in gains 
through th(' usp of th{' carbonacl'ous matPriai by nitrogen.fixing- bacteria, 
whost, \~.l\!" will in link hecome part of the nitrifiahlt· soil prott'in (8). 

A hi.l!.h (. : i< ratio in ~(li! would indicate that sOffiE' conditions exist that 
prf'v{'nt 1111' micro-()rgani:m1s from dt'composing the carhonaceous Tt'sidut"s 
f'ffi.cil,ntly. It ha:-; 1I('('n ~ul.!J~l,~tt-'d that IW3\"ily kacht'd Roils owe their high 
COIli<'nl (If organic mal It'1 chidly 10 climatic conditions in \\'hich the decom~ 
po~iti(lll of plant n·~idu{':-; proct'(,d,., ~lmd~-. and that leaching of the acidic 
products itldun'~ ,) continuation of low hasp-saturation after the Roils haye 
conw into ('ulti\'atioTl, TIlt' :-;tudies so far made of cultivatt>d podsol soils 
of the Appaladlian upland,., of ()lu·llt'c PrO\,inct' han' shown that nitrogen 
alnnt·. in tlw fqrm oj ,.,udiuI1l nitrate. dof'!'i not increase microbial acti\'ity. 
Th(·y haYl' shown. also. that tht' addition of caustic amendments rt'sults in 
gr(,<ltt'r biological <lcti\'ity, not only in the total flora, but also in the formation 
of nitrat<·s. tim,., indicating that nitrifiable material had been rell'ased from the 
orga1lic compit'x; tilt' fn'{'d nitrogt·n {'\'idently t:'nablt'd the hett'rotrophic 
on.;,anj~llls to dt'f'ompOSt' mort' of ihe carbonaceous residut'5 in the soil (5). 

Alth()ug.h :-;oi\ orgalliStlb art> ahle to dccompmw mort' ct'llulose in the presence 
of addt'd nitr(l,!.!t'tl cOlllptJunds than in their ahs{-,l1ce, considerable time is 
nt'P(it'd, and it i~ pfl . ..;.-;ihk that ~()m{' (If lh{' decomposition is due to other forms 
(If nit [,O),.:t'll already IHTSt'I1t or dnc\oping in the soil. It is also probable- that 
til(' dt'composition is carried (lut by ;]n association of organisms, and not by a 
restricted tlora, t he decomposition resulting in a number of products of different 
{'fH'rgy \'alut,:-,: thi:-. may also he trut' in the decomposition of starch. It was 
thought, tiwrdort,. that it \HHIld he usdul to study tht' ('ourst' of the decom­
positioll of suhstann'''; that would encouragE' thE> rapid development of a 
n'strictl'd 110ra, in order 10 dt'1t'rmin(' if tht' addition of nitrogen would stimu­
iatt-' tht, organisms during the utilization of material supplying readily ayailable 
('nergy. 

l'nd.:'r cull ural conditions micro-organisms may produce glucose from 
(,,(·l1ulo!-'l' It)). and malt()~e. \yith or without glucose, from starch, In \'iew of 
tilt' fact that !-:lucn~f' can be ~o t'asily decomposed by many micro-organisms, 
both af'robic and anat'rnbic. i1 seemed useful to inyestigate some of the factors 
that operate in the aerobic dE'composition of glucose in soil samples under 
controlled condition::;, The present study was made as an attempt to ascertain 
the effects of mim'ral and organic nitrogen compounds on the decomposition 
of glucosp in sample:.; of fif'ld ~oiJ of the type mentioned, 

Experimental 

Glucose is used in laboratory studies of microbial activities in soil, especially 
for obtaining enrichment cultures of nitrogen-fixing bacteria. \Vhen added 
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to soil under the appropriate conditions of oxy~t'n tension. moil'tuf(' and 
temperature, Azotobacter may develop in tht, presem'(' of atmospht.Tic oxyg\'n, 
,lOd B. am),lobacter if the oxygen be reduced or f(·nlo\·pd. I thad lwt'll prt·~ 
viously asct:'rtained that Azotobacter \\"a~ absent from t ht·St, soils, t'\'l'U aftt.'r the 
addition of lime. The conditions of tht, experirtwnts to be d{'~crit)('d were 
;.,uch that adequate aeration of th{' treated samplei' would han' t'nablt'd an 
aerobic flora to develop, so that B. amy/ollar/a or other anat'robk hactt'ria 
would not be encouragpd. It was, othen\"ist" no part of tht· pn>!#.·nt stutlit·~ 

to ascertain the cultural charactt'rs of tht, hacteria that utiliz{'d th(· glu{'o~·. 

The soil samples were takpn from field plots undt'r ('xperimt'nt in or n{'ar 
Sawyeryille, Compton County, in tht' Eastern Town:;hipR district (If (,_)w·lwc 
Prm·incc. The soils art' derived from black ahd grey Ordo\·jcian ~btt·s, and 
h~c·~~ an organic- carbon con1i:'nt of from 3 10 6r.:~ ; the ratio of organic carhon 
to nitrogt'n is about 15: 1 (4). Sam pit's \\"t're collectt-'d by spadt, from tIlt' 
top 6 in .. passed through a l~rnm_ Sij>\·f', and alJm.\'('d 10 dry rapidl)' in tht' air 
of the laboratory. After tIlt' glucDse and nitrngpn compounu:-; had h(,t~n 

addt'd, the dry soils were moistened with distillt'd watt'r to 1-6\"(.' (JOC ( of the 
wat{:'r~holding capacity, whi('h was dt'tt'rmined by the funm·l mNhod (10). 
The required amount of \l·ater was added slowly from a pipdte; wht'11 'he 
soil al tht' bottom of the dish was wt't, tht' moist soil was thoroughly mixpd. 

The utilization of giucos('. added as a 0.5(:; solution, WCl'"i detprmirlt-'d by 
the method of Bertrand (3). Biological activity was dt'termint'd by t'stima· 
{ion of the amount of carbon dioxide evoivt'd during a period of ahout to days 
at room tempt'ratun: (25 to 28° C.). The numt.l{'rs of uactf"ria Wt>f(' estimatpd 
by plating with soil extract glu("o~ ag-ar, the same medium hf'ing u~'cl, aftpr 
acidification with sterile tartaric acid solution, to count the fungi. ?\ilrates 
were determined by Harper's modified pht:"noldisulphonic acid method (7). 

For the evolution of carbon dioxide the treated samples wpre placed in 
suction flasks of lOOO-m!. capacity, and the Ras was ahsorbed hy means of 
barium hydroxide, as described previously (10). Samples for the cletpr­
mination of sugar, for numlwrs of bacteria and fungi, and for nitrates, were 
placed in large culture dishes, to permit adequate penetration of atmospherir­
oxygen. 

The following experiments ·were made; 

(i) A preliminary experiment to ascertain the rate of decomposition of 
glucose in the presence and absence of nitrate nitrogen. 

(ii) An experiment to determine the effects of nitrate in single and double 
amounts. 

(iii) An experiment to determine the effects of soil nitrates (developed in 
samples incubated for 30 and 56 days) and the effects of a previous 
treatment with glucose. 

(iv) An experiment to determine the effects of the amino-acid glycine. 

In each experiment a sample of soil having only water added to it was used 
as a control. 
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EXPERI~IE:\"T 1 

The :.amplt·s u~wd in thi:. t'xlwriment had been dried. before nitrate nitrogt'n 
could accumulate, and ~t{)rt'd in tht, lahoratory. A test 5howed that there 
\\<1:-. no lIitrdtt' nitrogen pr('st'nt in thl' soil. The treatments were (i) giu('ose 
alone, (iil glu('(JS(' plu:. pOlas;-.;ium nitratt', and (iii) untreated control. The 
amount of pota:.siulll nitratt' added was suffi('it'nt to give 16.7 p.p.m. of 
nitrali' nitrogen in the moi~tt'n{'d soil. The amount of Riucose added was 
(·quivalt·nt to 30.9 m,l.!,. Iwr 10 grn. of moist soil. 

The n·sults of the d(~t{'rrninations (If glucost'. of nitrat(" nitrogen. and of 
til(' {'~tjmations (If \I<lcterialnumhers art' gin'I1 in Tahle I. 

T.\BLE I 

(',IIW')~l ill ;.clll 11\oi.,1 
Baclt'ri,{, million" I)('r g-m. 

TinH', 1111-:. 

Ilr. 

(,lllCOC't' (;lul'o"t' 
(;Illn)~t' I (;lllI'O"(' 

I Control +K:\{) 

-I 
+K'\(), 

.\' ,.;1.11'( ':1) (I .:" (I (l,t) () 'I o q 

I' 2S (I IS II I II 

I 
I II I I 

" 27 II ':(J II , .; 3 1 I, S 
-J.S L~ • ') .' ,:'1 1 .0 I 15.'" 
72 • 1 I 1 33 2 ,n S Hi , 
(l() \il 1 1 ., II .11 ') 15 (, 

1':() \;1 :.'\il .11 -12,0 23 S 

---~------~~---'-----'------___:_------

Tllt' di:-;appcarallc(' of the addt·d nitrate, ht,t\\Pl'n the 24th and 48th hr .. 
wa~ as~()cia1t·d with the sudden decreast' in the amount of glucose and with 
the rise in hlCterial Ilumht'rs. The nitrate does not appear to ha\'e effected 
any diJlen-'nce in numbers; the difference ohser\'ed between thE' amounts of 
glucose remaining at t he 48th hI'. may not bt> significant. The maintenance 
of high numbers after thp :-:ugar had been utilized is commonly found aftE'r 
trcatments that :-;{imuiate a restricted tlora. 

The carbon dioxidE' production was determined from duplicate IOO-gm. 
portions of soil; thi..~ total amounts of gas t'yoh-ed from the ('u!tures in 12 days 
are gin>n heIO\\. 

C.\RBO~ Dl()XmE, MG. PER IOU t;M. OF ~OI!' 

Suh-sample Glucosc Glucose Control 
+K:,\O~ 

---'--

a 5i1 58-1 260 
b 553 572 254 

::\fean 562 5i8 257 

!\Iinu:; control . 305 321 
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Thf' nitrate appear5; to have increased activity. The ~ff('ct can bt· st'('n by 
(ktt·rmining the percentage difference bt-tween the mean of the two ("ulturt'-~ 
f('ct'i\-ing- g-luoose. after subtra('tin~ tht' mf'an va!Uf'f; of tht> ('ontrols. Thf' 
mean diffen'nc{' due to nitrate was only 5(';., whirh, in vit'w of tilt' diff('renl't'~ 
found between parallel sub-:-amples, ran not he (_'onsidf'red si~nifi('ant. 

Since. hOWf'vf'r, the effects of tht> nitrate may han' o(Turred only during the 
time when the g-Iucose was being utilizf>d and while tilt' hach'ria Weft' in­
('n'a~ing in numbers, it st"emed prohahl(' that tht' valut,s for tlw amounts of 
carbon dioxide produced during that timp would show grt'atn difft'rt'nct's. 
Tll(' amounts of carbon dioxidt' wen' tht'refort, dt'{(>rminp~l for (,3ch intf'rval 
in t he manner df'snihed helow. 

It was tht' practice in this and latt'r t'xperim(_'nt~ to titrate lilt' barium 
hydj'o:-,_idp in the first two absorptiop tubes at intE'rvals as s('pn1l'd npct'ssary, 
hefore all of the barium hydroxide had bet'n changed to tilt' carbonate; that 
in the third lube was titrated at the ('nd of the t'xperimeoL In urdt'r to sho\\ 
the ratt' of evolution, valut"s wert' deriYf'd hy determining the proportion that 
1h(' amounts found in thE' first tubt· at each intt'rval boft" to the total amount 
and hy calculating- the amounts in the st'C'ond and third tubes as proportionah' 
for each int('[va1. The values g-iv('n in Table III r<'prest'ht thf' cakulatt'd 
amounts in tubes 2 and 3 added to the known amounts in tulw 1. Tht-' \"alm's 
may he acceptt'd as true if it may l)(_~ assumed that thp amounts of carbon 
dioxidf' passing- oyer from tube 1 to tuhe 2, and from tube 2 to tube 3, wen' 
ff'gularly proportionate throughout the experiment. From the ohserved valuf'!., 
t hf' amounts of carbon dioxide evolved per hour were calculated; theSt' values 
an' also shown in Table III. 

The lattE'r values bring out the fact that the increase due to nitrate was con· 
siderably hi)2:her during the earlier stages, namely, between the 32nd and the 
50th hr. The period of greater effect corresponds to that during which the 
bacteria were increasing at the greatest rate, and that during which, a:. shown 
in Table I, the glucose was most rapidly decomposed. 

TABLE III 
£\"Ol.{;nON OF CARBOS DIOXIDE FkOM lOO-GM. SAMPLES OF SOIL 

Total amount, mg. Rat(·, mg. per hr. 
TinH', ------_._ ~_--. _--"--

he. Glucose Glucose Control Glucose Gluco!>e Control 
+KIXQ, +K"Q, 

--------
25.50 61.85 54.37 40.42 2.43 2.13 I 59 
32.25 48.65 52 45 i.21 7.77 
41.75 54.32 76.06 28.45 5.73 8.02 1. 75 
49.25 37 58 47.08 5.01 6.28 
65. is 63.40 66.35 3.84 4.02 
80.25 47.74- 41.37 45.70 3.29 2.85 1.19 

120.00 75.64 74.25 30.53 1.89 1.86 0.76 
168.00 66.06 64.04 38.25 1.38 1.34 0.80 
288.00 107.04 102.33 73.54 0.89 084 0.60 
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EXPERL\IE~T 2 

Sinn' 1() 7 p p.rn (If nilralt' nitr()~(_'n stimuialf'd the evolution of carbon 
di()"i(l~·, an (".IHTinH'nl \\it" made to 11',,1 the efff;'c\ of double that treatment. 
In 1 hi~ 1"\ p"rinH'llt, four ()OO-gm. sampl(:'~ of fresh air-driE'd soil containing no 
nilrall' nitfl)),.;('n \\('n' tfl'ated a~ fol1o\\:-: (i) .) 0 gm. glue-osf:; (ii) 3,n gm. 

glu{'o~w. O.I()S I.!,ITI. potassium nitrate; (iii) 3.0 gm. glucose, 0.390 gm. potas­
~ium nitralt': (IV) no trt'atnwnt. A lO()-gm. portion of the moist soil of each 
tn',ltnH'nl ,\a~ u~(·d f(lf (ktt'rminati(Hl of carbon dioxide produnion: the 
rt'main<j(,,. ,\a'" incuiJated in the dish for cit:'t{'rmination (If glucose and nitrate, 
and tht· !l1l1ll1)('T ..... of backria and fungi. 

TIll' amounls of glucose found in the ~amplt's are shown in TaLk IY. 

{,IU(·oSI· ;l!lrh-d 
j."(lund, al ~t.!rt 

1),1\ , 
Da ~ , 
11,1\· 3 

(,L\(('''I., 

T;\BLE I\' 

10 

30 , 
2~ ., 
1" IJ 

(, 0 
.\"jl 

OF SOIL 

Clucmi(' 
+K:'\O, 

.10 , 
2,'; -l 
20 ., 

.I 0 
:'XiI 

Glucose 
+K;';-OJ X 2 

30 , 
28.4 
19.6 
7 .\ 
_\"il 

TIH' ~ll1c()!-<{' disapf)("lrcd at lilt' same ratt' in the thr{'e cultures. 

Tht' .t1ll(lUllh of cariJ(lfl di(lxid(~ collpct('d in 276 hr. WE're as shown in 
Tabk \ .. 

Fwm cultures 
:'linu" c(lntrol 

Tillll', hr. 

TABLE Y 
En)ll'TI()~ UF l".\R1HI);" DIOXIn!: FROM TREYfEI> SOIL 

(.;ltH·(l:'il' 
Clu('ose 
+ ,,:\U., 

, (~lu{'ose 

I + ":\0, X 2 

),1 illigr'lIlU; per 100 pn. of soil 

i 373 ; 405 
I 27S I 310 

I ________ ! ___ _ 
I :'lil!igrams per 100 gill. 

406 
311 

per hr. 
-------.. -.-- ----1---- -

" 0 1 3.12 2.70 2.49 
3{l 0 4.1)4 60-1 5.14 
51.0 -' .Q{) -l 60 5.23 
is.::' 2 32 2.30 3.10 

123 0 0 82 0.95 1.02 
192 0 O.bl) 0.75 0.70 
2i6 0 0.42 0.52 0.32 

Control 

95 

0.52 

0.31 
0.23 

The effect of nitrate nitrogen, estimated after subtracting the value of the 
control culture, was to increase the total carbon dioxide by 11.5%. 
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The amounts of carbon dioxide ('ollf'ctro at intf'rval:-. Wt'fr- also caiculatt'(l. 
in the manner described, in order to arrive at tht- {'fleets of tht, tn'atmpnts on 
the rates of evolution; the rt'suits an' gin'n in Tablt> y, TIlt' nitratt' appt'ars 
to have depressed the e\"olution of carbon dioxide at tht' star!, but to han' 
increased it after the 24th hr. The doublt, amount was the mort' eflt'ctin' 
hdwet'n the 3rd and 5t h days. 

The amounts of nitratt:' found in tlU' cultures to which it Wi:!.:' addt·d. and 
tht' numbers of hach'Tia in all cultures. are gin'n in Tahlt, \'1. Tht' nitrate 
was appart:'ntly heing utilized at about the sanw ratt' in both culturt'~ to which 
it ,,'as added, unt il the end of t h(~ 3rd day, aftpr which 53 to SS('; Ilf t ht, nit rate 
in till' culture with the douil\t' amount rt.'maincd unt;1 tht' {'ml (If the ('xperinwnt. 

TABLE n 

C,lI1troi 

~itratl' nitfog'en, p,p.m. 
------------[------------------- ---

At !>tart 
1 

; 
12 

. \l start 
1 
2 
3 
4 
5 

* X2 excessive. 

:\'iJ 

.=; 2 
63,9* 

154- 5 
{)j .S 

120 1 
46.9 

143 

33 , 
13 2 
Tr,lCc 

Xii 

60 0 

-li .0 
n 1 
2i 1 
2., ; 

Tn.lCl' 

Trac(' 
Tr<l('(' 

IS, !) 

Bal'tt'ria, million,: per gill . 

44" 36.S 10 6* 
203,0* 252,S 4 " 
192.0 151 ". S (> 

14.5 0 13.1.2 " x 46.1 32 , ; " 
~~~--,---~-,---

Fungi, thousands pee gm. 

196 220 "' 

The increases in the amounts of carbon dioxide. in the cultures receiving 
nitrate, may be ascribed to the higher numbers of bacteria that developed 
during the period synchronizing with the greater rate of evolution of the gas. 
The nitrate appears also to have depressed the increase in bacterial numbers 
at the 24th hr. (See also Fig 1.) 

The numbers of fungi were estimated on the 7th day in plates of soil 
extract glucose agar rendered acid with tartaric acid. While not conclusive 
evidence of the course of development of these organisms, the numbers found 
are of interest. and are given in Table VI. 
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nil/fro!; R, r:1U(,)SI': l'. g/UOlSI' + potassium nitrate; 
(//1/01111/:; ilnd lIitra/(' 1I1/r0l:en in (' l.Yl! lInd]J (.Y~). 

A!" :-;hO\\'I1 in a iatt'r ('xperirnent. the fungi developed slowly, and reached 
their maximum numbers after the glucost' had been utilized, during the period 
that bacterial numlwrs were decreasing, This would suggest that some 
sourct' of organic carbon, and with it some organic nitrogen, or ammonia, 
were rel(_~ased during that period. 

It would appear that the complete utilization of the sugar at about the end 
of the 3rd day set a limit to the further use of about half of the nitrate in the 
sample receiving the double amount. The fact that bacterial numbers feB 
rapidly with the disappearance of the glucose and remained stationary between 
the 5th and the 11 th days suggested that there was no further source of energy 
remaining for these aerobic bacteria; that is, the g1ucose was completely 
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o .... idizt'd. The carbon dioxide found. then'fore, aftl'r tht> -,rd dav mu~t hast' 
ht'en dut' to respiration of diminisht'd numlwr!' of hactt'ria. ('oupl~d with that 
{,I apparently increasing numbt'rs of fungi. developing from ~omt' SOU1Tt' (If 
t'm'rgy n·leased through hacterial action and from a source of nitrogt'n other 
than nitrate nitrogen. 

The maximum ralt' of ('\'o!ution of carbon di(lxide occurred at ahout tllt, 
36th hr., which correspond~ to th(' tinlt' when half of lhe t'nergy material had 
ilt't'n utilized (Tabl", \'). In view of the fact that tht' rate of ('\"(l\ulion at ttl(' 
iSth hr. was, on tllt' uVt'ragt', about half the rate at the 36th hr .. it is probahlt· 
lha1 the whole of th{, glucosE' was utilin'd at about tht, i2nd hr .. wht'tl tilt' 
tlIlal dett'rmination \\as made for glucose. Thi:-. S('t'ms to bt· a fI'as{lnable 
d ... :-.umptiuIl, as half thf' gluco:-.(:· had gUIlt' at tht· 3(Jth hr. About half pf the 
nill":ltt' nitrogen in th(' culture that received tllt" ~in!-:k amount had al~() hf1'n 

ulilizt'd at that time. 

It may lw llst'ful to submit a calculation n.·garding the relation uf carbon 
dio: .. ide produced to the theort'tical amount possible at the 72ncl hr. Tht, 
.!mount of gas evoh'ed from the sugar at that time may 1)(' taken as 220 mg., 
\\ hich represents about 41 c~ of the theort'tical maximum amount. Tll(' total 
amount of gas produced from glucose in the culture \\"ith added glu('os(' only 
\\a:-. 373 - 95 mg. = liS mg.: this rt'pr{'sents 66. i l

f ; of tht' theoretical maxi~ 
mum amount. Tht' a\'(~ragf' amount t'"\'oJn~d in 11 S days from the thrf't' 
cultures receiving glucose, 300 mg., i'{'prf"sents i2c;. :\J('I'ri11 (11) statps 
I hat in purf' cultures of Jly(obarterium, a gnlup of aerohic llact('ria that oxidiz{' 
l'lucose, 85c~ of the theoretical maximum amount may be obtaint'd. In :-.oil 
cultures then' is the prohability to be consider(,d that products otht'f than 
(\lrhon dioxide may be formed and utilized. 

If the rate~ of evolution at 276 hr. be compared, it is clear that some limt' 
\\ ()uld elapse before the rates from th{:' cuiturt's with glucose would fall to tht· 
.. alue given by the control soil. 

Tests by the colorimetric method with samples that had an initial pH of 
5.06 showed that after glucose had been decomposed the pH had bef'n rai~ed 
to i. 0; distillates from the samples were also approximately neutral. 

It is clear that there was sufficient nitrogen available in the soil to allow 
tht' bacteria in the sample receiving glucose alone to utilize all of the available 
sugar in the same time as in the samples receiving nitratt'. 

EXPERIME!\T 3 

The samples of soil used in the previous experiments contained no nitrate 
nitrogen other than that supplied as potassium nitrate. In this experiment, 
samples of fresh soil from the same source were incubated for a sufficient length 
of time to allow the nitrifying bacteria to develop a considerable content of 
nitrate through the oxidation of the ammonium, or amino-, compounds of 
the soil protein. The effect of the removal, or at least of the utilization, of 
available nitrogen by previous decomposition of glucose was also tested. 
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After tllt' s{)il~ had h{'t'll incubated in the moist state, for different lengths of 
time, tlH'Y w('n' spn'ad (Jut to dry rapidly. The treatments are summarized 
in Tal/It· \'11. ~itralf'~ werc then df'termined, and plates prepared for count­
ing hacteria and fun~i; gluco~(' \\ a~ tht'n addt'd and tht' samples were moister.ed. 
It was expected that SOl11e of lh(' e{ft·cts might be due to the length of time the 
~ampl('~ had H'maint'd in ttw air-dry state; therefore, a sample of each series 
without giu('ost, wa~ also moistt'nt'd and incubated, to sern' as a control. 
Tlw f('sult san' gi\'('11 in Tables \'11, \'11 I, and IX. 

As shown in Tablt· \'1 I, l1w glucose disappeared rapidly, all of it being utilizt:d 
within 48 hr. The nitrate nitrogen does not appear 1(1 have stimulated the 
d{·('()Jl1posilion. 

T.\IlLI: \"II 
THE\TME'\T 01 ~\MI'J.}. . .." ~1T1'·\lE COXTEXT, A:xn t:TlLlZ.\TIO:-; OF GLCC05E 

==··~·=~··I_--"=:O:::::C_-"-

1!t,·uh.II,oll 

!naiz· 
dnil1l;H:ul 
I1\(O)~t<,nl"~. 

d.<y" 

TinH' 
:\itrau' X 
after ail' 

Glucose 
adrh'<1 pf'r 

GltICO~C found. mg. 

dr,'inf:", 1\)gm.wil. I 
At Ftart D .. y 1 

-~.-;-= !~ Tr.I('l'_ .>0 8 305 I li.~ N"il 

~l I 32-.0 30.S 30 S 18.2 I'\il 
-·----··-1---------- -------

15 I 41·.12 ;:lOR 30 S /194 Xii 
-------1---.. ---------------

~1 I Tran' 308 305 120 1\'11 

The (>volution of carbon dioxide in 10 days and the amounts produced per 
hour are shown in Table \'111. 

TABLE nIl 
Enll.\ TlI)~ OF' CARHO~ DIOXIDE I'RO"I 100-GM.. SAM1'LES OF SOIL 

Sl'ril'~ II III IV 
- _. _. -------------_-'-----'----'----

('ultun''; with glucose 
(._·ontrul Cultun''; 

Minus controls 

Cultures 
v.ith 
glucose 

Control 

Time, hr. 

24 
36 
55 

144 

55 

Total amount in 10 days. mg. 

418 I 404 I 424 I 120 94 77 

2% 310 347 

468 
178 

290 

Rate. mg. per hr. (from first 2 baryta tubes) 

3.20 3.22 2.62 4.07 
i .05 7.59 8.89 7.75 
4.56 4.92 5.78 4.48 
0.86 0.85 0.86 0.86 

0.93 0.72 0.61 1.37 
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In a discussion of the results, it is fir!'t nect'ssary to consid(>r thE' t·ffE'('ts of 
drying for the different periods. The effect ('an bt-' st'en be!'t in the control 
cultures of Series I, II, and III, which had remainpd in nil' air-dry $tate for it, 
41. and 15 days n'spt'etiYe\y. The longer th~' period of drying, the g-rl'ater was 
the amount of gas evoln'd. The t,R'ect:-: 'HTl' mC1~kt'd hy tht' dl'compo!';ition 
(If glucose to such an extent that, in ('onsidering tht, total amount of ~as 
produced from the cu\turf's, no real difft'rences can be st'('tl. Tlw amount~ of 
carbon dioxide derived from tht, glucose may, theft,fort" be a!'nihed to oth{'r 
fact(Jr~ affecting the micro-flora, which by tht' treatment with gluco~t' lwcame 
IT:--tridpd to one or two types of micro-organisms. TIH' amuunt of gas 
j)rnduced from gluco:->t' in Series II, which cOIltained 32<r~ p.p.I11. of nitrate 
nitrogen, was about 4~~( more than that from ~('rit,~ I', that from S('ri('~ Ill, 
a:)(l{1t 16c (. In yip\\, of tht' close agTPemt'nt ohtained bl'tWt'l'n duplicatl.' 
{'ulturl's in a later experiment, rf'ported bt'lnw, it if; pos:-iihlt: that hOlh of thost' 
differences are siRnificant. 

The effects of the previous treatment with glucm:.t' can h(' seen both in the 
{"('nlrol ('ultun's and in the cultures rect'iving the :;.t'conJ addition of gluemit'; 
the comparison should tw made only bt_~twt't'n the CllltUft·:-, of Series II and IV, 
\\-hich had remained dry fOf the same numlwr of days. Previous d('com­
p()~ition of glucose did not incrf'as{' the amount of carhon dioxide produ('{'d 
from tht, ::-t'cond addition, hut rf'(iucf'cl it by ahout 7(';., which may lIt· signifi­
cant. Th€' pr€'violls treatment did, howev{_'r, stimulate a more rapid initial 
t'\'olution aftt'r the second addition, the incrpast'd rate, calculated for the 
24th hr., being 57('; higher. The greatt'r (·ffpct of the pn'\'ious lrt'atml'nt is 
~p{'n in thf' control culturps, in which the increase in tht· total amount of g-as 
was S(Jc(. 

It would appear, then, that the previous development of organisms set up 
... OIne condition that did not stimulate the utilization of another ~uppJy of the 
same t'nergy material, except in the first few hours. The dt·composition of 
ducost' in this soil seems, therefore, to be of a naturt' different from that taking 

TABLE IX 
XrMBERS OF BACTERIA A:,\V "T~GI. !:,\crBATJO:-.i EXPER.H.fE"l 

5('rif'O II III If If I I IV 

----------11------------------

Cultures with 
glu(;(Ise 

Time, dayS 

At start 
1 
2 

Bact{'fia, millions per gm. Fungi. thou~ands per ~m. 

1. 3 2 4 .~ ,i 98 74 132 
197 1'18 81 25.5 28 7 53 53 
29.3 47 I S7 1 62.1 (.2 100 72 155 
63.3 51J 3 5,6 87 \ R2 217 290 286 
37 4 73 5 86 2 76.0 110 342 457 412 

6 47.3 61.1 69.4 784 162 507 610 592 

~I~~ ---2-.- ---3.~---8-.4- ---.,--:;;- -----;---;;-

cultures 2 4.4 56 5.1 22 90 104 86 119 
4 14.4 9.3 9.7 347 170 115 147 161 
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plan' \\ fH'1l ~ucn·~!-Ji\,t· addition:- of a hydroc-arhon art' decomposed. Sen 
(~lI!,t<l ! 13) '!-lh(n\'t'd that st'cond and third additions of phenol were decompoSf'd 
at innl'a~illj.!!y rapid ral('s in Rothamsted soiL 

TIlt' lHlIllllt'r" of bacteria and fungi art> shown in Table IX, From the 
rt':-;lt1l~ !-hown for hacterial nUmh('fS, it would appear that the nitrate form( .. d 
in til(' incuhaled soil had no inilw'nc(' on tht' df'velopment of these organisms. 
TIlt' incrt'a"wd num})f'f'-; of flJngi in St'fj{'~ 11 and J1J sURg-esl that they wefe 

stimuJ.l1{'d hy the nilratt~s, I,u! dw llumlwrs in Series 1\' would rule out that 
SIl.l~J!{'f,tion. Thp incrt'ases in Ihe numiwrs of the fungi would spem to confirm 
tIlt' yif'w t':-.pr<'ssed abov(', narrwly, that baC-lPriaJ activity may ha\re releast:'d 
SOffit' form (If food material, cOnlaining both carbon and nitrugen, for thest> 
or~anism~. TIlt' hig-Iwf numlwrs in the control culture of Series IY at tlw 
start gin'!- t'mphasis to this "it·w. 

EXi'ERL\lE:"\T 4 

Thi!'> (''..:jwrinwllt was made to ascertain if an amino~acid would serye as a 
!-Ilurn' of carhon and nilrogen, and if it would stimulate the df'composition of 
glucost,. 

Tht' f,amples "tTl' derln,d from the same sourc-e as those used in the two 
pn·yious t'xllt'rinwl1ts. Tlwrt, was only a trace of nitrate nitrogen present. 

Tht' following cultures \\'t'f{' madf:': (iJ 400 Rm. of soil, with 2.0 gm. of 
glu('{lst·; (ii) 400 gm. of soil. with 0.112 gm. of glycine: (iii) 400 gm. of soil, with 
glu('o!-l{' and .dyeillt': (i\-l flO treatment. 

Tilt' glycin(' supplit·d 52 p.p.m. of nitrogt'll. Duplicate 100·g-m. portions 
of ~uil \\('n' used f()~ the {'\'olution of carhon dioxide; the remainder was used 
for tht, delNmination of glu('osf', and for th(' €'stimation of numbers of bacteria 
and fungi. The result:.; art> shown in Tables X. XI, and XII. 

Tht' ,l.!lu('ose was used up rapidly, none bf'ing left in the soil on the second 
d,l\ 

TJlt' amollnt,.:; of carhon dioxide collected in 10 dars were as shm,-n in 
'1'.1],1., X. 

TABLE X 
CAkHO"-: HIUXlTlE, :'.1(;. PER 100 {,:'.! OF :;'OIL 

;->"il + \.:Ill(·,)~t' - - -- .!i--
;->,,1\ + ~I~'('i!lt· 
~,)i1 + gl(!\'()~t· + glycine ( 
(-,.ntro\ I 

401 
153 
461 
113 

40t 
lSi 
-1M 
113 

The amino-acid (>\'idt'lltly stimulated biological activity to an appreciable 
ex tent: the increase of the glycine cultures over the control cultures was 37%; 
the increase caused by glycine in the cultures receiving both chemicals over 
those receiving glucose only. was 15~. In view of the close agreement between 
duplicate cultures, this is probably a real difference. The differences among 



1111' d1ects of the tn~atment':' an_' mort' ckarlv hroughl out hy comparing tlw 
r,Ht';'; of evolution, given in Tahlt· XI. . 

T.\BLF. "I 
{. \RH():\" PIUXlIll-., MG, f'l:R toO I,M. n.R Hili R 

===0;=== 

'l;Ilw.hr. 

126 
(l 39 

('lilt un'"" n·tt'l\ l!1~ glw"-'I' 

..? 1)1) 

() 31 
~ 3~ 
--I. 40 
1 ().j 

() 44 

1 3.'0 
037 

..? 1)2 

10 27 
() 37 
.~ (H 
112 
o 4.--1. 

o 92 
() 2!J 

tUIl(rlil 

2 \)2 
JU ~.'o 

() (1(' 

-1.-;7 
111 
o 45 

;\lthough glycine alone stimulated activity to such an extent that tht' rate 
of production was incrf'ased 41S(_, at thl' end of the 70th hr., the grealt'f t'fft'ct 
()f the glycine occurrt'd in association with glucose; at the 46th hr. the incrt'ast' 
due to glycine was 77(,'(, (see also Fig. 2). 

500 

. -. .... 
,; 
°400 
0 

3 D --i!i 
'" a300 / .. 
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~200 
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~ 
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" 

FIG. 2. CumuJatitre evolution of carbon dinxidefrom:~ A, soil alone; E, soil + glycine; 
C, soil + glucose; and D, soil + glucose + glycine. 
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'L\HLE XII 
:'\t·MIl!·.K'> (II M1C}«()-O}(t • .-\:';ISMS, GLYClXE I,XPERI)IE~T 

1 " rr, , 
,I-;..j. ; 
hI' II 
;4 4 
i:' 4 

(,hH·o .... t· 

+ glYCllW 

1J.u·I{·rid., miJli<lll~ per gm. 

1 9 1.9 
4 3 2 7 

4':; 4 5.0· 
,., , 14 1 
~3 1 2f) 1 
;1 ; Ji .;; 

Fu!H.:;. tli(,l! .In<1 .... 1>("1" gm. 

101 WI 
21] 41 
232 toO· 
,I;()(I 220 

lObO 195 
(l(J(f 267 

('ontrul 

1.9 
.i " ') 2 
8 ., 

to -" 
t('.5 

--~------~ 

lOt 
107 

RI, 
112 
102 

77 

H;lCt{>rial numh('r~ w('rt> dppreRsed by the glycine until after the 48th hr., 
,,·hcn l1H'Y hq:an to rist, and were nf'arly doublE' th(~ numhf'rs in th(o control 
('ultun'", at the 4th and 7th days. 

Rckrenn' to Table XII shows also that tht> numlwrs of bacteria in the 
samples I"t'ceiving g-lu{'ose werf' not incrf'ased by thf' glycine, but were depressed 
until tllt' 4th day. The incrt'a",e in the ('arbon dioxide could not thE'refore 
oe a~crjh('d to tIll' hacteria ,ilont-', ::;inn' at the time of the gTE'atest inn'ease in 
rat(', at the 46th hr .. the numl)t-'r~ in the culture with added g,lucose and 
glycine \H'f{> about equal to only half the numbers that developed in the sample 
with glu('()~e alone. Tht' fungi, on the oth(;,1" hand, were greatly stimulated 
hy the glycine ad(h~d ,,·jth the gluc(lse: the greater eff('ct was not evidf'nt 
until tilt' gluCO~t, had ciisappearf'd. The increase in numbers of fungi caused 
hy the glyTine was relath'ely Ipss than that of the bacteria; by taking the 
nwan numlwrs of the two cultures with glucose, it will be seen that the fungi 
multiplied from 7 to 8 timE'S in 7 days. while th(' bacteria increased about 
35 times in 3 days. }\Iost of th(> carbon dioxide must have been produced 
by the baett'ria, whose numbf"rs did not become less while the fungi were 
in('Teasing. Numbers alone, however, are not an adequate basis of com­
parison bt,t ween these two kinds of micro-organisms, as they differ not only in 
size, but also in their mode of using sources of energy and nutrition. 

The decomposition of glucose e,,;dently released some source of food that 
enabled the fungi to develop to a considerable extent after the bacteria had 
multiplied; this was confirmed in another experiment. The glycine, in the 
presence of .c-1uC"ose, was apparently utilized by the fungi at the time that the 
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hacteria were also increasing in numbers, but tht' competition of the incn'asing­
fungi caused the bacteria to multiply at a sJowE'r ratE' than that prodm·(·d by 
ducose alone. 

The results of this e;..:perimt'llt su~gpst that tht.· natural flora had h(,l"n 
c1ispiac('d not only hy a self'ctin.' group of h.wt{'·ria that ohtain t h{"ir ('n('rgy 
from the added carbohydrate, which t'nablt'"s the ('ells to utilize SOtllt' ${IUrce 

oj organic nitrogen, but also by a group of fungi that dt_,\,t'lop hy utililing 
decomposition product~ of the glucost~ or malt-'riai f{·!t·ast'd from Iht' organic 
matter during and following the dt'struclion of tht, carhohydrat(·, It would 
al:,o appear that the fUflJ . .;i. df"\'('\oping snITlt'what mort' slowly than t ht· hat'1 ('ria, 
prderred nitrogen derived from tht' addt·d amino-<:H':d rallwr than the nitrogt·n 
in lhe soil. Reference to tht· r{',;ult:-- of the counts for fungi in F'l)('rinwnts-, 
and -l would seem to confirm this, and to sugg{'st that nitratt·s, l'itlwl" adcit·c1 in 
til(' iorm of potassium nitrate or c1pv{'1opNl throu~h nitrification, an' it'ss 
~ujtahle sources of nitrogen than glycint> for tht' fungi in soil. 

Conclusions 

The results from tht'st" p;..:perimt"nts with samples of fi(·ld sqtJ would S{·t_'m to 
confirm th(' yje\\' expressed in a previous papf'r dealing with virgin soils (6), 
namely. that watt>r-soluhle materials in soil include suhstann's that art' ablf" 
to support the growth of micro-organisms, 

In l"{·gard to the cultivated soils studied in the present work, thp relation 
lH·t\\(·en the various factors in the complex material that ~upplj('s energy or 
food for the micro-flora is somewhat diffenont from that in virg-in soils of this 
type: the organic carbonaC'eous residues are in a more advanC'ed stage of 
decomposition, as is shown by the higher levels of numbers of organisms and 
hy the lower yield of carhon dioxide (6) in the cultivated soils. This would 
~uggest a reason for the fact that nitrate nitrogen alone does not stimulate 
further development of the micro-flora. It would appear from the results 
reported above that the nitrogenous material r{'mains in a state of avail­
ability, or quickly becomes available, because additional sources of easily 
a\'ailabJe carbon are rapidly destroyed by an increasing number of bacteria, 
The development of filamentous fungi in the soils after the decomposition of 
the carbonaceous material, and after the bacterial numbers have reached their 
peak, suggests that food material containing both carbon and nitrogen had 
been released. 

The experiments reported here can be regarded only as part of an attempt 
to determine the nitrogen metabolism of aerobic soil micro-organisms, which 
probably, under normal cultural practices, are responsible for the decom­
position of soluble carbonaceous compounds in the organic residues in soil. 
The method adopted \Vru; desig-ned to stimulate only those groups of organisms 
able to utilize a single source of additional energy, within a period of time in 
which it would be possible to evaluate their action without the interference of 
competitive groups, such as may develop when a more complex material, 
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for ('xampl£' cdJulos(', is add"d to !joil. It !"t"f'm .... dear that although nitrate 
ni(rogt'n f'timulalf'd tht· t'\'olution of carbon dioxide during the period of 
maximum d('\"{,1opnwnt of bacteria, the additional nitrogen did not enable 
Iht· organism~ to utilize th{' glucose mon' rapidly than thpJ' did in soil to 
\\ hich nit rat(' nil rogl'I1 was not added. 
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SOME PEZICULA SPECIES AND THEIR CONIDIAL STAGES' 

By J. \YALTO" l.R()\'ES' 

Abstract 
The following species of Pezicula have been cultured and the Rl'lll'tir connection 

of their conidial stages has heen established; P('c.ioua mrp-inea (Per>..) Tu!. with 
the conidial stage Cryptosporiopsis fasnculnia (Tode) Petr .. Pf"~l(uJa prui"osa 
Far!. with the C(midial stage Sph,acronr?w -prutnosum Peck, Pe:.i'lIi/J (/lrni with 
the conidial stage Cryptosporiopsls cornma (Peck) Petro and Syd., l'r.:.tcula Ruhl 
(Lib.) !\iessl with the cunidial st;.).ge Discosforielta phaeosorIJ (Sa{'c) ~)etr., and 
Pe::;iruJa HamameJidis n. sp. with the conidia! s'w.ge a Cryptosporiopsts species. 

The form of the conidial spore i;: relatively constant in the diff{'renl speeies, but 
the form of the conidial fruiting body is variable. 

In trod uctlon 

It has been observed by mycologists from time to time that morphological 
correlations may exist bNween the perfect and imperfect stages of pleomorphic 
fungi, and, where such correlations do exist, they are of value in indicating 
relationships. The purpose of this paper is to describe. in some detail, certain 
!'{X'cies of the genus Pezicula and their conidial stages. The gem·tic connec­
tions have been established by cultural methods, and the conidial stages 
ha\'t~ proved to be of interest in that. in the different specit:'s, the form of the 
conidial spore remains relatively constant while the form of the fruiting body 
may be quite variable. Tht" species to be discussed in this paper have been 
chosen for the purpose of illustrating the range of variation that has betn 
found. 

The genus Pezicula was erected by Tulasne (21), based on Peziza carpinea 
Pt'rs., which he transferred from Dermatea Fries. In his account, Tulasne 
drew attention to the form of the conidia, which were stated to be ovate to 
oblong; and he described three other species, Pezicula Coryli Tul., P. amoeM 
TuL, and P. dissepta TuL, which were a\so transferred from Dermatea where 
he had referred them in an earlier paper (20). The close relationship of 
IJermatea and Pezicula has been generally recognized by later authors, 
some of whom have not recognized Pezicuta as distinct, but no attempt 
will be made here to trace the various generic concepts. 

Pezicula species are typically bright coloured, waxy-fleshy in consistency, 
with rather broad asci, oblong-ellipsoid ascospores, and oblong-ellipsoid 

1 Contribution 1\~(). 579, Botany and Plant Pathology, Science Sen'1.·ce, Department of 
Agric-ultuTe, Ottawa, Canada. Most of tM work was done at the Department of Botany, University 
of TMonto, Toronto, Canada, and the material constituted part of a thesis presented to the School 
of Graduate Studies of the Uniwrsuy of Toronto in partial fulfU11Unt of the requirements for the 
lkgree of Doctor of Philosophy. 

2 Graduate Assistant, Central I..aboratory, 0Uawa. 



{'(Illidia; \\ Ililt· ]Jermatra :-;p(·cit· .... art· typically dark coIourt'd, mOTe leathery 
in (_'{Jn~jst('n('r. u~uaJly "ith f{·lati\"t_.ly narrower asci, more fusiform-elliptical 
a~('()~p{lrt.'~, .111d ('Iongatt· to ~ub-filiform conidia. It has lK"{;'n pointed out hy 
Cro\·(· .... (()j 1hill t',:\'Ct'pliol1al spf'Cif'!"O ~u('h a~ Derma/eo arerina (Peck) Rehm 
occur, in which oblnng-t·llip:-;oid conidia are found with a Dermaiea tyIlt' of 
apotht·cium, hut ~uch :o;pt·cit' .... only st'rve to emphasize tht' clost:' relationship 
IH'IW('('11 111(' two g('I1l'ra. Tht' fact that tht' majority of Pezicu/a spt'cit·s do 
dit1t'r from thl' majori\~' (If J)rrmaica ~r)t'cies in both the· perfect and imperft'cl 
;;;1.<J~t·:-; wf)uld ~{'f'IJJ 10 Iw !'-ufticil'nl ju~tjficatj()J1 for contjnuing to rt'('ognizp 

Pe~irul(] a:- iI di~lin('t g('I1U!'-. 

TIlt' mall'rial Oil \\hich Ihi:, :-Iudy i:- hased \\<1:' ('oIIN·lcd. for th(' m(l:'ot part. 
in 11l1' T('ma),:.allli FClrt':-..l 1«·:-('l'\t·. ()nlarin. and ill th~· 'Vicinity of Toronto, 
()nlario. ('ultUrt':-" \\(·rt· o\)\aint·d irolll buth a:,(.'()spure~ and conidia and 
\\I'!t' .L:r(l\\·!\ ~l!l 2~ I malt t''\tract a,l.!ar and on :-;h·rili7.f·d t,,·i_!.!:.; of lht' h()~t. The 
1\\ig cultuH':-" \\'l'rt· pn'p'.lI't'd a~ th'snilwd in an t'arlit'r papt'r, l;rO\t'~ ,5). 
In only 0[1(' of fh('~I' ~lw('it':- \\a~ the perf(,C't stage ohraint'd in culrun', but the 
fart that tilt' {'u1tun'~ from a~co~por~'s and conidia ""ert' similar and that 
both produ('t,d thl' ~anw t:-.!W of conidial fruiting hody and spore~ in cult un', 
wa:.- (·Of1sicit-n·(j :o-uttlcit'l1! ~'\ idl'lll'{' ~If I.!t'I\I'lic t'(lntH'nion. 

Description of Species 
Pezicula nnpinl"H i I'u:-. \ Tid. ~l·1. Fung. Carp. 3 : lS3. ISo';. 

i'C:i:1I larpill(,1l I\'r~. ~yn. ,. ung. p. ()73. 180l. 
(vdrdum IIJrpilJrll "·all1'. Flor. l'rypL C~r. 2; S12. 1~33, 

/)crmattll nlrj1illcll Frii.':-. Summa n,'g . .scand. p. 362. 18-l9. 
(}((ospora partldoxtI Bed\\. (J!I~. Bot. 1 : 13. HS01. 
I}ilio/ll paradoxa Frie~. SY~l. ~Iyc. 1 : 171. 1822. 
Omhropltila j1dradoxli ~acc. Syll. Fung. g : (120. 1R8.(). 

Pr:inlil1 fllsrinliaf(/ I )t'arn. alld Hou~t'. .:\. Y St. \1 lb. Bull. 243 : 2-l-l. 
Ill21. 

Tu/Jerndllrill ,t;[scindtlta Tucit'. Fun!,!.. :\leck1. (ab. 1\', fig. 3. 1(1)0. 
Cr),ptosporiopsis }(/'it/clI/rlla Pt'trak. Anll . .:\Iye. 21 : 186. 1423. 
Discel/a dis(oidea l'ke, and I 'k. _.\_11l1. Rt'p. ~. Y. St. ~I uS. 28 58. 

18;0. 
Discula Pecki{JlltI Sacc. SylJ. Fung. 3 : 675. 1884. 
P(':;iZ(l Betuli Alb. and Sdm. (\m::;p. Fung. p. 3{)(). 1S05. 
Sti(/is Beiuli Fries. SySl. :)'Iyc. 2 : 195. 1822. 
Ocelltlritl Beluli Rehm. Rall. Kr. FI. I. 3 : 136. 1889. 
Tubercularicllil Bl'!uli \'. Hiihn. Z. GarungsphysioL .; : 209. 1915. 
?Dermalella sc,lli1JUS ::\I(lr~. j. :\lyc 10 : 98. 1904. 

Apothecia (Fig. 1 : 1) ~trongly erumpenl. more or less in rows or sometimes 
scattered. caespitol:'t'. u!'Oually in elongated clusters. occasionally single, circular 
or distorted by crowding, narrowed below. substipitate. 0.5-1.0 mm. in 
diameter, 0.5-1. 0 mm. in height. pale ochraceous yellow. slightly pruinose, 
brittle, rather waxy in consistency, more fleshy w.hen moist; hymenium plane 



(;J.:(II E~ J>J.7./t ILl '1'1.t II,' I \fI 11111R (,I\I!'J \1. ~I Ita, 1.27 

10 ("(10\ t').., .. Iit:hily pruinn .. t', (,("hr~ln'IIU:' '\t,lhJ\\ to rt'(ldi!'lh (Ir".lllj.!I', llIud. 
I.richtt"r \\ IWll moi ... t, al fir·q \\ ilh .1 dt,lil"lIt' lil:hlt'r h(lrtlt'r \\ hil'h liMy 

di ... appt' .. f I;ttl'r; li'Hlt· oj' tht, I~~ I tfldWI'iulIl p ... l,ud.,IMfelld,,·rn .. IIHI ..... 11 lilt" 

b.,t"t·, l·C HllpO .. t,d nf ifrt'~ul""f, h~~lhllt· n·II .... tllt1UI 5 12 J..L in dt.tn1l'lef, 

I 'Itt II "it h ho~t cI·n .. inl{·rmilll,dt'd. 1M.'l'P;nilll.! IllOrt' pnl.:-4'1l1 h~' I11,l!oll'" .. 1111\ i'. 
CIII11IH, ... ,d III 1Tl~1 :'\' Of Ie",,, \"{,rti~'allv p,lr.llld hyph.tt, 3 ~ J..L in di,II1Wll'l', \11 

the tipper part more intefwo\,('11 and IOOst-f. Oflt.'11 \\jlh intt'ITt·llul.l! !-op .... t'l·!>. 
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loward 1111' IILI .. jtk fprf)linJ,! d pseudoparc:nc-hymatolls zone. a few cells in 
IhirkIH· ..... 01 rrr('~ul.lt, mOrt' or It' ... ., isodiamf'l r;C cells; .;; lJhhrm€'nium a narrow 

zont' uf :-'\"'Hlt-r. \110"" \y intf'n\{I\'('n hyphae: asci cyl ind ric-c lavatt" . usually 
tapering in!(, ,J IlIn~ .. talk. l-'ight-spofed. somttimt"s four-!,>pored. ( 120)~13O­
J60 ( 190) X ( ,-I ) J ~ 20 (22) jJ.. : a:-cosporcs oblon~-cllips(Jjd (0 (I\'oid. hya line. 
straig ht 01" ~lig l llly curn·d. om'- to four-cl' lIed, obliquely uni :.;eriate Or o y er ­

l a"pill~, ( I i ' 11: .111 133) X (81 1(f-12 ( 14 ) jJ. : paraphyses hyaline. filiform , 

FIG. 1. J. A/N.theciiJ oJ Pezitu la pruinosa; 2. Ccmidia141age oj P . pruinosa; J. ConiditU 
stafr of P. Conll dr:1Jt/{lped in IJIlt,jre; oJ. ApolhuilJ of P. Rubi. All X4 appror. 



~ptat{'. simple or hranched. 1 5- 2 . 5/J in diarnt'lf"r. tht· tip~ ~\\"(ll1l'n, up to 61l 
in diamf'ler and forming' a 51ight ('pithf'C'ium. (Fi].! . -I : 1 h, I 

Conidial fruitin~ bodit:~ ( Fig . t : 2) erumpt'lll. mure or It:· ~ ... in rem ... or ~("'al· 
lerf"d on"r the t\\"ig-~ . cushion·shilpt'<l or \\·art-li k!:. almo"'l t·jrnlia r or eloI'lRCllt'd. 
1-3 mOl . in diameler. 0 3- 1 U mm . ill ht·i ~ hl. clark rt>ddio.:h-bn)\\ n. g r('yi~h. 

oli \·areou!i . or alm05t black. hard. waxy. more 11t'!'h~ ' \\ 11\"11 mni"'l : li .. ,q!(' t'om· 

. FIG. 3. I. A pothecia oj Pczicula ~amalTlelidis: Z .. Conidial stage of .P ., c.:trpinc;>. d~e/ope~ 
UJ culture.- J. C(midial sloft of P. prumosa d~Joped HI culture; -I. Con,dICU sUlge of F. Rul')! 
dnJdoped ;" wl/u.rl!; j. Camaial slage of P. Hamamelidi" da'eioped in cu/.JUTe. All. X 4 
approx. 
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p()~(·d of h~'aJifw or pale yell(l\\j~h, much ilfanch{·d. closely intenn)H'l1 hyphae 
ahou! ,; .~ fJ. in dianIt'H'!". in tht, upper ('(~nlral part more or It'=,~ \'ertie-ally 
parallt·], !-.pn·adilll.!, out ollliqut'l:-' !O\\ard tIlt' (Jut:--idl': conidiophore.., hyalin(', 
~'pt at!'. ~illlp!t- Ol" hranched, \Try \'ariabk in h>nglh. up to lOO p. 2.5·3.0 p in 
dianwlt'r and ,,\\(Illt'n up to S i }.l jU:it Iwlo\\ tht> tip; conidia ()hJ()ng-{'llip~oid. 
hya!int·. ~tr.lighl ()r slightly curn·tL om> end "'jllt a trun('att' api('uius, Ont:­
n·llt·d, 20 3() (34) X (to'! 12 tS j.l: microconidia hyalint;', filiform. ~Iraight 
or("ur\{·d.{)Ilt'-{"('lItAd,~ 1.:; X 1 S 2.0}.l. (Fig. 4 :1a.) 
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FH;. -1-, 1. P('zi~'uld c.:.rpill(·a. a. Omidia, r(l1;idiophoreJ. afldmirrO{(lIiidia. b. Asci. asc(J~ 
sporrs, utili paraphyses; :. P. Corni . .a. Conidia. C{!1Iidiophores, attd microconidia. b. Asci. 
agospores, aJld paraphyses; 3, P. RUbi..u. C(midia (o,!idiophores. and murocotudia. b, Asci, 
aSC(l,~p~Jri's. U11d tH.lrapJlYses, -4. P. prutno:.a. /I, Cmlldia, ~conjdiophores. and mlcroronidia. 
b, AscI. ascospo.rt's. atld paraph"ses; 5, P. Hamamt'lidi,..a. Conidia,conidiophores. and micro­
conidlu. b . .4$(1. as("O~porej. and pnrapltyses, AI! X.JOO. 



HthT: Carpinus (arolinia1tQ \Yalt. 

EX:-;ICC-\.TI: EII.;\ .. -\m. Fung. (Jib (cl:-- !Jerl/III/fil Hlrlll'di. ::rJ':3. :!i.J1, 3333; 
:--ihear:\'. Y. Fung. 93; ReI. Far!' 13-1; Fun).:.. ('oL U':1; \Yil ... ,HId St'tly. :\:-;c. 
and L.F. 01: Krieg. Fung. Sa::\. 1020; \\t't'~' Fum. :--t·L t'\~ . ..J5{). -15':; Syd. 
\Iy-:-, Germ. !ilQ. 

Sl'ECI"fE~~ Ex.un~EI>: l'nin-r:-;ity of Torollto IIt·rlJd_riutll. ()11 Carpinus 

((Jrolil1iana \Yalt. 2905, 30-/9 (651*, -I3ii (h-l), 72nS (2.\7 I i31J-I (1M) I, 

Toronto, Ontario-·(J()19 (15i ), Lyndt'l1, Ontario ,,5iO, Brant ('0 .. ()nlario 

--ex {·.S,D.A. Herh. F. P. (130-12. :\'orth Bloomfield. COIIIl. {'X Herb. {·niv. 
\\'i:-:;., ~f'koosa, \\,is .. ('011. J, J, Da\'is. June 8. 1()~8. 

On Carpinus sp. Ex. Ih'rh. Bari){'y-Boi:-;sit'f", ReI. lIt'rh. Fuck(·l, Fung. 
rlwn. 113Q. 

Herbarium of J, \Y. Gron·s. On Carpinus raro/iniana \Yalt. 5S. 50, 
Toronto, Ontario--570, Constance Bay, Ontario·· 20-1 Ithaca, ~.Y. 

On malt f'xtrart agar the colonies reach a diaml"1(~r of about 3 rrn. in thn'(' 
,n't·ks. Tlwy are white, or cream coloured to buff, or blightly yellowi .... h, with 
abundant, fluffy, at'rial mycelium which is more or ll'ss t uft{·cl or in ('ushion~likt' 
ht'ap:--.. They df'velop circular to c-longated, roumh·d. tll'shy btrornata, up to 
3 mm. in diameter and 2 mm. in ht·ight. which usually Vl'ry soon b('com{' ('O'\·w 

t-red with white. downy m),n·lium and remain stt·rile. hut occasionally produce 
conidia. In the few in:;tanc(":-. in which the production of C'onidia was observed, 
Ill{' conidiophores appean'd to be pnLio:..pd at fir~t in a mort· or It's:.. circular 
ca"it)' in the stroma. This cavit) soon split opt'f1 widt'iy at the top and tht' 
fruiting :-;urfacE' became convex and wholly exposed. The microscopic struc~ 
tUrt' was similar to that found in nature, but the tissue is sometimes loo5t!r, 
t'spt'cially at the outside. Both macro- and microconidia wt'rt' procluC't><i. 
Sporulation seems to bt' rare, and when it does occur la:-.ts only for a hrief 
period, as the stroma quickly becomes overgrown with vq~l'tativt, hyphae. 

On twigs of Carpinus, aerial mycelium is u~ually Vf'ry abundant, white, 
(TPam coloured, or buff, forming cottony cushions on the twigs or !'nmetimes 
completely covering them. Sporulation is rare on tht' (\:\-'igs also. The fruiting 
lJodies (Fig. 3 : 2) are erum~nt, fleshy, rounded, or wart-likt· as in nature, 
1 to 2 mm. in diameter and about (). 5 mm. in height, at first whiti~h, t)f'('oming 
ff:ddish-brown and harder on drying-. The conidiophores are borne over the 
outer surface and have not been observed to arise in a cavity, The micro­
scopic features are similar to those found in nature. These fruiting bodies 
are also shortlived, and in a few days appear only as tufts of vegetative hyphae. 
It has been observed that if the conidial fruiting bodies as found in nature 
are put in a moist chamber, they very soon develop vegetatively in a similar 
manner. 

Pezicula carpinea, as noted above, is considered to be the type species of 
the genus Pezicula. Its chief distinguishing characters are its occurrence on 
Carpinus, the yellow. waxy-fleshy apothecia in strongly erumpent clusters, 

• The numbers in brackets refer to d-uplicaU coliections in the W1'iler'5 herbarium. 



1.32 C.·lN,j/)l:IS )OCR ..... 4L OF RESEA_R.CH. VUL, 17, SEC, C. 

the long asci, and the Tuberrularia~like conidial stage, Brefeld (3) studied 
this sr(cie~ i'n cultun·, and his description of the cultures agrees Wf:'lI with the 
writt-'r's culturt"s. He failt>d to obtain any fruiting bodies in culture, but this 
is not surprising as they are evidently formed only rarely, and then may easily 
t)(> oV('rJookt'd as the fruiting period is very brief. 

This Sfwci{'s is undouhtedly parasitic. \rag-ner (22) reported successful 
inoculations, and stated that in a 7()~ to 80-year-old stand of Carpinus, 140 
out of 200 tn'ps w{'n' killc·d by this fungus over a period. of 10 years. On 
:May IS, 1<J33, tht, writer inoculated two branches of a tree of Carpinus 
raro/1'niana in t he following manner. A slit was cut in the bark with a flamed 
scalpel. and some agar and myc{'tium from a polysporous ascospore culture 
wert' inst'rted into tht· slit. The slit was then covt"red by a celluloid cylinder 
with tht> ends pluggyd with moist sphagnum. and the cylinder was remove-d 
after four days. A third branch was treatf·d similarly but no inoculum was 
plac{>.d in th(' slit. On ,!\lay 7, 1934, one of the inoculated branches had conidial 
fruiting bodies of Pc:,iru/a carpinea scattered along the branch for about 2 ft. 
on t·ithn side of tht· point of inoculation. The other inoculated branch and 
tht> ch('rk Wl'ft' healthy. Some of these conidial fruiting bodies were collected 
({ini\'. of Tor. Herb. 739-1) and the fungus was isolated from the conidia. 
On Oct. 14, 1934, malurt' apolhecia were thickly scattered along the branch 
for a distance of about 4 ft. from the point of inoculation, and the infection 
had {,,,jdl'nlly spread into the main trunk, as the entire upper part of the 
tr(:>e was dead, Tlwfe wt're no fruiting bodies on the other inoculated branch 
or on the check, but both these branches were dead, having been involved 
in the death of the tree. The fungus was also isolated from ascospores (t:niv. 
of Tor. Herb. 7268). 

Establishment of the genetic conneC'tion between Pezicula carpinea and 
CrYPlosporiopsis jasriculata br cultural methods has merely confirmed a 
conn~ction that has long bepn postulated on the basis of their close association. 
The conidial stage has been well described by Petrak (12) who observed a 
"ariation in which the stroma was less erumpent and evidently mOre like 
the conidial fruiting body of Pezicula acericola (Pk.) Sacc., described by 
Groves (6). The writer has not observed this condition in P. carpinea, but 
sinn' this is the typicaJ form of conidia) stroma found in the genus. it would 
not be surprising to find this species sometimes taking this form. The few 
observations the writer was able to make of the formation of the conidial 
stroma on agar indicated that the spores were formed first in a cavity in the 
stroma as in other Pezicula species. but that the ~vity soon spread open 
widely, wholly exposing the spore masses. 

Some attempt has been made here to bring together the various synonyms 
of P. carpinta. The fungus known as Ombrophila paradoxa (Hedw.) Sacco 
has been included on the strength of Tulasne's statement (21) that he con­
sidered it to be P. carpinea. Rehm (15) also mentioned it as a sy"tlonym. 
It would seem that Peziza Bel~i Alb. and Schw. was based on the conidial 
stage of P. carpinea. The descriptions by Aibertini and Schweinitz (1), 
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Fries (4), and Rehm (14) all omit mention of asci. and \,on Hi;hnel (7) re('()R' 
nized it as an imJ)f'rft'Ct fungus and rt'ft~rred it to thr gt'nus Tubtrn41arUJ/o, 
The writer has lwen unsuccessful in locating the tyPt' of /)rrmalrlla s(Plinus 
:\torg" but th('f{' is nothing in the dt:'scription to t'xclude it from P. mrpinea. 

Pezlcula pruinosa Farlow. Mycologia 14 : 102. 1921. 

[Jermalea pruinosa Petrak. Ann. :\Iyr. 20: 196. 1<)22. 

Sphaeronema pruinosum Pt'rk. Ann. Rt'p. 1\;.\,. St. 'Iu!'. 24: R5. 1872. 

Lagynodella pruinosa Petrak. Ann. :llye. 20 : 207. 1922. 

Apothecia (Fig. 2 ; 1) strongly ('rumpent, usua:Jy in long rows, soml'tinws 
:-;ingle but usually in eJongatpd riustprs. circular, ~ub~tipitatt" 0.5-1.'; mm. 
in diameter. O. 5-1. 0 mm. in hei~ht. pal€' yellow to orangt· yt·llow, darkt'f toward 
the base, slightly pruinot'-e abovt', he('omin~ ~trony:ty ~r(;'yish-prui1\()~' toward 
thf' base, brittle, waxy in ("on~istt:'ncy, b(:>('oming more fi('shy when moist; 
hymenium plane to slightly convex, pruinnse when dry, margin pater, sli!-:htly 
raised at first, later disappf'aring; tissue of the hypotht>cium compact, pst'udo­
parenchymatous, often with host ('ells interminglt'd. composed of hyaline Cf'lIe­
about 5-12 J.1 in diameter, sometimes more f'longated up to'20 p., arranged in 
more or less oblique rows toward thf' outside and thicker walled. and with a 
granular encrustation on the outside of the apotht'cium; subhymt::nium a zone 
of rather loosely interwovf'n, slightly coloured hypha(>: asci cylindric-clavate. 
short-stalked, ei~ht'spored. (75)-90-110-(130) X (12),14,17-(20) 1'; a5("0' 
spores oblong-ellipsoid to ovoid, hyalint', sometimes slightly coloured, one­
to four-celled, occasionally muriform, straight or slightly curved. irregularly 
hiseriate, (14)-17-25-(30) X (6)-7-9-(10) 1'; paraphyses hyaline, filiform, 
septate, branched, 2.0--2.5 p. in diameter, swollen at the tip up to 5 11. and 
forming a slight epithecium. (Fig. 4 : 4h.) 

Conidial fruiting bodies (Fig. 2 : 2) erumpent, scattered or more or It'ss in 
rows, usually separate, sometimes with two or three arising from the same 
basal stroma, cylindric-conic, 0.5-2.0 mm. in height, 0.2-0.4 mm. in diameter 
at the base and tapering to 150--300 J.1 at the tip, greyish-pruinose, hard, horny 
in consistency, becoming more fleshy when moist, the conidia emerging through 
an irregular opening at the tip or side of the tip of the beak; tissue of the 
basal stroma composed of thick-walled cells, in the central part almost iso­
diametric, 5-10 J.1 in diameter, toward the outside more elongated, ]2-20 X 
5-8 p" and curving upward in parallel rows, the walls of the beak about 
50--75 J.1 in diameter, consisting of two zones, an outer zone of dark, thick­
walled, almost isodiametric cel1s, and an inner zone of lighter coloured, more 
elongated cells in parallel TOWS; conidiophores hyaline, continuous or septate, 
sometimes branched. 12-30 X 2.0-2.51', swollen below the tip up to 5 1', 
lining the beak and the elongated to ovoid cavity in the basal stroma; conidia 
oblong'ellipsoid, hyaline, one,celled, straight or slightly curved, ends rounded, 
one end with a truncate apiculus, 15-25 X 7-10 p,; microconidia have not 
been observed_ (Fig. 4 ; 4a.) 



(1\ tI!/l\" J,11 k\'1I. ('/ }U.~/.IH.Cli. jilL 17", .~EC (, 

H() .... l: :lmf/lIlltlllCr Spt'Cit·:">. 

T'1'1 Ht·J. FarJ. 135h, 

!',\"1( (,\11: 1<t'1. Fatl. 135(/. h; Fung. flak. 450. 

~I'H 1.\11-." .... !'_X.\:-'lI:\UI: l'nivt'r~ity of Toronto Herbarium. On Amelan­
dfi('r uwadensis (L.) :\It'dic. 34()7 (J-/. 1,3507, -1513,7987 (319),7988 (394). 
Tt'llliH,:a!1li Furesl Rt'SITH'. ()ntari(l--t,:\ lH'rh. D. H. Linder. \Yellesley . .:\la5s" 
co!!. I), H. Lindt'r. Jww 5, 1935 f>:\: ('orndl t'ni", Pl. Path. Herb. 247-11, 
L1(J~'d I'n·s(·!'\'t'. :\kLt'all. :\.Y. 

i-l('rh,lriull1 of J. \Y. Cn)\·t'~. t)n Amcianrhier infermedia Spach. 263, 
:\ld,l'an S,,'amp, Ithaca. :\.y,. comm, (;, E. Thompson, 

()n A IItc/uJ1tllif'r sp. -1-38. King<.;m{'rt'. Quehec -- oln, Du('hc,Snay, Quebec. 

{Ill mall ,'\:Irael agar the l'()!()ni('~ T't'ach a diameter of 3.5-4.5 cm. in two 
\\t't,b.. Th,' nl'ycelium is at first almost colourlt·ss, closely appressed to tht' 
agar. and :-.Ofll('\\ hat :.oddeo; later \\'hiii~h to pale grey-green, aerial myce-lium 
dt·\t·lop:-. ill uIH'\Tnly dislrihutt·d tufb;. Thf' conidial fruiting bodies develop 
a~ roulHkd 01 cOllical, fleshy ;.;tromata. up to 2 mm. in diameter and 3 mm. 
in lwil!ht. p.tk J.,:rt't'nish to "rowni~h, and u~ually covered with white, downy 
to ('ot lOlly myc('\iunl. and containing one or more rounded or irregularly 
lolll'd ('a\ it it'~, {('ariug opeu irT('glilarl~' at t he top or sides. They are composed 
Ill' illln\\ oyt'n. hyalint' or ~lightly yt'llowi~h hyphae, 2-4 J.1 in diamNer, the 
(,;I\'ilit'~ surrounded by a compact. narrow zone about 25-·50 J.1 in thickness. 
and ~tJnwtin1l'~ darkt'r coloured. Tht' conidiophore~ may he longt'r and 
lllort· hrand1l'd than in nat ure. The conidia a['(.~ typical. l\licroconidia are 
llsua/ly abundant. hF!/ine. iilifonn, fotraight or cuned, one-celled, 6-10 X 
J S 2. (l J.l, 

()n I\\'i.~!'- of Amc/anrhier there i::-; u5ually more or It'ss abundant, white, 
('()tton~·. <wri.t1 mycelium '\'hich form~ tl1ft~ around tht' point of inoculation 
or ma~ ~pn'ad oYer tht' twig. Tht' conidial fruiting bodies (Fig-. 3 : 3) develop 
ilt'ltt'r ,,,hen thtTt' is ies:-. aerial mycl:'iium. They are erumpt'nt, more or Jess 
in row~, usually irregularly rounded. up to 1 mm. in diameter and about the 
!'anH' in Ilt'i,~ht. splitting open irrt',I!ularly at the top or side, but sometime!:' 
dt'\'f'lopin~ a cylindric-conic ostiole which is usually shorter than in nature, 
tk~hy. drying hard and horny, g-r(>yish-pruinose, black or greenish at the 
lip. Tht, ri::;sm' structUrp is ~imilar to that found in naturp, and the conidio­
phon's and conidia are typical. 

E.slablishnlt'l1t b~' cultural methods of the genetic connection bet"'een 
Pe::irll/a pruillosll and Sphaero1lema pruinosum is also merely the confirmation 
of a preyiou~ly ~uggt'sted relationship. This connection was suggested by Farlow 
in his ori~inal description published by Tha.xter (19), and also by Sydow and 
Petrak (18). The conidial stage was collected in the Temagami region in 
th{~ spring of 1932 when this study was commenced, but although search was 
made ior it. th{' perfect stage ,was not found until 1935. In June, 1934, a 
trt'e with abundant conidial fructifications was selected and kept under obser­
"ation until the middle of September, but no apothecia were produced. The 
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ji,i!owing year it was again kepI under oils(.'n-.. ttiOIl, and on July 1 193$, 
mature apothecia Wf'rf' found. . . 

Thf' chid di~tingui~hinR chardclPr:-; of Ihi~ :,pt-cit'~ an- il .... OC\'UITt'IlC!' (In 

A mellll1rilier, the yello\\, waxy-!lt'~hy, :,ubstipil<lit' apn! tlt'Ci,1 \\ hieh an­
markt·dly grt'yish-pruinost:' m'M \\w haRt·, aTHi lhe .spharTone"/(l-likt' ('onidia\ 
~tagt'. Tht-' conidial stagt' was first dt'scril)t'd by l\'ck (101,1;-' a .';pitllrrOllt'l1Ill, 
dnd Petrak (18) made it tht' typt' of hi:- nt'\\" genu:, Lu;rnodclia. It i:.- doubtful 
if ~"""ph(1eronema prui1losum Berk. and ('urt. dt'scrih:'d. ()Il Rhus ;'i'tU'twtll i:-
11ll.' same fungus. 

Pezicula Comi Petrak, :\nn. :\lyc, 20 : lQj, 1()21. 

Derma/ea Corni Phill. and Hark., Crt-\', 13 : 21, lr:X·L 

Oaf/aria Qurea var. (orniwla Kauffm. and Kanoust', Papf'r~ \Iil'h Acad. 
Sci" Arts, and Letter:-. 9 : lR3. 191(). 

Sphaeropsis (orninG Peck, Ano, R{·p. I\.Y. St. :\1us. 32 : 3X, lRi(). 

JlarrophomG rornina Sacc., Syl!. Fung. 10: 192, 1892. 

Cryptosporiopsis rorninG Petr. and Syd., Ann, :\Iy('. 22 .: .no. 1()24 . 

. \.pothecia (Fig. 1 : 5) f'rumIJt'ot, suh-immerst-d when dry, Iwcomin.i.!: mort· 
~lrongly t'xsertt'd when moist, scattt'red or mort' or les~ in roW!'i. separate, 
sonlt'times in small clusters, circular. sessile. slightly narrowed lwlo" , 0.4~1.0 
mm, in diameter, 0.2-0.4 mm. in ht"igh1. ochran'ou~ yt'llow to uull rt·ddi:..h~ 

mange. slightly pruinose aboyt' , becoming darker tu almo~t black IJPlow, ~oft, 
\\ d:XY, crumbling easily. more tleshy when moist; hYlTIf'nium plane to convex, 
sJi.l.;hdy pruino~e. with a slight margin; tis~ue of the hypothl'cium compact, 
fbt'udoparenchymatous, compos('d of slightly coloured, irreg'ular, angular 
('plb about 5-15 fJ. in diameter, arranged in more or If'S;'; \'t·nically paral1(,l rows 
curving obliqUt·]y t(m-ard the outside, golden yellow in thf' ("('ntral part, I)('(_"om~ 
ing much darker toward the outside, cell:--. mort:' p\ongated in the UppPf part; 
~uhhymenium a zone of closely interwoven hyphae; a~('i broadly cla\'al{' or 
,ubellipsoid, short-stalked, eight-spored, (85 )-J05-J30- (145) X (20 )-23--
30-(33) fJ.; ascospores oblong--ellipsoid to o\·oid. hyaline or slightly yt'llowish, 
{,ne- to four-celled, straight or slightly curved, irrt'gularly biseriate, (22;--25-
35-(40) X (10)-12-15-(1 i 5) 11-; paraphyses hyaline. filiform, septate, simple 
or branched. 2.0-·3.0 j..I. in diameter, the tips often coloured and swollen up 
to 5 p., forming a slight epithecium. (Fig.4: 2b.) 

Conidial fruiting bodies erumpent, scattered, mostly separate, occasionally 
two or three together, black, circular, rounded to conical, opening widely and 
irregularly, 200--350 fJ. in diameter, 300-450 }.J. in height. containing a single, 
slightlv l~bed cavitv; the basal stroma a pseudoparenchymatous layer 25-35 p. 

in thi~kness. comPosed of dark, thick-walled celis, 5-8 J.L in diameter, in 
the central part the stroma usually much thicker, up to 100 }.J., and the tissue 
composed of lighter coloured, closely interwoven hyphae; conidiophores 
hyaline, continuous or sometimes septate, simple or branched. cylindric or 
conical, sometimes swollen slightly below the tip. 10-30 X 3-6 11-; conidia 
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oblong-t·lIipsoid to ovoid, hyaline or slightly )'E'llowish, straight or slightly 
rurn·d. (Jm:- to four-celled, ends rounded, one end with a truncatE" apitulu5, 
(25)-3('~35-(40) X (9)-11-13-(15) }J.; microconidia hyaline, filiform, curved 
or somf'time:. almost straight, one-t'E'IlE'd, 12-18 X 1,5-2.0 IJ.. (Fig. 4 :2a.) 

HOST: Cornus speciE'S. 

TYPE: On Corn us stoloniJera :\lichx. PriE'st RiYer, Bonner Co., Idaho, 
J, R~ \Y .. ir, 16909, Oct. 11. 1918. 

Ex~'nATI: Ell. N. Am. Fung. 280f) (as Pezicula rhabarbarina). 

Sl'hClMES~ EXAMI~E[): t Tniversity of Toronto Herbarium. On Cornus 
s/otonl/era :'.lidn. 4833 (138 J. Toronto, Ontario--ex l'.S. D. A. Path. and 
\lye. (,,,II. Herb . .1. R. \\, .. ir 16909. pan of type--ex Far!' Herb. Harvard 
! 'ni,'" coil. C. D. Darker (5484), \\'altham, \lass. 

On Cornus ,ireina/I! L'Her. 41\3/1 (126), 4839 (129 J, Ottawa, Ontario---
65M (2110), Aurora, Ontario-··5699, 1>590, (243), 7974, 7975 (449), 7976, 
Tt'magami Forest Rt'sern'. Ontario. 

Un Cornus a/lumJa/ia L. Ex l'niy. of ~lich. Crypt. Herb. Part of type 
of ()r'd/aria (lurea var. wrllico/a Kauf1rn. and Kanouse, Rock River, 1\1ich. 
Sept. 4, 192;. 

On Cornus sp, n940, Aurora. Ontarjo~7977, TE'magami Forest Re!;erve, 
Ontari()---- ex herh. L. O. Overholts 13370, Hawn's Bridge, Hunt. Co., Pa. 

Ht'rharium of J. \r. Gruves. On CormlS sp. 553, 554, Casey's Corners, 
.:\0'""1 Scotia--584. Ottawa, Ontario. 

Harkness No. 2259, the type of lJermaiea Corni Phill. and Hark. A single 
apothecium in th(' Durand Herbarium of Discomycetes, Cornell University 
3786. and a slide from the specimen in Kew Herbarium. 

On malt {'xtract agar the colonies reach a diameter of 2-3 em. in three 
weeks. They are whitish to greenish-grey, sometimes slightly yellowish to 
orange at the centre, the aerial mycelium loose and fluffy, then becoming 
slightly matted. The conidial fruiting bodies are almost globose to sub­
rylindric, dark gret'nish to almost black, fleshy, glabrous or covered with a 
short. grey mycelium, about 150--350 IJ. in diameter, sometimes larger, tearing 
open widely and irrt'gularly at the top. and containing a single, rounded or 
SOIDt'what lobed cayity; tissue composed of closely interwoven, brownish 
hyphae, 2-5 J.L in diameter: conidiophores, conidia, and microconidia as 
found in nature. 

On twigs of Cornus there is usually very little aerial mycelium, but sometimes 
greenish or brownish tufts appear at the point of inoculation. The twigs 
becomE' thickly ('overt'd with small, black, erumpent stromata, more or less 
in rows, at first rounded and covered with short, reddish-brown, hair-like 
hyphae. then sometimes elongating and becoming cylindric-conic, opening 
widely at the top. These fruiting bodies (Fig, 2 : 3) are very similar in struc­
ture to the fruiting bodies as found in nature •. and produce typical conidia 
and microconidia. 
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The chief distinguishing character:;:; of this species are its occurrt"IlCt' on 
Cornus, the ochraceous-orange. waxy apothecia. not stroo~ly £'rumpt'or and 
usually single. thE' broad asci. Jargf' :sport's. and the Jlarrophoma-like conidial 
::;tage. As far as is known, the genetic connection of Pe:;i('ula Corni and Cryp­
tt,sporiopsis cornina has not been n'portt'd pr('yiOllsly. Th(' .lfyx(Jspl)rium 
species reported by Seaver (7) as tll(> C'onidial ~tag(' of this specit's is 
undoubtedly C. cornina. This .species has llt't'n confust'd to SOffit' t'xtl'nt 

with Pezicula Rubi (Lib.) !\iessl. from which it can readily ht· distinguislwd 
by the size of the asci and spores and the type of conidial stagt·. Prohably 
all the records of P. Rum on Cornus will prove to bt· P. Corni. 

Seaver (17) has drawn attention to tht' fact that tht' identity of Dermatea 
Corni PhilJ. and Hark., an earlier name. is uncertain. Tht> writt'r has madt­
~omt'" effort to locate the type of this species, which should bt, Harkness' 
~o. 2259 according to the original description. ]n the Durand Herharium 
of Discomycetes at Cornell l'niyt'rsity !'Jo. 378(), is a packet labelled Dr.rmaieu 
Corni Phil!. and Hark. Co-type. and bearing the above Harkness number. 
This packet contains a single apothl"cium detachpd from the substratt·. hut 
which is unquestionably a Pezicu/a, and is :-:imilar to P. Corni Pt·tr. in grosfi 
appearance. Some of the writer's material was sent to :\If. E. \\'. \1ason 
of the Imperial I\lycological Institute, with the request that he compart-' it 
with the type material of Dermatea Corni if any were to bt' found in th(_· 
Phillips Collection. 1\1r. l\'lason kindly did this and reported that the spt'cirnen 
in the Phillips Collection was very scanty and seemed mostly immature, but 
was evidently the same fungus. Examination of a slide which :\1r. }\ .. la50n 
loaned to the writer showed that although the fungus ,vas immatun:, some of 
the characteristic large asci and spores were present. 

The writer is, therefore, conyinced that Dermatea Corni Phill. and Hark. is 
identical with Pezicula Corni Petr. The fungus is a Per:.icula, but since 
Petrak has used the combination P. Corni. it would now be necessary to give 
the fungus a new name in order to conform strictly to the rule~. However, 
in "iew of the fact that the type material of Dermatea Corni is scanty and 
immature. and that Petrak'~ name is established in the lit{'raturt' and is 
eminently suitable, it would seem preferable to retain this name. 

Pezicula Rubi (Lib.) "iessl, Rabh. fungo Eur. n. 2122. 1876. 

Patella ria Rubi Libert, PI. Crypt. Ard. n. 231. 1834. 

llelotium Rubi Spree, Rabh. fungo Eur. n. 717. 1865. 
Dermatea Rubi Rehm, Rabh. Krypt. FI. I, 3 ; 258. 1889. 
Peziza arduennsis Montg., Ann Sci. Nat. II, T. V. p. 287, t. 1.1, f. 5. 

1836. 
Gloeosporium phaeosorum Sacc., Mich. I ; 360. 1878. 
Myxosporium phaeosorum Allescher, Rabh. Krypt. FI. I, 7 ; 529. 1902. 
Discosporium phaeosorum v. Hahn., Z. Garungsphysiol. 5 : 197. 1915. 

Discosporulla phaeosora Petrak, Ann. Myc. 21 : 14. 1923. 



Ap()ttwcia (Fig. 2 : 4) t·rumlwnt. ~('attHt'd, separatt· or sometimes two or 
I 11ft·(, ill a c1u~tt'r, circular, sessilt·. narruwed below, 0.2-1.0 mm, in diameter, 
() 2 () ::. mm. ill tH·ight. dull ochrfU'('OUS yt·llowish to rt'ddish orange. brightE'r 
wlwn mojsl, ~lil.!htly pruinmw. hrittlt·, waxy in ('onsisleJl(-~', more fleshy wht'Jl 
rn()i~t: hynu'nium al fir:-.t c()ncan', tht'n plane to conn'x, slightly pruinn!'(;', 
margin at tin-.! rai:-.{·d, latt-r disapJwaring; tissue of the hypotht'cium pseuclo­
p;::tn'nchymatou!-., at the hast' composed of hyaline to yellowish-brown, thick­
walh·d c('lI!-.. 3- R }.J. in di,uTH·tt·r, more Ic'\ongated ahoyf' and !-;onwwhat inter­
W(lVt'll. t()\.\ard th(' OUlsidt, in obliqUt'ly parallel ro\\s, dark, and thick-\\alled, 
.1 12 jJ. in diamt'ttT, !-.onlt'lirn('~ lhl' outer (,(·Ils projN,ting ~lightly and davatt'; 
subhytlU'Jliulll a narn)\\ Z()IH' l)f cl()s('ly intt'r\\o\-en hyphae; asci cylindric­
('1;1\ al(', mon' or It,~~ ~1 <llkt,<_}. ('ight -~p()r('d, (i.5) -R.1-l 00·- (115) X (10)-12-15-
(1 il fJ.: a~c(l~p(ln'~ ()hl()llL:-('llip~()id to (\\'oid or suhfu~if(lrm, hyaline, qraight 
or ~li.Ldllly nnn'd. (1}H'- II) lour-n,lkd, irregularly bis('riatt'. (JS)--1R-25-(30) 
X .; ~}J.: P;\I-,\phy~t,~ hyalin!', filiform, septale. !"il.lp!(' or branched, 1 '='·-2.0!J­
ill dianWltT. :-;\\ol1ell al the lips up 10'='- ()}J., or som(,lime~ only slightly swollt'n, 
alld f(lnurn).,: a ~[ighl cpitll('l'iuTll. (Fig. -I: 3b.) 

('onidial fruilinc: lHJlli('~ (Fig. 1: 3) thickly scattered, d('\'(·Joping helow or 
\\ithin tile t·pidtTllli:-. ,\fld splitlin.L: it, forming little blisters Lut ~('arct'ly 

hn'<lking through. 1S0- 300 }.J. ill diameler, circular or t:'lliptical, ('on::;i:-.ting of 
a thin I)a~a[ b~('f S H}J. ill tbickll(-·~:-;. composed of hyaline. indi:-:tinct hyphae 
fJ Olll \\ hich ! Iw cOllidioplltlrc:-, ari~('; conidiophore:-, hyaline, conI inuou:-. or 
~('pl.III·. 11ul oJ);->Cl\ {'(i \n',ulching, conical or cylindric, son1l'linll's slighlly 
:--wolll'll 1)('\()\\ Ihe tip.'::; 12 X 1.5--2.0}.L: conidia oblong-ellipsoid to ('\ongau,d, 
hyalil1e or pall' :,:dll1\\i:--h-gn-·t'!l, one-ce!\t'd, straight or slightly curn·d. end~ 
rOUfl(kd or ~light Iy Lqlt'rill).,!, one ('lid with a t rUllcatl' apiculus. (1.1) - 20-28-(33) 
X (51 () 7 .1 (~.S)}J.: I}(I microconidia ohserved. (Fig.4: 3a.) 

lIo"'l: J\U/JIIS :-'Pt'l';{'~' 

T\l'F: Liber! 1'1. Crypt. :\rd. Fase. III. .!31. 

LX:-'llT.\'Jl: Ht,l. Fad. 11-1: Fung. Col. 1120 (as Pezitula rhaburbaril1a); 
I~r. FUll~. Sa:... -11, 11.f6. 

SI'E\']:\lE:-\:-> EX.Dll'\El): l'nin'rsity of Toronto Hl'rbarium. ()n Rubus 
~pt'ci('!"-. (lS}3 (2;01. (IS-13 (.!S3!, Toronto, Onlario--6900 (276 J, Be1\':,; Lake, 
norlh lit Parr~ Sound. Ol1lario~ .. 7-103 (20!). :\It. Nemo, north of ::\dson, 
()nlari(f ,OO() (-I/O I. Temagami Forest Reserve, Ontario. 

Ht·rb;lJ·iuJll (If J. \\'. Gron·:-;. Un Rubus spf'cies. 505, Graham Bay, 
Untario o.!.!, ('ol1stann' Bay, Ontario. 

Durand Herbarium of UiscomyC't'tes, 36()6. ex Lib. PI. Crypt. Ard. 231. 
part of type. 

On malt c:xlr;:lct ngar the colonies reach a diameter of 4.5-5.0 cm. in two 
\\,('t:>k~. Tht> mycelium is sodden and dosely appressed, with scant, fluffy 
to mattt,d. more or I(~ss tuftpd, whitish to slightly pinkish, aerial mycelium. 
The conidial fruiting bodies are'rounded, almost globose, black or greenish­
black. usually covered with a whitt', downy myceJi1Jm, 0.2-3 mm. in diameter, 



conlaining one or sometim('s ~'\Tral, rounc.lt:'d or lobed t'clyitit"::.. tt'<iring opt'1J 
\\'idt'ly and irrt'g-ularly. Tht· tissUt, I::. ('ompo~t'{i of hyalint'. dosl'!\' intt'r~ 
\\oyt'n hyphae, ahout 2-3 1..1. in diameter. hltlst'r ww.l~d tilt' outsid~·. The 
('~t\'ilY is ~urr(lundt'd by a zon~' (If ('OInpaCl. PSt'udOpart'lH'h\'llldtllll!' ti ...... m., 

('om posed of small. irregular cell!'. 3 71..1. in dianlt'tt'r, The c(l~idi()phll!t·" ,10<1 
coniriia an' typical. :dicrocnnidia pn'st'lll, hY,llint'. flliforlll. oIlP·n·!1"d. 
~lrLlight or curn:d, 10-30 XIS 2.01..1.. 

On twigs of Ruhus thl' at_>rial myet'liull1 i:-. lbll,dk nol .liHlnd.lIIt. forrnin\.! 
.1 ,,-hite or buff. cottony tuft at tht' point tlf inOl:ulation. and ll('ca"iull.111\' 
spreading over the twig. The conidial fruilin\..: hndit·s I Fil!. 3 : 4- \ .tn' ('rUnlllt'n;. 
Jm'aking through tht' epidt'rmi" and dt,\t'loping d:idly (In thl' Hufan' of tllt, 
I \\·i,l.:" roundt'd to cylindric. (l 3--1 I) mIn. in diallH't('r. (l 2 I) (1 IlHll. ill Ilt'il;hl. 
I'H".\nish to l)lackish. usually CUYl'H·d \\'ith ,l I{'(I~(', \\l1ili:-.11 t" 11I('\\111:-.h 

myn·liulll, The Lasal Hroma may rt'm,lin thin ,\_.; in nallll'(', or Illa~ (!t-n'!op 
to a thickIlf'S!' of 250 J.1 and cOlllain ollt' (lr molt· c;l\,ilit·s ill tilt' UpPl'!' pM!. 

The li~sw_' is compost-'d of clost'ly inttT\\I)\"('f) hyphat', 100"'t'f at tht· lltlt:-.idt.·, 

"tllllt'tinH's pst-'udopan-'nchymalous al ttH' bast'. TIlt' cOllidid and (Ollidi,,­

phores art:' 1 ypical. 

In one twig culture originating fnlm mass a:-,c():-,p(Jn'~, "l'\na! dIH11\lf'cia 

\ITre produ{'(·d (Fig, 1 : 41. They \\{'n' typical ()f tlw ;IPl!lht'ci;[ a~ i(lund ill 
naiun' in both macro"copic and minll-:o-t'opir char.).t·\\,'l":'o, ;\.nd t'l1\\Urt·,.. from 
lIlt' ascosport's wer{' typical. 

Some confu"ion has {':-,_i!'kd rt'g,lrciing tilt' :-pt'('ific idt'nlil~' (,f tili ... fUlll'U,. . 

. wd apparently thl:' naTllt' has "('en applied tl) fl1or(' than jllli' "[)("cit,!-. 

L\'id('ntl~' th(' type may h(' c(lnsicit-red t(lilt' th(' s~)i'rinlt'n i ....... u(·d in J'1. ('rYP1 . 

. -\rd. Fa~c. Ill, .:\0. 231. and a :;mall fragment of thi:- :-.pecinH'1l in til(' I )uralld 
Herbarium of Discomycdf':- at ('ornell l·nin·r ... it~· So. 3(;() (I , w<t" (·:-,_amilwd. 

Thi~ packt',t bon> tht' label "Patellurill RII!Ji Lib. Oil fallj'fl iJraJlc!w" of Ruhll-''' 
and contained only t\\() apothl'cia dl'tach(·d froI1l tnl:' ~ull~tralt', LUI t\wy 

Wert:' {'yidt'ntly the same fungus thai ()l'('ur~ on Rull!O in thi ... region, and the 
dHermination of the writer'~ material i:-. based on thi .... ~pl·('inH'n and al:-.o that 
j"sued in Kr. Fung. Sax. 41. 

The chief disting-uishing characler" {If thi~ st)f'ci("~ elf{' it'- UlTlIrrl'I1d" on 
Rubus, the ochract'olls, waxy. mo:-.tly singlt' apotht'cia, narrow asci and SPOrt'S, 
and tht' Gloeosporillm-like conidial stage. Tht' ~t'n("{i(' ('()nn('ctio!l oi Pe::.icilla 
Ruin' and Discosporiella phaeosora WI.1,O:; suggt' ... ted by Petrak (II), and this ha~ 
heen confirmt"d by the cultural ~tudi('s ahoH:'. Pt"lrak (1 t j bast"d tht" g(·nus 
lJiscosporiella on this species, charactt'rizing it as a Dis(osporiopsis (= Crypto­
sporiopsis Bub. & Kab.) with a \'ery thin ba~al ~tr:oma. ~annf{'Jdl (~) took 
the view that this was not a satisfactor\: character on which to base a generic 
st:'paration, and in the writer's cu!tu;es the basal stroma has .... aried from 
10-250 J1. in thickness, thus supporting Xannfeldt's contention. 

The writer is of the opinion that PeziculaRubi occurs only on Rubus, although 
it has been reported on other hosts. The type of P. Rubi was on Rubus 
as noted above. Berkeley (2) described a fungus as Peziza rhabarbarina, 
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which hf' said occurred on wild rose, and which Tulasne (21) later transferred 
to Przit.ula. Saccardo (16) also df'st"ribed a Pezicula occurring on rose as 
Pnio/./o ROJ"(le. Phillip!-o (13) ('onsiderpd P. Rosoe to be a synonym of p, rha­
barbarina and P. Rubi to be distinC"t; but Rehm (14) considered P. rhabar· 
barina to he a !.'ynonym of p, Rubi and P. Rosae to be distinct. Rehm gave 
tht· h()~t of P. RuM 3!-; "an dUrren Ranken von Rubus fruticosus, seltener von 
wilder Rosa". and of P. Rosae as "an durren Aesten von Rosa canina", In 
addition P. Rubi has been reportt.·d on Cornus and Ilamamelis, The cultural 
and nwrpho}ogical studies reported in this paper have demonstrated that 
there are thrf'(, distinct species occurring- on Rubus, Cornus and I-lamamelis, 
and that thest' thn>t' spt'cit's ran be separated in gross appearance, microscopic 
characters, cult ural character~. and especially by the type of conidial stage. 
Examination of all available collections and exsiccati has. so far, confirmt>d 
this spparation on tht· basi~ of hosts. The question as to whether P. Rubi 
mar occur also on roSt;' must remain undecided for the present. The \vriter 
has had no opp\)rtunity of exarninioR fresh material of the fungus on rose, 
and its conidial stage i~ unknown, hut examination of the specimen in Brenckle 
Fung-. Pak. 31)2, labeJi.ed Pe:;irula RosaeSacc., shows that it is evidently distinct 
from all thn~(' of tht' ahon_' spt.'cies. Tht> writer is of the opinion. therefore, 
that Phillips' intt'rprt'tation is more probably the correct one and that these 
fungi art· mort' c!osdy re~trictcd to (he host than has been considered here­
tofore. It is not im'ol1c('i\'ahk that P. Rubi might occasionally occur on rose, 
but ~inn' there ('yidt'ntly is a distinct species occurring on rose, reports of the 
occurrt.'I\('t' of P. RuM on this host should he supported by cultural evidence 
showing tht' tyPt' of conidial stage. 

Nannft'ldt (9) concluded from an examination of tht' type specimen of 
Ilclotiu111 "\copariutll Ckt'. that it was only Pezicula Rubi in a bad state of 
pr{'~{'I"\"al ion. The writer \\'ould also qUt'stion this determination, on the 
ground;.; of h()~t relation:-.hip. II. s(oparium was described on Sarolhamnus 
of the Leguminosae, and the occurrence of P. Rubi on this host would seem 
most unlikt.>ly. 

PezicuJa HamameHdis Gron's and Sean:-r sp. no\· . 

. \potheciis erumpentibus, dispersis vel plus minus seriatim instructis, 
solitariis Yt'l caespitosis. sessilibus, yt'!"sus basim attenuatis, orbicularibus, 
0,,, -1. () mJ11, Ja1is, (l, 2-0. 4- mm. €lItis, ochraf"eo.flavis, mollibu.5, in sicco cera­
eeis, ill humido carnosis; hymenio plano ,<el con\,exo, leviter pruinoso, margine 
prinw pallido dcin c\,anescente; hypothecio pseudoparenchymato; ascis 
oblongo·clavati:-;, bre\'issimo stipitatis, octosporis, 90-120 X 20-25-(30) J.I..; 
ascosporis elliptico-oblongis vel ovoideis, hyalinis, rectis vel leviter curvatis, 
continuis vel triscptatis, (20)-25-33-(37.5) X (8)-9-11-(13) 1'; paraphysibus 
hyalinis, filiformibu~, septa tis, simplicibus vel ramosis, 2~3 J.I.. diam., apice 
ad 8 jJ. incrassatis, leye epithecium formantibus. 

Apothecia (Fig. 3 : 1) erumpent, scattered or more or less in rows, usually 
single, sometimes caespitose with two to six in a cluster, sessile, narrowed 
below, circular, O.3~1.0 mm. in diameter, 0.2-0.4 mm. in height, pale 
ochraceous yellowish. close to cinnamon bbff when dry, brighter, close to 
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warm buff when moist. brittle, waxy in consistency. mort' fleshy wht.n moist; 
hymenium plane or convex, slightly pruinost'. at fin;t with a delicate. pale 
border which later disappears; tissllt· of tht' hypotht'cium compact, pSt'udo­
parenchymatous, composed of thick-walled. mon' or less isodiamctric to 
somewhat elongated cells about 5-10 p. in tliamt"tf'r. hyalint> to g-oldt'n yellow. 
arranged in more or less vertically parallel rows which curve obliqudy toward 
the outside where they are darker coloured; sUhhymenium narrmr, rom­
posed of rather loosely interwoven hyphae about 3-5 jJ. in diamE'ter; a~ci 
oblong-clavate, broad, short-stalked, eiltht-spored, 9(H 20 X 20- 25, (30) 1"; 
ascospores oblong~ellipsoid to ovoid, hyaline. strai~ht or sti~htly ("urved. on{'­
to four-celled, irregularly biseriate, (20)-25-33-(:'7,5) X (8)-9-11--(13) 1"; 
paraphyses hyaline, filiform, septate, simple or occasionally brandH·d. 2-3 jJ. 

in u~ameter, the tips clavate and swull€'n up to 8 J.l. in diameter, forming a 
slight, yellowish epithecium, (Fig, 4 : 5b,) 

Conidial fruiting bodies minute, about 300-450 jJ. in diameter, developing 
beneath the Quter bark layers and splitting them slightly, the conidia emerging 
in whitish masses. The fruiting body consists of a cushion~shaped basal 
stroma, usually much thicker in the centre than at the pedphery, and conw 
taining one or possibly more cavities; tissue of the basal stroma p!Seudow 
parenchymatous, composed of hyaline, irregular cells about 3-8 p. in diameter, 
becoming more elongated and interwoven in the thicker central part, the 
cavities surrounded by a narrow zone of hyaline, slender, indistinct hyphae; 
conidiophores hyaline, cylindric, septate, simple or sometimes branched, 
15-30 X 2,5-3 1", swollen below the tip up to 4 1"; conidia oblong-ellipsoid, 
hyaline, one-celled, straight or slightly curved, one end with a truncate 
apiculus, (25)-30-37-(45) X (9)-12-14,51"; microconidia borne in the same 
fruiting body, hyaline, filiform, straight or curved, one-celled, 1(}-18 X 
1.5-2,01"' (Fig,4: Sa,) 

HOST: Hamamelis virginiana L. 
TYPE: University of Toronto Herbarium 7983, Don Valley, Toronto, 

Ontario, CoiL J. W, Groves, Oct, 26, 1935, 

EX5ICCATI: Syd. Fung. exot. exs. 423 (as Dermatea Rubi), 
SPECIMENS EXAMINED: University of Toronto Herbarium. On Hamamelis 

tirginiana L. 2755, 4373 (54), 4375 (55), 4380 (59), 7982, 7983 (443). 
Toronto, Ontario----7984, Brant Co., Ontario, 

Herbarium of]. \V. Groves. On Hamamelis tirginiana. 56,272, Toronto, 
Ontario. 

On malt extract agar the colonies reach a diameter of about 4 cm. in two 
weeks, producing a white to pale yellowish or brownish, loosely matted, to 
fluffy or cottony aerial mycelium. Conidial stromata are formed only occa~ 
sionally and are usually much larger than in nature, up to 2 mm. in diameter 
and 1 mm. in height, more or less rounded, fleshy, buff, brownish, or olivaceous, 
becoming covered with a white, downy mycelium, at first with drops of clear 
green or amber liquid on them, then splitting open widely and irregularly, 
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("xpo~ing thl' \\hiti~h spore masses; tht' lissu{' composed of hyaline, rather 
loosely inten\I)\·t'n h~'pha(:'. 2 S~4,O fJ. in diameter, with a narrow, compact 
10m' of dO~t'ly inll'rwm:t'n hypha(' surrounding the rayily. The conidia and 
('onidiophon'~ (ire typical and microconidia are Yery abundant, 

On t\\j;.:~ of Ill1nmmelis a thin. \\hilt', cottony, aerial mycelium is som('~ 
tim(,s formed hut is usually not abundant. The conidial fruiting bodies 
(Fig. " :~) art' tint formed ahundantly and sporulation is rare. They are 
usually :'>trongly t'rumpent. rounded or irn'gular in shapt", sometimes suh­
cylindric, C{)\,(,rt'd with a white, downy mycelium. The tissu(' of tht' stroma 
is pst'udopar('nr:hymatolls at thl' ha!"t', compo:oed of hyaline, irrt'guiar cells, 
S IS fJ. in dianwter, l){'comin,l:. more pn)s('nchymalous in the- upper part, the 
hyphae ratht'f loo;o,('ly int('rw(l\'t'n hut with a ('om pact , yellowish zone. 20~-40 p. 
in thickncs:o;, !'urrollndin.l': tht, c<n'lly. \1irroconidia art' u:--llally abundant 
whih' Illacrocollidia are oilly ()ccasjonall~' produced. 

Thi:-. species \\'a~ collt'ctt"d nt'ar Toronto by Professor H. S. Jackson, and 
:..('nl ttl }),. F J, Sl'an'r \wf(lrl' t11t, writer had \)l'gun lht' study of this group. 
Pr, St'<l\'t'r f{'cogniz('d it a!' an undt'scriht.·d spe-cies, proposing the- manuscript 
name Pc:iru/a llamumelidis, and suhst'quently suggt'sted, wht'n thi~ cultural 
study was made, that the '\-\Titer debcrihe the spt>"C'if's. 

'I'll{' chief dj~tjnguishing characters of this fungus are its occurrence on 
Ifamal'nclis, the ochraceous. waxy, mostly single and not strongly erumpent 
apo1ht'cia, broad a:..ci, and the CrYPlosporiopsis type of conidial stage. The 
asci an' usually shortt'r and the ascospores narrower than in Pe;:,icula Corni, 
and both asci and as('ospores art' broader than in P. Rubi. It has eyidently 
ht't'n confu'f>t"d with the lattt'r in the past, but it can readily be distinguished 
by the :;izt' of t he asci and ascospores as well as by the size of conidia and type 
of conidial fruiting hody. Culturt's of the- two forms are- quite diffe-rent in 
appearann:' al:;.o, and then:' is no doubt that they are distinct species, 

The conidial fruiting bodies are extremely inconspicuous, and wefe only 
di~coy('red by plal'ing twigs bearing young apothecia in a moist chamber and 
obRt'rving the masSt'S of conidia which emerged through tiny cracks in the 
bark. As far as could he ascertained the conidial stage is also undescribed, 
but it is a typical Cryptosporiopsis, and the majority of Pezicula species which 
the writer has studied haye had conidial stages of essentially the same form 
as that found in P. Hamamelidis. 

Conclusion 
In these five- species, all belonging to the genus Pezicula, we thus find conidial 

stages that could be referred to widely separated families of the Fungi Imper­
fecti; for example, the conidial stage of P. carpinea could be referred to the 
Tuberculariaceae, of P. pruinosa to the Phomaceae, and of P. Rubi to the 
l\lelanconiaceae. In culture, although retaining some of the characters as 
found in nature, these conidial stages nevertheless tend to approach a common 
form, which consists of a more' or less globose stroma containing one or more 
cavities. This is probably the primitive type bf stroma in this genus, from 



\\Ohich the other types hayt' eyo!\,pd, It i~ oi iTllt'rt'st 10 IlOtt' that in :-opitt, 

(,f th{' rangf' of .... ariation in tht- conidial :'trOl11d, tht, cnnirliai ~pOrt· it~wlf n'm.dll~ 
"d!llt'r c()n~tantly oblong.t-'Ilip:'nid in form. Tht' fpl"m of till' :-.port' ill lhi~ 
~r(\lIp may, thenc,fort" he con~idt'rt'"(l of gn-att'r importallCt' in indjr<llill~ n'!.! 

ii\)n,.,hip~ ,han lht' form ot' tht, strom,"\, Thi:-. \\ ill 1M:" 1l1On' full\" <li~cll~~t'd ,dIn 
:-p('Cit,:, of tht' ft:'iated genus /)ermatea han' iwen {_'(ln~jdt'rt·d. . 
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BULB l'EMATODE CONTROL IN IRIS BY HOT WATER' 

Abstract 
Tht, intllll'f"il(jll of ifi" bulb" in water at 110 to 1120 F. for 60 min. effecti\'cl~ 

deslrelVi> the llull) nematode, 
Th(: saito period for nematode d(" .. tru,tion in ifi" hy hot water lit's hetween 

July]h and .·\ugw .. t I). Th('rc~aftl'r injllry to the hulh.., occur" and is rro~ressi\'ely 
greater a.., thl> i[llllWfSioll date" are delaYf'd. 

Introduction 

TIl(' hot watt-'f treatment is an t'fficif:'nt method for the control of the bulb 
nematod(~ in narci~si when the bulbs are immersed. for three hours at 110 to 
1120 F. shortly after tht,y art' lifted. 

A thrN·~hour immersion p('riod was found to be highly injurious to iris 
bulbs, h{~nce a study was undertaken to ascertain whether a shorter immersion 
period mig-ht dpstroy the hulb nematode in iris without injuring significantly 
the vitality of the bulb::.. At the outset, there appeared to be little hope that 
a shorter immt'rsion period would prove effective, for there is little evidence 
that a distinct strain is involved in iris parasitism (4). Sherman (5) and 
Hastings and Nt'wton (3) have reported bulb nematode survivals in narcissus 
aftt'r an immersion for three hours at 110 to 1120 F, These survivals were 
usually prt'-adults. In narcissus the pre-adult stage predominates in the 
nemalotlt' populations after long storage periods. Hastings and Bosher (2) 
have analyzed the nematode populations in a few varieties of iris and have 
reported small populations that consist largely of young larvae, Also, where 
large popUlations were found, the analyses revealed that they were principal1y 
young larv3(;'. As our studies of the heat resistance of mixed stage cultures (3) 
showed that young larvae are destroyed within 60 min. at 110 to 1120 F., it 
seemed probable that a 60-min. immersion period would prove effective in 
the ('ontro\ of the bulb nematode in iris, providing the bulbs themselves were 
not significantly injured by the heat treatment. 

The English and American experiments covering the effect of hot water 
immer~ion upon iris have b€-en briefly reviewed by GoCKley (1) in his presi­
dential address to the Association of Applied Biologists in 1936. He stated 
that the attempts of Steiner and Buhrer (\\'ashington, D,C.) and Hodson 
(England) to ('ontral the bulb nematode in iris by hot water were not success­
ful. On the other hand, he stated that Staniland successfully controlled the 

1 Manuscript reuit'ed January 13, 1939. 
Contribution Xo. 576 from the Division of Botany and Plant Palholog)', Science Serrrice, 

Department of Agriculturt', Ottawa, Canada, (Continuing the Seru-s of the former Division of 
Bolany. ) 

t' Graduatl' Assistant, Grade 1, Dominion LaQoratorv of Plant Pathology. SaanichIon, 
British Columlna. . 

~ Plant Diseasf' ],tt'f'stigator, Dominion Laboratory of Plant Pathology, S(J,lLn1'chlon, British 
LOlumbia. ' 
Colu~~~'hol()gisl-hHharg~. Dominion Labomtor·y of Plant Pathology, Saanichton, Britt'sh 
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nematode in "Imperator" bulbs by immersin~ them in t'arly aurumn for 50 
min. at 110 to 112° F. 

In correspondence, Dr. F. \\'\'lss report'S that in 19,~() a quantity of ~orth 
Carolina iris bulbs wpre put through a nn{'~ to thre(,-hour immt'r:-.ion in wat{'r 
at 110 to 112° F. without injury, lwtwt'ell July and tht· (·nd of August. but 
~\ere injury occurred when iris bulbs w('rt' similarlv tn'att·d in mid.October, 
1 lr. \\"eis5 states that tlw hulhs grown in the soutl\{'a~t\'rn l·nih·d ~,,~\t's ,Hlain 
a greater degree of dormancy than those grown in tht' northwest It is prob. 
able therefore that the safe immersion pt'riod in Briti~h ('olumbia may lw 
f'hnrtf'r than in North Carolina. ' 

Experimen tal 

Parcels of "Supremt''', "Imperator", and "\,"edgewood" iris bulbs were 
immersed in water at 110 to 112° F. for one hour at fortnightly intervals 
between July 26 and Octobt'r 19, in lQ37. After tht'y had been n~moved 

TABLE I 
THE bFFECT OF A ONE-HOl'R IMMERSIOS OF IRIS BULll~ IS WATER AT 110 TO 112 0 F. os Btj'LB 

ASD NEMATODE SUR\"l\"AL AS IKFLCENCED BY THE DATE OF TREATMENT 

Variety 

Supreme 

Imperator 

"'edgewood 

Date of 
treatment 

Check 
Check 
26 July 
9 August 

23 
9 September 

20 
19 Octuber 

Check 
Check 
Check 
26 July 

9 August 
23 

9 September 
20 
19 October 

Check 
Check 
Check 
26 July 

9 August 
23 

9 September 
20 
19 October 

I 

\ 
i 

i 

I 
I 
I 

I 
! 
i 
i 
I 
I 
I 
I 

I 
I 
I 

I 
I 

Planted 
weight, 

gm 

100() 
1000 
l()(KI 
1000 
1000 
1000 
1000 
lOO() 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

1000 
1000 
1000 
J()OO 
1000 
1000 
1000 
J()oo 
1000 

Harve.~ted 
weight, 

gm 

---,-

83i 
602 

1340 
1436 
1133 
626 
336 
18. 

1625 
1454 
1410 
li33 
1684 
1463 
133.5 
1320 

64() 

1625 
1485 
1442 
1757 
1671 
1465 
13'7 
1350 
670 

Perrcntage 
infested 

with bulb 
d I_~cm~~~ 

I 94 
96.2 

i 0 
0 

r 
0 
0 

I 0 I 

I 0 

I o· 
0 

! 
0 
0 

I 
0 
0 
0 

I 0 

I 
0 

I 0 
0 I 0 

I 
0 
0 
0 
0 
0 

I 0 

• The ImperatDr and Wedgewood bulbs were induJ,ed to ascertain lheir physiological re$~ 
to lwt water. The planling stock was sligJUJy infested but no nmwtodes could be found sn the 
ka1'1lested crop, irrespective of treatment, 
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froTll tht, hilI waleI' hath, tht'~' \\pre imffiprst'd in a O. £1015("; suspension of 
JJlt'r("ur~' a:-. n){'th~ I ITlt'n'ury nitrate*" for 3() min., then placed in storage, 
:\11 parn'l:-. \\ t'rt' plantt:'d in lht· fll'ld on :\o\'pmlwr 4. Tht, immersion in an 
()r~(lnjl' JIlt'rcllry "u:-'Iwn:-.ion \\as deemt'd ('sse-nlial a" a protection against 
P('nin"//ium rot", \\hich normally caust' considerable injury; and susceptibility 
to PP11i('i1/iu!1I injury i" in('rt'a;.;;{~d by hot water treatments, 

'l"hl' n-sul", art' gin'll in Tahh· I. It is readily seen from tht, \H'ight of the 
hulb" han'e:-.lt'd that injury occurs unlt,ss tht' bulhs an' lifted early and im­
mer,,('d "honly aftt·r. In all thn'l' \'arit,tit'~, injury occurred aftt'r August 23 
and Iwcanw progn'ssi\"t.·l~· g:n-alt'r as the immt'rsiol1 periods" en' delayed. 
It j" apparellt thaI a olle-hour treatment dt'stroys tht' majority of the Ilt'TTIa­

t()(h'~, l\'o li\'ing 1H'11IatO(ie:-. \n.:TI' n'cO\'ered from any lot immNSl'd for 6tl min. 
at 110 to 112" F 

.. . ':(lld lIudl" Ilil'll"IlIll' 1Ii/1II(" (if "/.1".1'/(1.11/11", ';l'lli! m('r//lry l'qlli:'lIit"1I1 /11 I 5',. 
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MICROBIOLOGICAL STt:DIES OF APP ... L\CHI.,\lI> 
PODSOL SOILS 

IY. THE DECO~IPOSIT!O" OF GIXCOSE I" SOILS PRnlot·SI.Y 
TRE.\TED WITII :\:\fE~DMf:~TS' 

B\ P. H, H, (~l{,\y~ ,\;..;n C, B. T.\\"UH{,\ 

Abstract 
.\ .. t\ld~" ha,. In't'll madt' .,j fh l , dt',".,mpo .. lti.11l Ilf ).!Iuc.',-p in 1\ll' rultiy,I\('d 

pod .. ,,] ,>oil .. 1 hd! h,ld pn'\'illll,.l~ hlTl1 t re,lIed wit h ,dk,d!Il" ,U11I'IHllllt'Iit ~ 
J,ime ... tolnl' illcn'_t"l"l, ,Inti "(Jdll!lll ,'"r[x,n,l\l' dt'l!" ,1~t·(1. ! I1\' <lm"lIlI! "I i'(lrhun 
dio\:idt, protitH'l'd Ir.,m tht· "ulllr,,1 ,.,lllll'lt,,,; ii1l1l'''''l!l(' ill, n',ht'd lht' rdle ,J! 
l'\(lltl1i'lIl llillh ill "llnln,1 ... ,Implt· ... .11111 in ,..,11l1J.1t''' rl'n'i\'ill~ 1.!111I'C'''( TIll' 
tllt,li ;J.1lI()Ullt "f ("Irl,oll ,ii,)\.i,k pr",\w',"\ \\,1'" ilh'n',I"(',! 1)\ ltlllt· ... l"Ilt' III "'Ill 
hin,llion \\ilh ... "diulll ,'.lrbOI\,llt' \llll !lot \,\ iinw,,\'l[lt' ,\1,,111', TIll' IlUmlfl.T-. "f 
ht'ltTlltr{lphic \',i('leri,1 dt'\'t'II'I,ill~ \Iilh glli(""l' wI'n' ... tiI1lUI.I!l"\ II: iilllt''''\I)!\(' 

Introduction 

Hi' 

II ha;.; recently hf'en :-.h(H\ n (3) Ihat tilt' addition tlf alkalinf' amt'IHimf'nt:-. 

to pod sol soil;.; incrf'ast'd total microbia! activity. nitrification, and tht' numbers 
of bacteria, The significant incrt:'ast·~ ill ttH' thrt'l' biological factors studit'd 
\\'t'rt" hy the an'rage of trt'<:I.tnwnt:-., 62,181, and 19S"; rt'srwctiq,Jy, Thest' 
values are deri\'ed from tht' an'ragt' (If tilt' pf'rn'nta,l!l' incrt:'<tst'f, found, Ipss 
Ihe pelTf'ntage rt'quin-'d for a significant differt>nn', in 10 of the] 1 treated 
plot:-. The inrrf'i.lst"s soggestt'd thaI 1lH' treatment of field soil with calcium 
oxide, sodium carbonat"', and sodium hydroxid(· rel('ased a ('ollsidt'rablt' amount 
of readily a\'ailahle food matt'rial for the soli mic{"o-organlsms, The mat~'rial 
relf'ased must ha\'e contained carhonaceous as well as nitroR(:'nous substances, 
sincE' the carbon dio"\ide output as \\ell as thp acti\'ity of tht:' hf'lt'rolrophic 
and the nitrifying bacteria was increased, Somt' (If the carbonact'ous matnial 
may have heen dt'ri\'ed from the incompletely dt'compmwd plant re;.;iduE's, and 
some from that part of the soil organic matter that indud(~s tht, ('p\ls nf micro­
organisms, Shaw and -:\IcKibbin (5) have determined th(;' amount of soluble 
organic matter that such treatments will liberatt.· from pod:-;oj soils under 
laboratory conditions; it is not known, however, what proportions of the freed 
material will serve as S(lurce~ of energy and food for soil ()q~anisms, 

The ratio of organic carbon to total nitrogen in these soils is about 15 : 1, 
As the relative increase in activity was least in terms of the soil's total microbial 
complex, it would seem reasonable to assume that there was relatively less 
carbonaceous than nitrogenous material liberated by those trt:'atments, It 
would appear, therefore, that the carbonaceous residues of the soil are in a 

1 Manuscript received December 30, 1938, 
Contributiot~ from the Faculty of Agriculture, McGiU Unit'ersity, Afacdonald College, 

Que" Canada. Macdonald College Journal Series No, 115. This paper is the fourth in a series 
dealing with part of the work of the SOIl Fertility Committee of Macdonald Collel:t', 

2 Associate Professor and Head of the Department of Batteriology, MacdMald College, ,Que. 
3 Research Assistant, Department of Bacterioio!!.)" Macdonald College, Que" May to ,)'ep­

lember ](')37, by arrangement with the Division of Bacteriology, Science Sertoice, Departmenl of 
Agriculture, Ottawa, 



(A,,\',lfJl.U; J1WRX..tI, (II, RE.~EARCI1, l-'OL 1/. $0(', C. 

form not f('adi!y made availabh·, and only partially so after treatment with 
(Jrganic malt"{'r s(Jln'nts such a!' sodium carbonate. It has been shown that 
the addition of nitral{' of soda alonf' does not increase microbial activity or 
bacterial numiwrs in these soils (3). 

It SI:t'flH'd, tlwr('fon., that an undprstanding of the nature of the processes 
arising from such treatmf'nts could lw obtained by dt'termining the intensity 
of microbial activity' aftpr adding an ('asily available carbon compound, such 
as glucof.p, to soils previously tn~att'd with amf'ndments. 

Experimental 

~UMBERS OF ~IJCRO-ORGA!\"ISMS 

The !'oii:; st'h'ctcd for study ,n'rf' taken in :'\'lay 1937 from plots under 
(';ql('rinwnt in th(' ,·jCillit~, of East Clifton and Sawyerville, Compton County, 
Qu(', The plots wen' ~ituat('d on two farms, and had been treated with 
lime~tOlw, sodium carbonate, and a combination of these two amendments, 
as reported in a prcvious paper (2). The treatments were applied in October 
1935. Tht.>ir ('fIt'cts on the' numbers of bacteria (with actinomyces) and fungi 
wpre studied in fIve samplings during thp summer of 1937, when the plots 
wt"re under dovt'r and timothy grass. The average numbers of micro· 
organisms in tht' samplinj.!s, determined by plating with Thornton's medium, 
with soil extract glucose aRar for harteria and actinomyces, and with the 
iatlt'r medium made acid ,,,'jth tartaric acid for the fungi, were as shown in 
TaLle J. 

TABLE I 
KUMBERS Of' MICRO-ORGANISMS IN SOILS TREATED WITH AMENDMENTS 

Soil treatmf'nt 

Cuntrol 
Lime:,tone 
Sodium carbonate 
Both amendment!> 

Control 
Limestone 
Sodium carbonate 
Both amendments 

6 93 
12.04 
13.4,3 
14,6 .. :; 

Bacteria and actinomyces, millions per gm. 

13.96 
26.86 
2i .20 
31.80 

12,4i 
35 43 
28.28 
32.39 

24.18 
35.74 
31.96 
35.04 

Fungi. thouffinds per gm. (av. of 3 samplings) 

125 
88 

105 
103 

147 
133 
115 
132 

The results given in Table I show that with both mediums used the bacteria 
were greatly increased by the treatments, though these had been applied 
18 to 23 months previously. The sodium carbonate was as effective as the 
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limestone; both amendments tngether apfK'ar not to han' rau~ an\' increase 
oyer the numbers gin·o by earh one f";(>paraH'h·. Thf' {'tlt'cls (;f sodium 
carbonate had thus lasted through t\\O seasons, as shown in tht., parlin work n). 
Soil T supported tht' censl~r microflora of tht' two, as shown hr comparing the 
numbf'.rs in th{' control plots. Thi':'> difh·Tenrt'. as pn'viotl!.\Y p{lintt'fi OUI (2), 
was probably due to tht' fact that this soil had ht.'t'll in tht· virg-in statt· onl\" 
two years before. Tht' addition of tht' amt'Tldnlt'Tlb to this soil caused ~ 
gn'at('r increasp in tht' numlwrs of hacH'ria growing in llw mort· st-il'ctive 
meriium, than in the soil l'xtract agar. 

The fun~:d were depressed by the trealrnentf.. 

NfTRIFYI~(_; CAPo\ClTY 

Samples from thest' plots were also used to inoculat(' a mint'ral salt medium, 
in Ordt'f to determine if the tn'atments had ~tim111at('d the nitrifying hactf'ria 
to dt'velop a greatt'r capacity to oxidize ammonium sulphatt' undt.~r controlled 
conditions in the laboratory. Sinct' tht_> nitrifying bacteria prcf{~r a neutral 
or alkaline en\'ironment to enablt:, tht:'m to oxidize ammonium compounds 
most rapidly, it wasexpectt'd that these trt'alTlH'nts might lw found to stimulate 
tht:' rate of nitrificat ion. 

The pH valut's of fresh samples from these plot!. \H'J'{' del ermined by the 
f'iectrometric method (by \Ir. H. L. Fletcher) and wen" found to bl:' as follows: 

Treatment Soil R Soil T 

;"\il 4.9X 4 ;0 
Lime"tone r, IR (J hi 
Sodium carhonate :; 63 ;:; 42 
Both amendments (J 96 5 ;1 

The medium used for cultivating the nitrifying bacteria was composed of 
Ihe following salts (1): K,HPQ" 1.0 gm.: ,\IKSO,. 7H,Q, 0.5 gm.; ~aCI, 
2.0 gm.; FeSO, , 0.4 gm.; (NH,),SO" 1.0 gm.; water, 1000.0 gm. The 
medium was dispensed in 2S-ml. quantities in Erlenmeyer flasks of 125 ml. 
capacity, and sterilized. ::\'Iagnesium carbonate was sterilized in O.2-gm. 
quantities in tubes and added to the sterile salts. Three flasks of medium 
were inoculated with 1 gm. of each soil, three with a garden soil over limestone 
for comparison, and three were kept as sterile controls. The cultures were 
incubated at 28° C. and tested at intervals for nitrites and nitrates. Nitrites 
were tested for by means of Trommsdorf's reagent. After the nitrites had 
disappeared, the cultures were tested for nitrates with diphenylamine in 
sulphuric acid. The results are shown in Table II. The oxidation of ammo­
nium sulphate proceeded more quickly, in both soils, with samples from the 
plots that had received sodium carbonate than with samples from the control 
plots. The soil with the higher bacterial numbers, Soil T, was the more 
active, though slightly more acid, and treatment with limestone brought it up 
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to dw h'H'1 or a rich garden soil. Tlw combination of sodium carhonate with 
jinlf':',lOJW ;limulatt'd tht-' hactt'ria in Soil R more than did limestone alone, 
Thi~ t(·~t \\/)uld M't'!Tl to confirm tht' \'iew that tht, treatment~ with sodium 
carhon<Itt' had n'I{·a~ ... pd nitrogt'nou!' material for the use of the nitrifying 

T~BLE II 

;\J1Rll'l(.ATiOS OF AMMO:"f1·M ~n_PHATE I~ SOLt:T10S Cl'LTCRES 

DUT,It\on of l'xpenment. day~ 

il;tctnia in llH' :--oil. t'llahiing them to dnTiop hight'r numl)(:'rs and to oxidiLl' 
fr(':-;h material ilIOn' dlectin'ly. TIlt:' t'ffpct of the limestone was prohahly 
limited to reducing the soil acidity, which could also enable these bacteria to 
jwconw mort' actin'. It W,lS expectt'd. tht'refore, that fresh carbonaceous 
material \\()uid Iw mort' rapidly dt'composPd in tht' pn'st'IlCP of some of the 
reka:'t,d nit rngcl1{1us material. The f(·duction of acidity which gave rise 10 
hightT numhers of heterotrophic hactt'ria might also bt' assumed to stimulate 
tlw utilization of glucose. 

DEC()MPOSITlO~ ()F GLl'COSE 

Samples from lIlt' plots at the two places had been allowed to dry rapidly in 
tht-' air of the laboratory. The experiments began on July 13 (Soil T) and 
July 27 (Soil R), 1<)37. The treatment of the samples and the methods used 
have ht't'n descrihpd in a preceding paper (4) .. 

The amounts of glucose recO\'ered from the incubated samples are shown 
ill Table III; tht> amount added was 32 .. 1 mg .. per 10 gm. of moist soil. After 
the glu("'osp had disappeared. the pH value of the "nil" samples, determined 
colorimetrically. was 7.0 in both soils; that of the "CaC03 " samples was 
from ;,5-8.0. 

The carbon dioxide was collected at intervals for 10 days, The totaj 
amounts at the end of that tIme are given in Table III. Previous treat­
ment with the limestone appears to haye developed a more active microflora 



in Soil R. for the increased evolution of carbon diuxidf' is set"n in tilt' control 
l'ultures as well as in thost' with gluc()~t·. Tht' tn>,lInwnt~ do not appear to 
han' ht't'n eff('ctivf' in tht· soil (T I mon' rt't't,ntiy hrought into cultivatiun. 
though aniyity in thi!' soil wa~ somewhat grealt'r in tht· control l'u1tUrt·~ 
than in those of Soil R. 

R \Yith gluc(\..,e 
l">lltr<,1 

\linll~ control 

\Yith glllCo-.e 
('ontrol 

'Iintl~ control 

1'.\I\LI-: III 

Tn'dtTl\t'111~ 

Cll '( ),. :\ ,I~( " ), 

(;lul'''..,e [('«(\\'I'fed, Ill':. 

2(> , 2. 
" :\il S S 

:\il :\il 

2~ .\ 
23 , 1; {) I" , 
:\il :\il 'it 

TOTal ('0" 11\" per lOt) J..:!l\ ""it 

.fIS .f3:; .flO 

'li II. S(j 

327 321 321 

.. j..IG -lCJ2 .t-:;(, 
HJi HIS I.N 

322 30.t- .117 

:-":.1'( 'I )~ 

+ C'ICO~ 

" " I , 
'il 

" " :-\i\ 

-1()k 
1-l7 

,51 

4x._ 
15() 

327 

The amounts of gas evolved from the ~lu('ose were about equal for all 
treatments, and were similar in both soil~. eX('('pt that that from "Iiml~stont·" 
in Soil T was somewhat If'ss, and that from "both amendments" in Soil R 
was increased: the differences may. howf'ver, be significant. The utilization 
of fresh energy material by a rf'stricted microftora appears to have maskrd 
Iht' differences brought about by thi:' amendments. 

The results suggest that the normal soil microflora had been ~timulated by 
limestone, which effected a change in acidity only, and that any earlier benefits 
of the sodium carbonate, such as were reported previously (3) in studies of 
similar soils, were no longer in evidence. 

The rates of carbon dioxide production were determined in the manner 
described in the previous paper (4); the results are given in Table IV, in which 
the values represent milligrams of carbon dioxide per 100 gm. of moist soil 
per hour. 

The limestone appears to have remained more effective than the sodium 
carbonate; the latter stimulated activity only in Soil T, which contained 
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mort' (If t he residues remaining in a state of partial decomposition, and had 
dl'\"('!('ped higher numbers of bacteria. The earlier high rates in Soil T 
corrl'~p()Tld with the earlier di~appearance of the glucose. The numbers of 

TABLE IY 
l'AkHO~ lJlOXIDE PkOIJuCTlOS, MG. PER 100 GM, SOIL PER HOUR 

Treatment 

:-:'uil Time, hr. 
I ~il : CaCOs Na2C03 

Ii 
Cu!tmt'~ \\ith 

gll1CO;,t' 

····j----I----
I n M) I 

("l'l1tro\ (\lltllrt'~ 

r 
Culture .. "ilh 

glu("o"" 

Control ruiturc!o 

23 25 
3(J.75 
45 25 
()9.25 4.04-

143 i5 I 2.'1 
23<) i5 {I i9 

I ~~.~~ I ~:~~ 
4-5 25 ' 1.47 I m 75 I (I ~,I-; I 

I 143 i5 I 0.21-' 

._ j ·_='.:2~--I-_'I_I2--i 
23 I - I 

II 5 ! .5 10 

11~.~ I i.~~ 
238.5 0.70 

68.5 
238.5 o 68 

TABLE V 

2 .+6 2.20 
6 58 5.22 
g 4i 6 66 
2.46 3.48 
1.12 0.95 
0.78 0.81 

0.65 048 
1.73 1.13 
2.27 1.44 
0.64 0.75 
0.30 0.21 
() 20 0.17 

LI4 3.48 
8 28 7.86 
6.35 6. i5 
2.42 1.94 
1.34 1.31 
O. i5 0.78 

1.41 0.93 
o 54 0.44 

ilACTERIA ASD ACTISOMYCES. MILLIONS PER GRAM 

Time. 
dan 

At start 
I 

1.51 1 
6.35 

111.60 
107.40 
121.80 
96.23 

17.39 

I 25.28 

Soil R 

Cultures with glucose 

1.17 1.54 
146S() 60.80 
15740 102.00 
168.60 131.50 
194.30 107.00 
17260 39.68 

Control cultures 

SO.59 

I 
59.9\ 

50.01 26.45 

Soil T 

Nil 

Cultures with glucose 

3.55 1.40 2.47 1.47 
201.lO 16.43 104.30 15.31 
176.10 25.07 88.31 63.06 
174.50 108.30 "J.41.10 83.37 
162.25 22.82 151.00 52.65 
82.24 39.08 125.70 45.04-

Control cultures 

53.~ 3.62 

I 
12.5-4 

I 
16.55 

51 94 t6.1ll 29.31 33.66 

!'a:tCO, 
+ CaC03 

3.40 
i .19 
6.03 
3.56 
1.29 
0.93 

1.00 
2.13 
I. 78 
1.05 
0.38 
0.27 

4.53 
8.11 
7.40 
1.81 
1.31 
0.74 

1.15 
0.46 

2.08 
34.40 
90.93 

196.30 
101.60 
82.94 

13.2" 
36.97 
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bacteria and actinomyces, in soil extract gluCQS(" agar, wert" as shown in 
Table y, The colonies in th(> sample~ treated with glu("o!'t' were, aftE'r the 
start. bacterial only. The hig-h numbers in the- control cull Urf'S wert' caused 
hy t~e long period of drying that precedPd the remoistening of the s.'lmplt·s. 

The bacteria in the R cultures reacht."u their hi!!:hest numbers 24 he earlier 
than those in the T cultures, althoug-h the glucose was decompoSf'd more 
rapidly in the latter. The limestone, hoth alone and with sodium carhonatt'". 
caused the greatest increases. In hoth soils the hight'r numbers with the 
limestone were associated with increased rates of carhon dioxidf" production 
from the samples receiving glucose. 

The beneficial effects that may have arisen from the organic matter relea5t"d 
hy the sodium carbonate shortly after the soils had been trt'ated were not 
shown a5 clearly as those derin'd from the treatment with limestom·. 
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VIBRIO ,4MYLOCELL,1, ~. SP., A SOIL ORGANISM THAT 
. DECOMPOSES CELLULOSE A~D PRODUCES 

GLCCOSE t'ROM STARCH' 

Jly 1'. H. H. eRA'" 

Abstract 
. j",o].ll(>d from !-oi\. ,ltl;!ck.., ('('l!u!()~t'. :'Iarch. d('xtrin. 
c:ro'" in medium" cOllt.lining bed eAtran. It can 

,\\l1inO-dcid ... , and mineral "alt cUll1p\)und~. when 
!-"Hf('(' of carboll. (~lllco~' j" formed from "tan'h 

dml ,w,'uTlllllat('" in a starch medium containing 
IIliliZl·d nJT11pit'tcly "hen pota,.;..;iulll nitrate i.., 

of glllc(J"'(' j ... f('laH'd t() the developm{'nt (If acidi!\, 
n',Il-\·j;lhk. ('akiulll c.trhonat(' dt'pn."""e" dia"talic 

(Jr~dnl'_lll 1(, lltili/.(' tIlt' glIICO,,(' f()Tllled. 
('1l7\ lJ)t' "I I' 1I111ViOldiIJ i.., mUTe .lcti\T apart fTOlll the (Jrgani"l1l 

. Tlw (IT).!ani';m j" IlV)rt' act iye in starch hydnJly..;i.~ than ,,()Ill(> 

Introduction 

The dt'(,()nlpo~ition of plant re,.,idut'~ hy soil bactf'ria and other fungi 
d('P(,lld~ for completeness upon a great variety of micro-organisms. among 
which difTt-n'lH grDups play p:;:.:-;entlal roles. Structural material such as 
n,lIuJo:->t', or st{lra.~t' products such a~ starch. art' decomposed to yield ulti­
mately carbon dio'\ide and wattT; the intermediate stages of the dissimilatory 
proct:'ss in soil are not krw\\ n hut are assumed to be those found when such 
mah'rial~ are acted on by micro-organisms under laboratory conditions. In 
~uch studit-·:-. cellulose and starch han' given rise to sugars, fatty and other 
adds, <lcetont' and alcohols. Tlw bacteria described as the agents in that 
type of decomposition art' mainly anaerobes, producing acids and alcohols 
from the sugani formt'd. Reference to such organisms and their activities 
art> gi\'t·n by Thaysen and CaHoway (16). 

The production of sugars in soil has to be assumed, for they are 50 readily 
decomposed by at'robic as well as by anaerobic bacteria that they are not 
found as intermediate products in agricultural soil. Since, however, the sugars 
providt> an easily utilizable source of carbon and energy. it would appear 
worth while to isolate and study specific micro-organisms that produce them 
from cellulose or starch. The present study concerns a bacterial organism 
that at tacks cellulose and produces glucose from starch. 

Among the bacteria that have been reported to produce glucose from starch 
are B. slIm'eolens (13), B. anthracis (10, 11), B. maydis (3), species of Glyco­
barter (18), B. citreus cadmleris and B. cloacae (8), Granulobacter pectinO'ltorum 
(15), a coccus, not namt'd (14), a cellulose-decomposing organism, not named 
(12), and Streplobacterium plantarum (4). 

I Jfanuscript reult.ocd January 28. 1()39. 
ContriinAion from Jhe Faculty oJ Agriculture of McGill Fniversity, J/acdonaJd College, 

Qtu .. Canada. Macd{)naJd Collt'ge Journal Series ]\;'0. 118. 
t Associate Professor and Head of Department of Bacteriology, Macdonald College, Que, 
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Clucost, was !-'hown to lw prt'st'nt, hy the o!"<izonf' te:-:I, in fht, culturt~:' ,If 
(;rllnu/oharter, of Ihl:' n>l1ulost'-dt'compo:,ing (lr~anism. <mel (If the .\'/rrf'!(l. 

l'llrteriunl. ~apias (11) !'>tatt'"!-' that B. <l1Ifhnz('is prodlln'~ ;;Ul~,tr \\'h{l~I' ll.ltUrt' 

:-tlt" did not df:'tprmine. hut ;lCl'{'ptt·d a~ heing partly l!lu('()~(' on tilt' h,t"i:-- of 
\\ork by F{>rnbach, who iattT rppnrted m,l.ltn..;t' W<I:' pr(lcill("t'd \)\. an \·,tr.~l't of 
cell~ of Tyrothrix (Baril/us) I('nt/is (3): the malto:->(' \\"a~ changl'd TO d('\tf(l~(' ami 
lh('n to dihydroxyacf'wne. In :\apias' work tht' ~ugar wa .... f{,POr1l'd to han' 
hecn dt.'stroyed bdore all of thf' starch had l>t'l'n h:niroh-u·d. ('<l\"auilni (3) 
and \Yollman (U\) give fit,::urf'); for tht· yield of .... ugar (calculatt'd a:-- ghwo .... ('); 
the former quotes a yield of 23 mg. of glucose fr(lm lOO 111\.:. of ~!arl'h in -1-1'1 hr. 
In \Yollman's work, Glyrobacter pr(Jtcolyfirlts produced 2. 5 .~Ill, (If ;;t1I.!,.lr 

<'ca1culatf'c1 as glucose, but ~tated to 1)(' a mixture of glut'o~(' and rTlalto:wl from 
6 !-,!m, of starch. GlyrobarteT peplo/ylirus appt'ars to han' l)t,t'll l,·s .... .'lnin'. 

Tlw organism that forms tht' suhjPct of tht., present study ditltT~ from any 
prt,\'iousiy described species of the Schizomyct'lt's in its ('~ltural ("hara('tt'r~ 
and hiochemical activities. On thf' hasis of its morphology, and from its 
ahility to attack cf'lIulose and starch in syntht>tic mNliuTns, tht' binomial 
l'ibri() amylorella is propost'd for it, 

Isolation and Cultural Characters 

J'jbrj() aJl].v/orello, n, sr" wa .... isolatf'd jn Ff'bruary j()3R, from manun·d 
gardt'n soil. of the hrown-earth type over limt':'-tollt'. Tht· sample contained 
a large amount of fibrous d('bri~ of grass roots. A su .... pt:'nsion of t Iii' ~oil \\ as 
inoculated into ct'llulost' medium compospd (If a strip of filt('r papt'r partly 
immersed in 10 mL of a mineral salt solution, with potassium nitrate O.21:~(. 
The papf'r became disintegrated chiefly at the air-liquid interfact', Actively 
motile bactt'ria of the curved rod form wpre isolated by mt'an~ of an agar 
medium containing soluble starch, Colooi(>s wert' light grt'enish yt>lIow. 
Pun:" cultures decomposed filter papt'r cellulose and were strongly diastalic. 

The organism was unable to grow in ordinary mediums containing beef· 
extract. Peptone could support growth when supplied as a source of nitrogen 
in starch hydrolysis, in the decomposition of cellulose, or with certain other 
carbonaceous compounds as sources of energy, Gelatin is slowly littuefied 
if a suitable source of carbon. such as starch, dextrin, or glucose, is present. 

The organism, of which only ont" strain has been isolated, is aerobic; it does 
not utilize cellulose or starch in synthetic mediums from which atmospheric 
oxygen has been excluded. The ;roung cells on starch agar are short, thin, 
curved rods, measuring about 2 to 3 J.L long, or longer preceding division in 
the adolescent phase, by 0,6 jJ. broad. The motile cells from a culture on 
starch agar, after 24 hr. at 30 to 35° Co, have from one to four polar flagella 
(Fig. 1). Capsules can be demonstrated by :\1uir's method, but are too 
tenuous to be seen in films prepared with nigrosin, In its morphology and 
manner of attacking cellulose, it thus resembles Fibrio agarliquefaciens (7), 
and some of the species of cellulose-decomJX>sing vibrios studied by Kalnins 
(9). It differs from those organisms in that it does not grow in ordinary 
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J11l'dium!-, nor liqupfy agar . .:\mong other mediums which did not support any 
gnm Ih we'r(' pept(IIW Imlth . tryptophane broth. lilOlu!" milk, dextrose and 
lacto .... t· agar~ (h(Ith nJnl~lining bf·C'f-('xlra C' t ). POtatO slant and block, potato 
dcxtn'se agcJl. pcpt(lill' )..:Iycerol broth. and glycerol. mannitol. inulin. and 
~ly('()g('n in s\'Illlwlic Int ·diuT11~ . 

FIG. 1. l',bno amy/o((lIa .. fhrJU.ing, .flag,rlla. frflnl a 2-l·hY. CfJtllrl' oJ 33° C. (m slarch 
agar. Stoinrd liy Gray's ml'lJwd ((j). Xl/jO. (Contact print from camera iluida drawing.) 

The action on n~lIulose iR rapid: motilE' cells are \'isible in a wet mount from 
a cuh_ure a(t~x l~~ ~h·.\n 1..l. hr. i._\~ 3-Go C .. \hou~h d~~~t\tegra\~on Q( the ?aper 
may not then be visible, In some cultures. \\' ilh potassi um nitrate as the 
sour{'e of nitrog'f'l1. the paper beg'ins to disintegrate within 24 hr. The 
organjsm decomposes the paper at temperatures from 150 C. to 37° C.; at the 
latter tf'mperature the attack on tlw paper is more rapid than at 30° C. I t 
does nOl grow at 41 to 42° C. Reducing substances ha\'e not been found in 
cellulose cult ures. The amount of cellulose decomposed was asct!rtained by 
growing: t.he orga nism in a mineral salts medium with potassium nitrate. 
with a round of filter paper weighing: 0 . 55 gm. supported at the air~ li quid 

level on g-lass beads in a SOO·ml. Erlenme\'er flask; after one month the culture 
was fille~ed through a weighed paper: lh~ loss in dry weight was 39%. 

The organism de\'f'lop~ catalase in a medium in which cellulose or dextrose 
has been attacked. 

Methods 

In the experiments, the results of which are reported below, the starch 
used . except where otherwise stated. was the Analar Quality soluble starch from 
British Drug Houses. Limited (1) , It was prepared for incorporation into 
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mineral salt or peptone mt"dium~ hy dissoldng {'old walt'r suspensions in 
boiling watf'r. The suspension. in a small heakl'r, was poun-d a littlt' at a 
(imt' into the waIn, and tlw small lwakt'r washed with mort' ('uld water . 
. -\ft("r boiling for 2 Of 3 min., the opalesn:·nt liquid was mixed with the mineral 
salts or peptone solution, and tiw beaker \\asht.'d with watn into tilt' mi:xtuft'. 
\rith the hig-her perC'entages of starch, a small proportion of the star('h adhert.·d 
to the beaker. but the loss was prohably nt·gligihle. Examination undt'r the 
mi('roscope showed that then' were no whole grains of star('h in I ht' opalt'sct'tlt 
fluid. 

The figures given below as ·'starch, ppr ('('nt" addt'd to .1 medium repr{'sent 
tht' amount of starch as \\'t'ighed with the origi.lal moistuft· nlOlent, which 
was found to bt' 8(·;' in the sample used. Tht.· values quott'd for "glucm·w, 
W.l;. per 100 mg. of starch" do not aIJO\.\· for the small fraction of ."tareh that 
did not enter the medium. The values include the allowanc{' for moisture 
content. The results in terms of g-Iu('ose can be accepted a~ approximate 
ollly, and are based on the ratio of dry weight of starch Ql: glu('o~t' tOO. 

Since loss of water by evaporation is a factor that has to be con~idert'd, at 
least in cultures that were incubatt·d for tht' longer periods of timt', some 
(If the values reported may he too hig-h. The fe5ults are prt.·!'{·ntt-d, howt'n'r, 
not as absolute values. but as comparative in any ont' ~et (If ("ult urt's. 

Reducing sugars were det€'rmined, in cultures filtered through a No. 3 
\\·hatman paper. by Bertrand's method (2). By this method it was found 
possible to recover as much aR 99. 9C"( of a weighed amount of pure anhydrous 
glucose (dextrose) in solution, in repeated tests. The only modifications 
adopted in the method were to make the asht-stos filter in a Gooch crucihl(', 
and to employ a Schuster bottle for small amounts of culture in tllt~ copper 
reduction process. The washings from the beakef, or hottle, a5 well as those 
from tht· filter, were tested with litmu~ papt'r until no trace of acid was 
present. Duplicate determinations with filtratt's from cultures were in close 
agreement. In the results quoted in this paper. no allowance has been madt:' 
for sterile control mediums, since it was found that the filtratt's from these, 
after treatment with the reagents, changed colour with one drop of the per­
manganate solution. 

Sources of Kitrogen 

Suitable sources of inorganic nitrogen w('n- found by inoculating mineral 
salt mediums, in 6 in. by ~ in. tubes, containing nitrogen compounds as shO\vn 
hdow. with carbon supplied as cellulose in the form of filter paper strips, or 
a:; O.27c starch. The medium contained the mineral salts recommended 
by Thornton (17) for a standardized agar medium used in counting soil 
bacteria (Table 1). The amount of nitrogen salt added was calculated to 
~ive 28 mg. of N per 100 ml. of medium. 

In the starch cultures, after 48 hr., iodine gave a blue colour in :\-1ediums 3 
and 7; the brown-red colour of erythrodextrin was developed in the others. 
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After i£ hr. all of [he starch and erythrodextrin had been destroyed in the 
mt>dium:-; marked + +; nythrodextrin was still present in ~1edium 7, but later 
disappeared. Calcium nitrate did not support any growth with either source 
of carbon; the ammonium phosphate did not support growth in the cellulose 
1m·dium. :\'itrite \\·a ... found in the cultures of both series supplied with 
pOlassium and sodium nitrate. 

TM1LE I 

I ! 
.ro ..... w, 

:\lediulTl Sourn' of nit rORen Per cellt 
cellulose starch -_._ .. 

I 
[ 

I 
K:\()l () 200 ++ ++ 

7 :\a:\(), (I I/U ++ ++ 
3 C;j(;\lJal~ 0.164 0 0 
4 (:\H4'I~S04 0.132 + ++ 
; :\H4:\(h O.O~{) + ++ 
(> 

I 
~H4C\ 0.107 + ++ 

i XH,H 2PO, 
I 

0.115* 0 + 

* A mount added irl rrror f(lr 0.230, 

Reducing sugar was found in the starch cultures haying ammonium chloride; 
thl?' pht'nylhydrazine test yielde-d glucosazone only. 

The comparative \'alm's of difftTent sources of nitrogen on diastatic action 
were determined by the plate method. A comparison was made between two 
different sou reeF> of min{'ral nitro~en. Plates of starch agar containing 0, IIj~ 
potassium nitratp, and O.2~'(, ammonium chloride, were inoculated on the 
surface and incubated at 30° C.; the diameters of the colonies and of the 
diastatic zones we-re as shown in Table II. 

Ammonium chloride was e\'idently preferred to potassium nitrate, though to 
a small extent and only after six days. This was confirmed in an experiment, 
reported below, in which the activity of this organism was compared with 

Plate 

a 
b 
c 

d 
e 
f 

Colony diam., 
mm. 

1.5 
3 
4 

3 
3 
3 

I 

I· 

TABLE" 

Zone diam., 

20 
27 
27 

Colony diam., 
mm 

3 days 

I 
3 
5 
5 

6 days 

30 

1 

3 
34 3.5 
35 4 

Zone diam" 

I 
23 
23 
28 

1 

41 
39 
40 
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that of others (Table X). The effect of different amounts of mineral-salt 
nitrogen was also tested. Plates wen' prepared. with 10 ml. of agar with 
O.2CC starch, found to he the concentration gi"ing tht' gn.'atpst arti\'ity in 
solution cultures, and ammonium chloridt' in tht:" amounts shown in Tahlt· III. 
After three and six days duplicate platt·s wen' treatt·d with ioditlt' and the 
diameters of the clear zones measured, 

TABLE III 
EFFECT OF DIFFERE!'OT .Ulot .. ·NTS OF AM!tIO:>;Il"M CHLORinE ox DtASTATtC ACTiViT .... 

0.025 
0.05 
o. IO 
o 20 
040 

Diarnl't£'T of dear 20m', mill. 

Theft' was no close agreement het\\'f'en the diameter of the colonies and the 
diastatic activity; thus, on the sixth day, with O. 2~.~. ammonium chloride 
the colonies measured 5 mm. and 3 mm., while with one·fourth of that con· 
centration the diameter of the colonies was i mm.; also, the colonit's with n. 2(70 
had not increased in diameter after the third day, though the diastatic zone 
had doubled in diameter. The conrt'ntration of ammonium chloride, within 
the range tested, had no c1ear·cut effect on size of colony or diastatic activity. 
It would appear that enzymic activity was not directly related to size of colony 
at the times the tests were made. 

The effect of peptone, in comparison with ammonium chloride and potas­
sium nitrate, is shown later, in Table X. Another test was made- with glycine, 
d·alanine, and asparagine as sources of nitrogen, in comparison with ammonium 
chloride and with no added nitrogen, in starch agar plates and slant cultures. 
The amount of nitrogen supplied by each amino-acid was equivalent to that 
given by the salt, namely 52.8 mg. The diameters of the colonies and of 
the clear zones in the plates, after 5 days, were as shown in Table IV. 

TABLE IV 

Xitrogen Amount, Colony diameter, mm. Zone diameter, mm. 

source % a 

I 
b a 

I 
b 

~il - 1.0 1.0 16 13 
XH.CI 0.200 2.5 3.0 29 27 
Glycine 0.284 No growth Trace only 
Alanine 0.300 1.5 I 2.3 17 I 21 
Asparagine 0.250 3.0 - 27 -
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The glycine apparently prevented gTowth, which was appreciable without 
addpd nitrogt:'n. 

The growth in the slanted agar containing starch was about equal in amount 
with asparagine and ammonium chloride, less with alanine, and only slight 
with no addt'd nitrogen*. At the same time, plates and slant cultures were 
prepared with thest' materials hut without starch; there was some growth 
with tht· ahwim' and aspara.Ldnt', hut none with the glycine. 

Viability; Effect of Calcium Carbonate 

Early in this study it was noted that some cultures were no longer viable 
afllT al)oul 10 days a-t 30° C. Thi,<; was found to be true of cultures containing 
ammonium ('hl()~idt', hut not of those containing potassium nitrate. The 
fOIflH'r W('n- found to dt'y{:'lop acidity, while the latter remained neutral or 
IlPcanw sli,l.!htly alkaline. A serif'S of cultures was th€'refore prepared to 
dt~tt'rmilH' how long thr organism remained "iable in a starch medium with 
ammoniu11l chloride. (.'ultures of 10 ml. in 6 in. by ~ in. tubes were incubated 
at lO, 25, and 30° C.' tilt' medium was composed of O.2~'~ starch, O.llJo 
ammoniulll chloride, inoculated in quadruplicate, on!:' pair at each tem­
perature having O.lc;, calcium carbonatE'. Transfers were made after 7, 9, 
J], ]4, 19. and 26 day~ into starch or cellulose m(~djums, by means of a triple­
loop. TIl(' Ilumht'r of days after ".,·hieh yiable ce1\s were still present was 
as follows: 

At 20' 

\rithout cakium carbonate 26+ 
\\'ith calcium carbonate 26+ 

TIl£' 1('51 was not continued after 1he 26th day. 

14 
26+ 

30' C. 
11 
26+ 

TIlt' E'ffect of calcium carbonate was also tested in plate cultures; the 
m(·diutn wa:;; the same as that used in the test for ,'iability, with the addition 
of 1 .01,'( agar. The plates were treated with iodine and the clear zones found 
to measure as shown below; each yalue represents the mean diameter of the 
ch."'ar zone of t\\'o cull ures, in millimeters: 

"'ithout calcium carbonate 
\\'ith calcium carbonate 

4 days 
34 
29 

i days 

44 
34 

Diastatic Ltc-th-ity \\'as thus depressed in the presence of calcium carbonate. 
It was also found that. in addition to prolonging ,-iability, calcium carbonate 
enabled the organism to utilize the glucose formed. The cultures grown at 
20° C., in the test for dability, were later used for a determination of reducing 
power. In the culture without calcium carbonate, a large amount of cuprous 
oxide was obtained in the reduction test on the 35th day; none was obtained 
from the culture with calcium dlrbonate . 

• The organism did not 2rQ'iI.' in solution (ulture{ co_nJaining starch u .. ithout ~d nitrogen. 
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Effect of Potassium Nitrate 

As alkaline conditions enabled the organism to utiiizt' the' glucoSt- that 
accumulated in mediums with ammonium chloride but without calcium 
carbonate, a test was made to dett'rmint· the fatt· of tht, glucost· in ('ultun'~ 

containing 0, 2~ starch and O. 1 (:~. potassium nitratl'. lwcauS(' tht, utilization 
of this salt rt'ndered the medium alkaline. Tht' cultures WCrt' Rrown in SO~rnl. 
quantities in Erlenmeyer flasks of 125 m\. capacity. Tests VdT(' math·, at the 
times shown in Table \', for disappearanct· of ~tarch and for tIlt' amount of 
l-ugar formed, calculated as glucose; tht' total numlw["::; of lKKh'ria wefe counted 
by means of a hat'mocYlOmeter. 

TARLE \' 

I 
Hours or days Iodine test [Clu(""o;,{', mg. pt'r 

-------i--~-~-.-.~- __ 1(1~~~~ ... ~_(~ __ 

12 hr. 
47 hr. 
63 hr. 
iO hr. 
86 hr. 

7 days 
12 days 

I 

Starch 
Starch 
~~rhr<ldextrin 

4 2 
6 0 
J .6 

12.9 
27.K. 

5.4-
::\il 

I B,\('\(·ri.I, million'" 
I pNmL 

\34-
200 
420 
KOO 
RRO 

2400 

It is evident that with potassium nitrate a::; the source of nitrogen the glucose 
formed was utilized by the increased numlwrs of hacteria afit'r the 86th hr. 
It would also appear probable, from a comparison with results ohtained in 
tests with glucose, reported below, that glucose was being used to some extent 
during the earlier stages. 

Although the grov .. ·th of the organism proceeded while glucose was beginning 
to accumulate, it is not reasonable to conclude that energy was being derived 
from the hydrolysis. From the test with potassium nitrate as the ~urce of 
nitrogen, it seems conclusive that the sugar was the source of energy after 
the 86th hr, \Vith ammonium chloride supplying nitrogen, the accumulation 
of the sugar may be due to the progressive dissolution of the cells in an acid 
medium. 

Evolution of Carbon Dioxide 

An experiment was made to ascertain when the metabolic activity of the 
organism was at its highest in cultures containing ammonium chloride. 
Flasks of 500 ml. capacity, containing 200 ml. of 0.2% starch and 0.2% 
ammonium chloride, were inoculated and connected to tubes of baryta for 
the absorption of carbon dioxide by aspiration of air previously freed of that 
gas. Two tubes, each with 20 ml. of 0.105 N barium hydroxide, were used 
in series to collect the carbon dioxide from each culture. The whole apparatus 
was placed in an incubator at 28 to 300 C. The carbon dioxide was deter­
mined at intervals as shown in Table VI. 



C1 \'Af)IAX JOCRXAL OF RE~E..tRCll. l-OL. 17, SEC. C. 

TABLE \"l 

II \ 
(arhon dillxide, mg. GluC<)S(', mg. per 

our" or I ay.... I-----~-------- ~]'-c,~h,-'u-,~- 20{) ml. 

___ ~_ .. ____ ~ i _____ ~~~~I~~· __ I~~~~~-~~~~~--

25 hr. 
30 hr. 
35 25 ilL 

4!\.25 hr. 
lOS hr. 

day,; 
13 da~'" 

Tn!al in 4-.'\ day~ 

69 6 I 
20 2 I 

I 
11.9 I!' 14.3 
12 f. 

i-I 
i-~-lis.s~--: 

2 7S 
4 05 
2.27 
1.12 
021 

24 

48 
89 

The' amount passinj.!" on'!" info the sf'cond tube j~ included in the \'alue quoted 
for the 2.~lh hr.; the amount collt'ct('d at tlw 108th hr. in the second tube was 
only ~. i mg., wh)ch ha~ l)t'en omi\\('d from 'he \otal. 

Tht' organism (>yid('ntly dt'yelopt'd it:; maximum metabolic activity before 
th(, 48th hr., when there was no tract' of ~tarch or erythrodextrin. The 
amount of carbon dioxide collected in 48 hr. was equivalent to 79 mg. of glucose 
()xiciiz('ci. TIl(' pH of the medium was S.2 at the 108th hr. 

Tilt' fact that ~ugar was not found until mt>tabolic actiyity had slowed down 
would 5Ugg('~t that. under tht-'st' conditions, either (i) the organism obtained 
ib t·!l('rgy by the hydroly~is. and the production of glucose was due to the 
fl'it:'asc of lilt-' em:yme dextrina~(' from dying or dead cells, or (ii) some glucose 
was produ('('d during the pE'riod of greater actiYity in an amount sufficient 
to supply energy (by oxidation) to the extent shown. the hydrolytic enzyme 
lwing restricted by the aeration, so that the glucose accumulated to an extent 
ndati\.'t'ly h.~s::,- than it did in non-aerated cultures incubated for the same length 
of timt'. The former alternaliYe would seem unlikely, since the possession 
of an enzyme that leads to lhe production of energy material from a substrate 
pn>-5upposes that the organism will use all or part of the energy so produced: 
the accumulation (or non-utilization) of part of the energy source set free 
hy the enzyme may, nt'Yertht'l(>ss, be due to the cause stated. In regard to 
the latter alternative, this would appear to receive support from the fact 
that th(> organism utilizes glucose in the presence of ammonium chloride, as 
shown below in the st>ction headed "Other sources of carbon". 

Concentration of Starch 

The action of the organism on different concentrations of starch was tested 
with plate cultures and with solution cultures. Plate cultures were prepared 
with starch in the concentrations shown in Table VII and with 0.2% 
ammonium chloride added to mineral salts agar. The relative concentrations 
of starch and nitrogen were the,same as those used in the test in which different 
concentrations of ammonium chloride were used. The plates were incubated 
at 28° c., and tested with iodine on the third and sixth days. 
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TABLE \"II 
DIASTATIC ACTJO~ OF r. amylor-rlia I~ .. 'GAR WITH DIFfERf:ST COSCESTR.4.TIOSS 

Starch. <:c 

o ~ 1 
0.2 
0.4 
0.8 

1 " 

OF STARCU 

Di.lInt'tt'r of dear Z<Hlt'. 

3 day~ 
~I------"----'-----~---~ 

______ 1 ________ 1 _______ ~ ___ ~~ __ 

20 
21 
18 
15 

" 
Ii 
14 

" 

36 42 
4() 4.~ 
33 38 
28 27 
25 

At the same time, cultures on peptone ag-ar with l.oe; starch wen.~ prepart'd; 
tht' dear zones measured 7 to 8 mm. on thl' third da\" and 20 to 21 mm. on 
tlw sixth. . 

It would appear that. in the eariit'r stagf'!', a concentration of star('"h over 
O.2c; depressed diastatic action; on the sixth day, how('ver. although the 
lower concentrations developed the greater areas of diastatic activit)" the 
relative increase over that shown at tht· third day was greatt'st in the culture 
kl\'ing the highest concentral ion. The minpral nitrogen wa~ preferred to 
the peptone, the concentration of which wa:. 0.5(;;. 

Two series of cultures wert' made for tt·sting tht' activity in solution cultures. 
In both series, different conct'lltrations of starch Wen' used in Erlenmever 
flasks of 125 rnl. capacity, containing 50 ml. of medium; nitrogen was suppiied 
as ammonium chloride. The cultures were incubated at 28 to 30° C. In the 
first series, portions were removed aseptically at intervals for the determination 
of reducing sugar (glucose). The results shown in Table VIII include three 
only of the concentrations used. 

TABLE nIl 
AMorSTs OF GLLTUSE FORMED FROM DIFFERENT 

COSCENTRATlO~" OF STARCH 

Glucose. mg. per 100 mg. starch 
Hours or 

days O.4(;,~ 0.8% 1.2jo 
starch starch starch 

60 hr. 25 23 14 
90 hr. 18 51 54 

110 hr. 13 48 43 
6 days 56 
8 days 82 69 iO 

12 days 13 

The experiment showed that the higher concentrations of starch reduced 
the diastatic activity in the early stages. This was further confirmed in the 
second series of cultures, which were supplied with starch, 0.2% and 1.0%. 
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Eight t1a~k;., of f'ach medium, having a pH value of 7.2, were inoculated with 
OfH' drop each of a sllspf:'nsion of the organism. At intervals of five days, 
duplicate culturc)'; lHTe laken for the defermination of the pH value by the 
colorimetric method, and for glucose; the results are shown in Table IX. 

• ,\fK. /H'r J()O tIIf!.. (:f startIJ supplld. 
t A tracc (~r {'i),lhrodrxtri11 'was found. 

TABLE IX 

The culture:; wert' not viable on the 10th day, after which there was little 
('hange in tilt' pH valut's or the amounts of glucose. The phenylhydrazine 
test with tht·st' cultures yielded only glucosazone. 

Action of the Enzyme 

The action of the enzyme in the absence of proliferating or viable bacteria 
was tested in plate cultures and in solution cultures. Plate cultures of starch 
a~ar wpre incubated for two days, when the diastatic zone had developed 
sufficit'nt area to permit blocks of agar to be cut and transferred to the 
surface of sterile agar, or into sterile liquid medium. Tests with iodine in 
parallel plate cultures. two days old, showed that the diastatic zone from which 
the blocks were cut contained no starch. The results of an experiment to 
compare the enzyme action with that of a colony are shown below. The 
plates with the blocks were incubated for three days. 

Enzymic zone diameters, mm. Size of blocks 
Ctlt at 2 days, 

OlUl. Plates with I Original plates, 
______ +b_l_o,_k_,,_3_d_ac_y_s 5 days 

3 by 4 37 36 
8 b)' 10 42, 44 

It should he noted that the clear zones produced by the blocks had about the 
same diameters as those of the corresponding colonies, which were incubated 
for two days longer than the blocks. This may he interpreted as relatively 
greater activity of the enzyme .both from its shorter period of contact with 
the starch, and from the fact that the blocks represented only a small per­
centage of the enzymic zone from which they were cut. 
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Blocks cut from enzymic zones in agar wt're al~) transft'rrt·d ust'pticully to 
10·ml. portions of liquid medium {'{)ntainin~ 1. or;, stan'h and O. 2r; ammonium 
chloride, Two large blocks (6 b\' i mm., and j hv 8 mm.) and t\\O small 
blocks. (3 by " mm.) were each piun'd in a tub~' of ~1t'dium. AfH'r 4.!'i hr. at 
30° C., there was no starch in the tubes having the larger hlock~: after 72 hr., 
erythrodextrin was present in the medium containin\.! tht' small blt)cks; this 
h~d disappeared on the 5th day. On tht' 13th day, 'tllt' nwdiuITl ('ontaining 
the largest block was found to contain ahout 40 mg. of ~luCO~t, (dl1(),,"anc(' heing 
made for evaporation of watpr). It would appt'ar, tlwrdort" that the enzyme 
de\'elop€"d by a portion of a colony may prod un' a (""oosidt'rahlt, am(lu;t of 
glucose from solublp stare-h. Reducing sugar was oot, howt,\'t'r, found 
in plates of starch agar in which the organism. or it1:' enzyme, h.\d hydrolyzed 
the starch. 

The action of the enzyme in the ab:-'>ence of proliferating bactt'ria was also 
tested in lO-m!. solution cultures having 1. (J('~ starch and 0.5('; ammonium 
chloride. After two days of growth at ,,{)O C., starrh was still fln'M'nt; some 
cultures were then treated with toluol, and others allowt'd to continue growth. 
After 24 hr. there were no viable cells in th(> tubes treat{:,d with toluol, \\"hill' 
actively motile bacteria were seen in the control (untreatt'd) cultures; erythro­
dextrin was present in both st'rie~. On tht' 5th day tht: (·rythrodextrin had 
disappeared, and on the 10th day the bacteria were not viable in tht· control 
cultures. The amount of glucose, in milligrams per 100 mg. of starch supplied, 
was determined at intervals; the results are shown below: 

Days 

3 
7 

20 

Treated 

14 
33 
54 

Control 

10 
22 
29 

These results may be interpreted in two ways; the enzyme may be more 
efficient 'in the absence of living organisms, or t.he organism decomposed part 
of the glucose formed. As shown below, the organism is able to decompose 
a large amount of glucose in cultures having ammonium chloride as the 
SOUrce of nitrogen and glucose as the source of carbon. 

Other Forms of Starch 

Potato starch (Baker and Adamson quality, from the General Chemical 
Co., New York) serves as welJ as solubJe starch as a source of carbon in a 
mineral salts medium. A O. 2-gm, portion of the starch was dissolved, as 
described previously, and mixed into 100 mt. of a medium with 0.1 % ammo­
nium chloride. Growth was visible. and motile cells were seen, within 24 hr. 
On the third day there was no trace of the colour of erythrodextrin by the 
iodine test. On the seventh day the cultures were acid, requiring 3.5 ml. 
of 0.1 N sodium hydroxide per 100 ml. to be neutralized. The amount of 
CUprous oxide obtained was equivalent to 57 to 58 mg. of glucose per 100 ml. 
of medium; (this value has not been adjusted to account for moisture or on 
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thf' I""j,' of ,tarch 91 ; glucose 100). The phenylhydrazine test yielded 
cryslaJ~ of glucosazone only. The yield of sugar from cornMstarch (Kahlbaum) 
l\'af: 47 mg. in 10 days. 

Comparison with Other Micro-organisms 

Bacillus rumina/us, a common soil organism acti"e in starch hydrolysis, 
and Aspcr{!,illus or}':.ac wpn' compared with 1". amylocella in plate cultures 
of starch agar. Tlw organisms were ('aeh inoculated onto the surface of four 
plate~ of (). 2( { 51 arch agar. with nitrogen as O. 1 c; peptone, O. 1 ~c potassium 
nitrate, and O.2(:~ ammonium chloride, and incubated at 300 C. After three 
and six day~, duplicate cult urt's of eac-h were treated with iodine, and the 
dianlt't{'rs of c(llonie~ and enzymic- zom's were measured. 

Th(' r('~ults are giH'l1 in Tabl{' X, in which the figures represent the mean 
diamt'tl'rs of coloni(·s and zone:. of ('omplete hydrolysis (as shO\,"n by a clear 
whitt' area) in t\\'o platf'~ on each day. and also the ratios that the diameters 
(If thl' colonies hore to the diameters of the clear zones. It should be noted 

L\IlLE X 
Cm.Jl·AN.!~(l,\ llETWEE!' l"i/ITio amy/o{r/hl. Barillus rumina/us, AKD Aspergillus oryzae 

I!' I'LATE~ OF STARCH AC,AR 

Pialllt·tt·r" of ('()l()ni{'~ and {'n;>;ymic Zonb in millimet(·rs. and their ratios 

i i Pl'pl0Ill' ! K~'(\ I XH4C1 
Oq.,;uni"11l I )-----1 -------____ ~ __ ~ _!_. _____ Colony I Zone . __ Colony i Zone Colony I Zone 

! Cu -I,-u,-e,-' .-3 -da-y'-o-Id------

I 
1-. amy/ordfa 

E. rumiflatus 

A.oryza(, 

r. amylceella 

B. ruminatus 

A.oryzae 

Dialll. I 0.8 
Ratip 1 

Diam. 40 
Ratio 1 

Diam. 
Ratio 

Diam. 
Ratio 

Diulll. 
Ratio 

Diam. 
Ratio 

23.0 
1 

2.0 
1 

6.0 
1 

48.0 
1 

11. :; 
15.32 

i .0 
1. is 

24.0 
1.00 

16.0 
8.0 

16.0 
2.6i 

56.0 
1.1i 

1.5 
1 

3.0 
1 

9.0 
1 

16.0 
10.6i 

5.0 
1.67 

10.0 
1.01 

Cultures 6 days old 

2.25 15.0 
1 6.8 

4.5 7.0 
1 1.23 

21.0 25.0 
1 1.19 

1.5 21.0 
1 14.00 

2.5 4.0 
1 1.60 

20.0 21.0 
1 1.00 

2.25 31.0 
1 13.8 

3.0 5.0 
1 1.67 

38.0 40.0 
1 1.05 

here that the actual diameters of zones of partial hydrolysis by B. ruminatus 
and A. oryzae were Jarger th~ those quoted, but the comparison was made 
with the complete hydrolysis effected by V. a1Pylocella. B. ruminatus had 
three narrow zones: an inner white zone, a middle zone tinged with blue, 
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and an outer purple zont" indicating the prf.'sena> of erythrodextrin. A. oryzat 
de\reloped also a blUt,,-tinged widt' border of incomplt·t; h\'drolysis. Tht'ratio 
of colony to these outer enzymic zones wa:; still smal1('r- than- that shown tw 
1-. anrylocella. at the third day th€' ratioB beill~. for B_ rumi,wlus 1 ; 4.33 
(inner and outer zones togetht'r) and for A. oryzar 1 : 1.6. 

The results from the plate cultures show that I'. af11'vlocella is c(ln~idt'rahlv 
the most anive organism. in proportion to tilt' am(lu~t of colonial Rrowth. 

Cultures of the bacteria, indudinR B. dendroides, B. mfsrnt,riclts, and B. 
nlycoides, were also grown in liquid medium containing 1. or'~ ~tar('h and 0 $<'(. 

peptone. B. dendroides was used in this test, sinet' it is ven' acti\'t' in starch 
hydrolysis. This organism is not so useful for comparison -in platt· C'u!tures, 
hecause of its habit of !:ipreading irn·gularly in thf' waH'r film on tlw surface 
of agar plates; the width of the enzymic zone from the edge- of th{' grn\\·th was 
ahout 2 mm. only. In the liquid cultures, 1". am_vlorella dt'compo:wd the 
starch in 3 days; E. dendroides in 11 days. After 17 days none of tht' other 
spore-formers tested had destroyed the starch completely; erythrodf'xtrin 
was formed only by B. Tuminatus. 

Other Sources of Carbon 

As the conversion of starch to glucost· by this organism passed through a 
~tage in which iodine gave the colour of erythrodt·xtrin. it was assuffit:'d that 
rolourless dextrin \vould also be a product of tht' hydrolysis. A medium 
containing 1% dextrin (Kahlbaum) and O.l~:(. ammonium chloride was pre­
pared in 100-mt. quantities in Erlenmeyer flasks of 500 ml. capacity. After 
sterilization, a test was made for reducing value; 10 ml. gave a value equivalent 
to 4.4 mg. glucose per 100 mg. of dextrin. Eight days after inoculation, 
glucose was found to be present by the osazone test; the amount in 20 ml. of 
filtered culture u-as equivalent to 33 mg. per 300 mg. of the dextrin f:,upplied; 
the same value was found fiye days later, by which time the culture was no 
longer viable. 

The action of the organism on glucose (dextrose) was tested '"'lith two 
sources of nitrogen. as it was found that with potassium nitrate the sugar 
produced from starch was utilized, while with ammonium chloride it accumu­
lated. This was also found to be partly true with dextrose as the sole source 
of energy. The organism was incubated at 30° C_ in flasks containing 20 ml. 
of mineral salt medium with dextrose (B.D.H. "Analar" quality) in the 
concentration nearly equivalent to the amount available from 0.2 gm. of 
starch, i_e., 0.2%, and ,\-'ith 0.2% ammonium chloride. The amount of 
dextrose recovered, in duplicate tests with the sterile medium, was 95% of 
the amount added. After two days the amounts of dextrose decomposed 
were 66% in the potassium nitrate culture and 19% in the ammonium chloride 
culture. The pH values of the two cultures were 7.2 and 6.0 respectively. 
On the fifth day all of the sugar had been utilized in the potassium nitrate 
culture; 57% had been utilized in the ammonium chloride culture, in which 
the pH value was 5.7. Catalase was present in the culture with potassium 
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nitrate, tht' amount of gas produCE'd in the closed arm of a fermentation tube 
bt·ing .Be; of the volume of liquid; there was none in the culture with ammo­
nium chloride. 

Oxalic acid has heen found as a product of the attack on glucose. The 
or~anism was inoculated onto plates of glucose agar containing potassium 
nitrate and calcium carbonate; after a few days octahedral crystals identical 
with those of calcium oxalate were produced abundantly around the colonies. 

Or 11('[ SOUf(,f'S of carbon \n're also used in f;ynthetic mediums. Lactose, 
malt ost', sucrose, galactose, and raffinose all supplied sources of energy. 
Sucrose was inyerted. thf' pn'spnce of fructose being ascertained by means of 
Seliwanoff's r('agent; typic-a I o~azonl;' crystals were also found. A medium 
with 1 r; ~u('rose yit'ldf."d invert sugar equivalent to 54S-'~, of the original sucrose, 
in eight day~: the yield increased to 59~~ on the 12th day. A medium with 
2r:; sucrose, after 60 days of inc-ubation, yielded invert sugar equivalent to 
95~:; of the original sucros(:'. 

Glucose and fructose wert' formed from raffinose, but the yield of copper 
was not more than 9.3 mg. per 100 mg. of the trisaccharide: in a six-clays-old 
cultun' the osazone cryslals rpf>t'mbled those found in the sucrose culture, 
but cry::-tals of galactosazone could not be found. 

In a medium containing 0.20;, galactose and 0.1 ('-c' ammonium chloride. 
tht' yit·ld of cuprous oxide on the seyenth day was equiyalent to 45 to 50 mg. 
of reducing sugar, calculated as galactose, per 100 mR. of galactose supplied. 
The amount had not increased on the 10th day. The phenylhydrazine test 
yielded crystals of galactosazone and hrown globular masses of short, blunt­
ended crystals that have not been identified. In a medium with 1.0% 
galac-tose, the organism utilized only 14o/c, of the sugar in 18 days. The 
osazone test gan' the same results as in the previous test. 

Lac-tose and maltose were decomposed without yielding any trace of glucose; 
nor did the culture with lactose yield galactose. In 12 days, with ammonium 
chloride, only 16S'( of the lactose and 13S"c of the maltose were utilized. On 
the other hand, when potassium nitrate replaced the ammonium salt, all of 
the sugar in a O.2~( maltose medium was decomposed in eight days. 

The organism thus appears to be able to decompose these carbohydrates 
more energetically in the lower concentrations, and when supplied with 
potassium nitrate in place of ammonium chloride. 

The organism grew poorly in a medium containing 0.2% trehalose, and 
did not produce any glucose. 
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MICROBIC DISSOCIATION OF LACTIC ACID 
STREPTOCOCCI' 

By OLGA OKtTLITCH' 

Abstract 

I'ruMBER 6 

The inductIOn of microbic dissociation of the lactic acid streptococci by the 
presence in the medium of a carbohydrate with a specific configuration has been 
studied. 

Strains of Streptococcus lactis and Streptococcus cremoNs have been shown to 

~hl~~i~~ ~~~h~~~\~~n~:nl\f~~~J~~~ ~tt;~ui~:~c~~ g~h~~han~~~~~ 
the S· to R-form was accompanied by loss of lactose-fermenting ability. 

The cultural, colonial, and biochemical characters of the organisms at dif­
ferent stages of variation have been described. 

It is suggested that the organism must be in a susceptible condition before dis.­
sociation can be induced. 

In a preliminary note (11), the inhibitory power of specific carbohydrates 
on the ability of lactic acid streptococci to form acid from lactose in milk or 
in broth was described. It was suggested that this restraining influence on 
acid formation was related to the stereoisomeric structure of the hexosea. 
Although no reference was made at the time to the influence of the sugars on 
the morphological and cultural appearance of the organism. distinct changes 
in these characters, which seemed to be connected in some way with the loss 
of lactose-fermenting ability, were observed. A review of the literature on 
the question of bacterial dissociation suggested that the cultural and colonial 
variations which we had encountered were of the same nature as those des­
cribed by Hadley (5, 6). As the work progressed, it appeared probable that 
we were d~aling with a phenomenon of dissociation in the lactic acid strep­
tococci and that the microbic dissociation had been induced by the presence 
in the medium of a carbohydrate having a specific configuration. 

The work reported upon herein is a detailed study of the bacterial dis­
sociation of strains of lactic acid streptococci grown in media containing the 
carbohydrate, glucose. In an attempt to establish the sequence of'variation 
in cultural and colonial characters, several strains of Strep. cremoris and 
Sirep. lactis have been employed. In addition to the Strep. cremoris strain 
:\"0. 142, described in a previous paper (11), the following organisms were 
selected for intensive study: Strep. cremons 114, Strep. lactis 146, and Strep. 
lactis 232 (10). Certain observations on microbic dissociation have also been 
carried out in the case of several other streptococtus cultures. 

1 Manuscript r«eirJed March 8, 1939. 
ContrilnUion from the Depar~ment of Dairying, The UnWersuy of British Columbia, 

l?ancD1l1JtT, Canada. 
I AssislGnt, Departmenl of Dairying, rite UniDersity of Britis" Columbia. 



172 CANADIA!\' JO(.;Rl'l4.L (IF RJ~SF.4.RCl1. VOL. 17, SEC. C. 

Experimental 

The induC'tion of dissociation and the ac('ompanying inhibition of lactose~ 
ferm{'ntin~ ahility were hrought ahout by serial cultivation of a vigorous 
('ultun' of tl11" ,..train undt':'f inV{~~tigalion in ca._<;(Jin digest broth (4) and in 
peptonizt'(l milk hroth (4). th(' broth in each case containing 2(-~ giuC'osf'. 
Serial tranSf('f5 in each hroth wefe made at 48-hr. intervals. At every transfer. 

milk also was inoculated with the ('uiture from the sugar broths, and thp timt" 
n·quifed to dot the f{'spenivf' milk tUl)(,5 determined. At frequent intervals 
poun·d plates on Difco pt:'ptonize-d milk gelatin were made from the broth 
('ultur('~. The colonies wt"re examined with a low power microscope-. giving 
a X40 magnification. 

CU/fura/ Characters Discussion 

Dissociation among lactic aC'id streptococci results in tht' development of 
a Yarit'ty of colonial types. Thf' cornmonest initial changt' is from a round, 
smooth colony (Fi~. 1) to a sli~htly lobate form (Fig. 2). If Ih<'se lobate 
coroni('s art' allowt'd 10 agt' for OlW to two \\"l'{:'k~, outbursts consisting of a very 
fint' rough growth frorn onf' or mort' points in the margin of the colony are 
fornwd (Fig. 3). In cntain instan<:es, aging of thE' lobate colonies leads to 
tht' formation of a frin!-"!t' of daughter colonies, or papillae, around the entire 
co!ony (Fig. 4). At the lime that thf'5e chaORf's in the ('olony form appt'ar 
it is pn~~iblt· that tilt' organi::.m i~ in tht' transition stagt' from tht' S- to the 
R-typt·. TIlt' picking of these intt'rmf'diat£'-type colonit's never gin's a broth­
culture chara('leri~tiC' of a pure smooth or rough strain. On plating this 
culture, a mixturt' of smooth. lobate, and pure rough colonies is obtained. 
A pure rough ('uitur(=' of a lactic acid streptococcus plated on JX'ptonizt'd milk 
g(~latin usually giyt's riSf' to a rough! filamentous, spider-like colony (Fig. 6). 
\Yith certain strains. however, a mort' compact, although ddinitely filamentou:'o 
type of colony, is to he seen (Fig. 5). 

On st'Yf:>ral oecasions. in addition to the l.:haracteristic S- and/or R-types of 
colonies which appeared on peptonized milk gelatin plates, very small pin­
point colonit's werl:' also to be seen. On inoculation of these colonies into 
broth, a cloudy growth re~ulted, which, on transfer, failed to produce acid in 
milk. 00 re-plating, the culture reverted to the normalS-form. and evidenced 
the cultural characters of the original strain, including the ability to form acid 
from lactose in milk. Colonies of this type have been described by Dutton (3) 
and also by Stary~hina (13). 

The morphological appearance of the p!.lre S-form of lactic acid streptococci 
i~ characterized by a regularity in the size and shape of the cells, which occur 
usually in pairs or short chains (Fig. 7). On dissociating to the stable R-form. 
the culture becomes decidedly long-chained, the cells at times being very 
irregular in shape (Fig. 8). 

The change in morphology is always accompanied by a characteristic 
change in type of growth in liquid media. It has been pointed out by other 
workers in the field of microbic dissociation that occurrence of agglutination 
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in broth i:'> associated with lh€' rough type of colony (1. 3. n. 12. 13, 14). An 
thf' organisms sludied produc(·d a homog('nt'()u!' cloudy ~T()wth in brolh when 
in the S-form. and a mucoid. g(·latinnll~ ![wwth ~u:-pt·lllh,.'d in tilt' dear super­
ndtant 11l{'dium WhCll in lh(' R-fprm. 

FIGs. 1-6. AU COI07fics 'lL'er~ grown (}n tNptoniwJ milk gelatin. X3i. F IG. 1. Str~p. 
tremoris IN, smooth colon'),. FIG. 2. Stre-p. cremoris 1 14, ~obaU colony. F,G. 3. S trep. 
crt!moris 114. aged colem}' shO"d .. in£ O1dbursts. FIG. 4. Slr~p. cr~m(}ris 114. aged colony slwwing 
formation of daughter coJonj~s. FIG. 5. Sire-p, cre-moru 114. rough colony. FIG. 6. Stu.p. 
cremoris 141. rough coI011').' . 
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A differt'ncc in the type or gro"'rh may also be observed in agar stab cul­
lures. A pure smoot h strain produces an even filiform growth along the line 
of inoculal ion ( Fi ~. 9a). At some .stages of growth, outbursts from several 
poin ts in the stall an: {ormf,d (Fig. 9b) . These outbursts are probably the 
same typt:> of transition growth that is formed in colonies aging on gelat in 
plates. The true R-culture gives a very fuzzy arborescent growth in agar 
Slab culturt. The majority of strains studied seem to be more aerobic in this 
condit ion than in the S-form, the growth terminating at a point approxi mately 
half-way down the Slab (Fig. 9c) . The exception to this is Slrep. cremQris 114 . 
This organism, when in the rough stage. usually grows only at the bottom of 
the lube (Fig. 9d ). 

F1GS. 7-9. FIG. 7. Slrcp. cremoris 14Z , smooth strain; 48~hr. broth ""l1lre. Gram slain. 
X 1100. FIG. 8. Strep. cremoris 142. rough strain; 48~hr. broth cuJturt. Gram sta1·n. XJ1{)()· 
FIG. 9. ThrU-1vtek-old agar stab 'uttlU'es. (a ) Strtp. lad'is 232, smooth strain. (b) Strep. 
Jaclif 2JZ . agar stab sJwwing outbursts. (c) Strep. laais 232, rough strain. (d) Slrt!'. 
crtmoris 114. rough strain. 
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Biochemic.al Characters 

The formation of a trUf> R·dissociant results in tht' complt·tt' toss by the 
organism of the ability to ft'rnwnt lactoSf:', eitht'r in milk or in hroth. This 
biochemical variation somt>times occurs prior to the (lnSt't of dissociation as 
reyealed by colonial and cultural charactt'rl". ,,·twn thi~ plWT10mt'nOn occur· 
rerl, the cultural and colonial changes associated with dis.. •• ociation usually 
developed in the course of a few transfers. Although some t~videnL't· has been 
obtained that there is a tendency for the R-form to n'vcrt to the colonial 
characters of the S-form, a complete reversion has not as yt't i)t'{'n accorn. 
plished, and on no occasion has a rough form evt'r acquirr'd lactost'-fernwnting 
ability. In confirmation of previous findings (11), the inhihition of lacto~· 
fermenting ability is not accompanied hy a failure to fermt-nt tht' mono­
qccharide glucose. The R·variant continu{'s to f{'rment KlucoS{" with a vigour 
t'qual to that possessed by the S-form. 

The induction of dissociation and the accompanying inhihition of lactOSt'· 
fermenting ability took pi art' most rt"adily in peptoni7.t'd milk broth con­
taining 20(, glucose. Thp addition of O.2S('~ lithium chlorid(' or of 0.1% 
phpnol to either peptonized milk broth or casein dig-t'!'t broth, failpd to induce 
dissociation. A similar finding in the case of Streptobaclerium plantarum has 
been described by Tracy (15). In contradiction of thf' results obtained by 
Tracy and those reported upon herein, Staryghina (13) wa!' able to induce 
microbic dissociation in the cast' of both lactir add streptococci and strepto­
bacteria by transfer in lithium chloride or phenol broths. 

SUSCEPTIllILITY TO DISSOCIATION 

The number of transfers required to bring about microbic dissociation 
yaried not only for different streptococci, but also for the same culture grown 
under similar conditions on difft'rent orcas ions. This inconsistenry in the 
behaviour of the lactic acid streptococci, which has also been described by 
\Yhitehead and Cox (16), was especially marked in the case of Strep. lactis 146. 

At first this organism dissociated very readily, rough colonies making their 
appearance at approximately the twentieth transfer. The rough culture con· 
tinued to show abundant growth in the medium for four subsequent transfers. 
The fifth glucose peptonized milk broth tube, however, remained apparently 
sterile. No colonies developed on poured plates made from this broth tube. 

Based on the assumption that the sudden cessation of obvious growth fol­
lowing closely upon a change from the S- to R-type was analogous to the 
development of a G-form as described by Hadley, Delves and Klimek (7), 
Duff (2), Kopeloff (9) and others, in several different types of micro-organisms, 
the Hauduroy (8) "washed plate" technique was applied to the apparently 
sterile broth tube ~n an attempt to -:lemonstrate the existence of this form 
of the lactic acid streptococci. Although the washed plate series was carried 
to the sixth plating, no growth was observed. and consequently the series 
was discontinued. 
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J{('JX>filioll of thf' work descrihed above gan' similar results as far as the 
seqU('nn' of dis.,",ociative changes was concer·ned. but the- change from the 
s- to tJ1(' R-typt>, with subsequent failure to grow, took place much more 
rapidly. 

Tht, ph('nomenon of dissociation was not encountered on repetition of this 
expf·rimt·nt at a later date. Even after 60 transfers in glucose peptonized 
milk hroth, followed by 15 serial transfers in casein digest broth to which 0.1 % 
pht'ool had iwen added, no obvious changf' in any of the characters of the 
oq;:;:anism was ohst·rvpo. Th(' colony form remained round and smooth, the 
growth in hroth was (llway~ cloudy, and thf're was no evidence of loss of 
Ja("I()~w-fermenting ability. 

Of the cultures sludiNi, Strep. [altis 146 was the only strain found to exhibit 
thp phpnomenon of sudd("n ct'ssation of growth on serial transfers of the 
R-forms ill hroth. In all olh('r strains, a :.;tahle R-form appeared on dissocia· 
tion. 

It is ("vid('ot that the pheoomf'non of dissociation in the lactic acid strep­
tococci is erratic in its appearanCt', and it would appear to depend on the 
sl'nsitivity of the organism to the experimental conditions employed for the 
induction of dissociation. :\Iicrobic dissociation will not occur unless the 
micro-organism is in a susceptiblt, condition. It has not been possible as 
ypt to determine th(' rae-tors responsible for the change of an organism from 
a stablt' smooth form to a smooth form ::msceptible to yariation. 

Conclusions 

The results of the work r('ported upon herein clearly show that microbic 
dissociation of lactic acid streptococci may be induced by the presence in the 
medium of a carbohydrate with a specific configuration. It is suggested 
that the mino-organism must be in a susceptible condition before dissociation 
can occur. The variations in cultural and colonial characters are not constant 
for different strains of the same species, nor does the same strain follow a 
dt·finite sequence of changes on dissociation at different times. The variations 
that occur among the lactic acid streptococci on dissociation are similar to 
those described for other bacterial species. 
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VEGETATIVE PROPAGATION OF CONIFERS 

I. ROOTING OF CL'TfiNGS TAKEN FROM TIlE UPPER AND LOWER 
REGIONS OF A NORWAY SPRUCE TREE' 

By N. H. GRACE:! 

Abstract 
CuttinRs from thl' upper and lower region" of a Norway spruce tree were 

treated with talc only, and with talc cOlltaininlZ: 1000 p.p.m. indolylacetic acid. 
Ten wCt'k!> after heiop; planted in hand. 43~'l of the upper and ;5% of the lower 
cuttings were roott'd. Hormone treatment increased the numher of roots per 
Tooted clitting but decreased the mean length of root. Lower cuttings produced 
twice the lenl-:th of root of tht· upper cuttings. and the mean length of individual 
roots was also si)1:nificantly greater. !\ineteen weeks after being planted, the 
cuttings not roott,d at 10 weeks were fe-inspected. and gave final rooting values 
for the experiment of 48% for upper cllttings and 8670 for lower. Physiological 
differenCl'''_ are consequently sugR{'sted in cuttings taken from the upper and 
lower regions. 

Veg-etativt' propagation of conifers is essential to rapid improvement 
through forest tre€' breeding, because valuable parental stock and hybrids 
could be multiplied and tested by this means; but comparatively little is 
known concerning the factors affecting successful propagation of cuttings 
from many varieties of tree. The position of the cutting on the tree is one 
of the factors to be considered. It is possibJe that there are physiological 
differences in the rooting response of cuttings taken from the upper and lower 
regions of the spruce, since the upper region bears the female flowers, the lower 
the male, and the wide-spreading lower branches of some varieties have a 
tendency to layer. Accordingly, a small preliminary experiment now to be 
described was carried out in the greenhouse of the National Research Labora~ 
tories in order to investigate this point. 

Experimental 

In mid-November 1938, branches were collected from a typical Norway 
spruce (Phea excelsa) tree, approximately 18 years of age and situated in a 
plantation at the Dominion Forest Station, Chalk River, Ontario. The 
branches, taken from what were roughly the upper and lower third portions 
of the tree, carried current year's growth of approximately the same length. 
The bases of the branches were packed in moist peat, and the package left 
outside in this manner until mid-January 1939. The dormant material was 
then divided into full-length cuttings, which were torn off at the node; jagged 
edges were trimmed with a knife, below the heel. There were 90 cuttings 
from each position, comprising terminals and laterals in the approximate 
ratio of one terminal to four laterals. Cuttings ranged from 2 to 4 in. in 

1 Manuscript rec(!iveil June 9, 1939. 
Contribution from the DivisWn of Biology and Agriculture, .NalUmal &sUlf'ch Labtwa~ 

~,Ottawa. Part of a co-operalWe project of tM SubcommiUu on Form Tree Breeding, 
Associate Committu on Forestry. Prepared from a paper read before Section V of the RoyaJ 
Socidy of Canada. MonJre<ll, May ZZ, 1939. N.R.C. No.818. 

t Biochemist, NatitnUJ1, RUN"ch lAbtwatories. 0U4tv4." 
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length. and wefe divided into RfOUPS of 15, each group beinR ft"present3tivt" 
of the different lengths. Prior to planting, three replicates of 15 cuttings 
from each position were dusted with talc only. and thrN> with talc containing 
1000 p.p.m. of indolylacetic acid. Random arrangt'mf'nt in the propagation 
frame permitted statistical analysis of the results for differences due either to 
position or to chemical treatment. 

The cuttings were planted in washed brown sand in a {'otton-covered 
propagation frame placed in the greenhouse and equippt>d with t:'1ft"trit-al 
bottom heat cables. The room temperature rangf'd around 65° F., while 
the sand temperature was held at approximately 72° F. Tht, ('uttings wpre 
held in this frame for 10 weeks, when they wert' dug up for ohservation; the 
unrooted cuttings were then replaced in the trame for a further period of 
Q weeks, when final observation was made. 

Results 

Record was made of the number of cuttings rooted in each replicate of 15; 
further, the number of roots and their length were determined and expressed 
as number of roots and millimetres of root per rooted cutting. Finally, the 
mean root length was calculated. These four sets of d,ata wt're SUbjected 
to analyses of variance to bring out the effects of position of the cutting on 
the tree, treatment with 1000 p.p.m. indolylacetic acid, and the interaction 
between position and treatment. 

The results of the four mathematical treatments of rooting data are given 
in Table 1. It is apparent that cuttings from the lower part of the tree 
rooted substantially better than those taken from the upper region. Lower 
cuttings produced more than double the total length of roots of the upper 
cuttings and the individual roots are appreciably longer. However, position 
had no effect on the number of roots produced. \Vhile there is an apparent 
difference of 12% in rooting in favour of the treatment with 1000 p.p.m. 
indolylacetic acid, this is not statistically significant. Treatment with horw 

TABLE I 
ROOTING OF NORWAY SPRXCE CCTTINGS 10 WEEKS AFTER PLANTlSG 

Scmn:e o{ cuuinp T ........ ' , Neceuary 

I 
Talc 1 1000 p.p.m. 

dift'enmCt:, 

UpDer Low" o",y I indolYlacetic 
5% level 

1--- I Cuttings. rooted, transformed data· I 2.7 ! 3. 29 
I 

3.2 058 

Cuttings rooted, % I 4J 75 53 I .5 

N.mWof ",,>t, P'" ~"'" ,",ling 1 I. ;-2.2~1 2A I 0.67 

Total root length per rooted cutting I 319 C;=, ~ (mm.) I 15.2 24.2 

~iean root len~b (mm.) 8.' ! U.6 I 13.1 ) 10.1 0 

• Dala tra"'fortn«l '" v'X+1 basis (1 J. 
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mom', however, increases significantly the number of roots per rooted cutting; 
it has no significant effect on the total root length, but reduces significantly 
th(' It·ng! h of individual roots. The last is an observation frequently en­
countert·d when root lengths art' considered. None of the interactions between 
treatment and position attained significance. 

After a further p(_~riod of 9 weeks, i.e., 19 weeks in all from the date of 
planting, tht' cuttings not rooted at 10 weeks were again examined. The 
19-WE't'k total!' indicat(·d that upper cuttings rooted 48%, lower, 86%; cuttings 
trf'ated with talc only, 6OC/c. with talc containing 1000 p.p.m. indolylacetic 
acid, 73f'j. Analysis of variance showed the effect of position on the tree 
significant to the 1 e·c level; hormone effects failed to reach significance. 

\Vhilt> tiws(' r('sults dpal with dormant cuttings from only one tree, they 
do indi(,ate physiological differ<'nces in branches from the upper and lower 
parts of thi!-' indiyiduaL Further experiments on a number of trees, and 
t'xtension to other species of spruce, are required to establish the generality 
of this condition. It will be necessary also to consider the growth of rooted 
cuttings from tll{'s<,' difft'rent regions, for it is essential that normal trees be 
produced; increast'd ease of rooting from cuttings taken from lower branches 
will lw of no practical value unless such cuttings grow normally and produce 
properly formed tref"s. ", , 
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FLAX STUDIES 
IV. THE PHYSICAL AND CHEMICAL CHARACTERISTICS OF FLAXSEED 

AT PROGRESSIVE STAGES OF M.~TURIT" 

Abstract 
FlaXlieed from plot~ seeded at Ottawa and Sulikatoon ()n~r .1 pl'fiod (If st'vt'ral 

week~ and harvested at maturity !>hO\wd no di.fference in (,iI content ",ilh d,ltc" 
of seeding-, hut tht: iodint· \'alut·~ tendcrl to inerca.,t' with laIC ~ct!ing. EXIK'ri­
ments conducted with Bison and Rcdwinv; ~r()wn ill 1036 at Brandon. Saskatoon, 
Edmonton, and Fallis. and WIth Rt'dwLnv: in 1937 .It BrdTldllll. Edl\1unton, and 
Fallis, ill which the .!ieed W,I,. harn'sted at successin' sUlg('" uf nw.t!lrit)', .'ihowt·(l 
that moisture decreased and dry kernel w('ight a,ltl oil C(lllt{~nt incrca~'d with 
progressi\"c maturity up \0 approximately thirty day" aftt'r 6owcrin~. Ratt' of 
oil deposition "'-clS in soow caSt·s (';l.trenwly rapid, from ['lOr;; to qW:; of tilt' 1Il.1Xi, 

mum oil fOllnd heing dt'p'Isitcd hy the fiftet·nth t() t'i~hll'i.'llth day. Oil Colllt'llt 
and dry kernel weight n',H-h a maximum st'vcra\ daYi- hefore n,;u,ll maturity. 
l'nsaturation procc('(ls somewhat mOrt' s[owly and .cachcb a hight'. vaillt' limier 
climatic conditions favourin!{ slow maturity. 

Introduction 

lSI 

In \Yestern Canada, the northern limit of flaxseed production i::. <:lmditionl'd 
by the time required to reach maturity, and it is frequently necessary to 
harvest the crop before it is fully ripened in order to avoid possihle damage 
from frost. As immaturity is a degrading factor, it is of importance to secure 
d{>finite information as to its effect on oil content and the drying vaiu(' of the 
oil under Canadian cultural conditions. 

In other countries some attention has been given to this suhject, Lut only 
a few investigators have studied progressively the changes in chemical com­
position as the seed matures; there is little information on the development 
of unsaturation. Ivanow (9) showed that the oil content of flaxseed harvested 
at four stages of growth increased with maturity, the values in one year 
ranging from approximately 4. S~~ one week after flowering to 35.00/0 seven 
weeks later, at which time the seeds wert' fully ripe. Eyre and Fisher (7) 
of England reported a range from 21 to 40.9Cjo between the oil content of 
quitt: green and ripe seeds separated from plants having green and ripe 
bolls. On the other hand, at the North Dakota Experimental Station, 
Washburn (12) found an extreme range of only 38.8 to 40.8% oil for green 
and mature seeds. Coleman and Fellows (4) reported that immature seeds 
separated from a number of bulk samples contained an average of 32.6% 

1 Manuscript receiwd April 1, 1939. 
Contrilmtion from the Grain Research Laboratory, Board of Grain Commissioners, Win­

nipeg, Manitoba. Publish~d as Paper No. 161 of the AS50cUUe Committee on ~rain Research of 
the IfatiunaJ Research Council oj Canada and the Dominion Department of Agrl£uJture. 

2 Junior Chemist, Grain Research Laboratory, Board of Grain Commissioners, Winnipeg, 
Manitoba. 

3 Senior Assistant Cereatist, Central Experimental Farm, Dominion Department of Agri­
culture, Ottawa, Canada. 

.. Formerly Chief Chemist, Gra";n Research Laburatory. Board of Grain Commissioners, 
~ZI~i~f~~~7a~;;'S~ Professor of Agricultu,.al Biochemistry, University of Minnesota, St. 
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oil as compared with 4] AS;, for the mature seeds. At the South Dakota 
Experim"nt Station. Bushey. Puhr. and Hume (3) determined the oil content 
of flaxseed harvested at five different dates of maturity in 1926 and found it 
to incrt'asp from 29. sc;, when approximately one-third of the seeds were 
grpt"nish in colour, to 36.8~~ at full maturity, about four weeks later. Dillman 
(5) carried out a detailed study of the daily seed growth and time of oil forma­
tion in the d{'n'ioping seed from flowering to maturity in Minnesota and North 
Ilakota durinR th,' year, 1926 and 1927: his data show that the most rapid 
formation of oil occurs hetwt't'n the seventh and eighteenth days after flowering 
and is cnrrt·lated with the increase in dry weight. The maximum dry weight 
and oil {'ontt'ot are n'ach('d from six to nine days before the seeds are fully 
rip", after which there is little chanRe to full maturity. Johnson (10) 
studit'd the rate of d(~velopment of the oil on soils of different productivity 
in 1\linnesota. The average oi\ content of Bison flax showed a fairly uniform 
incr{'ase up to 25 days after flowe-ring, followed by a slight decrease to maturity. 
The' iodillt' number inrrf>ased rapidly to 17 days after flowering, remained 
('onstant for a short period, then decreast'd slightly to complete maturity. 
In the studies rt'ported by Johnson (10), and also by Dillman (5), a large num­
ber of flowers were marked and the bolls harvested at a definite period in 
their development to obtain seed of uniform and definite age. Delayed 
planting produced a slight reduction in oil percentage during one season but 
no consistent difference during the other season studied. The iodine number 
of the oil indicated a slight decrease with delayed planting for Bison but no 
change for Redwing. In both varieties studied the iodine number at the 
last date of planting was high. 

Under the conditions of the north of Ireland, Eyre (6) and Barker (2) made 
a study of the development of oil in the seeds of the flax fibre crop with the 
variety commercially known as "Dutch Blue". They found that the syn­
thesis of the oil takes place slowly up to the eleventh day, after which a 
period of rapid accumulation sets in, amounting to about 3% per day for some 
10 days, when. about 21 days after flowering time, the maximum oil content 
is reached. The iodine value increased gradually throughout the whole 
period, the greatest rate of increase taking place after the oil content had 
reached its maximum value. Robinson (11), working in Michigan with a 
fibre variety "Saginaw", also found that the oil content of the seed increased 
with maturity, reaching a maximum before fully ripe. 

The study here reported was initiated by the Sub-Committee on Oil Seeds, 
Associate Committee on Grain Research, and Dominion Department of 
Agriculture, with the object of investigating the progressive changes in the 
chemical composition of maturing flaxseed with particular reference to oil 
content and degree of unsaturation, as measured by iodine value. The co­
operating organizations included the Cereal Division, Dominion Department 
of Agriculture, Ottawa: Grain Research Laboratory, Board of Grain Com­
missioners, \Yinnipeg; Department of Agronomy, University of Saskatchewan, 
Saskatoon: and the Departmern of Field Crops, University of Alberta, Ed­
monton. 
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Experimental 
The investigations were begun in 1934 and extended over four nop years. 

In 1934 and 1935 a "dates of seeding" experiment was conducted in which 
the bolls were harvested when matuTt', while in the following tW{) vear~ a 
study was made of the changes in chemical composition of the St.'t'd at proRres~ 
sive stages of maturity. 

In all, three varieties, Bison, Redwing, and Novelty, which are the most 
extensively grown in Canada for seffi production. were rf.'prpSf'nted. Bison 
is characterized by a tall vigorous growth habit. is somewhat lat(.' in maturity, 
and yields medium large seeds. Redwing produces a shorter, stron~er stem, 
matures approximately 10 days earlier, and yit"lds smaller 5e£'ds than Bi~()n. 
Bison has a higher oil content with a lower iodine value than Redwing g:rown 
under similar conditions. Novelty is intermediate betw~n Bison and Red­
wing as regards maturity and size of seed. 

For the "dates of seeding" experiment in 1934, Bison, Redwing, and 
NoveJty were seeded at Ottawa, Ontario, in quadruplicate plots, arranged 
systematically, and trimmed to a rod-row length at harvest time. Seeding 
commenced as early as land could be prepared and was continued at five-day 
intervals until ten seedings were made. In 1935, a similar {'xpt'riment was 
carried out at Saskatoon in which the variety Bison was sown in duplicate 
plots at five different dates. 

For the study of the physical and cht'mical characteristics of flaxseed at 
different stages of maturity in 1936, Bison and Redwing were grown as a 
quadruplicated. randomized, two-variety, rod-row test at Brandon (Mani .. 
toba), Saskatoon (Saskatchewan), and Edmonton and Fallis (Alberta). 
Sufficient rod-rows were seeded in each plot to provide one for sampling at 
each stage of maturity. 

Harvesting of the bolls commenced at the 15th day after approximately 
75% of the plants were in blossom and was continued at three-day intervals 
until the 36th day after flowering, at all the stations except Fallis, where for 
practicaJ reasons col1ections were made at approximately six-day intervals. 
At each sampling all the bolls from one rod-row were collected, so that there 
was some variation in the stage of development, because the flax plant con .. 
tinues to flower day by day over a period of 7 to 10 days. In the 1937 experi­
ment, Redwing only was seeded at the same stations, and harvesting was 
begun at 6 rather than 15 days after 75% of the plants were in blossom. 
Because of drought, no samples were available from Saskatoon in 1937. 
In both years, quadruplicate samples of each collection were taken and bulked 
for laboratory testing. 

The bolls harvested at the different stations were forwarded in air-tight 
containers to Winnipeg for analysis. The bulk of each sample was dried 
in vacuo for 14 hr. at 100" C. without weighing, a small sub-sample being 
retained. for a moisture determination in order that the changes in moisture 
content with maturity might be followed. Moisture was determined, on 
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approximately 1 gm. of the whole kernels obtained from the original sub­
sam ph· sd asidf' for the purpose, by drying in a vacuum oven at 100° C. 
for 24 hr. '1\:, somt' of tIlt' high-moisture samples in 1936 had to be discarded 
on accoUllt of spoilag(' during shipmt'nt, and also in order to reduce the possi­
hility of r('~piration causing changes in chemical composition. the main portion 
(If {'ach !-.arnpl(' from the more ciistant stations (Edmonton and Fallis) in lCJ37 
was driNI for a few hour~ at 1000 C. under partial vacuum prior to shipment; 
hut a port ion of th{' ff{~shly harv('stt'd rnatt_>rial was forwarded in a sealed 
('ontairwr for moisture dt'terminations. 

TIl(' partially dried bulk samples were hand-threshed, and the seed was 
ground to a fine pulp with a mortar and pestle; the moisture content was 
dt'tenninf'd by 1 ht· yaruum-ovpn mt'lhod. and tht' dried residue employed 
for other analytical det(>rminations. Oil contpnt was dett'rmined on from 
2 to 10 gm. (dependillg on the stage of maturity) of the pre\'iously drif'd and 
ground material. by extracting with anhydrous alcohol-free and peroxide-free 
dh)"! {'thl·r in a S()xhl(~t extractor, 'with use of \Yhatman double thickness 
('xtractioJl thimhJps, After 4 hr. of t'xtraction, the samples were re-ground in 
a mortar with reagt'nt sea-sand and re-extracted for a further 16 hr. at a 
siphoning ralP of one J'l('f minute. To remove traces of starch, the ether 
t'xtract was filtered through a sintered glass filter and transferred directly 
tn a tan·d 125 (T. Erlenmeyer flask by suction, and the extraction flask was 
was)wd threp limps with fresh soh-ent. The excess ether was distilled off on 
it water hath maintained at approximately 70° C., the extract dried in vacuo 
for -' hI". at Q8° to 100° C. at a prt"ssure not t"xceeding 25 mm. mercury. and 
weighed. The oil content was expressed on a dry matter basis. This extrac­
tion procedure for determining the oil content ,vas employed in this study 
rat her than the rapid refractometric method described by Geddes and Lehberg 
(8), as variations in the refractive indices of linseed oil extracted from flaxseed 
')f varying maturity 'would It'ad to relatively large errors by the latter method. 

In 1934 and 1935, iodine values were determined on cold-pressed oil obtained 
)y mt'ans of the Carver Laboratory hydraulic press; but owing to the limited 
naterial available in the maturity studies carried out in 1936 and 1937, it 
,\'as necessary to utilize the ethyl-ether extracts. \\'ijs' method, as detailed by 
he Anwrican Association of Official Agricultural Chemists (1), was used in 
ill cases. Nitrogen was determined on a one-gram sample by the Kjeldahl­
:;'unning-ArnoJd procedure essentially as described by the A.O.A.C. All 
Lnafyse;;:. were conducted in duplicate. 

Relation Between Date of Planting and Flaxseed Quality 

1934 AND 1935 EXPERIMENTS 

The results of the dates of seeding experiments, summarized in Table I, 
eveal no definite trend in oil content, but there is a definite tendency for the 
xline values to increase with delayed seeding, probably because of the 
ooler weather prevalent during the maturation of the late-seeded plots. 
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TABLE I 
OIL COXTENT ANn lODI~E YALt:E OF MA.TURE FLAX FROM PLOTS S(';EtJED AT PIFFEkENT 

llAn:s 

I 
':::'.", I 0,,, '0 I \'atiety :>q:U<:U 

Ih;;un .. ~Iay 

Redwin~ 

14 

2jun,· 
8 

!.I 

" 
.. :\Iay 
o 

14 

" 24 
29 

2 June , 
,3 
I' 

:\ovelty .. May 

14 

2 June 
i , 

13 
t8 

'" l> 

" " 
" " S! " 
'" n 
BOO 
')7 n 

" 2 

75 ; 
i4 7 
71, ) 

7"',0 
7(>0 

7<){) 

79 " 
~5 0 

,. 2 

81.1 
k2 " 1i5.2 
89 () 
89 () 
9, (J 

92 " 

Ylf'ld 

lou, 

IP 
I.I 0 l~ , 
.~ ., n 
2,1 ; 21> I 

" ) " · " 
, t7 t 

" s w , 
11 " ((Ill 

" 
, It , 

n , 
10 5 211 2 

20 ; 20 1 
11 ; 
12 " 21 , 
21 ; 20 1 
22 5 1<, i 
!9 , t< k 

10 5 14 1 
t7 5 

'" S 

20 7 l' ; 

'" 
, 

2\ ) 

11.2 )5 · 21 ) 

20 ; t7 · t7 " t7 " PI () 
I" 7 

! 0\\ nllltt'11t 1\ Jodmr' v,llul' 

I 
«\r); 11.'~l~\, of ,~,h\ '1 

,. 1,r"lIIlrIlm , i (\\"js') 

" - ------

1(".\\". " 
, tRo , 

1('\\'. " " I("'\\' 41 , 
II \\". ·11 I 0'1 1 
1\'.\\. 41 I 
!I " 41 ) 

!I ". 41 I 
leW. 41 1 
I( \\. 41 , 
I{,\\ '" 

, 1', 0 

\ ( .W. ." , ll".\\, 41 , PI') 11 , (,W. I~' I 

1 (' .. W 40(' I')I)/i 

I \',\\'. '" ; 1\.1(! , 
1(".\\' ." , I'll " I , \\ '" t J'J.l .5 
I C.W ., , 1;).\ 5 

1(" \V. ." ) t<l" " 
to " 

1 (",\y. 4l " 1liZ " 1(,\\ 4) 1 IIU , 
lew, " " un , 
1 (,\\,. 41 " lK4 (J , CW, 41 I 1<4 7 
ICW. ., 2 I" 9 

1 toW. 4>1 7 lK4(j 

IC,\\'. 40 ') IK,i 6 
J c.~\". 41 , 1NR() 

I C.W. 42 5 1M, 5 

.--'------'--~--------'- . ------._ 
Saskaloon-1935 

BiSQn 24 AprlJ 
3 May 

15 
1 June 

19 

125,0 

I
i ~l~·~ 

Not mature , 
i I 

12.R 
15,11 

21 2 

, " 
" 

I C.W, 42 (, I'" " 
IC.\C 422 1838 
1 C.W. 429 tH7 , 
lew. 430 1905 
1 C.W, 42 I) 192,0 

In this connection it is interesting to note that the late-harvested samples 
of Bison from Saskatoon were higher in iodine number than those from 
Ottawa, where the average temperature during the 1ate summer is higher. 

All varieties made a more vigorous growth when seeded about two weeks 
after the season opened, Delayed seeding appears to increase the number 
of days to maturity for Bison and Novelty, the inverse being true for Redwing. 
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Varieties which do not reach a certain stage of maturity before the end of 
the st'asbn are ft'tarded by St'cond growth. As previous work had shown. 
latt'f se(~dinR usually product;'s an apprE"ciahle decrease in yield. 

Physical and Chemical Characteristics of Flaxseed at Pro~essive 
Stages of Maturity 

1936 EXPERIMESTS 

Th(" results of thl! lQ36 experiments are recorded in Table II, and repre­
sfmtt'd ,Rraphically for each station excepting- Fallis in Figs. 1, 2, and 3. 
It will be ObSf'TVt'd that, as indicated by oil content, the plants grown at 
Brandon and Saskatoon were considerably matured prior to the 15th day 
after tiowering-, \dwn tht- first sample::; weie ('ollf'cted. At all stations, both 

FH;. L J"/Jrinus rharartrl'istirs of Bison o'ld Reduring flax grnwn at Brandon, JManitoba, 
£n j(J36 and hart'esied at different stages of maturity. 
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\'arietif"s showed a decrease in moisture, increase in dry kcrnd weight and 
increase in oil content with progressive maturity up to approximately 30 days 
after flowering; the increase in iodine yalue continut's after maximum drv 
kernel weight and oil content is attained. . 
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Flc~. J. Varw-us rharac/rristJ(.1 of RIson a1Id Rt'du'ing flax gr()u-n at Edmonton, AJb~tu" 
iu JCJ36 Gnd harvested at different stages of maturity. 

These changes with maturity are mOre gradual for the Edmonton and 
Fallis series, and are probably associated \vith coolt'f weather and higher soil 
moisture at these points. The oil contents of the Edmonton samples were 
approximately 11 % at the 15th day after flowering, incrpasing- rapidly to 33o/c) 
by tht:" 21st day; as the oil content at the last harvesting was approximately 
42<-(, 52% of the final oil was deposited \vithin six day::.. After the 21st day 
the oil content increased mOre gradually and at the 2ith day had reached 
(_)r{'_~ of the final value; at this time the kernels were still immature in appear~ 
anee and had the characteristic greenish brown colour, The increase in iodine 
value at Edmonton is more gradual than the increase in oil content and con~ 
tinue~ throughout the entire collection pericx::l. At the 15th day the iodine 
\-alues \\ere 125.4 and 122.9 for Bison and Redwing respectively. increasing 
10184.3 and 187.8 by the 36th day. At the final sampling the oil content of 
Bison was 1.6% higher than Redwing while the iodine value was 3.5 units 
!p\H'r. 

At Brandon and Saskatoon, drier weather conditions prevailed and the days 
to maturity were less, than at Edmonton and Fallis. At the initial sampling 
approximately 85 to 90'70 of the oil finally found was already present, and 
the degree of unsaturation was also weH advanced. For Brandon, the iodine 
\-alues for Bison and Redwing increased from 136.8 and 139,9 units re­
spectivelyat 15 days after flowering, to 173.8 and 179.3 units at 36 days, at 
which time the samples appeared mature. 

At an stations, Bison yielded a higher final oil content and lower iodine 
value than Redwing; these are recognized varietal differences. 
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1937 EXPERIMENTS 

The analytical data for the 1937 experiments are summarized in Table III 
and RraphkalJy feprest>nt€'d in Figs, 4, 5, and 6. 

The g-eneral trends were similar to those observed in 1936; as maturity 
progres!Wd moisture content rapidly decreased and the dry kernel weight. 
oil contt>nt, and iodine value increased. Oil deposition commenced very 
early in kernel development, approximately 17, 32, and 23% being prese;t 
by the sixth day aftef flowering in the Brandon, Edmonton, and Fallis series 
re~pt'ctiv(~ly. It is extremely doubtful whether the estimation of the flowering 
stage was similar at the three stations, since from general climatic conditions 
ont" would expect the Edmonton and Fallis series to be lower in oil content 
than the Brandon series at this early state of maturity. This is again sug­
ge~ted by the comparative iodine values of 98, 129, and 120 units for the 
initial sampling at the above respective stations. As in 1936, the iodine 
values at all stations increased somewhat more slowly than oil deposition. 
reaching a maximum at a later stage of maturity. Visually, the Brandon, 
Edmonton, and Fallis samples were approaching maturity at 33, 40, and 54 
days, respectively, after flowering. Complete maturity, as evidenced by 
the charactt"ristic reddish-brown colour of Redwing, occurred on the 52nd 
and 58th days after flowering at Brandon and Edmonton, while the Fallis 
samples never reached fulJ visual maturity; yet the iodine values for Fallis 
were the highest. 

The fluctuations in the oil content of successive collections appear to follow 
the precipitation that occurred during the intervals between samplings, the 
oil content tending to increase after rain and to drop following a dry period. 
Iodine value does not appear to be similarly affected. 

The nitrogen content of the seeds showed no pronounced trends with 
maturity in the Edmonton and Fallis series, but for Brandon there was a 
fairly consistent increase to the 24th day after flowering. 

Discussion 
The slight decrease in oil content and iodine number with delayed planting 

suggested by Johnson (10) was not apparent in these data. Oil content 
depends to some extent on maturity, and if all samples are mature not much 
variation in oil content is to be expected. However iodine number in each 
instance increased with delayed planting. 

The results in regard to the rapidity with which oil is deposited in the 
developing kernel correspond quite well with those of other workers reported 
in the literature. Even at the sixth day after flowering there is an appreciable 
percentage of oil present, and in most cases approximately 80 to 85% of the 
maximum oil content found is present by the 15th to 18th day, The oil 
content increases v.ith increasing dry kernel weight, both reaching a maximum 
several days before the sample is visually mature; this time varies with the 
environmental conditions, ,The data therefore indicate that harvesting the 
flax before it is completely ripe will not result in a decrease in oil yield. 
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FIG. 5. T"ariofts CMracteristics of Redu'inJ'.fiax grown at Edmonton, Alberta, tn It)37 and 
ham'sled at different stages of maturity. Precip-itation also shown. 
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FIG. 6. VarWus charac~tics of Red.wing flax grown at Fallis. Alberta. in 1937 and 
harvested at different stages of mat~rily. 



194 CANADIAN JOURNAL OF RESEARCH. VOL. 17, SEC. C. 

\\'hile there are some inevitable incongruities in the data, it is evident that 
the dev;)opmt"nt of unsaturation proceeds somewhat more slowly than oil 
deposition and tends to reach a higher final value under climatic conditions 
favouring slow maturity. The results, however, are not sufficiently con­
clusive to warrant the statement that immaturity tends to result in lower 
iodin(· values, although the indications are in this direction. 

ThE' ability of flax to stand in the field beyond maturity without shattering 
is an import:}nt feat un- in harvesting operations, especially since the intro­
duction of the ('omhine harvester. Collections from the crop at Saskatoon 
in 1936 and at Brandon in both 1936 and 1937 would indicate that no deterior­
ation in oil content or iodine number might be expected from this practice. 
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SEPTORIA CANKER OF INTRODUCED ."''IID NATIVE 
HYBRID POPL . .\RS' 

By J. E. B'ER' 

Abstract 
Studieg have shown that Srptoria mu.titJa Peck, a North ..\nwriran fun~u,: 

which occurs commonly al' a leaf-spotting parasitt, on nativt, popit1r,,;, produces 
cankers, in addi~ion t.o leaf injury, on n",rtain. introdut't'd f)\ll~l,tr~ (P(lpuJus 
Rasumowskyana SchneId., P. Pt'trO'wskyanu S{'hm"d" and P. IJt'rolmrnstS Pipp.1, 
and the native hybrids, ~(Jrthwest and Saskatchewan poplar. 

Field observations and inoculation {.'xp,eriments d{'n1nnstrated th,1{ most of 
the inoculum fur sprin!{ infection arises from ascospores oi a M_v((>.~p/ifJt'rt'JtIl 
stage, and that the fUll~US enters tht~ stt~m" through mt'l'hanical wounds, 
uninjured lentkels, leaf petioles, or stipule~. Inripicnt cankl'r'~ occur in th(~ 
hark of the current year's wood, soon ~irdlin~ leading and "it", "hoob, They 
later spread from lateral brancheb into Iht' main stem, developing into fIen'nnial 
cankers which ultimately ~irdle and kill the t ret's. 

Introduction 

In recent years the attention of the author has bee-n direct€'d to a destruct ive 
canker of certain strains of poplar growing in the vicinity of Indian Heoad. 
Saskatchewan, and at the Petawawa Forest Experiment Station, Ontario. 
The disease was reported on Populus Rasumowskyana Schneid., P. PetrtrWskyana 
Schneid., P. berolinensis Dipp., Northwest poplar, and Saskatchewan poplar. 
The first three are introduced species of hybrid origin, which collectively have 
been called Russian poplar, while Northwest and Saskatchewan poplars are 
considered native hybrids between balsam poplar (P. Jacamahaca MilL) and 
cottonwood (P. balsamifera L.). BecauS<' of their hardiness, rapid growth. 
and ease of propagation, these species have been used extensiv€'iy for wind­
break and shelterbelt plantings in the Prairie Provinces. 

\,Then first observed it was noted that the cankers did not resemble those 
associated with Hypoxylon, Cytospora, or Dotkickiza, the commonly recognized 
canker-producing fungi on poplar. Isolations from the bark of cankers of 
all ages repeatedly produced fruiting cultures of a species of Sepwria. At 
this point in the investigation it was found that Mr. J. L. Van Camp had 
previously carried out experiments on the canker of Russian poplar, and had 
recorded a Septoria as the causal agent. A brief summary of Van Camp's 
work was published in the Report of the Director of Forestry for the year 
1929-30 (1). These investigations were not continued after 1930, and no 
further research was carried out until 1936, when the problem was undertaken 
by this Service. 

During the summer of 1938 the disease WaS investigated at Indian Head, 
Sask., and there is no doubt that the cankers and fungus studied in Ontario 
are the same as those previously described by Van Camp in Saskatchewan. 

1 Manuscript f'eceifJell February 18, 1939. 
CotUribuJin No. 580 ff'om the Dif1ision of Botany and Plant Pathology, Science Servi<:e, 

Deportmmt of Agrictdtue, Otl4Wa, Canada. 
I CdcuJ.1I4le Assistant. Centf'al Laboralmy, Otta'f/JC. 
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The Disease 

Ilistorical ShIeh oj the lIosts and Disease 

Rus~ian poplar!'> have het'n grown in Canada f()r the las.t 40 to 50 years. 
Saunder~ (7) in 1904. dt'srribing trees tested in \lanitoba and the Northwest 
Tt'rritorit'l', mt'1l1iOlwd Russian poplar as a very hardy and fast~growing­

tre(' of \'alu(' to tht, .Northwest country. Johnson (2) in 1923. writing on tree 
plant in).! in the (~rt'at Plains reg-ion, made the following statement with respect 
10 }{ussian poplar: "~I t is hardy to winter cold and resists the ordinary amount 
of drought, hut is suhject to attack by canker, a di~ase which soon girdles 
the tret' , generally near the baS(_~ or at a crotch, and kills the portion above 
the cank~r. Tht>' di:;east· i!' quitt' common on all Russian poplars grown in 
this rt'I.6on. For that reason they are not n"commendf'd for general planting." 

In l(J2K, \1unm (3) rt'portt'd the prt>::.ence of Russian poplar canker in 
Saskatchewan, and observed that the disease was more severe on hig-her 
planting si1t,~. In 1930, Van Camp (1) recorded investigations on the- disease­
which WPf(' carried out at Indian Head, Sask. A Septaria, identical with 
the fungus occurring a~ a leaf parasite on Russian poplar, was reported to be 
a wound parasitl.' on the stems of P. Petrowskyana and Northwest poplar. 
Cankf'rs wt'fe produn·d eXIX·rinwntally from wound ino("ulations made under 
gn'('nhousf' ("onditions, and methods Wt'n' recorded for the control of the 
dist"ase hy the utilization of clean ("uttings and clean planting- sites. In 1933, 
Ross (6) advi~t'd against planting Russian poplars in large numbers on account 
of tlwir !-.usct·ptihility to canker and insect horers. 

Canker ShiRe EXTENT Of DAMAGE 

In Ontario, fit"ld observations on Septoria canker have been confined to a 
13~year~old plantation of P. Rasumo'lf.'skyana at the Petawawa Forest Experi­
ment Station. On thi~ area all treE'S art' infected, each having a number of 
lesions on the trunk and branches which ultimately girdle and kill the affected. 
parts. The average condition of the trees is illustrated in Plate 1, which 
shows the upper half of a tree 17 ft. high. ThE' host in turn forms new branches 
from advt'ntitious buds on the stem, and frequently sucker shoots that may 
dew·lop into trees are produced from the f;tumps. After 13 years of growth 
tht:> tret's are 10 to 20 ft. high, much branched, with from one to three stems 
arising from the original root system of each planted cutting. 

Shdterbt'lts and plantations of P. Petrowskyana, Northwest, and Saskat~ 
che\\'an poplars in the prairie region of l\lanitoba, Saskatchewan, and Alberta 
have also bt"t'n examined for cankers. The disease incidence coincided with 
the distribution of susceptible hosts, and on many occasions, large plantings 
established during the Jast 20 years had been practically eliminated as the 
result of cankers. In the vicinity of Edmonton, Alta., Russian poplars were 
in a much healthier ("ondition than those observed in the southern part of 
the Prairie Provinces. Cankers were present, but the more vigorous growth 
of the trees resulted in the rapid, production of secondary periderm around the 
lesions, which apparently was sufficient to inhibit the further advance of the 
pathog~n. 
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Leaf Spot Stage 

Leaf l{"sians were universally present on trees susceptible to tht> ('anker 
stagt' (Plate I\'). The injury was mort' sevt'rt' on the leil,·t>s of lower hranchp!-" 
a condition possibly corrt'latt'd with the discharge of ascospon'F from the 
perfect fruiting bodies produn·d on the ovt"rwintered It"avt"s. Alt hough no 
dt"foliation was noted as a direct result of leaf injury, the larR{" amount of 
leaf area killed would appreciably reduce thE" photosynthetic artivity, and 
in this way han~ a decidl'dly unfavourable effect upon thf> annual increment. 

DI"'EASE DEVELOPMEST 

1\'I05t of the primary inoculum for the sprin~ inft"rtion of leaves and sH'rns 

arises from the abundant peritht"cia on the overwintered leaves. In addition 
to those on the ground, the perfect stage was found on It'aves pt'rsisting on 
branches that had tX"en killed durin~ the pr("violls ~rowing sea~'()n. Both 
perithecia and pycnidia nmtaining viable spores wt're ('olleC'ted on l{'sians 
that had girdled the twi~~ dt'velopt"d during the prt'vious year. Therefon', 
the spring dissemination of the pathogen is not wholly d(·pt·ndent on the 
ascospores. Ascospore discharge OCC"llrs from the time the buds open until 
the development of the new growth is complete. 

On the Branches and Siems 

Field observations and artificial inoculations have shown that cankers 
originate in the bark of twig-s of tht" current year. The fungus may enter the 
host through mechanical wounds, uninjured lenticels, stipules, or leaf pt'tioies 
(Plate III). By the middle of June undt'r field conditions a very ('onspicuous 
symptom oi the disease is the presence of one or more dead leaves on the 
leaders (Plate III, Fig. 1), at the ring scars (Plate II, Fig. 3), or on the axillary 

PLATE II 
Septoria canker on P. Rusumou'skyana at the Petawawa Forest Experiment ~I,;talion, Ont. 
FIG. 1. Stem canker arising at a leaf axil. X!. Note the dead leaf hanging dou'tt from the 

'{'nlre of tke blackened diseased area. 
FIG. 2. Enlargement of the lesion shown in Fig. 1. Xl. ."'lote Ihe pycnidia in the enclosed 

pale? lJr~lJ of lhe Jesion. 
FIG. 3. Stem canker at tlw junctirm of the current and last ytar's growth. X~. Observe the 

smailleai on 1M left which was killed before reaching maturity. 
FIG. 4. Enlargement of tM lesion slwutn in Fig. J. Xl. Note the bJackened d·iseased area 

spreading into 2-year-old bark on tlu: left. . . 
FIG. 5. Canker on a 5-Yl'ar-old stem. X 1. Observe the swellmg of the stem at the upper margin 

of the canker. 
FIGS. 6 TO 9. Stages in the development of a perennial stem canke!', arising from an initial 

infection in the current growth of an axilla!'y shoot. The four lesions were .ollected from different 
positions on the same main stem. X;. 

FIG. 6. TJu current growth of an axillary skoot has become 1-nfuted. ."'-ote the dead. shrit'elled 
leaves on lht> black. dwarfed. axilJary shoot which ~s produ(.:,!d during Ihe second growing season 
of tke stem. The infection has not as yet spread mto the mam stem. 

FIG. 7. Canker condition on 3-YfaT-old stems. The axillary shoot has faUen off, and the 
fungus has entered Ihe main stem. Note the black. diseased bark belou' the branch scar, and the 
stem swelling around the diseased area. 

FIG. 8. Canker condition on 4--vear-old stems. Observe the pronounced stem swelling at the 
canker margins. and the spread of the infection into healthy bark at the top, central portion of tke 
lesion. 

FIG. 9. Canker condition on 5-year-old stems. .Vote the successive callous layers formed 
during 1m third and fourth growing seasons. The diseased bark at the top of the canker has been 
secondarily attacked by Cylospora, TM lesion had just completed girdling the stem. 
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branche, ptoQuced on 2-year-old stems (Plate II, Fig. 6). Closer examination 
reveals !'t{'m It-sions at the bases of the dead leaves (Plate II. Figs. 2 and 4). 
The diseast'd bark is usually hlack. frequently endosing yellowish to white 
area. in which .mall pycnidia may be found (Plate II, Fig. 2, and Plate III. 
Fig. 2), Tht' cankers girdle and kill the leader and axillary branches during 
tht· first growing season, but tht:' spread of the disease from axillary branches 
inlo the main stem as a rule does not occur until the following year, i.e., the 
third glowing st'ason of the stem (Plate II, Fig. 7). On entering the main 
!'tem, tht· pathog('n product's a canker that is perennial in character. Each 
year consid('rauJe mal format ion of the stem arises at the margin of the lesion 
(Plate II, Figs. 8 and 9). In general, the cankers succeed in girdling the 
sterns during their fourth or fifth year of growth. 

Pycnidia and pt'rith~{'ia are found on inft>ctions on the current year's wood 
(Platt· V, Fig. 1), but only on rare occasions have they been ohserved in cankers 
occurring on wood two or more years of age. 

It is important to note that the hark of dead trfOes and cankered areas is 
secondarily attacked by Cytospora chrysosperma (Pers.) Fries (Plate II, Fi". 9), 
a fungus para~itic on somt:' specit's of poplar. !Rolations from the diseased bark 
at the marg-in of older l('sion5 not infrequt>ntly produce cultures of Cytospora, 
and it is possible that advanced cankers may result from a combined attack 
of Septoria and Cylospora. 

On the LeG'l.'es 
The first leaf lesions appear from three to four weeks after the opening of 

the huds, and are usually confint"d to leaves on the lower branches. The 
nurnht'r of lesions multiplies rapidly during the growing season, and the infec­
tion becomes more or less general throughout the trees. The fungus produces 

PLATE III 
Cankers rrsldling fr(lm artificial inoculatinns. 
FJG. 1. SUm canker oj a lea} axil of P. Ra:rumowskyana. X f. On April 22, 1938, spores 'were 

placed at approximately tlu> mid-point on lhr l~af prtiole. A petiole lesi.on developed and the fu~gus 
UI(1S (lbuf1J('d to pass dou!n llu petiolr into the sit'm. Tht' photograph was taken on June 15. 

FIG. 2. .)'tipuJe in/ectifIH on North'llPf:st poplar. Xl. On JUnl' 6, 1(}38, spctres were placed on 
tM green stipules aJ 1M leaf axil. usinns formed on Iht st£puies, and stem cankN's d,et'eloped 
from thrir bases. Rotl' the pycnidia on 1M canker. The phoJograph was tJJ.krn on June 30, 

FIG. 3. Lcntieel in-frction on North'IJ.'(.~/ poplar. X!. 1''11'0 weeks after spores u!ere painted 
Ott lIu stem, slight swellings 'Ule?"t widr-nt ar(lund some of tJu lentials. Almost im'fnl!diateJy 
dongau, om/. black areGS of diseased bark tL'rrt' pyoduced .. 

FIG. 4. Multiplr infection resulting fr(lm an inaculation em an unwounded stem of Northwest 
poplar. X~. On JU1U' 11. J(UII, sport'S u'ut' Painted on the leaf petinJes, st:'frUks and stem. The 
photograph 'U'Cs taken on JUnl 26. and oJ th£s time stiplUe, lentiul, and p~tiole inft'ction was 
apparent. Nok-tM infeclt'd len.Jicel n((1r tke base of 1M cutting. and Iht local suoelling of the (tIlire 
skill an'st'ng from till' infection of a num~r of lentice/s. 

FIG. 5. Stem. tL'OUlld i'fOruiation on cottonwood. X l A small ieslon uw produced as a "'eS14lt 
of J)u inocula/jm!. The diselJsed area u'as soon deJimikd by secondary peritkrm tissut of Jnc 
hosl, and no furllfer cankn grml.'th occurrt'd. 

FIG. 6. l-Found inocukUWn on P. Rasumawskyana. X f. Canker Present 15 days afW 
inoculation. , 

FIG. 7. Wound inocuJatwn on Sorthwesl poplar. Xl. Canker present ZO days aft#- inocula­
Iilm. Note 1M pycnidia in lire pakr aNas oj diseased bark. 
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necrotic spots of various sizes which often coalt>sce to im:oh't' largt> areas of 
the leaf. The individual lesions may be either circular or angular, and art" 
brown wjth yellowish to whitt' centres (Plate IV). The- angular spots arE" 
frequently limited by th€' veins. Small, black pycnidia art> t>vidt"nt, !'('attt"reci 
throughout the lesions on both leaf surfa"". (Plate V, Fig. 2). 

Tht Imperfect Stage 

The Causal Fungus 

TAXONOMY AND MORPHOLOGY 

The fungus associated with the leaf lesions and stem canker~ of Russian, 
Northwest. and Saskatchewan poplars, agrf'eS with Peck's (4) original descrip­
tion of Septaria musit'a,* and the type specimen collectM on P. monilifera 
(cottonwood), at Albany, N.Y. 

The pycnidia are embt>dded in the tissues, with thl' ostiolt·:; projectinR 
through the leaf epidermi; or hark periderm (Plate V, Figs. I, 2, and 3). In 
longitudinal section the pye-nidial wall is e\~jdent, with the conidia borne 
along the baS<' and sides of th,' pymidium (Plate V, Fig. 4). The pycnidia 
vary in width from 64 to 120}J., and in height from 68 to 129 ~, with an 
average respectively of 88 by 96 !J.. 

\\Then leaves or stems bearing pycnidia are placed in a moist chamber, 
the spores are discharged from the fruiting hodies in the form of lonK, curled, 
pinkish cirri. The conidia are hyaline, continuous to four- (mostly two-) 
septate, measuring from 17.2 to 5i)J. long. No marked variation was 
encountered in the width of the conidia, which varied from 3 to 4 IJ. (Plate V. 
Fig. 5). In Table I more detailed conidial meaRurements are given for the 
fungus on cottonwood and the other hosts susceptible to cankt"r. 

TABLE I 

CONIDIAL MEASFklUIENTS (IN p) 

I From pycnidia on cankers From py,oidia 00 leaves 
Host 

Longest Shortest Average Longest I ShDrtest Average 

Russian poplar 55.6 21.5 37.9 (100) 51.6 

I 
17.2 31.6 (160) 

Northwest poplar 54.7 25.8 41.7 (40) 47.3 25.8 34.9 (40) 
Saskatchewan poplar 5t .6 30. t 38.7 (40) 43.0 25.8 .%.9 (40) 
Cottonwood i - i - - 49.5 

I 
21.5 36. ! (90) 

I 

The figures in brackeis after each average designate the total number of mealurements taken. 

In late August, September, and October, smaller embedded pycnidia are 
formed on the lesions. Apparently these are spermogonial structures. The 
fruiting bodies are fiJ)ed with rod-shaped, one-celled, hyaline spores, measuring 
from 4 to 7 by 1 to 2 }J. . 

• Dr. G. E. Thompson confir~d the au,tlwr's identification oj S. musiro on Russian poplar 
and coUontDOOd. 
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The Perfect StaKe 
In S<'ptt'mlwr 1937, Septori-a-infected leaves of Russian poplar and cotton­

wood Wt'rt' pJan'd jn wjn· baskt>ts and oVPJ\.\·intered out-of-doors. Some leaves 
were brought into tht· lahoratory early in A-lay 1938, and 24 hr. aftpr they 
had been plac(>(l in a moist chambt'r, abundant ascospore discharge was 
obtaint"d from small, globoS(> peritht"cia embedded in the leaf tissues. The 
a~('osp()re~ gprminatt'd and formed myrelial colonies that later produced the 
Seploria !-ilage. SuhSt'quf'nt inoculation f'xpt'rimf'nts l'onfirmf'd thE' connection 
bl·t",{·ell tht· perfect and imrwrfect stages of the fungus, The asci. which 
contain eight spores, are c)"lindrical, short stipitate. from 51 to i3 J.I. long by 
12 to 1 i J.I. wide. The aSC(lspores are hyaline, one-septate, measuring from 
17 to 24 J1long by 4 to 6 J.I. wide. The description of the IX'rft'ct stage agrees 
essentially with a new species of .1Iycosphaerella described hy Thompson (8) 
as the perfect stage of S. musi'l'Q. 

HO!;T5 A!\,D GEOGRAPHICAL DhTRIBllTW:\ 

An important feature of S. musiva is that it is considered to be indigenous 
to North Anwrica and is not known to occur elsewhere. The preceding 
section has demonstratf'd that the pathogen is a leaf parasite on cottonwood 
in addition to tht' canker-susceptible hosts. During this investigation the 
f ung'u~ has also ht'ell found producing leaf injury on one or more of the fol­
lowing trees; balsam poplar (P. tacamalulca Mill,), trembling aspen (P. tremu­
laides .!\1ichx.), Balm of Gikad (P. randirans AiL), and westf'TIl balsam poplar 
(P. Iri()Jomrpa Torr. and Gray) in the prm:in('f's of Quebec, Ontario, ~lanitoba, 
Saskatchewan, and Albt'rta. 

It is appart'llt, then, that the fungus producing the cankers on Russian, 
Northwest, and Saskatchewan poplars occurs as a leaf-spotting parasite on 
S{'\'{>ral nati"e poplars distributed throughout the Dominion of Canada. 

Ct+LTlTRAL STUDIES 

\\'hen sUfipensions of conidia or ascospores in water are poured on the 
~urfaCt· of potato dextros{' agar, the spores germinate at once, and the colonies 
aplwar within 48 hr. at room tempt'rature. The colonies are white at first, 

PLATE \' 

Ftc .. 1. Septorta stage 01/ a curren/+velJr twig illjectjVtl. XB. .~':(jte the conidia discharged 
ill tht' form (~f cirri. . 

FIG. 2. Leaj lesion on P. balsamijera. X5. Note the angular form of the necrotic area and 
the p),cnidia scaUt'red throughout. In some 1'nstances it is possiblt to set cirri extending out from 
Ihe p:"",idia. 

FIt;. 3. LottgiJudi1Ia] section through a leaf demonstrating the embedded pycnidium breaking 
through Ihe Il'aJ epidermis. X 180. 

Fili. 4. Long1'/udi"a), section through a pycn-i4ium showing the pycnidial 'wall and spores 
borne along the bast' aJJd sides of tM pyrnidium. XZ20. 

FIG. 5. Conidia oj S. musim. X440. 
FIG. 6. Clmidia produced on 4-day-old colonies grO'"d!ing on potato dextrose agar. X430. 
FIG. 7. Turent,'-dcy"oid cotony rl'-sutl-ing from 1M germinatwn oj several conidia. XI. Kate 

thai th~ coJony is dittided into sewraJ morphowglCaJiy distinct s~tqrs. 
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Jater turning a grt"enish colour except for the white. ad"ancing marJ:ins. 
After tht- fourth day, clear to brownish drops of liquid art' present on some of 
the ('olonies. These soon appear pinkish. fined with conidia from the t'mlwddt"d 
pycnidia (PlatE' V, Fig. 6). ~Jrcf'ljal colon irs rt"~lJlting from !oit'\"t'riJI !o;pores 
(ascosporE's or conidia) ~erminating and growing togt·tht·r an- fn·qm·ntly 
dividE'd into a numher of morpholo!!ically distinct st'ctor~ (Plate V. Fig. 7). 
Some colonies do not produce tht· conidial stage but remain sterile throughout 
their existence. 

Inoculations 

During the spring of lQ38. inoculations wen' made und~'r ~rt'enhou~ con· 
ditions on potted cuainR" of P. tarnmaMra, P. baisamijtfl1. P. Rllsurnou'skyn1UJ, 
P. Petrou'skyan(l. P. berolinrnsis. Northwt'st, and Saskatchf>wan poplars. 

Thf' inoculum was comprised of conidial suspensions in water, till' spores 
having heen derivtd from slng-Ie ascospor{' cultures. Parallel st'rit's Wf're 
conducted with inoculum from cottonwood and Rus.. .. ian poplar . 

.'\. numher of !o'tems were ino("ulated by pum·turing tht> bark tissu('~ with a 
sterile needit'. and immediately applying a few drops of the inoc'uium to the 
incisions (Plate JII, Fig. 6). In addition to the ahove inoculations. spores 
were painted on unwounded stems and leaves by means of a (·amt"I's·hair 
brush. Checks were established for (~ach inoculation eXpl·rimpnt. Both 
checks and inoculations were incuhated for a p{'riod of three days, by placing 
the cuttings und£"r bt·n.jars standing in trays partly fillt'd with water. The 
cuttings Wf're then removed and pla("ed upon thf> grt-('nhouse henl:h. 

RESULTS 

The checks of all leaf and stem inoculations rt'mained sterile, and the 
incisions healed over very rapidly. The inoculum derived from cottonwood 
leavt's produced leaf spots and cankers similar in character to those resulting 
from the fungus on Russian poplar. Therefore, this evidence. supporting 
previous morphological and cultural sLudit's, demon~trates that the fung-us 
occurring as a leaf parasite on the native poplar is the same as that producing 
cankers on Russian, Korthwest, and Saskatc-hewan poplars. 

Leaf Spot Slage 
From 7 to 21 days after inoculation, leaf lesions, identical with those found 

in natuft', developed on P. Jacamahaca, P. balsamzjcra, P. RasumO"Wskyana. 
P. Petrowskyana, P. berolinensis, Northwest, and Saskatchewan poplars 
(Plate IV). From two to four weeks after inoculation, pycnidia became 
evident. Conidia were isolated from these fruiting bodies and the resulting 
mycelial colonies and conidia agreed with the material used for inoculation. 

Canker Slage 
Inoculations on 'U,)ounded stems. Two weeks after inoculation, small brownish 

to black areas of discoloured bark were visible around the wounds (Plate III, 
Fig. 6). It is important to note that these lesions were produced on the 
indigenous species (balsam poplar and cottonwood) in the same manner as on 
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the Ru!;sian and native hybrid poplars. However, a decided difference was 
oh!'\er\'e-d in tilt' lat~r development of the cankers. Csual1y within one month 
the It-sinns on hal sam poplar and cottonwood were delimited by secondary 
fK'ridt-rm ti~sut> of t he hosts. and no further development of the cankers 
enRued (Plate III, Fig. 4). The lesions on the Russian and native hybrid 
poplars continued to grow, and frequently girdled the cuttings as early as 
two mont hs aftpr inoculation. Thf:> induced cankers with their black, advanc­
ing margins enc1osin~ paler areas with pycnidia were similar in every way 
to those found in nature (Platt' III, Fig. 7). A general summary of the wound 
ino('ulations is presented in Table II. 

TABLE II 
~n'lMAR\, Of: STEM WO{lND INO(TLATIOSS MADE DeRING MAY AND jlJNE, 1938 

1'. RIJ.wmIJ'U'.d.')'anIJ 
Northwf'"t pOlilar 
P. l'clr(Ju'~k"a1w 
P.6f'ro/tnl'nsis 
Saska1chewan rOlllar 
1'. t/J'(llnlahrl((j 

1'. balsamifera 

~o. of 
('utting!> 

ino('ulated 

21 

" 1.1 
6 

16 
16 
24 

Canker condition on October 10, 1938 

girdled girdled 
:Ko. I Per ('ent 

17 81 
12 80 

46 
17 
2.1 
0 
0 

1\;0. living 
but with 
actively 
growing 
cankers 
present 

No. with 
lesions 

apparently 
cumpletely 

healed 

0 
0 
0 
2 
4 

14 
24 

From Table II it is evident that 80'70 of the cuttings of P. Rasumowskyana 
and Northwest poplar were girdled five months after inoculation. A sig­
nificant decrease is apparent in the percentage girdled of P. PetTowskyana, 
P. berohnensis, and Saskatchewan poplar. No cuttings of the native poplars 
wt're killed, although two lesions on balsam poplar appeared active on 
October 10. The difference in the percentage girdled of the various hosts, 
supported by the observation that initially small cankers are formed on 
balsam poplar and cottonwood, suggest that it is not a question of absolute 
immunity or susceptibility of the hosts to the canker stage. It is, apparently, 
rather a problem of relative resistance, ranging from P. Rasumowskyana and 
Korthwest poplar which may be classed as very susceptible, to P. Petrow­
skyan.Q, P. beroUnensis, and Saskatchewan poplar which may be considered 
moderatly susceptible, and finally to P. balsamifera and P. tacamahaca which 
appear very resistant. 

Inoculations on unwounded stems. From 15 to 20 days after inoculation, 
lesions deyeloped on unwounded stems and leaf petioles of P. Rasumowskyana, 
P. Petrowskyana, P. berolinensis, Northwest, and Saskatchewan poplars. This 
type of infection was not obsenred on P. tacamahaca or P. balsamifera. The 
stem cankers were produced at the bases of leaves and surrounding lenticels. 
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The first symptom of lenticel infection consistffi of a swelling of the bark 
tissues around the lenticels (Plate III, Fig-. 5). Almost immediau·ly, elonRate. 
oval. black areas of diseased bark ",pre producffi, (Plate III, Fi~. 3), which 
rapidly increased in size and ultimately girdled the stt'ms. Frequently, a 
number of lenticels ocrurring close togetht>r would ht'come infected and 
produce a local swelling of the entire stem (Plate III, Fi~. 5), Tht·se infec­
tions usually girdled the cuttings within two wt"t>ks following tilt' first appt>ar­
anre of the symptoms of diseaSt". 

A number of cuttings were inoculated by placing conidia at approximately 
the mid-point along the leaf petioles. Petiole lesions resulted and tht' injury 
progressed down the petioles into the- stems with the- final production of stem 
cankers (Plate III, Fig. 1). In other instances conidia were applied to the 
~reen stipules at leaf nodes. Lesions with pycnidia were- often produrffi on 
the stipules and stem cankers developed from the stipule scars (Plate III, 
Fig. 2), 

Re--isolations were made from the infected bark and the conidia produced 
in canke-rs resulting from inoculations. The myct>lial colonies and conidia 
obtained were of the same characte-r as the ascospore rultures used as the 
inoculum. 

Discussion 
Broadly speaking, two distinct types of problems are- encountered in the 

study of fungous diseases of trees. The one includes the diseases of native 
trees caused by native organisms, while the other has to do with the destruc­
tion of indigenous trees by introduced parasites. The results of this investiga­
tion suggest a third type which may be described as the diseases of new 
hosts, exotic species and hybrids, resulting from the attack of native organisms. 

There is reason to believe that in the distant past indigenous trees have 
arquired a certain -degree of resistance to native parasites, and for this reason 
tend to survive the diseases caused by them. The control of such diseases, 
therefore. will depend upon the stage of silvicultural development practised 
in the country. 

In this study evidence is presented to demonstrate that Septoria musiva, 
a North American fungus, acts as a virulent canker-producing, as well as leaf­
spotting, parasite on Russian, Northwest, and Saskatchewan poplars. The 
pathogen is widely distributed in Canada and occurs commonly, causing 
relatively unimportant leaf injury to several of the native species. This 
organism, therefore, is an excellent example of a native fungus, generally 
believed of minor importance, becoming an aggressive parasite on new hosts. 

Considering the introduced trees (Russian poplars), it is apparent that the 
universal occurrence of the pathogen provides a continual threat to their 
culture, thus making control of the disease under field conditions most difficult 
and uncertain. This fact, in addition to widespread reports of the destruction 
of Russian poplars by the disease, suggests that the propagation of these 
species be discontinued in favour of more resistant strains. 
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Pn?.Hpnt (· .... idenn' indicatc5 that Northwest and Saskatchewan popiars have 
arisen as natura! (T()Sfj{"S betwf'en balsam poplar and cottonwood. Further, 
tIu'ir gTPah'r ('as£' of propagation by cutting-s, more rapid growth, and hardiness 
point to the conclusion that th('Y exhibit hybrid vigour. Assuming that this 
explanation of the origin of the hybrids is ('orrect, it is evident that. although 
th('Y possess mort' d£'sirahl(' growth characters, they ar(', nevertheless, suscept­
ible to a npw and serious form of disease to which the parent strains are highly 
resistant. It is not to he inferred that all hybrids between balsam poplar 
ano cottonwoorl. wil! tw equally susceptible to the ranker stage. Indeed, 
ino{'u!afiull ('xpt'rim('nts indicatt~d that the Northwest form was more severely 
aftack('o than Sa~katchewan poplar. Thprefore, if thE' progeny of an arti~ 
tic-ial cross het w(>('n balsam poplar and ("olton wood were carefully selected for 
hybrid vigour and dist'ast' rcsistance, it is quite possible that a form would be 
dnivcd that POss{'ssed the growth characters of Nortll\\"e~t and Saskatchewan 
poplar, and the resistance of the parent trees. 

How('w'r, it i~ essential that tn·(,·breeders, and foresters favouring the 
importation of ('xotic species, take full cognizance of the possibility that each 
new variety mar ~('rv(_' as a fa,Tourable host for organisms that in the past 
havf-' hf't'n rerognjzed as saprophytt"s or parasltt"s of minor importance. This 
may result in tht· d{·\'t'lopment of a new or more serious form of a long estab~ 
lishpd disea!'t', causing sevt're dama).!e to the new host strain. 
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NOTES ON MEALY BUG INJURY ON STRAWBERRY 
AND ITS RESEMBLANCE TO CRI!'iKLE' 

Abstract 
~Ic<tly hUg";", Pset4dOC01 (I" "P" lor ,.;pp.l have I,t'en shown III he primaril} 

re"pollsible for "ymptulll" \\hich f(lr a numher 01 year" han' Ilt'{'n ,lppe.lrilll-: Oil 
.,tr"wl~err\' pl,lnt,; grown in tlU' g-reenhoujo,e. and which in n'rta!n n';..pcCl" 11t',lf 

"tmng- rescmhfanct' to tho;,c of plants affected with thl' virus di"t'a"f:. ('finkk. 
The ,.;nllptoms of the (W(I trouhles ShiJW f>imibriry. no! only in the {<cnln('!!('!' (/11 

young-t'r lea"e" of "mall, nrcuiar tl' irregtJl.lrl~-"h'lp{'d tmm·\un·nt ;,PO!" with 
mort;' intensely chlorotic central portions. hut al~) in tht' unevenly ('hloroti( 
charactl:'f and malformation of older leavc~ and in tIlt> ultimatt.' Rent'rai dwarfing 
uf tlt.'aviiy infested plant~. 

Introduction 

In the courst' of inn'stigations of tht> pathology of the ~tra .... }wrry during 
the past ft'w years (3. 4, 5) largp populations of plants havt' bet.·n kept under 
c10i't-' observation in the greenhouse. As tht.· studit's hav{' progrt'sst'd, it has 
gradually become p05..<;ible to recognizf' tht' difft'rPIlt symptom-piclure!' 
dSi'ociated with "Various troubles. wh('ther of abiotic orig-in or thf> f(~~;ult of 
,It tack by parasitic organisms. inft'rtion by \"irus or inft'station by ct'rtain 
insect pests. Howe\'er, the real cause of a particular trouble which has nt'en 
appearing intermittently for several years on greenhouse plants and which, 
tentatively. had been diagnosed as Crinkle, was dt"'termined definitely only 
during the past summer. The findings in connection with this particular 
phase of investigation are embodied in the present report. 

Symptomatological Observations 

Symptoms first become apparent on the young leavt:'s of afft.'cu .. d plant!:>. 
Such leaves shoV!· on their upper surface translucent spob which may be 
C'ircular, ovoid or angular in shape and which. thoug-h very -small at first, 
usually increase in size with leaf expansion (Fig. 3, Fig. 4, A). The spots 
may occur along- a vein or may occupy an intercostal position on the laminae 
()f the leaRet. They may be few in number or very nllmerou". in which case, 
often becoming confluent, they produce a mottling so marked that it resembles 

1 Manuscript ,.cawed April 1, 1939. 
Contribution No. 586, Botany and Plant Pathology. SCience .,mice! Department of 

.tgricuJturl!, OUawa, Canada. fCtmJi.nuing the series of the Jo-rmer DiviSion oj Botany.) 
Presented bv invitation at the meetings of the EntomOlogical Society of Ontario, heid at Guelph, 
""""""her [938. . 

J Assistant Plant Pathologist, Dominitm LaburaJor), oj Plant PaJhoJogy, 51. Catharines, 
Onlario. 
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.. 1 mo!-.aic ( F i~ . 3 ). \Iany I\f tlw transiu('«nt spot,., show a minute. more 
inl,'n'"'('''' chlorotic ('{'nlra l pflrl1on. which mOft' u :;ually rem a in ::; as :ouc h but 
(I(Ta~ i (Hl.llly ma~ 11{·t'omt· rtAddi ... h ~ (If hf()\\'nish~di!'('olour(·d and then necrOlic. 
If 11ll' chlof(ll it' "POI" aprwar on all tht' young ka\'t·~ as th{'Y arE' formed 
... u rn .. ·.!-oi\t·ly. !iwn up 10 d ('(' !'I ain ag(' all tht· hAa\'{'~ of an affl'<"ted plant m ay 
~h (1\\ t ht· ~y mpl ()llh. A ... h·;.I\'('" m ature. hpwf'\'l· r. !ill' ~P(H~ If'nd to Iw('ome 

FIG, 1. Prl'mit:r plant shmJ..jug in additioll 10 moWing, (I:/o rosis, du/arfing tJ ' Jd maJ­
jlJrlnali(m (~f UlII'U, UlJu'ch .fina"y resull fro m heavy. co"lin'uotls injeslaiiotl by ttI~aJy b iigS. 

FIG. 2. Mealy bkgS judi llJ; mt pel /cle of It'D} of arlijiciaJly-iufCSltd BlakfflJort plant, 
FlG. 3. Ltat'Cs ddadud f rom art~ficialJ.v-£nJ~stt.d P rl'm ier plant. showing mosaic-liJu 

rJfcct ruuJti" f. f r-om coalesrnlu oj chiorotic art:QS caUSed by ft:eding jnmcWrt;s. 
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indi~ljncl and if. a!:' ~omt~limt·::- happt·Il~. ''It'~ fail III .Ippt'ar 011 ~'(lung , I~II\'I _ 
fNmed lean's, a pl~IIH that fOrllwrly :-oIWWl'c! III«' !-o\' l11jHOflb "\0" appt'.tr 
Pt'rft>("tiy hl'althy and norm,i\ ilJ,:ain. In pl.lllt::- \\hic-h hd\'\' I"'\'lI ~tlTI'(. II'd fl" 
!-omt:' limp, Ihe I('an:::- oftt'll ~Illl\\, in .. ddilillil 10 t1w :-p(l{~ , 111.lrkt .. d d\\ ,Iding 
.wd ('onsidt~rablt' malfnrm.lli'Hl, o.HT'I!11jli.lIlinl Ily \ '. Ir\'in~ (kl-!1'l,t·~ of l'hloro~i!o 
; Fig, 1) . but !-u('h 1(,i:1\'l'~ ran'\y t',hil,it (111 tht·ir :->urf.H'!' any suggt'~lion of 

rUl!o~ilY or crin kl ing, \Iany H'\t'n: ly ~dT"f'lt'd planl:- l·\Tlltll.dl~ · dit· 

A 

FIG, 4. S imilar;/'}' b~tween symptoms (If mt'{lly bllg Injury and CrJ1lkle. A, nuo-month­
old Fragaria t'irgi'liana plant showing symptomJ thai der:tloped wjlhm ont. month afler 
lr(Jnsjer of meal';' btlgs, th.e trrmsiuce'lt, chlofl,/jc ar(!as beinl1. the result of jted;nK punctures 
mad#! by the i Plse,LJ prior to tht: Iwi's full txpflnsion f rom the blld. B. Runner plaut poltl:d 
while still attached to mother hat'ing Crinkle. Symptoms on first leat'es art: sev(!rt; when welt­
rooled. a leaf (largest) U'(lS produced wiJhout sympJoms. but the .voungest leaf showed 1»':mar)' 
s~'mptoms us IhI! plant bew"l(! pot-bound. ( 8, Afler Zeller, Ore. Exp, S ta. B1JI, .i f f) . 
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Etiol~ 

(a) ('ircum~!antia! evidence - In thf' :-opring and early summer of 1<)38. 
Iht, numl)('r !Jf plant:.; ('xhilliling th{' :-;ymptoms dt"srribed ahove increased 
so gT('atl~· thaf it Iwcame impf'ralivt, to investigatt' the condition. the more so 

h('catl~' ttl!' trouhle. o('('urring as it did among plants which were being- used 
in viru!-- itl\,t'st igat ion ..... so complicated the syrnptom-pictun' on these plants 
that il ht'f'amt' quitt"' itnp()~:-;ihl{' to makE' corrert diag-noses. t' pon careful 
t'xa1llinatioll of ito aff{"ctE'd plant it was found that small colonies of mealy 
hU.l!!-- \\"('f(' present amon.1.! the clost'ly imhri('ated leaf bas~'s. encircling thE' 
<Tm\ 11 Ilcar tll!' ground If'Yt'1. The examination of a ft·w additional afft'cted 
plall!!-- !--hfl\n'olhat nwaly hugs were also present on tht'm. or that the5e insects 
had !wen pr('~('m. a"" wa!"i indicated h~' accumulation!-; (If "::;kin ('asts" and the 
remains of Iht' whitt' cottony sack in which the inst'ct dt'posits its eggs. In 
~(lnH' illstanct'~ tht, in:-.pcls \H'rc quite readily observahlt' on leaf petioles or 
lI(m tT peduncle!"-. whereas in 01 hers they occupied more in("ol1spicuQus positions 
among tht> leaf hast>!-- or within tll(> folds of young developing leavE'S. \"ith 
tht· discOH-ry of tht' iOS('cts it was rt'called that Carter (1, 2) has sllOwn thai 
a sIx'cit's of mealy hug. Pseudo(.(),(uS bre'l,ipes. causes a spotting of pineapple 
It'an'!-- in 1 1<1\\ aii, illustrations of which (2, pp. 244, 245) suggest a very close 
sjmiJaril~' to the tnw of injury oh:wrn·d on the strawberry. On JUDe (). 1938, 
a ~ur\'t'r was made of 662 strawherry plants, which at the time constituted 
tht' total populalion of plants in the compartment of the greenhouse Whe-H' 

Iht, iruuhk \\as conilned. TIlt' rt'sull~ alt' shown in Table I. 

TABLE I 

\[t-.,\LY 1I\'(, 1'\\'I·.ST.\T)()S 1:\ RI<:LATlllS TO OC(Tl{RE~CE (IF MOTTLED FOLlAl,L 0'\ 

Sr}\AWII~;RRY l'LANT~ 1:\ THE {;REEXHPt Sf: 

Cundili(ln of 
planl"; 

F()lia~l' 1110ttled 

Hl';tllh~ 

Total 

110 

5-1-2 

:\u. 

l(~) 

14 

\Jealy hug-,.; 

Present .\bsent 

Per cent I ! Per cent 

83 3 20 16. i 

.J..5 518 95 5 

Tht' high perct'"ntagt' of plants showing- mottled ieayes with mealy bugs 
pre~e-m furnished strong circumstantial evidence of a correlation between 
the two. In the course of thE' examination it was noted that although indi­
vidual plants showing mottled foliage might be found scattered among healthy 
ones, lwvertheless, the majority of affected plants occurred in groups. It 
appeared as though certain more severely affected plants in these groups 
might have been the original source from which the insects spread to sur-
rounding plants. ~ 
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(h) Experimental pr()of~ Tht'rt' Wt'Tf' Olvailablt' in Junt'. 1038. in anutht'r 
compartment of tht, g-rt't'nhoust'. young. ht"ahhy pla'nts of tht'" commt'rcial 
yarif'ti~, Prpmit'r and Blakt'mon', and of tht> wild species Fra!!.aria ,('1·r~illia'Ja. 

\Il"aly hug-s* wert' transfprrt'd to each of 20 plant~ in a !o:roup c()mprisin~ 
oS Blakemore, 8 Premier, and 6 F. i'ir.!!i'liana, by hrushing tht' inst'cts from 
an infested leaf or Hower stalk held ahove tht.· healthy plant. It was l1oH'd 
that when the insects happt'nt'd to alight (In Iht' upper surface of a leaf. tht'y 
rraw\t'd immt'"diately to the junet urt' of tiw It'af1Pb wit h t ht.· pet ink, wht·ft, 
~)m{' of them remained, whilt, others mi~ratt'd down th(' pt·tioll' and Wt'rt' 

lost from sight among tht., kaf bast's and ~'oun~ lean'~ emerging from tht' 
crown. Latt'r, tht' in~'cts n'arpean'd and ,,','ft' (}hst'J"vt'd al(JIl.~ Ih,' pt·ti()h· ... , 
wht'rt, tht'Y fed in largt' tluJl1\wr::- (Fig. 21. ()n all 20 plant~ to which tht' 
in~t'cts had bet"'ll transferred, t~'pi('a\ syrnpt()m~ appt'an·t\, hUI only Oil lilt· 
\t'ry young l('an~s that unfohlt-d after thp transfn had ht,t'n made. On 
nOIH' of tht"'st' planb did the translucent spots l'v('r appear Oil tlIt' laminat' (If 
the oldt'r, fully-expanded 1ealh,t~. SyJl1ptoJl1~ W('rt' ()h~{"r\"t'd as l'ady a:- four 
day~ aflt-'r tht' tran:-.ft'r of insee-ts Tht' t\\O cornnH'rcial "arieti!'s and tht~ 

wild spt'cit'!' were apparently t'qually su:-.ctptihlt> to infe~talion. II Wil'::­

f(Juno that tht' timt' n'quin'd for the symptom:.. to aNwar dt~pt'ndt·d on tht> 
d('\"t'lopmt~ntal stag-t' of thl:" young It·avt~s. If a Il:'af w('n' ready to unfold within 
a few days aftt'r the transf('r, the symptoms became apparent :,(J(Jnef on thaI 
It'af than on othpr:. that unfokkd latt·r. 

:\,11 (If IP cht'ck plants to which no ins{'ct:-- had bt't'n added, and \\hieh W('ft' 
:-t'gregatt-'d in anuther part of Ih(' grt't'nhoust', n'maint'd ht'althy, 

On July 15. lht' 20 plant~ on which tht' ~ymptoms had den'loped Wt'ft' 
diyidf'd into two t'qual group:-, (-'aeh comprising 4 Blah'mort>, 4 Premier and 
2 F. 1'ir;.:,inim!a. In one group the mt'aly bug!i Wf'n' left to f{·t-'d and multiply. 
Tht' other group of plants, after fumigation with Cyanoga~, "'t'n' syrim:ed 
\\ ith wate:- under pre!isure until they were free from the im,ect~. Towards 
the end of August, the plants comprising the latter group showed no evidence 
of symptoms and could he regardf'd only a!; normal. healthy plants. In the 
untreated group, howevpr, two plants wt-'re dead and tht" [t·maining eight 
~howed not only the moulf'd foliage, but also the dwarfing and chlorosis that 
follow continuous, ht'avy infestation. 

Although the above t'xperiment5 had proved almost conclmiively that mealy 
hugs were the cause of the particular trouble under investigation. the qUt-'stion 
:-;till remained unanswered as to whether the translucent spots on the leaves 
rt'suited directly from injury caused by feeding punct ures or indirectly from 
systemic infection following injection into the plant of some toxic or other 
principle during the feeding process. Carter (1) found that following only a 
short period of feeding by Pseudococcus brt:'lfipes on the pineapple, there is a 
rapid diffusion of a toxic principle, which in approximately two months gives 
rise to a wilt that involves part or all of a plant. In an attempt to find if some 
similar phenomenon might be associated with the feeding of mealy bugs on 

• No attempt has been made to identify tlu insects beyond the genus and iL is possible that more 
than one species may have been involved in the transfers. 
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,lw ~rr;ndJ('((~·. d ~(Y'(/fld '''('r;e,,' of exrwr;m('{Jts was carried nut in which tht> 

f~'c'dill:': 'of 11)(' in.",( 1., \\';t:-. mon' pn'ci:wly re.-itrictt·d than in the first {'xpt'riment. 
B~ nlt'an~ of \ 'an Til'',.;,/H'Ill I'(,!k I1w,dy tIUg-::. \\'Pre confinpd to limiterl areas 
on the lIPpI'! and 10\\(" surface of ](';1I1('t., varying in a,l.!l' from 'Try young- to 
lh()~t· fully matul{' In oliH'r ca~('~. tilt' f{'('ding of the insech was restri(,ted 
to p{'\io1t·~ alone II \\a~ found that {'\'t'n though large numbt'rs of insects 
might fct·1] Oil tilt' petioh· of a kaL rn()\11in~ n~'n>r appt'ar('d on the laminaf' 
of that h·af. dlU~ pro\'in,l:. lhat the lran..,luc('nt ~pot~ ar{' not the rf"suit of 
~y~t(,1Tlic inft'ction o...:,pot~ dp!)(';tn·d ()nly in Ih(lSt' ca..;e:-> in \\'hich thf' insf'cts 
had 1)('1'1) COllllJwd 10 tilt' undt'r sudan' of n'C\>nlJ y' unfolded Jt>an·s. Tlwsf' 
fif1ding~. 1I1\.:.('lhl'l with tilt' faet that during the wholt' period of investigation 
in~('( t:-' han' IlCnT IW(,1l ol):-;erTed f('(>din.~ on the lamina<' of older lei! ,'es. 
indicall' that tilt' tran~lu('t'llt ~p(lh ,tn· din'etly the rt':-;ult of puncture" madt> 
\dwn tilt' in~I'ci i .... {1·t'din,1.! \\ ithin tht' fold:-; of the \'('ry youn,l.!; leaf. 

Symptoms of Mealy Bug Injury Compared with Those of 
Crinkle 

:\., hrit'tly intimated ill tl1I' inlwductory paragraph. tht' trouhle with which 
tilt' prt'!'t'llt report i:- conn·rned had lW(,1l diagno~t'd as Crinkle until the 
di~(,()\,{TY of il~ trUt' ('au~t·. Crillklf' is a virus disease which has ne\'t'r been 
f(lund in Onlariil, hut ha:-., Ilt'H·qlwjp:-.s, world-widf' distribution, Its occur­
n'fWt· h<l~ l)('~'fl reporH'd from the Pacific 1\orth\\,f'~t Statf's of the ('nited 
Sfate:, !,Ioi, t), from EngJand (().l and from Australia (n. It is, perhaps, in 
tht, occurrence of tran~luc('nt or chlorotic spots on the lean's that the symp~ 
1OI11:-. of the t\yO lroublt's mosl closely approa('h one another and in certain 
ca~t·s on·riap (Fig. -1-. A and B), In both, tht'st' chlorotic spots first be('ome 
appan'llt un young unfolding It'<l\ t·~ as extremely localized pin-point areas, 
which enlarge wilh If'af expansion and produ(,e a stippling in Crinklt'; 
wiwrcas in tnf'aly hug injury the effect is ratht"r a mottle or even a mosaic, 
if a numher of spots coalf'sct'. In both troubles, minute, more intf'Dsely 
chlorotic dots appear in tht, centre of the chlorotic areas, In mealy bug 
injury the,Se t'xlrf'lIwJr yellowed centrps tend to remain as such, but gf'npra1ly 
in (. 'rinkle they turn reddish or purplish and then, drying out, become necrotic, 
A it>", such instanc{'~ have been ohserved in mealy bug injury, but they are 
lhe t'xcpption rather than thf' rule. As in Crinkle, leaves of plants that have 
ht'PIl ht'<lyily infe~(pd wit h mealy bugs for a considerable time may show most 
um'Yen chlorosis, In mealy bug injury, dearing of veins, which is often 
charactt'ristic of pLlnts infected with Crinkle, has not been observed. Also 
as in Crinkle. plants heavily infested with the insects lose most of their erect 
growth, the planb presenting a flattened appearance as the result of dwarfing­
of the lea\'t~s and shortening of the petioles, Although on heavily infested 
plants the leave:,> may be "ariously distorted as to shape, the surface of such 
leaves does not present the crinkled or rugose condition that is an important 
diagnostic symptom of Crmkle. .\5 young affectffi. leaves grow older, they 
may show a mottling so se,-ere as to be almost mistakable for a mosaic, 
yet many such leaves otherwise show no departure from the normal. 
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Discussion 

Thou);.:"h a careful search was maintained throughout the past gro\\ ing Sl·,l~l)n. 
11(1 mealy hugs cOblld lw f(lund on st r.1\\ herries growing undt'l" (lutdool ("011-

dition~. :\s far a~ the writef is ;J\\an'. then' is no rden'tll't' In tht'm in tht" 
literature dt.'aiing with in~t'("t pt'Sh uf tilt' slr(l\\ b{,fr~' ()\)\·jollsl\" tht,\· art~ 

not a factor of economic importance in the production of tht, crop . Fro~l tht, 
:-trictly practical yil'wpoint, littlt> signiticann' altadws t~1 the di:-'{·ovt.'ry of 
lht' insects infesting and injuring plant~ in till' gn'('nhous{', tht· mort· su ~inn' 
ft·\\· Of no stra\\ hefril's are \.!rown {'omnwfcially lIndt'r ~las~. But tilt' present 
report is not without ~i\.!!liticanct' otherwise. AI tht' pn'S('nl til1lt' tilt' pathnl­
U_I.':y of tht' strawherry i~ t'ngaginl.:, tilt' al \{'ntioll tlf rt';;{"l1"l'h worker!' in 
many different ('t'ntrt:'~. ('nt<lin ph:ht'S of in\"t'~1 il.;<11 illll ~,"\t(,lld 0\'('1' t'on~ 

:-iderahll' pt'ri{)d~ of timt' and h~l\"t' to bt, ('arried out ill tilt' gn'('nhow .. (', with 
lhp u~{' of Llrge numht'r~, of plants. )'Il'aly hu~~ ,H't' a comOion gJ"t't'nhoust· 
()('~t. A~ in the t':qwrit'IlCt' of tilt' prt·~t'nt \\fillT, an un~\Ispt'("t{'d inft.~tation 

of {'xperimental planh may resull in a composite symptom-pictun', confusing 
and mi!'\eading enough to result in possiblt' t'rrm in diagn()si~. Thi~ may be 
e:--pt'cially true in tht' caS(' of planh that :-.how symptoms. \,ul upon which no 
inst'cts can 1)("' found at the timt' of ('xarnination. R{'ferring <ll.!ain to Tahlt· I, 
it will he noted that no insl'cts wt're found on 10 of tilt'" plants indudt'd among 
120 that showed mottled foliage. It i~ thought that tht' pn'st'nt !"t'port may 
lw of some value in aiding workt'r~ elst'where to distinguish, t'ariy in their 
in\"tAstigations, between symptoms that. thoul:'.h aimost identical in n'rtaill 

respect~, are due to entirely diffprent causes. 
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NITRIFICATIO],; UNDER AND AFTER ALFALFA, BROME, 
TIMOTHY, AND WESTERN RYE GRASS 

I. NITROGEl' ABSORPTION OF HAY CROPS AND SOCCEEDING 
wtrEAT CROPS] 

Abstract 
"'hI' IIlt'af! anfllfal nir"'J.:(·rt .IIJs<.rpti"rT (Ill./tlcn'! (I( h;:j~' ('rop~ (exduding 

rootlo. ;:Incl i'whhlc'i \',a~: alLdf.l, {)4 Q; timuthy. ~9.5; westl"rn rye, 62 9; brome. 
61 1. For emire hay plaut" {O pl(!\~- dt'pth, based on sods one and three years 
old, lh(' j'urrc);polldiuJ.I,. f1lo(llft· ... were: 241,8, 152 2, Bi g, 154 2. For entire 
whca! p/:trTc!<o following 'HI!", rhr(-t'·, and fin···yc."r-ald s(ld~ of the~ hay C,(lrs for 
"ix. four. ilnd lWU SUtT(·,.,~i\"{' year!'>, rt·,.,pecti"dy, til(> mean yalut'!' wt're: 63.4, 
.~,'{ b, ,r:,(1 3, .£:;1 (,I. Tlwst, fiJ.:"lln·~ 'lre cuken to indicate roughly the rdati\'e rates 
(,f !.(Jilllilrific'-lli"Tl Iln(il'r and afll'r tht· ("fOpS in flut:!ltion, ex,t'I)1 under alfalfa. 
a legurlw. 

Tht· rOIlI" alltl ;-.Illhbk III tht· ha?> ,,\ant,.; contained ahout il'; of the dry 
muttt'r and (J/o;'; (If rllt' rrirr(Jgl'll ,d [hel-(_> pl.:(1](". ~·hcr('.t~ tht' wlle.it root~ .md 
stuhhlt· t'(mldin{'d 'Inl?> I()' f IOf thv dr~ matter ..lnc! C)f'; of Ihl' nitrogen of th{'~l' 
plan£l-. 

Prt'c{'din),: ('Tllj1" ilnd ",·;\ ... on;\1 nJ1lr\iti,l[I>;, ('specially the latter. «ffenee.] thl' 
protein ('orttl'f!{ ;tnd hardtlt',,;-. (If [/1(' wheat grain. Protein content of grain Wa,.; 
~l'n('ral!y.lh"tl~h not in\',l.riahly. in Ih(' same relative ord{'r «;-. indicated rates of 
su;1 rritrific,ni"u after rhe fuur hit~ crops, Protein ('ontent ~'as related quan~ 
til<ltin'\Y ,,, hanbw,. ... oj t-;r'lin .lnd In loaf \'Ohl!lll' of !In·;H.l. hut there was n(l 
fTi<!('IIi"C 0/ q!l.dil.llil(' di/terelKn in dlC pr<lteil1 {,,/!(minh d1l" \'arjot!~ hay 
crops. 

Introduction 

The ratt· at \\'hich nitrng-ell is madt' a\'ailablt' by dl'composition of crop 
residUt,:,; is a prirnt' (actor in crop St'qUt'IlCt> {'tlt'ct5. TIlt' measurement of 
nitrification rales by wil analyses is complicated, in the presencl:' of growing 
crops, by the rapid absorption of available nitrogen by such crops. After 
unsatisfactory attempts to relate;' the yield and nitrogen content of wheat yarie­
ti(~s ),::To\\'n in different environments, to the nitrate nitrog('n found h~' periodic 
sampling and analysis of tht' soil. the senior author laid down at Edmonton 
in 192i, in tht' eXpt'rimental fit'ld of tlw Department of Fit·ld Crops, an e.xpeTi~ 
ment designed to oyercome the difficulty by uRing the wheat plants themselves 

1 .Hllnuscript rel'cit,t'd May 18. }Q.W, 

Contribution front the Drpartmt'lIt of F~ld Crops, l'niversily {If Alberta, Edmonton, 'U.>tth 
.finanl'iai llssistana from thr -"atimU11 Rrsl'arch Council of Canada, Issued as Paper A'o, 1(J! 
of 1M Assooil.lie Committet' on Grain Research of the National'Research Council and the Dominion 
Department of AgricuJturt'. . 

2 Formerly Professor of Plant Bffichonislry and Head of liu Department of Fidd Crops, 
l'nil'f'rsily of AlbflJa: nrru' /}irectnr, [)irisinn of Biology aml AgricuJJmr. National Re.tea1'Ch 
Lahoratorirs. Olta'wa, 

I Farmerly Gradl«llt" A$sisJant. Departmml of Field Crops, l'niveniJy oj Alberta; now 
Research Chemist, Inlernativnai ~'i-(kt'l Compatly of Canada. Limited. Copper Cliff, Ontario . 

.( Form"ly Ruearch Asn·stant. Department of Field Crops, l'nit¥!rsity of Alberla; noiL' 
Cereal Chemist, Dit-ision of Biolog)' atld Agrindture. SalioMl Research LaboraWrUs. 



1'1 'II I 





NEWTON. rOl;NG. /~;VD MALLOCH: NITRIFICATION l_"ND£R HA r AND WHEAT 213 

as indicators of nitrification rates, Members of the Department of Soils 
co~operated by making paraBel soil analyses and counts of "anous clas..~s of 
soil micro-organisms, in order to havt> the final picture as complete as possibl!:", 
The experiment was continued eight years, t"nding- with 1934. During this 
period several workers collaborated in tht" investigation of various aspects to 
be re{X>rted now in a series of papers. 

The choke of crops was dictatt'd by their importam'f:' in \\'estern ag-riculturt> 
and by interests arising out of t'arlier investigations, Tht· beneficial dit'cts 
of alfalfa (Jledicago sal;'(_'u L) and other legum('s in (TOP rotations art> well 
known. On the other hand. it has fn·quentl), bet>n obst-'rvf'd that timothy 
(Phleum pralense L.) exerts a df'pressive efft'ct on a sllcn't'ding grain nop. a 
:-ubj(>ct discussed in detail hy :'\('wton and Ficht (2). The action of hromt> 
grass (Bromus inerrnis Lt'yss.) and \\'f'sh'rn rye gras:o (AKropyron Irneru71l 
\'usey) were not as well known. though tht' information a"ailahle 5uggt'stf"d 
that they fell betwt'en the leg-urnes and timothy in this rt'spt.'ct. Some results 
bearing on the point are included in the paPf'r just {'itt,d, In another t'xperi­
ownt at Edmonton, barley grown the next season aftl~r timothy gave plants 
(In the a \Verage 37 in. tall, yielding 36.8 bu. per acre of grain ('ontaining 13, 8t;c 
prott'in; and after western rye g-rass, plants 41 in, tall, yielding 46.0 bu, pt'r 
acre. with 1St;; prOle-in, The crop after western rye grass was thus suhstan­
tially largt'r and richer in nitrogen than after timothy. 

The generally ac('eptf'd explanation for t he depressive infiuf'nct' of timothy 
on succeeding- crops is tht' temporary immobilization of soil nitrates by 
assimilation in the bodies of micro~organisms engaged in the destruction of 
carhonaceous material in the timothy residues, that is, in tht- roots and 
stubble plowed under when the sod is broken. The wider the C : N ratio 
in crop residues. other things being equal. the grf'atf'r and more prolonged 
~hould be the dearth of nitrates available to the sw:,cceding crop. Accordingly, 
the sampling and analysis of crop residues were made a part of the present 
pxperimenta\ plan. 

The hay crops were seeded June 10 to 21, 1927, without a nurse ('rop, 
on a block of land that had been summerfallowed the previous season. The 
hlock was divided into three sub~blocks. each laid out as a Latin square of 
16 plots, each plot 50 by 50 links in size, There being four crops, each occurred 
four times in each sub-block. An excellent. uniform stand was obtained, as 
may be judged by Plate I. a photograph taken on September 2,1927. 

Sub-block I was broken on July 23, 1928, just after the hay crop was 
removed. The sod was thus a little over orie year old. Sub-block II was 
broken at the corresponding time in 1930 and Sub-block III in 1932, these 
sods being approximately three and five years old respectively. In all cases, 
.\-Iarquis wheat was planted the season after breaking, and each season there­
after until 1934. The number of successive wheat crops was thus six, four 
and two, on Sub-blocks I. II, and III, respectively. 
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Thl,.following tabul..tr summary of crop sequence will remind the reader 
of tilt' history of tht' thr .. ,· "ub-I)!()ck~, in tht' cuurSl' of the preS(>ntation and 
dis('u!">sion of ft> . .,Ul!.,. 

II III 

192() Fallo\', Fallow Fallow 
192i S,·,·dpd Sl'('ded Seeded 
1'!2X Hay Hay Hay 
192'> \\"heal Hay Hay 
1"30 \\'I1<'al Hay Hay 
1'131 \\ht'at \Yheat Hay 
1t l,"n Wheat Wheat Hay 
1'133 \\"Iwat \\'heat Wheat 
1 '134 \\"heat Wheal \\'heat 

Sinc(, moistur(, t'xf'l"ciscs a dominant intluence on hoth rate of nitrification 
and <TOp growth, it will he useful to gin' here also thl:' inches of precipitation 
at Edmonton for tht' s{'a~ons of this l'xperinlt'nt. \\"ith reference to the wht'at 
crops il must be hOrrle in mind that Aug-ust rainfall has only a limited effect 
on lIw currt'llt s{'asoJ1's growth, whilt' suhSf'Qut'nt autumn rainfall must be 
considered \\'holly in relation to the ne:\.t spa~on's crop. \Iay-July rainfall is 
(Jf c()ur~l' (~:-;r('cjally important. During this period it was substantially in 
dt·ft·ct in 1929 and 1930. and modl'rately so in 1932. 

- __ -;---=._'---.C--;:_=-:-=~:--::::-,....:..:c--=.:::-

April \Ia~ Septemher: October 
-------, 

11}2() " .,] 3 ,,, 3 2':; 21 .J.8.J " I)tj, 1.29 
1927 " '" OJ " to 4 25 " Ht 2 ;9 " 58 
192,s " 92 , 1-1 2 I. 4.94 1 in , 1-1 0.20 
Pl29 I $3 " 6S I 39 3.79 2 17 0 ;1 0.31 
1930 O.t):! t , SO 1 "" 144 0.34 0.14-
}931 0 45 t so 5.!)'! 3 06 -I 2(} 1 2S 0.73 
}Q32 2 03 1 ().:; , 09 3 .. U 0 52 0.56 100 
1933 (1 72 t 9/0\ 3 35 3 70 t 43 (1 98 o 51 
lQJ-l 1 4" 2.?-io -I t8 2 0; 1 71 186 1 78 

l'nfortunatt'ly, an invasion of "take-aU" disease caused by Ophiobolus 
graminis, beginning in 1931 and increasing in severity thereafter, ruined the 
western rye plots of Sub-hlock III and damaged to some extent the wheat 
plots following that grass on Sub-block II. with some injury also to various 
other plots. especially to wheat following alfalfa in 1932 on Sub-block II. 
This factor contributed to the unavoidable error of the experiment. 

As usually happens in a long continued and rather extensive experiment 
a number of side i!:isues be\,ame the objects of minor investigations, the more 
interesting results of which haye bf't>n made the subjects of certain papers in 
this series. This first paper is concerned ~jth nitrification as measured by 
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the yield and nitrogen content of the crops and n'sidut.·s, with incidental 
ff'if"rence to t"ff(>cts on the haking quality of Iht, wheat. The nmlplt·tt·tlt·ss 
of tht, ahf.orption of a .... ailahl·t' nitro).!.\.'{\ hy tht· growin),! \'fOp wiH \w ~h\)wn 
in data to be publi,:.;hed in Part 11 of the st'l"it's. 

Sampling and Analyses 

Yif'\ds of hot h hay and \"heat wen' cit-term.inn\ 011 1\w nnp harYf'~1t'd aftt.·r 
tirst trimming tht> 50-link squan' plots 10 4-6 links square. in order 10 rninirnizt_' 
horcit-r f'ffect~. On two oppositp sidt·s. trimming meant ~itllplv rt'I1Hi\·iul.!: 1'\0 

r()w~. since the plots WI:'J'{' st'pdcd in drills Pllt' link apart. 

Samples wen' takt"l1 (If t'<lch cutting of hay. and of tlH' sods ,II tht, tinw of 
br('aking. Tht' wheat crops wpre samplt'd with ft'Slwct 10 grain, slraw, 
stubhle, and rools to a tIt'pth (If {J in. (plow dppth! I-:<lch plilt \\<1S ~amplt'd 

individually, in the f()l1owin~ quantitit.·s: hay, 1000 gm. fn'~h w{,ll,!ht; sods, 
four per plot. f:'ach -~ sq. ft. in an'a and 6 in. dpt,p; st raw, 1 noo gm. (at t hn'shing); 
grain. 2000 gm.: stubhlf' and fool!--, ~anlt' as for hay sod~. The s()d~ wert' 
\\'ashed out promptly, to anlid f('rrnt'fllallol1, and r(lots alld ~tul)blt, ('an,fully 
dividE'd at thf' crown. Fn"~h material \\a~ drit'd rapi.dly in a drier with a 
~trong current of air at ahout 65° C. SamplE'S of vegctativ{' parts wert' al1(1w~·d 
to come to air-dry f'quilihrium, ttWIl re-wt·ighf'd, ground in a \riley mi!l and 
ft>-samplt'd for final dt't(>rmination of moisture in a \'acuum oVt'-n at <)8° ('. and 
of nitrogen by a modifif'd Kjeldahl mt'thod. Furt1wr analY!-ies of the hay 
residues will bf' reportt'd in a latpr papt'r of I his st'ries. Tht' wht'at samplt·s 
were milled and baked, with associatt'd tests of grade. 'H'ight per bu~h('1. 

protein content and kl:'rnel texturf:'. 

In most cases, individual plot samples were carried through the analyst's 
separately. to secure an estimate of variability. The residups, howE-ver, 
after being dried and weighE-d, were combined into composite samples for each 
har crop in each sub~block, and the hay samples themselves were combined 
in this way in certain years. as the variation in nitrogen content of tlw indi~ 
\'idual plot samples was small. \\'heat stubble and roots were not sampled 
in 1029, and in that season, too. the replicate plot samples of wheat, after the 
recording of individual plot yields. were combined before analysis. 

Yield and Nitrogen Absorption of Hay Crops 

,rhile the main purpose of the experiment was to measure the rate of soil 
nitrification as affected by tht" hay crop residues. it seems worth while to 
indicate the relative draft on soil nitrogen made by the removal of the hay 
crops, since this may have affected the subsequent growth of the wheat crops 
used as indicators of nitrification. The data covering this point are given in 
Table I and Fig. I. The order in which the hay crops are listed in Table I 
and later tables is that of the absorption of nitrogen by succeeding wheat 
crops (Table VII and Fig. I), this being the crucial point of the experiment. 

In the year of seeding. only one cutting of hay was taken from each sub­
block, and in the year of breaking only one cutting from the particular sub-
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block C<1Tlct·rrwd. In thl;:' dry Rea~(Jn of 1929 there was not enough growth of 
firnnlhy to makf' possib!(' a S(-'cond cutting- of this crop. In 1932 no crop of 
wt'sU'rn ryt· wa!'o S('('un~d from Sub-block 111. the grass having been ki!lt'd by 
the "Iakt'-all" di!'ot·a~·. In tht- remaining cases, two cuttings were made of 
t'{lch hay nop ('itch st'<l~()n. The very low yieids of timothy in 1929 and 19M) 
.an' dw' If) its ..... usCI,plibilily io drought, these bein,k seasons of sub-normal 
rainfall. Th(' draft up(ln st)il nitrogen made hy this crop in those seasons was 
('olTt'spondingly !-mall. 

TABLE I 

\'1~.Ll) ,\:\1) :\l1'RO(,EN AII~ORP11()~ OF HAY CROI'S 

~llh 
\PM 

~~ 

ld",\.. 
\\1.111.1 Tlm"II.\ ilt<,Ill<' ,\If.>lf,( TUlI<,th, 

\\-\·~t{'nl 
Brom(' 

diff. 
ryt' 

---- - ----- --._ ---
I'J}7 1217 2~X7 2H44 43 ; .'i,~ 2 70 " I'}J,~ ·:1141 -t:;.' 1-"1.1 51{>9 113 4 MI 2 ,.\ I lOR ; 

\1,0.<11 M'I,' 4.~(/I') I("b ';'1 C II) .-
--_- ---

II !'),>, .'4.'.' .'.'i,~;: !~55 "' ; 
I"}S (,q; ;(,.'1 7"1(, 72'10 127 1, 1.12 .< 

-1112 ]~(,4 1;,,0 Ill' " 
, 
" ,~(, 2 21 " 1.W.~ .~ I " 

, 0 24 " " " 
;"'1,,,,, .l('~3 1(!2X q I 62 " --- ._ -- .. --- - ------

III 174'/ .q ., .'is .1 "J " ;7X" 731.l I"CI " H.I " 124 " 1",'" ; .... 411 .~ 1 'J I"'~.'i 1010 In.'; " 
, 
" " 2 

I"l\) ;'.'1 4\,1(, 114(, "' " 1, 4 2! I 1\ " 1'1.11 1)0.7') If,()7 11,(\ 'I' " " " 2" " '" " lQl.' .'40.; 12lJ~ 1134 7J " IS " 
\!".\1l' Nil ~ i\.l .I()'2 2f1(\2 .IS , ~" I 10 , 2 1 -_._._--- ------- ------ -~-----

{~<·,l('r.,l 111<'.(11' ;'(1, 2'14 .~,,()O 1\,14'" ." " .w 5 O! " 
---- -~---.-- -.-~--- --- -- -_. -----

- J[nlll.1 (I[/(/IIIII('d "Itlioll/ 1(13': results /or .';ub-{;{II,k /11. because offai/ure o_f-u'esfI'rn rye. 

Inspection of Table I shows that alfalfa made less growth than the grasses 
in tht' year of st't.'<iing. hut thereaftt>r maintained its yield better than the 

grat:fit't', and in j,zt'neral mt'an yield was equalled only by western rye (neglecting 
1932, whell wt>slern ryf' was killed by '·take-all"). In absorption of nitrogen, 
alfalfa greatly exn:'t'cled tht' grasses in gt>neral mean, but its actual draft on 

tht> ~oil may wf'll han' been less than that of the grasses. owing to its symbiotic 
uS(' of atmospheric nitrOKf'n. Among the grasses the order of both mean 

yield and nitrogen ab ... orp~ion of hay in Sub-blocks II and III was \\estern 
T}'E', bromt". timothy, In Sub-block I, timpthy slightly surpassed brome in 
yield. but fell significantly below the latter in nitrogen absorption. 



The analyses of variance of nitrogen ahsc)rbed by the hay crops art' ~6\'t'n 
in Tahle II. Yariations due to 50illwterogem·ity Wt'rt' mOdt'ratl,ly ~i).!nifil'an( 
in ont' direction, and were differt'lltiallv afff'ctt'd hv season as shown bv tilt' 
intt'raction of rows with years. f)ifft'r~n('es due t(; crop~. to :-;('<lS()(lS a;1(i to 
interaction of crops with seasons Wf're highly significant Rt'ft'f{'Tl{'(' to tht' 
right half of Tahle I ~hows that absorption of nitrogt'll hy alfalfa in t'n'ry 
..:,ub-h\ock was about thrrt timt's as F:n'at in ,hl' :o.enmd 1'(';')'1'on a~ in 1 he tin .. t, 
\,·hile none of the grasses much mon' than doubled tht' fir:--t yeur's absorption. 

~ITROGEN ABSORBED 
La/ACRE 

By AL" ... Lr". TIMOTHY. 

WESTERN RYE. eROME (L{<T) 

SUCCE£OING WI-iEAT CROPS (8(lO") 

sue·BLOCK t ME .. NS 

[1 .• R~ '" 
~] S~R~"" 

[i ~(Slo,.r 

FIG. 1. Nitrification as indicated by nitrogen absorption rtb.jacre) of ~uccessive crops 
tiu"ougJumt whole COUf'St of experiment, J9Z7-34. Histograms for alfalfa, llmothy, wesle!n 
rye, and. brome grass shown from left to right in each g~()Up. That, haJJ of figure shOWIng 
absorpticn by wheat crops foUowing these sods h;as been dISplaced to nght to save spac~. . ~o; 
same reason (and. others given in uxt) absorptwn by rools and stubble of Iwy crops ln In 1-

1o-idual yelJ.rs is shO'lL'n bdow the bLlSe lint of histogmms conurned. 
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Thi!'i i!- a fopeeial ('a~w n~sulting from the addition of increased symbiosis to 
incrt'<Js('cl gTo\.l."th in lhc a!falfa. The variancf's dut' to crops and years and 
IIwir in1("raClion wert' due in gf'lwraJ to yield differences, accentuated by 
dittt'f("lllial n'spon:-;{'~ to seasonal moisture supply, or lack of it (compare 
dW11.l:h!-susn·p!ihk timothy "'jlh clrought~rf'.sistant western rye in 1929 and 
1(30) and by differenn'!', in r>t'rn~nlage composition of the crops. 

101,'1-)\1,,1 How_ 

("llUIl!" 

\ W\>~ 

Ern" la' 

\lIlr.'-ph)t \'<".1(_ 

( n'l'~ )( Y"ap, 
Row_ X \t'ar~ 
( (>hInHl~ '< Y('«f_ 

Ern" dJ' 

• l~,\'(I'f'd.1 5' { frl'f" (~f .lig"UinJnlf', 
.. j' . .\'(f'tds /1'; ir,'r/ of SIf!IlIfi,un{(', 

TABLE II 

Suh_hlod,: I 

I .()~() .,. 
47; , 

1,0;-<.1 ,. 
1-'14 , 

~.5M ," 
1.1\6 , .. 

\()2 ,. 

" " 

:->uh_hlock II Sub-block III 
------- ----_ 
-~- .. ~~~--- - ---

·NR , J , 28t> ,. 
2K1 , J 47.8 

1'.705 ')-- 17,4(Jj J". 
1!\3 , 4.' 2 

JI),l53 , .. \'1.'114 J" 
~, 12S , .. '2 2,036,,·· 

'" 
,. 12 5; , 

" 
, 12 ", ., 

" " I 

TIlt' general mt'an percentages of nitrogen in the hay are given in the top 
st'ctiot1 (If Tahle lY, Alrt'ady 10\n~st in hay yield (Table I). timothy falls 
ft'lativt'ly still lower in nitrogen absorption of hay crop. owing to its low 
llt.'reentage content of thi~ t'lemf'nl. Brome. on the other hand, by reason 
of its higiwr nitrogen content, achieve~ practical t;'quality with Wf'stf'rn ryt' in 
nitrogt"n absorption of hay crop. 

Rt'IUrnin,~ to Tahle II \\l~ see, finally, that errors (a) and (b). rt'presenting 
the rt'~idual variations of plots within crops, are satisfactorily small. 

In Table III are given the yield and nitrogen ah::;orption of the entire hay 
plant!" (to plo\\' depth) in the year of breaking each sub-block, these being 
1 he only seasons in which the sods were sampled and roots and stubble avail­
ahl(-· for anal~·~i~. In this casf:' no analysis of varianc(' for nitrogen ahsorbed 
can 1)(' made, since as already stated the residues for each crop in each sub­
hlock were com hi ned before analysis, The ne\\' information relates to the 
root~ and ~tubhle, the hay yields having been included \~-ith those of the 
other yeari" reported in Table I. 

The general adyanta~e that alfalfa possessed in hay yield is offset by 
the somf'what greater proportional development of roots and stubble in the 
grasst's. the feature that. ·together with the fineness of their roots, makes 
grasses particularly valuable in the restoration of "fibre" to soils inclined to 
drift. This relation is shown on a weight basis in the left half of Table HI 
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clnd on a per('t>nta.gt' ha:'>i~ in tht:' fourth r-olumn pi Tab\t· IY. III thi~ (';\pt'ri~ 
Olenl. timothy t'xcellt'd tht· other grasse:-; in wl'i),.!ht of rt·~idUt·~. It might ht· 
t'xpected that tht' rt'~idue!-' would alTumulatt' a~ tlH' ~od,. ).:_n'w oldt'r, hut thi~ 
did not happt'n, The ~tubhlc rt'aciwd itF maximum wt·ight in tht' ol1t'-Yt'ar­

old sods (from which. howt'\'t'r. hay ruttin.l!i' had ht't-'T1 takt'll in both 1()27 ilnd 
1<'28) and tht" roots their maximum in thn·t'-yp,H-llld stld~. After tht'st, 

maxima. decomposition apparently pron>t'<ieo at it .~rt·att'r ralt· than iHTJ'('tion 

by new growth, 
T;\HLJ': III 

:'":oh-hIUl;k : Hu} 

Stllhhk 
ROOb 

Totdl 

"lIh,hlock , Hay 

Il !'tuhhk 
Root~ 

Total 

~!c.U1 total. Suh_hlo("k~ J 

4(141 

1.\.'>11 

.NT7 

10.{.'\r. 

2091 

'" 

4771 

1'l~" 

J/'.77 

7617 !()4fi, 

ii~:_!~~~ 
.md II 1037U Illtd 

, ~-~--~--- ~~-I----- ~ .. -~-_ 

'"llh-hlm'k Hay l4{J3 
, 

22<12 

III :,tuhbk ('2i( 

1\132 Roots iOS; 

Total 1114'-' I043Q 

;"[~'\\l tot<J.l,a!\sub-hl<)ck;\ H'(>.'{, 1(1'122 

'" Western rye kiU,.d hy "take-all" disease. 

"\llr"Rf"1l ab""rI""I.I1, {,,'r ,un' 

,\11,011 .• T>I1,"tl,~ 

!i2()Q " 
, lOll ; 

l:'XI ~') n ,<, , \t.'1 
2.{{) 

1O,IlS 1-'2 4 II" , 12!1 , 

-l4i< i<f> 11,1 

H",7 171 I Wi.l 

IL'ii4 231 I 

2<' 
, 1<;2 1 137 ~ 

1134 71 n 1')(\ IS 0 

115 ,. , , 
sin 170 , S7 , 

In the histog-rams in Fig. 1. the nitrogpn absorbed by thl:' root~ and stuhblt, 
i,f the hay crops is shown on the ~ame sca\t' as that of the hay, but below the 
base line (except in the mean:;) in order not to interfere with the graphic 
comparison of the hay fractions in all yt'ars. Also, theSt' roots and gtubbte, 
<Ii' noted above, are not the product of oot:' year's growth, hut represent the 
net g-ain of growth over decomposition up to thp time of breaking. The wheat 
rrJ()ts and stubble, on the other hand, are the product of one season. They 
are combined in the graph as ·'residue". the values being too small to plot 
~eparately, They are plotted above the base line. since they represent an 
integral part of the nitrification the wheat plants were used to measure, The 
numerical values of the fractions plotted are given in the last ('olumn of 
Table IV, It must be horm" in mind that the root ... were taken only to plow 
depth, 
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TABLE 1\-
?\lhA:-' '[Tl.::llt,~.:-' ('0"1' ..... "[ O~ \',\1{IO["!-. 'Rot' FRACTIO:'\"S ASJ) MEAS PERCESTAGES OF TOTA.l. 

\ lEU) .".S-f) 'ITI.::()I.E'· AIl";OI.::r'TrO,- RE"I(['~SE'"TEn R\" ~{'CH F'.R..4.CTI(I!lJS 

Residue" (ro<)t.., + 
,;!II\Jb]P: 

\. • r~1 i 1\ 

~tr'\\\ 
~(lIh!.t,· 

'ROI)'" 

l'i11l"th, 
\\''''If'nJ f}'t" 

ilro111\' 

. \!Ldf,l 

Tilll'lfh\ 
\\t'''tt'fn n·t· 
..... Illbbl~· . 

\!(,dt,1 

Tilllu')l\' 
\\"t'"tefn!"\t 
Hr"ml' 

;\\f.IJj,1 

Ti\J\oth\" 
\\"l'..,tt'r!1 nt' 

Bn'llw . 

A\f,t1b 

'" content. , 

1 S~ 
1 ~ 3 
1 9(1 

1 ;. 

; . 
'1 

1 {)3 
92 

91 

1 30 

]I 

III 

1(, 

1 ,2 

1 " 
1 04 
1 "., 
1 ()4 

1 11 

1 ," 
\\'ht'<-lt pl<lnb 

Percentage of 
tillal yield 

22 5 
3~ ~ 

"" 
, 

1:;.; (I 

29 'I 

13 , 
2-l i 
12.2 

15 X 

11 ; 

63 
36 , 
<>1 0 

56 1 
-_-"_-- ---

s, 4 
--

" S 
<>1 , 
i3 , 

I-'--~---

i2 (I 

Pi'fcelltag-e of 
tot'tl ~ 

ah>'>()rpti(1O 

11 " 39 " _'6 " 
31 ; 

32 1 

9 5 
16 X 
10 6 

11 ; 
---_-----_ 

11 , 
68 " .3 " 51.6 

56 " -------_ 
55 " -_----

7' 4 
{lO 4 
63 2 

68 3 
.. _- ---_._-------

;0 1 6i .8 

2.74- i .105 iO_9 
-4-~ i 50.:1 20 1 _LI __ 1_~_-~ _____ !_-~ __ 
:;1 19,1 9.1 

In spite of tht'" larger proportion of roots and stubhle in the grasses. alfalfa 
maintains its pre-eminence in nitrogen absorption, whether of entire plants or 
(If residue:- (Tahle III. right) by reason of the hig-her percentage of nitrogen in 
all it, fraction. (Table 1\', Column 3)_ OJ course, only part of this alfalfa 
nilrog:en was taken from the soil. Among the grasses, the order of nitrogen 



,Ih~orpti{)n by the t'ntin' plant i". in ()fH'-~'t'ar-(lld ~od: hnmlt', \\('stt'l'n r\'l', 
. irnolhy, Thi5 order i:- rl'nT~t'd in t hrt,t'- and !l\,,·-Yt'ar-old s(l(I~ (1H'I.!It'ct ill": 
\\~ .... tt'rn rp' in thl' la~i jn~tan('e). In nitro\..:t·n of 1(J0(:.; ;il()lW. timothy It'ads 
lilt' l.:ra~!"l'S in all caSt's. its superior yit-Id mort· th.tn I'!lS(·t tin.1.! ih lower Ilitrogt'n 
i1t'tTt'ntage . 

. \ striking [('atuft- Oh"'t'IYahh' in Tah\(-:-- III <t!ul IY and Fi\.!.. 1 i~ tht' n'ry 
Lln.:t> proportion of tht-' hay plants \\ hich !'t'lluin .... .1:- rt, .... idw, in !~It' soil. Th~' 
quantity of n'sidut> lt'tt hy wheat pbllb 1:-0 idmo:-.l Ilt'l:,lil':ihll' hy ('ompdri"oll. 
t liJyiou:,ly the ratt' and mantler (If dec()mpositi()l1 of h;lY It· .... idu(,:-. .trl· imporLult 
l(l .... un·(·{'ding cnlps. 

Yield and :-;itro!ten Absorption of Wheat 

.\~ \\'lH'at yie\ds han' all intrin~i(' intt'n'"t th()~t, ohtaintd il\ thi" {"pl'rillH'flt 

\\ iii he noted Iwfon' {'oll ... idering dH'111 a~ iJldicator~ of nitrification. In 
Tahle \- are shown thp yield,.; of ~rain. ~tra\\'. rt'~idu(';-;, and 10t •• 1 crop I<oots 

:lnd sluhbk wpn' actually determinf'd ~{'paratt'ly: tllt'ir mean composition 
,illd proportions, tfH.:'f'ther with those of otl1('r fr.JCtiofls of tht, wlwat plallts. 

\\('rt' indicated in lhe hot tom section of Tahle IY 

The mean yi{'ld of ,l!;rain, \\,hl('h accounted on tht, an'rage for 30.5(>; of tilt' 
dry \\'t'i,l!;ht of the plants, \\'il~ in all lhr('t' suh-blocks ~reatt'st after timothy. 
In Suh-hlock I it was \owt-'st aftf'r hromt'. The only otht'r important eiif­
ft'rencE's observable in grain yiplds are in Sub-block III, where tht:' yit'ld aftt'r 
alfalfa was apparently reduced hy competition with \'oluntN'r alfalfa plants 
1,\ common condition when old stands of alfalfa art' hrokt'n), and the yield 
;!fh'r westt'rn ryf' was incrt'ased by tht:' partial fallow of these plots in 1()32, 
{'onsequ€'nt on the killing of the hay plants DY "take-all". 

Straw accounkd on the averagt· for about half tIlt' dry weight of the plants. 
The onlt'r of straw yield in genera\ fonow~·d that of grain yield, thoug:h there 
was a distinct tendency for wheat crops following alfalfa to throw a higher 
proporiion of straw, thj~ access of vf'getative activity doubtless reflecting- the 
more liberal supply of a\-ailable nitrogen in thest' plots. 

Roots and stubble together made up less than one-fifth of the dry weight 
of the plants, and thf'Y are treated as a unit in Table V. The-y were not deter­
mined in 1929. \\,ith a fraction as small as this, yield differences are of 
restricted significance-. There appears some tendency, howe-vcr, for residues 
to make up a larger proportion of the wheat crop after brome grass than after 
the other hay crops. 

In yield of entire plant. wheat after alfalfa supersedes wheat. after timothy 
in Sub-block I, but in the other two sub-blocks wheat after timothy retains 
the lead it exhibited with respect to yield of grain alone. 

For grain yield the variance has been calculated and is given in Table VI. 
Soil heterogeneity apparently did not playa major part, the mean square 
being significant only for the columns of plots in Sub-block II. The statistic­
ally very significant variance between crops in Sub-block III must be 
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attributed at least in part to the circumstan('~ alre-ady mt"ntionro, namt"lv. thf' 
effects of voluntt>er alfalfa and ··take~all". Thf' intra~plot comparisons ·hrin~ 
out the very significant infiuenC£" of sea!'()fl on tht" yit-ld of grain, t.'xt>rciSNi 
differentially on plots following the difft'rent sods, as indicatffi bv th{' int{'r~ 
action of crops and years and illustratftl by the comparative yi~lds in lQ29 
and 1930 after the "arious sods in Sub-block I (Tabl,' \'), Th. diminishin~ 
superiority of alfalfa sod with sucC't'ssivf> cropping- to wheat i!' also reAt"ctffl 
in the interaction of crops with years. 

TABLE VI 

ANALYSES OF VARIANCE OF Yml.f) OF (.<{AI:-:, LB. I'fiJl. ACRE 

;,.:,~ _I :-=-~j~~Jt:~:'~:.:~;~;1 ::~:Iu:" 
comparisons C'olun11l8 .1 1 66.131' 1 I 11'1.52.1 r." o .. ~.17 4 

Intra-plot 

Crops 1',,2'» <J lio,lit.4 I 15(),045.1"· 

Error (a) 6 i 54:60; I, i () I JQ.I<03 I< 10.524 4 

Years 
('roJl~ X Y{'ars 
Row~ X Yt"ar~ 
CuluIJln~ X years 
Error (L) 

" ]5 

'" 

1.314 73S 0··1 " 12.US.'i',42() t," 
(,l.{)l02"· HI' 050 ~ •• 

11'.3]94 I , 11<.231<5 
]S2'-!'IO I ') I JJ.(j()RO 
4 . .'i71\'1 II< I l'i.24') 1 

I 

1l.R!U) I 
1411,75!.,·· 
20.f,.31t 

1.2791) 

~itrogen absorption by tht>- wheat crops foHowing the differvnt sod~ is 
,hown in Table VII and Fi~, 1 (right). In Suh-block I, 1929, the residues 
\\ er€' not determined, and the values given were calculated from the mt'an 
ratio of residue to total plant in the other five years of the experimt'Ilt. The 
histograms for that year could not be drawn without resorting to this exped­
ient, which, however, can introduce no serious error in view of the small frac~ 
tion represented by the residues. Indeed, as already noted, tht' disparity 
between the quantities of residue left by the wheat and the hay plants is one 
of the most striking features of this experiment. Because of their diminutive 
quantity, the roots and stubble of the wheat plants are not shown S€'parately 
in Table VII and Fig. 1, but tht' mean proportions and nitrogen content of 
each may be found at the bottom of Table IV. In this tahle we see that the 
roots were more than twice as rich in nitrogen as the stubble. The latter did 
not differ markedly from the straw in this respect. The mean values in the 
upper half of Table VII show that, while much the largest quantities of nitrogen 
are fixed in the grain, the relative differences between crops following alfalfa 
and the grasses are greater in the straw. 

While the histograms in the right-hand side of Fig. 1 suggest that the faster 
rate of nitrification in decomposing alfalfa sods may last only two seasons after 
breaking, though with some indication of superiority over the grass sods in 
the third and fourth seasons in Sub-block I. there is other evidence of persistent 
differences in the character of growth following alfalfa and the grasses, In 
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Tahlt, X Wf' find tht' wht'at grain produn'd after alfalfa llil Suh-hhll-k II 
definitt'ly higher in nitrogen than that product'd after tht' gra~-',('~, a ~upt'ri{l,ily 
l-etlect('d in :-ubstantially largt'f loaf \'(llun1('~, in ,111 f(lur ~'..l~OIl:--, though tilt' 
difft'n'nct'~ in nitrogen ahsorption by tilt' entire \\'tlt'.tI plant~ afl('1 tht, ditll'rt'nt 
~()ds in the third and fourth :,wa:-;()Jl~: are 100 ~rnall to lw llPtict'<lhlt, in thl' 
hiqograms. Brome SP('ms to he inferior 10 the other two gr,l:O;~p~ in its 
~t'qut'nre t"ffects on wlwat. wht',hl'f jud~t'd hy tht' nitfo).:,l'n Pt'tTl't\tagt' of \ht· 
kernels (Table X) or the nitrogen ah~()rpti(ln hy Iht' t'tltire wheat plants 
I Table YIn, Tht' difference h{'t\H't'll tht, l1lt'an \'alut':- for tht, lotal nitrogt'n 
,d):o;orption by ,,-heat after timothy and w{'stern r~'t' i~ ~llla!1 (':-..c('pt in Sllh~ 

block II. whpre thE' ach'antag-f' iit'!- \\'ith tiOIntLy. ('('rtainly there i:-; ill tlH'i"t' 

data no l'videncf' of the supposed rit'lettTiou:-; t.fft'cts of timothy Oil :-ucn't'ding 
'TOP!'· 

Analyst'~ of ..... ariancE' of niH{)'i . .;~'n ah~orl)\'d by wht'<l\ :-tr,lin and ,:,>lraw nnl\­

hirwd are given in Table \'111. Residut,s could not Iw illduc}t·d, a~ tht'y 
\\t'rt' not analyzed spparatply for each plot, but they n'pn'st't1t Oil tht' an'ragt' 
(lnly 9'; of the total nitrogen absorption. Again w(' find only moderatt' 
ilitTercnces attributablP to soil ht'tt'rogt'Iwity, tilt> important on{'s cit'pending 
upon crops, seasons, and tht' intt'raction of th{'s(' two factors. 

T.\BLE UII 
\'\-\LY:-.E:- OF \·.\RJ.\'\CE OF ~ITRO(,I'.'" (LII. 1'1 R ACkl' I \lbORB!.]) In WIII-.,\·1 (,RAI'" 

Inter-plot 

Intra-I>]ot 

Error {a\ 

Year~ 

(rop~ X }"COl" 

Column .. )( years 
Rows X year~ 

I Ennr (Il) 

" U 

12 
24 

-\7\1l 'iTkAW 

S,14H5"· 

(lOS' 
I')() 

203 

" <, 

" 
Quality of Wheat 

i 
! 

I.(JJ(')'·· 
I 

t 

I 4\1 4·· 
4.:;4· I 143 
.117 J 

! 
171· 

I <, 57 

\rhile a study of the effE'et of crop sequence on wheat quality wa~ not a 
prime object of these experiments, the grain producf'd was subjected to tht' 
routine quality tests of thE' laboratory. ~o important differf'nces were found 
in commercial grade, weight per bushel, or flour yield, but the data pertaining 
to protein content, kernel texture, and loaf volume (bromate haking formula) 
~howed enough variation to be worthy of examination_ This is most conveni­
ently accompli.,hed by statistical analySf's. In 1929 the grain samples from 
the four replicates in Sub-block I were combined before analysis, milling 
and baking. These are therefore excluded from further consideration, except 
\,·jth respect to the mean values recorded in Table X. 
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Analyses of varianct' of percentage of protein in wheat, reported in Table IX, 
show f(J~tuitou!'i variations due 10 such factors as soil heterogeneity, to be for 
the most part insignificant. There are, however, very important differences 
due to nops and yt'ars and their interactions. The influence of season on 
prolejn conlenl i!;. well known, but its differential effect on protein content 
following variou:. hay crops is of additional interest. Differences in both 
quantity and quality of nitrifiable residue left by these crops would affect 
tht~jr potential re:-;ponS£' to Sf"asonal factors, and so account for the inter­
action noted. Since this comes in question chiefly betwt"en the alfalfa and 
the g-rasS{>s, it may be 5uggt'Rted that the relative slowness of thl:' alfalfa in 
starting the first season, and the fact that the sods in Sub-block I were only 
om~ year old when broken, explain the lack of significant variance due to crops 
and their interaction with years in this instanct'. Actually, it is dear from 
Fig. I that more njtrogen was made available to the crop following alfaJfa 
in Sub-block I. especially in 192Q (unfortunately excluded from the cal­
culation of variance). 

TABLE IX 
:\'\,\I.Y-"I·.';; OF \··\lI.l,\:-;CE I'ERCF.:'\TAC'E I'ROTF.I~ IN WHEAT (l3.S!;;. MOl~T\'RE) 

" " 
4 10·· 1680" 

1 61·· I IJ·· 

'" 12 ,,' 
19 0' 

Rderf'nre to Table X shows that Sub~block I differed from the other two 
in that the wheat grain was not richer in nitrogen following alfalfa than 
following the grasses, conspicuously so in 1929, when the plots following alfalfa 
show(>d their greatest superiority in total nitrogen supplied to the wheat 
plant~. Eyidently the ronditions in these plots were such as to induce 
vigorous growth and farge yields of both straw and grain (Table V), with 
the nitrogen absorbed thus distributed through more material and the per~ 
centage concentration reduced, Analytical data on wheat grown under 
different soil and climatic conditions are, in routine investigations, often 
limited to nitrogen content of the grain. Obviously this is not a safe guide 
to the rate of nitrification in the soil. Nor does soil richer in available nitrogen 
necessarily give stronger wheat and larger loaf volumes. It remain;; true, 
however. that the older sOds of Sub-blocks II and III invariably produced 
richer and stronger wheat after alfalfa than after the grasses. There was 
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little difference in this respect between timothy and weslt'"rn ryt' grass, hut 
wheat after brom{" grass was somewhat inferior in quality, t'Vt'1l on the young 
,ad of Sub-block I. 

T.-\BLE X 

The rt'lation between loaf volume and nitrogen content is set forth statis­
tically in Table XI and Fig, 2, Linear regrt'ssion accounts for most of the 
variation found, the correlation coefficient being r = 0.83. Fitting a second 
degree curve improved the correlation slightly but significantly to R = (). 85. 
The analys€':, of variance were extended to tcst the homogeneity of regression 

TABLE XI 

:\SALYSI!-. OF VARIANCE OF LoAF VOLl:ME IS RELATION TO 
PERCENTAGE NITROGEl'Ii IX GRAIN. TEST OF SIGNIFICANCE OF 

REGRESSION Ft;SCTIOS 

Source of variation Degree!'; of I IvIean 
freedom square 

Linear regression -------~I --1--~3167 '.°6719,_:.--
Added effect of quadratic 
Residual 45 2.910 

r .... = 0,83 R~'JI"l = 0,85 

by sub~blocks and crops, but in no case was the variance significant. It is 
obvious from inspection of the centroids in Fig. 2 that, as noted in the pre~ 
ceding paragraph. the crops fall into three groups with respect to quantitative 
effect on nitrogen content and corresponding loaf volume, but that there are 
no qualitative effects on the character of the protein. A given percentage of 
nitrogen in the kernels produced on the average the same loaf volume, regard­
less of the sod on which the wheat had been grown. 
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Kr'rm'\ It'XIUfl', {'x pressed a~ percentage of hard fed \'itreous kernels, is 
an itnp()~tant faC10r in Canadian wheat grade sppcifications. ]n this eXJlf>ri~ 
m(-'nt it Wi!" ('ntimalt-d hy ('la~sify in;..: a r(>pn.'~{>ntatin· sample of 1000 kernel~ 
into \'itr{'()u:-" pi"ha!d, and starchy, first (In the hasi:.; of f'xternal appearance. 
then hy cutting 111(> kt.·rnt"l~ \\ith it 1t':-.tt'f. Half tht, ptTCentagl' of piebald 

"'as (l(kh·d 10 lhl' r){~rc(,lltag(' of \'iln'ous 10 gt·' tht· figUft' for hard kernels. 

< 
'l 

NITROGEN IN WHEA i. 7. 

Fit; 2. I.f),,,," ;'1>/111111' • brrmwll' ha}:wK formu.la I m rl'la!/fJ!i II} JJJI,.OJ!l'l1 {onlrlLI I~f ~('hnJi 
grllHl. For al! datu, lllll'llr rela/IOII r = () 83: Quudrati, R = 0 S5. 

The mean \',i1u{':-- gin'n in Tablf' XII show tht· high general quality of the 
wheat produt'oo (In this h'rtilt_· soil. The narrow range of variation in both 
kt'rn('! t{'sture and pro!t'in contt'n! in a ~t'a~on of limitt'd rainfa!! such af.. 

T.\HLE XII 

\Lly-Jlll~ liard kernel;. Protein cuntent 
Yt:'ar r.linfall, I ------_. 

--I~k.~n ill. 

1-
:\lcan I Range Range 
·----1 __ .~~~ ____ L~ ___ ~_~ __ . __ 

lQ30 
" 

24 ')0 2 

I 
98.8 - QQ. ; I 10 3 15 4- 17 1 

1931 1V 83 ~i. () 62. () - 98 5 13 3 10 5 - 15_7 
1932 7 OS 9i 5 91.0"'- 99 9 1.1 1 11.4 - 15.0 
193.~ Q.03 93 0 73.1 - 97,9 U.S 10.9 - 18.2 
1934 HUll 98 8 I 94 9 -100.0 12.2 9 6 - 16.0 

'" Onr odd St"trpJr dropped to 78.8. 



It)30 rl:'stricts the likelihood of finding'l high dq.:-n't' (If correlatioll. and w(' ~t'(· 
later (Table XI\") that the ccwftlcit'nt i!"i in~igf1iti("allt in thi~ t-.l~(· III 1')34 the 
diminishing ft'rtility rt'~ultill!.: from continuous noppin\.! with \\ hedt i~ rdkctt'd 
in reduced prott~in content. t}wugh the pnCl't1tal.!.l' of h.lrd kt'rnt'J~ i:-; ),:Tt"ltt'l" 

than would be t'xpt'CH'ct from thi!- OJ fwm tlw lihel".il \1;\~··Jul~· r,linfall. ()n 
Tt,h'rring \0 1ht' mOf·!._' dt'\aih>.d rainLl\l tl,\\,\ L:1Vl'1l in til\" introduction. \\t' fmd 
that tht· precipitation in 1()34 Call11' 1110:--t ahund,mth in 'la\" and hull'. 
tapering off later when tht.' tt'\.turl' (If tht, kernel:.. wa .... dt'\~dtlpinj..:. . . 

Analyses of variann' (If Pt'ITt'llt.I.l.!.t' h,lrd kl'fJl('l:-- ,Irt' n'111Hlt'd ill Taflk XIII. 
The dominant efft'ct of "t'olson. dln'ady (>\'idt'nt in Tdhk XII. i-; ill'rt, ("h'arlv 
pro\'t·d. Only ill Sub·hlock II do tht, pn·("t'ding hay iT{)P~ .IPPt';I1 In h:l\'(' 
..,il.:nificantly difft'rt'nt {"ff('ct~ on tht, te:xtun' of Ihe wheat kernels. :--uch effects 
heing inl1uencpd difft'rt'ntial1y hy :o.t'as(llb. Sinn' the oril,!inai (1.lla han' bt'l'll 

ornittt'd to san' space, it may ht, said that in Suh-block 1I lht, lllea1l per­
("{'ntages of hard kt>'rnels were: aftt'r ;'lHalfa. ()8 0: aftt~r limothy, t).} :;; aftt'r 
\\t'stern ryp. 96.6; after hronw, I)() S. The dilTereTln'!- \\"tTl' gn'att':-.t ill 11'31, 
the first year aflt'"r hreaking, and tap'rt'd ofT 10 minimum .... ulut·:-. itl lQ:'+. 
tilt' last year. 

T.\\lIY XIII 

.n1,,-;)lot 1< , , , 
('plum", 2';' , , 
Cr(),,~ 1<1 ; 

Error "' ; , 
lnlr"-piot V(",\r~ '" (," 214 .1 0 • 

Cr"p~ X ... ,',H. '" ., " " RoW5 Y V';"'" , , 
Colu!llll_ Y n'ar~ , 

" Error dl) H , 

~ewton, ('O(lk, and :\Ialloch (1) found no significant linear corn:lation 
lwtween percentage of hard kt'rrlt'l;.; and protein ('ontent over all samples in 
,I series of six \\'heat variC'ties grown at six widely separated points in \\"estern 
Canada, though within a given sample the vitreous kt'rnels always contained 
more protein than the starchy kernels. ThE' disturbing factor~, they con­
I.:',uded, did not IiI:' in inherent difference':'. \wtween varieties, but in environ~ 
mental effects. In tht-' present experiment only one variety and one station 
come in question, so "\\'e may look mort' hopefully for association of the two 
characteristics. In Table XIY i~ gi\"t'n an analysis of covariance of percentage 
(jf hard kernels and percentage protein content. Part A shows the linear 
regression of the one on the other to be highly significant over all seasons, 
though seasonal effects are also highly ~ignificant, as shown by the differences 
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in S('asooal ('('n troids and regression~. Part B gives the detailed relations 
in individual years. Th(> corrda1 ion [or 1930 is insignificant, as noted aoovt', 
but for all dw other st'asons is highly significant. The average over all seasons 
is, r = O. 3i; within st'aSOJlS it is, r :::::: 0.84. 

TABLE XIY 

:\~ALYSl~ OF CO\'ARIA:-';CE UF HARh KE:R~ELS AKD PROTEI!" CON"TE~T 

A. Test of homogt'ncity of regression hy ;;eason!-

AvcraKe reg-r(!,,;,jull all Sl;aSOIl!­

J)jffl~rt'nn' in .'>(.';i',,unnl C('lltfDirl~ 
I )iffer{'nn.' in !-it:asonal rf'"gn'""i1 'n~ 
Residua! 

I 
.; 
.; 

166 

1152 00·· 
QR3.45·· 
459.17·· 

9.89 

H. Rl'ialion of hard kernel!> and protein (,Ol1tent in individual years 

Year 

1930 
1931 
1932 
InJ 
1934-

Regres;..ion {"(Jdficient 

+0.2('";, hard per c( protein 
+6 6('~) hard per r:; prot£'in 
+2.Y;;, hard pt>r (:;. prott>in 
+1.4C;" hard per cr; protein 
+O.6(:~, hard per c; protein 

Average for all data, r = O.3j··, 
A\·erag-e within years, r = 0.84··, 

Discussion 

Correlation 
coefficient 

The use of the growing crop as an indicator of soil nitrification rates appeared 
to work at least moderately weB in these experiments. Certainly the authors 
gained in this way a much clearer knowledge of the sequence effects of the hay 
crops investigated, On the other hand, the effects of timothy on succeeding 
crops did not turn out in this case in accordance with popular belief, nor 
indeed in accordance with experimental results previously obtained at the 
same station. The cause of this discrepancy is not immediately apparent. 
The- results actually found are, however, in harmony with the fact that, 
among the grasses, timothy left in the soil the largest quantity of residue and 
fixed nitrogen and, because of its small yield of hay in the absence of sufficient 
moisture, removed the smallest quantity of nitrogen from the soil. The 
fact that brome was distinctly poorer than the other two grasses in its after 
effects raises the question as to whether such creeping rooted grasses that form 
a closely knit sod may depress nitrification by preventing adequate aeration 
of the soil. Other possible explanations will be considered in later papers of 
this series, and a general discussion wiIJ be more appropriate after these have 
appeared. The findings of other workers, in the same or related fields, 
recorded in the literature, can be considered at the same time. One unpub-
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Iished observation may be mentionoo here. On rt'ading tht· manuSf'ript of 
this paper and noting that wht"at {QHowinR alfalfa threw a laq:!t"T proportion 
of straw and that the rt'iative differences in nitrogen fi:w·d :-;howed up mO$t 
clearly in the straw, Dr. A, G. )Okealla commented. that in his wata culture 
experiments at Edmonton the wheat plants supplit~d with high nitrogt"n solu­
tions always product'd a larger proportion of straw. 
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A LEAF BLIGHT OF POPULUS TAC.1MA.HA.C.1 'IILL. 
CAl' SED IW .\:--: C-';OESCRIBED SPECIES 

OF LINOSPOR.1' 

Abstract 
-\ f"l!ap' d;~·<I"I.· flf P"/JJI/Jn l'lfamohtlUl \Iill , ... w-,t,d b~ it fungll . ., thaI h,l" 

\I('{"tl ).:1\'('11 ,hi' 1\;[11\" 1.ill!','/''''<J Irtra.1pMII n. "p" i ... known In {)(',ur in ,\lherta. 
Brit i ... 11 ("'[lJIHf,i,\, (11l\,(rJ" .. \lId (,_Illt,ht·[', ('<H1'ld,1. TIlt' h· ... i,JII .. "n the le'\\"t·," .1fl' 

I,i V,lfU)\b ~i7('''', d,lrk \'1"UWll in ('u\"lIf. wi,h \'('ry irrejo::ular .!l1d diffllst,d marJ,);in"i, 
Th,· [,.,j\( .... 11\.1\ \l{' 1'<lmp\('l{'\Y inv<llh·d. lIj"nl\'>I1f("(L allt! ,\n'pp('(l Jlrt'Jllallll"('l~ . 

.... m,lll. 1,l.t('k. I'irnil.tr "I' irrq.:ul.lf p ... ·{HJuclqwi dt'\'d"p (HI I!l(> UliJK'r .. tlff,ln' "~I 
111(, jnll"'led \;-,\\1· .... ,\;" tnll' ('(l11idi .. l ... lagl· "a~ found in ,he lift' lli.,'0f:- . 
.... 1 wrl1ldll,l .tn· 1)1"' ',\\I( J"! ill ,lnTvu!i thai de\'t·!, '1~ in l!ll' cdl .. ,~f t he Ilpfxor epidermi,. 
dlJrillJ.: l.!tl· "U!ll1)lt'f ,1.nl! ,ilJIUllHl. j ... ()l.ltjon:-. frlllil d ... n, .. pon·" and pl.ll11jll).t" 'If 
intl',·H·d \(,,11 li .. .,111·" ~an' :o.imitlr myn'li,t1 !-:f(lwlh on pOtato d{'xtro-..e .q.!;,H. Th~· 
lhllh<l~l'l1if if~ "I tll(' fUll,I.;1J-. wa,.. d~'I\l"fI"'HM('d h~ (Oe iflonllatioll "f Ot'althy 
It,,!\(,,, ",ilh a "lh],('l1-'1Hll of ,\"I'OSpofl'.,. ~YlllPl'l111" typil'al of tlw dist'a"l' ({l'n'l­
"pl,d in ,t\'PIlI d 111(111lh, TIlt" f\111Io:U,.. wa" re·i"lll<ltt'd from tlw ill(lt'uLlt ed k·,\\'c". 

Introduction 

Till' alllh(ll'~ tlr~1 ol'~{'I'\'<'lli{ln..; of IIl!:-. di~(:'a~t· of Populus 1/[((/,,/(/11(/((1 \\t'J"t' 

III,nll' in 111' ('laudt, RiY(T \'aHt'y, c;,bPl' ('0" (,._)Ut'i>tT, durin).!. Sl'ptl'mht'f 
lq_?S, ,lilt! in lilt' TVIll,I'..!,;tmi [-'/lrt':-,I Re:-'t'rn', ()ntariu. during t430-3J Later, 
[h(' ,1lIt1HlI' rt't't,j\'('d Irllnl \;l1'iltu-. inn-'stiga(ors spt'cinlt'lls of tilt' di:-'t'<l:-'l' which 
HI'[(' C{(J1t'ch'd in rh(, lo11I1\\,illl.:: hwaiitit's: Sandhill. Alberta; Rt'\'el~t(lkt', 

Briri."h (·ulum!li.l: !mq(loi,.. Fal!~ and Pf't.:lwa\\"a, Ontario; Vucht'snar • 
.\lal<11)(·di.1, and PrlJuh., QUf'ht·('. In a ietTPr from Dr. J. \Y. (;ron''s, it was 
n'pol'tvd i.I:-' {'tlU:-,illg StT10llS dt"foliaTion of the balsam poplar at the Pl'tawawa 
F()rl'~t l':"plTinwnt Station, Ontario. Thl' di~wa~l' appear::. 10 lw widely 
di~lrilllltl'd Ihr(lu,~hout ('anada, hut as far as the wri1t.'r was ahk tn dt·I{'rmine. 
it has 1\01 ht'f'fl reported from tht· t 'nited States. 

In Jill' T'·J1),l,;.;ami FllI"!'."t H"St'f\T(" t}w foliage on ~'oung tn"t':o; and on the 
100\tT hral1ciw-. (!f (lilin trpt'~ was St'\'t'rt'iy damaged, Tht' lea\(-'s Vd:'re di:-­
colourt'd <I1Id \\ i1t(,ci, and pn'st'ntt'd the appearance of haying lwen s('ortht'd hy 
lire. Trl'vs 411 p(ljm/us gnIlldidclltatfl \Iich:-.. and P. Iremuloides ~Iichx. 

~n)\\'illJ.! ill clo~l' pr()\:imity to di~t'a~t'd tret'~ of p, lamml1liara wen' not 
,ltlt-Cil'cL 

Symptoms and Signs 

The 1t'~itm5 \'ary con:-idt'rahly in ~izt' and may include the t'ntire leaf. A~ 

mfl't'tion prog-resses mo:::;t rapidly along- the main w'ins and spreads into the 
interc(/~ta! areas through the ,"einlets, the marg-inf' of the lesion~ are irregular, 
()11 IIw uPl'K'r surfan~ of th(> leaves they are dark hrown. As the~' increase in 

.\f,/ftusrript rcceit'{'d April 15, 103(). 
C{mtribution from Ihe Dt'/mrtment of Botany, Cnivetsity of Toronto, Toronto, Ontario. 

, AssisJonJ PrDfessnr, Df'pnrlmrnl (If Planl PaIJw)ogy, Fnit'£rsiJ), of Georgia, Athefls. 
Georgia: at the tinH', holder of a }\"afwnal Rtsearch C{mncu Scholarship. 



-i71'. Ilwir (,('l1lft'''- h('('(II1It· a .... lwll 'Ir 1,lt'.ldwcl in .tprl\'.tfi.tllt',' Th i .... di .. nII11ur. 
<It iflll lI .. u(l]I~ t" (\'nd::- 11\ tT ! Iw ('III in- ,..urf.h'(' \~ 111'11 ! t)!' It',d i .. n1lllph-h'h 
il1\Mit,d I-'i;,:. 1. I ! 

F!L, 1. ]. FOler lea.ves of Populus tI.Jcomahm;a SlwwitLg tlu I~slons on Ih~ upf>t:r surftlCt, 
Bieac/U'd areas in lh~ cmires of tht' lesions are ViS1'bk on thru of tht' J(az'(s, Nalural size. 
1, Le.sion~ on u {~o..f sBou'iTlg black pseudaciypei scattered (K'ef the upper surface, X2, Phalo· 
graphed by JI', R, Fisher, DefX:rtmcnl or Plt'lll PathQlogy, Comell ['II/I'usily, ItlwC(l. fr,'t:'IQ 
l"ork. 
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The lesibn~ on the undt'f surface o( the leaves are reddish brown. and have 
irn~gular margin~. The discoloured v('ins at the borders of the spots stand 
out prominently in contra..Git to the healthy om·s. Infection usually spreads 
from the bJadt·~ of the leaves into thf" petioles, which become brownish and 
shrivellro. 

The black pS('udnrlypt"i, which are visibl(' on the upper surface of the leaves, 
an' of djagno~tjr valut'. They develop when the l{"sions become ashen 
coiourf."d. and appear either singly or ('onfluent, about n.s mm. in diameter, 
circular or irn>Rular in outline, thickly scattt'fed over the surface. \Yhen the 
leaf is compietl:'iy infeCll'ci. the-yare dispersed over the entire upper surface 
of the leaf (Fig. I, 2). They an' composed of dark thick-walled hyphae, 
which liE' within th{' blackpnt'd t'pidt:·rmal (,pi I!'. 

Development of the Fungus 

Mi<'roscopic examination shows that thl> mycelium in the tissues at the 
margins of ttw lesions is composed of hyalin€' hyphaE" about 2.5 IJ in diamt'ter. 
which ramify bt"tween and within the cell!' of the leaf. most of which appear 
coilarsPd. Glooules or solid masses of a brownish substance art' conspicuous 
in the others. 

('ONIDIAL STAGE. That the conidial stages of Linospora species are not 
well known ,,'as pointed out by Miller and \Yolf (4). They found that 
Linospora Gledilsiar ~Iiller & '''olf had a Gloeosporium stage. Lindau (3) 
reports Gloeosporium Trcmulae (Ljh) Pa.~spr. as the conidial stage of Linospora 
populina (Pers.) SchroNer. 

KIt-hahn (2) found no evidence (If a conidial stage in the life hif;;tory of 
Lin"stortz CIIp"a, (DC) Fuckel. 

The author was unable to find a trut' conidial stage associatffi with the 
fungus under investigation. However. a spermatial stage was found in the 
lesions during latt" Jul)", August. and Septt"mber. 1 931. The acen:uli in \\.·hich 
the spermatia were produc€"d werE'" most ohyious on moist leayes that had been 
lying on tht> g-round. They ari~ within the epidermal cells of the upper 
surface of the leaf and are circular or irregular in outline and 125-250 p, in 
diampter. The hyaline spermatiophores, {)-13 X 2.5-3 Il, borne on a slight 
stroma, form a compact layer at the base of the acervulus. The spermatia, 
which appear to be buddE'd off from thE' tips of the spermatiophores, are 
spherical, one-celled, hyaline, 2.5-3 I' in diameter (Plate I, 1). The outec 
walls of the epidermal cells are pushed outward and finally ruptured by the 
developing whitish masses of ~permatia. The latter failed to g-erminate in 
sterile water or on the surface of potato dextrose agar. 

PERITHECIAL STAGE: Pseudo,tromata, 400-i50 X 200--250 1', develop 
within the leaf tissues directly beneath the pseudodypei. They consist of 
compact masses of hyalin~ pseudoparenchyma-Iike hyphae surrounded by 
two or three layers of dark-coloured hypHae. In transverse sections the 
pseudostromata appear as box-like compartments jn which borders of dark 
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PI.'\T ~, L I. 1 rUII~1'l'nl' ,lfr(IOI/ f'. CI 11"11, .~h(lu'/l11!. ,lit an'n'u/us (Im/awilll!, I) mass (If 

~t;~;~U~~~/~~I:'a~:.ft~lll~~'/k ~~I:l~~~::J~:~('l;,~;;~'/~(J1~;; ps~·u~;p::!,;;;·~~/::~:.j~Jn/!{,ejJ ::!!ai:~~~n! 
fr-,.I.' palis(Jdr (r/ls .{iI/l'd ~i:ltli (l d(zrk·rn/flItTt!d (it'pnst/ WII ill.' sent nnlf('ddrri .Lo/thin tlte PSt:u(/o­
stroma. X!!O, 3. I'atira! sec/inll (If (I pI'rilliNIUItl emhedded U'tlltt'l (I pswdostrfJltla. showing 
lIIt:mbrana.ceo-us widl, laUrai beak, f.l.lld IOllg cyllndflcai a.sd. X lZ:- . 
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fungous elements surround the hyaline fungous tissue and remains of the 
palisade cells (Plate 1. 2). 

The perithecial initials consist of coils of hyaline hyphae, which originatt· 
in the centres of the pseudostromata. ThE'Y were observt>d in stained sections 
of diseased leaf material. which was collected in the latter part of july. Their 
development concurs with that of the- spermatial stage. Neither tht'- peri­
thecial initials nor sub'5t'quent stag:es of the perithecia were studied in dE"taiL 

(n the Temagami re-ginn of northern Ontario, malUTt' p<~rithecia W('re found 
in overwintered leaye~ during June. They are g1obose or pyriform, 175-·270 X 
11()-175'1L, usually single in the pseudostromata (Plat,· I. 3). The mem­
branaceous wall of the perithecium is compoS("d of two or t.hree inner layers 
of narrow thin-walled cells and one or two layer~ of narrow, dark-coloured 
hypha! cells. 

The beak of the perithecium arises Laterally. It extends for a short distance 
into the tissues of the leaf and then curves at right angles to the leaf surface, 
tinany projecting a short distance above it. The ostiole of the beak is lined 
with narrow, hyaline periphyses that extend a short distanct' inlo thf> peri­
thecial cavity. 

The asci are long cylindrical, straight or curved, tapering to a narrow 
base, rounded and thickened at the apex, 175~230 X 6. 5~9 IL, four-spored 
(Fig. 2, A). In crushed mounts of perithecia in water. the asci separate 

FIG. 2. A. Asci. B. Ascospores. C. Germinatin: ascospore. Drawings made with lhe 
(lid oj a camera lucida. X450. 
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and t10at out' fn'ph', and lht'ir hast's dissnln' away as is tvpkal of the Diapor­
than'at', \\"!WII ,;eriti1('cia are kept in a m()i~t chamber', lhf' asci and asco­
~pl)n·:. po;:;;!' out 10 form little droplets at tht> tips of the beaks, Both of tht'st" 
()hst'fvati{)n~ an' in ac('ordaIH't' wi1h thmw of :dilkr and \rolf (4) for Linospora 
(;}rtiitsiof, 

The a~('()sp(lrt's an' fl!if(lrm. straight or itft.·gularly ('urn,d, six- to {'ight­
,<.('ptau". hyaline, 17.=' 225 X 2. S-J j.l, spirally twisted ,vithin the ascus, 

Par(lphy~('s \\{'f(' not obst'r\-t'd in the mat un" perithecia. !\li1ter and 
\\"qlf (-I) !J;(\'(, pointed out that in Linos/Jora (;ledit.liae. rhf" paraphy-"e-" dis­
aplwar \\ \1('11 lhe a:-.ci matun', Early stagt's similar to th()Sf~ described by 
:\1 iller and \rolf \\ t'IT flll! ay(!i\ahlc for ~ttld~', 

Taxonomic Position of the Fungus 

Tlw follo\, ing chaLll"tl'rs plan' the fun~us in the genus Linospora of th{~ 

fami!~' ('!~'pt'(/~phat'r-iaCt>a(" tiw pre!'wl1cP of pSt'udoclypei; perithecia with 
l!Ui.' \\alls ,lIld ('\ongated ht'aks: filiform, ~wptate, hyalinE' ascospores. and the 
ah!-'t'llc{' (If paraph~'~{':- in the maturt" perithf'cia, 

Th(' \\Tiler ""a'" unabk to find any L1.110SpOra described or rpported as 
mTurring Oil poplars in :\"or1h Anwrica, T\\'o species arE' knuwn to oo:ur 
in Furopl' Lillospora populina (l\-'rs.) Schroet(:'r on Populus (dba L., P. nis:ra 
L.. and P. (rf'l1lu/1l L.: J.i1tospora ("(Indicia Fucke\ (l) on P. albr1 and p, canescens 
SOl, 

The fungu~ umi('r- jn\'('~tjl:atj()n diffn:.; from the above European species 
chit'fly in haying longer asci and ascospores, and {our-spored asci. Bt'cause 
of these and other differences, and th~" fact that a Lillospora affecting roplar~ 
hal' not lWt>1l reponed from ~orth America, this fung-us is described as a new 
srwci{~!>;, 

Linospora tetraspora sp. nm'. 
Pseudodypf'i~, ni~Ti:;, epiphyliis, dense sparsis, rnycelin fusC'o in epidermide 
formantihus; pst'uciostromatis, 400-750 X 20(}-2S0 )1, inferis pseudoclypeis. 
formantibus hyalinis pSt-'udoparenchymis et deg-eneratis palisadis cellis, 
marg-inatis atris; per'ithf:'ciis. g-lobosis vel pyriformis. 175-270 X 110-175 jl, 

saepissime ~()litariis in pSt'udostromatis; rostris iateris exertis atque curvulis; 
periphysibus in ostiolo; ascis cylindraceis, n>('tis vel curvulis, contractis imo, 
apiel" incrassito, 17 $-230 X 6.5-9 J.i. 4-sporis; ascosporis filiformibus, rectis 
vel irregulariter ('un'atis, 6-8 septatis, hyalinis. 175-225 X 2,5-3 jl. spiraliter 
contort us in asC"is. 
Hab. in foliis dejectis vere Populi tacamahacae 1\lill. 
Stat us spermatic-us: AC'ervulis, epjphyllis, intraepidermide, orbicularibus vel 
irregularibus, 125-250 I' diam.; hyphis fertilibus, hyalinis. 9-13 X 2.5-3 1', 
spermatiis sphaericis, continuis, hyalinis. 2,5-3 J.L diam. 
Hab. in foiiis viyis et in foliis dejectis aestate sera et autumne PQPu{'i tacama­
hawe Mill. 

TYPE LOCALITY: Sandy Ifilet, Lake Temagami, Temagami Forest Reserve, 
Ontario. 

DISTRIBUTION: British Columbia, Alberta, Ontario. and Quebec. 
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TYPE ~PEnMENS: Author's cullection numlwr 556, part of which ha~ l){'("o 
depositt'"d in the following herbaria: Department of Botany, t 'ni\"t'r~ity ot 
Toronto, Toronto, Ontario: Depart rtlen t of Plant Path()lo~y. ('orm·lI iOni­
v{'"rsity. Ithaca, New York; and F,lrlo,," Ht'rbarium, Harvard t "nin'rsity, 
Cambridge, l'1assachust'tts. 

Cultures 

Pieces of ovef\\"intt'red lean's ('ontainin.1!: mature peritiwcia W('rt' fastt'l1t'd 
to the {'overs of Petri dish('s in :;uch a way that ascOspoft'S di~chargt'd from 
perithpcia fE'll on tht' surface of thf Ilwdiunl llt'lo,,". (~t'rminati()n ()f tht' 

ascospores took plan' within 14 hr. Cerm tuhes \\"t'n' formed al (·idH'r tht' 
t'nds or tht' side::, of the a~('o:-;pon.'s (Fig. 2. C). 

~umE'rous transfers of single asco:;pore~ and ma:;st·~ of a:-;c():;po["es wert' 
made on test tuhe slants of potato dt,:\.tro~t' a~ar. The single a~('n~por(:'s 

failed to grow, and only a few of tht, ma~s ascospofl' plantings dt'\"('!oped into 
("olonies. The mycelia grt·\\, H'ry ~l{)wly, forming whitish colonies which 
bter became brownish in colour. Tllt' hyphat' tended to build up in the c{"'ntres 
of the colonies. \"hen the ("ulturt~s were examined microscopic-ally, they wt're 
found to consist of hardened masses of ~hort, thick-walh·d hrc)\\nish hyphat'. 
);either spores nor fruiting structurt's of the fungus wert· found in tht, cultures. 

A few successful isolations of the fungus were obtaiIlt'd from tissue plantings 
taken from the margins of le-sioIls on diseased leavt':.. The colonies were 
similar to those derivt'd from ascospores. 

InOClllations 

On June 23, 1931, mature perithecia were dissected out of overwintered 
leaves and crushed out in sterile water. Thl' suspension of a:.ci and ascospores 
thus obtained was transferred to an atomizer that had been rinsed out pre­
viously with 9Slj'~ alcohol and sterile water. A small tret' of Populus taca­
mahaca growing in a location free from the disease was seit'ctpd for inoculation. 
The terminal leaves on each of three branches were enclosed in celluloid 
cylinders. The end of the cylinder nearest the trunk was pluggt'd with moist 
sphagnum. The suspension of asci and ascospores was atomized on the 
leaves through the open end of the cylinder, \vhich was then plugged with 
moist sphagnum. The cylinders were left on the branches for three days. 
During this period the sphagnum waS kept moistened. 

The artificially inoculated leaves developed symptoms typical of those 
found on naturally inoculated leaves by July 23, 1931. A few weeks later 
pseudodypei and pseudostromata developed in the leaf tissues. The sur­
rounding foliage on the tree remained free from infection. On July 25, 1931, 
the fungus was re-isolated from the diseased tissuE'S of the inoculated leaves. 
The colonies that developed from these isolations were similar to those made 
from ascospores. The results of these experiments demonstrate the patho­
genicity of the fungus. 
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VARIETAL DIFFERENCES IN BARLEYS AND MALTS 

VI. AUTOLYTIC PROTEOLYTIC ACTIVITY OF MALT AND ITS 
CORRELATIONS WITH WORT NITROGEN AND 

BARLEY NITROGEN FRACTIONS' 

By C. ALAN AYREz AND]. A::-';SEL ANDERSON! 

Abstract 
The proteolytic activity of 1+1 samples of malt, representing 12 varieties 

grown at 12 experimental stations in Canada, was determined by an autolytic 
method. Certain varieties differed widely in average activity lOlli. 291; 
O.A.c. 21. 235; and \Visconsin 38, 150 units), those of poor malting quality 
tending to give tow values. The \ipread hetween station means wa." also large 
(Beaverlodge, 284; and l'\appan, 149 units), 

The correlations between proteulytic activity, barley nittogen fractions, total 
barley nitrogen, and wort nitrogen (data given in an earlier paper), were also 

b:~~~:~ p~7:;~1~~r~·e!~ti .. ~~;t!~ld ~iJtr:~~:~i(f~~ctj~~:~,!~~~r;;lI i~Si~~it6~an~i.tro~~~~ 
responding inter-varietal partial correlations were insignificant for in!iOluble 
and alcohol-soluble nitrogen, but highly significant for salt-soluble barley nitrogen 
and wort nitrogen. A do"e inter-,_,arieta.l relation was found between pT'oteoiytic 
activity and "alt-soluble barley nitrogen, and it was impossiLle to demonstrate 
that these two properties influencer! wort nitrogen independently. 

Varietal differences in the percentage of barley nitrogen appearing in the 
wort extracted from malts, or differences in some fraction of this wort nitrogen. 
have been demonstrated by several investigators (3, 4, 12, 13, 15, and others), 
and it has seemed reasonable to suppose that these differences reflected 
differences in the amounts of proteolytic enzymes elaborated or liberated 
during the malting process. In the preceding paper of this series (2), however, 
it was sho\\'n that a fairly high inter-varietal relation (r = 0.88) existed 
between wort nitrogen and the salt-soluble nitrogen of the badey from which 
the malt is made. It thus appeared that wort nitrogen might be a function 
of both salt-soluble barley nitrogen and proteolytic activity, and might there­
fore be a rather poor measure of the latter. Alternatively, it also seemed 
possible that both salt-soluble barley nitrogen and wort nitrogen might be 
functions of proteolytic activity. and that the correlation between the two 
nitrogen fractions might be merely an expression of these relations. 

1 Manuscript received June 2, 1939. 
Contribution from the Division of Biology and A gricullure, National Research Laboratories, 

Ottawa. Published /],s Paper No. 163 of the Assocro.te Committee on Grain Research of the 
National Research Council of Canada. and the Dominion Department of Agriculture, and as 
N.R.C. No. 824. 

2 Biochemist, National Research Laboratories, Ottawa. 
3 Formerly Bioch.emist, National Research Labora/.ories, Ottawa; now Chief Chemist, Grain 

Research Laboratory, Board of Grain Commissioners, Winnipeg, Manitoba. 
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Th(' \\'(lrk fcport(·d in this paper, a study of the autolytic proteolytic acti\-ity 
of 12 barky Yarldi('s, b('sid~:-: demonstrating that large varietal differpnces 
('xist, also pnl\'id('d data iH.'aring- Oil the question:') discussed above. Statistical 
analrs('~ ~hm.q'd th~lt a clost-' intPf-yar1t"1al n,latjon exists lwtween salt-Rolublt' 
barley nitrog(·n and proteolytic acti\'ity of malt, but it was not possible to 
d<'rnonstrale lhat Iht's(' two properties influenced wort nitrogen independently, 

Materials 
Tht' malts uspd in this study are those used in preyious studies in this 

s('ri(·s. Th{'~' f("present 12 \'arietips of harkr gro\\'n at 12 widely separated 
t'xpcril1H'ntal :.tations in Canada (listed in Tahle I). The barley varieties 
and tlw methods us('d in g,rowjn~ tht-' samples were descrihed in detail in 
l'art J (1) of thi ... st'ries and Ihl' malting Dwth()(J:.., ilnc] comm(lnJ~· measun·d 
charactt'ristics of tiw malt~ \\Tn"' repor1t'd in Part 1\- (12). 

Method 
A c()n~jdi'rahlt' numb('r pf methods for pyaluating the proteolytic actiyity 

of malts han"' \w(:'n de,\"plopt'd. In tht' majority of thesE' an aqucou5 extract 
of tht' malt is mad{', and its aClidl}, is mt'asurpd by the change in viscosity 
of a ~('lalin :-;uhstratp (6. 9, 10). or by its hydrolytic action on an ede~tin 

::;uhstratt' (i. ln, LaufPr (()) reports that no agn·emt·nt t."xi~ts between the 
rt:'sulls of rt-'prcscntatin' gdatin and t'df'slin nwthods. Idoux (5) llsf'd 
ground harley. in which l'Tlzynws were slid 10 haye be('n destroyed by 
drying at 1150 

('. for 4 hL, as a substrate. J"'::olhach and Simon (7) 
w .. ed an autolytic mt.'thod in which tht> malt protein acts as substrate. 
Tlwy aurihute tht, grt:'ater portion of prot{'olytic actiyity 10 insoluble enzymes 
and han' shmnl that results obtained from an autolytic digestion rliffer widt."ly 
from tI1O~(, obtained by allowing an aqupou':'i p;..:tract of the malt to act on 
edestin. They prefer the autolytic method. LOers (11) also recommends the 
uSP of tht' natural malt prolPin 5ubstrat(-'. 

The:' method selected for the prf's('-nt invp~tigati()n involvpd measuring- the 
amount of non-protein nitrogen produced during tht' second and third hours 
of digestion in a malt mash buffert'd to pH 4.6 and maintained at 45° C. 

The method is by no means fref' from objections. Differences in the 
protein distribution among samplf's of the same variety grown at difh'rent 
stations makt' thf' interpn:'tation of station differences in autolytic protf'olytic 
actiYlty difficult, if not impo:-isible-, On thp o1her hand, since inter-yarietal 
differences in protein distribution are reasonably small, comparisons of auto­
lytic values for samples of differt'nt varieties grown at the same station can 
probably be considered fairly reliable. 

Typical ("un·es showing the relations between non-protein nitrogen produced 
and time of digestion, for samples of two varieties grown at the same station, 
are shown in Fig, 1. These show that the method is not particularly precise, 
that the rate of proteolysis 'is only approximately constant over the period 
selected for measurement (1 to 3 hr.), and t)lat the- rate begins to deCrea3? 
with longer periods of digestion. 
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Details oj J1ethod. A 25-gm. sample of malt was fint'ly g-round in a Seck 
mill. Two lO-gm. aliquots wen: WE'igh~d into lOO-mt. glass centrifug-e tubes, 
and 50 mL of a sodium acetate-acetic acid buffer solution, pH 4.6, were added 
to each tube with rapid stirring. The tubes were placed in a water bath at 
45° C., and the mashes were stirred at 5-min. intervals. 

The proteolysis in one aliquot was stopped after 1 hr. hy adding 10 mL 
of 307c trichloracetic acid solution. Aftt'T stirring and centrifuging, the 
supernatent liquid was filtered and the nitrogen (i.e., non-protein nitrrJg:en) 
in 20 mt. of the filtrate was determined by a Kjeldahl method. This deter­
mination replaces the blank determination. It ".ras made after 1 he of 
digestion, rather than earlier, in order to allow the original soluble constituents 
of the malt sufficient time to dissolve completely. 

The proteolysis in the second aliquot was stopped after 3 hr., and the non­
protein nitrogen was determined as previously described. 

Proteolytic activity is calculated from the difference between the amounts 
of non-protein nitrogen in the 1- and 3-hr. digestions. 

Replication. In order to provide a check on the precision of the deter­
mination during the investigation, duplicate determinations were made on 



242 CANADIA1\' jOFR.V.H. OF RF.SEARLFJ. rOL. 17. :'me. C 

m1('~lhird of thf' samrle,l.;. These were selected at random, after imposing the 
fimilat ion that four sample::, of each of the 12 varieties and four sampips from 
('aeh of th~' 12 station:; should be chosen. Tht:' standard deviation of the mean 
of duplicat(· determinations, calculated from 48 pairs of values, was ± 13.2 
for a ml'<H1 valu(' of 220 mg. of non-prott:'in nitrogen, per 2 hr., per 100 gm. 
of malt, Pf('d~jon did not prove to be a limiting factor in the comparisons 
of ei1iwf \'ari~·tu! Of station means. 

Resul ts and Discussion 

1 arietal and Station Differences 

The n'sults of tht' invbtig-arion are summarized in Tahl<=, I as varietal 
means, OVl'r all stations, and a~ station mE'ans, OH'[ all varieties. Owing to 
flU' differential (~ff('ct of ('ll\'jronmt'nt on Yarit'tj(,s, these did not fall in the 
same order with respt'ct to protf'olytic acliYity at all 5tations. For 1he 
samt' reason the ~tations did not fall in the 5ame order within each variety, 
An analysis of variance \\'as necessary to determine whether the diffef('nc(:'s 
betwt.'t-'Il yarietal and station ml;'ans could be considered ~ignificant. 1 he 
results of t)w analysis art' recorded in Table II and show that both Yarletal 
and station riifft'renc{'s are highly significant, To facilitate comparisons the 
necessary diiTf'renc{>s between mt'ans for a Sc-;_ level of significann·, i,e., for 
odd!' of 1 (_) to J that a real difference is o~>raling to spread the means, are gh~en 
in 1 he last lint' of Table I. 

TABLE I 
PROTEOLYTIC ACTIVIT' OF M.4.LTS; MEAN~ FOR EACH VARIETY A:s"n EACH ST.4.TJO),; 

---~:I:~-~~ r- ~~-=:--T p:::;=;=~ 
Station 

SiJ;-rowe.:l, rough-awu('d 

Six-rowl0. SJ))ODl1Hlwncd 

Two-rowed, rough-awned 

1 _____ 1 
I 
I O.A.C, 21 

I ~~jnsun,,(Jtt. 60 

I Peatbnd 
i PontJac 

I Nobarb 
I Rr:gul 
yt'lv~t 

: "'isconsin 38 

I I Charlottetown 80 

) ~:~~~~en 

lJ.,ctivity· 

BS 
230 

"I 
220 
2H 

100 
1% 
210 

j------i 
Il\'appan 
I Fred{'ricton 
I Ste, _-\.nne de Belle\'ue, 
I ~t{', .-\~ne de !e. POcntlel"C 

1 Lf'th!>ndge 

! Winnipeg 
1 Brandon 
I Gur:ll'h 

1;';0 i Ottawa 

2(~4 I Lacombe 
225 I Beaveriodge 
19() ! Gilbert Plains 

--------------1----1--------

" 

Proteo­
lyt!c 

attivity· 

149 
192 
1<>9 

21' 
195 

225 
213 
219 
210 

244 
28, 
241 

19 

., Proteolytic actit'ify £s reported as milligrams of non-protein nitrogen produced by 100 gm. 
of malt dun'rtg the second and third hours of an autolytic digestion. 

Comparison of the actual. differences between varietal means with the 
necessary difference leaves no room for dou~t that proteolytic activity, as 
measured in the present investigation, is, a varietal characteristic. These 
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results are thus in line with those of Wahl (14) and Ko('h ,/ ai, (6) who have 
previously made small studies of varietal differenf'es in proteolytic activity 
using other methods of measurement. 

TABLE II 

A:-';ALY!'lIS OF \'ARIA'\CE FOR PROTEOLYilC ACTIVITY 

Variance Degrees of Mean 
due to freedom square 

\"arieties 11 1R,41$ R·· 
Stations 11 J3,lm.O·· 
Remainder 121 1,306 <) 

KOTE: In this and latcr tables, .... denotes that the 1 1 ;, 

level, and" that the 5 (,~, letre/ of sjgnificance is attained. 

There is no evidence that difft'rent dasses of barley an' characterizedtby 
differences in proteolytic activity. The rough-awned, six-rowpd varif'ty, om, 
gives the highest values and is followed by thp two-rowed variety, Charlotte­
to\\-"n 80. Eig-ht of the other varieties form an intermediate group covering 
a range of 40 units, Two of the smooth-awned, six-rowed varieties, Nobarb 
and \\'isconsin 38, give very low values. 

In Canada it is generally agreed that among the six-rowed, rough-awned 
varieties, O.A.C. 21, !\'1ensury and Olli are best for domestic malting purposes, 
and that among the smooth-awned group, Velvet is much less unsatisfactory 
than the others. The data in Table I thus indicate that fairly high proteolytic 
activity is an attribute of varieties of good malting quality. 

A study of the station means also suggests that protf:'oiytic activity is 
affected by environment, The stations are listed in order of increasing 
nitrogen content of their samples (cf. (1, Table I»), Inspection will thus 
show an apparent increase in proteolytic activity with increasing total nitrogen. 
It should be borne in mind, however. that increasing amounts of nitrogen 
substrate together with regular changes in the distribution of the nitrogen 
among various protein fractions (cf. (1, Table II)), may affect the apparent 
proteolytic activity. It would thus be unwise to attempt to draw definite 
conclusions about the effect of environment on proteolytic activity from the 
data presented in Table I. 

The authors have considered the possibilities of correcting for the effect of 
differences in the nitrogen contents of samples from different stations, 
either by reporting proteolytic activity in terms of the percentage of 
nitrogen hydrolyzed, or by making adjustments by means of the analysis 
of variance and covariance method (cf, (1, p. 388)). It appears, however, 
that to make corrections by either method, certain unjustifiable assumptions 
must be made. In these circumstances it seems preferable to let further 
research elucidate the issues involved. 
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Re/!Ltions between Proteolytic Activity and lVitrogen Fractions 

COfr{,ja1ion cOf'ft1cit'nts showing the relations he tween proteolytic activity 
on th(· on(' hand, <md total harley nilro~t:'n, harley nitrogt'n fractions, and 
wort nitrogen, (In til(' (It her, are given in Table Ill. The independent variables 
an' lis1ed in tlw fir:,1 column, ilno the relation helwt't'n proteolytiC' activity and 
{'ach of l1H's(> is represented hya row of four correlation coefficients. namely, 
th(· :-.irnp!(· ami partial corrl'lation coefficients for varieties and s.tations. 

TABLE [lJ 

RI.LA11(1!\~ ·\~f()"'(, j'RO'JI·.(>LYTIC ACT!\'ITY (pi :"lTRO(,E:-; FRACTIOKS (Xi A:'\D TOTAL 

lfl, 

Tllut! nil rog('fl 
Jnso\u\l\l' llmtl'in llitrogt'll 
Akoho\-"(I\u\l\e I,rotein nitr(lgl'lI 
Total ~,dt-"o\lIhk nitrogl'll 

Salt-"o!u!Jle protein nitrogen 
\orJ-prutein nil nog-cu 

\\"or! nil ToRen 

('{Irrc\ati()n c()efflcil;nts 

Simple Partial 
r" f N .n 

.?!5-l-** 
792** 006 

- 265 . S8g** 297 
Ril** SR1** .:;n* - 545 

.SiO** gil*'" :,.t..:i - 235 
i-!l** i80** 683* - 064 

j 874** . :-:77** . (l()j* I - .136 
I~~--:----'---- _~_I __ ~~-
I 10 I 9 r 10 ! 9 

Compari~(ln of the data gin-'o in the first two columns of Table III shows 
that inter-varietal difft'reJwes in lotal nitrogen content han'> \'f'ry little effect 
on th(l inter-\"arietal rt'lations twtween proteolytic aC'tidty and nitrogen 
fractioll~, The corn:{alion coefficients hay!;' essentially the same values 
irrespertin> of whether an adjustment is or is not made for varietal differences 
in total nitrog<.>n nmtent. The :-.tatistics show that no inter-varietal correla­
tion exists ht'l'W'el1 proteolytic acti\'ity and total nitrogen, insoluble protein 
nitrog('ll or alcohol-solublt' nitrogE'o. On the other hand, it is shown that 
proteolytic activity is dirt'('tly correlated with the more soluble barley nitrogen 
fractions and with wort nitrogen: variHies that tend to be high in proteolytic 
acti"itr al:-;o tt'ud to be high in contt'nt of salt-soluhle barlE'Y nitrogen, and 
tt:'nd to product' malts yielding worts of higher nitrogen ('ontent. 

The correlation coefficients for stations present a different picture. The 
fart that the simple correlation coefficients an." significant, whereas the partial 
correlation cOt:'fficients are not, shows that the former merely reflect the 
correlations between proteolytic activity and total nitrogen, and between 
the indep<'ndent yariables and total nitrov:en (cf. (1, Table VI)). When 
the complicating effect of station differences in total nitrogen is removed 
by calculating partial coeffiCIents, it becomes apparent that the experimental 
data fail to demonstrate that any intra-varietal relation exists between 
proteolytic activity and the various nitrogen fractions. The data show only 
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that within varieties, environmental condition~ that tend to inert'aS(' total 
nitrogen content also tend to increase proteolytic artivity. 

Relations between Ulort ~Vitrof!.en, Proteo/\,tir Artii.'ilv and Total Sail-soluble 
Barlcy J\titrogen -. 

In Part \' of thi5 st."rit's (cf. (2, Tahlt;> 1)\, it wa~ shown that a highly si~­
nificant intervarietai corrt"lation (r = O. 887) t'xist~ bt'twt't'n wort nitrogen and 
total salt-soluble barley nitrogen. Since inter-vi.Lrietal correlations' of the 
same magnitude exist iwtween both tht:'se nitrogen fractions and protPolylic 
activity (see Tabte III), further invpstigation of tht' inter-relations among 
thesE' three properties st't'med desirablt>. Tht> correlation C"ot·ffici(~nts gin~n 

in Table IV help clarify tht'se relations. The simple corrl"'lation lwtwt't'n 

"L\IlLL 1\" 

RELATIONS HETWEFS WORT "SlTR(){,I'~", I'Ron~nL\"T"lC ";,.cn..-rry, ~sn 1"nT~L "' ..... u-':'>OI.xm.F, 

lL\RLEY :-;ITj{(J(",EX 

Correlation hetv.een 

\\'ort nitrogen and salt-,;o!tlble bad!'y nitrogen 
Simple 
Partial, indepenoent of proteulytic acth"ity 

\Yorr nitrogen and protl'olytic activity 
Simp\e 
Partial, independent of salt-,-olllhk barley nitrogen 

(·orn·lation 
co{'fficient 

.Ski" 

.528 

wort nitrogen and salt-soluble nitrogen is highly significant, but the- partial 
correlation, independent of proteolytic activity, is insignificant. The relation 
between wort nitrogen and proteolytic activity is very similar; the simple 
correlation is significant, but the partial correlation independent of salt­
soluble nitrogen is insignificant. These relations appear to show that salt­
soluble nitrogen and proteolytic activity are directly related; because, when 
the covariance between salt-soluble nitrogen and the other two factors, i.e., 
proteolytic activity and wort nitrogen, is removed, most of the covariance 
between the two latter factors is removed also. It should also be noted that 
this relation makes it impossible to obtain a significantly higher correlation 
between wort nitrogen and sah-soluble nitrogen by introducing proteolytic 
activity as a second independent variable. The multiple correlation coeffi~ 
cient proved to be 0.891, which is not significantly higher than the simple 
correlation, O. 88i. 

In these circumstances it is impossible to differentiate between the parts 
played by the proteases and the salt-soluble nitrogen fraction of barley in 
producing wort nitrogen. All that can be said is that varieties that tend to 
contain larger amounts of salt~soluble nitrogen also tend to produce malts 
of higher proteolytic activity which yield worts of higher nitrogen content. 
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PHYSIOLOGICAL ACfIVITY OF A SERIES OF 
NAPHTHYL ACIDS' 

Ih :\. H. GRACE' 

Abstract 
An homologous st'ries of w-naphthyl, aliphatic acids [Will the <H"t'tic f{l thl' 

he,,:oic has.h:en presented to the author by Dr. R. H. ::\\allskf', and the physit>­
ingH:ai actIVity of these ha" heen rletermined hy the rooting response of plant 
cuttings treated \vith solutions of each. StatisticaUy .,;igniticant pusitivt· dle{'\<;; 
have been noted on the number t,f cuttings that rooted, the numher :lnd len~th 
of roots per rooted cutting, and the mean root \t'llgth. The rt'stllt~ with several 
pla.nt s~i"es indicate that ac.tivity exists up \0 and includi.ng naphthyl h£'xoic 
acid, the highest member of the secies tested. A noteworthy feature of tht· 
results is the acth'itv of the acids with an even numher of carhon atom~ in the 
side chain; those With an odd number have activity of il lower nn]('r. 
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An homologous series of naphthyl acids has been prepared and reported 
by Dr. R. H. F. lIIanske (3). It has been observed that l-naphthylacetic 
acid possesses properties similar to those of indolyl-3-acetic acid in affecting 
certain plant responses. and that a mixture of 1- and 2-"'Y-naphthylbutric 
acid also has a measure of activity (2, 5). It is therefore of both theoretical 
and practical interest to determine the activity of other members of the 
series. Accordingly, the physiological activity of the acids from 1-naphthyl­
acetic to e-(l-naphthyl)-hexoic has been determined by the rooting response 
of treated cuttings. In addition, the series of treatments included naphthylene-
1, 5-diacetiC' acid, indolyI-3-acetic acid, and a control, making eight treatments. 

Experimental 

The activity of the various acids was determined by the rooting responses 
of both summer collections of greenwood and herbaceous material and winter 
collections of dormant current year's growth. * Cuttings were treated by 
immersing the basal end in solution for a period of 22 hr. for summer, and 
24 hr. for dormant, material. Controls were treated in a 100 p.p.m. solution 
of potassium acid phosphate; solutions of the acids were prepared in phos­
phate of this concentration, as solubility in water is extremely 10w for some 
of the members of the series. 

In the earlier experiments the acids were used at five concentrations, 100, 
50, 25, 10, and 5 p.p.m. of solution. There were three replicates, with seven 
cuttings in each group, but in one experiment in which the material was 
limited, five cuttings were used for each of the eight treatments. The total 
number of cuttings was 840. In some of the earlier experiments individual 
treatments were carried out in separate beakers, enabling determination of 

1 Manuscript received July 5, 1939. 
Contribution from the Division of Biology and Agriculture, National Research Labor­

atories, Ottawa. Prepared from a paper read before Section V of the Royal Society of Canada, 
Montretll, May 22,1939. N.R.C. No. 8Z5, 

a Biochemist, National Research Laboratories, OUawa. 
·The prepared cuttings were supplied by the Federal District Commission through the kindness 

of Mr. E. I. Wood. 
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the chang(· ·in weight accompanying treatment. Subsequently, all the 
r{'p!i('a't'~ of one tr('atmeot and ('once-ntration wpre treated together. In a 
latpf {'x5wriment, with dormant ('utting-s of Lonicera tartarica, there were ten 
('ullinJ.';.'> In the group ,,·ith only lhref:' ('onf'{'ntra1ions, 100, 50, and 10 p.p.m. 
In thi:. experiment there wert' fin.~ replicates and 1200 cuttings. Tllf' amount 
of solution llsf'd in treatment varied from 50 ('"C. for groups of S{'ven small 
cut lings to 15() rc. wht'n fl\T' replicates of ten largp rutting-s were treated in 
1ht· ~ame l)('akH, but was constant thcoughout any given experiment. 

Tht' design of tlw {'xplTimpnt provided for analyses of variance of the 
ohsen'ations. Each [('plicate, or complete block, contained five incomplete 
block!">, each comprising the (_·ight treatmt:'nts at one concentration in random 
ord('r. Tn'atm(.'nt:-; were further randomized within incomplete blocks. 
AI) the !'>umnH'r I'llt ting:-; w1"n' planted in brown sand in cotton-covered propa­
gation franws in a Raroen. iJormant winter cuttings were placed in hrown 
sand in frames equipped with hottom heating elf'ctri<:-al cables and situated 
in a ~rt'cnhou!"(~. The room tempt'rature approximated 65° F., while the 
!"and kmlwral urt> was maintaim"d at 72° F, \Yhen tht> cuttings were removed, 
rt'('ord was madt> of the number rooted, the number and length of roots per 
ruoted cut ling and, in some experjments, the mean root length. 

Results 

Each ('\:pl'i'iml'Ilt was taken from the propagation frame when preliminary 
ObSf'IT;!!iOi1 indicakd that substantial rooting had occurred. The r("~ults 

dl'::.niht'd in !he fol!O\yillg paragraphs are arranged under the headings of 
tilt' difft'rt'nt plants u~t"d. 

l-i6url1unI UPIJlus L. 

Cut linf,:,s of this plant were lreatf:'d Aug-ust 5 and removed from the propa­
gation frame SepH'mlwf 10, 1938. l\Ieasurt;>ffients.; were made immf"diately 
on the rnoted ("utting~. 

The data in Table 1 ar(' for the change in , .. -eight of groups of seven cuttings 
that had n'ct'in'd a 22-hr. solution treatment, for the number of cuttings 
roott,d, and for the ml'an number of roots per rooted cutting. Statistically 
:-;igniticanl efft'cts on the weight of euttings occurred folloKing treatrot'nt 
with each of the six naphthyl acids and with indolylacetic acid. There are 
significant differences within concentrations of each of the naphthyl acids. 
The butyric and yaJeric acids cause loss in ,,-eight, while naphthyl hexoic 
shows hoth marked gain and loss in weight over the concentration range 
te:;l('d. This fact is of interest, as the tt'ndency to form colloidal solutions 
uecomes marked with naphthyl butyric add and increases with lengthening 
side thain. Increased rootinp; follows weight increase with indolylacetic 
acid at 10 p.p.m. Weight increase of cuttings on treatment with the naphthyl 
acids either reduces or does not affect the number of cuttinRs rooted. The 
hexoic acid at 25 p.p.m, is an exception. 

There are significant effects on rooting from each of the chemical treatments 
at one or more of the concentrations used, * with the valerie acid the sole 
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except ion. The mean number of rootoo cuttings over alJ concentrations shows 
naphthyr propionic, butyric, and hexoic acids to have an effect. The relative 
eff(,(,ts of the chemicals on rooting is observed most clearly from the body of 
the lablp, sino' th{'re is a significant interactlon beh\'een chemical treatment 
and concentration. It may be noted that the mean over all concentrations 
is affected hy damag(' from overdosage, as shown by the 100 p.p.m. treatment 
with naphthy: ar.etic acid. Perhaps the most interesting feature of the data 
if) the concentration range over which rooting is stimulated. Naphthyl acetic 
is dama~6ng at the 100 p.p.m. level and shows a stimulating effect at the 10 
and 5 p.p.m. concpntrations; naphthyl hexoic is stimulating over the range 
from 100 p.p.m. dm,-n to 5 p.p.m. The results suggest that either the butyric 
or hl'xoic acids could fx' ust'd over a wider range than the acetic, avoiding 
some of tht' danger from ov('rdosage associated with the use of solutions of 
naphthyl aet·tic acid on cuttings. It must be pointed out that the chemicals 
arE' compart:'d on the basis of absolute weight; but the use of equivalent 
weights would not matt'rially alter the general conclusion. 

Analysis of variance of the observations on the number of roots per rooted 
cutting indicated that th(' only significant effect was that of chemicals over 
alJ roncentrations, this being- significant to the 1 ?,~ leveL Significant increase 
in the numbtr of roots follows treatment with both indolyl and naphthyl 
acetic acids. Tht' number obtainE'd with the butyric acid is not significantly 
below that with naphthyl acetic and is greater than that with vale ric acid. 
It is apparent that the acids with an even number of carbon atoms in the 
side chain product' more roots on those cuttings that root than do the acids 
with an odd number. 

Analysis of the observations on the root length per rooted cutting indicated 
that the data were not significant. 

Coleus Blumei Benth. 

Cuttings of this plant \vere treated on August 24 and removed from the 
propagation frame for measurement on September 23, 1938. The data on 
the number of rooted cuttings were not analyzed statistically, as this hefb~ 
aceous plant foots readily and only five cuttings were used to a group. In 
consequence, the data presented deal with the responses of those cuttings that 
actually rooted. 

In Table II are given data for the number and lengths of roots per rooted 
Coleus Blumei cutting. Considering means over all concentrations it is 
apparent that naphthyl acetic, propionic, and hextJic acids have significantly 
increased the number of footS. Each of the acids, excepting the hexoic and 
diacetic. increases the number of roots at one or more concentrations. the 
most pronounced effect being that of naphthyl acetic acid, which is effective 
at all concentrations but 5 p.p.m. and has a much greater effect than indolyl­
acetic acid. There is an apparent falling-off in effect with those acids having 
four and five carbon atoms in the side chaw, activity becoming more pro~ 
nounced again at the membtr with six in the chain. 
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The onl\' data that are significant for the root length per rooted cutting; 
an' the m~'an/"> on'r all concentrations of thE' chemicals. These means are 
,.,ignitlcanr to (he 1( ( len'/' Significance may be auributed to the increase 
in total It·ll.1..!lh of rools rt.':->ufting from tr('atm(-IH \\'ith naphthyl aeetic and 
propionic a('id~. The efft'cl apr wars to fall \\'ith naphthyl butyric acid, 
ri!-oin.u' with tIw iwxoic, which. while not significantly above the control, gives 
a greaf<>r len~th of root than the butyric. It is of interest to note that 
ind()iyiac('tic acid faiit'd to show significant effects. 

'I'll(' only si:<.:nificallt fpature of the data for mean root length is th(' mean 
O\"{T all n;ncentraliull.', of the chemicals, These arc significant to the 0.1 c~ 
ip\,l'J. II j~ apparent that tn'atmt~nt with naphthyl acetic acid reduces the 
length uf 1he indi\"idual root; 1h(' reduction t>ffected by indolyla{'etic acid 
fajl~ to n·;tell ~i.l.!.nifi("an('('. Tht: remaining naphthyl acids all increase the 
mean root length. The increase attains significanct' with the propionlc 
and dian'tic acids. This increase of mean root length is interesting, as solution 
tr('alnwnt \\ith growth-promoting suh~tances usually shortens the length of 
th!' individual f(Jot. 

Lo"ir era tarla rira L. 

Pormant :-.icm cutting:;: uf Lon-i({'rtl tartari((l 'were treated with solutions 
of the ch{'mical~ on Octoher IS, 1938, and remon'd for observation 48 days 
later. Tlw cUllings \\('J'(' approximatt::'1y 10 in. in length, and were collE'ned 
lwfort, Ihe Call{';.. had }Wt'n ;..uhjf'ctpd 10 any appreciahle fro."'t. 

l )ata arc ~i\'('fl in TabJ(· III for the number of cutting'S rooted, the I1umbf'r 
of r()()t~ pt'r rooted cutting. the root length per rooted cutting, and the mean 
root kn.t::lh. :\1 (1st of the data attain the 0.1 Cc level of significance. The effect 
of concentrations on the nwan root length is the only one in which merely the 
5("; k\TI is reacheu. 

All the chemical treatments si,goificantly increase the number of cuttings 
root pd. COJ)(,Pl1tratlons also are significant, the 100 and 50 p.p.m. levels 
bath gi\'ing lwtler rooting than the 10 p,p.m., but not differing between 
them:'o('!n·s. Since there is no significant interaction hetween chemicals and 
concentrations, me-an values for rooting ove-r the three concentrations are 
gin:>fl. ::\'aphthyl acetic and butyric acids are significantly more effective 
than eit!1t'r th(~ propionic. valerie, or diacetie acids; the hexoie, however, is 
not significantly less effpctive than the acetic or butyric. Naphthyl butyric 
acid causes significantly better rooting than all other treatments excepting 
the 3C't'tic and hesoic members of the series. Chemicals and concentrations 
are both very highly sig-nificant in their effect on the number of roots per 
rooted cutting, and the interaction between them is also very highly sig-nifi­
cant, passing the 0.1 s: level. The 10 p.p.m. concentration is significantly 
less effective than the other two It'vels, which do not differ between themselves. 
Indolylact:'tic acid and those naphthyl acids with an even number of carbon 
atoms in the side chain are sigFlificantly more active than the others. Naphthyl 
valerie acid shows some activity, but of a lower order. The effect of indolyl­
acetic acid, and naphthyl acetic, butyric, and hexoic acids increases in a 
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pronounCf.d manner with concentration. The other acids fail to show this 
n'~p(m.<>t·. 

('/wmica/s, concentration;;;, and the interaction between them show highly 
significant t'tlpcb on the [oot length per rooted cutting. The 10 p.p.m. 
cOlln'l1tration is ag-ain significantly below that for the two higher concen~ 
trations, which do not difft'r between themselves. Indolylacetic acid and the 
naphthyl acids with an even number of carbon atoms in the side chain are 
:-;ignificantly more effective than aH the other treatments. Naphthyl butyric 
arid is tlw most aetive chemical, but is not sig-oificantly better than naphthyl 
arctic. Total root length incft'asc!" with rising concentration of indolylacetic 
and naphthyl acetic, butyric, and hexoic acids. However, this interaction 
lwtw('en dwmicai and concentration is not shown by the other members of 
tIlt' snit,s. 

Thf:' mean root It'ngth is reduced by all chemicals excepting naphthyl 
propioTlic, ciiacetic and hexoic acids. This time the average of the hi;hest 
concentration, 100 p.p.m .. differs sig-nificantly from that of the other two, 
which do not differ between them5Pivt's. There is no interaction b~t ween 
(,ht·micals and concentrations. It is apparent that solution treatment with 
physiologic-aUy active cht'micais tends to reduce the length of the individual 
root. It is interesting to note that the hexoic acid, highly active in other 
fespects. fails to show this t'ffecl. This may be due to marked change in 
transport a~ the length of the side chain increases. Since damage is frequently 
indica1t>d by the production of masses of short roots by the cutting, it is 
possihle that naphthyl hexoic acid might be used with some"\vhat less danger 
of damag-e from (werdosage. 

Tht're were sig-nilie-ant differences between replicates for both the root 
length per roott>d cutting and the mean root length. Block differences were 
not significant for the number of cuttings rooted or the number of roots per 
roott'd cutting. It frequently has been observed that ruot length measure­
menb are subject to fairly marked block differences. 

Discussion 

The six acids tested all have a measure of activity similar to that of indolyl­
acetic acid, a recognized plant-growth-stimulating chemical. The most precise 
results were obtained with dormant stem cuttings of Lonicera tartarica. 
This fact is due, in part, to the increased replications used in this particular 
experiment. It is impossible to make any close comparison of the results 
obtained with the three different plants; however, significant differences in 
activity were brought out by each. 

It may be pointed out that physiological activity of the chemicals has been 
demonstrated by two distinct types of ob,.,rvation. The first deals with 
the initiation of roots, a fact of prime importance in the practical application 
of chemicals fOf this purpose. The second includes counts of the number 
and lengths of root producetl and deals only with the responses of those 
cuttings that actually did produce roots. This type of observation affords 
definite information. even if an easily rooted plant is employed. 
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There is, apparently, some decrease in activity as the length of the side 
chain increases. Responses due to the hexoic acid are usually less marked 
than those obtained with the butyric or acetic acid. However, the main 
feature of the results is the greater activity of the acids with an even number 
of carbon atoms in the side chain. This fact is of particular interest in view 
of the more frequent occurrence in nature of fatty acids with an even number 
of carbon atoms. The alternating effect with increasing: length of side chain 
has been mentioned with reference to the indolyl series as determined by the 
Avena test (4). 

It is interesting to note that naphthyl hexoic acid has pronounced physio­
logical activity with, apparently, less tendency to cause damage or shortening 
of the roots than occurs with indolylacetic or naphthyl acetic acids. In 
consequence, higher members of the naphthyl series having an even number 
of carbon atoms in the chain may be of va1ue in the treatment of cuttings, 
particularly with plants in which susceptibility to damage is a serious hazard. 
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NITRiFICATION UKDER AND AFTER ALFALFA, BROME, 
TIMOTHY, AND WESTERN RYE GRASS 

II. SOIL MICROBIOLOGICAL ACTIVITY' 

By J. D. KE'\"TO"'. F. A. \\'YAn'" V. IG"ATIEFF" A"D 
A. S. \YARn," 

Abstract 
Soil microbiological activity ,,"ao, mea:-ourt'd for ('jght seawns, 192i to 1934-, 

in f)n\ef to !-Iudy some IltHkrlying cau!';('s of the comparative effect:; of alfalfa, 
bro1l1t', tintolhy, and \\(';,tern ryl' grass on the yif'ld and nitrogen content of 
;'llc('ceding wheat crops. 

\\'hel\ pn·yio\l;'!y falio\\co :-ioii wa!- sepded to alfalfa and gra:-,ses, the moisture 
and nitr.l({' contcnI of the ;,(ld ,,;ere n'du('ed, and g(,llcral1y remained at a rela­
tively low \('\d until thc "{ld.~ W{'r{' plowed up. In the drier s('a~OIlS the nitrate,; 
wcrc ft'riOrt'd 10 a Yerr low ]eyel Dr di;:';lrpeared entirply in the grass and alfalfa 
plot;" Tht, nitratc c<,nt{'nt of Ih(· alfalfa plot "oill'; was generally greater than 
that of thl' j.!ras!- plots, and the hrolllt' gra:.-;. pints were generally \owt'r in nitrates 
than the timothy and w('"tl'rll rye t,!;ra,,::, piOh. The wheat plot .. oib generally con­
tail11'd llllJn: nitrate than the gras" and alfalfa plots. espe'c1ally in the drier 
sea"O!1s. \\'hen the sod!- were plow(,d up. nitrate:-:. acctlll1uiated in the alfalfa 
plot., to a greater exu·!lt than in (he gra,,!- plots and to a lesser extent generally 
in the hrmll(' plot;. than in the timothy .::ton w(>stern rye plots. The greater 
nitratc COil lent of The soil llllda 'I heat following alfalfa was observed for a period 
of thn'{' (lr four year" in sep'.\rat(' s('t:-: of p\{)t;.p\owed up two years apart. The 
nitrate' \eyd of the );oil under wheat had a tendency to drop in mid-summer. often 
reach in!", its luwl,);t point in July. The fa\lo .... p\ut "oils were always higher in 
llloi::;tUH' than any of the cropped plot:- at the end of each season, and higher 
in nitratc!- ill th~ !<ltter half of caeh !>Cason. 

The concentration of water-bohlh\c ph()sphorus was. greatest in the surface soil 
and ;,ecnwd to he slightly hi~her unner alfalfa and grasses than under wheat. but 
the total cl1l1centration was sma!! and there was no very definite seasona! trend, 

Thl' numher" of fungi and hacteria, a;. determined by the plate count method 
for live );('(:t&Ol1S. 1929 to 1933, did not fluctuate ,"ery much in certain plots and 
.':o('ilS(JIlS. but fluctuated g-reatly in others. The g-reatest fluctuatiom; in fungal 
c(J!Jnt.~ were observcd under the first crop of whf'at following brome grass, and in 
bacterial COUllt;- al.<,n under the first crop of wheat followlng sods, in the relatively 
mOl"t ;,cabon of 1031. Plate counts of actinomycetes did not fluctuate very 
R"reatly during the one i'eason in which they were determined. The numbers 
of fung-i were generally hig-her in the alfalfa plots than in the grass plots, but the 
difff'renccs between the grasse:=; were apparently insignificant. lender the first 
crop of wheat following sod", large !"fu('or colonies predominated in the alfalfa 
plot suil plates and the COUl1ts were relatively low. Brame grass plot soils gave 
by far the highest cOllnts of fungi. which consisted mainly of smal! Penicillium 
mlDnil's, under the first crop of \I-heat following sods in 1931. The differences 
hetween numht-rb of bacteria in the alfalfa and grass plots were not very sig­
nificant. The moisture content of the surface soil fluctuated greatly during 
mo);t of the sea"on". There was ('vidence of correlation between fluctuations 
in Lacterial numbers and moisture, especially in certain seasons, in all the cropped 
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soils, There wa~ Ie"" evidence of such corr{'latinn in rht, cast' of fml~i, t'XI'{'pt 
under the fi,r",1 ('n,l}) l'f ~'hea1 following Itro1llt' gr,l!'~ in PH1. F.lllow ~oil. thuu.:-h 
n~)rmal~y ~lg-her In nlOl!"ture ('ootent ill the btter part (,f f';Jch st'aSOll. did flor 
differ 51g-nJficantiy from the g-ra ....... ~(T(ll'r){'d "uji" ill ('(lU!1I~ of fun~i and h'll'tl'ria. 
A!though surface sa!l1pll'~ usually ).!:;.t\,~. ttl!.' hi)!.he ... \ \"I'lInts. tlw {\t'\'\'o\.·r ""i\ samp\t's 
(to a depth of three f{'etl Pl\T f,liriY high ('(II!TIt~ "f !otlth fun"i .11ld b,l\'teri.L 
nllTing the sea "on of 19,1,0. amoehae were d(,tt'rmi1l1'(j b~ th l ' dilution pl,lt\' ("nUllt 
~f't hod; mort· than 1.000 and le~~ than 10.000 per gr'Llll W(·ft' (\("Irl) ,d\\ .Ir~ found 
III both (Topped ami fallow soils, 

The inial nitrogen content of the plot soil~ ;;i1oWt,c1 \,oilsidndhit· variation 
(uwing to random sampling I from year to year. but nn definite tn'nd duwllwanl" 
or upwards during thi:-, period (If "t'n'll YCdr"" Thl' surface soil in ('\"en I',Ll»C 
contained most nilro~cll and tnt· "'Lh.:.oil \<.'i\~~. 

Introduction 

Thl5 paper deal:;. with :;.oil micfobiotogiC'al ai'opt'cb of t htc, crop ~qllt"~n('t' 

studies at Edmonton described in Part I (19). in which aft' compared the­
efft'cts of thret' gras~es and a legume on tht· yield and nltrogf'n content of 
succt'f'ding wheat ('rops. Soit microbiological acti\-ity ..... as measured in order 
to study some of the underlying caus(;':- of the effects produn'd. 

A block of land, di\'ided into thrct' ~uh~hJo('ks, was ~t'edt'd without a nurse 
crop, to alfalfa (Jledicago salim L). brome (Bromus inetmis Levss.), timothy 
(Pldeum pratense L), and \H'stt-'rn rye grass (Agropyron tenerum Vasey), 
in 1927. These crops were sown in quadruplicate plots, according to the 
Latin square system, in f'<lch of the thret' suh~hlo('ks_ Tht' crop s(>qUt'me 

history of the three sub-blocks is shmvn in the following tahular summary 
taken from Part I: 

II III 

1926 Fallow Fallov .. · Fallow 

1927 Seeded Seeded Seeded 
1928 Hay Hay Hay 
1929 \\"heat Hay Hay 
1930 Wheat Hay Hay 
1931 \Yheat \Yheat Hay 
1932 ,Yheat Wheat Hay 
1933 Wheat \Yheat Wheat 

1934 Wheat Wheat Wheat 

The soil in these plots is a fairly uniform, deep, black loam, rich in organic 
matter, underlaid by a clay subsoil, and almost neutral in reaction; this soil 
has been described in earlier publications (34). 

Soil microbiological activity, as represented by nitrification, was measured 
in all plots for the eight seasons 1927 to 1934, except that in 1933 this measure­
ment was confined to Sub-block III. In 1931 the samples were analyzed for 
water-soluble phosphorus, 

fi.feasurements of soil microbiological activity as represented by plate 
counts of fungi and bacteria (including actinomycetes) were started in 1929 
and continued for a period of five seasons. Plate counts of actinomycetes 
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alone wen: made in 1929, and in 1930 the numbers of protozoa (amoebae) 
W{>f(' determi,wd by the dilution method. A supplementary experiment was 
carried out in ] 932 to ohtain a better idea of the distribution of bacteria and 
fungi in Ow deeper soil laYf'rs. 

SuppJpmentary determinationl-' of nltrifica1ion and microbial numbers in 
fallow plots in the same field were made for several years, These fallow 
plots Wen' outside t he experimental blo('k of plots, and were therefore 
not strictly ('omparalJle with the other plots. Nevertheless, it was felt that 
it \\'ould he interesting to make a general comparison of the cropped plots 
with the V(:,fY diff<:>f('nt conditions of the fallm-;; plots. 

Total nitrogen determinations were made oncE' a year, on samples of surface, 
suhsurfact' and ~ubs()il taken for nitrat(' determinations, to see if any definite 
trend in total nitrogt'n content could be measured in the relatively short 
period of )TarS during which this experiment was carried on. 

Soil Samples Methods 

Soil samples for the nitrate determinations were obtained in the following 
mannf'r: Thref' or four borings to the depth of 61 in. were taken from each 
plot for thE.' surfac<> samples, two borings of 6~ to 20 in. for the subsurface 
samples, and one or two borings of 20 to 4U in. for the subsoil samples. Com­
posite sampll's were then made up by thoroughly mixing together the samples 
from thp quadrupJicatt> plots. Thus each surface composite sample was made 
up of 12 to 16 borings, each subsurface composite of 8 borings, and each subsoil 
composi1(> of 4 10 8 borings. 

ThE:' plo1 s \verl' sampled monthly for nitrate determinations. The first 
samples WE'rE' taken in ~'lay and the last in September. The moisture content 
of each composite sample of soil was also determined. 

Soil samples for microbial counts were taken to a depth of 6j in .. as a rule, 
Three or four borings were taken from each of the quadruplicate plots, and 
thus each composite sample was made up of 12 to 16 borings, The samples 
were placed in clean glass jars and brought to the laboratory, where each 
composite sample was thoroughly mixed, diluted, and plated as soon as 
possible, The moisture content of each composite sample of soil was deter­
mined, also. Each sampling was done at approximately the same time of the 
day. The plots "'ere sampled twice a month usual1y from early May to the 
middle of September, or about ten times during the season. 

Nitrate 

The nitrate determinations were carried out by the phenoldisulphonic acid 
method as modified by Harper (9). The composite soil samples obtained in 
the field were dried immediately at a temperature of 60 to 70° C. to stop 
bacteria] activity, Higher·temperatures were avoided to prevent losses of 
nitrate by volatilization. The dry samples ;were ground coarsely and placed 
in sealers for analysis. 
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Water-soluble Phosphorus 

The Deniges method as modified by Parker and Fudge (20) was used for 
the determination of watl;'r~soluble phosphorus. By thi:> procl;'dun· very small 
quantities of phosphate can he mea:;.;ured with accuracy. A weaknr-s:<, of the 
method is that it call~ for great precision in measuring- out tht' reage-nts. whkh 
causes delay, whereas rapidity is ess(>ntial in carrying out the detf'rmination, 
because the blue colour developed by reduction of the complex phospho­
molybdic acid fades rapidly on exposure to air. A SO-c('. samf'le of dear 
solution obtained by filtering the water extract (5 watef to 1 soil) through a 
Buchnn funnel was evaporated to dryness and i{!nited. The residue was 
taken up with dilute hydrochloric acid and the phosphate thus brou~ht into 
solution was determined. 

T olal ;V1·lrogen 

The total nitrogen was determined by the ordinary Kjeldahl-Gunning~ 
Hibbard method. 

Numbers of ~lfi'cro-organisms 

The nutrient agar cultural plate count method wa~ used for determining 
numbers of bacteria and fungi. The soil samples were brought into the 
laboratory in glass sealers and plated with the least possible delay. 

The medium used for bacterial counts (including actinomyct'tes) was a 
sodium caseinate or nut-rose agar medium (8). This medium is easily prepared 
and gives a reaction of approximately pH 6.8 without special adjustment. 

A peptone-glucose acid agar medium recommended by \Vaksman (8) was 
used for fungi counts. The reaction was adjusted to pH 3.8 to 4.0 with 
sulphuric acid. A possible disadvantage of this medium is that it promotes 
the rapid growth of the proteolytic fungus, Mucor, which in certain cases 
prevented the appearance of slower developing fungi, such as Penicillium. 

For actinomycetes counts. \\'aksman's nitrate-sucrose agar medium was 
used (&). This medium has a reaction of approximately pH 7.0. 

The amoebae counts were made by the dilution method described by 
Cutler (4). Sterilized and hardened nutrient agar plates were inoculated 
with various dilutions, kept moist with sterile water, and examined micro­
scopically after two and four weeks of incubation for presence of amoebae. 

A dilution of 1 : 100,000 was generally used for bacterial counts, and 
1 : 1000 for fungal counts. The plates were incubated for six days at room 
temperature for bacterial counts, as a rule, seven or eight days for actino­
mycetes counts, and two to five days at room. temperature for fungal counts. 

Results 

NITRIFICATION 

In Tables I to XVI and in Fig. 1 the weighted average percentage moisture 
content of the surface, subsurface, and subsoil taken together is shown, and 
the total nitrate nitrogen content of the soil to the same total depth (40 in.). 
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TARLE 1 
~()IL M(JI-;Tl'RE _ I'ERCENTAi,E (WEH,HTED AVERAGE) IS 40-IS. DEPTH-192i 

Sub­
hlock 

('rop Junr 15 Jul) 15 

.11 , 
/\ug. 13 Sept. 11 

24.4- 26.4 

Seasorai 
a\'erage 

28.0 

Alf.dLI 29.6 
30 .1 30 1 22 " 24 8 27.0 

25.4- 27.7 

11 

III 

, 

SU\I­
hlock ! 

11 

Itl 

Ilro!l1(" , .11 () 2-1 1 
Timolhy 

3() 
29.9 32 .1 24 ; 26 1 28 2 

I 

\\'c!-\('rn rye 

;\\jalf.. 29.7 :n 5 2(, 7 2S (, 29.6 

IIrol1lc 30 .1 33.2 25 4 27 8 29 2 

Timolhv .11 19 9 2.1 , 2·L2 27 .1 

\\"{'!-Inn r)'r 30 , .11 , 24 " 24.S 27 8 

:\\fa\LI 31.1 33 , 2(, , 27 .0 29 , 
Bro!l\l' 30 (, .U () 26 2 25.(1 28 6 

30 8 33 , 25 () 25 " 28.6 

9 30 4 29.S 
Timothy 
\\'r,;lt'rn rye 31.3 30 " 2-" 

.- _-_._- -----~-- _. - _. - --- --_.- _--. ----

, 
, 

, 

! 

TABLE 11 
:\iTRATE NITROGE)';"-I'Ol'!'Ib }'ER ACRE l~ 4-0-1:-;". DEPTH-1927 

Crop June 15 July 15 Aug. 13 

__ .- _ .. _-_._._-- -- _._--- ----_.-.-.-

Alfalfa 22K 2 193.6 IiI () 

Ihome 1S0.2 19S 2 118 4 

Till\olln 234- 2 209 2 \.10 () 

\\"l';.leni rye 191 " 202.0 133.6 

;\\f,lIfa 235 () 227 8 212 (I 

\hmul' 234- 4 201 2 liS 8 

Timothy 239.6 1S9.2 13S.2 

\\"e,;ll'rn rye 290 2 202 b 168.2 

Alfalfa 274- 4 266 4 24.1.6 

Hrome 321 0 2.H.6 185.2 

Timothy 278.0 2.B.3 194 8 

319.8 235 S 210.8 

Sept. 11 
I I Seasonal 

average 
-----.-~-~ 

106 " li-l 8 
102.8 149 9 

125 9 17i 0 
94 2 155.3 

150 4 206.3 
12i .0 1K4.6 
108.8 16S 9 
142 , 200 8 

164 8 237 8 
128.8 216.6 
166.0 218 0 
137 0 225.8 

\\"l'stern rye-_._._-----_._---------_.-._._--- ---

TABLE III 
SOIL ~H)Isn·RE-PERCE!\TAGE (WEIGHTED AYERAGE) IN 4O-IS. DEPTH-1928 

, 

Suh­
block 

!l 

111 

! 

I 

: 

Crop 

Alfalfa! 
Rromc! 
TimothY! 
\\'esteni rye1 

:\\falfn 
Bro!1le 

I Timothy 
I \\'estern rye 
i , Alfalfa 
I Brome 
I Timothy 
i Western rye 

1 Broken in July. 

May 17 

22. i 
20.7 
21.8 
21.5 

24 8 
22.2 
20.6 
20.9 

25.4 

~i .~ 
23.0 

June 15 July 10 

21.4 25.5 
19 9 
20.7 25.2 
20.0 24.3 

22.0 25. i 
20 7 
19.5 23.7 
19_8 24.0 

23.1 I 26.1 
22.6 
22 .0 

, 26.5 
22.8 24.1 
---_.-_.-

! Aug, 16 Sept. 19 I 
Seasonal 
average 

-------
I 21.4 22.4 22.7 

22.8 22.0 21.3 

! 
22 1 22.3 : 22.4 

23.4 22_8 22.4 

20.2 20.6 22.7 

19 3 19.7 20_5 

20.4 18_1 20.5 

20_0 19.4 20.8 

21 8 22.5 23.8 

20.6 20.5 21.3 

201 21-1 22.8 

! 21.8 20.6 22.5 



Suh­
Glock 

II 

1\1 

, 

, 

! 
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TABLE IV 

XITRATE XITROGE:-;-l',W"US PER ACRE l!'i 40-1~, DEPTH --lQZR 

Crop ~lay 17 Jun~ i5 Jll\V 11) Aug. 16 Sqn. 1" 
St;a!'ooal 
a"cra~c 

----~.---
----~- - ----" 

Alfalfa l -1-7.(1 ~~ .\ .\\ " ~2 S lhU " " 1 
Brome l 45 S .U " 3':; (. 101 2 S.\ " Timothv1 56 (1 62.1. 4-6.2 511.4- Bi.2 72 2 
Western ryel 135 • 46.4 5i , 84.0 131.2 91.0 

Alfalfa 133 () ()2 2 M 6 52 .\ Si .4 79.9 
Rroo1C 772 5~.!< .0 (l 5Z.4 57.1 
Timothy 105.0 HS.-t- 94.0 51 • 5.'1.2 79.6 
\Yeslern rye 112 (. 100.4 6{J.!-i 67 6 55,2 80.5 

Alfalfa 131.6 57 S 86 " -15.0 (\(l " 7(J. ,~ 
lhome 85.0 .1.4 68.0 50 4 61 ,2 
Timothy 166.0 ttl2 8 109 • 81.!-; 59.6 lUJ .9 
\'-'estern rye I 101.2 i9.0 50 ; 86 2 62.6 75.9 

._--_. 
1 Broken in July. 

TABLE V 

Son. MOISTrRE-PERCEXTAGE (WEIGHTED AVERAGE) IN 40-IN. DEPTH-1929 

i I : 

.May 14:' June 14' Julv 16 AUd"'21~:; Sept. 11! Seasonal 
! - \ an I! I average 

,--------------------
Crop 

, 
, Wheat l after alfalfa 20.5 15.6 19.0 , lS.0 13.2 17.3 
I \\"heat1 after brome 20.4 13.5 I 18.0 15.5 13.2 16.1 

! 
\Vheat l after timothy , 19 8 1--1-.0 19.8 19.4 11.9 Ii .0 
\<Vheat 1 after western rye' 20.8 13.9 \8 0 18.2 10.1 16.2 

!l Alfalfa i 1S.S 11.9 15.8 15.8 10.8 14.6 
Rrome 16 0 11.0 15.1 , 17.3 10.7 14.0 

\ Timothy 17.1 11.8 18.5 15.8 11.9 15.0 
, \\'estern rye 18 0 11.8 17.2 14.2 12.1 14.7 

1lI Alfalfa 26.5 16.1 10.2 17.9 
Brome 24.0 15.7 14 9 17.5 
Timothy 23.6 17.7 14.8 17.9 
\\.'estern rye 2-LO 16.1 16.2 17.7 

Sun.merfailow 
, 21.4 18.3 21.2 19.5 

1 First crop of wheal after sod. 



262 CANADIAN JOURNAL OP RESEA.RCH. VOL. 17, SEC. C. 

TABLE YI 

:\JTRA'tE NITROGEN--I'Ol'NOS PER ACRE 1'S 40~IS. DEPTH-1929 

Wh{';_lll "fter alfalfa 122 S 1<); ~ R2.6 112 2 , 120.2 I 12i.1 
\Yheat' after hromc SR 6 101 4 65.8 , 40 8 58.2 1 65,0 

1 

\\'hcat 1 after timothy 13R () , 133 0 57.4 ! 96 0 127.2 I 110.3 
\\'heiltl after western ryel' 131.2 113.8 93.4 106.6 153.fJ 219. i 

II 
, 

Alfalfa 41.8 :-13 0 17.4 17.6 
, 

8.0 I 23.6 , 
, BroOle TraC(' Tract' 102 , 14 8 i Trace 5.0 

Timothv Tr.an' TnH'P 33 2 Tr~ce I Trace' 6.6 
\\'c .. !ern rye Trace Tract' 12.2 4 Trace; .1.9 

111 , Alfalfa 33 (J Trace 28.0 1.1 8 7.4 , 16.4 
, Broil\(' Trac{' : Trace Trace Trace +~~~! I 

Trace 
Timothy Trace Trace 30.2 , Trace 6.0 
Western rye Trace 1 Tran' 8.6 Tract' Trace 1 i 

I 

SUnllllerfallow 62 8 84 8 114.6 151.-l 217 6 I 126.2 
I 

1 First (r(lp (If wheat aft~r sod. 

TABLE VII 

SOIL MOIsn:RE-PERCENTAGE (WFWHTED AVERAGE) Hi 40-IN. DEPTH-1930 

Sub- Crop : May 12 II June 16 I July 1.f i Aug. Z2 j Sept. 19) Seasonal 
block iii ,I ! average 

'--------1---'---·---;---·---1----
! \\"hcatl after alfalfa \ 18 5 I 195 1-19 142 17 1 168 
i Whcatlaftt~rhrome I 18:7 19:5 I 1+:5 14:1 17:3 16:8 
,Wheat1aftertimothy I 18.7 21.6' 14.2 15.1 17.4 17.4 
! Wheat1afterwestcrnryc, 18.7 19.3 14.2 8.8 16.7 15.5 

II 1 Alfalfa2 

! Rrome2 

I Timothy! 
'Vestern rye2 

1lI Alfalfa 
Brame 
Timothy 
\\' estern rye 

Summerfallow 

i 

1 Second crop of wheat a.ffer sod. 

I Broken in July. 

18 5 17.1 
16.3 18.5 
17.6 18.7 
15.9 16.2 

19.1 22.0 
18.1 217 
19.2 20.7 
18.3 20.8 

20.4 26.3 

11.7 lJ.S 16.6 15.1 
11.5 12.3 21.2 16.0 
lZ .8 8.5 19,1 15.3 
1L3 9.3 17.5 14.0 

14.9 14.5 17,6 17.6 
14.9 11.2 18.0 16.8 
14.2 11.4 18.1 16.7 

i 16.5 lJ .0 16.2 16.6 

20.8 11.4 22.7 20,3 
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TABLE Vlll 

KITRATE NITIlOGEN-POt'~DS PER ACRE IN ol0-INCH nEI'TH-1930 

i 
Sub~ I 
block I 

Crop :\tay 12 June 16 
, _____ -
! 

\\'heat! after alfalfa 112 8 96 0 $5.0 Q6 6 
\\'heat 1 after 1)roOie 78.4- 128.4 23 2 72 4 
Wheat! after timothy 108 4- 94 " 3c) 4 XU () 

i 
\\"hl'at! after WPf'tt'rn rye 84 " il.0 39.0 73 5 , 

II Alfalfa! 15 2 34 4 Tract' I 83 8 -1-5 (> 35 H 
I Brome' , Trace Trace , ~one I ,B " 5 -I I 1 8 
, Timoth y2 , Tract' Tract· .'\()ne 81 " 14.2 19.2 

\\'t~!itern rye2 Trace Tract; Trace 53.-1- 22 2 15.1 

III i Alfalfa 11 0 1.1 2 
: 

Trace 23.6 
i;~~~ I 

Q.6 
i 

I 
Brome Trace , Trace :-';one Trace I Trace 
Timothy Trace 41.4 Trace 55.4 I Trace 19-4 
\\'e"tern rye Trace , Trace Trace I 35.0 I TraCt> 7 () 

i Summerfallow 71 0 
, 

42 8 110.0 , 192.4 , 60.4 I 95.3 
I 

1 Second crop of wheat after sod. 

2 Broken in July. 

TABLE IX 

SOIL MOISTL"RE-PERCENTAGE (WEIGHTED AVERAGE) IN 40-1N. DEPTH-1931 

I ii, ": 
Sub- i Crop ! May 13 I June 25: Julv 24 : Aug. 18 1' Sept. 1~51 Seasonal 
block I 'I ~.: , and 2,,! averaKe 
--I \---.. ---,---'---,---,,----

Wheat' after alfalfa 114.7 18.4 I 190 19.4 19,6! 18.2 

I ~~;~::~: :~~:~ ~i~~~hY . g:~ ~~:6 i ~~:~ ~?:1 g:~ }~:~ 
! Wheatl after western rye 14.3 19.5 15.9 20.0 18.6 17.7 

II I \\'heat2 afteralfalfa ! 13.5 18.5 18.0 18.7 17.0 17.1 

! ~~:~::~~~~!~~~r~~thY : g:~ ~~.~ ~~:~ ~g.~ ~g:~ ~~:t 
j Wheat2 afterwesternrye: 11.7 178 180 20.9 19.0 17.5 

III i Alfalfa i 129 18.6 19.9 23,6 16.4 18.3 
I Brome 10.6 1'-6 20.2 23.i 20.i 18.6 

: ~f:~!;: rye I ~t~ ~5:6 ~t~ ~ti ~L~ ~g .. ~ 
! SummerfaUow 15.0 i 17.1 23.8 24.6 24.4 21.0 , 

1 Third crop of wheat after sod. 

S First crop of wheat after sod. 
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Sub­
hlock 

II 

III 

, 

Crop 

"""war' after .dfalf.l 
\\"Iw;jf' afler hn'l1lt' 
\\"hedt! ,dIn timothy 
\\·he.lt r .If! er w('~t('rn·ryt. 

\\'hl'al~ ,(fIn alfalf-t 
\\"ht'a(2 .\fler hr()llll' 
\\'h("at~ afkr timothy 
\\ ilt"atz.\fll'r\\{·~1\·rn·rYt· 

:\lIalfa 
Hro11l{' 
Ti11l111hv 
"'(,,,teflt rye 

..... llmlllt'fLll),!\\ 

I Tillrd {fOP oI u,ilcat aflcr sod. 

2 hnl (rop of wheal afler sod. 

Itl2 
'14 

l.N 
1;1 

Hk 
66 

122 
139 

51 
J.! 

II() 
57 

242 

T .. \BLE X 

~ lU, 4 
2 91.N 

" lOR () 

2 109 () 

, 99 6 
4 26.2 

" 94 2 
4 62.R 

8 14 " 8 17.X 
(, 3 •• 
() 97.() 

2 2B2.6 

73.4 7.6 64 0 
3lolA 7 2 17 2 
61 • R " 45 R 
55 • R 4 63 2 

-l5 (, 31 2 43.0 
23 (\ 9.4- 15 • SO -4. " S 40.4 
33 8 q 8 51\ 4 

34.2 21 2 17.2 
28.2 14-.6 17.2 
-lb.-l 15.8 1.1 8 
67 8 40 2 01.6 

2J4..{) 27h.R 27.\.2 

88 8 
49.8 
72.7 
7iA 

71.5 
2~C 1 
63.5 
6(\ 8 

27 R 
18 ; 
4-5.4 
(,5.U 

257.9 

:->mL Mtll:-iTl'RE- -I'ERCE\;TA(,E (WEIGHTED AVER.AGE) I:\" -l0-1~. DEPTH-1932 

, : 
Sub­
block Crop \13y Ii ,June 17 I July 17 Aug. 17 St'pt. 17' ~~:~~~I~~J 

---~-~---~.--. -------------,---,---_. 

\\"neat l after alfalfa 
\nH'ut l after hnmlC 
\\'11l~a1l (lfter dmot/w 

I \Yheat 1 ;lftt.'f \\'('stenlrye , 

II ! \\"1Wdt 2 <lfter alfalfa 

I "'h('ilt~ after }irollle 
\\"hea12 after timothy 

, \\,heat 2 after western" rye 
: 

111 AlbJfa 4 

Brol1\c3 
, Timothv" 

\\'e,tcrri rye3 4 

Summerfallow 

1 Fourth crop of wheat a/Ie,. sad. 
2 Second crop of wheat afte,. sod. 
3 Rroken 1'n July. . 
4 Killed by "take·all". 

22.7 22 8 
23.3 23.4-
jI).l 20.7 
21 (I 20.3 

22 2 19.8 
I.!. 1 21.3 
212 22 ; 
21.1 21 2 

20 .; 17.1 
21.0 20.3 
21 .) 20.0 
23 2 20 2 

21. i 23,5 

19 2 IR.7 17.6 20.5 
17.-1- 15.5 14-.0 HL7 
16 3 13.2 13 9 16.6 , 19.0 13 5 1.1.3 Ii ,8 

18.7 13 4 15.2 17.9 
16 9 14.3 15.0 18 .) 
15.8 H.2 13.0 17.4 
13.3 11.9 11.4 15.8 

14.0 12 (l 14.1 1.1.5 
20.5 15 3 I 18.4- 19.1 
19.1 15.7 18.1 18 8 
22.0 16.7 19.1 20.2 

26.5 20.1 13.7 23 1 



T.\BLE XII 
;\IT'RATE ~lTfto(;E:-;-·J·{)r.'\n:. I'E}t ACRE l~ -tl)-I:" , BFI'HI- ,lJJ2 

Suh­
block Crop :\Iay 17 JUlie 17 July 17 :\u).!. Ii ~'PL 1i 

\rheat l after alfalfa 
\\"heat l after hrnnH' 
\rheat! after tinHlth, 
\\'heat l after wl'~ll'r!l' rye 

II \\"heat 2 after alf,dfa 
\Yhea(2 after brotlw 
\\'heaI2 after tiTrlnth\ 
\\"h('at 2 after we<.tern'rye 

III A\falfal 

BrLm1('~ 

TinlOthy 3 

\\"estern rye3 1 

Summerfallov, 

I Fourth crop of 'Wheat after sod. 
2 Second (rop of wheat a/tl'r sod. 
3 Broken in July. 
4 Killed by "take-aU". 

57 
72 
iO 
51 

flS 
.H 
41 
39 

2() 
<) 

.; 

.' :;5 " (I ." , M.I 

" ::;7.9 

, ,q.(l 
.J 1>1 , 
.\ {d.:; 
.\ ;9 2 

• 1; (, 
() <) () 

,; " (>g ; 

1 'l2 1 

TABLE XIII 

+I , .\ , 4') t, 
') (I 47 .~ 

" " .I , -k:; , 
; 2 .\ 4 ., I 

'" (I so , 57 2 ., 1 , 2~ , ., 
" 20 (I " (I 

H , ; 2 33 .j 

11 " 1; • .'i() • 11 
" 

l.1 (I 33 (, 

H 1 .{ .J 4(1 (, 

42.2 J:; • '" 2 

115.6 125 , jJel.2 

~,\S('11.11 
<ly{'ragl' 

4:2.5 
34.. "i 
3~ 4 
33 1 

()3 I 
3..j. 2 
37 <) 

-to,S 

,. " lS K 
'4 7 
4') 2 

lO3 3 

SOli. MOISTt:RE-J'ERCE~TAGE (WEIGHTED AVEkAGE) II\' 40-1:". IJEPTH --1933 

Sub­
hlock 

III 

Crop 

\\"heat! after alfalfd 
\\·heal! after hrome 

\ Wheat! after timothy 

Summerfallow 

! First crop of urheat after sod. 

:'I-Iay 11 

20 9 
2! 6 
23. i 

18 2 

TABLE XIV 

Jun£' 11 :\ug-. t6 

18 0 11.7 
tR. i 13 2 
22.7 14. t 

23 8 20 1 

XlTRATE N"I1ROGE:!'o""-poe:'ws PER ACRE IX ..j.O~IS. DEl'TH-1933 

Sub· Crop ~lay 11 June 12 Aug. 16 
block I 

._-----

: 
,Yheat! after alfalfa 1'4.6 111. 8 39.4 III 
\\"heat l after brome 75.2 96.0 Trace 

I: Wheat1 after timothy 60.0 46.8 Trace 

Summerfallow 130.0 102.8 194.0 

1 First crop of wheat after sod. 

Sea;,onal 
average 

16.9 
17 .8 
'0.2 

20.7 

Sea~onal 
average 

75.3 
57.1 
35.6 

142.3 
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TABLE X\' 

SOli, MfiJ:..,rckE . Pl'.RCEl':TAGE (WEIGHTED AVERAGE) IS 40-1X. DEPTH~1934 

~uh­
h!//rk 

11 

III 

! 

,UIC.j(l aftef alfalfa 
\\'he;lt l after brol11e 
\\'heal l ,dler tillltlth\" 
\\ 'heat I afH'r \\ {,,,I t.'rn'rye 

\\"ht.·aI 2 aftpr alfalfa 
\\'heat~ after hr()lllc 
\Yheat 2 aftu timothy 
\Yht-at t after w('..;tern'rye! 

\\'11('<1(,1 after alfalfa 
\Yh{)at:1 after hrolllt 
Wheat' after tinwthy 

1 Su:th {r(lt (If 1l)h{'at after sod, 
2 Fourth crop of ~ilhl'(1t after S(ld, 

J _,,'ccond (rop (~( 'U.'itwt after sod, 

i\-lay 7 JUlle R JIl!Y 18 Aup::. 10 Sept. i 

17,7 19.5 i J6.3 J5 5 JS . .'! 
17.3 JX 6 15 4 14.8 15.0 
16 6 16 i 15.$ 14 0 14.0 
16.8 2J .1 15 3 14 6 14 5 

17 1 17 3 16.7 J4 4 14 2 
17.(. ! HL1 15.6 15 1 13.Q 
J7 3 1~.5 16.6 JS 5 13.9 
17.3 J8 1 16 3 14 7 13 9 

I' 1 IS .. , J7 () 16.1 J~ 1 
18 1 20 3 HLR 16.1 1.1 4 
19 (, 20.3 18 1 16 6 15 ; 

: I : 

Seasonal 
average 

17.0 
16.2 
15.4-
1(, Q 

15.<> 
16.1 
16.4 
16.1 

16 9 
17.7 
18.1 

t;!~~k I Crop i ~lay 7 June 8 July 18 I Aug, 10 I Sept. 7 : ~~~~~~~~I 
----·i-·-----~------!----·!--~·-----~---·----

II 

J \\'I!('iltJ ,.fre( alfalfa 45 () 
\\'heat l aft('r bronl{' 59.4-
Wheatl after tilllothy , -U 6 
V:heat1afterw('sternrye 426 

\\'heat2 after alfalfa I 89.8 
: \Yhcat2 afti'f hroll1r: I 54 2 

Wheat 2 after timothy ! 46 2 
\\'hcat2after we"tern ryel 48-+ 

III I \\'h('at,l after alfalfa 
, \\'ht·ata after bron)(' 

9J 0 
47.8 
59.6 I \Yheat 3 after timothy 

1 Sixth (rap (lJ wheal (lfter sad, 
2 Fourth cr(lp (If whml after sod, 
3 Second crop (If wheat after sod, 

44.6 i 6 68 'J 

40.2 i.4 54.0 
.51.8 Trace 62.8 
56.2 I Trace I 60.4 

81 0 
62.4 
$3.4 
51.4 

] i::~~e I 
Trace i 
Trace I 

87.2 
68,2 
66.0 
59.0 

41 (} 
39 4 
36.4 
40.0 

83 2 
28 4 
46.2 
43.0 

i7,8 
40 0 
36.2 

22.4 
Tract' ~n ! ;~~ I 
24.4 I 61.2 11.8 

41.3 
40.1 
3H.5 
39,8 

71.0 
42 6 
42.4 
40.4 

69.2 
32 8 
38.6 

The nitrate nitrogen is expressed as pounds per acre for convenient comparison 
of the amount present with the amount required per acre by various crops. 

It would require too much space to tabulate the corresponding data for 
each crop and soil depth separately, but examples illustrating the depth 
distribution under alfalfa and timothy sods and wheat following these sods, 
and in fallow soil. are shown in ,Table XVII. The moisture content is expressed 
as percentage of water-free soiJ, and the nitrate content as parts of nitrate 
nitrogen per milJion parts of water-free soil. . 
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The graphs (Fig. 1) show that thf' moisture and nitrate con lent of lIlt' soil 
in all three sub-blocks were relatin .. ly high in the fallow soil at tht· lwginning 
of the exp('riment. After the plots weft_' seffied to alfalfa and \.,:;ras~·~ i.n It)Z7, 
the moisture and nitrate contt:'nt of the soil decn·ased. . 

"'heat was first grown on Sub-hlock J in 1 ()2 t ), and the nitralt· contpllt of 
the soil under wheat was for several yt'ars generally relati\'t~ly high following 
alfalfa, and relatiyeJy low following brome grass. En'n under tht, third ('fOp 

of wheat (1931) following alfalfa. brome, timothy, and wt:'~tern 1'\'t' l-!:ra'i'.S, the 
nitrates were generally highest following alfalfa' and lowt'~t f(lll{~wi~g hmmf' 
grass. Afterv,ard,<;, in 1932 and 1934, tht, diffprenct's wt're apparently insig­
nificant. Tht:' nitrate If:'vel of thf' soil under wheat has a teodt·oey to rirop in 
mid-summf:'r, oftf'1l reaching its IOWE'st point in July, as shown in til{' tahlt's 
and FiR, 1. There was no corresponding: dt'crease in suit [l10l.::;ture, the drop 
corresponding rather to thf' period of maximum ahsorption of nitratt's by· tht' 
growing crop. 

After thE' Sub-block 11 plots were sE'eded to alfalfa and grasst's in 1927, the 
nitrate level dropped from year to year, reaching quite a low levcl in lent) 
and 1030, much lower than that of the whE'at plots of Sub-block 1. After the 
plots were plowed in 1930 th(' nitrates increased. 

A ('omparison of the nitrate content of the soil under alfalfa and tht' different 
grass sods, from 1927 to 1930, shows that nitrates were generally highest undf'r 
alfalfa, The tables show that nitrates wen' highest in the alfalfa plots in 
three out of four monthly determinations in 1927; in four out of five deter­
minations in 1929; and in the early part of the 1930 season, before th{' plots 
were piow('d. Howf:'yer, in 192R the differences between the alfalfa, timothy, 
and western rye grass plots were apparently insignificant. In three out of 
the five monthly determinations of the 1929 season thf're were measurable 
quantities of nitrate under alfalfa and none or only traces under the grasses. 
Similarly in l\Jay and June, 1930, before the sods were plowed, there were 
measurable quantities of nitrate in the alfalfa plot soils, but none or only 
traces in the grass plot soils. 

After the sods were broken in 1930 the nitrate content of all plots increased. 
as shown in Fig. 1. The tables and Fig. 1 histog-rams show that the nitrate 
level was generally highest under wheat following alfalfa, Even in 1934 
under the fourth crop of wheat, the nitrate level was highest following alfalfa. 
In the latter part of the 1930 season after the sods 'were plowed, and through­
out the 1931 season \vhen the plots were under wheat, the nitrate level was 
lower following brome than following timothy or western rye grass. These 
results confirm the results obtained in Sub-block I. 

In Sub-block III, after the plots were seeded to alfalfa and grasses in 1927, 
the nitrate level dropped from year to year, reaching, as in Sub-block II, 
quite a low level in 1929 and 1930, much lower than the wheat plot soils of 
Sub-block 1. Although the Sub-block III plots were still under alfalfa and 
grasses in 1931 and 1932, the nitrate level was generally higher than in 1929 
and 1930, and this higher level is attributed to moister seasons. The nitrate 
content of the soil under wheat in 1933 and 1934 was quite variable. 
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A comparison of the nitrate content of the soil under alfalfa and grass, 
from 1<J27 to 1932, shows that the alfalfa plots were not highest in nitrates as 
commonly as they were in Suo-block 11. However, in 1927 and 1929 the 
alfalfa plots wpre gpnerally highest in this respect, and throughout the period 
from 1927 to 1932 the brome p;rass plots were generally lower in nitrates than 
the a!falfa, timothy, and western rye grass plots, as shown in the tables and 
Fig. ] histograms. In 1929 and again in 1930 there was never more than 
a tract' of nitrate present in the brome grass plots at the time of the monthly 
dt:,terminations. 

Aftf'r the sods were broken in j 932, the nitrate content of a]J plots increased 
to ~ome extent. lTnder the first and second crops of wheat, in 1933 and 1934, 
tht' nitrates wert' hip:hest following alfalfa, hut not consistently lowest following 
hrome grass. 1\'0 results art' given for the wheat plots following western rye 
grass hpcause these plots were badly infected by root rot before they were 
plow~d in 1932. 

As pre\'iously noted, the main experiment \vas supplemented by deter­
minations of moistur€' and nitrates in nearby fallow plots for the five seasons, 
1929 to 1933, to compare these specially favourable conditions with those of 
the cropped soils. A different fallow plot within the same field was sampled 
t'ach J"t'ar. The results are shown in Tables V to XI\' and Fig. 1. These 
data show that the moisture content of the soil was higher in the fallow plots 
at tht" pnd of ('ach of tht' fiye seasons than in any of the cropped plots. The 
nirraks, a!:-o, were nearly ahl"ays higher in the fallow plots than in the cropped 
plots, and always higher in the latter half of each season. 

\\"ATER-SOLUBLE PHOSPHORUS 

There has been much controversy on the subject of determination of avail­
able phosphorus, that is, of phosphorus present in the soil that could be 
readily utilized by plants. :'lethods of determining available phosphorus 
have heen evolved by Dyer (7), Neubauer and Schneider (16), Winogradsky 
(31), Truog (26) and others. l\;eubauer makes use of living plants for the 
determination. \Yinogradsky evolved the Azotobacter method. Other 
in"estigators employ the mNhod of extraction of soil "with different types of 
solvt.'nts which are supposed to simulate the action of roots. l\1uch can be 
said for these methods, but one must always bear in mind that little as yet 
is known about the actual form of phosphorus absorbed, and as to how plants 
extract it from the soil. Any method employed is therefore merely empirical. 

In this experiment it was decided to use distilled water for making soil 
extracts, because it was thought that, whatever the effect of the plants on 
the sailor its solution, the phosphorus that was present in a water extract 
would be the most readily available to the plants. 

Ignition of the substances obtained by extraction of the soil was carried 
out to remove the organic matter which would otherwise interfere with the 
blue colour developed in'the determination (20), giving it a yellow tinge. 
On ignition, however, the organic phospnorus present was changed to the 
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phosphate form and determined as such. A criticism of this procedure is 
that the plants may not be able to utilize organic phosphorus, and thus the 
figures may be of little value. HO\vever, \'"hiting- and Heck with their work 
on phytin (28), and others, have shown that plants can make ve-ry g-ood use 
of certain forms of organic phosphorus, directly or indirectly. 

The data obtained during the season of 1931 are given in Table XYIII. 
In considering the results of this sea.-''<lfi's work one notices that the greatest 
amount of water~soluble phosphorus is pr('sent in the up{X'r six inches of soil, 
with a gradual decrease downwards. In fact, in the subsoil there is vprv little 
water-soluble phosphorus present. It was possible to test tht, water e~tracts 
of a few subsoils directly without first evaporating them and igniting the 
organic matter. No phosphate was detected in such solutions befDTP ignition, 
showing that all the water-soluble phosphorus in the subsoil was present in 
the organic form. 

There is no great difference between the figures of the individual plots. 
However, the concentration of the phosphate in the top layer of the soil seems 
to be slightly higher under grasses, and in particular under alfalfa. than under 
wheat, as shown in the vertical average column of Table XVIII, Further­
more, during the actual determination, differences in the intem"ity of the blue 
colour developed were clearly seen. Since, however, the differences are slight 
and are almost within the range of experimental error, one must avoid any 
very definite conclusion on this point. 

There does not seem to be any definite fluctuation in water~soluble phos­
phorus during the growing season, but the figures show a decrease in the month 
of September. Only further work can show whether this is a regular phen­
omenon, or merely peculiar to this season. 

MICROBIAL NUMBERS 

The seasonal curves for moisture and numbers of micro-organisms in the 
surface soil are shown in Fig. 2, and the detailed results in Tables XIX to 
XXIII. 

The numbers of micro-organisms in the Sub-block I plots were determined 
in 1929 and 1930, under the first and second crops of wheat following alfalfa, 
timothy, and western rye grass. 

The curves show that the moisture content of the surface soil fluctuated 
greatly in both 1929 and 1930. The numbers of fungi fluctuated but little, 
and the differences between the different plots are apparently insignificant. 
The numbers varied from about 10 to 30 thousands per gram. It was 
observed that large 1\1ucor colonies predominated on the plates inoculated 
with soil from the alfalfa plots, but not on the other plates (Fig. 3). The 
numbers of bacteria fluctuated more than the numbers of fungi, and there is 
some evidence of a correlation between fluctuations in bacterial numbers 
and moisture, but it is doubtful if the differences between the bacterial numbers 
in the different p10ts are significant. The numbers varied from about 4- to 12 
millions per gram. The numbers of actinomycetes did not fluctuate very 
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much until the later part of the seawn. Through most of the season they 
varied between one and two millions per gram. 
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FIG. 2. SeasonaJ fluctuations in moisture content and number of fungi, bacteria and 
Oflinomycetes in upper til in. oj sou under hay crops (solid lines), under succeeding wheat 
crops (broken lines), and under fallow (dotted lines). Fungi in brome plots in Sub~block II, 
1931, graphed separately (upper line). Mean seasonal values under alfalfa, timothy, western 
rye and brome (in that order from left to righJ) and under w1Jeat foUowing these sods, shown by 
histograms. 

The numbers of micro-organisms in the alfalfa, timothy, and western rye 
grass plots of Sub-block II were determined in early July, 1930, just before 
the sods were plowed up, and throughout the remainder of that season. The 
numbers under the first and second crops of wheat following alfalfa, brome, 
timothy, and western rye were determinedin'1931 and 1932. 
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TABLE XXlIl 
SEASONAL FLUCTUATIONS IN MOISTt::RE, Al'iD NUMBERS OF MICRO-ORGANISMS IS urPER 61 IN. 

or SO[L, UNDER ALFt..L.FA, GltA~SF.S, AND FALLOW, IN 1Q33 

Sub· I 
block Crop ~·tay 3 I May 19 I June 2 I June 1i I Average 

Moisture, % 

III ",'heatl after alfalfa 33.7 51.0' 
Wheat1 after brome 34 6 48 '" Wheat l after timothy 33.7 4i .52 

Fa.llow 35.3 42.31 

Fallow (Variability) 30.9 42.32 

Bacteria, millions per gm. 

III I Wheat' after alfalfa I 16,2 17 5 

I 
",'heatl after brome 

I 

15.0 18 3 
Wheatl after timothy 12.9 23.5 

I Fallow 12.5 14,3 

I 
Fallow (Variability) 12.4 

I 
14,4 

I 

Fungi, thousandll per gm. 

III Wheatl after alfalfa 

I Wheat' after brome 
Wheat1 after timothy 

I 
Fallow 

I Fallow (Variability) 

1 First crop of -wheat after sod. 
2 Shortly after a shower of rain. 

16 I 19 I 64 

I 

42 I 
122 59 I 
49 46 

I 38 69 

29.6 26.9 35.3 
32.2 2i .9 35.9 
32.3 25 1 34.6 

31. i 36.1 36,3 
34.5 33,S 35,3 

10.6 7.2 12,9 
7,5 9,8 12,6 
8.8 9.1 13,6 

10:8 10,7 12, I 
9,1 

I 
11.0 11.7 

30 20 21 
61 60 57 
53 51 71 

58 56 52 
64 56 51 

The moisture content of the surface soil in the different plots fluctuated 
greatly during the seasons, especially in 1930 and 1931. However, the dif· 
ferences between the different plots or crops in this respect were comparatively 
small, The moisture varied from about 10 to 37% in 1930, from 17 to 43% in 
1931, and from 12 to 32% in 1932, 

The numbers of fungi did not fluctuate very greatly except under the first 
crop of wheat following brome grass in 1931, when the numbers were very 
much greater than those under the first crop of wheat following timothy, 
western rye grass, and alfalfa. The numbers varied from about 80 to 280 
thousands per gram following brome grass, but only from about 10 to 100 
thousands per gram following timothy, western rye grass, and alfalfa, The 
bigh counts following brome grass were accounted for mainly by tbe develop­
ment of relatively large numbers of small Penicillium colonies on the acid 
agar plates inoculated with this soil (Fig. 5), This was the first season in 
which fungi counts were made following the plowing down of brome grass. 
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There if> definite evidence of correlation between soil moisture and numbers 
of fungi under the flfst crop of wheat following brome grass in 1931. 

Following the plowing down of the Sub-block II sod plots in 1930, it was 
obserw'd that large 1\1 llcor colonies developed rapidly on the plates inoculated 
with soil from the alfalfa plots, and possibly suppressed the growth of other, 
slower-growing fungi (Figs. 3 and 4). A similar effect was observed the fol­
lowing year under the first crop of wheat following alfalfa, and in 1932 under 
the second crop of wheat. The fungi counts (mainly Mucor) Wefe rather 
small under the first and second crops of wheat following alfalfa, the seasonal 
avt"rage being only 14 thousand per gram of soil under the second. 

The numhers of bacteria (including actinomycetes) did not fluctuate very 
greatly except under the first crop of wheat in 1931, as in the case of the fungi. 
The numbers varied as a rule from about 6 to 10 millions per gram in 1930, 
and from about 4 to 10 millions per gram in 1932. However, in the moister 
season of 1931 the numbers fluctuated a good deal more in all plots. They 
were extremely high in the spring and afterwards fluctuated between about 4 
and 18 millions per gram. The differences between the effects of the different 
preceding crops were not very significant, but in 1931 especially, the fluctua­
tions in bacterial numbers were obviously correlated with fluctuations in the 
moisture content of the soil. 

The numbers of micro-organisms in the alfalfa, timothy, and western rye 
grass plots of Suo-block III were determined in 1929, 1930, 1931 and 1932, 
and in the brome grass plots in 1931 and 1932. In the early part of the 
1933 season, when the plots were producing the first crop of wheat, counts 
were made in the alfalfa, brame, and timothy plots, but not in the western 
rye grass plots, because these had previously become badly infested with 
root rot. 

Counts were also made of the micro-organisms in the supplementary fallow 
plots used for the nitrification measurements from 1929 to 1933, in order to 
compare the numbers present in the cropped plots of the main experiment 
with the numbers present under conditions known to favour increase in 
moisture and accumulation of nitrates. During the four seasons, 1930 to 
1933, two sets of composite samples were taken from the fallow plots as a 
rule, in order to study the variability of the composite samples. 

The moisture content of the surface soil in the different plots fluctuated 
considerably, but there was less fluctuation in 1932 than in the other four 
years. The differences between the cropped plots were smaIl as a rule, but, 
in every case except the relatively wet season of 1931, the moisture content 
of the fallow plot soil was higher in the latter part of each season than that of 
the cropped plots. 

The numbers of fungi fluctuated considerably during the five seasons, 
1929 to 1933, varying commonly from about 1 ° to 80 thousands per gram of 
soil. During three out of four of the hay crop years, the fungi count3 were 
generally higher in the alfalfa plots than in any of the grass plots; this applies 
to 1929, 1930, and especially to 1931, but 110t to 1932. Under the first crop 
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of wheat, in 1933. it was observed that, as in the cases of Sub-blocks I and II, 
Mucor colonies predominated on the platt"s inoculated with soil from plots 
in which alfalfa had been turned under (Fi~. 3). The counts were ,,'latiwly 
low in these plots, thus agreeing with the results obtaint'd in Sub~block II. 

The number of bacteria (including actinomycetes) fluctuated considerably 
during the five seasons, 1929 to 1933, in which counts Wf"re made. DurinK the 
first four of these, the Sub·block III plots were under alfalfa and j!rass. The 
numbers varied from about 4 to 12 millions pt'r p:ram of soil in 1Q2Q and 1930. 
In the moister season of 1931 the numbers varied from about 4 to 18 millions 
per gram, and from about 2 to 14 millions in 1<)32. ljndt>r the first crop of 
wheat, in 1933, counts were limited to :!\1ay and June and varied from about 
6 to 18 millions per gram of soiL The differences between the f"t1(>cts of the 
different crops (alfalfa, brome, timothy, and western ryt' grass) wt"re not 
very significant. Neither was there a significant difference between the 
effects of the different crops and fallow. However, the seasonal fluctuations 
in bacterial numbers were obviously correlated with fluctuations in the 
moisture content of the soil in all five seasons. 

The numbers of actinomycetes did not fluctuate very much during the 
one season, 1929, when counts were made in the alfaHa and grass plots of 
Sub·block III. They varied usually between one-half million and two 
millions per gram of soil. The counts obtained in a nearby fallow plot in 
1929 did not fluctuate very much either 

During the season of 1930 the numbers of amoebae were determined by 
the dilution plate count method, in the alfalfa and timothy plots of Sub· 
block III, and in the fallow plots. Throughout this season amoebae were 
nearly always found in the ~o dilution plates but not in the 10:0~1} dilution 
plates. 

DISTRIBUTION OF BACTERIA A~D FU::-JGI IS THE SOIL PROFILE LAYERS 

In the main experiment, soil samples for microbial counts were taken to a 
depth of 6j- in., or to the plow depth approximately, as it is generally believed 
that most of the microbial activity takes place in this upper layer of soil. 
However, a supplementary experiment was carried out during the season of 
1932 in order to obtain a better idea of the distribution of bacteria and fungi 
in the Edmonton soil profile layers. The samples were taken from nearby 
cultivated and old sod plots. Large holes were dug in these plots to a depth 
of 36 in., and successive samples were obtained at later dates by digging 
back into the wall of soil, and thus taking samples well back in the unexposed 
soil each time. The plots were sampled five times during the season, and the 
counts obtained are given in Table XXIV. 

Although in the cultivated plot the surface layers generally contained most 
bacteria, the deeper samples gave fairly high counts in both the cultivated and 
sod plots. The fungi counts in the cultivated plot were generally highest in 
the surface layer, but in the sod plot the deeper samples gave fairly high 
counts. 
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TABLE XXIV 

SEASONAL FLUCTUATIONS IN NUMBERS OF IUCIlO-ORGANISKS AT VARIOUS DEPTHS IN CULTrvATED 

AND GRASS SOD EDMONTON SOIL, IN 1932 

Depth, in. I Horizon I May 30 I June 30 I July 30 I Aug. 30 ! Sept. 30 I Average 

Fungi in cultivated soil, thousands per gm. 

o - 3 A, 35 8 10 15 22 18 
3 - 6 A, 30 6 6 4 5 10 
6 - 12 A, 3 2 3 3 6 3 

14 - 22 A, 2 2 1 5 5 3 
Z2 - 29 B, 1 6 0 3 5 3 
29 - 36 B, 0 0 1 2 5 2 

Fungi in grass sou soil, thousands per gm. 

0-3 A, 19 15 38 44 7 25 
3 - 6 A, 12 7 13 10 4 9 
6 - 12 A, 13 4 5 5 4 6 

14 - 22 A, 6 19 7 19 21 14 
22 - 29 B, 4 18 17 12 25 15 
29 - 36 B, 9 18 37 21 14 20 

Bacteria in cultivated soil, millions per gm. 

0-3 A, 13.0 6.5 

I 
4.2 6.7 11.3 8.3 

3 - 6 A, 10.4 4.8 4.1 5.8 2.8 5.6 
6 - 12 A, 3.2 1.1 1.5 1.9 2.5 2.0 

14 - 22 A, 5.2 0.7 

I 
2.2 2.9 3.7 2.9 

22 - 29 B, 3.9 0.9 2.3 2.6 4.1 2.8 
29 - 36 B, 2.6 0.5 4.6 2.0 4.4 2.8 

Bacteria in grass sod soil, millions per gm. 

0- 3 A, 9.0 0.9 2.9 6.3 3.5 4.5 
3 - 6 A, 5.2 1.7 2.5 2.4 2.0 2.8 
6 - 12 A, 4.8 0.8 2.1 2.8 2.2 2.5 

14 - 22 A, 8.6 4.1 2.9 6.7 3.3 5.1 
22 - 29 B, 5.4 1.3 1.7 2.6 3.8 3.0 
29 - 36 B, 5.8 1.5 0.5 5.7 4.4 3.6 

TOTAL NITROGEN 

Table XXV shows the total nitrogen content of the alfalfa, brame, timothy, 
and western rye grass plot soils and of the wheat plots in the three sub-blocks. 
The nitrogen determinations were made once a year, on samples of surface, 
subsurface, and subsoil taken for the nitrate determinations. The surface 
soil in every case contained most nitrogen and the subsoil least. Although 
the samples analyzed were composites, there was considerable variation from 
year to year which cannot reasonably be attributed to actual changes in soil 
composition, but must ari~ from random sampling variations. The maximum 
variation in the nitrogen content of th.e composite samples of surface soH 
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TABLE XXV 
TOTAL NITROGEN CONTEN'T OF EDMONTON PLOT SOILS, DETERMINED YEARLY 

I I ' ' '['-
Su.b-- R~phcatef! crop; Depth iJUnf:1S.;Mlal't1.IMD.)14IMllYl1 May13 [MftYl1, Mu.y1. 

~ ______ I __ m_~_I_~~~I~I~~ 
I 1-1-12-14 TImothy I 0-6t i 0 63 I[ 0 58 0 54 I 0 58 I 0 52 : 0 52 0 sa 

:'::: :: I ~ I ; ~ I ; ~ ;~ ; ~ ;~ I ;.~ ;~ 
I 

6\-20 O.B, 0.22 () 21 () 31 o.n () 14 0 31 
10-40 0 10 0 12 0 01'1 0 12 008 0 08 0.(16 

6f-20 023 030 0.33 0.31 032 026 0.30 
20-40 010 010 0.10 0.10 0.11 011 0.08 

4-5-W .... 15 W. rye I' 0-6t 0 58 0 56 0 53 0.59 0 46 0.44 0.58 

II 1--6-12-15 Alfalfa D-6J 057 059 0.64 062 0 60 0.,~9 0 M 

II 

II 

II 

III 

III 

III 

III 

I 61-20 023 0.24 0.31 022 0.26 0.25 0.31 
20-40 010 0.10 0.13 0 _II 009 008 0.08 

2-7-9-16 Brome 

I 
3-8--10-131 Timothy j 

I 
4-5-11-14 W. rye I 

1-8-10-15 Timothy I 

:::~:: :~~~, I 
4-7 .... 9-14 W. rye 

[ 

Q-6! 
6J-20 
21H() 

<Hi! 
6!-20 
2<HO 

Q-6j 
61--20 

Q-6! 
6j--20 
2<HO 

<J-6j 
61-20 
2<HQ 

!Hil 
6!-20 
20-4{) 

Q-6j 
61-20 
2<HO 

065 
023 
010 

0.62 
022 
010 

062 
029 
0.11 

0.10 
0.29 
0.11 

0.10 
0.32 
012 

0.10 
025 
011 

069 
0.32 
0.11 

0.53 
0.23 
010 

0.56 
0.24 
009 

056 
0.23 
009 

o .S 
0.28 
o 10 

0 •• 

0.22 
009 

074 
030 
0.10 

0.9 
0.30 
0.10 

0.61 
027 
O.Hi 

0.51 
022 
0.20 

058 
032 
0.22 

0.65 
041 
0.29 

0.12 
032 
0.18 

0.69 
0.25 
0.20 

0.69 
0.42 
0.20 

0.61 
0.26 
010 

0.60 
0.29 
o 10 

0.59 
0.28 
0.11 

066 
0.30 
0.12 

066 
0.28 
0.10 

0.70 
0.26 
0.10 

0.66 
027 
0.10 

061 
022 
o 13 

0.58 
0.27 
008 

0.60 
0 .. 10 
009 

066 
OJ! 

0.10 
027 
0.08 

0.68 
028 
0.08 

064 
0.38 
0.12 

0.59 
0.23 
0.10 

0.56 
0.26 
0.01 

0.59 
0.26 
0.08 

065 
02. 
008 

0.68 
0.28 
0.08 

0.67 
0.21 
0.08 

0.63 
0.27 
0.09 

0.6:2 
0.31 

0" 
0.59 
0.28 

0." 
0.6.1 
031 
0.08 

0.69 
03<> 
0.08 

072 
037 
0.08 

0.73 
0.28 
0.09 

throughout the seven yearly determinations was 0.12%. This happened in 
the samples from the brome grass plots of Sub-block II. The variations 
showed no definite trend downwards or upwards throughout this period of 
years. 

Discussion 

Soil microbiological activity was measured in this experiment in order to 
study some underlying causes of the comparative effects of alfalfa. brome. 
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timothy, and western rye grass on the yield and nitrogen content of succeeding 
w hea t ·crops. 

It was previously shown at Edmonton that relatively large amounts of 
nitrate aTe produCf'd in Edmonton black soil after clover sod is plowed down 
(32,33), and a numher of invt'stigators, including Lyon, Bizzell, and \Vilson 
at Cortwll (14), had shown that greater amounts of nitrate are produced in 
the soil following crops of clover and alfalfa, or after these crops have been 
plowed under, than following cereals and grasses. However, the effect of 
alfalfa on the yield and nitrogen content of succeeding wheat crops, as well 
as on nitrification had not been investigated previously at Edmonton. 

Invt'stigations by Albrecht (1) and others have shown that nitrification is 
dcpressE'd by timothy. It was therefore desirable to compare the effect on 
nitrification of timothy with that of brome and western rye grass, as well as 
alfalfa. It was also important to compare nitrification under wheat following 
these different grasses and alfalfa, in relation to the yield and nitrogen content 
of the wheat crop. 

\Vhen the previously fallowed soil was seeded to alfalfa and grasses, the 
moisture and nitrate content of the soil were reduced, and generally remained 
at a relath-ely low level until the sods were plowed up, In previously reported 
experimE'nts (17, 32, 33) it was found that whereas fallow land at Edmonton 
usually contained most soluble nitrate nitrogen, and soils supporting the 
ordinary grain crops contained intermediate amounts, the perennial crop soils, 
and particularly the grass crop soils, usually contained least. In the experi­
mt'l)ts reported in this paper the nitrates were reduced to a very low level or 
disappeared entirely in the grass and alfalfa plots in the drier seasons, but 
increased considerably in the moister seasons. The nitrate content of the 
alfalfa plot soils was generally greater than that of the grass plots, and the 
brome plots were gent'Tally lower in nitrates than the other grass plot soils. 

The nitrate content of the grass and alfalfa plot soils was generally lower 
than that of the wheat plots, especially in the drier seasons. The high nitrate 
content of the fallow plots may be explained in large measure by the higher 
moist ure content of the fallow plots and the lack of absorption by crops, 
but the E'xplanation for the higher nitrate content of the wheat plot soil as 
compared to the perennial plot soil is not very clear. The moisture content 
of the grain plots was not appreciably greater than that of the perennial crop 
plots. The cultivation before seeding grain may have improved the physical 
condition of the soil and thus increased nitrification. However, some other 
explanation based upon crop characteristics may account for the difference. 

\\'hen alfalfa plots were plowed, nitrification proceeded more rapidly, or 
nitrates accumulated to a greater extent, than in the plowed grass plots. 
The greater nitrate content of the soil under wheat following alfalfa was 
observed for a period of three or four years following the plowing of the sods 
in separate sub-blocks plowed up two years apart. The greater nitrate 
production can be explained'most satisfactorily, probably, on the basis of the 
higher nitrogen content of alfalfa residues as ~compared to grass residues. 
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The greater nitrification following alfalfa has an important effect on the 
composition of crops. as shown by the fact that the protdn c.ontent of wheat 
in this experiment was considerably higher following alfalfa than following 
the grasses for the period of three or four years (lQ). In othf'r expt"'rimf'nts 
on gray, wooded soils of Alberta. it has heen ~hown that tht, application (If 
ammonium salt fertilizers at sE'eding timt' ha::; n'ry lit tIt> efft~l't on thl:" protein 
content of wheat, hut that thl:" p\owing down of don'rs product·s a markf"d 
innt'ase in the prott'in contpnt of the sUCTt,t'ding wheat crop, prohably Iwcaust' 
the nitrogen of the dover be('ome':' il\·ailahk gradually during th(' gnw;inR 
season (35). It is irltert'sting to find that thi~ effect of h·l.!umes on th(~ protein 
('ontent of succeeding wheat crops if; produCt'd en'n in tht· fl>lative-ly ft'rtile 
Edmonton black soil. 

~ot only were the hromE' gras::, piot:, gt'lwrally ImH'r in nitrates than the 
other grass plots. but the wheat piob folJowing brome wt're also ~t'm'ral1y 
lower in nitratE's than following- timot hy or western rye g-rass. This lower 
nitrification was n'flectt'd in a smaller ahsorptl0n of nit (Og-PD hy the wheat 
crop and a lower protein wheat following hrome t han following t hf> other 
two ~rasses. The rf'ason why thp nitrogen of bro~f" grass r('sidue~ is less 
available than that of the other gra~sf':; is not definitt'iy known. Tht:· brorne 
grass residues may be drcomposf'd with grealPr difficulty by soil mino­
organisms. although thf' average carbon to nitrogen ratio of the rt'sidm's is 
no wider than that of timothy, in the::t' ('xpt'riments. and hut slightly widn 
than that of western rye grass. According to Russell (22. p. 313) and (ltht'rA, 
the nitrogen of soil organic matter can appear as nilTatt' only if it excf'eds a 
certain critical amount rdat iy(, to carhon: and whell the proportion of carl lOll 

is greater, the nitrogen remains as complt'x protein. This critical ratio is 
usually 12, or less, of carbon to one of nitrogt'n, and until the excess of carbon 
ifi In.:;t by decomposition, nitrate will not appear in the soil. or willlw absoriwd 
as rapidly as it is prociuC'E'd. CoHison and Conn (3), l-h'ukt:-\t.:'kian, \\"aksman 
and Skinner (10, 27) and others hm't' shown that cellulose is decomposed in 
the soil to a large extent by fungi, which require a source of available nitrogen. 

The absorption of nitrogen by the whtat crop indicates the ratp of soil 
nitrification, as stated in the fir~t paper (If thi~ series (19). Howew'r, a better 
indication is ~iyen by both absorption of nitrogen and ar:cumulation of nitrate 
in the soil. In these experimt'nts the greatest absorption occurred under 
wheat following alfalfa, where nitrate acrumulated to thE' grt'atest dt~gree, 
and the least under wheat following brome, where nitrate accumulatt'd to 
the smallest degree. 

The tendency of the nitrate content of the soil undN wheat to drop in 
mid-summer may be explained satisfactorily by th~ fact that this corre:o;ponds 
with the period of maximum absorption of ni.trates by the growing crop. The 
effect of the growing crop is further shown by a comparison with the fallow 
plots. The nitrate content of the fallow f:oil fluctuates, but does not show 
this tendency to drop in mid-summer, and the fallow plots were relatively 
high in both nitrate and moisture at the end of each season. 
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Several investigators, including King and Whitson (12) and Russell (21), 
showed that the period of loss of nitrate in the soil corresponded with the 
period of rapid growth of crops. King and Whitson (12), Jensen (11), Russell 
(21), and Whiting and Schoonover (29) found that the most active period of 
production and accumulation of nitrates was the late spring and early summer, 
and that there was an increase in nitrification in the early autumn, following 
a period of low nitrification in the late summer. However, neither early 
summer nor fall increases in nitrification were obtained consistently in the 
fallow plots at Edmonton, and nitrate accumulation was not interfered with 
by crop growth on these plots. These results tend to support the contention 
of Lemmermann and Wichers (13), who believe that physical factors affect 
the nitrification process, and contend that there is not sufficient evidence 
to show a direct periodic influence of the time of the year on the life activities 
of the organisms. 

The different crops of this experiment apparently utilized about the same 
amounts of soil moisture, as the differences between the moisture content of 
the different plots were not great. However, in Sub-block III the oldest stand 
of alfalfa in the experiment was plowed up in July 1932, and the mositure 
content of the soil was lower throughout that season in these alfalfa plots 
than in any of the grass plots. Duly (6) found that old stands of alfalfa 
reduced to an appreciable extent the moisture at the lower depths. 

Broadly speaking, an increase in moisture is usually accompanied by an 
increase in nitrate accumulation, under a given crop, but there is no very 
close correlation between fluctuations in moisture and nitrate nitrogen. This 
lack of correlation may be explained in part by the fact that the moisture and 
nitrate determinations were made only once a month. Furthermore, it 
should be kept in mind that in all cases except the summerfallow, crops were 
growing on the plots and utilizing both nitrates and moisture. However, it 
will be observed that the general level of nitrates under alfalfa and grasses 
in Sub-blocks II and III dropped from season to season between 1927 and 
1929, inclusive, as the moisture content of the soil decreased. Also, on com­
paring the dry seasons of 1929 and 1930 with the moister soil conditions of 
1931 and the early part of 1932, one notices that the nitrate content of the con­
tinuous alfalfa and grass plots of Sub-block III was higher in 1931 and 1932 
(Fig. 1), showing that an increase in moisture stimulates nitrification. 

The distribution of nitrate nitrogen and moisture in the different depths 
is shown in Table XVII, in the form of seasonal averages (and averages of 
several seasons) for enough of the treatments and years to give a good idea of 
its nature. It will be observed that the average distribution of nitrate is 
rather similar whether the plots are supporting wheat (Sub-block I), alfalfa 
(Sub-block III), timothy (Sub-block III), or fallow, in spite of the large 
differences in the total amount present. The surface often contains about 
twice as high a concentration as the subsurface, and the subsurface about 
twke the subsoil. Nhrate is readiJy soluble and moves downward in the sojl 
to a considerable extent by diffusion and movement of soil moisture. Occasion-
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ally greater concentrations were found in the lowl"'r depths, and this may be 
accounted for by leaching or diffusion, and utilization near thE' surface by 
plants or micro-organisms. It is reasonable to b(>lit'vl'" that most of the 
nitrification occurs in the surface and that the nitratE' in the subsoil has been 
brought down by diffusion or leaching from th{, UpPt'f layers. 

The numbers of fungi and bacteria, as determined by tht· plate count 
method, did not fluctuate very much in certain plots and seasons, but t1uc~ 
tuated greatly in others. A'5 in previous experiments (17), the flUCluations in 
nitrate nitrogen did not correspond closely to fluctuations in numbers of 
fungi, bacteria, or actinomycetes. The fluctuations are undoubtedly affected 
by food supply and other factors. !\1oi:;;ture i.s prohably one of the most 
important of these factors, as there is evidence of a correlation bNween soil 
moisture and numbers of micr.)~organisms, especially in the case of bacteria. 

The work of Cutler, Crump, and Sandon (5), and of Thornton and Gray (25), 
showed that the bacterial numbers vary considerahly from ont' day to the 
next, and even from hour to hour. Superimposed on these fluctuations are 
the great seasonal changes in numbers observed by Russell and Appleyard at 
Rothamsted (23), and by other workers elsewhere. One object of the experi­
ments reported in this paper was to measure these larger seasonal chang;es. 

The importance of bacteria in the decomposition of plant residues has been 
generally recognized for a longer period of time than the importance of other 
soil micro-organisms. Of late years experimenters such as \V aksman, Skinner. 
and Heukelekian (10,27) have come to the conclusion that a large proportion 
of the decomposition and synthesis of organic matter within the soil is brought 
about by soil fungi. Increasing attention has been given lately to the com­
petition between different groups of soil micro-organisms, and between higher 
plants and soil micro-organisms, for nutrients present in the soil. 

Hiltner, many years ago. and others who have more recently investigated 
the influence of higher plants on micro-organisms, have shown that micro­
organisms tend to accumulate close to the roots of plants. It has been demon~ 
strated by Conn and others that the numbers of bacteria determined by the 
plate count method represent only a small fraction of the total number present 
in the soil (2). 

Dr. F. J. Greaney, Professor N. James, Dr. J. E. Machacek, and Dr. 
W. L. Gordon found at Winnipeg, Manitoba, that the total bacterial counts 
(including actinomycetes) of replicate plates had an abnormal variance, 
deviating from what was expected according to the laws of probability. They 
found, however, that the distribution of the total number of fungi in replicate 
plates agreed well with the theoretical'. We therefore investigated the 
variability of replicate plate counts from given composite samples of soil"''''. 
The differences in counts between parallel plates should arise solely from 
random sampling variations in the nllmber of micro-organisms withdrawn 

'" Private communication . 
.. With 1M assistance of Dr. J. W. Hopkin:s of the National Re:searth Council, OUa.:wa, to whom 

grateful acknowledgment is made. 
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from suspensions in each aliquot, and should therefore occur in accordance 
with Foisson's law, provided that all the organisms (or a constant proportion 
of them) deposited on the plates grow or produce colonies, and provided 
there are no discrepancies arising from deficiencies in manipulation, incubation, 
etc. In order to determine whether the actual counts conformed to the 
theorE>tical requirements, it was necessary to calculate the index of dispersion 
appropriate to the Poisson distribution. \Vhen this was done it was found 
that in ~he counts of bacteria (including actinomycetes) the probability of 
('hanet" deviations of the magnitude obtained was remote. In counts of fungi 
the agreement was better, but still unsatisfactory on the whole, although the 
replicate plate counts of some plots throughout certain seasons were within 
the limits of probable chance deviation. It is quite likely that more of the 
replicate plate counts of fungi would have fallen within the limits of probable 
chance deviation if the medium had not contained protein, which tends to 
encourage the development of spreading proteolytic fungi. Czapek's protein­
free medium (8) was used in the experiments previously referred to, at Win­
nipeg. The closer approximation of the fungal counts to the theoretical 
requirements, in spite of the known defects of the plate count method for 
fungi, may help to explain why the fungi counts seem to be of greater sig­
nificance in these experimen ts than those for bacteria. 

Fortunately, no abnormal variations were encountered in the parallel 
determinations of moisture, nitrate, and phosphate; for a given sample of 
soil there was close agreement between duplicates. 

The abnormal variance in replicate plate counts from the same sample of 
soil makes it difficult to establish significant differences in counts between 
different soil samples. The actual variation between different samples has 
been calculated from the results of counts of duplicate composite samples 
from the fallow plots in 1930 to 1933, shown at the bottom of each section in 
Tables XX to XXIII. For bacteria (including actinomycetes) the standard 
error within dates varied from zero to a maximum of 0.7 millions per gram 
of soil (with the exception of one date in 1932) during all four seasons. Thus, 
to be statistically significant when the difference between duplicate counts 
was greatest, within or between dates, the plus or minus difference from the 
mean of the duplicate counts would require to be 1.4 millions per gram. 

For the counts of fungi, the standard error within dates varied from 0.3 to 
2. 1 thousands per gram of soil in 1930, from 0.3 to 2. 5 thousands in 1931, 
from 0.3 to 4.2 thousands in 1932, and (with one exception) from zero to 
5.5 thousands in 1933. Here, statistically significant variations from the 
mean of duplicates, within or between dates, would need to be 4 thousand per 
gram in 1930, 5 thousand in 1931, 8.5 thousand in 1932, and 11 thousand in 
1933. Although the standard error of microbial counts of plots other than 
fallow cannot be calculated, it may be assumed, not unreasonably, that the 
sampling errors of the other plots are similar to those of the fallow ploti!i. 

It was rather disappointing to find that the differences between numbers of 
bacteria in the alfalfa, brome, timothy, weetern rye grass, and fallow plots 
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were not very significant. In previously reported expt'rimpnts at Edmonton 
(17) covering a period of only two seasons, the seasonal average numher of 
bacteria was greatest in fallow land and \~ast in gras~ land. t,.4 orresponciing 
to the highest and lowest average moisture ron tent of tht' soil. Bowen'r, in 
the experiments reported in the present paper this correlation betwt't'n seasonal 
average number of bacteria and seasonal average rnoisturt" content of soil 
often did not exist, in spitf' of the correlation betwt"'f'n fluctuations of f;oil 
moisture and numbers of bacteria. 

A spring maximum of bacteria1 numbers wa~ observed in about haH of 
the seasonal curves. Spring maxima were observed in the earlier expe.rim~nts 
at Edmonton (17), and both spring and fall maxima have been observed by 
other workers in more humid regions. 

There is evidence of a correlation between soil moisture fluctuations and 
fungal count fluctuations under the first crop of wheat following brame grass 
in 1931, but otherwise there is less evidence of correlation between fungal 
counts and moisture fluctuations than there is between bacterial counts and 
moisture. As in earlier experiments at Edmonton (17), some evidence of 
correlation between fluctuations in numbers of fungi and'bacteria was observed, 
but these correlations were not obtaintd consistently. 

A fungus colony developing on a plate medium may represent a small bit 
of mycelium or a mass of mycelia, a single dormant spore or a mass of spores, 
or a mixture of mycelia and spores, and consequently the plate count method 
has often been considered of doubtful value for determining numbers of fungi 
present in a soiL But in spite of the known defects of this method the results 
seem to be of greater significance, in these experiments, than those for bacteria. 
Some interesting relationships between the different crops and crop residues 
and the numbers and kinds of fungi developing on the plates were observed. 

The numbers of fungi were generally higher in the alfalfa plots than in the 
brame, timothy, or western rye grass plots, but the differences between these 
grass plots were apparently insignificant. 

Under the first crop of wheat it was repeatedly observed that large Mucor 
colonies predominated in the alfalfa plot soil plates and the counts were 
relatively low (Fig. 3). In a soil treated with alfalfa roots, according to 
Martin (15) the predominant types of mould were Mucor, Rhizopus and 
Alternaria. The low counts do not necessarily indicate a small number of 
fungi or absence of other forms, because it was necessary to make the counts 
after only two days of incubation, on account of the rapid development of the 
Mucor colonies. If counting was delayed the plates became so overgrown by 
the fungus that the separate colonies could not be distinguished (Fig. 4). 
Probably other, slower growing types of fungi were present in the soil, but on 
account of the rapid growth of Mucor on the plates. no opportunity was given 
them for development. This opinion is confirmed by the fact that during 
the later part of the season, when the Mucor colonies did not spread with 
great rapidity on the plates, Penicillium colonies appeared on the third day 
of incubation. as illustrated in Fig. 4. The great development of Mucor 
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may be explained by the fact Ihal Mucor js a fast-growing proteolytic fungus, 
and alfalfa residul'S are rich in protein. \Vhen incorporated with the soil, 
alfalfa appart'nt.1y forms a sui table medium for this fungus. 

l ' ndcf the firsl crop of wheat in 1931, the brome grass plot soi ls gave by far 
lhe highest count s of fungi, and these appeared on the plates mainly as small 
Penicillium colonies (F'jg. 5). These may have been stimulated in the soil 

FIGS. 3 - 6. FIG . .l.-Plated f rom soil after plouring down alfalfa. Note rapid devdop­
mUll of M,~cor after 1'11.)0 days incubation. No other j Jmgi are seen. FI G. 4--PlaJedjrom soil 
after plow-ing down aJ,faifa. Note thL growth of Mtuor and the development of other colonies 
(mohlf,)' Pe'JiciJlil, j after three days i'Jcubalion. FIG. 5-PlaJed from so-it aJler pl()'lf)i,~g 
dQum br(lme. Note great numbers oj colonies. mainly Penicillia. FIG. 6.-Plated Jrom soil. 
after pJO'U,ring d()Wn limothy. No~ small 1uHt,bcrs of colom",es as compared with Fig. 5. 

by the incorporation of a large quantity of carbonaceous o rganic material of 
a character peculiar to brome grass. Apparently it is not a greater utilization 
Or exhaustion of soil moisture by brorne that is responsible for the poorer 
yield or quality of wheat crops following t his grass, as t he moisture contents 
of the soil of the different plots growing crops did not show any great dif­
ferences. This would thrqw some doubt on the popular idea among farmers 
at the present time that brome causes poor growt h of subsequent crops of 
wheat by drying out the land. ' 
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The numbers of actinomycetes. as determined by the plate count method, 
did not fluctuate very greatly during the one season in which tht'Y were deterp 

mined, and tht> difiert'nct"s betwt>en the dii1t."rent plots weft." apparently insig­
nificant, As in previous experiment::'> (17). the <lrtinomyn'tes wert' fairly 
numerous. but considerably less numerOUR than tht' bacH"ria. How('vt'r, it 
is doubtful whether plate counting mt'thods for actinomvct'tes are reliable, as 
a considerable number o{ bacterial colonies devt"lop on thl:' mt'dium and often 
cannot be distinguished readily from actinomycetes colonies. 

Apparently the numbers of amoebat' present in Edmonton soit are re1ativf'ly 
small compared. for examp!t', to the numbers prest'nt in Rothamstt"d soils, 
where the interrelationship of soli protozoa and bat"teria has been extensively 
investigated. At Rothamsted the- numbf'r of amoebae prpst'nt was usually 
more than 100.000 per gram of wit (24, p. 90) y;herea~ at Edmonton the 
number was less than 10,000 per gram. The numhers of hactt'ria in the 
Edmonton soil, as determined by plate count methods, were usually much 
smaller than the numbers present in Rothamsted soil. and a ff'w daily counts 
made in 1929 indicate that daily fluctuations are not nearly as marked in the 
Edmonton soil. 

In the supplementary experiment on the distribution of bacteria and fungi 
in the Edmonton soil profile layers, it was found that the deeper layers gave 
surprisingly high counts of bacteria in both cultivated and sod plots, and that 
the deep samples from the sod plot gave surprisingly high counts of fungi, 
as shown in Table XXIV. However, the activity of the micro-organisms 
cannot be proportional to these counts, for there is relativf'ly little activity 
in the subsoil. 

The quantities of water-soluble phosphorus never exceeded about 14 parts 
per million in any of the plots throughout the one season in which this deter­
mination was made, and there were no pronounced fluctuations during the 
the growing season. The greatest quantities were found in the surface soil 
and the least in the lowest depth samples. The diffprences between different 
plots were not very significant. Most, if not all, of the water-soluble phos­
phorus is probably in organic combination, and may not be readily available 
to higher plants, but it has been shown by other investigators that plants 
can make use of some organic phosphorus compounds (28, 30). 

A comparison of the seven successive yearly total nitrogen determination 
figures for the alfalfa, brome, timothy, and western rye grass plot soils, and 
wheat plot soils following these sods, shows that there was considerable 
variation from year to year. In no series of successive nitrogen determinations 
was the maximum variation less than 0.05% in the surface soil, and it was as 
great as 0.15% in one series. The variations cannot reasonably be attributed 
to actual changes in soil composition. and must arise mainly from random 
sampling variations. Each sample analyzed was a composite prepared from 
samples of four separate plots, which might account for a greater variation 
than would be obtained if the composites had been prepared from single 
plots. Nevertheless, these results emphasize the importance of sampling 
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error in any study of changes in the total nitrogen content of a soil produced 
by a given treatment. The changes in a period of seven years as measured in 
this experiment are obviously insignificant. 
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RESEARCHES ON DROUGHT RESISTANCE IN SPRING WHEAT 

I. A MACHINE FOR MEASURING THE RESISTANCE OF PLAl\,S TO 
ARTIFICIAL DROUGHT' 

By CYRIL B. KEXWAy2 AXD H. B. PET03 

Abstract 
The "chinook machine", designed and constructed by Dr. O. S. Aamodt, was 

reconstructed to pmvide economy of opelation by the installation of a return air 
conductor, and uniform conditions for all plants eXJX)sed to treatment at one 
time, by means of a travelling belt to which the pots are fastened. 

Sinn" the publication of the results of the drought investigations conducted 
by Aamodt and his associates (2, 3), numerous experimental data on field 
and laboratory tests have been assembled. This paper is concerned only with 
a description of aitt"rations and improvements made in the "chinook machine" 
originally described by Aamodt (I), 

The original machine was characterized· by two serious defects. In the 
first place, the warm air escaping from the end of the chamber into the green­
house resulted in unduly high greenhouse temperature and excessive cost. 
The other defect was concerned with the impossibility of subjecting all the 
pots in one batch to similar conditions. Both temperature and air current 
velocity varied from one part of the chamber to another. 

In order to avoid overheating the greenhouse and to reduce the cost of 
operation, a ret urn air conductor was installed. The conductor was provided 
with horizonta1 partitions to reduce eddying, and with small adjustable 
intake and outlet openings for the purpose of ventilation. As a result of this 
change, the time required to bring the chamber up to a temperature of 1100 F. 
was reduced from about two hours to 8 or 10 min., the consumption of 
electricity was greatly reduced, and the greenhouse temperature was only 
slightly raised during the tests. 

Essentially uniform conditions for all pots in one batch were insured by the 
installation of a travelling belt to which containers for the pots were attached. 
The original floor was slightly lowered and covered with 24-gauge galvan­
ized iron sheets to make a suitable base for the moving pots. At each end of 
the chamber an 8-in. sprocket was installed, the one next to the fan being 
fastened to the floor, while the other was connected directly to a gear reduction 
assembly. The latter was adapted from an automatic coal stoker, and had a 
gear reduction of 1800 to 1. The gear assembly was driven by a t h.p. electric 

1 Manuscript receit'ed Ma)' 25,1939. 
Contribution from the Department of Field Crops, University of Alberta, with financial 
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Associate Con-lmiltee on Grain Research of the National Research Council and the Dominion 
Department of Agriculture. 
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motor. An endless steel chain taken from the conveyor belt of a threshing 
machine was fitted to these sprockets. Galvanized cyl indrical cans. supported 
by small furniture castors. were fastened to t he chain by door springs (Fig . 2) . 

FIGs. I and 2. I. General view of chinook machin~. 2. Inkrio, ~iew of ch-ino~k machj.n~, 
illuslrati"g pot con/o.i'ltTS and 1M method of th~ir atl{lchnunt to the endless cMm. 
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During treatment, the experimental material is in continuous motion, 
each pot making one complete revolution in six minutes. By this means, 
essentially uniform conditions for all material in anyone batch are provided. 
The only drawback to this change is that the capacity of the machine is 
ft'duced from about 40 to 2S pots. 

The alterations described above are illustrated in Figs. 1 and 2. 
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A MUTATION FOR PATHOGENICITY IN 
PUCCINIA GRAMINIS TRITICII 

By MARGARET NE'WTON'1 AND THORVALDUR JOHNSON' 

Abstract 

NUMBttR.O 

A pathogenic cha.nge, explainable only on the assumption of mutation, has 
occurred in a uredial culture of race S2 of Puccinia gratninis Trilici, which had 
previously remained constant in pathogenicity (or nearly two years. The 
mutation appears to have taken place during a six-month period of storage of 
the urediospores in a refrigerator maintained at a temperature of about 8° C. 
When cultured in the greenhouse, at the end of this period, the rust appeared to 
be a mixture of race 52 and a hitherto undescribed physiologic race, with the 
latter predominating. The original culture was left in storage for a further 
period of four months, after which it gave rise to a pure culture of the new race. 
without any indication of the presence of race 52. The new race has been 
assigned the number 178. 

Although physiologic races of the various cereal rusts appear for the most 
part to remain constant in their pathogenic properties year after year, there 
have been reports, nevertheless, of sudden changes (mutations) in spore 
colour or pathogenicity. In Puccinia graminis rritici Erikss. & Henn., 
mutation for uredial colour has been reported by Waterhouse (7) and by 
Newton and Johnson (3), while mutation for pathogenicity has been recorded 
by Stakman, Levine, and Cotter (6). In other cereal rusts, evidence for 
mutation has been presented by Johnston (2) and by Roberts (5) for Puccinia 
triticina Erikss.; by Gassner and Straib (1) for Puccinia glumarum (Schmidt) 
Erikss. & Henn.; and by d'Oliveira (4) for Puccinia anomala Rost. 

In the greenhollse studies, the present writers have occasionally noticed 
apparently spontaneous pathogenic changes involving partial or entire dis­
placement of one physiologic race by another. Owing to the fact that such 
changes have usually given rise to races already known and studied in the 
greenhouse at some previous time, it has never appeared safe to attribute them 
to mutation. Recently I however, a physiologic race has undergone a path<r 
genic change in which the original race was displaced by one hitherto un­
described. In this instance it does not appear possible to explain the change 
except by assuming that mutation occurred. 

1 Manuscript receiued May 30,1939. 
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ThE' pathogenic change occurred in a culture of race 52 derived from a 
5c1fin~* of race 56 originally collected at Arncs, :Manitoba, in 1934. In the 
selfing study, which was carried out in the fall of 1935, 21 uredial cultures, 
each arising from a single aecium, w("re identified. Culture No.8 was identi­
fied as race 52 on January 8,1936, and was placed in storage in a refrigerator 
kept at a low tempf'rature (about 8° C.) on ::\larch 3. It was removed from 
thf' refrigerator in October of the same year and was cultured in the green­
house until December 28 when it was again stored in the refrigerator after its 
purity (as race 52) had bet'o cht'cked. It was again brought into the gref'O­
house in the ~pring of 1937, checked for purity and placed in storage on 
::\lay 17. Part of the stored rust material was brought into the greenhouse 
onn.' more in November, 1937. The infection types then produced on the 
differential whf'at yarieties indicated that race 52 had been largely replaced 
hy another race, although tht' presence. on infected leaves of the variety 
\'ernal, of a few large pustules characteristic of race 52 among the smaller 
pustules of some other racf' showed that the replacement was not complete. 
Attempts to r('coyer race 52 by inoculating seedling wheat leaves with spores 
of these large pustules were unsuccessful owing to failure of infection. It is 
therefore not absolutely certain that the large pustules just referred to WE're 
actually those of racE' 52, although the likelihood is that they were. The 
remainder of the culture, on further study, proved to he a hitherto undescribt'd 
physiologic race with infection types differing widely from those characteristic 
of racE' 52, as is shown by the following comparison. 

X('wr;1Ct' 
Race :-2 

I.e· l\LI. Krd. Ko. Am. ':\lnd. Spm.: Kub. ;\c. Enk. \'cr. KpL 

4" 
4 

4 , 
1~ 

x x+! 4- ! 3+ 0; 1 
1= xx: 4 4- 4+ 1-

• E:rplulIatirm of uhbrM'intiol1S: LC Little Cluh. I\la. = Marquis, Krd, = Kanred, 
Ko. = Kola, A.rn. = .~rn(Jutka, :\lnd. = Mindum, Spm. = Spelmar. Kub. = Kubanka, 
Ac. = Acme, Enk. = EltIkonl, \·cr. = TTernal, Kpl. ~ Khapli . 

•• Explanation of symbols representing infection types: 0; = hypersensitive flecks, 1 = minT 
ute pustules surrounMd by necr(Jtic areas, 3 == pustuJrs of moderate size, 4 = large pustules, 
x = pustules of t'ari(Jus si:.;{'s on the same leaf. (+) (±) (-) (=) indicate t>ariations in pustule 
sz·;;e. 

In an attempt to recover race 52, inoculations were made four months later 
from the remaining spore material in storage in the refrigerator. The culture 
thus established proved to be a pure culture of the new race without any 
indication whatever of the presence of race 52. After some further study 
of the new race, its mean infection types were submitted to Dr. E. C. Stakman 
and Dr. M. N. Levine, who kindly numbered it physiologic race 178 . 

• A selfing involves (i) inoculating plants of Berberis vulgaris tuith sporidia of a pure cullur:: 
of a physiologic race, (ii) intermixing the nectar of the pycnial pustules, (iii) inoculaJ;ng wheat 
plants with the aecwspores, and liv) identifying the physiologic races in the urediaJ cultures thus 
established. 



The evidence fOf mutation in this instanC'(' f('-sts on the facts (i) that tht.' 
culture was placed in storage immeciiatt'\y aitt'r its purity as ract_~ 52 had l>t:'t'n 
established, Oi) that ",hilt' in storage tht'rt' wa~ no opport unit y for COIl­

tamination by another physiologic race, and (iii) that race 52 was rt'plact'd 
by a race not hitherto known. TIlt' fact that ttw original ract' was replan·d 
hy a race never before encountered appears to eliminate tht' possihility of 
contamination, which is the only aiternativt' to mutation. 

This instance of the repiact'ment of om' physiologic ran' by anat her sugge;o;ts 
a series of recurrent, identical mutations similar to tho~' dt"scrilwd by Gasl-'oer 
and Straih (1) in Puccinia 7,lul11llrlfnT. It is t'lear, at <my ratt', that ~orf' 1han 
one urediospore was inw)lvt'd in mutation as the new race was obtained from 
the stoff'd spore material on two sf'parat(' occasions. Tht', fact that race 52 
was not recovered the last timp tht" cult un' was rt'-f'stah\i~ht'd in the grf't'n· 

house does not, howevpr, necessarily imply that all the st(Jrpd SPOrt' material 
had become converted into the nt'w ract'. The infection results obtained 
at that time suggested that only a small fraction of the stored sport' material 
,yas viable. It is quite possible, the-n'-fore, that a1l11w spores of tht' original 
face had been rendered non-viable by the long ~)t'ri(lrl of ~torag(' and that only 
a few spores of the new race remained gprminable and capahlt· of ('au~ing 
infection. 
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ESTIMATION OF LEAF AREA IN WHEAT FROM LINEAR 
DIMENSIONS' 

By J. W. HOPKINS' 

Abstract 
Measurements of 80 to 90 leaves of each of four varieties of spring wheat at 

various stages of development indicate a fairly close statistical relation between 
area, and length and width, of the leaf blade. This relation was found to be 
essentially the same for all four varieties, and from a knowledgf! of length (L) 
and median width (W",), the area of an individual leaf was given by the Least 
Squares relation log. A = 0.0094 + 0.934 log. L + 1.071 log. W K, with a stan~ 
dard error of 4.2% of the antilog. Inclusion of a third measurement, width at 
three~quarters of the distance from base to tip (W,,), led to the relation log. A = 
-0.0438 + 0.970 log. L + 0.880 log. W K + 0.189 log. W",givingestimated 
values having a standard error of 3.7% of the actual area per leaf. 

This method of estimating leaf areas (i) is rapid in execution, and Oi) does not 
necessitate removing the leaves from experimental plants, which may accordingly 
he maintained intact for a series of physiological observations. 

Introduction 

In the study of certain types of plant physiological data, such as transpira­
tion and growth rates, it is necessary to determine, or at least to estimate 
with reasonable accuracy, the leaf area of the experimental plants. It may 
be noted that it is customary to make comparisons relative to· the area of 
the leaf laminae only, although in plants of the Grass family the leaf sheaths, 
which may attain considerable dimensions, are also functional in both transpir­
ation and metabolism. 

Four categories of methods for estimating the area of leaf laminae may be 
recognized. (i) Reproduction of the outline of each leaf by tracing, blue­
printing. sensitized paper or similar means, and determination of the area thus 
delineated either directly or by weighing. This was the procedure employed 
by Brown and Escombe (1) in their classical studies of foliar metabolism, and 
is still llsf'd extensively. (ii) Use of an apparatus based on the photoelectric 
principle, the direct readings of which may be calibrated in terms of area. 
Problems and recent progress in this connection have been described by 
Kramer (3). (iii) By computation from the correlation between leaf area 
and leaf weight. This correlation is the basis of an indirect method of estim· 
ating the leaf area of field crops due to Watson (4). His procedure is to 
determine the mean leaf weight from a large random sample of plants, then 
to determine the leaf area: leaf weight ratio and its regression on leaf weight, 
from a relatively small subsample of single leaves. (iv) By measurement of 
linear dimensions! from which the area may be approximately computed. 
This was the method employed by Clements and Goldsmith (2) in their 
quantitative studies of ecological factors, using plants as measuring instru· 
ments. These authors condude that the average area of both sides of a grain 

1 Man'USCt'ipt received June 9, 1939. 
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leaf is 1.5 times the product of the extreme len!;th and width, hut do not 
indicate the order of accuracy to be expected from this approximation, 

It will be appreciated that methods (ii), (iii), and (iv), are all more rapid 
than (i), but (ii) and (iii) both still retain the disadyantage that the lea""s 
must be removed from the plant, which is consequt:'ntly destroYf"d for further 
experiments. On the other hand, measurements of length and hrt>adth, which 
may be made in situ, are not only t>qually rapid, but also leave thf" plant 
intact. As, however, the leaves of Grasses do not present regular geometrical 
figures, the relation between area and any specifi(>d linl"ar dimensions must be 
a statistical one. The observations reported below W{'fe accordingly made 
in order to provide some information respecting the degree of precision to 
be expected in practice from the estimation of areas in this way. 

Data and Results 

Plants of four varieties of spring wheat, namely, ~1arquis, Reward X 
Caesium, Caesium X ;\1arquis, and Lutescens, were grown in a greenhouse 
during the winter months from seed kindly supplied by Profes~or K. W. 
~eatby, of the University of Alberta. Specimens of each variety were 
collected at regular intervals for the measurement of length, width, and 
area of leaves at successive stages of growth. Length of leaf blade from base 
to tip was measured to the nearest! mm., using a good quality steel ruler. 
\\'idth at the mid-point, and also at a point three-quarters of the distance 
from base to tip, was measured to the nearest .fr; mm. by indicating calipers. 
Areas were determined by a Rotometer. In an, between 80 and 90 leaves of 
each variety were examined. 

In general outline the wheat leaf is long and narrow, tapering to a point 
at the tip. As a rule, however, the width of the blade at first increases some­
what as one proceeds upwards from the base until a maximum is attained 
which, in the case of full-grown specimens, is generally in the lower half of 
the leaf. The shape of the lower part of the blade is therefore approximately 
rectangular, or more correctly, trapezoidal, whilst the tapering upper part 
(neglecting the peculiar but characteristic constriction occurring at a point 
usually about It-2 in. from the tip) presents approximately the aspect of an 
isosceles triangle, of which the base is small in relation to the perpendicular 
height. From geometrical considerations, therefore, a linear relation between 
area and the product of length and median width might be anticipated, which, 
however, would be expected to be only imperfectly realized in practice, owing 
to individual variations in the relative proportions of the trapezoidal and 
triangular portions of the leaf, to a certain d~gree of curvature in outline, 
and to occasional outright irregularities in shape, 

Fig. 1, in which the measured area of 89 Luteseens leaves is shown plotted 
in relation to the product of length and median width, indicates that this is 
the situation actually prevailing. 

Fig. 1 also illustrates the fact that irregular deviations are greater in the 
case of large than of small leaves. A logarithmic transformation tends to 
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stabilize the variance in these circumstances, and also facilitates further 
analysis. The linear relation between area (A) and the product of length 
and median width (L X W.1A) was accordingly determined in logarithmic 
units for each of the four varieties, and was found to be: 

l\larquis: log. A -0.0533 + 0.990 log. (L X W)1) 
Reward X Caesium: log. A -0.0560 + 0.986 log. (L X W)1) 
Caesium X l\larquis: log. A -0.0652 + 0.995 log. (L X W,,) 
Luteseens: log. A -0.0290 + 0.984 log. (L X W)1) 

The standard errors of estimation of log. A by these formulae are 0.0167, 
0.0224,0.0199, and 0.0197, respectively, or 3.9, 5.3, 4.7, and 4.7% of the 
antilog. 

During the course of the measurements, it was observed that when the 
median width was above averag"e, the point of maximum width tended to occur 
further up the leaf, resultiqg in an increase of the approximately rectangular 
relative to the triangular portion, and hence)n a proportionately greater area. 
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This impression was confirmed by the computation of tht> rt·j.!ression of log. 
A on log. L and log. W)O separately, which ~ave: 

:\Iarquis log. A (1.010b + O.()32 log. L+l 074 log-, HPtt 
Reward X Caesium: log. A 0.0105 + O.().%log. L+l .OoOIOK· ll\t 
Caesium X l\Iarquis: log. A -O.OlQ<) + O.()2i log. L+ 1 118 log. lV.ltl. 
Lutescens: log. A o 0699 + 0 90') log. L+I .00.1loK· Wh 

The difference lwtween the n'gressioll codl1cieTlts for log. L and log. IV~l is 
statistically significant, and as a J"t'su\t of taking this ClrCUm":-ltarw\' into 
account, the residual standard erro[ of log. A is rt"dun .. d to 0.0140, 0.0215. 
0.0176, and 0.0179, or 3.3,5.1, 4.1, and 4.2("; of the alltiloj.!. for tht' four 
yarieties respecti\-e!y. ' 

A still further increase in precision was ohtained by utilizing the additional 
information provided by thl:' width at thrt>e-quarters of the distann' from the 
base to the tip of the leaf (TV.J. ,rhen this was dOlle, the Least Squares 
solutions for the regression equations lwcame: 

::\1arquis: 

log. A ~ -0.0354 + 0.962 log. L + 0.921 log. W", + 0.153 log. W,. 

Reward X Caesium: 

log. A 0.3580 + 0.794 10)(. L + 0.826 log. W,~ + 0.245 log. W" 

Caesium X :Marquis: 

log. A ~ -0.0479 + 0 96S log. L + 0,90910)(. W)O + 0.18210)(. W" 

Lutescens: 

log. A ~ -0.0030 + 0.954 log. L + 0.874 log. W;, + 0.196 log. Wv. 

These give standard errors of estimation of 0.0120, 0.0187, 0.0157, and 
0.0145 logarithmic units, or 2.8, 4.3, 3.7, and 3. 4~:( of the actual area of 
an individual leaf. 

In order to determine whether the inter~varietal differences in the regression 
coefficients of area on length and width were statistically significant, the 
standard errors of the individual coefficients were calculated. In the case of 
the first approximation, namely, the regression of area on the product of 
length and median width, the regression coefficients and their respective 
standard errors in logarithmic units, are: 

Marquis: 0.990 ± 0.0045 

Reward X Caesium: 0.986 ± 0.0069 

Caesium X Marquis: 0,995 ± 0.0073 

Lutescens: 0.984 ± 0.0074 

The differences between the varietal coefficients are not significant in relation 
to their standard errors. 
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The coefficients and their standard errors (again in logarithmic units) in 
the ca.e of the regression of area on length (L), median width (Wii) and 
width three-quarters of the distance from base to leaf-tip (W~) are: 

Marquis: 
Reward X Caesium: 
Caesium X I\Iarquis: 
Lutescens: 

L 
0.962 ± 0.010 
0.974 ± 0.017 
0.965 ± 0.016 
0.954 ± 0.016 

Wi> 
0.921±0.030 
0.826 ± 0.051 
0.909 ± 0.050 
0.874 ± 0.034 

WI{ 
0.153±0.027 
0.245 ± 0.039 
0.182 ± 0.039 
0.196 ± 0.029 

There is no significant difference between the varietal regression coefficients 
in respect of either L or u-~.%. In the case of W"" the coefficient for Reward X 
Caesium is slightly higher than those for the other three varieties, which do 
not differ significantly amongst themselves. 

In these circumstances, it would seem that little additional error would be 
introduced by the use of an average regression equation. The data for the 
four varieties were accordingly pooled and used to determine such equations 
for two of the three approximations considered above, it having been found 
already that better results were obtained by the inclusion of Land W 711 
separately than by the use of the product L X W)j. 

In this way, the average regression of A on L and W~ was found to be: 

log. A = 0.0094 + 0.934101'. L + 1.071 log. W)j 

with a residual standard error of estimation of A of 0.0182 logarithmic units, 
or 4. 25~ of the antilog-. 

Including W~ •• the solution for the average regression equation was: 

log. A = -0.0438 + 0.970 log. L + 0.880 log. Wj.i + 0.18910g. W". 

This was found to have a residual standard error of estimation of A of 
0.0158 in the logarithm, or 3.7% of the antilog., which may be regarded as 
satisfactory for the purpose in view. 

The foregoing results cannot be compared directly with those of Clements 
and Goldsmith (2), but it may be noted that whereas they found 0.75 for the 
mean ratio of area to length X extreme width, the mean measured area of 
the 89 Lutescens leaves in Fig. 1 is 1619 sq. mm., and the mean product of 
length X median width 1960, giving a ratio of 0.86. It is evident, therefore, 
that the agreement in this respect must be fairly close. 
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EFFECTS OF PLANT AND ANIMAL HORMONES ON THE 
ROOTING OF DUST- AND SOLUTION-TRE .... TED 

DORMANT STEM CUTTINGS' 

By N. H. GRACE' 

Abstract 
In.dolylbutYT~c acid and oestrone were applied in dusts to dormant stem 

cuttmgs of Lomcera tartarica, Spiraea l'anhouttei, and Cornus alba, and in hoth 
dusts and solutions to cuttings of Ribes odoratum. Indolylbutyric acid had 
significant effects on the number of cuttings rooted and th(~ numher and length 
?f roots per rooted cutting of three species. further ohservations indicated that 

~~~~o 1::fec!~1g~~e of{e~~b~~!d:~e::~. of &::::~~; o~a1i~~e~i~~~~::~~te~ff;(~ t~~ 
rooting, but in solution treatment showed significant {'!teet!> on th(, green leaf 
weight of Ribes odoratum, both alone and in interactiun with ind"lylbutyrk al.'id. 
Cuttings of COtt~us alba failed to show any significant treatment eft'e>ts. 

Dust and ~Iution methods of treating cuttings were compared through the 
responses of Rtbes odoratum. Dust treatment effected 62r;~· rooting, solution 42%' 
there also was markedly greater leaf development following the usc of dusts. ' 

305 

Oestrogenic substances have been shown to occur in plant materials, and 
their effects on plant growth have been reported by several investigators 
(1, 2, 4-10, 13). It has been concluded that some of these substances may 
have to be considered as plant hormones (11). While the influence of these 
chemicals on the rooting of cuttings has not been reported in detail, it is 
suggested that the number of roots produced by auxin treatment is increased 
by oestrogenic materials (12). The present communication describes the 
results of experiments in which dormant cuttings were treated by talc dusts 
and solutions of indolylbutyric acid and oestrone. 

Experitnen tal 

Dust and solution preparations were compared, the indolylbutyric acid and 
oestrone being used at the same concentration; the interaction between 
chemicals was investigated by one series of solution treatments. Dusts con­
taining 2000 p.p.m. of chemical in talc were prepared in a small laboratory 
ball mill. Subsequently, these were mixed with talc to give 1000 and 500 
p.p.m. concentrations. Oestrone· solution was prepared by dissolving 
0.0700 gm. in 3 cc. of warm 95% alcohol and making up to a volume of 350 cc., 
which gave a 200 p.p.m. colloidal solution. This solution was stirred con­
tinuously while aliquots were withdrawn. Indolylbutyric acid solution con­
tained the same amount of alcohol. 

Dormant cuttings of current year's growth of Cornus alba L., Spiraea 
Vanhouttei Zabel, Lonicera tartarica L. and Ribes odoratum Wend], were 

1 Manuscript receif1efi July 12,1939. 
Contribution from the Division of Biology and Agriculture, National Research Laboratories, 

Ottawa. Issued as N.R.C. No. 837. 
, Biochemist, National Research Laborator~s, Ouawa • 

• Thuli.n was prottided through tM kindness of Dr. OlifJe1' Kamm. Parke Darns Co., Det,.oit. 
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collt-'ctt'd in mid~December, 1938*. The cuttings of the first three species 
rang(~d from 10 to 12 in. in length; those of Ribes odoratum approximated 6 
in., with two buds. Treated cuttings were planted in brown sand in a propa­
gation framt' t'quipppd with elf'ctrical bottom heat cables. Sand temp£'rature 
was mLJintain{'d around 72° F., while the greenhouse temperature approxi­
mat(,d 65° F. 

Tht' dust series of experiments contained seven treatments, namely, talc 
only, and 500, 1000, and 2000 p.p.m. of each chemical separately in talc. 
There were 10 cuttings to a group and 7 replicates of each treatment; 490 cut­
tings were required for each experimE'nt. 

Lonicera tartarira cuttings were left for 24 days in sand. After determination 
of the number of cut tings rooted and the number and length of roots, the 
basal 2 in. of each cutting was removed and the entire experiment replanted 
in sand in random order, in the hope that residual treatment effects might 
be demonstratpd. The cuttings were examined 31 days later, to determine 
whether treatment with oestrone or indolylbutyric acid had an effect on 
the of"veiopment of a second growth of roots by the shortened cuttings. 
Cuttings of Cornus alba were examined 28 days after planting. Spiraea 
ITanhouttei cuttings were inspected 48 days after treatment. 

Cuttings of one plant, Ribes odoratum, were treated with both dusts and 
solutjon~ and were rE'moved from the propagation frame 47 days after planting. 
The two experiments were placed contiguously in the same frame, thus per­
mitting a rough comparison of the responses following treatment by two dif­
ferent methods of applying the chemicals. The solution experiment was of 
factorial design, which permitted study of the interaction of indolylbutyric 
acid and oestrone. ThE're \'I.-ere four concentrations of the two chemicals, 
namely, 0, 10,50, and 100 p.p.m. This made a series of 16 treatment com­
binations, with 10 cuttings to a group and four replicates of each treatment. 

The design of the experiments provided for analyses of variance of the 
observations. Record was made of the number of cuttings rooted and the 
number and lengt h of the primary roots formed. The mean length of root 
was calculated. In one experiment, where secondary root formation was 
pronounced, the roots were carefully washed in running water, placed between 
dry sheets of blotting paper for five minutes, and fresh root weights recorded. 
The new green growth produced by these dormant cuttings \vas also removed 
and weighed. 

Results 
Responses after Dust Treatment 

In Tables I to III, data are given for responses after dust treatment with 
indolylbutyric acid and oestrone; residual effects are discussed separately. 

Highly significant increase in rooting is shown by all three concentrations 
of indolylbutyric acid applied to cuttings of Lonicera tartarica, whereas the 

• The prepared cuttings were supplied by the Federal District Commissiun through the kindness 
of Mr. E. I. Wood. 
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corresponding- concentrations of oestrorw had no demonstrablt, dTt·cl. Only 
the means over the threE' concentration::;. of inclol\'lhut\'ric ~\I,_'id and oe~tron~ 
give significant results with Spiraea rallhoutt;i: th~' indolYlhutvriC' acid 
mean is significantly abovt' th~lt for o(>strorw hut is not ahov(' the taic-trt'alt'd 
control. Treatments failed to affect the Tlumlwr of Ribt's odoratllm ('uttin~~ 
rooted and the data are not gi n_'11 , 

Oestrone treatments fai\ed to have any ('ffeet on the numlwr of cutting's 
rooted, 

TABLE I 
RESPI)~SES OF DORMA~T Lonilrm t'lrtarira (TTTI",{~" PI ... rEI' WITII I'L'\'-:1' .\XIl AXIMAL 

HORMO:-'-E~. A~IJ RESIIlI'AL EFFI',("TS !'()1.I (1\\"1\;(, ltl:MO\:\L (n' 11.\ ........ 1, EX!)" 

Data are me-an" for ~l'Vl'n j.!roup" of It'll l"utting->; 

Xumbcrofroott'd ('utting~ 
Transfornwrl data· 
l'utransforTnf'd data 

1')2 

34 
2 Kf,·· 2 H4·· J (lfJ·· 1,1\.:1 

I I 70 
! 7.<; 0.30 

-------I-----.----~-----·-----

Xumbcr of roots per rooted 

data· 
Cntran~f<)rmcd data .37 

.~ 011 .l SJ·· .) II"·' 2 O~ 

11.1 
2 un 
.'7 

{) 4'<; 

------I~-------- -- - -~ --- ---~ 
Total root length per rooted [ I [' 

cutt~:g_._m_m_. _______ 6_3_ 24.'i.~~}, __ ,:.Ii.. ]Of) 1 R\ RO ,119 

Reslllu(Jldlals 

• Data transformed to v' x + t basis (3), 

** Yalues significantly different from the talc dusted control, 

Treatment with indolylbutyric acid had significant effects on the number 
and lengths of root per rooted cutting in all species; oestrone treatment had 
no significant effect. Data on the mean length of root failed to attain sig­
nificance for individual treatments. Partition of the treatment sum of 
squares for the data on Ribes odoratum indicated a lengthening effect over 
the mean of all treatments. 
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TABLE II 
RESPONSES OF !)ORMA:-;'T Spiraea J-'anlwuttei CVTTINGS DVSTED WITH PLANT AND ANIMAL 

Data are means for seven groups of ten cuttings 

" 

Dusted with indolylbutyric: Dusted with oestrone 

acid in talc, p.p.m. I ___ 'n_ta_k_,_p,_p,_m_, __ ~ Necessary : i 

j d!~l;d i Mean for : f~rea:.;l i difference. 

'II control i 500 1000 2000 a~~~:;i~'l-I 500 1000 2000 oestrone! 5% level 

------·--i------~I------~!---
""m"" ,,' ,="d I I I I 

cuttin,ll:B I' I 
Transformed dau.·; 2446 2.344 2.653 2.514 2.503,' 2.270 1.95.1 2.095 2.107 O.276t 
UntmnMfoTmed data: 5. i ! 5 1 59 5.8 I 4.9 3.6 4.3 4.2 i 

Total root lcn,ll:th per i 1-----~---I---------i·---
root{'u rlltting. I 1 

i 3KO . 50H 71 t" 425 548 400 455 471 434 1 191 
I tut 

F""h-.e-",-,t"-,ro-o-,,,~',·--':~-----:-----,--

om, 1 04 ,I 74 2."" 1.24 1.84 i 1.03 0.66 1.09 0.93 I ~:~;t 

• Data transformed to vlX+1' basis (3 J, 
.. t' alucs significantly different from the talc duste4 control. 
t This necessary difference holds between means by chemicals; 0.39 is the necessary difference 

between control and group means. 

TABLE 1lI 
RESPOl\"SES OF DORMAS'T Ribes odoratum CUTTI~GS TREATED WITH PLANT AND ANIMAL 

BORMOl"lE DUSTS 

Data are means (Dr seven groups of ten cuttings 

i 
-"-um-b-"-O-'-"'-O-"-P-"-=-'-""-j 

cuttmg 

Total root length per rooted ! 
cutting,mm. i 

Mean length per root I 
Mean for six treatments with 

two chemicals 

Green leaf weight, fllll . 

Talc 
dusted 
control 

3.61 

88 

25 

I Dusted with indolylbutyric I'. Dusted with oestrone I N 
acid in talc, p.p,m. in talc, p.p.m. di~~:C':. 

! 500 i 1000 I 2000 I 500 11000 I 2000 5% level 

I .. " 5 69 •• I~:r:--=-I-=--'-"-2-
-1-'--'-'-

I 149, 187 .... 1 254··1 153 \ 136 I 94 I 68.6 

I 

33 1-3-2---35-1~1--36-1-3-3 -,---

35'" 1.9" 

0.10 

• Necessary difference comparing tak dusted control and mean for lhe six dust lrt:alments which 
do nol vary signijicanti)' among themsttves . 

•• FaJues significantly different from the talc dusted control. 
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The 1000 p.p.m. treatment with indolylbutyric acid had a significant effect 
on the fresh root weight of Spiraea Vanhouttei; no other root weights were 
determined. No significant effects could be attributed to oestrone. 

One significant treatment effect is shown by the green leaf weight of Ribes 
odoratum cuttings. The 2000 p.p.m. indolylbutyric treatment, which gave 
more roots per rooted cutting than any other, shows markedly reduced leaf 
growth. It would seem therefore that marked stimulation of the rooting 
response may be accompanied by reduced leaf development. 

Cuttings of Comus alba failed to show any significant treatment effects. 
In the second part of Table I are given data on the residual effects of plant 

and animal hormone treatments on the va.rious responses of Lonicera tartarica 
cuttings. V\'hile differences are suggested by the data, analyses of variance 
show that treatments are insignificant in each instance. Partition of the 
treatment sum of squares also failed. to indicate any significant effects. It 
may be concluded therefore that removal of the basal end of the cutting, 
which takes away all roots on rooted cuttings and the zone which has been 
dust~treated, leaves a cutting whose further responses are not affected by 
the initial treatment. 

Responses after Solution Treatment 

In Table IV are given data for the responses of solution-treated Ribes 
odoratum cuttings. It is apparent that the 50 p.p.m. treatment with indolyl­
butyric acid gives optimum rooting in the series, the response falling off at 
the 100 p.p.m. level. IndOlylbutyric treatment also effects marked increase 
in both the number and length of roots per rooted cutting-. Oestrone treat­
ment, however, fails to show any significant incrf'ase in rooting over the 

TABLE IV 
RESPONSES OF DORMANT Ribes odoratum C{;TTlNGS TREATED WITH SOLUTIONS OF 

JNDOLYLBUTYRIC ACID A],;D OESTRONE 

Data are means for sixteen groups of ten cuttings 

Ind()lylbutyric concentrations. Oestrone concentrations, p.tl.m. 
p.p.ro. (average over all oestrone p.p.m. (average ov("'r ;011 indolyl- Neceuaey 

concentrations) butyric concentrdtiona) difference. 

1()O 
1---:----,------1---:---:---;---1 5% lev'el ;. I. 5. 10 100 

-------1------------------

NUmber of rooted CUttings 
Transformed data· 
Untransformed data 

1.86 208 2.36" 2.13 2.18 2.30 1.95 2.0 0.273 
3.2 4.1 5.2 4.2 4.3 4.9 3.6 3.8 

-------I--·I----------t-------
Number of roots pet rooted 

cutting 4.1 3.9 6.2·· 6.6·· 4.9 5.6 5.2 5.1 1.32 
-------1--1----------------
Total. root length fief rooted 

cuttina:. mID. 113 143 203" 213" 148 177 182 166 61 

• Pata transformed to viTI basis (3) . 
.. Values sign·'ficantly different from tM rCSpedJite control. 
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control, although the 50 p.p.m. treatment is significantly below the 10 p.p.m. 
levl·l; 1h~ inh'ract ion between indolylbutyric acid and oestrone is insignificant. 

The data in Tablt' \' indicate that treatments have a highly significant 
efff'ct on the \\Tight of if'"af produced. Both indolylbutyric acid and oestrone 
treatment, and the interaction between them, are significant. Leaf weight 
falls with increasing indoJylbutyric concf'ntrations, the values at SO and 100 
p.p.rn. both being significantly below the 0 p.p.m. value. The 10 p.p.m. 
oestrone treatment is significantly above the 0 value, stimulating leaf develop­
m('nL Tlwre is significant depression at the 50 p.p.m. level and stimulation 
again as the 100 p.p.m. concentration is reach(·d. The two stimulating con­
centrations, 10 and 100 p.p.m., do not differ between themselves, while the 
depr('s~ing SO p.p.m. \t've} differs significantly from the other three concen­
trations. The intt'raction effect would spem to be a C'onsequPI1ce of the fact 
that hoth tht' ~tjmulalory and depressiye effects of oestrone are more pro­
nouncpd at the 0 and 10 p.p.m. levels of indolylbutyric acid than when applied 
in conjunction with 50 or JOO p.p.m. of th(:' latter substance. 

TABLE V 
(,REE~ WElI,HT OF LEAYES I'ROD1TED BY llO}{MA~T CeTTIXGS OF Ribcs odoralum FOLLOWI~G 

1REAT!'.IL,""T WiTH SOLl'TIOXS OF I:'\J)OL"jLln;TYRIC ACID AND OESTRONE, IX GRAMS 

Data are mean,: for four g-roup~ of ten cllttings 

OestrOTl{' cOllccn! rations, 
p.p.lll. 

Indolyllmtyric acid con("cnrrations, 
p.p.ro. ---_ 

() 1 03 
]n 1.S0 
':;0 0.65 

]On 0 88 
;\lcans for indolylhutYrie treatnwnts 1.01 
:--':cn.',;s,ln: differem'p: 5";, k,:e\: treat-

nlt'nt 11lCans, 0 16; interaction, 0 32 

10 

OiJ 
1.15 
0.40 
1.tg 
o 86 

50 

o iO 
o 80 
0.58 
O.QO 
0.74-

100 I 

0.43 
0.58 
0.35 
0.60 
0.49 

l\Ieans for 
oestrone 

treatments 

072 
1 01 
0.49 
0.89 

Comparison of Responses of Ribes odora/um Cuttings Following Dust and 
Solution Treatment 

Incidentally, a comparison has been made of the dust and solution methods 
of treating cuttings through the responses of Ribes odoratum, averages over 
all treatments being considered. Since these two methods of applying physio­
logically active chemicals are in general use, comparison of the results is of 
considerable interest. In Table VI are given data for the responses following 
these two methods of treatment. Dust treatment effected 62% rooting, 
solution treatment 42%. This is of interest since the treatment effect failed 
to attain significance for the number of cuttings rooted after dust treatment. 
The absence of significant treatment effects after dust treatment may be 
attributed to the rooting of the talc-treated control. Solution treatmf'nt 
tends to produce somewhat more roots per rooted cutting. A striking dif­
ference is noted in the weight of green growth after dust treatment; this is 
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nearly three times that found on solution-treated ('utting~. Thest'diffeTt"l1n's 
would sugg~st somewhat greater physiolog-ical sIwck from solution trt'atrTll'nt 
or a beneficial effect from the talc carrit'r. 

TAlILL Yl 
RESPO~SES OF Ribes odotalulH (',-"nl"(;~ Hll.Lo\\'n;~. Hn,,\'I~I"q WIT\I 1'\ "'1":' \sn S(\\..\ ,.\n~s 

OF IS1JULH,Rt TVRI(' ACID A",U Ot;"'III.US"E 

Results for dust treatment arc nWdn ... of 490 (,lIttin~", sol11!i"11 tr(',ltm{'l1t Hlt';ln,. 
(It (H(l ('unings 

Xumher of T(Joted (,lItting>; of 10 plantt·d 
~umheT of root,. per rooted clittin;::. 
Total root length per rooted ('lltting, mill, 
1\1<,';.>.n ront length, mm, 
Green leaf weight, gill, 

~~~~---------.------

Ill1 ... t 1111'1111,,1 ~(ll\lti(lll 1l1e{h(.d 
(Of !fI'<ltllH'l1( (It tfl'dIUIt'Il! 

Il2 
-I -I 

l.'il.J­
:n l-\ 

1 09 

·12 
S 2 

lr,j I) 

:\~ 2 
() iR 

Acknowled~ment 

The author wishes to express his apprf'ciation to 'Dr. H. A. SeTln. Botany 
Division. Department of Agriculture, for checking the ideiltification of the­
plants used. 

References 

ScHOEI,LER, W. and GOEBEL, H. Biochem. Z. 2S1 : 213-21S. 

SCHOELLER, \\'. and CaE BEL, H. Biochem. Z. 2i2 : 215-221. 

SCHOELLER, W. and COEBEL, H. Biochem. Z. 2iS : 298-311. 



312 

VEGETATIVE PROPAGATION OF CONIFERS 

II. EFFECTS OF NUTRIENT SOLUTION AND PHYTOHORMONE DUSTS 
ON THE ROOTING OF NORWAY SPRUCE CUTTINGS' 

By",. H. GRACE' 

Abstract 
]\;orway spruce cuttings were treated with phytohormone dusts. and nutrient 

solution waf, added to the sand in which some of the cuttings were planted. 
The nutrient treatment greatly increased the number of rooted cuttings and 
the numLer that developed new gro\\1:h, and reduced the number that died. 
Although talc alone increased top growth, indolylacetic acid, present in three 
concentrations in talc, had no significant effect on the number of cuttings rooted 
or dead. However, the hormone dust treatment effected a significant reduction 
in the length of root per rooted cutting and the mean root length. The results 
indicate that nutrient salts may. under certain conditions, have a marked 
influence on the rooting and growth of Norway spruce cuttings. 

\Vhile 1he importance of phytohormone chemicals in propagation is recog­
nized, it is clear that other factors have a profound influence on the rooting 
of conifer cuttings. It has been demonstrated that the age of the tree, the 
position on the tree from which the cutting is taken, and the stage of develop­
ment, are factors that affect rooting (2, 3, 7). Recent work by Nowasad 
has shown that nutrient solutions increase the rooting of alfalfa cuttings (5, 6). 
The present communication describes the results of an experiment at the 
National Research Laboratories, Ottawa, in which nutrient solution was 
applied to the sand in which a series of hormone-dust-treated Norway spruce 
cuttings \vere planted. 

Experimental 

The experiment was carried out in a propagation frame, which contained 
5 rows of 12 glazed earthenware crocks provided with suitable bottom drainage 
and filled with washed brown sand over a layer of coarse sand. The crocks 
were set in sand heated by electrical cables. 

There were five treatments:- untreated, talc only, and 5, 100, and 1000 
p.p.m. of indolylacetic acid in talc. The experiment was arranged in the 
form of double blocks of 10 crocks. Each block contained two replicates of 
the dust treatments, one which received water only, the other nutrient solution 
weekly. The random arrangement gave the greatest precision to the com­
parison between nutrient and no nutrient treatments. 

The nutrient solution used was Hoagland's; to it was added approximately 
120 p.p.m. sodium chloride, 1 p.p.m. boron, 0.44 p.p.m. manganese and 0.16 
p.p.m. zinc (4). Each of the 30 crocks receiving nutrient was given 200 CC. 

of this solution weekly for seven weeks. The solution was washed down 

1 Manuscript received July 13, 1939. • 
Contribution from the Division of Biology and AgricuUure, NaJionaJ Research Laboratories, 

~:W:itte?::/ F~e~t~;:°frR~~V: Jow:f;~{j~. of the Subcommittee on Forest Tree Breeding, AuoclaJe 

I Biochemist. National &search Laboratories, Otta;oa. 
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immediately with about 200 cc. of tap water. The re~t of t I"w crocks were 
given an equal amount of water at tht· same time. All tht' crocks were kf:'pt 
suitably moist hy application of tap watt'r as rf'quin·d. The pH of the 
nutrient solution was about 5.1, that of tht' sand immt'diatt'h' after trt'atmcnt 
and washing down with tap water, 7.4. At tht, end of tIW-t'Xfwrinwnt, four 
months after planting tht' cuttings. thert' was no significant rlifft'rt:>nn' in pH 
of the sand from crocks that had, and th05t' that had not. fl'cl'in'd nutrit'Ilt, 
the pH ranging around 8.1. The alkaline condition mll~t hl' attrihutt'd to 
the Ottawa tap water, the pH of which rangt's hetwt.'t'tl 8 and 9. 

Branches from the uppt'r region of the trf'e were ('ollt.'ctt'd in J anuarv from 
a plantation of Norway spruce approximately 18 years of agt: and si-tua1ed 
at the Dominion Forest Station, Chalk River, Ontario. The ba~s uf the 
branches were covered with moist peat and ht'ld about two w{'{'ks in a room 
at 65 0 F. Cuttings were torn from the branches and trimmt'd with a knife, 
leaving a heel of old wood; the)"- were divided into two classes, first, those 
from 10 to 20 cm. in length, and second, those from 5 to 10 em. Each group 
of 15 contained 10 short and 5 long cuttings. Then' wpre approximately 
four laterals to one branch terminal. Groups of 15 ,were dU5t treated and 
planted immediately. The entire propagation frame was covered with a 
factory cotton screen. The temperat ure of the sand \vas maintainf'Cl at 72 0 F. 
and that of the room hetween 65 and 750 F. Howt'ver, after Doe month 
undE'r these conditions, outside temperat'ures rose rapidly. It was impossihle 
to keep down the room temperature which frequently rose to 900 F, or ('v('o 
higher during the latter part of the t'xperiment. 

Seven weeks after planting it was observed that most of the crocks were 
infected with an unidentified fungus. The incidence and extent of the infec­
tion did not appear related to nutrient treatment; nevertheless, this was dis­
continued. Each of the 60 crocks was treated with 100 cc. of a 2 p.p.m. 
ethyl mercuric bromide solution, and the treatment repeatt"d twice at intervals 
of three dayst. The organic mercurial application completely eliminated the 
infection and, apparently, had no detrimental effect on the cuttings. 

Results 

Cuttings were taken up four months after planting and a record was made 
of the number rooted, showing new growth, and dead, in each replicate of 15. 
The number of roots and their lengths were determined and the mean foot 
length was calculated for cuttings that received nutrient. As only five 
cuttings rooted in the 30 crocks that did not receive nutrient, data on number 
and lengths of roots could not be analyzed for this part of the experiment. 
The data thus secured were subjected to analyses of variance, with the results 
indica ted in Table 1. 

. t The ethyl mercuric bromide used in this experime~ was prepared by a method deve_loped 
tn the Chemistry Division, National Research Laboratones, .Ottawa, by Dr. A. Cambron, t!" the 
course of an investigation of the synthesis of atkyl mercury halides. The Pt:0cedur~ jolluwed ytelded 
a product consisting of 80% ethyl mercuric bromide and 20% ethyl mercuTU chloride. 
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The data in Table II compare the effects of nutrient and no nutrif>nt on the 
cuttings rooted. showing new top growth. and d,·ad. The upper half of the 
table gives percentages of the number of cutting-50 alive at the ('nd of tht' 
four months in sand. The lower half gives percentagt's of the total cuttings 
planted_ The data are presented in this mann{'r b('cause virtually 100S"~) of 

TABLE 11 

RESPONSES OF !\tlRWAY SPRtTE ClTTI~G~ TREATEll WITH Nl'TRlENT 
~OLl"TlOXS, FOl-R MO:-'TH~ AFTER Pl,AI .... nS(; 

Living cuttings foott>d, (i~ . . ... _ . 
Living cuttings with new growth, ~;~ 

Cuttings rooted, %t 
Cuttings with new growth, (;~ 
Cuttings dead, (;; 

Trcatnll'llt with 

!\urfieTlt Watt'f 
solution only 

37 5 
31,R 

207 
17 6 
+I ,> 

2 Q 

12 

I I 
() 4 

61 S 

t Lower half of tuble git'('s percenta;':f'S of ail (liftin;.:s _Plant~d-

the cuttings from 10 to 20 em. in length died. It is apparent that weekly 
application of nutrient solution increased the number of cuttings that rooted 
and that showed new growth; there is, also, a highly significant reduction in 
the number of cuttings that died. It is of interest to point out that, of the 
nutrient-treated cuttings alive at the end of the experiment and without new 
growth, 38.5% were rooted, whereas 3S.41?"o of the cuttings with new growth 
were rootl:'d. Consequently, it is suggested that development of top growth 
by Norway spruce cuttings does not cause any marked reduction in the 
initiation of roots. 

In Table III are given data for the effect of dust treatment on the number 
of cuttings with top growth, the length of root per rooted cutting, and mean 
root length. It may be seen from Table I that these are the only significant 
effects of dust treatment. Talc is significantly more effective than other 

TABLE III 

EFFECT OF HORMONE DL'ST TREATMENTS ON THE S'EW GROWTH AND ROOT LENGTH OF !'\ORWAY 
SPR1:CE CUTTINGS 

! Indolylacetlc in talc, p.p.m. i Ne.::~r}' 
Talc I I difference, 

• __ S_!_>_OO_I~:~ 
I 17 .. 6 i· 103 I 13.6 I 9.3 i 5.11 

i 156 : 5.6 I 106 6.6 I 
I ! I 

\~!~I----;:;-i~l~ I 54.0 ! 41.1 I 44 1 I 26,8 I 15.50 

, 
I untreated: 

_____________________ 1 

Number of cuttings having top growth, I 9 5 
transformed datat I 

Per cent of planted cuttings showing new \ 6.7 
growth 

Root length per rooted cutting, mm.- I' 74.2 
Mean root length, mm.- 44.0 

t Data transformed from fractions to degrees (1) . 
• Root lengths refer to cuttings which received nutrient solution_ 
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treatments in producing cuttings with top growth; the effects of other treat­
ml;'nts differ only slight Iy among themselves. The greatest length of root per 
rooted cutting occurs on talc treatment, the results of which are significantly 
better than those of all three hormone dust treatments but not significantly 
better than those obtaim>d \\·jth the untreated control. The 1000 p,p.m. 
level of indolyiacetic acid redu('es the mean root length. \Vhile the talc 
tn'atme-nt gives the grealt';..:t mt'an length, the results do not differ significantly 
from those of tht' untreatf'd control or the 5 and 100 p.p.m. levels. This 
reduction of mean rool length of !\or\,,'ay spruce cuttings with a heel when 
trf'ated 'with 1000 p.p.m. indolylacetic acid in talc has been reported preyiousiy 
(3), It is apran'nt that treatmt'nt with indolylacetic acid over the range 
from 5 10 1000 p.p.m. in talc has failpd to stimulate the rpsponses of Norway 
spruce cutling-s; as littl€' as 5 p.p.ro. in the dust has reduced significantly the 
of'\'elopment of top growth. 

The results indicate that nutrient treatment has a marked beneficial 
effect on thE' rooting of l\orway spruce cuttings. In another experiment, 
the re::;ults of which ,yin be published in due course, nutrient solution was 
used as the carrier for thE' hormone chemical but beneficial response was not 
indicated. It is possible that the high temperatures, the incidence of fungal 
inf('ction, or initial storage of the branches in this experiment, are factors that 
accent ua1(~d damage and pmphasized the effect of treating sand with nutrient. 
In conSt'"quencE', it cannot he assumed that such marked stimulation of response 
would follow the use of nutrient treatment of the sand under growth con­
ditions more nearly optimum, However, it is apparent that the judicious 
use of nutrient salts may present an important aid to the development of ,veIl 
rootpd, yigorous conifer cuttings. 

The absence of positive effects from indolylacetic acid treatment is note­
worthy, The improvf'ment from treatment with talc only is of interest and 
suggests that dusting of cuttings is advantageous. However, considerable 
work will be required before any definite mechanism for the effect of talc on 
cuttings can be established. 
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RESPONSES OF DORMANT CUTTINGS OF LONICERA 
TARTARlCA TO SOLUTIONS OF INDOLYLACETIC 

ACID AND NUTRIENT SALTS' 

By 1\. H. GRACE' AND M. W. THISTLE' 

Abstract 

Cuttings of dormant Lvniura tartarica, collected in ~.tarch, were treated with a 
factorial series of indolylacetic acid and nutrient ~{)h.ltions. lndolvlacetic acid 

~:;c~~~~a~Io~~~fe: ~o~i~~d 5~'(l~~?a!~9s P~~~ri~~~ :1~~i~C;.ionl~j~)~~.~cl~ti~\~c~~ 
treatment significantly increased the percentage of rooting. and the numher and 
total length of roots, the fresh root wei!J:ht and the green weight of leaf per group 
of cuttings treated, the higher concentrations having the greater effect. The use 
of nutrient also significantly affected each of the foregoing characters. The 
results suggest that some dormant cuttings may be deficiellt in minerals essential 
for rooting, and that there is an optimum nutrient concentration somewhere 
below the highest used in this experiment. 

Recent communications describe the effects of treatment of dormant 
Lonicera tartarica cuttings with dusts containing indo\y\acetic. acid, cane 
sugar and ethyl mercuric phosphate; and solutions of indolylacetic acid and 
cane sugar (3, 4). The present communication describes an experiment in 
which Lonicera tartarica cuttings, from the same collection of material, were 
treated with a series of indolylacetic acid and nutrient solutions. The experi­
mental arrangement also permits a study of the interaction between the 
growth-stimulating chemical, indolyl-3-acetic acid, and a mixture of nutrient 
salts. This is of interest, since little has been reported on these interaction 
effects on plant cuttings, though it is known that their responses are affected 
by certain nutrient treatments (2). 

Experimental 

The experiment was of factorial design, with four concentrations of indolyl­
acetic acid and three of a mixture of nutrient salts. lndolylacetic acid was 
used at 0, 10, 50, and 100 p.p.m. in solution. The nutrient solution was used 
at levels of 0, 1 nutrient, which contained in p.p.m., K 235, Ca 200, Mg 49, 
PO. 95, NO, 940, SO, 192, Na 47, C1 73, B 1, Mn 0.44 and Zn 0.16; and 
10 nutrient, which contained 10 times these amounts. This required a series 
of 12 treatment combinations, which were planted in four randomized blocks. 

1 ~::::;:::;!! je:::"ve:n: m~;!~t:iogy and Agriculture, National Reuarch LaboraJoriu, 
0IuJ"tJJa. N.R.C. No. 842 . 

• Bioc_w. 
• StlJlisticaJ Assist4m. 
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The entire experiment of four blocks of 12 treatments required 288 cuttings. 

Stock solutions of indolylacetic acid and the mixture of nutrient salts were 
prep~red (4). Each contained twice the amount of material required to give 
the higheRt treatment. These two solutions, by dilution and mixing, enabled 
th(' ready prpparation of each individual concentration and mixture required. 
All the solutions were made with distilled water. 

The cuttings were dormant material, 1938 wood, and were about 12 in. 
long. They wefe treated in groups of 24 cuttings (the four replicates) with 
100 cc, of solution in 2S0-ce. beakers. The cuttings were held in solution at the 
laboratory temperature of approximately 72° F. for a treatment period of 
24 hr. They were thf'n rinsed and planted immediately in brov,:n sand in 
a propagation frame equipped with bottom heat cables. The sand was main­
tained at about i2° F., while the room temperature dropped to 65° F. during 
the night and rost' to around 75° F. during the day. However, during the last 
two weeks of the rooting period, day temperature frequently went up over 
80° F. Further, this room had considerably greater light intensity than the 
one in which the other two series of Lonicera treatments were propagated 
(3,4). 

The cuttings were planted April 1 and removed for measurements IVlay 9, 
1939. A record was made of the number of cuttings rooted, the number and 
total length of roots, the fresh root weight, and the green weight of leaf for 
each group of six cuttings. In this experiment the use of 6 instead of 10 cut­
tings to a group, and rather indifferent rooting of the controls, made it desirable 
to make comparisons by groups rather than in terms of the individual rooted 
cutting. All the data were subjected to analyses of variance. 

Results 

The material dealt with in the present experiment proved to be highly 
variable, and much of the data appeared to be non-normal. Skewed data 
being unsuitable for the application of the analysis of variance, various schemes 
of transformation of the raw data were resorted to (1). The data on the 
number of cuttings rooted were treated by means of the inverse sine trans­
formation, total root length data were transformed logarithmically, and the 
square root transformation was used on the data for the number of roots 
formed. The data on the weights of leaves and roots approximated normality, 
and were treated as they stood. For the purpose of direct comparison, treat­
ment means of the untransformed data are presented in Table III. 

It will be observed from Table I that there were significant treatment 
differences in respect of all five characters dealt with. Separation of the 
treatment components would seem to demonstrate the undoubted physiological 
activity of the nutrient solution employed, as well as a marked response to the 
use of indolylacetic acid. No significant interaction could be demonstrated, 
i.e., there was no differential response at different nutrient levels to the same 
hormone dosage. 
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TABLE I 

ANALYSIS OF YARIANCE OF RESPONSE OF LoniLera tartanca TO BORMONE ANP 
NUTRIE~T SOLllTlOXS 

--- .-:===-;_:~-== 
I I !\1"1lJ! square 
I I~----~-~-.-.~--------

Source of variance 01 rooted i length 'I root~ weiaht '\Vtlght 

I
, Degrees I ~1:11:~':;80f: ~~~I I NU:bcr Green I Jo'rellh 

freedom (transformed: (tran~f(lnnt><l: (tr..l!l~f()rmed of of 

___________ !~i~~~i~~~~_._leaVe8 I_~~_ 
1 3 II 346 26 I "I 17 01 I '.011 i 4ri.~ Blocks 

I 11 1!10919·" : 112·" 552(,·" ".<;(>· .. 1 1 354·" 
I 4()21 4Q"· li.4S·" 1,';2.%"·! 10 2J" J.361··· 

i 33 i I;;; ;; .. ! : ;;~ i :; ;;.. I ; ;;' I ' ;~;. 
Treatments: 

Indolylacetic 
Nutrient 
InteractIon indo!y! X 

nutrient 

• Exceeds mean square error, 5'1f level of significance. 
** Exceeds mean square error, 170 level of signtjk·ance . 

... Exceeds mean square error, 0.1% le1:el of sIgnificance. 
t Mean square aPPToaches significance. The two nutrient /rt'e/s were throum to£ether, f.:iving 

a comparison between nutrient and no nutrient. Resulting mean' square exceeds 5 o/v level of sig· 
nificanu on remaining degree of freedom. 

Table II shows the effect of hormone and nutrient preparations on the 
number of cuttings rooted, total root length, number of roots, green weight 
of leaves, and fresh weight of roots per group. 

In general, a significant increase is to be noted in all five criteria owing to 
the use of indolylacetic acid, the most pronounced f:ffect being secured from 
50 to 100 p.p.m. However, even the lowest concentration, 10 p.p.m., had 

TABLE II 

RESPONSE OF Lonicera tartarica TO HORMONE AND Nt.:TRIENT SOLUTIONS 

Number of Total Number G,,,,,, F_ 
cutting~ root of weight ""eignt 

Treaunent rooted lenKf,h roots of of 
(transformed (transformed (tran~formed leaVI:II, ""''', 

data) data) data) KID. om 
--------!---:---I---------

o p.p.m. Indolylacetic 0.2 0.3 07 0.02 

10 p.p.m. Indolylacetic 20" 1.7- 20 1.1- 0.20 

50 p.p.m. Indolylacetic 41· 2.7- 6.2- 3 O· 1.14-

100 p.p.m. Indolylacetic .5· 2.S- 7.9- 1.9· 0.85-

--------1---1---1------
N"""""", difference for 5% level of 

significance 14 .. 2.1 1.0 0.41 

o Nutrient 16 1.3 3.0 

1 Nutrient 37" 2.3 }" 
5.9-

10 Nutrient ,," 1.8 3.4 

1.2 0.30 

i Z}· 0.8t-
G.55 

N_ dilt<rence fo' 5% level of 
significance 12 07 1.8 0.8 0.36 

• Excuds control 5 % level of ngnifironce. 
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significant efff'cts on the number of cuttings rooted, total root length. and 
gref'n weight of leaves. although not on the number of roots and fresh weight 
of root~. The 50 and 100 p.p.m. means did not suffer significantly between 
themselves, except in respect of leaf weight, in which case the 50 p.p.m. mean 
was significantly hig-her than the 100 p.p.m. mean 

In all cases the use of nutrient solution also produced a significant stimula­
tion. Of the two If'vels of nutrient employed, the evidence favours the lower. 
and the existence of an optimum concentration is strongly suggested. 

TABLE III 

RESPOKSE OF Lon1cera tartarica TO HORMONE ASD NtTTRIEKT SOLUTIONS 

Treatment means of untransformed data 

Per cent Tutal Toot 
Treatment uf cuttings length, Number of 

rOOled roots 
-------_._----_--

o p.p.m. I ndolylacetic 3 27 
10 p.p.m. Indoiyla('etic 17 327 
50 p.p.m. IndoiyJac('tic 47 1951 54 

100 p.p.m. Indolylacetic 50 1844 19 

o Nutrient 16 616 24 
1 :!'\utrient 42 1787 60 

10 Nutrient 30 iOt) 22 

Certain general comparisons may be made with the results of dust and 
Holution treatments of the same dormant material, though the higher tem­
perature and greatt'r light intensity in which the cuttings of this experiment 
were propagated render it necessary to exercise care in making comparisons 
(3, 4). It seems obvious, however, that this experiment has been carried 
out under sub-optimum conditions. Either the higher temperature of the 
room, or the greater light intensity, or both these factors, had adverse effects 
on the responses. Although these comparisons seem to indicate that nutrient 
salts had greater effects than sugar on the rooting responses of cuttings of 
dormant Lonicera tartarica, further experiments under identical conditions 
will be required before general conclusions can be reached. 
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EFFECTS OF CANE SUGAR, ETHYL MERCURIC PHOSPHATE 
AND INDOLYLACETIC ACID IN TALC ON THE • 

ROOTING OF CUTTINGS' 

By N. H. GRACE' 

Abstract 
Cutti?gs of ,two herbaceous and two dormant woody plants were treated with 

a fac:onal sene~ of ,,:alc dusts containing cane sugar, ethyl mercuric phosphate 
and md~lylac~tlc ~cld. The effect of the dusts on cuttings of (Al~"$ Bl"~i 
and IreS1ne L1ndem was determined by the n.Imber of roots per rooted cutting 
the length of .ro~t mass <lnd d~ weight of roots. Each of the th~ factors gav~ 
at lea~t o~e slgnI~cant e~ect with both plants. Iresine Lindeni cuttings showed 
tw_0 slgmficant mteractlons, one between organic mercury and indolylacetic 
aCid ~n the nu~ber. of roots per rooted cutting, the other hetwt!Cn sugar 
and mdolylacetlc aCid on the length of root mass. Dormant Lan,cera 
tartarica cuttings showed significant effects from indolylacetic acid on the 
number of cuttings rooted, the number and length of roots per rooted cutting, 
the mean root length, and fresh root weights. Green leaf weights of this 
plant were significantly affected by sugar, and the sugar X organic mercury. 
and sugar X organic mercury X indolylacetic acid interactions. Fret;h root 
weights also gave a significant triple interaction. The number of Physocarpus 
opuJifolius cuttings rooted was significantly increased by organic mercury as were 
the dry root weights. Root weights also were affected by sugar treatment. This 
plant failed to make any significant response to indolylacetic acid treatment. 

The results indicate that cane sugar and ethyl mercuric phosphate. as well as 
indolylacetic acid, affect some of the rooting responses of plant cuttings. It is 
suggested that the dust method of treating cuttings may be used to supply 
factors, other than the recognized growth stimulating chemicals, that are advan­
tageous to successful vegetative propagation of plants. 

The carrier dust method of applying root growth promoting chemicals to 
plant cuttings has been shown to be both effective and convenient (6). 
Preliminary work on the use of hormone dusts as a vehicle for nutrient salts 
indicated that improved rooting could be effected by this means. While 
numerous factors are known to influence the response of plants to growth 
stimulating chemicals, considerable work has been done on the effects of 
sugars and auxins (1-3, 5, 8, 10, 12-15, 17, 18). In consequence, detailed 
study has been directed first to hormone dust mixtures containing sugar. 
The effects of nutrient salts are under consideration also and will be reported 
later. The present communication describes the results of experiments in 
which cuttings were treated with a series of talc dusts containing indolyl-3-
acetic acid, cane sugar, and an organic mercurial disinfectant, ethyl mercuric 
phosphate. Although organic mercurials are used extensively in seed disin­
fection, little is known as to their effect on the rooting responses of cuttings. 
The organic mercurial disinfectant was used in an effort to provide against 
the possibility of infections from the use of dusts containing large amounts of 
sugar. 

• =b:f!:../,::..7.. A:;::::t.:.~/:l!gy and Agricuilwe, NaJionoJ lIe_reh Laborallwiu, 
au...... N.R.C. No. 844. 

• Bioc1lemisl, NtIHoMl Research I..oboratof'ies, 0UaTlJ(J. 
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Experimental 

The effects of the three chemicals, cane sugar, ethyl mercuric phosphate. 
and indolylacetic acid, were investigated by an experiment of factorial design. 
The series of dust mixtures comprised cane sugar at five concentrations, 
namely, 0, 1.5, 10, and 20%, in combination with ethyl mercuric phosphate 
at 0, la, 50, and lao p.p.m., and indolylacetic acid at a and 1000 p.p.m. 
The complete series of possible dosage combination of the three chemicals 
required the preparation of 40 different dusts. There were three replicates 
of the 40 indi,,~idual treatments and one level of precision for all the different 
comparisons. This factorial arrangement is highly efficient in that it enables 
thf' use of the entire 120 groups of cuttings in determining the effect of each 
chemical or interaction. 

The dust mixtures were prepared in talc by the grinding mix method (6). 
Firstly, dusts containing 10,000 p.p.m. indolylacetic acid and 1000 p.p.m. 
ethyl mercuric pho~phate were prepared. These were then diluted with talc, 
and cane sugar was added directly to give the various concentrations and 
mixtun's ff'quired. Th(' source of the ethyl mercuric phosphate was a com­
mercial seed disinfectant that contains 5~ of the salt by weight. Analysis 
of the mercurial disinfpctant disclosed that the P205 content was approximately 
1. Oj~,. * This means that dusts containing 10, 50, and 100 p.p.m. of ethyl 
mercuric phosphate carry approximately 2, 10, and 20 p.p.m. of P205 res­
pectively. Preliminary experiments with the organic mercurial in talc 
indicated that 1000 p.p.m. had a markedly damaging effect on several varieties 
of plant cuttings; this damage was reduced but apparent at 500 p.p.m.; 
however, injury could not be detected visually when 100 p.p.m. or less was 
used. 

Four varieties of plants wefe used in the investigation. Cuttings of two 
herbaceous plants, Iresine Lindeni Lem. and Coleus Blumei Benth., provided 
data on the effect of treatments on the number, mass length, and weight of 
roots. Since rooting was almost 100% for all treatments, these plants did 
not give information on the initiation of roots. Cuttings of Iresine Lindeni, 
10 cuttings to a group, were treated and planted August 17, 1938, in an out­
door propagation frame containing brown sand, and covered with a factory 
cotton screen. The cuttings were taken up for measurements September 9, 
1938. Coleus Blumei cuttings,S to a group, were planted in an identical 
frame August 20, 1938 and removed September 14, 1938. Two species of 
dormant woody cuttings were placed after treatment in an indoor propagation 
frame containing brown sand and equipped with bottom heat. The sand 
temperature was thus maintained at about 72 0 F., while that of the room was 
about 65° F. Both varieties had 10 cuttings in a group, and observations were 
made of the effect of treatments on the rooting of the cuttings, as well as 
effects on number and lel'gth of roots. Physocarpus opulifolius Maxim . 

• TM analysis was carried out by Mr. C. W. DlJ:vis,~Division of Chemistry, National ResearcIJ 
Laboratories. 
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cuttings· were treated October 20, 1938 and removed. for rnpasurements 
December 14, 1938. Lonicera tartarica L. cuttings were tn'atl"d March 30, 
1939 and removed l\lay 1. 1939. 

Freshly prepared cuttings were dipped in dust in groups of 10 cuttings 
(5 in the experiment with Coleus). The group was given a few quick turns 
in the dust, withdrawn, and shaken to remo\"e excess. Trt'atro cuttings 
carried a fairly uniform layer of dust over the cut ends and up the stt"ffi from 
the base for a distance of about 1 in. They wen' planted in fairly wide 
trenches in sand to avoid rubbing off appreciable amount~ of the adhering 
dust preparations. The dusts containing 2V:;, of cane sugar had a tendency 
to cake. However, the bottle was shaken and, if necessary, the dust poured 
out on paper and any cakes wefe pulverized with a ~patula. Changl~s in dust 
consistency become more marked above the 20r;-. level, and for this reason 
that concentration of sugar was chosen as the maximum. 

The number of roots was counted on each rooted ht'rbact'ous cutting and 
expressed as the number of roots per rootf'd cutting for each group. One 
measurement was made of the length of the root mass of each cutting and 
expressed as mean length of root mass pt'r group. \\"hilc individual root 
lengths are to be preferred, the large number of roots renderf'd such measure~ 
ments impossible in a reasonable time. Finally, dry root weights wt.·re deter­
mined for each group of cuttings. This was done by determining the difference 
in the weight of washed roots dried at 95 0 C., before and after ashing-. 

The number of dormant cuttings rooted per group was recorded and counts 
were made of the number of roots on each cutting. Total root length per 
rooted cutting was measured and mean root lengths calculated. Root weights 
were also obtained, dry weights for the roots of Physocarpus opulifolius and 
fresh root weights (7) for Lonicera tartarica. In addition, the weight of 
green leaf produced by each group of Lonicera cuttings was determined. 

All the data for both herbaceous and dormant woody cuttings were sub­
jected to analyses of variance. 

Results 

The results are presented in two parts; the first deals with the responses 
of herbaceous cuttings, the second with those of dormant woody material. 

RESPONSES OF HERBACEOUS CUTTINGS 

The results of analyses of variance of the data secured are given in Table I. 
It is apparent that indolylacetic acid had highly significant effects on the 
number of roots per rooted cutting and the dry weight of roots of both plants. 
but significantly affected the length of root mass of Iresine only. Sugar and 
organic mercury showed significant effects in at least one species on each of 
the three responses studied . 

• The prepared cuttings were supplied by the Federal DiJlrict CommissUm, Ottawa, through the 
kindness oj Mr. E. 1. Wood. 
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TABLE I 

ANALYSIS OF VARIANCE OF ltESPONSES OF HERBACEOUS CUTTINGS TO TALC DUSTS CONTAINING 
CANE SUGAR, ETHYL llERCt}RIC PHOSPHATE, AND INDOLYLACRTIC ACID 

Source of variance 

Blocks 
Indolylacetic acid domge 
Sugar dosage 
Orpnic mercury dOSBllt' 

Interaction 
Sugar X organic mercury 

domge 
Interaction 

Sugar X indolylacetic 
acid dosage 

Interaction 
Organic mercury X 

indolylacetic add 
dOSllit' 

Interaction 
Sugar X organic mercury 

X indolylacetic acid 
dosage 

E=, 

Degrees 
of 

freedom 

12 

12 

I 78 

Mean Square 

Number of roota per Length of root maM, 

cutting rooted 

lreeine Coleua f~;n. I Co"u, 

I 115.64' 
-

~1t82.21·"· 99.56 
i 2020.48"· 4040.28·" 3525.17··· 61 20 

88.27'" 169.05- 26.38 344.11·· 
94.20· 29.20 29.50 I 247.13* 

31.40 35.63 21.24 60.66 

1064 54.86 73.99· 66.67 

150.19·· 68.19 10.83 59.33 

41.83 79.41 

I 
14.15 73.63 

29.45 47.66 25.83 88.82 

• Exceeds mean square errflr, 5% level of significance . 
•• Exceeds mean square error, 1% level of significance . 

••• Exceeds mean square error, 0.1% level of significance. 

Dry weieht of roots, 
gIn. X 1000 

lresine Colem 

4.795··· 23.109·· 
6.873··· 40.095··· 
0.537 7.0iS'" 
0.522 0.940 

0.181 1.669 

1.008 2.191 

0.348 2211 

0.347 3.039 
0.458 2.653 

Two significant interactions are to be noted, the first between organic mercury 
and indolylacetic acid dosage on the number of roots per rooted cutting of 
I resine, and the second between sugar and indolylacetic acid dosage on the 
length of root mass of the same species. It is also apparent that the number 
of roots per rooted cutting was the measurement least affected by block 
variation; this observation has been noted on several occasions. 

The treatment averages in Tables II and III indicate the nature of the main 
effects demonstrated by the analyses of variance. Averaged over all conM 

centrations of sugar and mercury, treatment with 1000 p.p.m. indolylacetic 
acid increased the number and dry weight of roots of both plants, but decreased 
the length of root mass of ITesine. Sugar treatment increased the number, the 
length of root mass and weight of roots of Coleus,. however, it decreased the 
number of roots per rooted ITesine cutting significantly at the 5 and 10% 
levels. Organic mercury decreased the length of root mass of Coleus and 
increased the number of roots per rooted ITesine cutting. 

The data in Table IV show the average interaction effects over aU sugar 
dosages of organic mercury and indolylacetic acid on the number of roots 
per rooted ITesine cutting.. It is apparent that organic mercury alone failed 
to affect the number of roots significantiy .. though a slight reduction is sug­
gested with increasing concentration. . Indolylacetic acid alone did not 
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TABLE IV 

AVERAGE'RESPONSES OF Iresine Lindeni CUTTINGS FROM THE INTERACTION OF I1<t"DOLYLACETIC 
ACID AND ETHYL MERCGRIC PHOSPHATE DOSAGE 

Ethyl mercuric phosphate. p.p.m. 

10 50 100 

Indo!yl­
acetic 
acid, 

p.p.m. 
----------:·---'--'----1---1---------

N umher of roots per rooted I 
('u1\ing 

Necessary difference, SS-; lcyeJ I 

o 
1000 

26.2 
29.3 

27.4 
33.6 

24.9 23.4 
3S.3 33.6 

3.96 

incrcast~ the number of roots to a significant extent. However, significant 
increases followpd combination with the three organic mercury levels, the 
maximum response being secured by the use of 50 p.p.m. 

Table V shows the average effects over all mercury dosages of indolylacetic 
acid and cane sugar on the length of the root mass of Iresine cuttings. The 
only significant effect of sugar without indolylacetic acid was a reduction in 
length at the 207~, level oyer that at the 1 % concentration. Indolylacetic 
acid alone reduced. the length markedly: with 20<70 sugar the length was 
significantly increased over thE' value at 10%. The 20% sugar concentration 
appears to protect the plant by decreasing the tendency to shorten the length 
of root mass. 

TABLE V 

AVERAGE RESPONSES OF Iresine Lindeni CUTTINGS FROM THE INTERACTION OF IN"DOLYLACETlC 
ACID AND CANE SUGAR DOSAGE 

Indolyl- Cane sugar, % 
acetic 
acid, 

p.p.m. 0 1 5 10 W 
--------1---------------1--

Length of root mass, mm. 

Necessary difference, S% level 

o 
1000 

40.6 
2SA 

41.0 
27.9 

37.4 
27.9 

RESPONSES OF DORMANT WOODY CUTTINGS 

39.2 
25.1 

36.S 
31.1 

4.2 

The results of analyses of variance of the responses of dormant woody 
cuttings to the various talc dusts are given in Table VI. Organic mercury 
had a highly significant effect on the number of rooted Physocarpus cuttings 
and on the dry root weights. These effects from treatment of cuttings 
with organic mercury are noteworthy. Sugar treatment had a significant 
effect on the root length Per rooted cutting and on the dry weight of 
roots of Pkysocarpus. This plant, however, . failed to show any significant 
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response to indolylacetic acid treatment. Loniara. on the other hand, showed 
significant responses to indolylacetic acid, the g-reen weight of leayt's produced 
being the sole exception; furthermore, in only one instance did tht' It'vel of 
significance fail to attain the O.l~ point. Sugar had a siRnificant efft'ct on 
the weight of green leaf; this respon~, also, indicates sij.!nificant intf'ractions 
between sugar and organic mercury and sugar, organic mercury, and indolyl­
acetic acid. Fresh root weights bring out another significant triple interaction. 
On the whole, the two experiments fail to show very significant block effects. 
However, the green weight of leaf of Lonicera cutting-s shows a very highly 
significant block variation. This block effect appears to have been largely 
due to differences in light; the blocks recei\'ing the greater intensity of light 
showed substantially more leaf production. 

The significant responses of Physocarpus cuttings are given in Table VII. 
lt is apparent that organic mercury increased the number of cuttings rooted 
at all three concentrations, which do not differ among themselves. On the 
average, marked stimulation of dry root weight resulted from organic mercury 
treatment, the 100 p.p.m. level being significantly above the 10, although not 
above the so. Average dry root weights at 5, 10, and 20~;_, of sugar were 
significantly better than that at 1 '70 sugar, but wen" 'not significant.ly greater 
than the value at zero sugar. Sugar at the 570 level significantly increased 
the length of root per rooted cutting. 

Average effects over all dosages of sugar and mercury of indolylacetic acid 
on Lonicera cuttings are given in Table VIII. Indolylacetic acid increased 
the percentage of cuttings rooted, the number and length of roots per rooted 
cutting, the mean root length and the fresh root ,veight. The substantial 
increase in mean root length is of interest, as solution t.reatment usually reduces 
the length if the effect is significan t. 

TABLE VIIl 

AYER.AGE RESPONSES OF Lonicera tartarica CUTTI~GS TO DVST TREATldENT WITH I"'"DOL\'LACETIC 
ACID 

Data are means of 60 groups of 10 cuttings 

i I i 
!\ umber of cuttings 

Indolyl~ rooted ~umberof Root length I Mean Fresh 
acetic roots per pe' moted I root root 
acid, Trans·t rooted cutting, length, weight, 

p.p.m. formed Per cent cutting mm. mm. gm. 
data 

I I 
0 35.21 34 3.4 127 37.6 

I 
0.345 

1000 46.81 53 5.3 247 47.1 0.990 

t Data t,ansfornud to angles (4 J. 

In Table IX are shown the average effects of sugar treatment over both 
indolylacetic acid dosages, and the sugar X organic mercury interaction on 
the green weight of leaf of Lonicera. The 1 % sugar mean does not differ 



330 CANADIAN JOllRNAL OF RESEARCH. VOL 17, SEC. C. 

TABLE IX 

A VERMiE GREEN WEIGHT 0J0' LEAVES OF Lonicera tartarica CUTTINGS ON DUST TREATMENT WITB 
CANE SUGAR A:r-.""D ETHYL MERCt;RIC PHOSPHATE 

Ethyl mercuric Cane sugar, % 
phosphate, 

p.p.m. 10 20 

0 S.10 S 17 8 02 6.12 7.25 
10 8 29 i .60 622 6.27 i .57 
50 8.52 8.40 8.27 7.22 7.38 

100 S.23 7.55 7.18 8.65 7.67 

Mean .. for sugar 
treatments 8.28 7,93 7.42 7.06 7.47 

N('cc:..!oary difference, 5% level, interaction 1.34, treatment means 0.67 

significantly from the control. The 5, 10, and 207(' sugar means are all sig­
nificantly below the control, but do not differ significantly among themselves. 
The 10C:{, mean also is significantly below the 1 ~{mean. The sugar X organic 
mercury interaction appears to be such that at the 0, 1, and 20% sugar levels, 
mercury had no significant effect. At the 5 and 10% sugar levels, on the 
other hand, mercury had a detrimental effect at the 10 p.p.m., and at the 0 and 
10 p.p.m. concentrations respectively. 

In Table X are given the average effects of sugar and organic mercury on the 
response of leaf weights of groups of Lonicera cuttings to indolylacetic acid 
treatment. The leaf weights are given in the form of differences between values 
obtained with and without the use of indolylacetic acid, permitting examina­
tion of the triple interaction. At 0 and 5% sugar levels, the addition of 
10 p.p.m. organic mercury produced significant reduction in response to indolyl­
acetic acid, while at the 100/0 sugar level 100 p.p.m. organic mercury is neces­
sary to produce injurious effects. However, the 20% sugar level has signi­
ficantly detrimental effects at zero organic mercury, and the addition of 
organic mercury reduced the effect to insignificance. 

TABLE X 

INTERACTION OF EFFECTS OF CANE SUGAR, £THYL MERCURIC PHOSPHATE, AND INDOLYLACETIC 
ACID OK THE WEIGHT OF LEAVES PRODUCED BY Lonicera tartarica CUTTINGS 

Differences in leaf weight, gm. 
(Differences between groups re­

ceiving and not receiving 
indolylacetic acid) 

Cane sugar, % m~;~~~c I pho,phate,i---,-----,---------,-,---­
20 p.p.m. 

o 
10 
50 

100 

10 
I----I-----I-----~---"----

I
-g ~g 
-0.45 

0.13 

0.23 0.78 
0.43 -0.78 
0.30 0.13 

-0.65 -0.08 

0.08 -1.38 
0.33 0.07 

-0.22 -0.22 
-1.35 -0.37 

Necessary difference, 5% level, 1.34 
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The ~verage eff~cts of sugar and organic rnt>rC'ury on the response of fresh 
root welgh.ts are glven in Table XI. The fresh root weights are given in the 
form of dIfferences between values obtained with and without the use of 
indolylacetic acid, permitting examination of the triple intt'raction on thl" 

fresh root weight of Lonicera. It appears that in the ahst·[H't.' or mercury, 
indolylacetic acid has a significant effect at the 5(~(, sugar }t'\,el. \Vith 5(,"'0 
sugar the addition of 10 p.p.rn. organic mercury reduct's the t>ffeC't to insig­
nificance, but the effect reaches significann" again at the 100 p.p.m. concen­
tration of organic mercury. \Yith tWO;, sugar the addition of to p.p.m. 

organic mercury does not red ure the effect, btl t this does occur at the 1 no 
p.p.m. organic mercury concentration. In other words the organic mercury 
effect reverses from 5 to lOSe sugar levels. 

TABLE XI 

INTERACTION EFFECTS OF CANE SVGAR, ETHYL MERCt.:RIC PIW5f'UATE, ANI> INDOLYLACETIC 

ACID OK THE FRESH ROOT WEIGHT OF CUTTJ:\'GS OF Lonit..l'ra lartarica 

! m;:(~:~~t. ' C~lflC sug-ar. S'~ 

phosphate, 1----------·------
__________ 1_p_·"_·m_·_

i 
__ O __ I __ I_! __ .l_! ___ IO_!_2_0_ 

DifferenC'es in fresh root weights, I 0 0.1.3 I 0.16 I O.Bl I 0.58 i 0.11 
gm. I 10 0.23 0.42 -0 14 () Xl j () 21 

(Diff;;~~~~~g ~~dV.~~~ re;:i~i~;! 1~ 3:j; I g:i~ I 2.j6 1-3:ij i-g:~g 
indolylacetic acid)' . I ! I 

Necessary difference, 5% level, 0.56. 

A factorial series of dusts containing cane sugar, ethyl mercuric phosphate, 
and indolylacetic acid has also been applied to dormant cuttings of Norway 
spruce. Significant effects from all three factors were obtained on the length 
of root per rooted cutting and the interactions between sugar and indolylacetic 
acid, and sugar and organic mercury also were significant. These results will 
be given in detail shortly in a publication dealing with the vegetative propaga­

tion of conifers. 
Conclusions 

Each of the three chemicals, cane sugar, ethyl mercuric phosphate, and 
indolylacetic acid, had a significant effect on at least one of the responses of 
both herbaceous plants studied. Significant interactions of organic mercury 
and indolylacetic acid and sugar and indolylacetic acid were shown by Iresine 
cuttings. However, the response of both plants was not always the same to 
a given chemical. For instance, sugar treatment increased the number of 
roots on Coleus cuttings but decreased the number on Iresine cuttings. It 
must be pointed out that physiological activity has been determined by the 
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responses of cuttings that actually rooted, and it may not be inferred that all 
three chemicals will be effective in the treatment of herbaceous cuttings that 
root with difficulty. It seems reasonable, however, to expect that treatments 
which have a beneficial effect on the number of roots, the length of root mass, 
and the root weight will be of value in promoting the successful propagation 
of healthy vigorous plants from cuttings. 

The dormant woody cuttings also showed significant effects from the three 
chemicals. Very highly significant effects from indolylacetic acid are shown 
by cuttings of Lonicera. The green leaf weights of this plant indicated sig­
nificant sugar effects and an interaction between sugar and organic mercury 
and an interesting triplt> interaction; the latter was also shown by the fresh 
root weights. Physocarpus failed to respond significantly to indolylacetic 
acid in every case, but gave two highly significant effects from organic mercury 
and two less significant effects from sugar. The results from the two varieties 
of dormant woody cuttings consequently also suggest a measure of physiological 
activity for each of the three substances studied. The rather slight positive 
and detrimental effects from sugar suggest that dormant woody cuttings have 
an adequate reserve of carbohydrate material. 

One of the most interesting features of the results is the physiological activity 
of organic mercury. Conflicting claims have been made for organic mercurials 
as stimulants to germination and the early growth of seedlings (9, 16). These 
results for the responses of cuttings certainly suggest physiological activity 
rather than mere fungicidal effects, though the latter may be a factor when 
sugar is present. However, it must be pointed out that a smaIl but appre­
ciable amount of phosphate is present along with the organic mercury. While 
it is unlikely that the marked activity of 10 p.p.m. ethyl mercuric phosphate 
can be attributed solely to the 2 p.p.m. P,O, present, this possibility must be 
considered. Experiments now under way involve the use of organic mercurial 
preparations free from phosphate. 

The results, as a whole, suggest that the dust method of treating cuttings 
may be used to provide accessory factors along with recognized growth 
stimulating chemicals such as indolylacetic or naphthylacetic acids. This 
conclusion is borne out by the results of Stoutemeyer, who has effected im­
proved rooting through the addition of thiourea to treating dusts (11). Before 
optimum combinations and concentrations can be established, extended 
experimentation will be required with cuttings from a wide variety of plants, 
and with carbohydrates, nutrient salts, and other possible factors. 
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RESPONSES OF DORMANT CUTTINGS OF LONlCERA 
TARTARICA TO SOLUTIONS OF CANE SUGAR 

AND INDOLYLACETIC ACID' 

By ~. H. GRACE' 

Abstract 
Cuttings of dormant Lonicera tartarica, collected in March, were treated 

with a factorial series of indolylacetic acid and cane sugar solutions. Indolyl. 
acetic acid was used at COllcentrations of 0, 10,50, and 100 p.p.m .• while cane 
sugar was present at 0, 1, 5, and 10%. lndolylacetic acid treatment greatly 
increased the percentage of cuttings rooted, the number and length of roots per 
rooted cutting, the fresh root weight and the green weight of leaf produced. 
Cane sugar treatment alone or in combination with indolylacetic acid failed to 
show any significant effects, suggesting that dormant cuttings of this plant have 
an adequate reserve of carbohydrate material. 

Apart from a somewhat greater effect of treatment on the percentage of 
rooting-, the results are III essential agreement with those previously secured from 
dormant October cuttings. In comparison with a parallel experiment on the 
dusting of March cuttings propagated in the same frame, solution treatment 
had the greater effect on all the responses considered except green weight of leaf 
produced, which was greater following dusting, 

A recent communication describes the effects of treating Lonicera tartarica 
cuttings with dusts containing cane sugar, ethyl mercuric phosphate, and 
indolylacetic acid (2). Since there are some differences in the response of 
plant cuttings to the dust and solution methods of treatment, it was considered 
of interest to carry out an experiment in which cane sugar and indolylacetic 
acid were applied by solutions. The present communication describes an 
experiment that investigates the effects of both these factors and their inter­
actions, using the solution method of applying the chemicals to the cuttings. 
The cuttings \vere from the same collection of material and propagated in 
the same frame as in the series of dust treatments mentioned (2). This fact 
permits a rough comparison of the responses of cuttings of this plant to the 
dust and solution methods of applying indolylacetic acid. 

The responses of this l\1arch collection of Lonicera tartarica cuttings also 
are compared with those obtained with an October collection and treated 
with the same concentrations of indolylacetic acid (3). 

Experimental 

The experiment was of factorial design; cane sugar and indolylacetic acid 
were used at four concentrations, namely, 0, 1, 5, and 10% of the former, 
and 0, 10, SO, and 100 p.p.m. of the latter in solution. Indolylacetic acid 
solution was made by dissolving 0.2000 gm. of the pure chemical in 2 cc. of 
95% alcohol and making up to one litre with distilled water, giving a 200 p.p.m. 
solution. A solution of 20% cane sugar was prepared by dissolving the com­
mercial product in water. These two solutions, by dilution and mixing, 

1 ~::::t::t! =ieAD!.::t:~J~~gy and Agriculture, NationoJ Research LahoralQries. 
DU.",.. N.R.C. No. 843. • 

S BiocMmist, National Research Laboratoriu, CJUavm. 
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enabled the ready preparation of each indjvidual concentration and mixture 
required. All the solutions were made with distilled water. 

Each of the 16 possible combinations of indolyiact"tic acid and sugar was 
applied to four replicate ~roups of 10 cuttin~s. The cu\tin~" (640 in all) 
were dormant material, 1938 wood, and were about 12 in. long. TIlt'y W('re 

treated in groups of 40 cuttings (the four replicates) with ISO cc. of solution 
in 400-cc. beakers. The cuttings were held in the laboratory at approximately 
72

0 
F. for the treatment period of 24 hr. They were then rinsed and planted 

immediately in brown sand in a propagation framf' equjppt'{J with hottom 
heat cables. The planting arrangement was in the form of four randomized 
blocks, each containing one replicate (10 cuttings) of each of thf' 16 treat~ 
ments. The sand temperature was maintained at 72 0 F., whilt." the rOOm 
temperature ranged close to 65° F, The large dust series of Lonirera cuttings 
mentioned was present in the other end of the same propagation frame, 

The cuttings were planted March 31, 1939, and removed for measurement 
l\1ay 5. Record was made of the number of cutting~ rooted in each gnJUp, 
the number and length of roots pt'r rooted cutting, the mean Toot Jength, 
fresh root weights, and the weight of green leaf produced. All the data were 
subjected to analyses of variance. 

Results 

In Table I are given results of the analyses of variance of the several 
observations made on the rooted cuttings. Highly significant effects from 
indolylacetic acid were shown by five of the six responses examined; the mean 
root length was not affected. Cane sugar treatments alone, or in interaction 
with indolylacetic acid, failed to show any significant effects. Furthermore, 

TABLE I 

ANALYSIS OF VARIANCE OP RESPONSES OF DORl.l}l.NT Lonuera tarta,.iw CUTTINGS TO 
SOLUTIONS OF CANE SUGAR AND INDOL l'LACETIC ACID 

Source of 
variance 

Mean SQuare 

De~ I-N-u-m-""--N-um-""-O-'-Len-gili-O-, .,-------.,--.,--,,_--

roots per roots per Mcao: Fresh weipt 
cutting!! rooted rooted root root of 

0' freedom 

rooted cutting cutting. 1enllth weiallt leave. 

-----1---1-----1---------
Blow 2i.l{) 10.23 .,"', 464.43·· 
Cane sugar d088ge 26.04 19.01 11583 31.60 
lndolylacetic acid 5101.05··· 944.43··· 971896··· 158.68 

doaage 

I 
38502 149.95 Interaction cane 255.69 19.55 

augar X indolyl. 
ace.tic. acid dOll&&e 

e"", 4S 132.74 I 19.0J 29J94 98.76 

t D4Ia tr .... furmd for .nalysis of variance. '''g#lar metIrod (1) . 
.. Es:cecds mean square error, 1% level of signifo;a,nce. 
.. &ueds mean square en-or, 0.1% k:rJd of ngniji.ronu. 

(L85OO 4.103 
0 ..... 1.115 

46.6113··· 41.265·" 

0.8851 2.562 

1.2548 2.510 
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block variations are negligible except in the case of mean root length, in whid 
they attain the 1 % level of significance. 

In Table II are given data (averages for all sugar dosages) for the significant 
responses of Lonicera cuttings to indolylacetic acid. The 10 p.p.m. mean is 
significantly above the 0 value, indicating an increase in the number of 
cuttings rooted. The 50 and 100 p.p.m. concentration means are significantly 
above both the 10 and 0 p.p.m. values, but do not differ significantly between 
themselves. 

The 0 and 10 p.p.m. c()ncentration means do not differ in their effect on the 
number of roots per rooted cutting. The 50 p.p.m. mean is significantly 
above hoth the 0 and 10 p.p.m. means hut below the value at 100 p.p.m., 
which affects the number of roots per rooted cutting most markedly. Treat­
ment effects are in the Same order by concentration, for the length of root 
per rooted cutiing, the 100 p.p.m. treatment giving significantly more length 
of roots than any other. 

TABLE II 

A VERA"E RESPONSE OF DORMA!'."T Loniccra tartarica CUTTI~GS TO SOLUTIONS OF 
IKDOL YLACETlC ACID 

Data are means of 16 groups of 10 cuttings 

I 
Indolylacetic acid solution, p.p.m. Kecessary 

difference, 
10 50 

I 
100 5% level 

Numher of cuttings rooted of 10 planted I 
1-

Transformed dataf i 37.6 48.8 74.1 72.0 8.2 
Per cent rooted 38.1 56.3 87.5 88.8 

------
Number of roots per rooted clltting 5.1 5.0 13.1 21.1 

------
Length of roots per rooted cutting, mm. 203 184 527 684. 122 

-
Fresh root weight, gm. 0.46 0.71 3.19 3.82 0.80 

Green weight of leaves, gm. 5.37 5.61 8.81 7.31 1.14 

t Data transformed for analysis of mriance, angular method (1). 

While the 100 and 50 p.p.m. concentrations both significantly increased 
the fresh weight of root, the values do not differ between themselves. There 
is no significant difference in the root weight at the 0 and 10 p.p.m. levels. 
In like manner the 50 and 100 p.p.m. treatments increased the green weight 
of leaf without differing between themselves, and the 0 and 10 p.p.m. con­
centrations do not differ. 

The absence of significant effects from cane sugar on solution treatment of 
Lonicera cuttings suggests that some varieties of dormant cuttings have 
adequate reserves of carbohydrate material. It is of interest to point out 
that dust sugar treatments gave some significant effects, chiefly damaging in 
nature (2), as statistically' significant effects were obtained by this method 
of treatment. 
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COMPARISON OF RESPONSES OF OCTOBER AND .:\lARCH COLLECTlO!"JS 

OF Lonicera tartaritTl CrTTI:\'GS 

In Table III are given treatment aY('rages expresst'd as an a\'(_'rag~ of the 
control for the responses of October and .\-larch collf'ctions of dormant Lonicera 
cuttings to solution treatment with indolylaretic acid (3). This method of 
presenting the data reduces thl" various respol1st's to a common levd and 
permits ready comparison of the efff'cts of tn'atrnl'nt. Trl'atment dlt'(.:ts on 
the numb~r and .le~gth of roots per rooted ('utting and thl' mean root It'ngth 
are essentIally simIlar for both October and ::\larch coll('dions of dormant 
material. Treatments had a somewhat gn'att'r t'iTt'ct on numlwr of cuttings 
rooted for the 1\'1arch collf'ction. Howf'\,e[, thi~ fact i~ dlJt> largelv to the 
greater rooting of the October controls, 59(;; againgt 38r ;, for th(' r\,larch, a 
fact which may be due to the presence of 100 p.p.m. K::lH)04 ratht'r t.han 
differences in the material at the two dates (3). 

TABLE 11I 

COMPARISO:-<" OF RESPONSES OF OCTOBER ,,:-;0 ;\fARCH COLl.ECTIO~S 01" DORMAST 
Lonicera tartarica CUTTINGS TO I~j)OL YLACETIC ACIH SOLUTIONS 

Month of 
collection 

Treatment averages expressed as average of control 

I I --~--'':-=:';: 

I Indol~lacetc I Per rooted cutting , Mean Fresh Green 

I 

aCid solution Cuttings ______ 1 root WCIlI:ht weight 

concentration, I' mated !\umberof Length of I length of of 
______ ppm roots I mota roots leuve9 

I 
10 1-1 -16 1-1 -01 -;;-;'-I-;;-;~ -----October 
50 1 42 297 245 I 0 RI 

______ 1 100 11 59 4 25 3 29 0 80 

March I!~ ~ ~~ ~ ~~ i ~:~ I ~ ~~ I~\I-:: 
100 2 33 4 14 3 37 0 85 8 29 1 36 

I 

It is apparent from the data on number of cuttings rooted, for both coHee· 
tions, that there was slight difference between 50 and 100 p,p.m., indicating 
a levelling~off of effect. This tendency is not shown by the effect of treat~ 
ment on number or length of roots per rooted cutting; with these responses the 
effects were markedly greater at 100 p.p.m. than at the 50 p.p.m. level. It is 
indicated that number and lengths of root per rooted cutting con tinued to 
increase with indolylacetic acid concentration even though the effect on rooting 
approached a constant level. It also is evident that a substantial increase in 
rooting can occur without marked effects on the number or length of roots. 
The weight of green leaf produced showed a maximum effect at 50 p.p.m. 

COMPARISON OF EFFECTS OF SOLUTION AND DUST METHOD OF TREATMENT 

ON RESPONSES OF DORMANT Lonicera tartarica CUTTINGS 

Comparison of the results of this experiment with one in which Lonicera 
cuttings from the same collection were treated with dust preparations, in· 
dicates somewhat greater effectiveness for the solution method of applying 
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indolylacetic acid to this plant (2). It may be seen that 1000 p.p.m. of 
indolylac(,tic acid in talc, over all dosages of sugar and organic mercury, 
effected 53% rooting, while 10 p.p.m. in solution rooted 56% of the cuttings. 
Solution treatment had the greater effect on all the responses excepting the 
gret'll weight of leaf produced, which was 7.5 gm. per group of 10 cuttings 
on 1000 p.p.m. dust treatment, and 7.2 gm. on solution treatment, a mean 
of the values at the three solution dosages. The results suggest that 1000 
p.p.m. inuolylacetic acid in talc (used nine months after preparation) had 
about the same effect as a 10 p.p.m. solution treatment. A somewhat higher 
concentration of indolylacetic acid in talc would therefore appear to be required 
to give the rooting effected by solutions on this plant. The relative effective­
ness of the dust and solution methods of treating cuttings with growth stimu­
lating chemicals would appear to vary with different plants, since Ribes 
odoratum showed dusts of indolylbutyric acid somewhat more effective than 
solutions (4). 
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BUD DEVELOPMENT FOR THE FRUIT·BEARING SPUR 
OF THE WAGENER APPLE' 

By HUGH P. BELL' AKD JEAN W. McLELLAN' 

Abstract 

,The complete development of the growing tip of the lateral fruit spur of the 
Wag~ner apple, from the time of it:; initiation until it produce!' mature fruit. 
requires four sea~ons. These are referr!:'!d to as years I, II. III, and IV. The 
development durmg years I. II, and III may he divided into six typiral phases. 
The growth dunng each of these phases is characteristic and different from that 
of any other stage. The phase just helor ~ initiation of the flower extend!! 
through June and the first half of July of year III ("off"). During this period 
the crown broadens and flattens, the pro·meristenmtic tissue !Jecomes shallow, the 
scale and leaf primordium baReS remain level with the crown and the pro-vascular 
strands and pith bt;co~e. l~r?adly he;nispherical. This phase is followed hy 
fiov.;er formatlon, which 15 lnlt1ated dunng the last part of July, by the triaTlj{ular, 
honzont;~.I. upper surface o( t~e crown becoming circular and developing five 

~~~r~i:~~:,I,\~~rit:hiat~~~Tfl~~.e~:;::·ax1~~ ~~~~rigi~U~~d a~~:ar"~~(~~r~~ 
petal succeSSlOn. It is suggested that the changes occurring in the tip of the 
"off" spur during June, namely, the broadening and flattening of the crown, etc., 
may be an indication that physiological differentiation of the crown into flower­
forming tissue is taking place. 

Introduction 

339 

The investigation reported below was undertaken at the request of Mr. 
J. F. Hockey, Pathologist-in-charge, Laboratory o[ Plant Pathology, Kent­
ville, Nova Scotia. The original purpose of the study was to determine for 
Kentville. Nova Scotia, the time during which the vegetative bud terminating 
the fruiting spur on the apple tree becomes differentiated into a flower bud. 

Review of Literature 

Date for the Earliest Initiation of Flowers 

This is the first investigation of the subject for Nova Scotia, but a large 
number of investigators have reported on this point for other districts. Table I 
gives some of the dates that have been determined at other Stations for the 
earliest indication of flower bud formation. 

It is evident that there is some variation in these dates. but it is reasonable 
to expect that there would be such a range, for there is a similar difference 
in the times [or blossoming. 

Criteria for Identifying the Earliest Stage of Flawer Formation 
Before the time of flower bud initiation could be determined, it was necessary 

to understand the morphological features by which the first stages could be 
recognized, Various descriptions of the first indication of flower formation 

1 -r:b:1t:,."N~~~fr~CBo':::n~· ;!18Plam Pathology, Science Sen1ice, Department oj 
Agricv.ltwe, 0Ua'WG. Canada; co-operating with the Department of Biology, Dalho1uie University. 
Halifax, NOfI4 Scotw.. 

2 Projeuor oj Botany. DallKrusU Uni1lermy. Halifax. Nova Scotia. ,. 
Stwknt AssUlaftl, lAboratory of Plant Potiwiogy, K_., NON Scot.,., 
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Goff 
Drinkard 
Krau!i 
Bradford 
Mag-up".., 
Kirby 
Tuft;. and \lorww 
Ranker 
Rai>mUShCn 
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TABLE I 

DATES FOR THE EARLIEST FORMATIOS OF FLOWER BUDS 

Date 

June 30 

L~~l:e;~art of June 
First ten days uf July 
About the last of June 
About the first of July 
June 11 
June 19 
july 19 

Place Reference 

I \Yi,",on,in Is' p. 298 
. \'irginia 6, p. 167 
: Oregon 16, p. 18 

I
' Oreg-un , 4, p. 5 

Oregon '118, p. 4 
, Iowa 14, p. 265 

It'tah 20,p.411 
:Kew Hampshire 21, p. 255 

Gihbs and Swarbrick June 25 

i California [22. pp. i and 9 

I Bristol, England 7. pp. 63 and 65 

~~~----~--~----~~-'-------~~~~--'--~-~~~-

are as follov.'s:--irregular contour oj, or corrugations on, the crown (Goff; 
8, p, 294: Drinkard; 6, p. 167); thickening oj axis and rapid elevation of crown 
(Kraus; 15, p. 5: Bradford; 4, p. 5: Magness; 17, p. 53: Rasmussen; 21, p. 258); 
ajlat crown (Gibbs and Swarbrick; 7, p. 63); a broad crown (Kirby; 14, p. 274: 
Tufts and Morrow; 22, p. 6: Aaron; 1, p, 259). It is impossible to decide 
which author should be followed, for apparently they are not all describing 
the samE' structure. Also, from a study of the literature it is evident that most 
of the investigators take as the initial indication of flower formation, structures 
which are definitely flower or flower cluster primordia. By the time such a 
stage is reache-d the whole question of differentiation is finalized, and the tip 
is as certainly a flower bud as when the young flowers are completely formed 
some months later. It was felt that it might be possible to find some early 
stage in development, before the actual morphological appearance of the 
flowers, which would distinguish the potential flower-forming tip from the 
purely vegetative tip. Thus an intensive study of the development before 
and including the actual appearance of the flower was undertaken. 

Length oj Period During Which Flower Bud Initiation Occurs 

In regard to the period during which flower buds may become differentiated, 
it is necessary to know not only the time when it starts but how long it lasts. 
On this there is disagreement among the authorities, some (Ranker, 20, p. 411; 
Gibbs and Swarbrick, 7, pp. 64 and 65) being of the opinion that flower bud 
initiation takes place at the first of the summer only and that the time during 
which it may occur is comparatively short and limited. Other investigators 
(Goff; 10, p. 311: Drinkard; 6, p. 204: Kraus; 16, p. 18: Bradford, 4, p. 5: 
Gourley; 12, p, 5: Magness; 17, p. 55: Kirby; 14, p, 265) consider that the 
initiation of flower bud formation continues all summer and even into the 
autumn. In addition, there are opinions given (Tufts and Morrow; 22, 
p. 10: Rasmussen; 21, p, 260) which are intermediate between these two 
extremes. So many invest,igators pronounced in favour of the protracted 
period, that the material collected during th_e latter part of the summer was 
examined very carefully to see if there was: any evidence to support this view. 
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Structural Units of the Growing Tip 

The leaves of the apple tree are produted in a spiral with a phvllotaxy 
fraction of two-fifths. The growth process which g-in'~ rist., to sueh a s~ructure 
is really quite complicated and a complete description mu~t indudl' detailed 
information on each of the morphological unit~ of which the growin.L!: tip h" 
composed. For convenience of reference tht'se \vill now Ill' li~t{'d and num­
bered under headings and sub-headings. (1) The "crou'll" or pro-merisJemali<: 

tissue at the tip. To treat this structure adequately it mu:-.t be studit'd from 
the following standpoints:-(a J, s}wpe of tlte horizontal upf,}rr surface as sttm 
in transverse section; (b), the rontour of this surface as S('('l1 in J011f.!itudinal 
section; (r), the width of this surface and (d), the depth of the pro·rnerislcmalic 
tissue. (2) The leaf primordia and YOUTlt!. lea1H~s. (3 J The pro'V{Juular tissue. 
(4) The cells developing into pith tissue. Each of tlwst~ ~tructural unit~ will L(~ 
discussed under the heading-s as listed above. 

FIG. I FIG 2 FIG 3 

~ 0'-------- ------ -- or li .... ------ -Y-- -------1,;"" ~ C;;':!---------------- CO;; 

FIG 4 FIG5 FIG 6 

FIGS. 1 - 6. FIGS. 1, 2. AND 3. Diagrammatic hori::.ontal projections of leaf primardia 
at the level of the crown-surface in a vegetative bud. These diagrams represent three successive 
stages in development" The leaf primordia are numbered according to their genetic sequence. 
The Phyllotaxy of two·fifths £s indicated by the ,.cuJini lines 1 ttJ 5. L.P., leaf primordium; 
X, centre of crown. FIGS. 4, 5, AND 6. Enlarged longitudinal sections through a'-a", b'-bl! 
and c'--c" (Fig, J) respectifJely; L.P., leaf primordium; X, centre of crown,- X-Y (Fig. 5) 
distance which the base of leaf primardium 1\'0. 3 is above the bases of leaf primordium No.1 
(Fig.3). 

la, Shape of the Crown as Seen in TranszJerse Section 

The shape of the horizontal upper surface of the promeristem is roughly an 
equilateral triangle, but it is very difficult to describe this area, for it is con¥ 
stantly und,=rgoing changes which are varied J complex and continuous. 
In Figs. 1 to 3 this growth process is illustrated by horizontal projections of 
the tip in three successive stages, but the best way to represent it is to make a 
model of the tip at anyone stage and then rotate this model through 720 
degrees, stopping at each of the five points 144 degrees apart (axes 1, 2, 3, 4, 
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and 5, Figs. 1 to 3). The model when stopped at each of these five points 
will illustrate the progressive development of the tip. However, in spite of 
the many changes that occur over the surface of this crown, there is one feature 
which is constant and characteristic of purely vegetative growth, that is, the 
roughly triangular outline of the horizontal upper surface. 

lb. Contour of the Crown as Seen in Longitudinal Section 

For anyone growing tip the contour of the upper surface depends upon the 
plane in which the longitudinal section is cut. Figs. 3 to 6 illustrate this 
point. It will be seen that longitudinal sections through a'-a" and b'-b", 
Fig. 3, would both be median, but a'-a" would have a contour as shown in 
Fig. 4, whereas the tip through b'-b" would appear as illustrated in Fig. 5. 
An extreme and incorrect conception of the tip would be obtained by a section 
through c'-c", Fig. 3, when the tip would appear to have a broad flat crown 
as indicated in Fig. 6. Thus, depending on which median plane is used 
and whether the plane of the cut is median or slightly lateral, the one growing 
tip might give a great variety of outlines for the external surface of the crown 
as seen in longitudinal section. 

The sections most useful for indicating the characteristic contour were the 
median ones. In this work these significant sections were determined by 
counting the number of sections that included the pro-meristematic tissue of 
the crown. Then those chosen as most likely to represent the true centre 
of the bud were the central numbers of the series. If there were 17 sections 
showing pro-meristematic tissue, Nos. 8, 9, and 10 were considered as signi­
ficant or central for that growing tip. It is evident that a continllous and com­
plete series is absolutely necessary for such a determination. Failure to follow 
this procedure led to grave errors. Hence, unless otherwise stated, all drawings 
of growing tips in the present paper are from sections selected as described 
above. 

Respecting the information that can be gained from a study of these 
contours, the median longitudinal section cut through the plane h'-b", 
Fig. 3, and giving the usual convex outline illustrated in Fig. 5, is perhaps 
the most significant. For the central point, "X" (Figs. 1 to 5) is always on 
a level'with the base of the youngest leaf primordium (see L.P. 3; Fig. 4); 
thus the distance X-Y, Fig. 5, represents fairly well the amount of new growth 
at the tip since the formation of leaf primordium No.1. Hence a decidedly 
convex crown in sllch a section suggests rapid growth, and conversely a flatter 
crown in the same type of longitudinal section suggests a slowing down of 
growth in length. This is by no means an infallible guide, but it is helpful. 
Due to the significance of this type of section, the terms "convex", Hfiat", etc., 
when used in the present article, apply to the contour of the crown as seen in 
a median longitudinal section through a plane similar to b'-b", Fig. 3. 

Ie. Width of the Crown 

There are frequent references in the literature to the l'width" of the pro­
meristematie area, but what is the width of'a triangle the outline of which 
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is not continuous? In some articles this width is indicated in microns by a 
figure which was arrived at by making one measurement for each tip. Any 
attempt to indjcate the \vidth of the crown by one such measurement may be 
misleading. \Vhat is required is not the size of the (Town in one growing-" tip, 
but a means by which the size of the crown in one tip may be comparoo with 
the size of the crown in some other tip. It was found that the mo~t accurate 
indication of comparative sizes was obtained from the averagt· of three 
measurements. This average is called the "Index of Crown \ridth". To 
obtain the necessary data to compute this index. complete series of longitudinal 
sections were used and three measurements taken as follows: (i) by multiplying 
by ten the number of sections showing pro meristematic tissue (the sections 
were cut 10,u thick) i (ii) by using the median section of this series and measuring 
in microns the distance from the youngest primordium base of one side to 
the youngest primordium base of the opposite side; (iii) by using the section 
through that tip which showed the greatest pro~meristematic width, and 
making for it a measurement similar to that made in (ii). The average of 
these three figures was then considered as the "Index of Crown \Vidth" 
for that bud. The index given for each week is the average of the indices 
of all the buds collected during that week. The number of buds examined 
for each week ranged from two to eight. This index must not be consid­
ered as an accurate representation of size, but merely a comparative indication. 

Instead of using the crown width index as an indication of crown size, an 
attempt was made to use the area of the upper surface of the pro~meristematic 
region and to compute this area from transverse sections, but it was impossible 
to decide when the youngest primordium should be included in the area and 
when it should not. There is no sudden change in the natural development 
from unquestioned terminal pro~meristematic tissue to definite and distinctly 
marginal primordia. Any arbitrary division led to misconceptions, so this 
plan was abandoned. 

id. The Depth of the Pro-meristematic Tissue 

The vertical depth of the pro-meristematic tissue at the tip varies greatly 
from season to season. The measurements for this were made in the median 
longitudinal section and represent the distance in microns from the outer 
surface of the centre to the first cells showing definite vacuolation, preparatory 
to enlarging into pith cells. The inner limits f.or this measurement are ob­
viously indefinite, but the figures will be an aid in comprehending the changes 
in structure at the tip. 

2. Leaf Primordia and Young Leaves 
In studying the leaf primordia and young leaves the most important point 

to note is the position of their bases in respect to the level of the surface of 
the crOWD, that is, whether many of the bases are on the same level with the 
pro-meristematic tissue or most of them lower down. Of those that are 
lower down, the vertical distance between the bases affords an excellent indica­
tion of the rate and extent of growth. 
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3 and 4. Pro·vascular Tissue and Pith 

\\"ith both the proMvascular tissue and the pith, the significant feature is 
the outline of the distal portions as seen in median longitudinal section. The 
terms used for describing this are, "acute conical", "broad hemispherical". 
and "narrow cylindrical", etc, These are self-explanatory. 

Distinction Between Vegetative Buds and Flower-forming Buds 

To interpret the early stages correctly, it was of paramount importance to 
be able to differentiate potential flower buds from those that weTe potentially 
vegetative (lnly. During the first part of this investigation, all collections 
were made from the Mclntosh Red. The bearing habits of this variety are 
such that one cannot always foretell with accuracy which buds will remain 
Yt'getative and which will develop into flower buds. The only way to secure 
buds that could be classified in this way, with a minimum chance of error, 
was to have trees on which, during one season, the main bud of the fruit 
spur was of one type only. Ordinary "off" and "on" trees (so called) would 
not b{_~ suitable, for most varieties which are casually termed "biennial bearers" 
really have a heavy crop followed by a light crop. A search of the records of 
the Of chard showed that certain \\'ageners wefe very heavy bearers every 
second year and really completely "off" during the alternate years. The two 
most suitable \\'ageners were selected, and by taking buds from these trees 
only, thp possibility of error at the time of collection was reduced to a minimum. 

\\'hen these collections were madE', buds were not taken indiscriminately, 
but the data provided by such workers as Crow (5), Maney and Plagge (19), 
and Hooker (13) werE' taken into consideration and all collections were made 
from spurs of medium length. Also, w-hen collecting from the "off" tree, buds 
were taken from spurs that during the previous year had produced a medium 
amount of growth and had actually borne fruit. Similarly, when collecting 
axillary buds from the "on" tree, long whip-like or stunted growths were 
avoided, and material was taken only from spurs actually bearing blossoms 
or fruit. In this way it was hoped to limit the study as far as possible to 
growth that would have produced fruit in the normal biennial cycle. 

Methods and Technique 

During this investigation various methods were employed. Firstly, both 
lon~itudinal and transverse sections in series were obtained. Using a com­
plete longitudinal series through a bud, camera lucida drawings of each section 
were made on sheets of wax. These drawings were cut out and built into 
models. As the wax had been poured to a predetermined thickness, correct 
proportions were obtained for the models. These models were of assistance, 
but the greatest aid was to dissect, stain and examine the young tip in the 
way described by Gore (11). To get a satisfactory "dissection it was necessary 
to use the special needles described by Henderson (Bell and Facey, 2. pp, 
13()"-131) and to soak the 'bud for 24 hr. in 70% alcohol before dissecting. 
Fresh buds were too soft to dissect and pufe alcohol made them too brittle, 
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Just before completing the final stages of the diSSt'ction, the bud had to be 
stained in the tincture of iodine, otherwise the smallest leaf primordia could 
not be seen clearly and might be injured by the needles. The completely 
dissected tip, stained in tincture of iodine, placed in a ray of very strong light 
and examined under a magnification of at least 150 diamf'tt?rs, Tt"vt'alt'd dt"tai\s 
of structure which could be seen dearly by no other flH"thod. For- microtome 
work, material was killed, imbedded, and sectioned as described by Bell and 
Facey (2). The sections were cut 10 JJ thick. The stain that proved most 
satisfactory was a cornbinatj~)fl of safranin and fast green, 

FREQUESCY OF COLLECTW:SS 

\\7ith both the McIntosh and \Yagent>r, the collections Wf're made at least 
twice each week from April to October inclusive, twict, a month during 
November and I\1arch, and once a month during Decemh('r. January, and 
February. For each collection an average of 12 buds wa~ tak{'n from scat~ 
tered parts of the tree. The collections of :'vlclntosh Wt'r{' started in April 
1934. but discontinued late in the ;;;ummer of 1936. The co!lf'ctions of 
\Vagener were continuous from April 1936 to St'ptembt"r 1938. 

The Development of the Growing Tip 

Explanation of Terms Used 

A short explanation is neces..c;;ary regarding the terms used in the following 
description of development. Firstly, the mature apple is the climax and end 
of a growth that was initiated over three years prior to the date on which the 
apple is picked. It is obvious that developmental cycles overlap and at any 
time more than one stage may be found on one tree. To avoid confusion, 
the development of one tip will be followed through from start to finish. It 
wou1d be misleading to use dates. To avoid their use, the season during 
which the tip first becomes differentiated as a separate organ will be referred 
to as year "I", the next year as lin", and so on. To correlate the symbols 
I, II, etc., with the terms "off" and "on", year I is an "off" year; II, "on"; 
III, "off"; and IV, "on". To make the description clearer, the development 
will be dealt with in what appeared to be natural "phases", but this is not 
meant to indicate that there is any sharp transition between one phase and 
the next, for of course development is continuous. 

PHASE 1. Initiation of a New Growing Tip 

From summer of year I ("off") to winter of years I ("off") and II ("on"). 
Figs. 10 and 18a. 

Year I, for the particular spur under discussion, is an "off" season. During 
the summer of this year I, there is matured at the terminus of the spur a mixed 
bud containing the primordia of about five flowers surrounded by five to 
seven leaves. As usual, in the axil of each young leaf, is a small group of 
embryonic cells (potential growing tips). Towards the end of the summer, 
the embryonic tissue in the axil of at least one of the leaves (which is usually 
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TABLE II 
INDEX OF CROWN WIDTH AND DEPTH OF PltO-MEIllSTEKATIC TISSUE 

Year II. "On" Year II, "On"--Clml"l~ 

Collection I Index of Dep~h of pr?- I Collection Index of Depth of pro-

date i crown width 
menstematlc I date crown width meristematic 

tissue, fJ. I tissue, ~ 

April 29 

I 
88 113 I Nov. 4 76 124 

May 2 

I 
19 94 128 

95 113 Dec. 10 72 134 
4 111 94 
5 70 101 Year III. "Off" 
6 74 103 

I I Index of I Depth of p~o-7 121 94 Collection 
8 95 106 date crown width, mertstematlc 
9 120 99 

II 

I tissue, p. 

14 124 97 Jan. 20 111 I 129 18 104 103 
21 149 

) 
105 Feb. 5 83 137 

25 123 110 Mar. 5 129 

I 
149 

28 135 99 19 104 142 

June 1 124 113 

I) 
April 2 87 134 

4 153 101 12 102 I 142 
6 144 97 21 97 I 135 
8 14.1 90 28 92 124 

11 108 85 29 80 I 103 . 
13 142 89 May 2 105 I 94 
15 16.1 76 4 121 92 
18 li9 86 5 108 I 112 
20 149 97 6 100 97 
22 158 83 8 120 I 106 
24 124 8.1 11 129 

I 
106 

25 106 71 14 121 88 
27 164 97 18 121 103 
29 1.18 93 19 87 80 

July 1 21 100 80 
136 87 25 115 

I 
89 2 158 83 26 115 80 4 IS9 112 28 170 97 5 181 71 30 127 84 6 141 84 

7 143 101 June 1 199 97 
8 110 71 4 203 79 

11 144 84 6 145 84 
12 184 80 8 209 97 
13 143 93 11 142 80 
15 132 100 13 167 93 
18 114 97 15 134 84 
19 152 103 18 143 86 
22 136 89 20 207 89 
26 129 89 22 148 89 
27 145 89 25 200 89 
29 136 89 27 165 85 

29 155 71 
Aug. 1 134 94 July 2 210 97 2 161 93 

5 131 97 4 158 89 

8 147 88 6 164 97 

15 120 80 7 151 93 

22 112 92 11 152 101 

29 118 94 13 152 97 
15 134 97 

Sept. .1 121 93 18 145 95 
15 139 103 20 153 88 
20 101 112 22 164 103 

25 197 130 
Oct. 4 93 127 27 182 128 

20 102 119 29 171 101 
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neither the highest nor the lowest) has developed into a definite growing tip 
with at least two leaf primordia of its own (Figs. 10 and 18a). I t is the 
development of this tip which will be traced from its inception during the 
the summer of year I until its individuality as a growing tip ('cases, with the 
~orm~tion ~f fi?wer~. By.the end of August, year I, this young growing tip 
15 qUlte eas1ly 1dentlfied WIth the aid of a magnifying glass. In composition 
its cells are practically all embryonic, those of the young lea\'es lx'ing dif­
ferentiated on1y sHghtly. The crown is narrow and convex. In this con­
dition it overwinters during the winter of years I and II. 

PHASE 2. De:velopment oj a Broad Crown in Ihe I-egetative Bud 
From the early spring of year 11 ("on') to late July of year II ("on"). 

Figs. 11, 19, and 20a. 

\Yhen activity of this axiHary growth starts in the spring of year II its 
crown is at first narrow and decidedly convex. The pro-meristematic tissue is 
medium in depth and neither the pro-vascular strands nor the pith are distinctly 
differentiated. Before the expansion of the blossoms, this new growth is 
enclosed within the flower bud and is difficult to locate without the aid of a 
magnifying glass. During the latter part of May it grows in length, and by 
the time of full bloom it may be seen as a very short lateral branch, emerging 
from the axil of one of the leaves (Fig. 19). The leaves formed by this new 
and axillary growing tip become matured just after those which surround 
the flower cluster. This new growth is then established as one of the gross 
morphological features of the spur. 

By this time (the middle of June) a number of changes have taken place 
in the growing tip of this new lateral branch. The crown has broadened, 
though. it is still convex. The leaf primordia are below the surface of the 
crown. The pro-meristematic tissue is not as deep as it was, but is still of 
medium depth. The pro-vascular strands and pith are completely differen­
tiated and are narrowly hemispherical in outline. Through the latter part 
of June and through July the development continues, and reaches its climax 
late in July (Figs. II and 20a). By that time the average crown width index 
is about 140. Some crowns may be very broad, attaining a width index of 
181. It is still convex in outline, though often flatter than it was during 
June and early July. The pro-meristematic tissue has become very shallow, 
often being reduced to a depth of 80 microns. The bases of the young leaves 
and scales approach the same leve} as the pro-meristematic tissue. Both 
the pro-vascular strands and the pith are broadly hemispherical in outline. 

PHASE J, De:velopment oj the Acutely Conical Internal Structure oj the 
Winter Bud 

From late July of year II ("on") to the winter of years II ("on") and III 
("off"). Figs. 12 and 20b. 

After the last of July, the tip continues to grow, but the growth between 
this time and winter produces a structure which is different from that found 
at the tip during any other phase of its development. To understand this 
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structure it must be remembered that by the first of August, when this new 
phase starts, the scales of the winter bud are almost mature and quite rigid. 
Growth then is limited to the internal or central portions of the bud. During 
this phase of development the surface of the crown rises well above the bases 
of the outer and larger bud scales, the width of the crown gradually narrows, 
its outline becomes less convex and the depth of the pro-meristematic tissue 
increases. The outlines of the pro-vascular strands and pith change from 
hemispherical to conical. An early stage may be seen by the middle of 
September. At this time the internal and active portions of the bud taken 
as a whole form a structure like a pyramid or broad-based cone. The climax 
of this phase is reached by November (Figs. 12 and 20b), and then the struc­
ture of the tip remains unchanged in its characteristic features throughout 
the winter. During this time (the winter of years II and III) the crown is 
so narrow that it may have a width index of only 73. A young primordium 
is always presf'nt. lts base is level with the upper surface of the crown. This 
upper surface of the crOwn is fiat and at its periphery it slopes abruptly down 
to the base of the second youngest primordium. The base of this second 
youngest primordi urn is decidedly below the base of the youngest primordium 
and the surface of the crown. The pro-meristematic tissue may be 145 J.l 
in depth, which is almost double that of any other stage. The pro-vascular 
strands and pith are acutely conical. All the internal portions of the bud now 
form a structure like a long, narrow or acute cone, with the crown and youngest 
primordium at the apex and the other primordia and young leaves arranged 
in a spiral down the steeply sloping sides. It is difficult to interpret the 
significance of all these features. The flat crown suggests inhibition of 
growth, but the increased vertical distance between the bases of the primordia, 
and the great increase in depth of the pro-meristematic tissue, indicate that 
some growth is taking place. The great depth of the pro-meristematic tissue 
suggests also that either differentiation is not taking place or is taking place 
very slowly. Certain median longitudinal sections of the tip at this stage, 
if taken by themselves, may lead to a false conception of tip structure. Should 
the section not include the youngest primordium, the crown will appear as a 
narrow, flat-topped, raised plateau. The whole appearance of the internal 
structure during this period gives the impression that the tip is growing within 
a restricted space and that the only outlet for its increasing length is to push 
up a narrOw conical growth between the more or less rigid and inactive bud 
scales. Sections of buds from the December, January, February, and March 
collections suggest that a very slow growth and slight increase in size continues 
even during these months, but as yet this cannot be stated with certainty. 
In its characteristic features the form which the tip assumed by November, 
year II, remains almost unchanged until about the middle of March, year III. 

PHASE 4. Rapid Elongation During the Early Spring of Year III 
From early spring of year III ("off") to foliation during the last week of 

May, year III ("off"). Fig. 13. 

Growth activity starts w'ithin the bud very early in the spring (year III, 
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"off"), Actual cell division is obser .... ed early in ApriL This is before tht~re 
is any great change in the shape or size of the bud. During April and ~Iav 
the growth of the axis insidp the bud j,." very rapid and product,s a structur~> 
which is unlike that of any other stagt' (Fig. 13). The uniqut, featurt' of this 
phase is due to a rapid growth in length which i~ not accompanied bv a cor­
responding increase in diaml:'ter, henet> the axis is pusht·d out int(; a lonR 
narrow cylinder, The crown becomt'!' slightly broadt~r and regains its convt.'x 
outline. It proliferates young leaves and scait:'s so rapidly that tht're is no 
great vertical distance between the bases of tht' two or thrt"t:' younj.!'t'st primor­
dia, but, due to the vt'ry rapid elongation of the axis just l)f'iow the tip, th(' 
bases of the slightly older primordia and y.mtlg- leaves ht'col11t' H"ry widdy 
separated vertically, Tht' usuall~' fairly sharp houndary hetwt't'n embryonic 
cells and young pith cells is entirely lo~t and there is a 10n.1!. region in which 
the structure of the tissue is halfway hetwf't'Tl pro-meristt'm and pith, The 
strictly pro-meristematic tissue is not as deep a~ it was during tht· winter. 
Both the pro-vascular tissut' and the pith art' narrowly cylindrical. During 
this phase the long distance between the bases of the young kayes, thpjr 
conspicuous and curved leaf traces, the parallel sid{'~ of the long narrow pro­
vascular cylinder, and the long transitional region herwt'~.>n pro-tnt'ristem and 
pith give to the median longitudinal section a dpcidt·dly uniqm' and charac­
tf'ristic appearance, 

PIIASE 5, BroadeninK and Flattening of the ern'u'n Pre:l'ious to Flmt'ct 

Formation 

From foliation during the last week of \lay, year III ("off"), to tilt:' latter 
part of July and first "eek of August, Yf'ar III ("off"). Figs. 14 and 22a. 

About the end of :\lay the new and attenuatt:'d axis stan~ to broaden thfClugh­
out its whole length, -This is just about thf' time of full bloom for tht> "on" 
spur and the maturing and expanding of thp leav('s for all spur:., Early in 
lune this broadening of the axis continups ancl is accompanied by decided 
~nd very rapid changes at the tip, Of these changes. the most conspicuous 
is in the width of the crown. It become .... \'ery broad. attaining an average 
width index'of 165, but some may reach a width index of 250. The contour 
of the crown is much less convex. Sometimes it is almost flat. The pro­
meristematic tissue becomes very shallow, (lftt'n having a depth of not more 
than 70J..t. :\1ost of the bases of the leaf primordia are level with the pro­
meristematic region, giving the whole tip a "broad-shouldered" appearance 
in longitudinal section. The pro-vascular strands and pith are both broadly 
hemispherical in outline, The climax of this phase of development is reached 
during the first weeks of July, year III (Figs. 14 and 22a). At this stage it 
resembles the tip of the last of July, year II, except that it may be a little 
flatter, but it is decidedly broader and flatter than the tip of the same date 
(first week of July} year II. Wording this another way: by the first of July, 
the growing tip of the "off" spur is broader and flatter than the growing tip 
of the axillary branch of the "on" spur, but it is similar to the shape that the 
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tip of the axillary hranch of the "on" spur will assume by thE' last of July. 
The tip that has just been described for early July. year III ("off"l. with 
its broad flat crown, its shallow pro-meristematic tissut', its leaf primordium 
bases level with the pro-meristem and both pro-vascular strands and pith 
broadly ht'mispherical, is the structure that immediately precedE's the initiation 
of HOWtT primordia. It is found on the "off" spur during the first thret' wl"ek~ 
of July, year Ill. 

PIIASE 6. Initiation of Flower Primordia 

During the last two weeks of July or the first week of August, year III 
("off"). 

Sometjrnf' during tht' last two wt'f'ks of July or the first wf'ek of Augusr 
the formation of leaf primordia c(;'ases and the fin" sepal primordia of a terminal 
Hower an' formed instead, In the proliferation of leaf primordia, durin~ 
purely \'egetatiyt:' growth, the last-formE'd primordium ah\-ays lwcomes 
elevated aho\"t_~ those formt'd previously. During the development of tht· 
fiye sepal primordia. this elevation does not occur, consequently they all 
appear at the ~anw I('vel; that is, in the ~am(:' horizontal plane. The result is, 
the shape of the cnm:n as seen in lranSH--')'se section changes from triangular 
to circular. This ('hang{~ in the shape of the upper surface of the crown and 
the appearance of the fiye sepal primordia are the first morphological indica­
tions of the initiation of ftmn'r formation. 

FIG.7 

FIGs.; - Q. FH .. i. Diagrammatic huri:'Olllal projection of aflou'er-formil1$!, grou'ing lip; 
L.P., le(tf prim.ordium; F.P., flower primordium; «. b, c, d. and e, points at which sepal 
primPrdiu lJre nppearing, FJGs, 8 A,S"J) 9. EnJarf.!,ed /onf.!,it!i-dinlJ} secHons through x'-:r" and 
y'-y" I Fig. 7) respertit'e!y; L.P .. leaf primordium, F,P.,.iiower primordium; T.F.P .. terminal 
flower primordium: ( ami d, sepal primnrdia. 

The change from a triangular to a circular crown occurs very rapidly. 
Considering leaf primordium No.6, Fig. 7, as the last leaf primordium tormed, 
the five sepal primordia will appear at points a, b, c, d, and e in a circle at the 
periphery of the crown. The one at.a appears first, then, in rapid succession, 
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band (. About the same time as a and h aprwar. hut befort: til(> appearann' 
of c, the tissue towards the pf'riphery of the crown ri~>~ 8Iighll\', Thi .. l'i~' 

occurs between a and b and also lwynnd b toward~ the plan> ~dlt'n' ( will 
appear. This raised margin, as st't'n in cross St'ctiOIl, i~ not slr<li!.!h! but i~ 

curved. Thus, at this stage tht" "Hargin (If the nown fWIll a to, and h('yond, 
{) forms a semicircle. From (to a tht' margin is still pr .. lcli{'al1~' a slr,lighl lint'. 
Primordium (then appears and tht' ,,,It'\'at('d circular margin is cuntinued to (1, 

Almost immE'diatf'ly. primordia d and e appt·ar. At this initial sta!C.t'. primor­
dium a is the largest and e tht' srnaiit,s[. Their gradati(Hl in ~i/t, is n·l)reselltl·(l 
hy tht' alphabetical order. Tht, crown is no\\" ('in'ular in ()utlitlt· (d()ttl'd 

circle, Fig. 7). Tht" five st'pal primordia. alld the :-;lightly rai:;t·d ma.;., (If pro-

FIGS. 10 _ 14. Camera lucida drawings of the median longitudinal s,ction thr,oug.h the 
growing tip. Date of collection is indicated on each figure. Pro.~ascular ~trand~ mduated 
by das~s; outlim of pith indicated b)' dots. FIG. 10. Arro'U' pmnts tn prtmordwm of new 
axillary branch. Magnification 23. 
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meristematic tiSRUf' from which these sepal primordia originate, form the 
primordium of the terminal flower. 

In a 1(Jn~61 udinal section of the tip at this stage the crown is seen to be either 
very slightly ("on vex or quite Hat. As the whole crown is raised without very 
much hroadening- of its base, the sides slope very steeply. In a longitudinal 
section throuRh the sepal primordia (along line x'-x", Fig. 7) the upper surface 
of the Cfown curves abruptly through an angle of about 45° to the steeply 
sloping surfact.· of the side (Fig. 8). In sections between the sepal primordia 
(along line y'_y", Fig. 7) the upper surface curves more gradually to the side 
(Fig. 9). Th(.~se sepal primordia are not conspicuous in longitudinal section 
becausf>, in the n'ry early slagt's, the>y are not raised above the centre of the 
(""rown but merely form undulations at its periphery. 

To obsery(' the various steps in the appearance of the sepal primordia it is 
necessary to examine stained dissected buds under a compound microscope, 
and while the dissected bud is being examined in the ray of very strong 
light it must be rotated through 360°, otherwise shadows may give to the 
CrOlyn an appearanet' wh.ich is quite misleading. A good dissecting micro­
scope is not suitable for these observations because its depth of focus is too 
great. Yery slight elevations are not apparent, and the first appearance of 
the sepal primordia will not be observed. \Yith the compound microscope 
and a sufficiently high magnification, the tips of the sepaJ primordia may be 
hrought into focus, with tht'" tissue betwef'n them out of focus. This tissue 
ht'twE'en the embryonic sepals will come into focus if the lenses are lowered 
\'ery slight Iy. By this method minute elevations on the surface of the crown 
may be detected and the five sepal primordia at the periphery of thl;> crown 
may be identified at a very early stage. 

"'hile the central and terminal ftO\\"er is being differentiated, the primordia 
of the lateral fio\',:ers appear. These lateral flowers are all axillary and were 
ohsen'ed about the same time as the appearance of primordium c, that is, 
while the crown was becoming circular. At first these axillary primordia are 
linear, tangentially elongated elevations of pro-meristematic tissue and appear 
in the axils of leaf primordia Nos, 2, J, 4, and 5. The very early stages of 
their devE'lopment providE' the corrugations seen in longitudinal section by 
Goff (8). Longitudinal sections through x'-x" or y'_y", Fig. 7, would show 
a condition and are illustrated in Figs, 8 and 9. The flower primordia in the 
a.xils of the leaf primordia are pressed tightly against the terminal flower 
primordium and as they are aJI pro-meristematic tissue the terminal and 
lateral primordia appear, in longitudinal section, to have had a common 
origin, namely, the crown. But in the dissected buds the lateral flower 
primordia are seen to be separate and axillary structures (Fig, 7). The 
flower primordium in the axil of leaf primordiu_m No. 2 may be recognized 
first, and in the early stages it is the largest of these lateral flower primordia. 
The others grade in size -to that in the axil of leaf primordium No.5, which is 
sometimes difficult to recognize in the very early stages. Narrow elongated 
zones of pro~meristematic tissue were recognized in the axils of leaf primordia 



~os. 6 and 1, hut in tilt' speCimt'lb (>xamined thest' had not dt'v('iopt'(i into 
flower primordia. 

About the same time as the appl\traIH't' of tht' st'pai prim{lrdia d and (' 
(Yig. i), and wht>1J the a'\il!ary llm\{'t prinl\irdia ar~' tir~1 ,1ppan'l1(. ,d! tIlt' 
t1~\\'er-forming tis~ue ht'coll1('s d('"\ d\t'd \"t'ry r;tpidly (Fi.::_:o;.:_':', ()I. The primor. 
(hum of th.e tt'rmma! Ilm\'t-r i;..; ah\a~·:-. ahu\"{' tht' otlU'r:-; It~ llppn ~urfal't' 
iw('omes shghtly COl1GI\t' or :--,Jul't'r- ... hap(·d, JIU1 it i., alway!'> cirnd'lf' a~ ~t't'n 
in cr()ss~t:'ction. The pro-v~t~wuiar::-,trand:,and pith folll)\\, illt(l thl' ('Ioll~ating 
lip {lnd hf'C'omt-' acutely conical in oullint' ;I':'; :;('1'11 in lo11gitudin~d :;t'dion, 

This i[-. prohably the :-:.1a;.:(' d('~crii)('d \1\- HLulford ( .. I) and \Ll·":llt'~:-. (til a~ the 
first indication of nf)\H'r formatioll, a;;d ,'." tht' di~lal ponintl nf ttl\' pro-nH'ri­
~temil' tissue i:-; not yet ciitfl'f('nliatt'd. lhi~ may ai:-.o Ilt' lilt' ~L:l\.~(' d('~(Tih('d 

hy Krau:-:> (15) afo; a "tbich>nin.1!. of th(' <l'\i..;", for the undifl"r('flri,(j(,(j I'lllbrv(lnic 
ti:-i:-iue could be con:-,iderf'ci a~ "Ihiel'l Tlt'd" wllt'ihn it 1 ... , m('a~tl!I'd h()riz()I~1al1v 
or yertically. Finally, after further t'h'\"ation. tlw terrninaill(l\\{'r pril11ordiu~ 
becomes distinctly raised and den,jop's a d(~ci(1t-dly ('onca\'(' lIpper surfact'. 
The flower primordia in the a:\il~ of leaf primordia \"o~. 2. 3, .l, and., dt,yt'!op 
into latl'rally compre:;,"wd 11owl'r primordia. From tht' ~tallc1p(linl (If gross 
morphology. thf' \\-hole h>rminal struclurt' i:-. now ('~Iailli:·;\wd a~ an emhryonic 
flower d us~er. . 

From the description givt_,n ahoy{_' it is seen that Iht, d~'\·pJ()pm('nt (If tht 
terminal flower primordium is initiatt-'d slightly in advancl' of tht, oth('rs, but 
later proceeds concurrently with the developmf:'nt of th{' latf'rai flower 
primordia. In both, all stages follow each other rapidly, and nnly by di~­
secting a large number of buds, during the critical period, may all he st·f'n. 

It is evident that on the appearance of sepal primordium e (Fig. 7), the 
crown has ceased to exist as an apical organ of vegetative growth, and all itH 
tissue has become differentiated into the tt'rminal flower primordium. There 
is no question of there being any axillary pro-meristematic tissue in the 
structure of this terminal flower primordium, for after it is completely formed 
the axillary embryonic tissue may still be recognized in the axil of leaf 
primordium No.6. Also, the terminal flower primordium is differentiated 
before the lateral flower primordia. This is in agreement with the findings 
reported by Black (3, p. 527) but is not in agreement with the statement made 
by Bradford (4, p. 5) that "The apical protuberance is differentiated last .... ". 
The findings reported in the present investigation suggest that the inflorescence 
of the apple is "determinate", but that the order of development for the other 
flowers of the cluster, namely, those in the axils of leaf primordia Nos. 2, 3, 4, 
and 5, Fig. 7, is acropetal and not basipetal. 

The time at ,vhich this development occurred varied with the variety. 
During on~ season with the ylcIntosh, these stages appeared by the third 
week of ] uly; in a different se<3.Son, with the Gravenstein, they occurred during 
the fourth week of July, and with the Wagener during the first week of August. 
However, for anyone variety in anyone season, differentiation was started 
and completed within a very short period, not more than two weeks. After 
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thi~ period, durin),.: \\hich the emhryonic Hower dU~h'r stage \\'a~ rpachp(l. 
nt'\\ itritl:d ~ta)-!(':- uf flm\t'r f(lrmatio!l wefe oh~ervt~d. 

Lilia .\.'i1~('\ (~r j}e"r[oJJmnl! 

I.:dn d('\'(']oj)IlW!lt include ... ('omph'lioll ot !l()W{T formation (Fi!-2.. 22b) 
n}J.lll"IOll at ])\()omin.1.: (Fi.'.:. 231, the sdlin.l:. maturing. and ripenin.t: of tht· 

fruit (Fig. 2-1-.1. ;\11 Ihest' "lage\-- havI.' ]wt'll ('xc(.-'llentiy dL'~(Tib{_'d by many 
ill\(·~li"",,!t()r\--. a~ Drinkard (6). Krau:-. (1::'), Bradford (4), el(', Thu:-; thuE' is 

JlO Il('cd to n'!wat Iht' d('~cription in Ih1:-; articit:'. 

Thi' complete :-.1(1) for on(' growing tip is represented diagrammaticall)' hy 
Fig:-.. 1~ to 2-1-. TlH'~(, :-.llOUld bl' of assistance in associating the ~tt'ps in tip 
dv\·(\lopnwnt. as s('cn undt'r tlw micros('op(', with thp familiar external appear­
anrt' of I h(' spur a1 t'(lch of tilt' various stage~. Crown width indices and 
IlWilSllrt'l11enl:-; of (_h~pth of pro-T1wristematic tissue are gin~n in Tahle II. 
In Fig~. 1,) and 1() Iht' weekly averages from the two table::. are plotted. A 
I'ilmp'\ri~()n of tlw 1\HI g-raph~ suggpsls Ihat on the average a broad crown 
i", as:-.()ciat('u \\·jlh Ilw shallow pro-rTH'ristematic tissue and a nJ.rro\\' crown 
\"ilh d(·!·p 1)J'{1-nwristl'matic lissup. 

Discussion 

Sonlt' ~iait'n1t'nb han' already heen madp in explanation of the stages that 
former inY('sligators havl' reported as tllt' first indication of flower formation. 
Thes{' investigators do not report tht' shape of the crown as seen in transverse 
section changing from triangular to circular, nor do they correlate this with 
llw hrst appearance of the sepaJ primordia, but Goff (8) descrihed the appear­
ann' of this stage as seen in longitudinal section. The broad crown taken as 
the first indication of flower formation by Kirby (14), Tufts and l\lorrow (22). 
and Aaron (I), and the flat crown used by Gibbs and Swarbrick (7), are not 
~ufficient, for about the last of July the purely vegetative tip will also have a 
broad and fairly flat crown. The thick and non-serial sections used by 
Rasmuf'sen (21) would not he sufficient for an accurate determination of the 
earliest stage!:'. 

I t can be stated as a general principle that many methods and many types 
of section are needed before one can make an accurate identification of the 
first morphological indication of flower formation, 

As already stated, the period during which this initiation of flowers occurs 
is not extensiv€:' and does not last until late in the summer. However, there 
must be some real foundation for the many statements in the literature that 
the period is of long duration and may extend into the autumn. There are 
two probable explanations. First. in cases of abnormal development (and 
these are very common in plants) a structure may appear completely out of 
season. Some of the very late instances of flower initiation were probably 
of this nature. The second explanation is that occasionally some vegetative 
buds on the "on" tree have. during August, very broad crowns. \Yhen these 
bE"Comf' eleyated. preparatory to the formation of the conical winter structure, 
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FIGS. 15 AKD 16. FIG. 1S. Crown width index. Plotted on a basis of the weekly average. 
FIG. 16. Depth of pro-meristematic tissue, measured lIt microns and plotted on a basis of lhe 
weeklyat'erage. 
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FIG 18 

FIG 17 YEAR I AUTUMN 

j~~~ , 

FIG [9 FIG 20 
SPRING yEAR II AUTUMN 

FIGS. 17 - 20. FIG. 17. Typical biennially bearing jrut't spur, illustrating jl.trdJcr cluster, 
young lateral branch and annual growth in length of spur. (FIGS, 18 - 2·1,. The development 
oj a s1'ngle spur from late autumn year 1, fo harvest time, autumn year IV.) FIG. 18. Winter 
lnul (mixed) autumn year 1 "off". a, langitudinal section; x, new axillary growth; b, kalY.l 
skelch oj bud and spur. FIG. 1<>. Spur at blossom time, spring year II "on". Flower 
cluster and its leaves stippled, ne-dl lateral shoot lined. FIG. 20. DeveloPment of new lateral 
shoot. year II "on". a, longitudinal seelion of mid-summer tip; band c. lale autumn; 
b, longitudittrU section of tip; c, habit sketch of wi1ttcr bud (le(1f) and spur. 



tlwir :IPpt';t!dlltT ill IO]1.::..;itudinal ~ection i~ ~imilar to that of the potential 
!If/\\ cr- hod at I he (,011lm(-'nceDwnt of Hower formation ,dwn eleratjon is first 

;lppan·tlt It i:- I)(h~ibh" that tht' Iah' summer stage of tht'se n_'gf'tati\T huds 
!lld\ hdn'!H'('ll ll1i~tak('n for thv early stag-p of ilmH'r initiation. 

Conclusion 

If! l'llr]C/w.,i(Hl. n'('rerICt' ~h(Juld 11(' made to th(' (Jrig-inal purpose of 111i:o­
in\'("<.,t i~at ion, namely. t hl" fir~·>t m{)rphol()~ical indication of Hower diHuell-
11<11iol1 Thi:.. might haH' reft'rencl' to nwrdy the first appearance of a struc­
ture \\ hich \\'ill dvY(·lop into a part of the tl ()Wt'l' , or to a change in struc-turt' 
\\ hich. though not a stag(' in tlO\\{'r formation, could he taken as an indication 
that ph:.:sio\oJ.!ical diHi:'ITntiation of a fruiting tip is in progress. In the first 
;l1ld purely morphological a"pl'ct tilt' purpose of thl" inn'stigation has been 
fulfilled The first morphological indications uf flower differentiation were 
found 10 II(' IlH' (_'hang(~ in shape of the upr){~r surface of the crmnl, as seen in 
Iran~\·t'rs{' section, from triangular to circular and the appearancE' of the fin' 
"epal primordi<l. and this tah·s pI act' during 111(;' last two wl:'eks of July or 
tIlt' fln-t \\'l'ek of A.ugust. Thi..; j;:, of inten'st from the standpoint of mOl-ph­
ology. but, to one wishing to inf1ut'I1(,{' flower differentiation, it i:; of little 
inkn·st. for physiological differentiation must precede morphological dif­
ferentiation. The crown becoming circular indicates that the question of 
tlO\\t"r difft'rt'lltiation is settled. and probably cannot be influenced \'ery much 
one way or the oth('r. Thus, for those ,,,ho wish to influence flower lnitiatlon, 
it is much more important to discover a morphological change that would 
indicate that physiolog'ical differentiation is in progress, The detailed account 
(If tip development given abo\'e may be some help in the discovery of this. 
The authors wish to make a suggestion, The major morphological changes 
that immediately prec('de the initiation of flower primordia are those described 
in Phase 5, and commence in the "off" bud during the first two weeks of June 
or just after foliation. In th(' 'vegetative bud a similar change does not occur 
umjj OVer a month later. It is suggested that this early broadening and 
fiattening of the crown in the "off" bud during the early part of June may be 
a morphological indication that physiological differentiation is taking place, 
Of course, this is only a suggestion, for, before it can be proposed even as a 
tht'ory. experimentation is nt'cessary. 

Acknowled~ments 

The authors 'wish to express their indebtedness to the National Research 

('ouncil of Canada for a grant which paid a technician during one summer, 

to tht' Pathologist~in~charge, Laboratory of Plant Pathology, Kentville, Nova 

Scotia, for laboratory space during t\VO summers, ,and to the staff of the labor­

atory at Kentville for innumerable collections of buds made at all seasons of 

the year and throughout· the investigation_ Figs. 17, 18b, 19, 20c, 21. 22c, 

23 and 24 were drawn by l\liss Elizabeth E. Bligh, of Kentville, N.S. 



1,1,1.1. \\'p .\[.111.1.1"\ HI:I II} tJ:LI,j \/!,; )"N Ii I(,}_\}": [!'I'lt' ;;') 

References 
I. .-\.\R(l~, I. .\ :-.tllfh of bud (Iilll'wnti,llion in lilt \1. lnt".,h \',lI[\'n pi ,1)'1'11 

Bull. Turrey 11')\<ln. (13 1.::;11 2~:-. 1()5(> 

HELL, H. 1'. and F.\CE\, \" \\in"\edmiqu(' tnr \\\lll,'! l"I(L. 1.11' 1{'·-.'\ll< h. I l.~ 
12Q-l.H. 1937 

HLVI--. C .-\. The ,'.Inrl [lUll "I j'1""", ,tlc/:I,. \1"111 \ \ 
BI'lcltl. (.anIPn,.. () 

·k Ihi, \IH()\W, F. C. Tht' 1I1"I,'L'p)))!'!)) 
(If the apple. 

('IID\\'. J. \\' 1'[<)( \ Ill. ~"( II"I!. :--.).17 
."']-54-. 

(J. !)kl,\KARD, .-\, \\. Fruit-l,ud f()fm,ltiull ,Ind d,·\"l"ptlw!H. \nll. R,·p: \lr-'::Hi.ll'.,\\· 
techno In.st. \.:;r. EXjlt. ':-ILl. 15()-20!'. 1()OI)--10 

t;lllll:--, '\1. ,-\. and ~WARI\l:<IC;;:, T. J.I"nw,jogy II"n. ~(i. S (J!.(1(1. pl.;ll 

~. I ;(IFF. E. S. The.()rigin a.nd <il \t 1.'!Hlllnt uf thl 1\,,\\\ r., In 111\ (IH rn 1'\llnl ,11'1,1< 
,lnd pear. ~lxt('enth .-\n[1. \gr I "PI "'\ \ I 1m \\ \ ... pn~UI 2~\) ~Ih l~IJ() 

I) (~(lFF. E.~. In\"l'~tig-,I\il,n 01 H()wl'r lllll]~. ~('\\'I\\nn\h ;\1111. J{\'pl., .\).':1 \-.\.\,\ '-,1.1 
1"111\', \\"i . ..,nm..;lJ], 1(1()-2H5. 11)(10. 

10. (.(lFF, E. S. Inn;:--tigatlon (If tl()\\cr hlld~ Eighl\·t:llih \ml. Rl'pl .. ;\).':1'. 1-:.\1'\. "'1.\ 
1 ni\". \\-i"con:-.in, 3(4-316. 1901 

11. (~I'HE. 1-. R. ).iorphogl'nt'tic "tudit,,, nil III(' in!lof{,.,tTIW\· \,1 11'11"n. H(lt,lll. (,.lI. ()7 
118-138. 1935. 

1~. (;OII<LEY, J. H . .'-Itudie ... in (ruil hud fllrm,!(iufl . .\:ew /l,llllp..,llin· ('o!kg(" \).:1 EX!'I. 
Sta. Tech. Hull. I) 4--1-10. IQ1,). 

1.'. 11\)()KEK, H. D. Annual and bi"llIlI,d IJ{,~Lri!\g in Y"rk ,Lppk ... l·l\i\. \li ... ..,uuri 1·:lI.jll. 
~ta. Research Bull. 7S : 3-16. 1925. 

l--l. I'IRHY. R. S. .\ :--~lldy of the formation ,:l1d <ieQ']ojlnwl1t of. Ihl' jJower hlld~ of Jon'llhan 
and (;rirne" ("i!den i(1 rc!aci(Jfl II) drtTerellr t~p(':-- '1/ ,,(ill lIIallaj.;(·nWIl{. Prot h,\\,1 
_-\cad. ~("i. 15 : 265·2.s9. 1915 

IS. KJ-:.\L·S, E. J. The pol\ination of the pUlIlan'Olh fruit",. l. (;rn ..... n\<lfpl\()I"J.:~ (If tIlt' 
apple. Oregon .-\gr. Expt. Sta. Re~t'arch Bull. I, Part 1 : 1-12. 191.'. 

10. Kl:<.\r':>, E. J. The "tudy of fruiT hud:-- in On'g-(Ill. ()n·).;on .\gr. Ex"t. SI,L Bull. BU: 
12-21. 191.;. 

17. ::\!.-\.(;XESS, J. R. Influenn: uf :-.mnnll'r pruning on !Jud (\eQ,lnpn1!'nt of Il\(, appli' III 
"Pruning II1\'estigation:--". Ori'wm .-\gr. Expt. ~ta. Hull. LW : 4-(J-67. 1916. 

1'>;. \LH,~ESS, J. R. Stlldic,; in fruit hud formation. Orel-i',n .\gr. Expt. ""'''1. Bull. J.I-(): 
3-18. 1917. 

19. :\L-\XEY, T. J. and PU,GGE, H. £-I. Fruit hud production in the applt·. f'r,,('. Am. SUI'. 

Hort. Sci. 17 : 250·256. 1920. 
20. RA:\KER, E. R. Some phy,_;iological con!>ideratiol1s of the Dcliciou!' applt' with sp<'cial 

reference to the problem of alternate hearinv;. Am. J. Botany, 13 ~ 4-0h-..J..26. 192h. 
21. RASML;SSE:-i, E. J. The pcriod of hlo""om bud differentiation in the Baldwin ,Hid :\tclntosh 

apples. Proc. Am. Soc. Hurt. ~ci. 2(J : 155-260. 1929. 
22. TtTTS, \\'. P. and ),!JORROW. E. B Fruit·hud dilli'n_.ntiation ill delidu()u-. frlllt...... Hil· 

gardia, 1 : 3-14, 1925. 





Canadian Journal of Research 
Issued by TH& NAnONAL REsEARCH COUNCIl. 011' CANADA. 

VOL. 17. SEC. C. NOVEMBER, 1939 NUMBER 11 

VARIETAL DIFFERENCES IN BARLEYS AND M.4.LTS 

VII. STARCH-LIQUEFYING ACTIVITY, AUTOLYTIC DIASTATIC 
ACTIVITY AND THEIR CORRELATIONS WITH SACCHARIFYING 

AND PROTEOLYTIC ACTIVITY' 

By HENRY R. SALLANS2 A:SO J. ASSEL ANDERSON; 

Abstract 

Determinations made on 144 samples of malt, representing 12 varieties grown 
at 12 experimental stations in Canada. \'.how that varietal dit1eren<:es exist with 
respect to starch liquefying activity (max. 768, min. 2i5 units) and autolytic 
diastatic activity (max. 958, min. 664 units), Varieties of poor malting quality 
tend to be low with respect to both properties. The effect of environment is also 
considerable (liquefying, max. 510, min. 288; autolytic, max. 80b, min. 7(4). 

The correlation coefficients among liquefyinR. autolytic diastatic. saccharifying, 
and proteolytic activities of malt and total barley saccharifying activity were 
studied. Significant inur~varietal associations exist between each pair of proper­
ties, but partial correlation studies suggest that only those between saccharifying 
activities of barley and :malt (r = 0.90), and between liquefying and autolytic 
activities of malt (r = 0.97), represent real and close relations. The other 
associations between pairs of enzymatic activities seem to reflect mainly positive 
correlations between each activity and total salt-soluble nitrogen in the barleys. 

Significant intra-varietal associations exist between each pair of enzymatic 
activities, and between each activity and total barley nitrogen. It appears that 
environmental factors which tend to increase total nitrogen also tend to increase 
each enzymatic activity, but these do not increase regularly with respect to each 
other and are not closely related. Partial correlations independent of total 
nitrogen suggest that only barley and malt saccharifying activities (r = 0.67) 
and liquefying and autolytic activities of malt (r = 0.63) are related within 
varieties. 

It appears that the rate of autolysis in samples of different varieties from the 
same station is controlled almost entirely by starch liquefying activity~ but the 
latter property is not the limiting factor controlling autolysis in samples of the 
same variety from different stations. 'Within varieties some other factor, 
presumably starch resistance, must play an important part. 

Lintner values determined on 144 samples of barley and on the malts made 
from them were reported in Part II (11) of this seriell, together with the results 
of a statistical examination of the relations between these properties. Data 
on the proteolytic activity of the same malts were given in Part VI (4). 
Further investigations of the enzymatic .activities of these malts, namely, 
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OUawa.. Published as Paper No. 166 oj the Associate Committee on Grain Research olthe NationaJ 
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determinations of starch-liquefying activity and of autolytic diastatic activity. 
are reported in the present paper. 

It is generalJy agreed that the saccharifying activities of barley (total by 
the papain method, 11) and of malt measure /3-amylase activity. In malt 
{3-amylase douhtless contributes most of the effect, hut a-amylase also plays 
a part in saccharification. The activity of the a-amylase in malt has com­
monly been measured by methods involving changes in the starch-iodine 
colour (e.~., 14), but Blorn, Bak, and Braae (7) consider that starch-liquefying 
activity is a better method for estimating this enzyme. They point out, 
however, that i3-amylase has some slight effect on starch-liquefying- activity, 
but conclude that for all practical purposes the liquefying activity can be 
considered a~ a measure of a~amylaRe acti\-ity. Considerable doubt has been 
cast on the yalidity of tIw usual starch iodine methods by the recent work of 
Hanes and ('attk (8). Tlwy have ~hown that the rate of colour change pro· 
duced by a·amylase is considerably increased in the presence of tJ·amylase. 
It, therefore, appears that starch-liquefying methods give a more reliable 
measure of a·amylase activity than methods based on starch iodine coloration_ 

It does not yet seem possible to enumerate the factors controlling the auto­
lytic diastatic activity of malt as measured by methods of the Blish·Sandstedt 
type (5). On a priori grounds, it might be assumed that the rate of autolysis 
is dependent on factors such as starch-liquefying activity, saccharifying 
activity, and th(' resistance of the substrate to enzymatic attack. Shellen­
berger and Bailey (13), \H)rking on these assumptions, were unable to demon· 
strate any close relations among these properties and autolytic diastatic 
activity. 

Blish et al. (6, 12) have studied autolytic saccharification in flour and the 
effe-ct of adding malt extract to the digests. They were concerned mainly 
with the factors influencing the final degree of saccharification, rather than 
the rate, and their work bears rather indirectly on the problem under dis­
cussion. Further investigation seemed called for and it was mainly for this 
reason that the work reported in this paper was undertaken. 

Since the data were available, a study of the relations among enzymatic 
activities, i.e., saccharifying (11), proteolytic (4), autolytic diastatic, and 
starch-liquefying, is given in the present paper. 

Materials 

The malts used in the study are those used in previous studies in this series 
(1-4,10,11). They represent 12 varieties of barley (listed in Table I), grown 
at 12 widely separated experimental stations in Canada (listed in Table II). 
The barley varieties and the methods used in .growing the samples were 
described in detail in Part I (1) of this series and the malting methods and 
commonly measured properties of the malt, including Lintner values, were 
reported in Part IV (10). 



Methods 
Starch-liquefying Acti,';ty 

The method described hy Jozsa and Johnston (9) was u:st:"d for tht· d(,tt-r­
mination of starch-liquefy-ing anivity. The f()!I(l\\'in~ mooifir<1tions wt're 
made to facilitate manipulation. Infusions of tht' malts Wt'rt' madt" using 
sao ml. of SS:~ sodium chloride instead of 1 L of 2 51'; ;o;o\ut ion, and this ('xtract 
was diluted 1 to 20 with watef, Enzymatic digt'sts Wt'rl'. madt> in 250-ml. 
wide-mouthed Erlenmt'yer Hasks. 

The IOO-m!. pipettt-' used 10 dt'tt'rmint' \"iscosity wa1- calihratt:·d by tilt' 

method of Jozsa and Johnston and it was found th;lt their conn'rsion tahlt's 
('QuId be used to conYert the results to ·'Iiqut·fons" per gram of malt. These 
authors define a iiqudon as "that amount of !->tarch-liqUt·fying enzynw which 
will convert the standard ~tan'h past!' at tht_· ratt· pf 2~' m~. of ~i.rY starch 
per minute at zero time undf:'r the specifwd condit ions." 

Autolytic Diastatic Arti'i.'ity 

The following modifIcation of the Blii'h-Sandstt·dt (5) Int·thod was ww-U. 

Two 5-gm. aliquots of the fiIWly ground malt Wt'n' \\f:'igh('d into lOO-mt. 
glass stoppered Florence flasks and t;ubjl'cted to- autodige~ti(ln at 35° C. 
Digestion of one aliquot \\ as stopped at 1 he end of ont' hour in th(· usual 
manner and djgestjon of thf' sPC'ond aliquot afH'J two hours. After filtering 
the digests, 1 ml. of the filtra1f' was used for a dt-,termination of reducing 
compounds by a modification of the ferricyanidt-, mt'thod, which pt·rmitted 
the estimation of larger quantitit's of sugar. Tht' ff'rricyanide reagent ust'd 
was calibrated against a solution of pure maltost', and autolytic activity was 
expressed as milligrams of maltose produced from 10 Rm. of malt during the 
second hour of digestion. 

Typical curves showing the relation between reducing compounds produced 
and time of diges.tion for Foarnples of two varieties of barley are shown in Fi.g. 1. 
The upper and lower curves represent samples of O.A.C. 21 and \Visconsin 38 
grown at the same station. A curvilinear relation exiHs between 0 and 1 hr., 
whereas the relation between 1 and 2 hr. is almost linear. Other experiments 
have shown that if digestion is carried much beyond 2.5 hr. a definite drop in 
the rate of production of reducing compounds occurs. It seems provable 
that during the early stages of digestion the fractured starch grains arE" sub~ 
jected to ready attack with the result that the initial rate of production of 
reducing compounds is greatest. vVhen the readily attacked starch has been 
utilized, the rate of digestion becomes relatively constant until it is retarded 
by reduced substrate concentration and b~ the inhibiting effects of hydrolytic 
products. We have attempted to measure the rate during the period when 
it is relatively constant. 

The dotted curve in Fig. 1 represents the same sample of O.A.C. 21 ground 
less finely. It will be observed that the two curves for O.A.C. 21 are very 
similar and it is evident that the method is to some extent independent of the 
fineness of grinding. This is an important advantage in dealing with samples 
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grown under widely different environmental conditions and thus differing 
considerably in their resistance to grinding. 

TIME IN HOURS 

FIG. 1. The rela/t'on between redudng substances produced and time of au/.{)(]igestion. 
Values represent means of duplicate determinations. 

Replication 
Duplicate determinations were made on one-third of the samples to provide 

a check on the precision of the determinations. These replicates were selected 
at random after imposing the limitation that four samples of each of the 12 
varieties and four samples from each of the 12 stations should be selected. 
The standard deviations of single determinations were: Autolytic activity, 
mean = 765, S.D. = 20.4 or 2.7% of the mean; starch-liquefying activity, 
mean = 410, S.D. = 11. ° or 2.7% of the mean. 

Mean Differences Between Varieties and Between Stations 

The results of the investigation of autolytic activity and starch-liquefying 
activity are summarized in Table I as means for each variety, over all stations, 
and in Table II as means for each station, over all varieties. The tables also 
contain, for purposes of comparison, the corresponding mean val ues for 
saccharifying activity which were previously reported in Part II (11). 

Owing to the differential effect of environment on varieties, these did not 
fall in the same order at all stations, nor did the stations fall in the same order 
with respect to each variety. An analysis of variance was necessary to deter­
mine whether differences netween varietal means, and between station means, 
could be considered significant. The results of the analyses are put on record 



S.4.LLANS AND ANDER.'W!<.',- VARIETAL DIFFE.REXCES IX BARLEl"S 345 

in Table III, but for the purposes of the following discussion thev are sum­
marized (last lines of Table I and II) as nt'{'es.""I)' differences ht-t,,:een means 
required for a 5% level of significance. 

TABLE I 

VARIETAL MEANS FOR AT:TOLYTIC DIASTATIC ACTIVITY, STARCH LlQt'EFYJNG ACTIVITY 

AND SACCHARIFY1!"(; ACTIVITY OF MALT 

Autolytic Starch Sacc-harifying 
Class \'ariety diastatic liquefying activity, 

activity. mg. activity, "Lintner 
maltose/10 gm. liquefon"/gm. 

Six·rowed, rough- om 9S8 768 153 
awned O.A.C. 21 78S 419 127 

Peatland 779 444 120 
Mensury 777 406 129 
Pontiac 770 412 131 

Six-rowed, smooth- \'eh'et 764 385 124 
av:ned :Kobarb 678 281 100 

Regal 676 27S 85 
Wisconsin 38 664 281 96 

Two-rowed, rough- Hann('hen 804 418 115 
awned Victory 787 435 103 

Charlottetown 80 739 392 100 

Necessary difference, 5% level 57 54 11 

Farietal Differences 
The data given in Table I show conclusively that varietal differences exist 

with respect to each of the three properties measured. Olli gives consistently 
high values, whereas those for Regal and \Visconsin 38 are consistently low. 
Th~re is little indication of differences between the various classes of barleys 
since, although the lowest values are given by three of the smooth~awned 
varieties, the fourth, Velvet, gives values of about the same order as the 
rough-awned varieties. In Canada, O.A.C. 21, Mensury, and alii are con­
sidered good malting varieties, whereas Nobarb, Regal, and \Visconsin are 
considered poor. The data for these varieties thus suggest that good malting 
varieties are characterized by reasonably high diastatic activities, 

Station DiJ! erenees 
The mean values for each station are given in Table II. Comparison of 

the differences between these with the necessary difference required for a 5% 
level of significance leaves no room for doubt that environment has a con­
siderable effect on all three properti.... It is interesting to note that the 
maximum spreads between station means, 102 for autolytic activity and 222 
for liquefying activity, are considerably lower than the corresponding spreads 
between varietal means, 294 and 493. Since the stations cover a wide range 
of environment, from a dry continental climate to a moist maritime onet it 
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appears that variety has a far greater effect on autolytic diastatic activity 
and ~tarch-Jiquefying activity than environment. It is also worth noting 
that most of the variation between station means, with respect to autolytic 
activity, is caused by four stations, the first two and last two in the test. 
\'alu{'s for the remaining eight stations are closely grouped and do not differ 
significantly. 

T.\BLE II 

STATIO.", MEANS ;FOR AC1'OI.YTlC VlASTATlC ACn\"ITY, STARCH LIQL"EFlTl',G ACTIVITY 
AS"D SACCHAR1FYll'G ACTIvITY OF MAl.T 

Station ~i<l:st~tic liqu7fying actrvlt)', 

malt.ose/l0 gm. liquefons/gm. 

I Autolvtic 1 Starch II Sacch?r.ifying 

I 
actrnty, mg-. I actrnty, °Lintner 

------.---------------- --------i--------
Fredericton 
Stc. Anne de Bcl1c"ue 
Brandon 
Winnipeg 
Guelph 
R('avcr1od~l' 
Ottawa 
Gilbert Plains 
Nappan 
Stc. Anne de la Pocatierc 
Lacombe 
1.l"thbridgc 

Necessary difference, 5% level 

Analyses of rTariance 

806 3iS 85 
g02 393 100 
i88 441 117 
i81 428 105 
iiS 510 122 
III 488 150 
767 422 133 
762 382 133 
752 288 63 
741 424 121 
726 418 139 
704 348 116 

57 .14 11 

The yarianccs of the data for each determination were analyzed into portions 
resulting from (i) average differences between varieties; (ii) average differences 
between stations; and (iii) remainder. The last portion results not only 
from variations caused by a true interaction between stations and varieties, 
but also from vadations caused by soil heterogeneity within stations, and by 
sampling and analytical errors. It, therefore, provides an adequate criterion 
for testing the significance of differences between station and varietal means. 

The mean squares obtained by the analyses of variance are reported in 
Table III. Since the mean squares resulting from differences in the average 
performance of individual varieties, and from differences in the average 
performance of all varieties at different stations, are significantly greater 
than the corresponding remainders, it is apparent that significant differences 
exist between varietal means and between station means. 

In previous papers of this series, results of analyses of variance of data on 
19 properties of the same sets of barleys or malts have been reported. For 
most of these properties. the varianoe due to stations proved considerably 
greater than that due to varieties. It is thus a 'matter of some interest that 
the reverse is true witl'\ respect to starch-liquefying activity and autolytic 
diastatic activity. The comparatively greater influence of variety on these 
properties is thus demonstrated. 
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TABLE III 

ANhLYSIS OF \'.I.,.\HA};CE FOR STARCH~L1( .. n'EFYtNG ACTIVITY A!\ll At'TOLYTI(' DIASTATl(' 
AcnnTY 

Yariance due to 

Varieties 
Stations 
Remainder 

I>e~n'{';. 
of 

fre('(h,Oi 

tl 
II 

121 

Autolytic 
di.lslJ.tic 
arth'ity 

7268." 
1 :oqk· 

400 

has b~~T~t:ta{:e~~is and laler taliles·- dt'1l(>trs that lht Ie;. and -thllt/it .. 5'; In'rl "f Si[:,tlifiamce 

Correlation Studies 

In studying the relations bt't\\'een various barley and malt properties, it is 
advisable to examine the jnter~ and intra-varietal correlations separately. 
These may differ considprably sinct' the former are control1t·d hy gem·tic 
factors, whereas the latter are contro\lt_·d hv em'ironml'ntai factors. Tht're is 
thus little reason for expecting- that the in"fer- and intra-varietal correlations 
will be similar, and they rarely are, For this rea50n the two kinds of relations 
are discussed separately in the following s(;'ctions, 

Inter-varietal Relations 

The inter-varietal correlation coefficients l)(;'tween each pair of enzymatic 
activities are given in Table lY. SincE' all of tht'S€' are significant and all but 
two are highly significant, it is obvious that an intE'r-varietal association exists 
between the various activities so that varieties which tend to he high in one 
enzymatic activity also tend to be high in other enzymatic activities. 

It was shown in previous papers of this series that inter-varietal relations 
existed between barley saccharifying activity, malt saccharifying activity (3), 
and proteolytic activity (4) on the one hand, and the more soluble barley 
nitrogen fractions (e,g" non-protein nitrogen, salt-soluhle protein nitrogen, 
and total salt-soluble nitrogen) on the other. Correlations between these 

TABLE IV 

INTER~VARIETAL SIMPLE CORRELATIO~ COEFFICIENTS BET'WEES ESZYMATIC ACTIVITIES 

Enzymatic activity 

Barley saccharifying 
Malt saccharifying 
Malt liquefying 
Malt autolytic diastatic 

Sacchari­
fving 

0.904*-

Malt 

Lique- \. Autolytic 
fying diastatic 

0.750·* 0.751** 
.816.' .856·· 

,975·· 

Prnteo~ 
\ytk 

0.634* 
.662-
.798·· 
.807" 
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activities and total nitrogen, insoluble nitrogen or alcohol-soluble nitrogen 
were not significant. Similar relations have now been found between starch­
liquefying and autolytic diastatic activities and the various nitrogen fractions. 
The most striking feature of these studies is the existence of significant inter­
varietal correlations between aB the enzymatic properties and the more 
soluble nitrogen fractions of the barleys. The correlation coefficients for these 
activities and total salt-soluble nitrogen are shown in Table V. 

TABLE V 

INTER-VARIETAL CORRELATION COEFFICIENTS AMONG ENZYMATIC ACTIVITIES (x), TOTAL BAlU.EY 
NITROGEN (n) AND SALT-SOLUBLE BARLEY NITROGEN (s) 

x "'" enzymatic activity 

Barley saccharifying 
Malt saccharifying 
Malt liquefying 
Malt autolytic diastatic 
Malt proteolytic 

Simple, 
r= 

0.199 
.039 
.103 
.136 
.070 

Correlation coefficient 

Simple, 
ru 

0.739** 
.727** 
.727** 
.750** 
.871** 

Partial, 
r:,,"_" 

0.737*· 
.759·· 
.788*· 
.814·· 
.882*· 

To elucidate these inter-varietal relations the regressions of the enzymatic 
activities on total salt-soluble nitrogen were calculated by stations and tested 
for homogeneity. This analysis is shown in Table VI. It was found that 
the regressions did not differ significantly between stations. But, since the 
individual regressions only account for about one-third of the total variance 
of the enzymatic activities, it is obvious that total salt-soluble nitrogen is not 
the most important factor controlling the development of these activities. 
Similar relations can be shown for the other soluble nitrogen fractions, namely, 
non-protein and salt-soluble protein nitrogen. It seems probable that these 
soluble nitrogen fractions reflect some more fundamental property of the 
barleys that controls the development of the enzymatic activities in the malts. 

TABLE VI 

TEST OF HOMOGENEITY OF INTER-VARIETAL REGRESSION COEFFICIENTS BY ANALYSIS 
OF RESIDUAL VARIANCE 

Variance due to 
D~S I ____________ --M-~---'Q-uare---------------
freedom Barley Malt Autolytic Starch Autolytic 

saccharifying saccharifying diastatic liquefying proteolytic 
--------I------------~----
Differences amona station regression 

coefficients 
Deviations from individual station 

regressions 

lt 

120 

640.85 286.25 9,999.6 14,499 1.261.3 

127.28 345.01 8,417.4 14,847 1.90(L4 
---------1·---1---1--1----
Percentaee of variance accounted for by indi­

vidualregresaions 36.8 .37.5 21.5 34.3 31.0 
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. To d.e~e:mine whether there is any real relation tlt'tween the pairs of enzyma­
tic actIVltIes, apart from that due to a common association with salt-soluble 
nitrogen, partial correlation coefficients between t:'ach pair of activitit's and 
salt-soluble nitrogen were calculated, These partial correlation coefficients 
appear in Table VII. Those between proteolytic and sact'harifving acti­
vities are of negligible magnitude and it is inferred that the simple l:orrelation 
coefficients (Table IV) reflect the relations between each of these activities 
and salt-soluble barley nitrogen. 

TABLE \'Il 

!NTER-VAIUETAL PARTIAL CORRELATION COEFFICUNTS, UEl'WEF.N Io:NlYMATI(' ACTIVITIES 
1!>.'DEPENDENT OF SALT~~'iOLt:BLE BARl.EY NITROGEN ' 

~lalt 
Enzymatic actiYity 

------~ --'---=-----I-__:__.:c_-I------~ 
Saf~~i~~ri- ~~~~~- ~i:~tZt\~ I Pf~:r;)-

Barley saccharifying 
Malt saccharifying 
Malt liquefying 
Malt autolytic diastatic 

0.780·· 0.460 0.441 -0.030 
.610· .684· .087 

.946" I .399 
.437 

The following partial correlation coefficients drop bdow the SS~ level of 
significance: barley saccharHying-liqu('fying; barley saccharifying-autolytic; 
proteolytic-liquefying; and proteolytic-autolytic. The available data thus 
fail to demonstrate that relations exist between these pairs of activities, which 
are independent of the relations between each of them and salt-soluble 
nitrogen. Nevertheless, the correlation coefficients are high enough to suggest 
that loose associations may exist and might be demonstrated by a study of a 
larger number of varieties. 

The relation between barley and malt saccharifying activities is quite 
close as indicated by the simple correlation coefficient of 0.904. The partial 
correlation coefficient independent of salt-soluble nitrogen, 0.780. is significant 
to the 1 % level. Since malt saccharifying activity results from the activity 
of fl-amylase already present in the barley. this result was to be expected. 
\\Then regression of malt saccharifying on barley saccharifying activity was 
determined by stations, it was found that these regressions did not differ 
significantly from station to station and would account for 76% of the variance 
of malt saccharifying activity. Total barley saccharifying activity (papain) 
is therefore the most important single factor controlling the development 
of malt saccharifying activity. However, since the removal of those portions 
of the variance associated with salt-soluble nitrogen affects the relation, it 
appears that other factors are operating to some extent. 

In Part II' (11) it was suggested that barley saccharifying activities might 
be of value in predicting malt saccharifying activities of plant breeders' 
samples. It was also stated that the lack of complete correspondence between 
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the t\yo activities might be due either to the saccharifying activity of a­
amylase or to differences in the responses of varieties to the particular malting 
conditions used in the investigation. The latter seems more probable, since 
tht" multiple correlation coefficient between malt saccharifying activity and 
barley saccharifying and starch-liquefying activities, 0.928, is not significantly 
higher than the simple coefficient, 0.904, but the multiple correlation coefficient 
betw('en malt saccharifying activity and barley saccharifying activity and 
index of nitrogen modification, 0.952, is significantly higher than the simple 
coefficient. 

A significant degree of association persists between malt saccharifying 
and liquefying activities, independent of salt-soluble nitrogen. It thus 
app('ars that there may be a direct association between these two activities. 

Tht, inter-varietal relation between starch-liquefying and autolytic diastatic 
activities is yery close (r = 0.975; partial, independent of salt-soluble nitrogen, 
= (). 946). Individual regression equations of autolytic on liquefying activ­
ities account for 81.5% of the variance due to autolytic activity. It there­
for(' appears that the liquefying activity of a-amylase is a factor of primary 
importance governing the rate of autolysis of malts made from barleys grown 
at thE' same station. 

The relative importance of the saccharifying and liquefying activities 
in controlling- the rate of autolysis in samples of different varieties can be 
demonstrated by the following partial correlation coefficients. 

Autolytic X liquefying, independent of saccharifying, 0.934**. 

Autolytic X saccharifying, independent of liquefying, 0.466. 

Since the first of these is highly significant, whereas the second is not 
significant, it is clear that liquefying activity is a major, and saccharifying 
activity a minor, factor governing the rate of autolysis. This is also shown by 
the fact that the multiple correlation coefficient for autolytic activity and 
liquefying and saccharifying activities, 0.981, is not significantly higher than 
the simple coefficient betlveen autolytic and liquefying activities. 

I ntTa~varietal Relations 

I t has been shown throughout these studies that within varieties almost 
all properties are correlated with total barley nitrogen. In these circum­
stances simple intra-varietal correlation coefficients are frequently misleading, 
since they tend to reflect correlations between nitrogen and the variables 
under consideration, rather than the true relations between the variables. 
For this reason the intra~varietal relations discussed in this section are repre~ 
sented in Table VIII by both simple correlation coefficients and partial cor­
relation coefficients independent of total nitrogen. 

In considering the simple correlation coefficients given in the upper part of 
Table VIII, it is simplest to note first that autolytic diastatic activity is not 
significantly correlated w,ith any of the other properties. It appears that 
within varieties autolytic activity is contrql1ed by a number of factors, which 
vary independently with change in environment. Among these factors lique-
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fying and saccharify~ng ~cti\"ity art' doubtless numberffi, but the roles th~y 
play are not of sufficlent Importance to produce significant simpll' correlation 
coefficients. 

TABLE VIII 

INTR.>\~YARIETAL SIMPLE CORRELATIO"\ cm':F'nCm~TS IIETWEE:>; E:>;l\'!\(ATI(' A("TIVITtES AND 
TOTAL HARLEY XITRO(,E~, A:'>in l'.\RTI.-\L ('ORRELATIO," C(I[':I'F1UE~l'S llETWEEN 

E!\ZYMATIC ACTI\'ITlf:S l~bEI'E~DE~'T {H-' TOTAl, II.\RU.Y :-;ITRO(;ES 

Enzymatic activity 

Barley saccharifying 
Malt saccharifying 
Malt liquefying 
~'1alt autolytic diastatic 
:Malt proteolytic 

Simple ('()rrelatillO ,ocfiicl('nts 

I 0.976·· II O.97Sn i O.':;~9· 
i .962·· ~ i 6C)O· 

I 
.631' _ I ._ 

- .169 - \ -
.~54·· - -

Partial correlation coefficient>:, independent of. total nil rogcn 

Barley sac.charifying 
Malt saccharifying 
Malt liquefying 
Malt autolytic diastatic I 

~9'1- l~~ 1- I~~ I ~ fl~O· 

~ 1-

o X41·· 
.H79·· 
. i2H** 
.026 

070 
.406 
.467 
.510 

All other activities are correlated with total nitrogen and among them­
selves. It thus appears that a change in environment that increases total 
barley nitrogen also tends to increase each of the enzymatiC' activities under 
consideration. Among the inter-station correlation coefficients only that 
between barley and malt saccharifying activities is particularly hig-h. It thus 
appears that these two activities are quite closely related within varieties as 
well as between varieties. 

Among the partial correlations independent of total nitrogen, only two are 
significant. One of these represents the relation between barley and malt 
saccharifying activities. 

The other significant partial correlation coefficient is that between autolytic 
activity and liquefying activity. It is apparent that some relation exists 
between these two activities within varieties (as wetl as between varieties) 
but that this relation is masked in the simple correlation by the complicating 
effect of correlations with total nitrogen. It is possible that within varieties 
total nitrogen is correlated with some factor that has a considerable influence 
on autolytic activity, for instance, substrate resistance. \Vhen the effects 
of differences in total nitrogen are removed by calculating the partial correla­
tion coefficient, some of the effects of differences in substrate resistance are 
probably removed also. Under these conditions it then becomes possible 
to demonstrate the relation between starch-liquefying activity and rate of 
autolysis, i.e., the partial correlation coefficient is found to be significant. 
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In g~neral, there is some degree of similarity between the inter- and intra­
varietal correlations. In both instances a dose relation exists between 
barley and malt saccharifying activities, starch-liquefying activity is shown to 
be an important enzymatic factor governing rate of autolysis, and rather 
loose associations exist between the other pairs of activities. 
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PHYSIOLOGICAL ACTIVITY OF A SERIES OF INDOL YL 
ACIDS' 

By )/. H. GRACE' 

Abstract 

Th~ p.hysiol?gical activity of a series of indolyl acids, from the aC'~tk to the 
valene. tnc1udm~ 5-methyl-.indoiylpropionic. has ~n determined by the rootinit 
respo~ses ~f Lontcera tartanca cuttings treated with solutions of each. lndolyl­
lmtync aCid was th~ most active chemical, affet·ting the number und length of 
roots per root,ed cuttmg, the mean root length, the green weight of leave!!, and tht' 
fresh root weIghts. Indolylacetic acid had significant effect:; on the numher and 
le~gth of roo~s per.rooted cutti.og. Slight activity wa!o shown by indolylpropinnic 
a;ld: but netther mdolyh-alenc acid nor S-methyl-indolylpropionic showed any 
significant treatment effects. :Kone of the acids affected the number of cuttings 
rooted. 

373 

A recent communication gives the results of experiments in which plant 
cuttings were treated with a series of naphthyl acids from I-naphthyl-acetic 
to .-(1-naphthyl)-hexoic (2). It was demonstrated that physiological activity 
was shown by all members of the series tested, and the greater activity of 
the acids with an even number of carbon atoms in the side chain was the most 
striking feature of the results. It was considered of interest to carry out a 
similar experiment with a series of indolyl acids. In consequence, Lonicera 
tartarica L. cuttings, as used previously, were treated with indolyl acids from 
indolyl-3-acetic to a(3-indolyl)-valeric acid, and with /3-3(5-methyl-indolyl)­
propionic acid. 

Experimental 

The details of statistical arrangement and treatment were identical with 
those previously described, excepting that four, not five, replicates of 10 cut­
tings were used in this experiment (2). As with the naphthyl acids, solutions 
were prepared in 100 p.p.m. of K,HPO. , and this concentration of phosphate 
was used on the controls and with each chemical at all three concentrations, 
namely: 10,50, and 100 p.p.m. 

Dormant cuttings* were approximately 12 in. long, and were treated in 
groups of 40 (the four replicates) in 150 cc. of solution for 24 hr.; 720 cuttings 
were required for the experiment. They were rinsed and immediately planted 
in random order in brown sand in a propagation frame equipped with bottom 
heat cables. Sand temperature was maintained at 72' F., while that of the 
room approximated 65' F. The present experiment received more light than 
the former, as the days were longer during the present experiment. Apart 
from light effects the series of treatments of Lonicera tartarica with naphthyl 
and indolyl acids were carried out under closely similar conditions. The 

1 Manuscript received September 8, 1939. 
ContribWion from the Division of Bwlogy and Agriculture, NatWnDl Research Laboratories, 

oUawa. N.R.C. No. 854. 
1 Biochemist, National Research Laboratories, Otta'ftHl . 
• The Pt'e1>o.Ttd cuttings were supplied by the: Federal District Commission through the kindness 

of Mr. E. /. Wood. 
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cuttings were planted ,March 9 and removed for counts and measurements 
April 1'9, 1939. 

In addition to tht:' counts and measurements made on Lonicera treated 
with naphthyl acids (number of cuttings rooted, number and length of roots 
per rooted cutting, and the mean root length), weight of leaves and fresh root 
weight!'; were determined. All the data thus secured were sUbjected to analyses 
of variance. 

Results 

The number of cuttings rooted in this experiment achieved a rather high 
gf'nerallevei; over all, 65(,'( of those planted formed roots, as contrasted with 
about 35~'·( rooting for untreated controls in previous studies with this plant 
(3, 4). Apparently this general stimulation was due to a uniform treatment 
of nutrient phosphate. h:~HPO~ ; nutrient treatments of Lonicera cuttings 
ha\'e been shown to stimulate rooting (5). The response of this collection of 
cuttings 10 nutrient treatment may have masked the eff€'cts of the hormone on 
the number rooted. 

It will 1)(' observed from Table I that there 'were significant differences due 
to th{' use of chemicals in respect of the remaining five characters. No sig~ 
nificant int('raction could be demonstrated; i.e., there was no differential 
response at different dosages to the same chemical. 

TABLE I 

A:-<ALYSIS OF YARIA:\CE OF RESl'O::';SE OF Lonicera tartarira TO A SERIES OF lSDOLYL ACIDS 

I De"", I ,",urn"", I Lengch 
of of cuttmgs I of roots Mean Number Green Fresh 

I 
frcedcnt! I rooted r root of roots weIght "'eIght 

(trans- I clJr::.lng length per of of 
I formed rooted mm cutting leaves toots 

Mean square 

Source of varianc~ 

i doto,'I moted 

-Re-p-lic-.at-"-----I--;-~__=_:_~~__::__=_ 
Dosages 2 6.8\51050 236.7 34.07 2.24 O.OU 
Error (a) 671.2 45636 121.7 27.40 18.40 2.557 

Chenlicals I lB.7 168639*" 149.P* 411.47· u 14.42* 3.108** 
Chemicals X dosages 10 136.0 22814 65.8 23.76 7.64 1.418 
Error (b) 45 1909 18182 42.3 25.93 4.2.5 0.787 

S Data subjected to inverse sine transformation (1). 
'" Exceeds mean square error, 5% level of significance . 

•• Exceeds mean square error, 1 % level of significance . 
••• Exceeds mean square error, 0.1 % le'l}el of significance. 

Table II shows the effect of chemicals, as estimated from the differences 
between treated and control means. Indolylbutytic acid increased the length 
and number of roots per rooted cutting and the fresh root weight, but decreased 
the mean root length and the green weight of leaves. Indolylacetic acid 
increased the length and number of roots per rooted cutting. Indolyl-
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propionic acid decreased the mean root It'ng-th and tht, grt't'n \vt'ight of leaves. 
Neither 5-methyl-indolylpropionic nor indolylvalf>ric acid~ had an\' sif,!nificant 
effect on the responses studied. . 

PdH.E I [ 

RE~l'O~SE OF Lrmicaa lariat/Ii] TO:\ Sl:..RIES (IF JS(lOLll. 

: :-\umbt'r of i L,m;:th lJi 
cuttlll!:S 

Treatment i rnott"d 
!(trans.forme<1 i rU(lted, 

dat<l)S ------- ---_. - .. _-
Control 
IndoJyJacetic 
Indulylpf<.JVkLn\c 
.i_McthyJ_indolyjpropiollic 
Inrloh'lbutyric 
lndolyl\'aleric 

,'is , 
" 

, 
.i1 4 

! ;;;,~ 

24J 
377' 
:!f>(\ 

2'14 

:\I!',,m :-\umtwr 
o[ mots 

kn,nlJ. i"'l 
fm,(,'d 

lJ· 

2$ 

" 'X-ec-',,-·.-u,-· d-'O-'-"-"'-',-[u-'-5(,-; -0[-1---·----'--"-1------
significance ! 111 5. J ~ 

S Data suhjected to in'verse sine Iransformatw11 (1 J. 

* Exceeds 5~-(,·let'el of sig1l1jinUice. 

(;""'11 Fr!'~h 

""'·l.:lu w .. ,.:h( 
o[ 

! h'<Ln'~, 

, [, i , lJ 
7 ., , ." 

I) )(.\ 

7 4 , , il , [,' , .'I. , 
" 

, ').~ 
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Indolylbutyric acid was the most consistently t,ffee-tive of thE' cht'micals 
employed; and the general effe('t of chemicals was to increase thf' nurntwr \vhile 
decreasing the individual leng-th of roots, and to increase total root weight 
while reducing the weight of top:;;. 

The results would appear to indicate that members of the indolyl series with 
an even number of carbon atoms in the side chain have greater physiological 
activity than those with an odd number, a conclusion in f>ssential agreement 
with the variation of activity in the naphthyl series. However, while there 
was little difference in the activity of naphthylbutyric and ~acetic acids, in 
the indolyl series the butyric acid was markedly more active than the acetic 
homologue. 
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VEGETATIVE PROPAGATION OF CONIFERS 

Ill. EFFECT OF MONTH OF COLLECTION ON THE ROOTING 
OF DORMANT NORWAY SPRUCE CUTTINGS' 

By N. H. GRACE' 

Abstract 

In a comparison of the rooting responses of cuttings of Norway spruce from 
upper branches. in which one lot was stored under snow from November until 
early April and the other caHceted in late March, there were statisticaUy sig­
nificant difference~. After 12 weeks 38.9% of the November, and 20.7% of 
the March, cuttings werc rooted or calloused. At the end of the propagation 
period 45.2% of the November, and 66.6% of the March, cuttings Were dead. 
Indolylacctic acid dust treatment did not have a significant effect on the 
number of cuttings rooted or calloused; it did, however, increase the number that 
were dead at the cnd of the experiment. 

Among the factors of possible importance in the vegetative propagation 
of conifers are the effects of period of collection and storage on the rooting 
of dormant cuttings. Deuber and Farrar have shown recently that there 
is a marked change in the rooting of cuttings of Pieea exeelsa Link. over the 
period of October to January (2). The present communication describes a 
preliminary experiment in which the effect of time of collection on the rooting 
of Norway spruce cuttings was studied. 

Experimental 

Branches of Norway spruce were collected in mid-November 1938 and 
buried under snow until early April (3, 4). These were compared for rooting 
ability with a collection of branches made in March 1939.· Both collections 
were from the upper part of trees from a plantation approximately 18 years of 
age, on the Petawawa Forest Experiment Station, Chalk River, Ontario. 
Cuttings ranged from two to four inches in length and had a heel of old wood, 
and were divided into groups of 13 cuttings, each representative of the various 
lengths. Prior to planting, four replicates of 13 cuttings of each collection 
were treated with talc only, with 100, and with 1000 p.p.m. (parts per million) 
of indolylacetic acid in talc. There was also an untreated control. 

The cuttings were planted April S, 1939, in brown sand in a propagation 
frame equipped with bottom heat cables. The propagation frame was 
provided with a factory cotton screen, which reduced light intensity and 
assisted in maintaining the humidity. The random order of planting resulted 

1 Manuscript received September 12, 1939. 
Contribution from ,he Division of Biology and. Agriculture, National Research Laboratories, 

Ottawa. Part of a co-operative project of the S-ubcommiltee lin Forest Tree Bree6ing. AssociaJt 
Committee on Forestry. N.R.C. No. 855. 

~ Biochemist, National &search Laboratories, Ottawa . 
• The staff of the PttGwawa Forest Experiment Station, Chalk River, OnIMio, kindly-tnadt 

tM March collection. .. 
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in one level of precision for all the comparisons. Sand temperature was main. 
tained at 72' F., while the room tem[l<'rature rangffi between 65 and 70 FO. 
for the first few weeks of the propagation JX"riod. HO\\'('vt>r, during tht> last 
eight weeks the room temperature frequently wt'nt up to (rom 80 to 95 of. 
during the day. 

The cuttings were removed 12 weeks after planting and the number rooted, 
calloused. and dead, and the number and it'ngth of roots wt're determined. 
Poor rooting of the I\Iarch collection rendered it irnpossihlt· to make a statistical 
analysis of the data for the number and length of roots per rootffi cutting. 
This led to combination of the number of cuttings calloused with those rooted 
for statistical analysis, based on inyerse 6in;:_' transformations (1). 

Results 

Data for the number of cuttings rooted or calloused and for the number 
dead were subjected to analyses of variance, and the results are- prrsented 
in Table 1. The number of cuttings rooted or calloused was affectt'"d by the 

TABLE I 

ANALYSES OF VARIANCE OF RESPO'SSE OF i'\ORWAY SPRUCE Ct'TTl~GS COLLECTED IN NOVEMBER 

AND MARCH AND TREATED WITH Dt:STS COSTAINING 1l\DOLYLACETIC ACID 

Source of variance 

RepIicates 
Indolylacetic acid dosage 
Month of collection 

Interaction 
Indolylacetic acid treatment X month of 

collection 

Error 

Degrees of 
freedom 

21 

• Exceeds mean square error, 5 % level of significance . 
••• E.",cuds mean square error, 0.1% le1Jel of significance. 

Mean square 

!'umher of 
(;uttings Number of 
call()used cuttings 
or rooted dead 

136.24 49.82 
260.59 238.32· 

1309.44··· 1352.00··· 

102.37 296.37· 

86.93 66.62 

month of collection, but neither indolylacetic add treatment nor the inter­
action between indolylacetic acid treatment and month of collection had a 
significant effect. The number of cuttings dead showed that the month of 
collection was significant to the 0.1 % level, and indolylacetic acid treatment 
and the interaction between treatment and month of collection also were 
significant, but only to the 5% level. 

In Table II are given data for the effects of the month of collection on the 
number of cuttings rooted or calloused and the number dead. The November 



3i8 CANADIAN JO~'RNAL OF RESEARCH. 'VOL. 17, SEC. C. 

TABLE II 

TilE EFJ'ECT OF MONTH OF COLLECTION OS nlE NUMBER OF DORMANT ~ORWAY SPRUCE 

n:TTI::-;GS ROOTEJ) OR CALLOl:SED 

1vlonth of collection of cuttings 

N(n-cml)cr 
March 

Keces"ary difference, SS( level 

I Cuttings 

I Rooted", callou;;ed Dead 

38.2 
24.4 

(> 9 

38 9 
20.7 

42.1 
55.1 

6.1 

45.2 
66.6 

collection gave significantly more rooted or calloused cuttings, and fewer 
dead cuttings than the l\1arch collection. There were 19.7% of the November 
cuttings rooted, while only 2. 9S'6 of the l\larch collection rooted. 

The effects of indolylacetic acid treatment and the month of collection on 
the number of cultings thaI died are shown in Table III. Both 100 and 
1000 p.p.m. treatments increased mortality of November cuttings over the 
untreated control; the untreated and talc groups did not differ. The response 
of l'vlarch cuttings to treatment was somewhat different in that 1000 p.p.m. 
indolylacetic acid caused significantly greater mortality than was shown by 
the untreated or 100 p.p.m. groups. The interaction effect was due to this 
difference in response of cuttings of the two collections to 100 p.p.m. indolyl­
acetic acid treatment; in l\larch, this treatment, while not differing significantly 
from the untreated control, suggested a decrease in mortality. The treat­
ment means indicated that 1000 p.p.m. indolylacetic acid in talc increased 
mortality over the untreated group; values for the other two treatments were 
intermediate but did not differ significantly from the latter. 

TABLE III 

EFFECTS OF MONTH OF COLLECTION AND Ih"J)OLYLACETIC DUST TREATMENT O!'< THE 

Nl'MBER OF NORWAY SPR1:CE CUTTINGS DEAD 

Unt,eated I 
lndolylacetic acid in talc, p.p.m. Necessary 

Month of collection difference, 
of cuttings 100 1000 5% level 

--------
Transformed data 

November 34.7 36.6 49.6 47.3 
12.0 

March 50.7 60.1 45.1 64.5 

Treatment means 42.7 48.4;. 47.4 55.9 8.5 
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The results are in general agreement with thoS(' of Deulwr and Farrar, 
and suggest that there is a marked changl' in rooting- ability during thv 
dormancy period (2). It would appt'ar that hranchf's stnrt·d undt'r snow, 
following collection in Novembt"f, do not under},:o physiological changes to 
the same extent as if left on the tree throughout the wintt'r. It may not be 
assumed that such storage completely stops all physiological chang-e. since 
November cuttings, the collection used in this expt·riment. rt'spondl'd favour­
ably to 1000 p.p.m. indolylacetic acid in talc when treated in DecemiX'r (4). 
However, close comparisons cannot be drawn between tht, formt'r and pn'sent 
experiment, since in the one the cuttings were plain and in the other they had 
a heel of old wood. Further, propagation conditions varied markedly owing 
to summer temperatures. 

It would appear that the rooting of dormant Norway spruce cuttings 
depends to a greater extent on the period of coileclion than on treatment with 
root growth stimulating chemicals. 
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THE EFFECf OF LEAF RUST ON THE YIELD AND 
QUALITY OF THATCHER AND RENOWN 

WHEAT IN 1938' 

By B. PETL"RSO:s-2 AND MARGARET NEWTO~3 

Abstract 

A study was made at Winnipeg in 1938 to determine the effect of leaf rust on 
the yield and quality of Thatcher and Renown wheat. In one experiment, 
Thatcher and Renown were sown late in 1/40D~acre plots; in another, Thatcher 
only was used and was sown early in rod-row plots. Half the plots of each 
variety were kept as free from leaf rust as possible by frequent applications 
of sulphur dust, hut the remaining half became heavily infected. In the 1/400-
acre plots, leaf rust reduced the yield of Thatcher and Renown by 51.17 and 
29,61 %, respectively; in the rod-row plots of Thatcher, it reduced the yield 
by 37.02%. The decrease in yield was due more to reduction in kernel weight 
than to reduction in number of kernels per head. AU the non-dusted plots 
ripened approximately three days earlier than the dusted, and the grain from 
them graded one grade lower than that from the corresponding dusted plots. 
In both varieties, the protein content was diminished while the carotene content 
was increased. 

Stem rust (Puccinia graminis Tritici Erikss. & Henn.) and leaf rust (Puccinia 
triticina Erikss.) have caused a great deal of damage to the wheat crop in the 
Prairie Provinces of Canada. Generally speaking, when stem rust has been 
severe on wheat, leaf rust has been somewhat abundant on it also. For 
this reason, in studies (2) already made in the Prairie Provinces on the effect 
of stem rust and leaf rust on the yield and quality of wheat, an exact allocation 
of the damage caused by either of these rusts could not be made. Undoubt­
edly a great proportion of the injury has been attributable to stem rust, as 
Marquis, the common wheat formerly chiefly grown, was only moderately 
susceptible, and Mindum, the only durum variety widely grown, has been 
rather resistant to leaf rust. 

That leaf rust of wheat is capable of doing extensive damage has already 
been shown. Caldwell et al. (1), Hayes et al. (3), Johnston (4), Johnston 
and Miller (5), Mains (6), Melchers (7), and Waldron (9) in the United States, 
and Phipps (8) in Australia have shown that leaf rust very materially reduced 
the yield of wheat. 

With the introduction into the Prairie Provinces of new varieties of wheat 
resistant to stem rust, some of which are quite susceptible to leaf rust, an 
opportunity was afforded for ascertaining to what extent the new wheats 
might be injured by leaf rust. Experiments were planned, therefore, to 
determine the effect of leaf rust on the yield and quality of two of the new 
varieties resistant to stem rust, namely, Thatcher and Renown. 

1 Manuscript received June 10, 1939. 
Contribtttion No. 591, Botany and Plant Pathology, Science Service, Department of Agri-

culture, Ottawa, Canada. . 
, Assistant Plant Pathologist, Dominion La.bo~atory of Plant Pathology, Winnipeg, Man. 
a Senior Plant Pathologist, Dominion Laboratory oj Plant Pathology, Winnipeg, Man. 
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Materials and Methods 

Two different experiments wt"rt> \arriE'd out. In the fin_to thp YUri(·tlt'S 
Thatcher and Renown wen' grown on summer-fallowed land in I '400-acn~ 
plots. There were 12 plots of each \·arit'ty. ~Lllf tIlt' plots of f'i.\ch varit·ty 
were kept as free from rust as possible hy dusting thf'm thrt·(~ times a wt't'k, 
from June 23 to August 4, with sulphur (K()lodu~t) at the rate of 30 Ih. J)(>r 
acre per dusting. The remaining plots Wt'rt' not dusted. Tlw plots Wt'rt' 

not artificially inoculated with It'af rust but Wt"rt' sown lat(· (Mav 23) in ordt_'r 
to permit the rust to dt"velop as fully as possihlf' on thent. Both varit·tit's 
were sown at the rate of I! hu. per acre. 

In the second f'xpl:'riml:'nt thp yariety Thatcht-'r onl\' was llst-d. It was 
sown early C~lay 11) in rod-row plots. l'~ach pint consi~tt-'d of thn't· rod-rows 
spaced one foot apart and sown on summtT-fallowed I .. Hld at tnt· ratt' of 500 
seeds per row. There were in all 25 pair~ of plots. I luring tIlt' third w('ck 
in June, one plot of each pair was artificially ino('ulat('d with it'af rust. Tht" 
non-inoculated plots of each pair ".;efe dustl'd at tht' same ralt' and tinlt' as 
those in the first experiment. The centre rows only of each plot were 
harvested. 

In both experiments, It"af rust percentages were estimatt·t} whi\(:' the leaves 
were still green, stem rust percentages. just before the plants ripc.~n{'d. The 
estimate of rust percentages was bast'd on thp scale of sH'm-rUst pen·pntages 
adopted by the Division of Cert'al CTOPS and I )ist'ases, Bureau of Plant 
Industry, L~nited States DepartmE'nt of Ag-ricultun·. For t'ach individual plot 
in both experiments, the yield, number of kernels pt'r head, busht·J weig-ht, and 
I,OOO-kernel weight were taken, and, throug-h the courtesy of the \rt'stern 
Grain Inspection Division, \\"innipeg, commercial grades wen' obtained on 
the bulked dusted and non-dusted samples of each variety. The bulked 
samples of grain from the dusted and the non-dusted plots of both experiments 
were each tested for baking quality. 

Experimental Results 

Severity of Infection in Plots 
A severe outbreak of leaf rust of wheat occurred in l\.1anitoba in 1938. All 

the non-dusted plots of Thatcher, both in the artificially and in the naturally 
infected plots, became heavily rusted; those of Renown were less heavily 
rusted. In the 1/400-acre plots of Thatcher, the infection averaged 68 
and 32% in the non-dusted and dusted plots, respectively; in the Renown 
plots, 33% in the non-dusted plots and 13% in the dusted plots. In the rod­
row plots of Thatcher, leaf-rust infection averaged 77% in the non-dusted 
plots, and 32% in the dusted plots. Only very slight traces of stem rust 
developed in the Thatcher and Renown plots. That is to say, a few pustules 
occurred at the nodes of a small percentage of the plants. These pustules 
were not sufficiently numerous to have any appreciable effect on the yield of 
the two varieties, either in the dusted or non·dusted plots. 
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Effect of Leaf Rust on Yield, Weight per Measured Bushel, and Grade of 
Thatcher and Renown 

The grade, yield, and weight per measured bushel of the dusted and non­
dusted 1/400-acre plots of Thatcher and Renown, and the rod-row plots of 
Thatcher are given in Table I. From these results it is evident that leaf rust 
of wheat reduced the yield of the 1/400-acre plots of Thatcher and Renown 
(sown late), and of the rod-row plots of Thatcher (sown early). In the 1/400-
acre plots, the non-dusted Renown yielded 29.61 % less than the dusted, and 
the non-dusted Thatcher, 51.17% less than the dusted. In the rod-row 
plots, the non-dusted Thatcher yielded 37 .02% less than the dusted. Thatcher 
was, therefore, more seriously affected than Renown and when sown late was 
damaged appreciably more than when sown early, 

TABLE 1 

THE EFFECT OF LEAF RUST ON THE YIELD, BUSHEL WEIGHT, A~'"D GRADE OF THATCHER AND 
RENOWN GROWN IN FIELD PLOTS AT \VINKIPEG IN 1938 

Type of Time of 
plot Variety Treatment sowing 

L.J Decrease 
Average in yield Average 

yitld per acre weight Grade 
rU.:rt. per acre, due to pee (Northern) 
% bu. leaf rust, bushel, 

% lb. 

---1----1----1------------

Dusted Late-sown" 31 23.86 62.10 No.2 
Thatcher 51.17 

Non-<lusted Late-sown" 68 11.65 56.80 No.3 
1/400-acre 1--- -------

DUsted Late-sown" 13 24.75 64.10 No.1 
RellO\\'!l 29.61 

l':oll-dusted Late_sown" 33 17.42 62.20 No.2 

-------

I 
Dusted Eady-sowll· 32 31.56 64.60 No.2 

Rod-row Thatcher 37.02 
!,;on-dusted Early-sown· 77 19.86 61.00 No.3 

*SoU'n May 11. ··Sown May Z3, 

Leaf rust also influenced the length of the ripening period. Although both 
the dusted and non-dusted plants of early-sown Thatcher came into head on 
the same day, the non-dusted plants ripened three days earlier than the dusted 
plants. 

The weight per measured bushel and grade of both these varieties were 
also adversely affected by leaf rust. The grain from the non-dusted plots of 
early-sown Thatcher, late-sown Thatcher, and Renown plots weighed 3.6, 
5.3, and I. 9 lb. per bu. less, respectively, than the grain from the corre­
sponding dusted plots. In each case the grain of the non-dusted plots graded 
one grade lower than that of the corresponding dusted plots. 

The Effect of Leaf Rust on Kernel Weight and Number of Kernels per Head 

Reduction in yield by l~af rust of wheat may be brought about in different 
ways. Mains (6) found that, in Illinois: reduction was due to two main 
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~auses: (a).t~e tip and basal spikelets of the head. as well as other spikelets 
m the remammg porllon of the head. often failed to set seed with the result 
that the number of kernels per head was reduced; and (b) the individual 
kernels. did not attain their normal siZt~ and plumplw~s. In Kansas. Johnston 
and 1\l111er (5) found that reduction in g:rain yit'ld was due, primarilv, to the 
production of fewer kernels by rusted plants and. sl'condariiv. to -r{'du("l~ 
k."rnel weight. Similarly, Caldwell el al. (I) in Illinois, and j,;hnston (4) in 
Kansas, found that reduction in yipld was due mainl" to a reduction in the 
number of kernels per head. \\'aldron (9). on the (;ther hand. found that, 
under field conditions in North Dakota. the rt'duction in yit>ld from leaf rust 
was due mainly to a reduction in the wl;'ight of th{' k{·rnl"is. 

These discrepancies in results may be (-,.\.plained, in part at least, by the 
fact that the degree of kernel reduction may dt>pt·nd on the stage of dt'vt"iop­
ment of the plants at the time of the onset of the rust. \Tains (6) pointed 
out that when infection occurred rt'iativ{'}y early, reduction in yield was due 
chiefly to a reduction in the number of kernels, but when infection occurred late, 
to a reduction in kernel weight and, to a much less extent, to a reduction in 
number of kernels. The explanation of this chan,Re appears to he that if 
severe rust infection occurs sometime before fertilization takf's place, the 
number of seeds formed may be materially reducf'd, whereas, if the infection 
takes place after fertilization occurs, the number of s('eds produced may not 
be greatly reduced. 

An attempt was made, therefore, to determine at \Vinnipeg- if the early­
sown Thatcher, infected by leaf rust at a late stage, would show a smaller 
reduction in number of kernels than the late~sown Thatcher, infected at an 
early stage; and if the reduction in yield in the ear1y~sown Thatcher would 
be due chiefly to a reduction in kernel weight, while that of the late-sown 
Thatcher and Renown would be due chiefly to a reduction in number of kernels. 
The loss in kernel weight was determined by obtaining the weights of 1,000-
kernel lots, taken at random from the threshed grain samples of the individual 
dusted and non·dusted plots, both of the early and late-sown plots. The 
number of kernels produced per head was determined by asct:rtaining the 
average number of kernels per head of plants selected at random from the 
outside rows of the dusted and non-dusted plots. For this purpose, 20 heads 
were taken from each plot. 

The results presented in Table II show that in the early-sown Thatcher 
(infected at heading time) there was a reduction in number of kernels of 7.00%. 
while in the late-sown Thatcher (infected two weeks before heading) there 
was a reduction of 17.41 %. However, as will be seen in Table II, the reduc­
tion in yield in the early-sown Thatcher, the late-sown Thatcher, and Renown, 
sown at the same time as late-sown Thatcher, were due more to a reduction in 
kernel weight than to reduction in number of kernels. For example, the 
reduction in kernel weight of the grain in the non-dusted plots of the early­
SOwn Thatcher, the late-sown Thatcher, and Renown amounted to 26.47, 
27.08, and 16.16%, respectively, whereas the reduction in number of kernels 
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per head in the same plots amounted to 7.00% in the early-sown Thatcher, 
17 .41'i;. in the late-sown Thatcher, and 5.74% in Renown. That is to say, 
in the early-sown Thatcher, 77.8% of the loss in yield in the non-dusted plots 
was due to reduction in kernel weight and the remaining 22.2% to reduction 
in number of kernels per head. In the late-sown Thatcher and in Renown, 
reduction in kernel weight amounted to 56.2 and 66.6%, respectively, and 
reduction in number of kernels to 43.80/0 in Thatcher and 33.4% in Renown. 

TABLE II 

THE EFFECT OF LEAF RVST ON THE WEIGHT PER 1.000 KERKELS AKD !\"l'MBER OF KER!\ELS PER 
HEAD OF THATCHER AND REKOW::\, GROW!\' IS FIELD PLOTS AT \VI!,NIPEG IN 1938 

T~'pc of 
plot 

1/400 acre 

Variety 

Thatcher 

I ~::n~r I 
Decrease 

J 
Decrease 

Average in weight Average 

I 
in number 

weight per 1,000 number oi kernels 
Treatment per 1,000 kernels of per head 

ketnels, due to kernels due to 

I L"~oown .. 1 

leaf rust, per head leaf rust, 

% % ------------
Dusted 22.63 22.40 

Late-sown .. 1 

17.41 
Non-dusted 16.50 27.08 18.50 

,---;----1---·------------
Late-so .... 'U··1 30.01 - 17.75 Dusted 

Renown 

I 
5./4 

___ + __ +_N_m_'.d_U_"_Cd+L_a_t,_.oo_w_no_·I~~!~ ___ _ 

Eady.oownor' 27.8t - I 22.36 I 7.00 
Dusted 

Rod-row Thatcher 
Non-dusterl Early_sown· 20.45 26.47 20.79 

··Sown May 23. 

In these trials, the epidemic of leaf rust in the late~sown plots did not reach 
a maximum until the plants were almost in head, and, in the early-sown plots, 
until after the plants were in head. Had the attack of leaf rust become severe 
at a very eady stage in the life of the plants, the ratio of loss in number of 
kernels to loss in weight of kernels would probably have been different. In 
view of the fact that, in the Prairie Provinces, leaf rust seldom becomes well 
established until the wheat plants are almost in head, it seems probable that, 
as a rule, the reduction in yield by leaf rust is due more to reduced size than 
to reduced number of kernels. 

All the data pertaining to yield, bushel weight, and I,OOO-kernel weight, but 
not those pertaining to baking and milling tests, were subjected to statistical 
analysis, and the differences were found to be significant. 

Effect of Leaf Rust on the Milling and Baking Qualities of Thatcher and Renown 

Grain samples from the dusted and non-dusted plots of Thatcher and 
Renown were submitted for quality tests to the Grain Research Laboratory 
of the Board of Grain Commissioners. Winnipeg, and to the Cereal Division, 
Experimental Farms Service, Ottawa. As the results of these two tests 
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were in agreement, it seems necessary to inc1ude only one set of data. That 
furnished by the Cereal Division is presented in Table III. The results show 
that the grain from the dusted plots was higher in protein content, but lower 
in carotem.' ('ontent, than that from the non-dusted plots. The crumb colour 
of tht> hread baked from wheat from the dusted plots, particularly the Thatcher 
plot.s, was superior to the crumb colour of that baked from the wheat from 
the non-dustt-'d plots. \\'ith Renown wheat, the loaf volume was greater in 
the samples from the dusted plots than from the non-dusted plots. The 
reverst', however, was true of Thatcher. In all the other milling and baking 
characteristics, the grain from the dusted and non-dusted plots gave very 
similar results. 

Discussion 

A true measure of the damagf' caused by leaf rllst of wheat was not obtained 
in thesf' f'xpf'rimt'nts as leaf rust was not completely controlled in the dusted 
plots. II leaf rust had been suppressed completely in these plots, the dif­
ferences in yield and quality of the grain from the dusted and non-dusted 
plots would undoubtedly have been greater. These experiments, however, 
clearly show that, under severe leaf~rust infection such as prevailed throughout 
most of Manitoba in 1938, leaf rust materially reduced the grade, yield, and 
quality of Thatcher and Renown, and that Thatcher, the more susceptible 
of these two Yarieties, suffered greater damage than Renown. In all these 
tests the differences in grade, yield, and quality of grain from corresponding 
dusted and non-dusted plots can be attributed to the difference in amount 
of leaf rust on the plants and not to any direct beneficial effect of sulphur to the 
plants. Experiments conducted by Greaney (2) at \Vinnipeg have shown 
that, in the absence of rust and other leaf and stem diseases, the dusting of 
wheat varieties with sulphur during the growing period has no appreciable 
effect on yield. 

In the present experiment, the rusted plants ripened three days earlier than 
those kept free from rust by sulphur dust. This shortening of the ripening 
period can probably be attributed to the effect of the fungus on the wheat 
plants, and also to a lack of moisture in the soil, for, at \\;innipeg, during the 
growing season of 1938, the precipitation was abnormally low. Weiss (11) 
studied the water requirement of ]\;Iarquis wheat when infected with stem 
rust and leaf rust, and found that the rusted plants had a higher water require­
ment than the non-rusted ones, although the differences were significant only 
in the case of stem-rust infection. \Veaver (10) compared the rate of trans­
piration in rusted and non-rusted wheat, rye, parley, and oats, and found 
that the transpiration rate was consistently higher in the rusted plants. 
Johnston and Miller (5) found that, in the greenhouse, when heavy leaf-rust 
infec60n occurred early in the growth of the plants, the water requirement 
of a susceptible wheat variety was more than doubled. It would seem, 
therefore, that, in the field experiments at Winnipeg, the rusted plants did 
not have a large enough ~ater supply to meet their increased needs, and, 
consequently, matured early. In the greenhouse experiments by Johnston 
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and 1\liller (5). the rusted plants were abundantly supplit'd with watl'r and 
ripened later than those free from rust. SOffit" ohsen'ations madE:' by thE:' 
writers at different times seem to indicat!;' that wht"n wheat plants art" inft,(,ted 
with leaf rust, but wt'l1 supplied with watt'r, tht" maturity appt'ars to ht" 
delayed. It is just possib\{· that. had 1ht, prt'(_'ipitation at \\·innipt·}.; in 1938 
been excessive. leaf rust mig-ht haye had the oppositt:' ('fft'ct. nanwly, to <It-lay 
the ripening of the rusted plants. 
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EFFEUfS OF TEMPERATURE AND SUNLIGHT ON THE RATE OF 
ELONGATION OF STEMS OF MAIZE AND GLADIOLUS' 

By A. G. MCCALLA,' J. R. WEIR', A"D K. W. NEATBY' 

Abstract 
!\leasurcments of the heig-ht of the main stems of maize and gladiolus plants 

wcrc mad{~ at f{)ur~hour intervals starting at -t a.m. The increases in elongation 
were analyzed statistically, together with mean temperature, hours of sunlight, 
and mean relative humidity. 

P.trtial corrdation ("oefiicients shoWt'd that there was a highly significant 
positive association J)t!twcen the ralC of stem elongation (~rowth) and temper· 
atllrc, regardless of the tiIlle of day, the variations in temperature accounting 
for from 40 to iW,;:. of the variabilitv in growth rates. There was likewise a 
sig-nifirant Ileg:ati\"c correlation betwe~n growth and sunlight, but sunlight was 
apparently effective only during the midday periods (8 a,m. to 4 p.m,), The de­
Jlres"ing effect of sunlight on the gmv;,th of gladiolus was approximately four 
times as great as on maize. This depressing effect on maize was entirely re­
Illowd by shading the plants with light while cotton, 

Varialions ill relative hlllnidity lI'('reonly slightly associated with growth rates. 
1\0 significant eff('ct was observed for any of the periods, It seems possible that 
these factors might he more important under conditions of deficiency in soil 
moisture. 

The approximate minimum temperature at which growth took place was 40° F. 

Introduction 

Many years ago it was pointed out by Reed (22) that although much 
study had been Riven to the effects of external factors on total gro\\rth, little 
had been given to the effects of the same factors on rate of growth, Since 
that time there has been a considerable amount of work carried out in an 
effort to determine the effects of external factors on rate of growth, but no 
general agreement as to the relative importance of the different factors has 
been reached. The factors most generally considered are temperature, 
sunlight, relative humidity, and rainfall. The last mentioned is related to 
the internal condition of the plant and also plays a part in determining 
relative humidity, If soil moisture is not limiting, the latter effect is probably 
the more important. 

Probably more attention has been given to the effects of temperature than 
to the effects of any other factor, althoug-h many investigators have con­
sidered sunlight as an important factor in determining rate of growth. \Vith 
respect to the relative magnitude of the effects of these two factors two 
extremes of opinion are illustrated by the statement of Maximov (15) and 
the work of Porterfield (19, 20). Maximov states (p. 135): "The retarding 
influence of light on growth is so great that it creates a definite daily period-

1 Manuscript received in original form February 7, 1(j39,_and as revised July 28, 193(j. 
Contrilmtiun from the Department of Field Crops, University of Alberta, in co-operfltiun 

'With the ]I,' ational Research Council of Canada. 
2 Research A ssistant, A ssociate Committee on Grain Research. 
a Graduate Assistant. ' 
• Proje.fSor of Genetics a.nd Plant Breeding. 
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ici.ty. During the night, plants grow more rapidly than during the day, in 
SPlt~ of the lower nocturnal temperatures". The statement apparently 
apphe~ to all plants, the only exception noted ha"ing- to do with very sharp 
drops In nocturnal temperatures which result in stunted plants. Portt'rfirld 
(20), on the other hand, found a consistently higher rate- of ~rO\vth in the 
bamboo (Phyllostachys nigra) during the day than during the ni~ht. 

In the following sections no attempt is made to g-in' a complete review of 
the literature, but representative work is cited. It must 1)(> nott)d at the outset 
that a large proportion of the data pertinent to the present study has been 
obtained by measuring elongation of a particular organ rather than i,y measur­
ing increase in total growth as shown by dry weights. Bakhuyzen (1) considers 
that since elongation is a unidimt'osional measure, it does not givt· as accurate 
an estimation of growth as does dry weight. There is some indication that 
the two measures do not give the same type of results, at least with particular 
material. Bakhuyzen, however, considers that measurement~ of dongation 
of wheat leaves and internodes yield typical growth curves, although the first 
part of the curve is usually missed in actual measurements. 

The results of all studies show increased growth with increased temper~ 
atures (9, 13, 15. 1 i). For example, Leitch (9) fo';nd that the elongation of 
pea roots immediately after germination was directly dependent on temper· 
ature, the curve being a straight line between 12 and 29° C. If this straight 
line is extrapolated it cuts the line of zero growth at 3° C., while experimental 
results showed this point to be at - 2° C. The minimum temperature at 
which growth takes place varies with the plant. Values for maize and wheat 
are given as 5 to 10° C. and 0 to 5° C. respectively (15); and for maize as 
490 F. (17). The results of Leitch (9) show that such values must be deter­
mined experimentally, since extrapolation from results at higher temperatures 
does not always give a reliable figure. 

The effect of light has not been as definitely determined. Sunlight 
certainly retards the growth of many plants (6, 8, 10, 14, 18, 21), and it is 
apparently the shorter wave-lengths that are effective (14, 25). Studies 
with various species of bamboo have shown that growth of some is retarded 
during hours of bright sunlight (10, 18), while that of others is not (19, 20). 

Many of the studies carried out have been concerned with the relative 
rate of growth by day and night. There has been no uniformity in the 
division of the day into these two periods, however, and a fair comparison 
of results is rendered difficult. In general it must be concluded that the 
greater growth was obtained at night (10, 12, 14, 16, 18, 21, 24), but definite 
exceptions to this result have been noted (19,20). It must further be con­
cluded, however, that the data secured are often inadequate to separate the 
effects of the various environmental conditions. 

Some investigators (2, 10, 11. 16, 24) regard the greater growth by night as 
a result of moisture relations rather than of the inhibiting effect of sunlight. 
This conclusion has been reached in various ways, but in few cases has it been 
substantiated by experiments under controlled conditions or by results sub-
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jected to statistical analysis. Loomis (11), however, did get a definite effect 
when the moisture supply was controlled. 

The work of Greg-ory (6) on the growth of barley is more like the present 
study than any others with which we are familiar. The measurements of 
growth used are different, but the results obtained were subjected to a statis­
tical analysis. Partial correlations showed that growth was positively and 
significantly correlated with day temperatures, but negatively and usually 
sig-nificantly correlated with hright sunlight. 1\,lost of the correlation coeffici~ 
t"nis involving evaporation data were not significant, but Gregory states 
that the primary data could not be considered satisfactory. 

The present study was undertaken with the hope that more definite inform­
ation might be obtained as to the rate of growth of plants by day and night, 
and as to the relative importance of the various external factors affecting 
growth. All data were collected with the intention of using them in a statis­
tical analysis, the results of which should show definitely the relative 
importance of the various factors under our local conditions. 

Material and Methods 

The studies reported in this paper were carried out at Edmonton, Alberta, 
during- the summers of 1937 and 1938. The more important measurements 
were made with maize and gladiolus plants, although in the first year wheat 
was included in the study. These plants were selected because the stems all 
possess a well-defined terminal point, which makes accurate measurement 
relatively easy, they all grow rapidly enough to give growth figures that 
are high in comparison with the error of reading, and the elongation should 
be a fair measure of growth, since growth in this case is largely unidimensionaL 
1\Jaximov (15) states that in annual cereals elongation does not begin until 
all internodes and inflorescences have been laid dO\\'D, and Bakhuyzen (1) 
found that the elongation of the two upper internodes takes place at the same 
time. The "growth" of the wheat plants that we measured was, therefore, 
the elongation of the cells of the upper internodes of the stems. This is 
probably true of maize as well, but in gladiolus a somewhat different situation 
exists. The first elongation results from the lengthening of the flower spike 
below the first floret. After the spike is well out of the sheath, elongation 
between florets, beginning at the lowest one, takes place. It seemed possible 
that this latter elongation might upset the essentially linear relations between 
elongation and external factors, but such proved not to be the case. As 
will be seen later, there is no evidence that elongation of the stem as a whole 
did not proceed very regularly. 

Conditions at Edmonton are particularly favourable for separating the 
effects of temperature and sunlight. Night temperatures are usually COI1-

siderably lower than th"se by day, and the total range of temperatures 
during an experiment is usually high. In this latitude (S3!° N) the maximum 
possible sunlight during the time most of these measurements were made 
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is al~ost 15 hr. a d~y. The division of the day into thrt·(, eight-hour pt'riod!' 
startmg at 4. a,m. gl.ves ~wo daylight pt'riod:_.; and on€' dark period, 

The matenal used In thIs study and thl' ~f'rit's dt'si~nation~ Wl're a~ follows:·· 

W'heat I, 1937. Yariety Rt'd Bob:_.;, st'ed ohtaint'd from the purt'-st'eo plots 
of this Department. !\leasnrements made on 29 planfs at 4 a.m., noon and 
8 p.m. from July 13 to July 22. 

Wheat II, 1937. Variety Red Bobs. :\It~asurt'mt'nts madt' on 30 plant~ at 
the same times from July 19 to July 27. 

Maize, 1937. An early sWt't't hybrid (hr-34 .. 1), de\'t-·lnpt'd in this fkpart­
ment, l\Ieasurements made on 24 plant!:> at thl' SHTIt' lilnt's from luly 17 to 
July 25. . . 

Gladiolus I. 1937. ::'I.lixerl varietit's. ;\Jf'asurt'men1s made on 2() plants 
at the same times from Juty 22 to August 1. 

Gladiolus II, 1937. l\Iixt'd varit'tit's. Measurements madt> on 2S plants 
at 4 a.m., 8 a.m .• noon, 4 p.m. and 8 p.m. from Aug-ust 7 to August 15. 

Un shaded maize, 1938. Same \'ariety as in 1937. :\It'asUrf'meI11S made on 
30 plants every four hours starting at 4 a.m. from July 19 to July 28. 

Shaded maize, 1938. Ten plants in the samt' plot and for the same fwriods as 
those of the preceding series. During the day these plants Wf're shaded on two 
sides and from above with white cotton cloth. Air movement was but :-.lightly 
reduced, and air temperatures in the daytime wen' only about 1° F. high(~r 
than in the open. The shades were removed at night. 

Gladiolus I, 1938. Variety Bit 0' Heaven. ::\1t'asurements made on 25 
plants at 4 a.m., 8 a.m., noon, 4 p.m. and 8 p.m. from July 24 to July 30. 

Gladiolus II, 1938. Yariety Picardy. :\leasuremt'nts made on 20 plants 
at 4 a.m., 8 a.m., noon, 4 p.m. and 8 p.m, from August 2 to August 10. 

The wheat and all gladiolus series were grown in a garden which was 
unshaded by trees or buildings. The maize was grown in a similar garden 
in 1937, but in an open field at the l"niversity of Alberta in 1938. 

The periods of the day are designated as follows: 4 a.m. to 8 a.m" morning; 
8 a.m. to noon, early midday; noon to 4 p.m., late midday; 4 p.m. to 8 p.m., 
evening~ and 8 p.m. to 4 a.m., night. 

Before measurements were begun, small stakes with squared tops were 
driven into the ground dose to the stem to be measured. All measurements 
were made with a metre stick, graduated in rnillimetres, placed squarely 
on the top of the stake. The tip of the stem (head, tassel or flower spike) 
Was held firmly, but without strain, against the stick and the reading made 
to the nearest millimetre. 11easurements were begun as soon as the tip 
appeared. 

In 1937 no records of temperature, sunlight, etc" were kept for the exact 
locations at which the plants were grown. The data used are those recorded 
at the Edmonton station of the Dominion Meteorological Service. In 1938, 
continuous records were kept in the field in which maize was grown, These 
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records were compared with those of the Dominion station, and agreed so 
well that the latter have been used throughout this paper in order to make 
the results of the two years uniform. 

In arriving at the mean temperature and mean relative humidity, hourly 
readings from continuous records were averaged. Sunlight records were 
obtained with a Campbell-Stokes sunshine recorder. The data so obtained 
are inadequate for evaluating the intensity factor of sunlight, but were the 
best obtainable. 

The accuracy of the growth measurements was determined by carrying 
out an analysis of variance for the data obtained for 10 consecutive readings 
on 2S plants. The error so determined includes both the personal error of 
observation and the interaction of individual plant growth with time. The 
standard error for the mean of 2S plants (Gladiolus 1,1938) was 0.056 em. 
The corresponding value for the personal error only (determined on the 
results of four replicate readings made at one time) was 0.022 cm. 

Results 

Individual data, or even means. for individual periods, are much too 
numerous to include in this paper. The presentation and discussion of the 
actual data are confined to a minimum, and in the graphs only data from 
single series are given. These results illustrate general effects, the specific 
importance of each one being much more clearly determined by the results 
of the statistical analysis. In this paper, elongation of the stem is termed 
"growth". 

ACTUAL DATA 

A summary of the mean growth and temperature data for eight-hour 
periods in all series is presented in Table I. Growth was in general proportional 
to temperature, the agreement being closest for maize, and least for gladiolus. 

TABLE I 

MEAN GROWTH AND TEMPERATURE FOR EIGHT~BOUR PERIODS 

8 p.m. to 4 a.m. 4 a.m. to noon Noon to 8 p.Ib. 

Sen" No. of Temper· Tempel'· Temper· 
days Growth. ature, Growth, ature. Growth, ature, 

OF. OF. OF. 
------------------

Whoa' 1,1931 1.08 59.6 1.17 60.8 1.33 61.9 
Wheat n, 1931 1.01 56.3 1.31 61.0 1.12 69.3 

Maize. 1937 0." 58.7 1.60 63.2 2.55 71.6 

Gladiolus 1.1937 10 0.99 54.5 1.23 57.3 1.46 66.5 
Gladiolus II. 1937 0.98 54.0 1._31 57.9 1.18 64.8 

Unshaded. maize, 1938 1.16 58.6 1.47 63.2 2.SO 15.8 
Shaded maize. 1938 1.17 58.6 1.66 63.2 2.62 15.8 

Gladiolus 1.1938 .. 1.62 56.2 1.66 62.2 2.19 74.4 
Gladiolus II. 1938 8 1.18 SO.'b 1.10 54.0 1.66 60.8 
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~his relation i: illustratpd in Fig. 1. which !ihow!' the results for indi\'idual 
elght-ho.ur penods fo: the u~s?aded maizt', It)38. ]nc)udtod jn this. graph 
are ,sunhght and relative hunlldlty values. Then:> Wl'rt' only traces of rainfal1 
dUrIng the ten days. 

There are exceptions ~o thi~ relation between growth and tt'mpt.·rature, 
however,. and the exceptlOns are greatly accentuatt,d wht'n n'sults for four­
hour pen~ds are consider~. The re:o;ults for the four daylight pt.·riuds are 
presen~ed In Table II, and In Fig. 2, together with data for sunlight, humidity, 
and ramfall. These results show a n·vel's."ll of thf' gf'nel'al ~rnwth·t{'mperalUre 

~ 
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...IU[YI,9 co PI 25 26 

PERIOO AND DATE 
FIG. 1. Unshaded maize, 1938. Growth during 8~hr. periods in relation to extenwl 

factors. Periods are numbered as follows: 1, morninK (4 a.m. In 8 a.m.); 2, early middaY 
(8 a.1ft. to noon); J, t(Lte midday (noon to 4 p.m.),- 4, ewning (4 p.m. to 8 p.m.); 5, night 
(8 p.m. to 4 a.m.). 

relation when there was bright sunlight during the middle of the day. When 
there was no sunshine, however, growth was roughly parallel to temper­
ature. \Vhile these effects were much more evident with gladiolus than with 
maize, the conclusions are applicable to both plants. 

Sunlight depressed growth much less during the morning and evening 
periods than during the middle of the day. The results in Table II and Fig. 
2 do not show that sunlight had no effect during these periods, but it is fairly 
evident from Fig. 3 that only during the midday periods was the depressing 
effect appreciable. Fig. 3 is for the second gladiolus series, 1938. and the 
points for each period are clearly defined. The figures beside the points 
indicate the hours of sunlight per four-hour period. Since no midnight 
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readings were taken, the points for the night period are plotted as half the 
total gr:owth against the mean temperature for the eight hours. This method 
merely reduces the total number of entries, but makes no assumptions regard­
ing the distribution of growth during the two halves of the eight-hour period. 
The growth for every midday period during which sunlight was recorded 
was depressed below the general growth-temperature line as determined for 
the other periods. The growth figures for the midday periods on days when 
the sun did not shine are in good ag-reement with those for other periods. 
Regardless of the duration of direct sunlight, growth during the morning 
and evening periods was apparently not affected in the way it was during the 
midday periods. This conclusion will later be shown to be justified by the 
results of the statistical analysis. 

There is an apparent concentration of growth readings for the morning 
and night periods above (relatively) those for the other periods, regardless 
of sunlight. \\'hether this is significant or not cannot be determined from 
the present data, but it seems possible that the results for the midday and 
evening periods are affected by some factor not accounted for in this work. 
This conclusion is supported by the position of the two regression lines shown 

TABLE 1I 

1\lEAN GROWTH, TEMPERATCRE AKD St'NL1GHT DtTRIKG THE 4-HOVR DA1L.-1GHT PER10DS 

St-rif's No. of 
days 

Gladiolus II, 1931 

Unshaded maize, 1938 
Shaded ma.ize, %938 

Gladiolus 1,1938 
Gladiolus II, 1938 

Series 

Gladiolus II, 1937 

Unshaded maize, 1938 
Shaded maize, 1938 

Gladiolus 1,1938 
GJadiolus 11, 1938 

No. of 
days 

!l.foming 
(4 a.m. to 8 a.m.) 

I 
Temp"-I 

Growth. ature, Sunlight, 
of. hr. 

I 

0.73 

I 
52.8 I 1.5 

0.52 55.6 I 20 
0.49 55.6 

I 
20 

0.93 

I 
55.2 19 

0.65 489 13 

Laeemiddal 
(12 noon to 4 pm) 

Temper-
Growth, ature, Sunlight, 

of. h,. 
---

0.37 669 2.5 

1.02 78.2 3.5 
1.39 78.2 3.5 

0.74 77.2 2.9 
0.68 63.5 1.4 

Early midday 
(8 a.m. to 12 noon) 

Temper, 
Growth, Sunlight, 

of. h,. 

048 63.1 2.3 

0.95 70.8 30 
LIT 708 3.0 

0.73 69.2 2.8 
0.45 590 2.1 

I 
E~'enillg 

(4 p.m. to 8 p.m.) 

Temper-
Growth, ature, Sunlight, 

of. h,. 

---------
0.81 62 7 1.2 

1.48 73.5 2.1 
1.24 73.5 2.1 

1.45 71.6 1.1 
0.97 58.1 0.9 
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FIG. 2. Gladiolus II, jV38. Cr07.L'th dUTing -I-hr. llilylif!ht PN"iods in relation to rxtt:rnaJ 
factors. Periods are numbered as in Fi?,. 1. . 

(anticipated from the data and discussion in thE' n("xt section), Allowing 
for the effect of ~unlight did not account for the entire difference in the rdative 
levels of growth during the midday periods as compared with the others, 
This may be the result of inadequate sunlight data or increased error in 
temperature data at the higher levels. Certainly it would be t'xpect("d that 
the temperatures of the meristems would be further from air temperatures 
on a bright warm day than on a cool on('. If the temperatures recorded 
during sunny hours were higher than the temperatures of the meristems, the 
effect would be as shown in FiR. 3. 

A number of other factors may have been operative in determining the 
magnitude of the midday readings, but since it is impossible to determine 
which were important, extended discussion does not seem warranted. 

The failure of the two regression lines to coincide when the effect of sun­
Hght was removed raises a question with regard to the linearity of the effects 
of temperature and sunlight on growth rate. The data obtained with Shaded 
Maize, 1938, and with Gladiolus II, 1938 (the series shown in Fig. 3) were 
tested for non-linearity, The deviations from the linear regression line were 
not significant for either the growth-temperature or growth-sunlight relation. 
Thus the failure to get better agreement between the two regression lines is 
probably due to deficiencies in the data or to some factor not here considered. 
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FIG. 3. Gladiolus 11, 1938. The effects oj temperature and sunlight on growth per 4 hr. 
The figures beside the symbols denote hours of sunlight per 4-hr. period. 

Whether 8 a.m. and 4 p.m. mark the extremes of time at which sunlight 
exerts a depressing effect on growth is doubtful. Measurements were made 
at 6 p,m, and 10 p.m, in addition to the regular times on July 26 (Gladiolus 
1,1938). The results on the basis of hourly growth, together with temperature 
and sunlight values, are given in Table III. These data can be considered to 

TABLE III 

MEAN HOURLY GROWTH OF GLADIOLUS FROM NOON, JULY 26 TO 4 A,M.,luLY 27 

Time Growth, Temperature, Sunlight, 
em, of. hr. 

12 noon to 4 p.m. 0,12 80.5 0,95 
4 p.m. to 6 p.m. 0,24 81.0 0,95 
6 p.m. to 8 p.m. 0.58 72,5 0.7e 
8 p.m. to 10 p.m. 

I' 
0.30 65,0 

10 p.m. to 4 a.m. 0.21 56,2 
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give only an indication, but they suggt'st that the depre~"iing t.'{{('rt of sunlight 
may be felt later than 4 p.m. Presumahly the same effect might have been 
appare,nt during the morning period. Furtht'r discu~~ion is ha~dl\' warrantffi 
here, Since only one day's re~ults an' ayailablt->. -

STATISTICAL A!'-;:\LY:51S OF TilE DATA 

T?e methods of statistical analysis uSl'd in the following st'ctions are fully 
outlIned by Goulden (5) and Snedpcor (23). The dept'ndt'nt \'ariabh· is 
alwa?,s growth (g, the increast· in irngth). and tIw independent variables 
stud~ed ar,e temperature (t), sunlight (s), and relative humidity (h). Rain­
faU ).5 omltted from the raku\ations, since t hprt' was none clurin~ the time 
several of the series were studit·d. and ht'causf' preliminarv e~~lIllination 
showed that this factor was not of primary importanct'. l:lw number of 
periods represented for each series and each tinl(' is given in Table IV. 

T.\\'.LE 1\' 

THE :\'L'MBER OF I:\'DIVIDL-\L PERlUIJ:> REl'IU:Sl,,!';n:n FOR L\(,H ."!.HIES A~n EACn TIME 

Series j .-\J! ! J);(ilv 
_______ ~ I~~ p~ri~:__.!~" 

\Yheat I, 1937 
Wheat II, 1937 
1Iaize, 1937 
Gladiolus 1,1937 
Gladiolus II, 1937 

Maize, 1938 
Shaded maize, 1938 
Gladiolus 1,1938 
Gladiolus II, 1938 

Temperature Effects 

45 

54 
54 
31 
42 

7 
10 

S 

oS ,Lfll. to 4 p.m. to 8 p.m. to 
4 ]I.m l' p.m. 4 a.tn. 

, 
7 
8 

11 
IS 8 

20 
20 
12 
17 

The simple and partial correlation coefficients obtained wit h the temper­
ature data for all serieti are presented in Table V. All the simple coefficients 
are positive and most of them significant. There is, ho\vever, a consistency 
in those that are not significant, since all but two of them are for gladiolus, and 
most of them are for data that include results of the midday periods. Holding 
the effects of sunlight and humidity constant in general increased the cor­
relation between growth and temperature, and brought the results for gladiolus 
into agreement with those for wheat and maize. 

Gladiolus I, 1938, gave lower partial correlation coefficients than did any 
other series. :Measurements of this series were carried out for only six days, 
and variations in external conditions during this time were much less than 
with most of the other series. lVIore extended measurements would probably 
have made the results for this series significant. 

The effect of temperature on the two series of maize plants grown in 1938 
was similar. The only difference in the two series was that the shaded plants 
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TABLE V 

RELATION BETWEEN TEMPERATURE AND GROWTH OF WHEAT, MAIZE, AND GLADIOLt:S AS 
MEASURED IIY SIMPLE AND PAltTlAL CORRELATION COEFFICIENTS 

Series 

Simple correlation coefficients, 1',1 

Wheat I, 1937 
Wheat II. 19.17 
Maize, 193, 
Gladiolus t, 1937 
Gladiolus II, 1937 

Maize, 1938 
Shaded maize, 1938 
Gladiolus I. 1938 
Gladiolus 11, 1938 

Partial CtJrrelatio-n coejjidents, r g,..h 

Wheat I, 1937 
Wheat II, 1937 
Maize, 1937 
Gladiolus I, 1937 
Gladiolus 11, 19.n 

Maize, 1938 
Shaded maize, 1938 
Gladiolus I, 1938 
Gladiolus II, 1938 

All 
periods 

0.256 

0.751 ** 
o 897"'* 
0.152 
0.289 

o 823*",b 

0.602** 
0.620** 
0.340 
0.647*'" 

Daily 
totals 

o 821* 
0.865* 
0987** 
0.939*· 
0.780· 

0.891"'· 
0.863** 
o 588 
0.670 

0.122 
0.882'" 
O.995*'" 
0.940*'" 
0.791'" 

0.909** 
0.125* 
0.433 
0.872'" 

8 a.m. to 4 p.m. to 8 p.m. to 
4 p.m. 8 p.m. 4 a.m. 

o 069 

a 548* 
0.717** 
0.000 
0.067 

0.736 .... 6 

0.639'" 
0.586* 
O.937*"'" 
0.808"'* 

0.811** 

0.859·· 
O.SlOn 
0 . .146 
0.941" I 

0.747"'6 

0.908*'" 
0.883** 
0.694 
0.826· 

0.824-
0.723 
0.921** 
0.929** 
0.613 

o 782* 
0.638 
0.829* 
0.838 u 

0.83\" 
0.726'> 
0.921 "' ... 
0.935**" 

-0 . .121· 
-0.071" 

0.666" 
0.841·" 

" Coefficient r 111.'\, as there was no sunlight dUring these periods. 
b Humidity data not available. 
"'Significant beyond the 5 % point . 

•• Significant beyond the 1 % point. 

were protected from the direct sun hy light white cotton. The results for 
the night period (8 p.m. to 4 a.m.) with the two series are not in agreement 
with the others in Table V. The llegative partial correlation coefficients 
cannot be accepted as a true indicatiofl. of the effect of temperature on growth, 
and must be attributed to some peCUliarity of the data involved. 

The general conclusion reached as a result of the correlation analyses is 
that there is a significant positive effe~t of temperature on the growth of these 
three plants, and that in many instances this effect accounts for a large 
proportion of the variability found iII the growth rates. 

Sunlight Effects 

The simple and partial correlation coefficients involving the sunlight data 
for all series are presented in Table VI. It should be emphasized again that 
when all periods are considered together, the sunlight data for midday periods 
only were included in tlie correlation analysis. 

Only a few of the simple correlaticm toeflicients are significant, but they 
exhibit a fairly consistent behaviour. For most of the gladiolus series the 
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TABLE YI 

RELATION BETWEEN BOt:RS OF snn.IGHT ASD GitOV.'TH OJ: WHEAT, "AII~, ANIl Gl.ADtOL\'S AS 
MEASURED BY SIMPLE AXU PARTIAL CORRELATION (.·tIEFFICIE:-;T~ 

Series 

Simple correlation coefficients, r" 

Wheat 1, 1937 
Wheat II, 1937 
Maize, 1937 
Gladiolus I. 1937 
Gladiolus II, 193i 

Maize, 1938 
Shaded maize, 1938 
Gladiolus 1,1938 
Gladiolus II, 1938 

Part£ai correlation coejJic£ents, r".tlr. 

Wheat 1, 1937 
\Vheat II, 1937 
Maize, 1937 
Gladiolus 1, 1937 
Gladiolus 11, 1937 

Maize, 1938 
Shaded maize, 1938 
Gladiolus 1,1938 
Gladiolus II, 1938 

0.1.'i7 
0.615·· 

-D.5·nu 
-0415" 

-0 842··~ 
-0.600'" 

0.163 
-0.776·· 
-0.841·· 

.. Sunlight during the midday periods only, 
b Humidity data not available. 
·Significant beyond the 5% point. 

"Significant 'beyond the 1 % point, 

I Da,ly I -:~~~-;u -I-::--:'~::= 
tDt.l].; I 4 p t1l S P to 

II-:~-\----\---
o (liS I 
{} 201:i 

I 0 352, I I 0.228 I -03,11 0.474 

I 0 52; I () 1.14 I 
I 0 681' 0 .167 I 
1 -0414 -0951" 
! -0 178 I -0 667·· I 

-0.1.10 
o 721 

-0 809 
-039{) 
-O.321b -0. 76Q"b 
-0624 -0.030 

0001 o 34.1 
-0.160 -0 995·· 
-0 692 -0.9«·· 

() 2R6 
() 394-

-0 :l30 
0.695" 

0.()()()4 
-0.163 

0.414 
-0.898· 
-0063 

coefficients are negative, while for maize they are all poSitive, though not 
significant. The significant effect of sunlight on the growth of Shaded Maize, 
1938, disappears when the effects of temperature and humidity are removed. 
Thus sunlight affected growth of these shaded plants only through its effect 
on the other environmental conditions. 

The partial correlation coefficients are consistently negative except for the 
daily totals for one wheat series. This result cannot be explained, but it is 
not significant. The results show that the depressing effect of sunlight on 
growth was more pronounced with gladiolus than with maize. They likewise 
show that only for those analyses in which results for midday periods were 
included was this depressing effect significant. There is one exception with 
Gladiolus I, 1938, but even though the negative correlation coefficient was 
significant, the regression coefficient was much smaller than that for the 
midday periods. 

The effect of sunlight on daily growth was negative but not significant. 
Since the number of days involved was small, the coefficients must be very 
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high tn be significant, and more extended series would probably show a 
significant depressing effect of sunlight on total daily growth. This con­
clusion is supported by the results for shaded maize plants) which on bright 
sunny days made an avt'rage growth of 6.6 em. per day as compared with 
5.8 ('m. for the unshaded plants. This difference is significant, and cannot 
be attributed to temperature differences, since temperature under the shade 
was not more than 10 F. higher than the temperature in general. 

Thef;e results show that bright sunlight exerts a depressing effect on growth 
during- the midday periods, and that this effect is more pronounced with 
gladiolus than with maizE', They do not permit a final conclusion as to the 
efi{'c1s during other periods, but these, if any, are small compared with the 
eff{'cts during th(· middle of the day. There is a strong indication that total 
daily growth i~ also depressed by bright sunlight. 

llurnidity Fjferts 
The simple and partial correlation coefficients involving humidity data 

are presented in Table VII. Yery little need be said regarding these results, 
since only OtH-' of the partial coefficients is significant. 

TABLE YI! 

RELATIO~ BETWEEN RELATIVE HUMIDITY AKD GROWTH OF WHEAT, MAIZE, AND GLADIOLUS AS 
MEASt'RED BY SIMPLE AKD l'ARTIAL CORRELATIO~ COEFFICIENTS 

Senes I \Jl I Daily Is a m to I 4 p m. to Is p.rn to 
___________ 1 perlod~ ~~~~ 

Sunpll' fo:rreitJ/1011 cDcjiicU'nts, :r,,11 J I I I 
\\heat I,19:l7 1-0484 -0226 
"heat Il, 1937 -0 889'" 0 032 
l\1ulzc 1937 -0 621 -0 378 
Gladtulus 1,1937 . I 0 .. 170 [I 0.066 
Gladiolus II, 1937 I -

MClize, 1938 -0656** i_O 674* -0.225 -0.475 -0902** 
Sh"ded maize, 1938 1-0.829"" 1-0.689* 1-0.545 -0.437 -0.i10* 
Gladiolul-' 1,1938 0.003 0.105 0.i54 -0.3iS -0.662 
Gladiolus II, 1938 -0.161 -0.130 0.165 -0.794.'" 1-0.045 

Partial correlation coefficients, r~h.l. 

Wheat I, 1937 
V,'heat II, 1937 
Maize, 1937 
Gladiolus It 193i 
Gladiolus II, 1937 

Maize, 1938 
Shaded maize, 1938 
Gladiolus I, 1938 
Gladiolus II, 1938 

0.011 
0.099 

-0.221 
-0.080 

• Significant beyond the 5 % point . 
•• Significant beyond the 1 % point. 

0.023 
-0.018 

0.182 
0.107 

0.502 
0.452 
0.121 

-0.027 

0.375 
.0.256 
0.384 

-0.083 

0.502 
0.672 

-0.620 
-0.170 

I 

I 0.289 
-0.099 

0.463 
0.280 

-0.756* 
-0.409 

0.040 
Q.139 
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The significant simple correlation codficit'nts are all nt"gatiVl~ and are 
significant only because humidity was highly and m').:ativt,·Jy corn,latt·d with 
temperature. \Yhen the effect of tpmperalUrl' was removed t1w rdation 
between growth and humidity becomes negligihlt· in mo~t ~(Ti('~. 

The only significant partial copfficient i~ al~() IH;:·catin.'. Thi~ [('sult cannot 
be accepted as biologically significant, and since it is for t he sana.' :,.{'rit's as 
that which yielded the negative relation bet\\-'pt'll growth and It'mrlt.'ratuft', 
the peculiarity of the data is emphasized. 

In the present study there is no evidence that rl'lativt· humidity has any 
effect in determining the rate of grov. th Bowt'n'r, ~iT\ct' thi~ c()ndu~ion 
applies to fluctuations in relativL' humidity independC'nt of tlw:o;(' a:-O::-llciated 
with temperature differences, it is pos::-ihle that real dh'ct~ of atJ1lo~ph('ric 
humidity may have been confound~d with tpmperatun' t'tTects. 

AJult£ple Correlation Coe,[ficients 

The multiple correlation cOE'fficit-'nt~ summarizing tIll' comlJint·d dlt'cts of 
temperature, sunlight, and humidity art.: given in Table \'III. \-lost (If the-8e 
are highly significant and show that when rl'su1t~ for all pl'riud~ art' consid£'ft'd 
together (sunlight for midday periods only), from 65 'to Xt)(:;. of the variability 
in growth can be accounted for in terms of U'mrwratu[e, sunlight, and 
humidity. For individual periods and daily means an {'\'t'll g-reater proportion 
of the variability in growth results is accounted for. 

T.\IlLE \'llJ 

COMBINED EFFECT OF TEMPERATCRE. S{·SLIGH1.a A:-;l, REl.ATlVl: nt'MIIJITY ON Till'. {,k()W1H (IF 
WHEAT, MAIZE, AND GLADIOLCS AS Ml:A5LRi-ll 11\ Mn.fiPLE ('ORRELATlO:-; ('j)El"FlUl·.~·n" 

I .\1\ Daily I g a.m. t() j 4 p.m. to \ R p.m. to 
I[ periods ! mean" i -± p.m. i 8 p.m. i 4; a.m. Series 

1 RfI'lo~ \ Rf/'I.,. \ R I1.M \ Rf/./.h \ RI1.j~ 
-----------I----:-:~-i-------l------'~ 
Wheat I, 1937 I - () 99g** , I I 0 727 
Wheat II, 1937 0 9{)'·** I _ I ,I 0 937 ..... 
Maize, 1937 I V I 
Gladiolus 1,1937 0 997** - I 0 935" 
Gladiolus II, 1937 I 08S.t.*u: 0.803' I () 769**· I' O.i8-P I 

Maize,1938 I 0.855** ii' 0.933** I 0 661* i 0.933'" [ 
Shaded maize, 1938 0900** O.RM I 0 761"'* I 0907-
Gladiolus 1,1938 i 080:;** i 0.g72 ! 0 995** °0. 9941"1) .... 1 

Gladiolu, II, 1938 i 0.861-- i 0.914- i 0969" . i 

B Mi.dday periods only. 
" R I1.,., humidity values not avaiLable. 
·Significant beyond the 5% point. 

"Significant beyond the 1 % point. 

Regression of Growth on Temperature and Sunlight 

o 913·· 
0.711 
0,830 
0.841· 

The partial regression coefficients for growth on temperature and sunl~ght 
for all series and periods are presented in Table IX. The results for all penods 
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together are the most reliable since the number of entries for individual 
periods is small, and one result which was not in agreement with the general 
trend could, and in some cases did, alter the regression coefficients unduly. 

TABLE IX 

PARTIAL REGRESSION COEFFICIE~TS OF GRO\\'TH OF WHEAT, MAIZE, AND GLADIOLlJS ON 
TEMPERATURE ASD SU!'<i-IGHT 

All Daily 18 a.m. to 
periods total!. 4 p.m. 

Series 
cm./4 hr./ cm./day/ cm.j4 hr./ 

'F. 'F. 'F. 

GrO'lL'lh on temprraturc, bOI,"1I 

Wheat I, 1937 o.no 
Wheat II, 1937 0.151 
Maize, 1937 o 261 
Gladiolus 1,1937 0.230 
Gladiolus II, 1937 O.035 b 0.158 b O.030b 

Maize, 1938 o 044 0.312 0.023 
Shaded maize, 1938 o 039 0.196 0.030 
Gladiolus I, 1938 o 027 0.114 o 019 
Gladiolus I I, 1938 0.038 0.300 0.025 

Growth on sunlight, bo •. jh (em. per hr. sunshine) 

\Vheat 1,1937 -0040 
Wheat 11, 1937 0.081 
Maize, 1937 -0.055 
Gladiolus I, 1937 -0.041 
Gladiolus II, 1937 -0.206" -O.032b 

Maize, 1938 -0.049 -0.169 
Shaded maize, 1938 0.007 -0.003 
Gladiolus I, 1938 -0.208 1-0

.
035 

Gladiolus II, 1938 -0.232 -0.125 

" bqj,A since there was no sunlight at night. 
lJ bal" and bo •. j since kumidt'ty data not available. 
c simple regression coefficients. 

-0 090" 

-0.051 
0.069 

-0.105 
-0.153 

4 p.m. to \8 p.m. to 
8 p.m. 4 a.m." 

cm./4 hr./ em./8 hr./ 
'F. 'F. 

0.059 
0.074 
0.079 
0.078 

0.039' 0.083& 

0.044 0.069' 
0.042 0.059' 
o 011 o 111 
0.064 0.123 

0.000" 

-0.005 
0.146 

-0.030 
-0003 

The temperature effect was fairly uniform, an increase of 10 F. increasing 
the growth per four hours by about 0.04 em. The results for daily totals 
are for 24 hr., and when reduced to a four-hour basis agree reasonably well 
with the results for all periods. Similarly the results for the night periods 
(8 p.m. to 4 a.m.) are for eight hours, and agree well on the four-houc basis 
except for the last two series, which are higher than the other coefficients 
obtained. 

The correlation results were subjected to a covariance analysis, splitting 
the correlation into within and between periods. With only one series was 
there any significant difference between_ the regression coefficients for the 
different periods, and this difference disappeared when one irregular value 
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was omitted. It is concluded, therefore, that the correlation involving 
temperature is homogeneous for all pt"riods. 

There is a pronounced \'ariability in tht:' regrt'ssion r()t'ffi('i{'nt~ involving 
sunlight, however, the results for the evening {It'riod ridding insj~nificant 
coefficients while those [or all periods and for midday fJt'riods art' rt'lativif'Jy 
high, particularly for the gladiolus. Bright sunlight for four hours during 
the middle of the day depressed the growth of gladiolus approximatdy 0.8 
em. below that expected at any specified temperature. This mean~ that the 
temperature had to be about 240 F. hig-her during periods of bright sun1i~ht 
than during the other periods to give t~{' same inert'aS{' in growth. The 
corresponding figure for maize is about 4.5 0 F. 

The fact that the regression coefficients for the midday periods alone are 
lower than those for all periods requires an t'xplanation. Tht:' ma~nitude 
of these coefficients depends not only on the degree of correlation. but also 
on the magnitude of the standard deviations of growth and sunlight readings. 
During the midday periods alone, the variability in growth rates was low, 
because warm days were sunny and cool days were not. For exam pit:, with 
Gladiolus II, 1938. the standard errors for growth during midday and all 
periods were respectively 0.203 and 0.939, while those for temperature during 
the same periods were 7 . 52 and 7.96, and those for sunlight were 1.41 and 
1.60. Thus, even if the correlations were higher during midday periods the 
regression coefficients would be lower than those for all periods. 

so '" 
T£/IIP£RATURE, -F 

J 

SUNLI6HT, HOURS 

FIG. 4. Regression of growth on temperature and s#nli~ht ... Partial r~gre3sion.s holding 
the SeeoM independent variable constant. &sults 10; all f,~uaJ periods. Lutes (XJfN)f' 

only the temperature and sunlight ranges actually obul1ned expeNmentaily. 
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Th~ general independent effects of temperature and sunlight (sunlight 
effects for midday periods only) are shown in Fig. 4. These two graphs show 
the growth expected as expressed in terms of temperature or sunlight under 
constant conditions of the other independent variable. Under any other 
specific conditions than those shown, for example sunlight constant at four 
hours or temperature constant at 60° F., the slope of each line, and the 
relation among all lines would be unaltered. but the numerical value of the 
growth increases would be changed. 

TE~PERATURE COEFFICIENTS 

I\lany biological reactions do not obey the van't Hoff law with respect to 
increased ratps \",ith increasing temperature. The work of Leitch (9) has 
already ilPen referred to, and while he- did not calculate Q10 values, it can 
readily he set'n that his results '\-\!Quld yield steadily falling values as temper­
aturf' in(_'rt'abl~d. Only at about 13 to 23° C. was this value equal to 2.0. 
The present study offpred an opportunity to calculate QI0 values at various 
levels. The rp~ults of such calculations for the temperature increase from 
15 to 25° C., baseu. on partial regression coefficientl"o, are presented in Table 
X. Sunlight and humidity values are taken equal to the averages obtained 
for each sl'rit:,s. \Yhere extrapolation was necessary to obtain a value for 
25° C. tilt' re~uIt is markpd with an asterisk. There is no real difference 
betwet:'n the ,'aIm's obtained from series in which no extrapolation was 
necessary and those in \yhich it was. The mean Qro for the former is 2.04 
and for the latter 1. 98. 

TAllLE X 

TEMPERATURE COEFFICIE:-.:!TS FOR THE TEMPERATVRE INCREASE 15 TO 25° C. BASED ON 
l'ARTIAL REGRESSION COEFFICIE~l'S 

Wheat I, 1937 
Wheat II, 1937 

Maize, 1937 

Series 

Gladiolus I,1937 
Gladiolus II, 1937 

Unshaded maize, 1938 
Shaded maize, 1938 

Gladiolus I, 1938 
Gladiolus II, 1938 

All 
indh-idual 

periods 

1.S4 

2.22 
2.10 

1.72 

Dailv 4 p.m. to 
totais 8 p.m. 

2.31 
1.88* 

2.01 

2.0S" 
2.03 

2.14 1.90 
1.83 2.12 

1. 73* 2.15* 

·ll1vo[t'es extrapolatiM beyond temperatures actuaUy obtained experimentally. 

8 p.m. to 
4a,m. 

1.98 
2.00* 

2.39 

2.04* 
2.07* 

1.97· 
1.82· 

2.11'" 
1.97* 

The effect of temperature on the temperature coefficients for Unshaded 
Maize, 1938, at different periods of the day is illustrated in Fig. 5. The range 
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covered by these curves involves no extrap Iff .. 
each instance (exce t 8 ~ . 0 a IOn. 0 regression hnt·s. In 
has been used, the ~ther ~~~. to 4 a.m.) . the par:1a1 rt'Rression coefficient 

. . ependent vanable:::; lwmg held C'onstant at the 
mean value obtamed expenmf'l1tall' Th .. 
are due to the differences ,'n Y:. t' \'a;latlOns at 100n:r tt.'mpt.'rat ures 

. the pOlnt at which no growth IS cakuiated to 
take place. At higher temperatUrt'5 the agret'mellt is exct,llt'nt. 

\ 
\ 

\ 
\ , 

-- AU PCRfODS 

- - - - DAILY rOTALS 

- - - NIGHr~ 8P.M-4AM 

_ .. _. -'EV£NING~"PM-'P'" 

8-/8 10-20 12-22 14-24 /6-26 18~8 20-30 

TEMPERATIIRE INCREASE, oF. 

FIG. 5, Unsiwded maize, 1938. Temperature coefficients in relation to temperature level. 

It has frequently been remarked, of course, that since growth is not a 
single reaction it cannot be expected to obey any simple rule. It is not implied 
in this discussion that the QI0 values express the effect of temperature on a 
single reaction, but rather on the whole complex mechanism that results in 
stem elongation. That the values obtained should be as consistent as they 
are is remarkable when the enormous variations in other factors are considered. 
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Approximate Minimum Temperature at Which Growth 
Took Place 

By extrapolation of t.he regression lines for growth in terms of temperature, 
a measur~ of the minimum temperature at which growth took place can be 
obtained. The values for all data with which significant correlation co· 
efficients were obtained are given in Table Xl. Again the other variables 
have been held constant at the means obtained experimentally. 

TABLE XI 

ESTIMATED MINIMt'M TEMPERATl;RES (0 F.) AT WHICH GROWTH TOOK PLACE. BASED OS 

Wheat J, 1937 
\\]lCat ll, 1937 

Maiz(', 1937 

Series 

(-;ladioJus I, 1937 
Gladiolus II, 1937 

llnshaded maize, J 938 
Shaded maize, 1938 

Gladiolus 1,1938 
Gladiolus II, 1938 

PARTIAL REGRESSION COEFFICIENTS 

All 
periods 

37.6 

44.3 
41.6 

22.8 
34.2 

Daily 
totals 

45 4 
37.6 

41.2 

42.3 
35. i 

43.2 
3; 1 

39.3 

I Evening I Night 
periud period 

~--~-

40 6 

40.5 

41 i 
41.6 

39.1 40.5 
42.9 

42.8 
43.3 40.4 

It has alrt'ady been noted that such extrapolation is invalid in determining 
tht' exact leyel at which growth takes place. The relative uniformity of the 
results in Table XI, however, indicates that there is a distinct similarity in 
the behadour of the three plants studied. The results for all periods should 
be the most reliable, since they are obtained from the most extensive data. 
They likewise involve the least extrapolation except for the night periods 
with which the same amount ·would be required. These values indicate that 
the gladiolus will grow at a lower temperature than will maize. The result 
for Gladiolus II, 1938, is low because the regression coefficient is low. This 
flattens the regression line with a consequent greater extension being necessary 
before it cuts the growth axis. Although none of these values can be considered 
exact, they are in fairly good agreement with those reported by others (15, 
17). The results obtained with maize are a few degrees lower than others 
reported. but there may be a difference with different varieties. 

Discussion 

The results presented in this paper show conclusively that the rate of 
elongation of stems of maize, gladiolus, and wheat is affected by atmospheric 
temperature and sunligh't. With most of the series, the variations in temper­
ature and sunlight during individual periods account for from 60 to 90% 
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of the variability in growth. The t'ffect of humidity is It·s.. ... well defined but 
it appears to be relatively unimportant undt'r the 'conditions of our eX'pt"'ri. 
n:ents. All of the~ plants had an adequat(· supply of moisture durin).! the 
tl~e measurem~nts wert' taken, and it f>t'em:- pos. ... ihlt, that the humidity 
mIght be more Important under conditions of moisturE' dt.ficit'ncv. 

It seemed possible that a closer association lwtwt·t'n growth ~ll~d ('xtt'rnal 
factors might be obtained if an allowallct· for delavt'd t'ffert Wt'n' madf'. 
Growth for individual periods was correiat(·d with' tt'mp<~ra'urt·s for tht. 
preceding as well as for the actual periods, that is allowing a four·llOur la~ 
in growth, but in general the association was not imprO\'('d by this proct"durt>, 
The calculations were repeated allowing a two-hour la~ with tilt' same ft."5Ult. 

It is concluded, therefore, that there is a fairly rapid respoll.st-' to ('han~t>s in 
external temIWrature. The same general result was obtained with sunlight. 

One of the primary objects of this study was to dett'rmim' wht·tht·r Iht, 

plants grew faster by day or by nig-ht. This question can only lit' answert'd 
by specifying the external conditions. {Tndoubtedly if the day wt'f(' hright 
and sunny, growth of gladiolus from 0 a.m. to 6 p.m. would lw It'ss than from 
6 p.m. to 6 a.m. unless the temperature during the latt('r period was relative-ly 
low. On the other hand, on a dull day growth from 6 a.m. to 6 p.m. would 
be greater if the mean temperature we-re higher. For many of the st'rics, tht· 
amount of elongation which would take place under specifIC (,onditions could 
be accurately calculated from a knowledge of tempt'rature and ~unlight 
values. Thus with Gladiolus II, 1038, elongation during 1hp night (dark 
period) was as great at 60° F. a:; it was during the midday periods (with 
continuous bright sun.5hine) at 84° F. 

If, however, we consider the hourly rat(' of ~rowth during daylight (4 a.m, 
to 8 p.m.) and during darkness, the former was always tht-' higher. The day­
light hours include the evening period, during which actual growth waS 
usually most rapid, since temperature was usually high and sunlight appar­
ently ineffective. There was a sufficient decrease in temperatun' at night to 

more than offset the fact that there was no retarding effect of light. In other 
words, the total retarding effect of light from 4 a.m. to 8 p.m. was less than 
the retarding effect of the lower temperatures at night. 

The effect of sunlight on gladiolus was much more pronounced than that 
on maize. Nevertheless, the shading experiment with maize showed that 
growth was greater for the shaded plants, both during the bright-light 
periods and for the daily totals. The differences could not be due to higher 
temperature under the shades, since this was neYer more than 10 higher 

than in the open. 
The results of this study are concerned with the effects of external factors. 

Although air temperatures should be more or less closely related to the 
temperature of the meristems, the latter should give a closer association with 
growth. The relation of sunlight to growth is quite different, since the internal 
expression of this external factor is not accounted for. It is the light of short 
wave-length that is active in depressing growth (14, 25), and the difference 
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in behaviour of different plants might be the result of a difference in the ease 
of penetration of the waves concerned to the meristems. This is particularly 
likely if the retarding effect of the light is due to a reduction of sensitivity 
of cells to auxin action (25). 

The r('sults ohtained by Greg-ory (6) are of interest to us because his 
measures of growth more nearly fulfil the conditions specified by Bakhuyzen 
(1) as essential for a determination of real growth rates than do ours. The 
resultR of his studies with relative growth rates of leaves agree with the 
results of the present study, although his correlation coefficients were in 
general lower. It seems likely, therefore, that the conclusions reached as a 
result of this study may be applicable to growth in general, as well as to stem 
elongation. 

The results here presented offer a possible explanation of some of the 
experimental results obtained by other workers. Lock (10) considered the 
day period as between 7.30 a.m. and 5.30 p.m., and found that the growth 
rate of bamboo was much greater by night than by day. There is every 
reason to bdieve that this division of the day would result in an exaggerated 
difference between night and day growth, since the early and late hours of 
sunlight, during which growth may be rapid, are excluded from the day period. 
Of course, the exaggeration would be much less in the tropics, where Lock's 
work was done, than in northern latitudes. Lock likewise correlated growth 
with rainfall, but it seems possible that the relation between growth and 
sunlight might have been just as important. There would be no direct 
sunlight when it was raining, and if temperature remained constant, growth 
should be greater when the sun was not shining. 

Prescott (21) found two maxima in the rate of growth of maize. These 
are of interest because tht>y occurred just after sunrise and just before sunset, 
and our results indicate that similar maxima would have been obtained with 
hourly measurements. MacDougal (12) found retardation in the growth 
rate of wheat and maize occurred after 11 a.m. In the present study it began 
before this, although the exact point cannot be determined from the data 
obtained. The results obtained by MacDougal may well have been due to 
sunlight. although he does not mention this factor. 

Hanna (7) obtained positive correlations between growth of maize and 
sunflowers and temperature, and between growth and hours of sunshine. 
l\1easurements were made at two- or three-day intervals and only simple 
correlation coefficients were calculated. Some of Hanna's conclusions are 
outside the field of this paper, but it seems probable that partial correlations 
would have shown that the positive relation between growth and sunlight 
was due to the relation between sunlight and temperature. 

Extremes of altitude affect growth of plants, owing partly to temperature 
differences but also to light effects (15). It seems probable that if not only 
the duration and intensity, but also the composition of the sunlight were 
known, a more complete explanation of results obtained could be made. 
It seems probable that during sunligln hours much less ultraviolet light 
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would be incident on plants when the atmospheTl' was moisl than whE'n it 
was relatively dry. If conditions could be C'ontrollpd so that relatin' humidity 
could be varied independently of temp('rature and sunlight, it might be 
shown to be more important than it now appt'ars to he. 

Controlled environmental conditions are esst'ntial for tlU' mo:-:ot accuratE' 
determination of the effects of individual factors on the rale of growth. 
Vnder such conditions, the effect of light (If varying c(lmpo:.;itinn could he 
studied, as could anyone factor under constant (,onditions of others. ('nlt'ss 
facilities are available for such control, howen'r, it is bt·lit''\'l·d that the 
statistical analysis used in this paper Off('fS the most precise n\t'thod available 
for separating the effects of the various factors involved in determining 
growth rates. 
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It. DESCRIPTIVE LIST OF NATURAL AND ARTIFICIAL 
INTERSPECIFIC HYBRIDS IN NORTH AMERICAN 

FOREST-TREE GENERA' 

By L. P. V. JOHNSON' 

Abstract 
Over 400 hybrids involving 28 North American genera of forcst trees are 

de~cribed in tabular form with the object, primarily. of pro\"iding useful inform­
atIOn (or the forest-tree breeder. The genera involved are: Abies, Aur, AescuJus. 
Alnt~s, .Arbutus, Betula, Carya: Castanea, Catalpa, Cornus. Cmlaegus, Cupressus. 
Gled,ts~a., !lex, Juglans, Lanx, Magnolia, Pieea, Pinus, PJatanus, PopuJus, 
Quercus, Robinia, Salix, Taxus, Tilia, Tsuga, and Ulmus. 

Introduction 

For many years botanists have been describing natural hybrids, or to a 
lesser extent producing artificial hybrids, in forest-tree genera. This has led 
to the amassing of an extensive literature which, until recently, has been 
largely of academic or of secondary practical interest. \\lith the recent 
advent of a number of forest-tree breeding projects, however, these data have 
been automatically greatly increased in their scientific and practical im­
portance. This fact is believed to warrant the present attempt to review 
some of the more readily available literature on forest-tree hybrids, and to 
summarize it primarily with the view of prodding useful information to the 

forest-tree breeder. 
Scope of the Work 

Upon undertaking the work it soon bt'came apparent that, under the cir­
cumstances of limited time and facilities, it wou1d be necessary to restrict its 
scope. As a result the present paper includes only those genera of forest 
trees that are represented in North America by indigenous species of con­
sideraule economic importance. The available literature, which it is believed 
covered the subject fairly well) was examined for data on hybridization in 
genera meeting these requirements. It was found that some 405 hybrids 
were reported in 28 of these genera, as follows: 

1 hybrid 
13 hybrids 
7 hybrids 

15 hybrids 

ABIES Link. Fir 3 hybrids ARB"CTL'S L. Madrona 
ACER L. Maple 9 hybrids BETCLA L. Birch 
AESCULUS L. Buckeye 11 hybrids CARYA Sutt. Hickory 
ALNUS L. Alder 8 hybrids CASTAXEA Adans. Chestnut 

1 Manuscript received August 25,1939. 
Contribution from the Division of Biology and Agriculture, }\~atiomU Research Labor-

atories, Ottawa. N.R.C. No. 864. 
2. Forest Geneticist. 
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CATALPA Scap. Catalpa 

CORN US L. Dogwood 

CRA'f AEG US L. Hawthorn 

CCPRESSCS L. ('ypres~ 

GLEDITSIA L. Locust 

ILEX L. Holly 

JlJCLA~S L. Walnut 

LARIX Adam;. Larch 

MAGNOLIA L Magnolia 

PICEA Dietr. Spruce 

2 hybrids 

5 hybrids 

5 hybrids 

1 hybrid 

1 hybrid 

3 hybrids 

16 hybrids 

12 hybrids 

5 hybrids 

6 hybrids 

PIKUS Duham. Pine 
PLATANUS L. Plane-tree, 

Sycamore 

POPCLVS L. Poplar 
QUERCUS L. Oak 
ROBl!'L-\. L. Locust 
SALIX L. Willow 
TAXeS L. Yew 
TILL-'\. L. Basswood, Linden 
TSCGA Carr. Hemlock 
FLMI'S L. Elm 

20 hybrids 

1 hybrid 
121 hybrids 

77 hybrids 
4 hybrids 

42 hybrids 
2 hybrids 
B hybrids 
1 hybrid 
6 hybrids 

There are a number of genera of considerable economic importance in which 
it has not been possible to find reports of hybrids. Among these genera are 
the following: 

CARPINUS L. Hornbeam 

eEL TIS L. Hackberry 

CHAMAECYPARIS Spach. 

DIOSPYROS L. Persimmon 

FACeS L. Beech 

FRAXI:'\FS L. A,h 

GYMr-iOCLADUS L. 

JCNIPERCS L. Juniper 

LIBOCEDRUS End!. Resin Cedar 

LIQCIDAMBAR L. Sweet Gum 

LIRIODE~DROK L. Yellow Poplar. 
Tulip-tree 

LITHOCARPUS Blume Tan Bark Oak 

MORUS L. Mulberry 

KYSSA L. Sour Gum, Cotton Gum 

OSTRYA Scop. Hop Hornbeam, Ironwood 

PSEl~DOTSUGA Carr. False Hemlock, 
Douglas Fir 

SASSAFRAS Nees. Sassafras 

SEQCOIA End!. Redwood, Big Tree 

SWIETENIA Jacq. Mahogany 

TAXODIUM Rich. Bald Cypress 

THFJA L. Arhor-vitae, Cedar 

C!vlBELLlTLARIA Kutt. 

Nomenclature 

Any attempt to collect and s.ummarize data involving botanical names 
applied by many authors and over many years is certain to be attended by 
considerable confusion arising from the inconsistencies of botanical nomen­
clature. It is not within the author's field to bring order and completeness 
out of the disorder and incompleteness that exist in the literature covering 
the material dealt with. For example, when a paper under review did not 
give authorities for the botanical names of parental material, no attempt 
was made to establish the exact identity of the material-the names of parents 
are given in the list without the addition of presumed authorities. The Latin 
endings of certain specific names have been changed to give conformity with 
accepted usage. 

To give a degree of consistency to the present paper, the International 
Rules are followed wherever possible. For example, the sign X has been 
prefixed to all Latin names of hybrids, and the "first letters of specific names 
are capitalized in cases y;here derivation is from the name of a person or of 
a genus. 



Descriptive List of Forest-tree Hybrids 

The summarization of C'ollpC'tt.'d data in fort'st-tn'(' hvhrid~ has ht"t'n con­
cerned primarily with g-i,-ing. under !'('lected headings. -a highl\' condl'nst.d 

description which might pro...-(_' u~eful to ~Tnt'ti('ists and' plant bn·l·~it·rs. \\'11('11 

available, information on parental specip:-. has bt·t.·n indudt·d with tIll' "if'\\' 
of providing useful supplementary data. Tht, dt·scriptions art' for tht' mOl"t 

part straightforward, but in some cast's they may pn's('nt difficllltit·s. A 
short explanatory note on each heading follows: 

No. The numbers under this heading are simply COI1Vt'nil'llt numt'rical 
designations, which permit nAerenct' to any crOss b," Ilumht·r, and t'nahle 

the reader to see at a glance tht' total numht'r of cro~se~ ot'!'nilwd for ('a.ch 
genus. 

Species invoh'ed. The prac-tiC'f' of naming the femait' parellt tlrst is follnwt'd 
in general. Obviously, the rult' ('annot be applit'd \Trv stridly in tht, CUgt· 

of natural hybrids of somewhat doubtful origin. . . 

l.Vature of cross. Thp letters S, A, and R dt'llott.· natural. artificial, and 
reciprocal crossE'S, respectively. 

Chromosome nos. (n I in'i.'olved. \. ndt'f this heading are given the n (or 
reduced) chromosome Ilumlwrs of the parental spt"ci{'~ involved. The sign 
X is placed between the numbers to c()rrp~polld to its position under tht" 

heading Species im.lO/ved. \rhen two different numher,:, wert' r{'ported in tIlt' 

literature one is given in parentheses- without. however, implying whirh 
number might be favoured by the author. 

Name of hybrid. The sign X has b("pn prefixed 10 all Latin names. 

Notes on hybrid. Self~explanatory. In some cases spare under thi~ heading 
has 'been used for the extension of descriptions from other headings. 

Country or region. Abbreyiations an: those in standard USf·. 

A uthor and date of report or of origin. The author given may be the original 
reporter of the crOss, the most important contributor to knowledge on the 
cross, or merely the author of the paper \vhich chanced to be used as the main 
source in the pre~nt v,:ark. The reference number in parentheses refers to 

the main source in the present work. The date given before the semicolon refers 
to date of origin, the date- after the author's name refers to the date of the 
report. The abbreviations a. and b. applied to date of origin denote after 

and before, respectively. 

Other references. Here are listed by reference number the various papers 
which, in addition to the main source referred to in the preceding heading, 
have been used in compiling the information given for the cross in question. 
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SpecIes involved 

ABIES LINK. FIR 
1 A. Lowi/J1&lJ MUrf. X A. grandj.s Lind!. 
2 A. uphcUonil:o Loud, X A. pi"sapo Boiss. 

3 A. t,jmapo Boiu. X A. NordmaxnianIJ 
Spach. 

ACER L. MAPLE 
1 A. -pseurjopla:anus L, X 

A. monspeuuja1Cu," L. 
A. Platonoidu X A.laetvm 

Nature 
of 

A 
R 

N,R 

A. plakl7Wides L. X A. Lobtlii Ten. N 
A. compeslrt: L. X A. monjpess.uonum L. N 
A. camputre L. X A. Lobdij Ten. 
A. opalU$ Mill X A. 1IWfISpessMl4num L. 
A. opaius obiusatum Henry X N 

A. monsptssulanum L. 
8 A. lawrieI'm L. X A. monspusu/anu'" L. N 
9 A. lalar,',u", L. X A. pmnsyl"anicum L, N 

AESCULVS L. BUCKEYE 
1 A. HiPPocasla"u", L. X A. Poria L. N 

2 A. glabra ",md. X A. hybrida DC. 
l A. discolor moWs Sarg. X 

A. 'IU~It:cllJ gtwgjanIJ Sarg. 
4 A. discolor moUts Sarg. X 

A. negltela Lind!. 
5 A. discolor moUis Sarg. X N 

A. gla-bra lewcaderlflis Sarg. 
A. neg/eck: Lind!. X A. Pa:vo L. N 
A. gIabra Willd. X A. PafllQ L. N 

8 A. oclal'fdra Marah. X A. Pmlia L. 

9 A. discolor nwllis Sarg. X N 
A. negJeCla georgiana &lTg. 

10 A. gIabr(J Willd. X A. oaandra Marsh. N 
11 A. negluta georgiana Sa:rg. X A. Pctlia L. N 

ALNUS L. ALDER 
1 A. cordata Des!. X A. subcordaja C.A. 

Mey. 
2 A. subeordata C.A. Mey· X 

A. i'Jeana Moench. 
3 A. cordata Desf. X A. glulillosa Gaertn. 

N 

4 A. glulinosa Gaertn. X A. illcana Moench, N, A 

5 A. japim4ca Sieb, & Zucco X N 
A. incana Moench. 

6 A. sJWt:t»'da/a C.A. Mey. X N 
A .. iapcmica Sieb. & Zucco 

7 A. ,,'gosa Spring. X A. incaNll Moench. N 
8 A. rugosa Spring. X A. glulinosQ. Gaertn. N 

ARBUTUS L. MADRONA 
1 A, An.drachne L. X A. Unedo L. N 

BETULA L. BIRCH 
1 B. p~uns Ehrh. X B. vm-ucosa Ehrb. N, A 

N,A 
2 B. pu",jla: MichL X B, lenla L. 

Chromosome 
no.t. (n) 
involved 

12X 

X12 

lOX 

J3X 
13(11) X 

20 (19) X 20 

'OX 
20X 20 

20X 

20 X 20 

X 20 
10 X 20 
20 X 20 

20 X 20 

20X 
X 20 

14 (21) X 14 (21) 

Name of hybrid 

X A. Fumorinii Mut. 

X A. ituirnis Carr. 

X A. coriact'lim Tausch 

X A. Dieckii Pax. 
XA.DieekiiPa:s:. 
X A. Bornmllelleri Borb. 
X A. soesCMnse Pa:s:. 
X A. Per01UJi Schwer. 
X A. "duti_m Schwer. 

X A. pusiUum Schwer. 
X A. Boscii Spacb. 

X A. rubicunda Lodd. 
X A. earnea Willd. 
X A. arnoldiana Sarg. 
X A. tnutabilis (Spach.) Scheele 

X A. mutabilis indut4 Sari. 

X A. Bushii Scbn. 

X A. Dupr)1J.Jii~. 
X .4. miui!sippimsis Sarg. 
X A. octandra hybritla (DC.) 

Sarg. 
X A. }l arbisonii Sara. 

X A. maryJanJica Booth 
X A. Duponlii Hessei Sarg. 

14 (21) X 14 X A. KodIneii Callier 

14 (21) X 14 

14 X 14 

14 X 14 

14 X 14 

14 X 14 
14 X 14 

13X 

28 X 14 
28 X 14 

X A. elliptica Requiem. 

X A. hybrida A. Br, 

X A. spe&lGbilis Callier 

X A. Spaethii Callier 

X A. AscMrsoniana Callier 
X A. siksiaea Fiek. 

X A. a7fdrachnoitU$ Lt. 

X B. Jackii Scbn. 
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========~==========- =~~ 

\ 

reg"n ! 
Notes on hybrid 

Country AUthoTand datt 
of repurt 

at of on¥in :------1 
intermediate; vigorous gro"''th, I Denmark I 1924; Lano(,l1. 10JT 
Quantitative characters inter. I FnlIlCt! . [" "-

: 
~.~~~ i !!: i I. ntediate. I . ous, Q., 

also XA.BthrnerianaMott.,orA. China, Eng., Fr. 111572; Rehder,IQ17 
Erllt$ti Rehd. 

al~p:c:.: ~~';;:~~~;b~~h~~~~~;;! I Rehder. InT 

(66) ;1. U)'IJ. 

similar to A. platanaidts. 
S.E. LlJrape 

cultivated 1880. 

cult. 1790. )' 

~~!~~~~~ ~:~!: I Ita\y. France 

[ 

cultivated 1870. 

fertile; habit, foliage like A. Hip.; • England 
flowers like A. Pav. Fln=40 ! 

T;.S.A.,Mass 
cultivated 1834, l.·.S.A,Mass. 

Schft'int'r. PJ.l; 
Rt'hdt'r.I')27 
Rchdcr.lvn 
Rchdt'r.II.117 
Rehdcr. 1<)~'i 
Rchtlcr.1927 

Rehder. !<,llj 

(66) H, 2~, 74.!I~ 

(74) 14.1(.,18. 
(06) jll,l6.8.l. 
(M) 

(M) 

\hb) 

eM) 

(106) 

b. 1834; RehtlCf.1927 (bt.) 

b. lRIII; ('ralle,19J5 (Ii) 211,43,62.66.16, 
84.27 

IQOO; Rehdl'r.IQ2; (M) 2;,4.1.74. 
1900; Rehder, 1927 (66) 17.43. H. 

also A. mulabilis renduliftoraSarg., U.S.A .. Mass. 19()C); Rthuer.192; (66) 1.7,43.74. 
cultivated 1834. 

introduC'ed U.S.A. 1901. Ark., ~Hss>, Mass. $argent, 1921 {oil 27. H. M, 74. 

U.S.A .. Del. a. HW), Rehder, 19,!; (M) 2R. 74, 76. 

intermediate; introduced 'C.S.A, 'C.S.A.,1-.IlSjl, S'lrgent.1V':O (b7) 17.18.43, M. ")-10, 7 
1913. ' 

Europe, U.S.A. (E) S."rgcnt. PJlI 

introduced C.S,A. 1905; Fln=20 l).s.A .• Ga .. Mass. Sargent,l<Jll 

Rehder. 1927 

cultivated :;'909, Rehder, 1927 

pronounced hybrid vigor. Denmark Larsen, 19J7 

L~rSl.'.n,19:;7 

L~nen, 1937 

Gennany KJousch,1854 

76. 
(67) ;.;. 21t. 4.1, 66,76. Ii 
(67) 27,4.3,66. 

(66) 27.43, 10 
(M) 28,76. II 

(52) '}7. 29, 46, 92. 93. 

(51) 27.19,46,6(.,92. Z 
'.1 

(52) 27,29,46,66,92, 3 
93. 

(52) 27.29,46. (06, 92, , 
9.1. 

b. 1908; Rehder, 1917 (M) 27,93. 

intermediate. 

Europe 
Europe 

GreeCt! 

fertile; intermediate; several N. Europe 
fortus. 

Fln=21; tends to reaembleB. lenta U.SA. (:I'\.E.) 
L.; cultivated 1895; shrub, 

b. 1908; Rehder, 1927 (66) 

Rehder, 1927 (66) 

Rehder, 1917 (<><» 

1800; Rehder. 1927 (66) 

MoI'1ten.thaler,1915 (5&) 

Cousirul,1933 (16) 

27,93. 

27,29.9.1,98. 
17, 29,92.93,98. I 

27,.34. 

27,,w,51. 

28.66.67.91. 
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Specil'~ involved 

BETULA L. BIRCH (Continued) 
.l B. meru[ea_l?rondls l:Ilanch. X 

1>. popull/olia AlL 

4, ll. papyrljera Mar~h. X R. p"mila 'liar. 
tllandu/ifera Rell:el. 

5 [;. {ut~a Jl.tichx. X H. pllmila vaT. 
glondu/!(era Rt·gel. 

6 B. 1I01la L. X R. t'erruc(J.\O Ehrh. 

~I ~: ::~::'.;;j!a~~t. ~ n. t;landulos(} Mkh:.:. 

/ •. paPYrl/rra Marsh. 
9 fl. pendulo Roth. X 

R. paPYri/no Mar~h. 

10 R. p(ndu/u Roth. X Ii. pubcs«(ffs Ehrh. "I J;. pumila L. X fl. papyr(frra l\1arsh. 

12 n. nona L. X B. :/)J<bes,ens Ehrll. "'Ill, notlo L. X R. t>nldula Roth. 

CARYA Nutt. (HICORI.-1. Rafn.) HICK­
ORY 

I, C. Pf(I.ln (Marsh.) Brit. X 
C. ({Irdlformj, (WaI1g.) Brit. 

2 C. ({lrd'fvrml.l (Wang.) Bnt. X 
C. omla (~1l11.) Brit. 

,l C. pewn (Marsh.) Brit. X 
C. /ac;ll;osa (Michx.) Sarg. 

1- C. alba (L.) Brit. X 
C. pf"ran (Mar~h.) Brit. 

5 C. lar;Jliosa Schn. X II. ol'ata K. Koch. 
6 C. aquai<(.u Nutt. X 

1 

C. pecan Eng!. & Gracbn. 

7 C. cardi/armis K. Koch. X 

I 
C. ollalis Sarg. 

1 C~~:~~~f!:~'~~~~t;t~ESTNUT 
21 C. crenala (forest t>,pes) X C. denlala 

'I C. crena./a (forest types) X. C.1IIoUissima 
.f C. crenala (forest tn~s) X C. Henryi 
5 C. moUlssima Xc. lienry, 
61 C. pumila X C. S'eguimi 

7 C. 1IIoll.issima X C. Seguinii 

8 C. cr~"ata XC. Seguinii 

I ",ture I I of 
,ro~ 

" I 
N 

" 
" 
" " 
" 

" N 

N 
N 

" 
" 
N 

N 

N 

A,R 
A 

A 
A 
A 
A 

A 

A 

9 (C. ,rrna/a X C. dada/a) X C. 1IIoUissima A, R 
10 (C. moUissima X C. pumila) X C. dentata A 
11 C. denlata Borlrn. X C. pumila Mill. N 

12 C. pumUa Mill. X C. sativa Mill. 

Chrotno!JOme 
nos. (n) 
involved 

XI4 

,~5 X 28 

41 XIS 

14 X 14 

14{?) X3S 

14 X35 

14 X 
18 X35 

14X 
14 X 14 

X16 

16 X 16 

X 16 

32X 

16 X 16 

16 X32 

XlZ 
11 X 12 

l1X 
l1X 

l1X 

X12 
12X 

X 11 (12) 

11(12) X12 13 C. sativa Mill. XC. denl.ata Borkh. 
14

1

' C. cre1lata Sieb. & Zucco X A 11 X 12 
C. dentata Borkh. 

15 C. CTt'JJata Sieb. & Zucco X 
C. PU1llil.a Mill. 

N,A 

Name of hybrid 

X B. 'oeru/ro Blanch. 

X B. Sandbergij Britt. 

X B. Purpusij Selm. 

X B. ,nte-rmedia Thomas 

X B. commixlo Sarg. 

X B. Koehne. Schneid. 

X B. auraJa Bechst. 
XB.e:ue/saAit. 

X B. iutermedia Thomas 
X n./fullica Docrfl. 

X C. Brawnij (Sarg.) Ashe 

XC. Laneyi (Sarg.) Sudw. 

XC. ]\'ussbaumerli (Sarg.) 
Sudw. 

x C. Si:hneckij (Sarg.) Sudw. 

XC. Dunbarii San~. 
XC. texana (Le Coute) C. DC. 

XC. Demored E. J. Palmer 

X C. neglecta Dode. 
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(O~:"y I A"':~::':;'d'" -! 0<"" 
_________ i __ _::_Tt'J;:::::'i'_::,"_! orn[nrijlln I wf('t"t'lI<:T' ~ 

Notes on hybrid 

-i----------I------- -
N. Am.; X.:'. to \"t. I Rdld{·r. I'J2, \M1 ! 2R.97. introduced 1905; Fln= 14. 

\ \ 
C.S.A .• :'I!inn S<irgent. lQ21 

Fln=45; cultivated 1900; mcio~is 
very abnormaL 

IT's.A .. ~hdl", ~!inn.! Sarg,·nt. IQ21 
, 
, ~dHt·l1lt:r. 1<J.~7 

Canada. Yukon T. SarJ;:l·l1t. l'l21 

C.S.A. . .\"1.~s. Rd'<in.I'l27 

meiosis R. pt:n. very abnonnal; Rt·hd,·r. IC)2i 
parents uncertain; <.:ultivatt'u 
190.'i. 

meiosis B. pt:n. vcry abnormal. Rump .. 
hybridity uncertain; also J>. Borg. 

grnlellna Zabel; cultivated 178Q. 
cultivated 1895. Europc 

Europe 

similar to C. pt:can: LS.A , Ark .. Ohio 
Sarg., cult. 

Rrhdt·1.IQ]7 

H.el\lh·r.I<)2; 

Rdldn.l'n7 
Kl'hdn.I'I2.' 

chaJeaugayt:nszsSarg,; 
l"~l;~~: ~;~.,; (';11:"1 SarJ::cnt. J'!:?1 

very vigorous; branch. fruit like l'.S.A ,Ill., Inil ,I"., ' S<trl/:ent, l'lll 

osa; cultivated. 
C. puan; leaves like C. [acini, Mo. 

I 
parentage not certain; cultivated. t '.~.,\ .. III .. 1.J.. ; Sar~cnt 1921 

intermediate, but parentage not 
certain. 

l~.S •• "I. .. Gul.J.h. :--':.Y. i S.J.rgl'llt, 1<)21 

range of variability in fruit char­
acters between C. aquatica and 
C. puan. 

L.S.A. (S.W.) 

intennediate in foliage, fruit and C5./\. Ark. 
winter buds. 

marked hybrid vigor; 272 seedlings. C.S.A .. K.Y 
backcrosses; F. produced; timber V.S.A.,~.Y 

types; blight resistant. 
hybrid vigor, 44 seedlings. l'.S.A. 
hybrid vigor, 3 seedlings. U.s.A. 
hybrid vigor, 16 seedlings. C.S,A, 
everblooming of C. Seguiniidomin- U.S.A. 

ant; 21 seedlings. 

l'alm~'r, 19.17 

Palmer. 19.17 

:";'hrdncr, 1<.137 
Schreiner, 1937 

Schrt'iner.19.31 
Schreiner, 1937 
Schreiner, 1937 
Schre1l1ef,1937 

everblooming of C. Seguinii domin- V.S.A, Schreiner, 1931 
ant; 19 seedlings, 

everblooming of C, Seguinii domin- U.S.A. Schreiner. 1937 

ant; 24 seedlings. 
U.S.A., N.Y. Schreiner. 1931 
U.S.A" X,Y. Schreiner, 1931 

intermedi.ate. Mao:Jn Co .. N.C., Sargent. 1921 
U.S.A. 

fertile. U.S.A" ::-'.J. 1903; Van Fleet; 
Fairchild. 1918. 

.(,7) 

(I", 

(Mi) 

(101'.) 

1/,(,) 

,M,) 

(hi.) 

((,t" 

((,7) 

(f,l) 

(f,7) 

((.;) 

(67) 

(11111) 

(108) 

(7]) 

(iJ) 

(7.3) 
(7.1) 

(7.1) 

(73) 

(73) 

(73) 

(13) 
(73) 

(67) 

(21) 

Rehder, 1927 (66) 

variable dominance; Ft produced; U.S.A., Ill. 
remarkable vigor. 

blight resistance (from C. erelWta) 

dominant. 

1908; Detlefsen & (19) 

Ruth. 1922. 
b. 1911; Rehder. 1927 (66) 

! 
i 
I 

~II, lQ. 74, 97. 99 . • 
2l!,2Q,i>(,,7oI,fl7. , 

O'J, 

17,ll'..2(l.J9,M, . 
~''', QQ. 

21!,Q7. 

21'.,'17. 

Ifl..Il7. I. 
211, 2'l. 07. 99. " 
17, l~, Ql, Q4. " !7, ~fl. IJ.\, 94.. Q7. " 
l'l. (,6. ,4. 100. 

2Q, (,b. 74, 100. 

2Q.M,74,I{HI.W(, .l 

2".66,74.1{H). 

2Q,I00. 

29,100. 

29,46. 
27.29.46,93. 

21,93. 
27.93. 

27, 93. 

9 
29,46. I. 
29,46.66. " 
21, 29, 46. 66, 93. 12 

27,29.46,93. 13 
27,29,46,66,93. 14 

6,27.93. 15 
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SJ)Ccies involved 

CATALPA. seop. CATALPA 
1 C. bignOfljmdc, Walt. X C. QlPQjQ Don 

2 C. Kaffllpjeri (= C. CJt'ata) X 
C. fJigltonlOides 

CORN US L. DOGWOOD 
1 C. ""gus(I. Lam. X C. stolonifn-n. Michx. 

C. obliqu.a Raf. X C. raa'mosa Lam. 
C. macrophyllo Wall. XC. :imamum Mill. 

, C. macrophylla Wall. X 
C. asPmfolia Michx. 

5 C. /Nludturvis Hance X C. Am,,",um Mill. 

CRATAEGUS L. HAWTHORN 
1 C. o:.:yocanlha L. X C. monogyna JacQ. 

2 C. crus-gaUi L. X C. p"besc~m Steud. 
3 C. sanguinea Pall. X C. nigra Kit. 

4 C. pmtagyna WaldsL & Kit. X 
C. crJl.s-l(olli L. 

5 C. ianauli/ella Pers. X C. pUncta/a. 

CVPRESSVS L. CYPRESS 
1 C. macrQcarpa Hartw. X 

C. nootkalensis Don 

GLEDITSIA L. LOCUST 
1 G. triacQnlhos L. X C. aquatjea Marsh. 

ILEX L. HOLLY 
1 1. .4quifolium L. XI. peralio 
2 I. Aquijolun" L. X I.lalt/alia Thunb. 
3 I. Aguifolium L. X 1. a.jpyrena Wall. 

JUGLANS L. WALNUT 
1 J. regia L. X J. nigra L. 

2 J. regia L. X J. cinerea L. 
3 J. nigra L. X J. Himisii Rehd. 

4- J. Hindsii Rehd. X J. regia L. 

5 J. Sieboldiana Ma):.. X J. cinerea L. 

6 J. Sieboldiana Max. X J. regia L. 

1 J. Hindsii 'X Royal hybrid 
8 Royal hybrid X J. mandshurica 
9 Royal hybrid X J. regia 

10 J.11Wndshuri-ca X J. regia 

11 J. mandsln,rica X J. Sieboldiana 
12 J. mandshuriC4 X J. cordiformis 
13 J. mandshlP'ic~ X J. nigra 
14; J. mandshurje" X J. ci7urea 
15 J. nigra X J. einerea 
16 J. Sieboldia_ X J. nigra 

I Natu" Chrotnosome 
of no!i. (n) Name of hybrid 

,ro~ involved 

I X C. hybrida Spaeth 

N X C. Slamnji Rehd. 
N X C. arnoldiana Relld 
N X C. Floruyj Rehd. 
N xc. Dunbarji Rehd. 

N X C. dubia Relld. 

N 16 X 16 X C. media Bechst. 

N 24X XC. Lal1al!ei HerincQ 
N 16(?) X X C. Lamberliana Lge. 

N X24 X C. hiemalis Lge. 

N XC. Dippdiana Lge. 

N.R XC. Leylandii J. & D. 

X G. lexana Sarg. 

X 1. altaclarensis DaIlim. 
X I Kcnhneana Loes. 
X 1. Beanii Rehd. 

N,R 16 X 16 X J. intermetiia Carr. 

N 16 XI6 X J. quadranguwta Rehd. 
A 16 X 17 Royal Black Walnut 

A 17 X 16 Paradox Walnut 

N,A 16 X 16 X J. Bixbyi Rehd. 

16 X 16 X J. nolha Rehd. 

A,R 17. X 
A X I. 
A X I. 
A 16 X 16 

A 16 X't6? 
A 16 X 16? 
A 16 X 16 

A,R 16 X 16 
Hi X16 

16(1) X 16 
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Nl>tes on hybrid 
AUtlmr and datI! 

of "'POrt 
III c::~:~ II' 

_________.. orot ongm 

int="Hot,.twovo,;,ti... 1------1 I 
characteristie.s of both ~ta; U.S.A .. In" .• ·I~. J ., "1 

increased vigor, hardiness. U "u on~.,.. \ \t")'. 1'H{I (1M) 1 I 
I

i ":~;71"" Rohdo,. ,hO) I 

cultivated. 
cUltivated. 
cultivate<l, 
cUltivated. 

cUltivated. 

i ) 
h. WIO; R ... hder. t927 (66) 'i 

! ;: !~~: :~~:~::: :~~; ;~; I i h. t<)I,); Rehtler,l'H7 (6(,) I 

tertne. 

i I 
t h. 1<)21), RchueT.1',)!J (t.<,j r 

\ Raul\k\\l.e!. \Q2S·. (~2) \ 26, !is. M. 
I LaT.'i(:fl,IIH7 I 

parentalte not certain. 
cultivated 187\; parentage not 

certain. 
parentage not certain. 

parentage not certain. 

intermediate in cone and seed 
characters. 

CUltivated since 1838. 
cultivated since 1900. 
cultivated since 1900. 

EnJ;iand 

U.S.A .. Bra.zoria, 
T= 

resembles J. regia; very vigorous; Earope; U.S.A, 
largest walnut tree, 

.resembles J. regia, Europe; U.s,A, 

I h. lIlRO; R.I~hd<:r, 1927 (M) ! 26.5S 
: R\'.\\der,lQI7 lM'l )2(.,55. 

I h. 11180; Rehder, IlJti (M) 26, S.!i. 

\ ahout 18.10; Rehder, (66) I 
I 1927 

[I J,,,kron & D,))Iom'o. \)04) I 
1926 

Rehder,1921 (M) I 67. 

Rehder, 1921 ((.(.) 

I Rehder, 1927 (b6) 

Rehder, 1927 (66) 

lR63j Lar!Jen, IQ37 (52) 29,65,66,67,15, 
100, 

Sargent. 1921 (ti7) 29. S2, 66, tOO, 
1877; Burbank (52) 27.21), tH, 66, 67. 

73,100,106. 

I 

100 ft. high. 9 ft. in circumference U.s.A .. Cal. 
in16)'~. 

80 ft. high, 6 ft. in circumference U.S.A .. Cal. 
in 15 yeaTS.. 

188 i'; B urhank 

i 190J ; 1929; Rehder, 

(52) 27 i~.' M. 66, 100, I 4 

\.ntermed~te·, denn1te hybrid vigor, Denmark; U.S.A. 

nut resembles J. Sieboldiana; 
meiosis very irregular. 

tepresentsa backcross (see No, 3). U.s.A" Cal. 
U.5.A .. Cal, 
U.S.A .. Cal. 

J. ma"J.shuric(l characters domin- :Russia 
ant; gIl!8.ter vigor tha1l J. mattd-
dnu-iGa, 

variable; winter hardy. Russia 
RusBia 
Russia 
Russia 
U,S.A.;East 
U.S.A.; Eaet 

lQ27 
1818; Rehder, 1927 

Schreiner,IQ37 
Schreiner, 1937 
Schreiner, 1937 
Yabl()}rov, 1936 

VablQ\::ov, 1~36 
Yablokov, 1936 
Yablokov, 19.% 
Yabk>kov,19l6 
Reed,1936 
Reed,1936 

(66) 29, $1. .~2, 65, 67, , 
100,10\ 

«(6) 29,65,100. 

li3) 27,64, 
(73) 29,100. 
(73) 29,100. 

(11)1) 29,100. to 

(1(11) 29,100. t! 
(101) 29.100. 12 
(101) 29,100. 13 
(101) 29.100. I' 

~:~~ \ i:: ~::: 
,. ,. 
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Species involved 

LARIX ADAKS. LARCH 
1 L. Gmellni Gord. XL. sibiTica Ledeb. 
2 L. Kaempfrri Sarg. X L. decidua Mill. 

'
-'I L. (;mdmi Pil.!:". X L. Kormpferi SarK. 

L decidua Mill. X L. Kaemf>iai SaT!!. 
$ L derir/ua ).{ill. X L. lorhilla K. Koch 

:1 :1;;;;:;;i~::;~~:(::::d:':::,K"L 
8i L. larieina K. Koch X L. drrid'l{l Mill. 
9) I. X T" mT0r-lua (8Y11. w,th 

10 L. drridua ~!1lJ. X L. l,.plolepis Murr 
I (svn. with ero~p 4?1 

11: L. o;c:denlahs Klltt. X L. Lyallh 

12; L I'o!lInin;; XL. .\faslersiana 

i 
I MAGNOLIA L. MAGNOLIA 

'Ilvl. t'irgJniana L. X lIf. tripe/ala L. 

2 ..If, dUlI/dala De,sr. X M. Campbellii 

~I ~~: ~~~:II:~:I~I;:: .. ~ .,': .. ~~~:::~\~~~. 
'I: ]If. denudata X M. iiii_fi<Jra 

PICEA DIETR. SPRUCE 
1] P. silchrnsis Carr X 

P. canadensis B.S.P. 
2 P. Eflgdmannj Englm. X 

P. si!Ghensis Carr. 
3 P Engelmanni Ellglm. X 

P. canadensis B.S P. 
4 P. !""ubra Link. X P. excelM Link. 
5 P. mariana B.S.P. X 

P.jezoensisMarim. 
6 P. Glehnii (Fr. Schm.) Mast. X 

P. jez()tnsis var. hondoensis (Mayr) 
Rehd. 

PINUS DUHAM. PINE 
1 P. mu/?o Tuna. X P. syiveslTis L. 

P. nigra Arnold X P. sylv~stris L. 
P. sy/w.rlris L. X P. nigricans 

4 P. montana Mill. X P. sylvestris L. 
5 P. polustTis X P. taeda 
6 P. r;gida X P. echinalo 

P. MUrTayana X P. Banksiana 
8 P. haJepensis X P. pifWSle-,.. 
9 P. nigra X P. densijlora 

10 P. syit'eslTis X P. nigra 
11 P. montana X P. nigra 
12 P. oltenuata X P. radiata 

13 P. ayacahuite Ehrenh. X 
P.e:ucisa\\'a}l. 

14 P. pa/uslris X P. ,oribaea 

Nature 
of 

" N,A 

N.A 
A 
A 
A 

N.A 

A 

" 
N 

N 

N.A 

A 
R 

N 

N 
N 
A 
N 
N 
N 
N 
N 
A 
A 
N 
A 

N 

A 

Chromo9Qrue 
nos. (n) 
involved 

12 X 12 

.x 12 
12 X 12 
12 X 12 
12 X 12 

12X 

X12 

12X 

12 X 

lQ X45 

48 (57) X 

48 (57) XJ8 
57 X3R 

12X 

X12 
12 X12 
12 X 

X12 
X12 

12X 
X12 
X12 

Name of hybrid 

X L. Cukanowskii S.~afer 
X L. eUTolTpis Henry (Dunkeld 

larch) 

XL. pmdu/a Salisb. 
Stn.brand 

X ]vI. major or Thompsoniana 
Sarg. 

X M. 1/ eilchii Bean 
X .M. Loebnerj Kache 
X M. Sou/angeona Soul. 
XM. purpurasans 

X P. moseri Mast. 

X P. notha Rehd. 

X P. rhaetica Bruegg. 
X P. neilreichJana 

X P.rhaelica 
X P.Sondereggeri 

X P. WettsleiniafW 

X P. Hollf'diana ]ack& 
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Notes on hybrid 

fertile, intermediate. 
fert!l(', intermediat('; f'xtraordinar· 

i1y vi!,orous growth. 
fertile; "large, handsomt ... 

}., triploid (0= IR1; 
robust growth 

hybridity probahle. 

hybridity probable. 

intermediate. 

"doubtful". 

pronounced hybrid vigor. 

dearly intermediate. 

fertile; intermediate; several 
forms. 

fertile. 
see No. 10. 
artificial crosses failed. 

intermediate. 

see No. 3 

hardiness of P. atlenUI.Jw; vigor of 
P. radiala; Fs produced, 

seed and cone characters inter­
mediate in general. 

types resistant to brown spot. 

, ~!J 51. " , ~l. .~.;. 71. 

('"' ~J. 'I 

.(d) '_I. 

1 England ,\norlym"u~, t'J.I' '1) 7\. 

I 
I 

England; ,'.:-' ,\ 

O~!t'!lfpld & l..,r._,·Il, '''til S.I 
I'HO 

(l-!<'nf,·ld& L.u-,·ll, '''OJ I q 
IQlt! 

I 
((>6) 1 I, ];.IH,103 

11>.1'1]0; }{,·h'),·J.l(j21 «(,(" 

1.27,87,10,1 
Japan Ya~\Il. K .. 1(j.>7 (II)]} 1

1~20; RduJer,ln7 (1,6) 

N. Europe. especmlh Fabricius, 1926 (52) $1,73, 

Denmark 
Denmark 

Denmark 

U.S.A .. ti:.V. 

lI.s.A .. Mass. 

Germany 

Europe 
Germany 
Denmark. 

(~. Jutland) 
V.S.A .. La. 
C.S.A .• Pa. 
Canada, ;.;. Alta. 
U.S.A. 
U.S.A. 
Germany 
Gennan}, 
U.S.A., CaL 

England 

1934; Larsen, 1937 (52) 51. 

1934; Larsen, 19,17 (S2) 51. 73, 

\ 
11),U; Heimhllygry 

I Rehder. 1927 

1894; Rehder, 1939 

Beisaner,I9QQ; 
Peter~n 

Lar!ICn, 1937 
Klotzsch,1854 
Lanlen, 1934 

Chapman, 1924 
Pmy 
Holman 
AU3tin,1929 
1914; Blakeslee 
1845; Klotzsch 
Austin, 1929 
AUstin,1931 

Jacbon, 1933 

(Hi 41. 
(M) 71. 

(109) 

(52) M,71. 

(52) 4,71.73. 
(52) 71. 
(51) 3.4.73. 

(14) 3.4,73. 
(4) 71. 
14) 71. 
(4) 3,73. 
(4) 3,71. 
(4) 3,71. 
(4) 3,it,73. 
(5) 7.'l. 

«(5) 

U.S.A., New Orleans, Schreiner, 1937 (73) 

La. 

421 

10 
II 
12 

13 

I. 
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Spede9 involved c:!s ::~~~ 
Nature I Chromosome 

-1-------------------1,----
PINUS DUHAM. Pl~E (Continued) 

15 F. Sandereggeri X P. palustris 
16 P. SOIlJereggeri X P. taeda 
11 P. (arjbaea XI'. taeda 
18 P. uhilWla X P. 'aeda 

19 P. p01ldtrDSa Jefireyi X P. ponderosa 

20 P. rig;da X p, tatda 

PLATANUS L. PLANE-TREE, 
SYCAMORE 

1 P. O1'jen~alis L. X P. Dccidenlalh L, 

POPULUS L. POPLAR 
1 P. alba L. X P. Iremula L. 

2 P. balsamifera L. X P. nigra L. 

3 P.laud/alia Ledeb. X l'. nigra var. 
italiea Dur. 

4 P. angulata Ait. X P. nigra var. pjantitr­
ensis Schneid. 

5 P. angulaJa Ait. X P. trichocarpa Torr. & 
Gray 

6 P. pyramidalis X 1'. nigra 
P. deltoidts "ar. monilifera X 

P. nigra var. lypuG 
8 P. nigra X P. sera/ina 

9 X P. regentrata X P. nigra var. itillico 

10 P. balsamifera virginjana X 
P. gram/idenla/a 

11 P. acuminala Rydb. X P. Sargentii Dode. 

12 P. Fr~moniij S. \Vats. X 
P. ,ridwcarpa Hook. 

13 P. balsami/N"a virginiatla Sarg. X 
P.tacamahaca Mill. 

14 X P. can~sctns Sm. X P. Iremula L. 

15 P. angulala Spath X P. canadensis 

161 P. canadrnsis X P. pyramidalis 
171 P. canesctnS Sm. X P./remu/aides Michx 
18 P. lauri/olia Ledeb. X 

P. balsami/traL. (?) 
19 P. lauri/olia Ledeb. X P. nigra L. 
20 P.laKri/olia Ledeb. X P. U'islis Fisch. 
21 P. alba L. X P. trtmuJoid~s Michx. 
22 P. alba L. X P. grandidtnlllia Michx. 
23 P. (:o~&ens Sm. X 

P. gra7Ulidtntala Michx 
24 P. tremuloides Michx. X 

P. grandidentala Michx. 
25 P. alba X p. alba niflea 

26 P. alba X P. cafUSCtnS 

27 P. aiba X p. adtnopoda 

A 
A 
N 
N I2X 

XI2 

N I2X 

N 1O~1t (8) X 
lQ...l:(S) 

N':'RI 

19 X 19(4) 

19(38) X 19 

N X I. 

N.A X I. 

A,R XI9 

N XI9 
N XI9 

N 19 X 19 

N X I. 

A XI9 

N.R 

N X I. 

N 

A 19 X 19 (4) 

X' 

, X 
A 19 X 19 
N 

N 
N 
A 19 (?) X 19 

A.N 19 (?) X1.9 
A 19(1) X 19 

A 19 X 19 

A 19 X 19 

A 19 X 19 

A ~ 19 X 

Name of bybrid 

X P. aceri/aha Willd. 

X P. cantsctns Sm. 

X P. canadensis Moench. 

X P. btrolintnsis Dippel. 

X P. ra{Justa Schneid. 

X P. generosa Heury 

X P. cJwrkowitnsi.$ 
X P. sera/ina 

X P. rtgenera/a 

X P. Eugtnei 

X P. A ndrewsii Sarg. 

X P. Pan-yi Satg. 

X P. Jackii Sarg. 

X P. eHcalyPtus 

X P. Pejrowskyana Schneid. 

X P. Rasumowskyana Schneid. 
X P. WobsUi &hroed. 
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of report Note8 on hybrid 
Country 

Other 
n:fen:na!:II I 

Author and date 

region or of oriJ!;in 

-""",,",--_-. -------I-V-.S-.A-.. -N-.w-o,-""-n-./'-"'-h-"'-'n-"-. -"-.n---+-----!I-

backcross. U,S.A., Kew Orieallll Schreiner, 11)37 

~ 

(T.l)r 15 

(7"[ bybridity probable; ten trees. l'.S.A .. Cal. Sc:htein.er. 19.1; 
viaoreueeds P. edlinaja; bybridity U.S.A .. Cal. Schreiner, lQ37 

probable; 14 trees. 
vigor !;Teatty exce<ed~ P. fl. J(JJH:/I; t;.s.A., Cal. 

bybridity certain. 
hybrldity probable, four trees. t.'.S.A., Cat. 

Schfciner.ll}li 

, Schreiner. 1937 

,. 
(73) 17 
(7.1) 71. ,8 
(i3) 7l, ,. 
(13) 71. ,. 

fertile: London plane-tree; hardy; Er.II.; Europe gene- b. 1700; Lar8CD.1937 (52) 11,12.27, M, 70, t 
Fm-1D-11 l21). rally 96. 

fertile; most vigor where P. alba i! Central Europe; Wettlltein, 1934 (89) 9,21 •• lO. 3.1. 52, I 
female; Fin"" 19. U,S.A. 6.3,711.90. 

fertile; al90 var. Eugene; Schelle; Europe, N. Amer. Rehder, 192i (66) 9,26.27.33,51, 2 
Fln-4, .7. 

fertile; hardy. N.W. prairies; origl- Europe b. 1870; Dippel, 1891 (13) Q. 26. 52. 66. 
nat female from Germany. 

male only; very rapid growth. France; U.S.A. 1895; Schneider. 1904 (13) 9. 26.52.66. ,.. , 
very rapid growth; Fln=19. England, U.S.A. 1900,1912; Henry, (13) 8. 26,27,51,57. , 

1914 M,7&. 
intermediate; rapid growth, hard>" Russia (Charkow) Kucera. 1902 (13) 9.26. 
rnaleonly; very rapid groyrth; frost France DUhamel. 1755 (13) 8,9.26.27. 

hardy FiD=19. 
female onty; leaves and branches France (Arcueil) 1814; Uenry,1913 (IJ) 8,9.26,27. 

as P. ser.; very rapid growth. 
male only; Fm=19, canker sus- France (~{etz) 1832; Schneider, 1904 (13) 8,9.26,27,63. 

ceptible. 
P. grand. dominant in nearly all U.S.A. (N. East) Stout & Schreiner, 1934 (19) 9,26,63,78. ,. 

characters; vigor very variable. 
intermediatei introduced U.S.A. U.S.A., Colorado Sarient, 1921 (67) ... II 

1913. 

I" intermediate. U.S.A" Cal. Sargent. 1921 (67) 26,57. 

intermediate; introduced L".S.A. USA Mich" Vt; Sargent, 1921 (67) 66. Il 
1900; cultivated occasionally. Can., Que. 

less vigor than P. canescens; back- Germany \Vettstein.1937 (90) 9,26.27,33,63. I< 

more vigor than P. can.; resistant Germany Wettstein. 1937 (90) 27,33,91, 15 
to MtlampsorG populmi in F2. 

(00, 27,33, P. pyramidalis dominant. Germany \Vettstein.1937 '6 
FI died as smaIl seedling. Canada, Onto Heimburger. 1936 (38) 20,27,63,73. 17 

P. wur, as parent doubtful. U.s.A.; Canada b. 1882; Rehder. 1927 (66) ,8 

P.w"r, as parent doubtful. U.S.A.; Canada b. 1882; Rehder. 1927 (66) !. 
similar to P. laurifolia. L'.s.A, Rehder, 1927 (66) 2. 
Fl died as small seedling. C:1J1ada, ant. Heimburger. 1936 (38) 20,27,47.63. 21 

intermediate. Ont., Canada lIeimbur(il:er.1936 (38) 47,63. 22 

characters very variable. ant .. Canada Heimburger, 1936 (3S) 63. 23 

intermediate. OJit., Canada :H'eimburau, 1936 \38) 20,27,63. 2. 

67 seedlings. t',S.A. (N. East) Stout & Schreiner, (1S) 63 25 
1933 

8 eeedlings U.S.A. (N. East) Stout & Schreiner, (is) 63. 2' 
1933 

34 aeedlings. U,S.A. (N. East) Stout & 5chrdner. (78) 63. 27 
1933 
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Species involved I Nature ChronloSl)me 
of nos. (n) 

POPULUS L. l'Of'LAR (Continued) 

21i: P. aJ.ba X P. tr .. mula [)av,dwna 

29 P. trtmuloidrs X [', tremula 

A 

A 

Jo J'. aTll:ulala XI'. ba/sam(f(r(l l'irginiana A 

,~l P. anl;ula/a X Cottonwood (unidentified) A 

32 1'. anl:ulal<1 X P. {(Judlnll A 

.13 P. angulata X]'. tncrassil/a A 

34 P. angulo/a X clone Robllsta 

35 P. ungula/a X done Volga 

36 P. (mga/ala Xl'. buolinensis 

3
"~1 P. ungulata XI'. t,ichocarpa 

" r. balwmifera t'irginia711l X 
Cottonwood (unidentified) 

39 P. balsamifaa virginianll X P. caudina 

10 J'. />a/samijrrll t,jrgifllana X 
P. incrassahl 

41 p, balsamIfera t'irgimana X 
P. nigra. plafftirrcnsis 

42 P. balsamifera t'irginiana X 
cion£' Rohllsta 

43 P. bal~(lmjfaa '!!irgimana X 
dOlle \"olga 

P.baolmell\is 
P. balsamiia" "jrginiana X 

p_ truhararpa 
P. cbarkowiemlS X 

P. ba/samifrrallirginiall-a 
P. charkrJ"wirllsis X 

COttollwood (unidentified) 
P charkO"J.'lCnsis X P. (a/janla 

P. charkolJ.'iensis X P. incrassala 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

50 P. (harkowienslS X P. nigra plantin-ensjs A 

51 P. charko'wiensis X don~ Robusta A 

52 P. (haTkowiensis X donf! Volga A 

53! P. charkowiensis X P. bn-o/inensis 

54

1 

P. charkowiensis X P. ITlchocaTpa 

551 P. Fremanlii X P. balsamifera t';rginiana 

"I 57
1 

P. Fremontij X Cottonwood luni?entified) 

p_ F,.,mDntii X p_ incrassoJo 

A 

A 

A 

A 

A 

involved 

lOX 

19 X 19 

XI9 

XI9 

X 19 

Name of hybrid 
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Notes on hybrid 

I I I 

I 
Country \ Author tuul ddle I Oth"C', 

n.~;on i O:)~'~~;:;~!l I '''''I"fen~~ 
---------.-------i-~-·--------I------

! ! . 

I
, C.S.A. ();;. E,lSt) I Stout.\: S<:-.' hH".llt"l. 171', I {d. 

r.S.A. (:'\. Ea." lQJ3 I 
o \ Swut & :-;":hn'lnt·r. (7N) I Il. :!O. 17, (l,I. 

16 seedlings. 

11 seedlings. 

I {'.S.;\ (:-';. East) : 11l.1.\ 

I 
I St~~~~ Schrt"iu<'r. (71<1 

C.s.,-\. (X. E,l~t) i ~t(;::~.~ SdlH'lncr. 

583 seedlings; susceptihle to rust 

248 seedlings. liB, 

I 
1:$.A :X. E,;,st) ! ."t<H,t & Schremn. 

I.IQ.!.I 
11.S .\. (X. East) I StOllt::\:. Sdrrt;lncl. 

i 1').1.1 

99 seedlings. 

203 seedlings. 

60 sredlings 

214 seedlings. 

205 seedlings. 2 very promising. 

264 seedlings, 1 very promising. 
(See No.5). 

18 seedlings. 

189 seedlings. 1 very Dromlsin~. 

208 seedlings. 

l
1'.s.A. (:-.i. E.a~t) 

U.S.A. \N. East) 

G.S.A. \:-..'. East) 

C.sA. (;-';. East) 

'L'.S.A. rx. Ea~t) 

C.S.A. (I\", Ea~t) 

7 seedlings. t.1S.-\ ();;. E,;,st) 

}16 ~eedlings. t'.S .. \. IX. Eastl 

}45 seedlings. 3 very promising. COS A. r:-:: r,ast) 

70S seedlings,.3 very promising. C.S.A. (X. East) 

288 seedlings. 4 very promising. L".S.A. (!'.". Ea~t) 

167 seedlings, 2 very promising. e.s..\. (!'.". Ea~t) 

266 seedlings, 5 very promising. 'L' .S .. -\. (:\". Ea~t) 

263 seedlings. l'.S .. -\. (:\". East) 

:l12 seedlings, 2 very promising; U.S .. -\. (X. E"st) 
pyr.unidal. 

52 seedlings. C.S.A. (X. Eastl 

188 seedlings; pyramidal. C.S .. ·\. r:\". Eust) 

249 seedlings,.3 very promising; L".S .. -\. (X. East) 

pyramidal. 
221 seedlings, 2 very promising. e 5 .. -\. (S. East) 

7 seedlings. U.S.A. (:r\. East) 

9aeedlings. t7.S.A. (KEast) 

108 seedlings. U.S.A. (N. East) 

I Stout & SrlirelT\Cf. 
i 1!).U 
i Stout & Sehn'lnrr, 

) St~::~ Srhrelllrr. 
I ](j.B 

1 StOUt & Schrt·m .. r. 
i 1')31 

t ::~~~.~ : .. :::~:::::: 
I 1'1.1'1 

! St(;~~.1& Sdlr\·mrr. 

:--'tout &:--dlH·inrr. 
I'UI 

!-:>wut & Sdm·mer. 
]\.I.ll 

Stout & S._l1rr-im~r. 

1'13, 
Stout & S<-hn·mrr. 

jl,l.H 

~t"ut 111 Schrt'ill("(. 
19.)\ 

Stout & Sdlremer, 
]'>.0 

Stout & N-hrcincc 
1'>.1.l 

Stout & SchrelnPr. 
193.3 

Stout & So.hreiner. 
]\.I.U 

Stoo.lt & Scbrcmer, 

19.'-' 
:,tout & Sehn'incr. 

19.B 
Stout & Schreiner. 

1933 
Stout & Schreiner, 

19.13 
StOlJt & Schreiner, 

1933 
Stout & Schreiner, 

193.1 
Stout & Schreiner, 

1933 
Stout & Schreiner. 

1933 

(7f1) 

(ill) 

(ill) 

(",)1.1 

(;)1.) 

(7)1.) 

(71:(, 

(7!\) 

(78) 

(iN) 

1711) 

C;.!I) 

(ill) 

(7.!1) 

(i8) 

(7!1) 

(iR) 

(is) 

(iR) 

(78; 

(Til) 

(18) 

(78) 

(1R) 

(18) 

(78) 

i 
i 
I 

I 
i 
\ 
I 

2(,.'\7. 

26,Si. 

26,S7. 

" 

I
" 
." 

1

,,0 

'" 

55 

56 

57 
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Nature Cbn.nnolOtlle 

~ 
Specie8 involved of nol, (n) Name of hybrid 

involved 

POPULUS L. POPLAR (Continued) 
58 P. Frmumlii X P. "igra platUUreruis A 

59 P. Freww,"U X done Volga A 

60 p, F,etlUJnJii X P. be1'oJiJu'llSu A 

.1 P. Fremonlii X P. IrjehocarfJa A X I' 

6' P. nigra X done EU,Q'enei A 19 X 19-

.3 P.nigra X P."igro Iialito A lOX 
(clone Lombardy) .. P. nigra X P. beralimnsis Rouica A 19 X 

65 P. ftigra X P. laurifolia A 19 X Frye, Rumford, Strathiu .. P. ""'0 X P. SimOIJU A 19 X38 

67 P. "iva X P. trichocorpa A 19 X 19 RO:J:bury 

68 P. ffit'u boafanicOfum vilrum X A 
P. balsamifera uirgi"iana 

.9 P. nigra baalanicmum lfilntm X A 
Cottonwood 

70 P. nigra baatanj.corum "!.Tllm X A 
P. caudina 

71 P. nigra baalllnjcOTum mlru", X A 
P.jncrassal(l 

72 P. nigra baatonicOTU", viI'''", X A 
P. nigra planliermsjs 

73 P. nigra baa.JlmiCOTum tlitrum X A 
clollt! Volga, 

7. P. "igTa balUonico,um IIU'''Im X A XI9 
P. tTic1wC(Jrpa 

75 P nigr(Jbelulijoli(J X A 
P. bt:JJ.samijera virginia-1m 

7. P. nigra betutijalia X Cottonwood A 

77 P. nigra betuUjolia X P. i"crassata A 

78 P. nigra betulifoUa X A 
P. nigra plantiertnsis 

78 P. nigra belulijolla X clone Volga A 

80 p. nig~a betulfjolia X P. tr;dwctJ7'pa A X 19 Andov6 

BI P. Sarge'ltii X P. balsamijera trirg;xianG A 

82 P. Sargemii X clone Eugenei A X ,. 

83 P. Sargentii X P. nigra ItO-lira A 
(clone Lombardy) 

8. P. Sargent;; X P. berolinensis A 

85 P. Sargentii X P. berolinensis Rossica A 

8. P.Sargenlij X P. !<Jurijalia A 

87 P. Sargnrlii X P. SimotUi A X'" 
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Notes on bybrid 
) Author and datr j 

region \ {\~fc~~n \ re=cn ~ 
Country 

------r--==-~- .--~-. ··-I~--·--
194 seedlinss, USA ('. I 

•.•• ~. E,Ult) I ~t~~~.~ S<.:hrelllI!"T. {711\ ~ 

I 
U.S.A. (N. E,13t) I Stout & So.:hJ"!:!llr-T. FII)! J17 aeedlings. ,9 
V.5.A. (~. East) r St~~~'~ St;hrclnu, (7S) I 

I 
l'J.lJ I 

69 aeedlinis. 

125 seedlings. t·.S.A. (:-;-. East) : SWlIt & Schrc:iIlt'T. (711) 26 .• ~;, til 
1'133 

I 

I.:.S.A. (N. E-.lst) : ["ut oS.: ~<:hfeinf'r. 

t'.S.A. (X. East) ~t()ut & Sehn·jllre 

49 seedlings; pyra.mida!. 

44 seedlings; pyramidal. 

217 seedlings. 2 very promising. 

377 seedlings, 10 very promising. 

2 seedlings. 

'I ES.A. (X East) 

~.S.A. (N. E,(stl 

J \..5.A. (:"\1. E;l~t) 

200 seedlings; 3 very promising; Ii (·.S.A. ()';. Eastl 
remarkable vigor. 
6 seedlings. C5.A. (N. Ea~t) 

60 seedlings; pyramidal. I 'C.S.A ( ..... Ea%) 

51 seedlings. I CS.A. (~. East) 

10 seedlings; pyramidal. ! V.S.A_ (~. Eaat) 
I 

157 seedlings; pyramidal. I U.s.A. C~. East) 
I 

170 seedlings; pyramidal. I 1;.5.A. (N. East) 

121 seedlings. i t:.S.A. (1'\. East) 

11 seedlings; pyramidal. \ U.S.A. (:-\. East) 

11 seedlings. I U.S.A. (K East) 

141 seedlings. I U.S.A. (K East) 

6S seedlings; pyramidal. U.S.A. (N. East) 

166 seedlinp. U.S.A. (N. East) 

209 seedlings, 1 very promisini; U.S.A. (1\ East) 
remarkable vigor; pyramidal 
72 seedlings. U,S.A. (N. East) 

so seedlings. U.S.A. (N. East) 

25 seedlin&,s. U.S.A. (N. East) 

149 seedlings, 2 very promisin;". U.s.A. (N. East) 

309 aeed1iD:-P. 2 vety promising. U.S.A. (:.l'. East) 

51 seed1inJll U.s.A. (N. East) 

14 aeed.Unga. U S.A. tN. East) 

St{]Ul & &hremcr. 

StoaL I\: Schfrifl('f. 
IQU 

Stout & SChrClll('T. 
i'i.lJ 

Stout & Schrf'int'r, 
1<)35 

Stout &: schrcuieT. 
l<l.\,< 

~t(}llt & Schremer. 

Stout & Schreiner, 
19.13 

Stout b.: Schft'mer. 
I'HJ 

StOllt & Schr{'incr. 
PJ"H 

Stout & Scl.rciner, 
11)33 

Stout & Schreiner. 
1<,133 

Stout & Schrcil1er, 
19.13 

Stout & Schreiner. 
1933 

Stout & Schreiner, 
1933 

Stout & Schreil1er, 
1933 

Soo\\t & Schreiner, 
1933 

Stout & Schreiner. 
1933 

Stout & Schreiner, 
1933 

I 

Stout & Schreiner, 
1933 

StoUt & Schreiner, 
193.3 

Stout & Schreiner. 
1933 

Stout & Schreiner. 
1933 

Stout & Schreiner. 
1933 

Stout & Schreiner, 
1933 

(71<) 8.9.2( •. n, 6.1 62 

(7 !I I <,1, .!(" flO. (" 

(711) Q,26,57 

(7R1 'J. Zt>. 57. 80 

nil) 

I
" 
,,8 

69 

(711) 70 

(711) 71 

(78) n 

O!\) 

(78) 26,57. 74 

(78) 75 

(78) 76 

(78) 17 

(78) 78 

(18) 19 

(78) 26,57,80. 80 

(78) 81 

(78) 8, '].7, 63. 82 

\7S) 

(78) 

(18) 8S 

(78) l 
(78) 26,57, 

.. 
87 
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I ~"ure Chromo!!Ome 

~ 
Species involved of nos. (n) Name of hybrid 

cross invoh'ed 

I 

POPULUS L. i:'OPLAR (Continued) 

88 P.SargenJii X T', Irichocal'Pa A X 19 

89 P. berolinensis X P. 'Qudina A 

90 r. berolinnzsis X P. nigra pZanliertnsis A 

91 P. bero/inensis X clone Serotinu A X19 

n P. bern/incnsi:;- X clone Volga A 

93 P.buolilunsis X P.lrichocr:srpa A X19 

P. Maxinl(1wiczij X P. caudina A 

95 1'. MaximlToJJ"s,i X}" Plcrassala A 

96 P. Ma.Timm.llirzif X P. 'Jigraplo'Jfieu1Isis A RocJlester 

97 P. AfaximO'"d}iczii X P. !>eTolintllSis A Geneva. Oxford 

" I', .Maximou·iczii X P. Irichocarpa A X19 Androscoggin 

99' P. P.1Irowskyo"t) X P. ca#dina A 

100 P. Rasumowskyo.w X P. grandidenlala A X19 

101 1'. Rasumow<llyaJJa X A 
P balsamifera !'Irglniulw 

102 P Rosumou·sk"<lno A 
Cottonwood 

103 r. Ra,\umou'skyana X 1'. ra,.d,na A 

104 P. Rasumou."skY.'1l1a X r. incrassata A 

HJ.' P Rasumou'skYallrl X A 
P lllgraplallllcre,:sis 

106 P. Rasumo1L';kyana X clone \'olgu A 

Wi P. RaslIlnO"U'skYalla X P. bero/illensis A 

109 P. RasumO'"..I.·skyana X P. Jrichocarpa A X 19 

:::1 
P. Sim01l1i X ?grandidrmata A 38 X 19 

P. 8,momi X P. ralUlina A 38 X 

1111 
P SimOni; X P. incrassa/a. A 38X 

112 P. Simonii X P. nigra planlierensis A 38X 

113 P. Simoni; X done Robusta A 38X 

114 P. Simonii X done Volga A 38 X 

115 P. Simoni; XP.berQUnfflSis A 38 X 

lib P. Simonii X P IricMcarpa A 38 X 19 



Cuuntry 
Notes on h)'brid , ofn'pt>rt 

_________ :~~ __ ~q::iu1) __ ~ ~_ ~_~H~'_!_:~~'l\ __ . 

i 
233 seedlinjl:~ I t·.S .. \.. (:\". E.l"t) 

8 seedlings. C.S A. (~ E;;t~t) 

17 seedlings. 

29 seedlings 

62 seedlings. 

27 seedling~. 2 very promising. 

179 seerllings, 1 vcry pronll~il\>!:. 

2 seedlings. 

145 seedlings, 1 very promIsing. t',S.A. (:-J E.Isl) 

5 seedlings, 3 \'ery promismg 

i :'1<l1H",- ~·hrt',"n. 
I j'J.l.l 

I ~W\\t.'\: St'I,n-iner 
W.I' 

: ~t(lut ~ :'chn·mer. 

:"("lIt,,; ~hr'·I!l{'f. 
, 1'1;'; 

:--tolltil.:S""'·l\V.·{ 
\'1,\ 

I :'tnlltil.::-"':hrClrwr. 
• I'ill 

~1()Ut /1.:"', hn'l!l('f, 

1'J.lJ 

l'l.\\ 

:"t!)\1t&~hl"lI",r. 

I'UI 

25 seedlinR~' 1 ''CfY promising U.S.A '::\. E .... "t; i St"lIt"'_ Sl'hreilwf. 

2 sf'edlings. 

56 seedlings. 

30 seedlings. 

25 seedlings. 

76 

81 

183 seedlings. 

148 seedlings. 

32 seedlings. 

99 seedlings. 

75 seedlings. 

176 seedlings; pyramidaL 

1 seedling, 

155 seedlings; pyramidal. 

189 seedlings, 1 very promising; 
columnar to spreading. 

44 seedlings. 

1:.5 .. \. (X. E,I~t) 

CS.A. (~ E"st) 

1 C.S.A. (X. East) 
, 

! CS.A. (:-J. EJ_~t) 

CS,_\.. (X, E,}~t) 

I c,S .. \ (:--J.E.,st) 

; "('.sA. (~, Edqi 
, 

i C:-.A. (X. r:a5!) 

G.S .. -\. (X. East) 

r .S.A. iX, East) 

C.S .. -\. {X. East) 

\.).S A. (X. Ea~t) 

I CS.A. (!\. Ea~t) 

i 

I
I t.t.S.A. (~. Ea;!tj 

L .S,A. (,N. East) 

I'il.l 

~wut & Sd.n'![Jcr, 
I')l! 

, "todt I\: ~,llr<'1Jlcr, 

1'lll 

Stout"" :--,hn'J!I(,f, 

1'/31 

I St(}\\t&~\\r(·i\l<'t. 
, l'J.U 

~t()Ut &- Sc!m'l!I('r, 

1931 
i ~toUt &: Schreiner, 

l'n, 
StlllJt /'._ ~l'htdI1Cf. 

\,/,.\ 

-"tout, ... :"dlr"jflcr, 
I'Jl, 

Swnt b.: &hn-llWf 
1<;1\1 

I SUHlt & So;hremcf, 

I')" 
I S\Out &: Schreiner, 

~ St~~.~;'\: S"_hreiner. 

! Swut & :-,.chreinet, 
, 1<)3.> 

StoUt & Schrem!:r, 
1933 

Stout & Schreiner. 
1933 

StoLlt & Schreiner, 
1Q33 

Stout & Schreiner, 
1933 

4!Q 

(iX' , .': i "I 

I 
! "' 

(71i' 2!, . .'i7 i '" 
! "' 

9$ 

I 
(7'\) X(l, 

(71\) 110. 

,;!'!, : }(" ~7, 110. 

(7X) 

(7X) rd, IOf) 
, 

lill, Ito] 

, 
~ 10 2 

«II, 
" 

,UH 

If)' 

(7)1.) 105 

" 

<7'< :\()(, 

(is) 

I 
107 

!(" ~,7. !H}8 
(il'l) : UJ.q,(..l !I()I) 

, 
(i)/,) : 2(>,S7, 110 

(il-:; , 2(,.57. jill 
li!l.) 26 .. ~7. 1112 

(78) 2n.57. 1,13 
(i8) 26.S7. !ll. 
(is) 26, .~i. 1115 

(7~) 26,S,. 1"6 
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Spt'cil."slnv<>\ved ' of 

Chromolll)me 
nos. (n) 
involved 

Name of hybrid 1""'""1 _______ 1 cross 

I ---1---
POPULUS L. POPLAR (Continu.ed) 

117 P. tacamahaca c(lndican.1 (done Balm 
of Gil{'ad) X P_ baJsamljt1'a 

118
1 

p ;:_[:::nht~:~a::;;~s X 

llQ/ p ;:c:;o~::s:;md,can~ X 

120 P lacnmahacn U)~dU:ll"S X 

1211 ]' :E:~:~:~~~~:~e.o. 
QUERCllS L OAK 

1 O. rabuT L. X O. sess.lIjlora Salish. 

I 
2, Q. s(ssi/(il()1'IJ Martyn. X Q. Tobur L. 
3' Q. Caris L. X O. suber L. 

i 
4: Q.rolmrl\fi!l. X 

51 
6' 

o prdul!miat(J (0. robur L.) 

Q. lin; L. X (). mba P. Cout. 
O. (O(ciiera I •. X Q. 1!I:X L 

:1 ~: ~:~7~~~[~i.~:c::::j:h:. 
I Soli,b., 

9/ Q J~a;;:;~::all~~;_c;e~.~. Muel/. 
10 Q. brrm/oba (Torr.) SarRo X 

I 

Q.stellf1laWang. 
If Q pnnoides Wi11d. X 

Q. stellata Wang. 
12, Q. robur L. X Q. Ilex L. 

13/ Q. /lex L. X Q. sessilijlora 
14 Q. montana \Villd, X Q. robur L. 

15 Q. mOCTocat"pa Michx. X 
Q. undu.lala Torrey 

16 Q. prinus L. X Q. maCTocarpo Michx. 
17 Q. lIirginiahG Miller X 

Q. macrocarpa Michx, 
18 Q. lyrala Walter X Q. virciniona Miller 

19 Q. virginioffaX Q. lyra/a 

I A 

I A 

A 

A 

K,A 

N 

N 

N 

N 
N 
N 

N 

N 
N 

N.A 

20 Q. alba L. X Q. Muthlenbergii Engel. N 

21 Q. alba L, & Q. sltUa.ta Wang. N 

22 Q, macrocarpa Michx. X N 
Q. steUtua Wang. 

23 Q, sttllata M .. rgarettIJ (Ashe) Sarg. X N 
Q. vi.,giniana. gemina.ta (Small) Sarg. 

24 Q. macrocarpa Miehx. X N 
Q. Muehknbergfi Engel. • 

25 Q. Dougw..s;j Hook. & Am. X Q.lolJa.ta Nee N 
26 Q. dlll"ondii Buekl. X N 

Q. stellato. E, T. Palmer 

Maine 

19 X Carolina poplar 

J2 (11) X 12 (11) X Q. rosaua Bechs1. 

12 X 12 
12(llJ X 12 

X 12(11) 

12 X 12 
12 X 12 

12(11) X 12 (6) 

X Q. hispanho Lam. 

12 X 11 X Q. Koehnii 

X Q. pa.storensis C. H. MueU. 

X Q . • Uahonj E. J. Palmer 

(j X X Q. stelloides E. ]. Palmer 

11 X 12 X Q. TUffltri Willd. 
12 X 12 X Q. andleYfflsis Henry 
12 X 11 X Q. Sorgen/ii Rehd. 

12 (6) X X Q. Andrewsii Sarg. 

X 6 (12) X Q. byarsi; Sudw. 
X 6 (12) X Q, coloradensis Ashe 

x Q, Comptmwe Sarg. 

12 (6) X 6 (12) X Q. Deam;i Trel. 

12 (6) X X Q. Fcr1IO"lQii Trel, 

12 (6) X X Q. gUlldalupensis Sarg. 

X Q. H(R'bi$onii Sarg: 

6 (12) X 6 (12) X Q. Hillii Trel. 

X Q. jolofletlsis Sarg. 
X Q. MacnalPiaJla Sudw. 
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Note!! on bybrid 

6lieedlings. 

40 seedlings. 

82 ~eedlill,gs, 2 very promising. 

6 seedlings. 

very rapid growth. 

fertilej intermediate; hybrid 
vigor variable; culth'ated. 

fertile; several named varieties; 
vigorous grov.>th; Fln=12. 

hybrid viguf observed. 

also Q. andleyensis Henry; 
F1O=12(11). 

backttossiog probable. hybrid 
vigor not observed. 

intermediate. 

intermediate in leaf charac-ters 

var. pstluckJturneri Henry. 
parentage not certain. 
differs from Q, montona chiefly by 

auriculate base of leaf and fewer 
lobes; very vigorous. 

intermediate, 

intermediate; cultivated; up to 
ft. in height; see No. 19. 

intermediate; partial fertiUt}·; hy­
brid vigor for fruit 9ize; Fz 
produced. See No. 18. 

intermediate; introduced U.S.A. 
1916, 

introduced U.S.A, b, 1898. 

intennediate. 

one-tree. 

intermediate. 

!11 __ c,:;:~' i_,_'2~§::'~ __ ,I! '=:;:;~O"'I: 
, 'r 
I
I e.S.A. (N. E.illt) !-!nut &; ~"'<;hn:mer, (71o)! !1I7 

IQJJ 

I I C.S.A. (?'<. E:..-.~t) St~~~,;'\: :-;chn·mer. (111\ I Illll: 
I t'.S.A. (K. East) Swut & Schft'mer (;"Ii) ! MO. 1110 
j V.S.A (X. East) ~,.(!~~l.~ :-'ehrt"lIa, (jill! JI20 

1<),1.\ ' 

d()~) 1,9,16. [121 Europe. N. America 

Gemtally 

Lamb. 11116 

KlousclL 1854; 
Ge~chwlJ!d, 1876 

: I 

(52) i n. 28. lQ, 44 . • to,!1 
(44) 2,t~~~:~~:·. j 

EU~~~~~~PCcial!~' 11(,.<;, Lallll,. 1916 \10~) 275;.\~~'(~" ~:J 

(Sn 74.9-',94. I 
Germany 

Spain 
Spain 

Europe 

~fcxir.:o 

U.S.A. (S W.) 

U S . .'\ (~[i,T \\',j 

NatlvJtiad{".19Ji 
NativlIiadc.19J1 
Kolclonikuv, 1933 

\\'etzt'1.1929 

Mueller.l<.1lr. 

Palmer. I'J.17 

Z7 ;,;,';:." 4<, "'Ii . 
;~~; ;:: ;~: :!:: ~~.: s 
(~~) 2~, 2;, 2)1,. 1~, ·VI. 

4b, ofl. 9.1, 94. 
(Q41 27,28, 2Q, 32. 4("1 

1 66.93. I 

',1(6) ! I 0,1 

ltoi) Ii 10 

(107) , 2~ 2<.1 11 

Eng!and 
Europe 
t'.S.A. 

i I 
b.178'i;:K,'ll(lf'r,1927 (66) II 27. :N. 32, 74, 93.1112 
RehdcT,1927 ((06) 28,2"',31.32,44. 13 
b. IH.JO; Rf"hd,'r. 1927 (b6) l 27.29, 6R. 9J. i 14 

e.S.A., W. Okla. !I S",eo" 1921 ,67) , 2S, 20, (.R, 7<. I" 
U.S.A., S.W. Tenn. Schreiner, 1937 (74) 25 2') 6S I 16 

:::: E~I:C~~:;" I ::::~~~'I::I17 ::~:: 29 OR I :: 
La., Te;x:a~ 

l.7.s.A. ! 1909; Y ... tnt'!!. 1933 (lOZj 'I " 
I 

,",5,A" Bluff',n, Ind,\ S"g,nt, 1921 (61) 25,29,66,68,14.1,0 

U.S.A .. Ill., Md .. Va 'I Sargent, 1921 
Miss. 

U.S.A .. S.E Texa~ Sargent, 1921 

, U.S.A .. Jacbo{lvii!e, Sargent, 1921 

Fla. 
U.S.A, Ind., Mo. Sargent, 1921 

U.S.A .• Jolon, Cal. Sargent, 1921 
U.S.A., Hampstead Schreiner, 1931 

Co., Ark. 

(6;) 

(61, 

(67) 

(61) 

(61) 
(74) 

25, 29, 66, 68, 74. 21 

25,29,68,74. 22 

14, 2J 

25,29,68,7". " 
14, " ,. 
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Species involved 

QUERCUS L. OAK (Continued) 
27 Q. 01'lZOmCa &ug. X Q. gn~lla Liebmann. 
28 Q. dumosa Nutt. X Q. Enge/fflonnil Greene 
29 O. alba L. X Q. Pnnul L. 

30 Q. alba L. X Q. JIIocrocarpa Michx. 
31 O· alba X O. maCTocarpa 
32 0. albaL. X Q. prinoides 
:n (I, alba X O. bieolor Willd. 
34 O. alba L. X Q. monJana L. 
35 O. b,color Willd. X Q. macrocorpa Michx. 

J6 O. CaUsbaei Michx. X Q. ,i_uta 'Michx. 
37 Q rhombj~a Sarg. X Q. rubra L. 

38 Q. (jn{Tea Micilx. X O. lourifolia Michx. 

39 Q. Calesbaei Michx. X Q. Tubro L. 

40 Q. marilandica Muench. X 
Q. vr/ulino Lam. 

41 Q. tinerea Mkhx. X Q. nigra L. 

42 Q. 1ngrilamiicQ Muench. X 
Q. d!MTM Michx. 

43 0, 1'hombica Sarg. X Q. t'eiu/ino Lam. 
44 Q. 1mbri'llria Michx. X 

Q. polusfTis Engel. 
4S Q. I{i,,/olio \"'ang. X Q. PheUos L. 

4-6 Q. marilalldiea Muench. X 
Q. texarr.a Buck!. 

47 Q. borealis maxima (~arsh.) Ashe X 
O. vein/ina Lam. 

48 Q. imbricaria Mkhx, X 
Q tJe/ulmaLam. 

49 Q, rubra Pagodaejo{w (E!liott) • ..I.she X 
Q. PhdlosL. 

50 Q. Wislizen,i A. DC. X 
Q. Kelloggii Newb. 

SI Q, PheUos L. X Q. rubra L. 

52 Q. nigmL. X 
Q. Shumardii N. J. Palmer 

53 Q. dnerea Michx. X 
Q. myrlifolia WiUd. 

54 Q. ellipsoidalis E. J. Hill X 
Q. vdtdina Lam. 

SS Q. borealis maxima (Marsh.) Ashe X 
Q. imbrieariu 

56 Q. georgiana M, A. Curtis X 
Q. marilandica Muench. 

57 Q. marilandiea Muench. X Q. nigra L. 

58 Q. dnt!T4a Mklu. X Q. nlwo L. 

Sg Q. rllbra L. X Q. vellilina Lam. 

60 Q. marilandica Muench. X • 
Q. imf'rican'a Michx. 

61 Q. arkan.tana ca.pru·riflUli Ashe X 
Q. ~i1Ul:Tea MichL 

Nature 
of 

N 
N 
N 

N 
N 
N 
N 
N 

N 
N 

N 

N 

N 

N 
N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

ChromollOme 
DOs. (n) 
involved. 

12 (6) X6 

12 (6) X 12 (6) 
12(6) X 12(6) 
12 (6) X6 
12 (6) X 12 
12(6) X 12 

12 X 6 (12) 

Name of hybrid 

X Q. organensij Trel. 
X Q. Macdonald;; Greene 
XQ.BeadleiTret. 

x Q. Bebbiana Schn. 
X Q. Bebbiana Orpheus; 
X Q. Fa::nmii Trel. 
X Q. lackiana Schn. 
X Q. Saulei Schn. 
X Q. Schuellit Trel. 

X Q. Ashe; Trelease 
X Q. bWlImontiana Sarg. 

x Q. allantica Ashe 

x Q. blufflonens;s Trelease 

6 X 6 (12) X Q. Bush;i Sarg. 

X 11 (12) X Q. caduca Trelease 

6 X X Q. cwoiiniensis Trelease 

X16 (12) X Q, Cocksii Sarg. 
12 X 12 X Q. exacta Trelease 

x O. Giffordii Trel. 

6 X X Q. lIastingsij Sarg. 

6 X 6 (12) X Q. Hawkinsii Sudw. 

X 6 (12) X Q. Leana Nuttall 

X Q. tudOffieilffla Sarg. 

x Q. morehus Kellogg 

X Q. subfalcata Trel. 

11 (12) X X Q. neopalmeri Sudw. 

X Q oviedoensis Sarg. 

X 6 (12) X Q. paleolithicola Trel. 

6 X X Q. runcinata (A. DC.) Engel. 

.X 6 X Q. SmoUii Trel. 

6 X 11 (12) X Q. sttriUs Trel. 

x O. sJl.bi7iUgta Trel. 

X 6 (12) X Q. S-Udworihii Trel. 

6 X X Q. tridentak Eng~l. 

x Q. Hn-uWsa Ashe 
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Country 
Notes on hybrid 

AuthoflUld dllte 
of~pI,ln 

or of Url&IO 

.~-----------

intermediate shrub. 

introduced U,S.A. b. 1880. 

intermediate. 
introduced U.S.A, 1916, 
intermediate, 
leaves intermediate, 

G.S.A., KM. Schrem~r, 19.17 
U.S.A .. Cal. Sn~nt. 1112t. 
U.S.A.. Clarkton, Saraent, 1921 

~.C. 

U.S,A., Vt., Ohio Sarg!'nt, 1921 
U.s.A .. Cot, Schault., \934 
U.S.A., Mass., Mich. SafRent. 1Q21 
F.S.A .. Boston. M'lSS. ~.arjl:ent, jt,l21 
mainly N.E. U.S.A. SafRent. 11121 
U.S.A .• Wis.; Can., Sargent, 1921 

Que. 
, C.S.A .. Georgi;! I S"q:ent, j()21 

&;hreiner (74) states parentage as 1:.S.A" Be,mlllont'l ~atge.f\t. IfJlt 
being Q, vblusa X Q. rubra. Texas 

C.s.A" Carolina Sdlr!'Uler, 1937 
coast 

U.s.A .. Bluffton. Sar"ent.I92\ 

l_;.~'.~:, Southern I Sargent, 1()11 

cultivated 1889. 

Hawkin's Oak, single tree. 

cultivated; introduced L'.S.A. 
b, 1850; Lea Oak. 

var. micrCY.:arpa Rehd,; Fln",,12; 
single tree. 

Vat. microcarpa Sarg. of Dutch 

origin. 
single tree. 

introduced U.S.A. 1%83. 

hybridity probable. 

al!lO X O. Willdellatoiana Zabel.; 
single tree. 

G.5.A., Southern I Satltl'llt, 1921 

1;'~'-2.' c.;a ... Tcx:as, Sarlll'llt.1911 

U.5 .. \" PineVille. La. , $;Irg{'ut, W21 
l'.S.A" :\10., IlL. Sargent. 1921 

I 1: ~n~.: ~;~;Y'S Land. ~arg('nt. Inl 

X.J. 
central Sargent,lnl 

Tex:J.H 
U.S.A., IIuntin,:uon. Scllrellwr, )9.17 

Tenn. 
U$.A., D.C., :\.c., Sdtgent.1921 

Mich., Ill .. .\10. 
U.S.A., Peteville, ~.Jrg:ent. 1921 

L" 
U.S.A .. Cal. Sargent, 1911 

'C'.S.A .. Te..xa". Sargent. 1921 
Ky .. llL, 

1

1..'.s.A., :o.Ic.;:-.;au .• ~rk. Schreiner. 1931 

U.S .. \ .. OViedo. Fla. $,m::cnt. 1921 

L"5.A .. MICh" la" SdlT(:lncr.1937 
Ill. 

U.S.A., Mo. III Sar,wnt, 1921 

U.S,A., central Ga, Sargent. 1921 

t::.S.A .. Bladen Co" Sargent, 1921 

~.c. 

U.S.A., coast G;:t. to Sargent. 1911 

Fla. 
U.S.A., Covington. 

Tenn. 
e.S.A .. Mo .. Ill .. 

I
, Mich. 

U.S.A" Turkey 
Creek, Fla. 

1880; Coffman 

Sargent, 1921 

Schreiner. 1937 

(H) 11 
(61) " (61) 2.'i, 29, 68. ,. 
(01) 25,29,66,6a. .lO 
(i2) 2.'i.l"il,tJ3. J\ 
«(>7) Z!i, 29. 68, " (6i) 2S,29,66,68. Jl 
(67) 25,29,66.68. ,. 
(67) 25, 29, 66, 68, " 
(oi) 74. 36 
(1.7) H 31 

(7") j8 

(61) 74. j9 

(67) 2.~, 29,68, 14. '" 
(67) 25. 2i. 2X, 29,46, 41 

74. IIJ.t,l4, 
(67) 205.29.74. " 
(67) 25.2<). t'i\. 14. " (61) 28,29 •. 11 •• 11,6<I, I .. 

6R.7o$. 
1 

(67) 74. 

I" (67) 2.~, 29. H. 46 

(74) 25, 19, 68. I" 
I(),) 25,29.M •• (>fI, 74. 48 

(61) 29.{>6,68.74. " 
(t.7) 74. 50 

(67) 74. 51 

(74) 2;.2H,29,46.9J, 52 
94. 

((;7) 7' 53 

(74) 25,29,68. " 
(67) 25.29,6<1,1". 55 

(67) 25,29,74. S6 

(67) 25,27.29, .28, 46, 57 
74.93,94. 

(67) 74. 58 

174} 25. 29, 67. 68. S' 

(67) 25.29,74. 60 

(74) 61 
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S~ie$ involved 

QUERCUS L. OAK (Continued) 
62 Q. Cak.5bati MidlX. X Q. niva L. 

63 Q. boreolis maxima Ashe X 
Q. vdulina Lam. 

64 Q. couilU'a MUench. X 
Q ilidfoUa Wang. 

65 Q. cQCcilUlJ Muench. X 
Q. "oTl!:alis nl.4ximo ABhe 

66 Q. Wcijolia Wang, X 
Q. marilandico Muench. 

67 Q. Wei/olia Wang. X Q. "elutina Lam. 

68 Q. IfUJrila'lldicll Muench. X 
Q. PheUos L. 

69 Q. c;n~ea Mich:x:. X 
Q. lallyi/olia Michx. 

70 Q. Plullos L. X Q. borealis maxima Sarg. 

71 Q. Phdlos L. X Q. plllustris L. 

72 Q. palustrisL. X 
Q. borealis max-una Sarg. 

73 Q. ,,"twa pagodaejolia Ashe X 
Q I1eluti'IW Lam. 

74 Q. Catesbaei Michx. X 
Q. w.urifolia Michx. 

1S Q. borealis maxima Ashe X 
Q. ili.cifolia Wang. 

76 Q. imbricata Micllx. X 
Q. borealis maxima Ashe 

71 Q. bUolor Willd. X Q. lyrata Walt. 

ROBINIA L. LOCUST 
1 R. pstudoacacia L. X 

R. ICe:o-ffte:riccnto ilu:ari(Jns Dieck 
2 R. Ktlseyi Hutchins. X R. pseUlioaciJt;ia L. 
3 R. pseudoacacia L. X R. hispiaa L. 

4 R. t>iscosa Yent. X R. psttldwcaeia L. 

SALIX L. WILLO\V 
1 S. lIiminalis L. X S. Gaprea L. 

2 S. t>iminalis L. X S. 'P1lrpwea L. 

3 S. phylicijoJitJ X S. viminoJiJ 
4 S. ca/!rta L. X S. lanata 

5 S. allrila L. X S. phyljdfolio L. 

6 S. ci"tfta L. X S. phylici.jolia L. 
7 S. repms L. X S. mmi1JiJlli L. 
8 S. ea/!rta l/iminalis X S. amtrua1f.a Hart. 

9 S. I/in.tf'4lis X S. a_icaJIG HGrt. 

10 S. pJIT/'JU'ea X S. amerieo_ Hort. 
11 S.alba XS.eracil.is 

Nature \ 
of 

""" 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

I N 

N 

N 

N 

N 
N 

N 

I 
A 

N,A 

N 
N 
A 

A 

A 
N 

ChroJllotlOme 
nos. (n) Name of hybrid 
iDvolved 

X1l X 0 Wal~aJIGAshe 

6 X 6 (12) X Q. Por'trii TreL 

X Q. Robbjnsii Tnt 

6 (4) X6 X Q. Bmen Baenitz 

,>(. X Q. BritKmii Davis 

X6(12) X Q. Rehder, Trel. 

·X X Q. Rudkin;. Brit. 

X Q. stWiaunJolia Trel. 

X. X Q. heterophylla Michx. 

X12 X Q. Schochiana Dieck 

12 X6 X Q. Ruhler; Boenitz 

X Q. Willd~na Zabel 

X Q. MdUchampii Trel. 

• X X Q. Lowellii Sarg. 

X6 X Q. nmalUJta Engcim. 

12X X Q. hllmidicola E. J. Palmer 

10 (il) X 10 X R. Holdli.j Beiss. 

10 X 10 (11) X R. Slamnii Rehd. 
11 XIS X R. Margaretla Ashe 

Xt1 X R. ambigua Pair. 

19 X 19 (38) X S. Smjlhiana WiUd. 

19 X 19 X S. r"bra Huds.; Harrison wil~ 
low. 

44 X 19 
19 X 19 

38 X 44 X S. l-udijicans B. White 

38 X44 X S. Wardiana B. White 
19 X 19 X S. Friuicm4 Anders. 

19 X 

19 X 
38X XS.coer.lecJ 
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Country 
Notes on hybrid 1 Auttmr and datI!! II Ot~r 

__________ I __ ~=__ o;fo~:n re:feren~ ~ 

[ 50"'"'-'-"-'--:1:: ~,~.: .2 U,S.A .. S.C .. Ga., 
N.C .. Fla .. Ala. 

U.S,A , Maas .. Pa" 
Ohio 

Sarcent 1911 (67) 2~, 29 68, 6J 

introduced U.S.A. 1913. U,S.A., North 
Easton. Mass. 

Sar~t. 1921 ~67) I 25, n,lR, 2Q, IS, M 

I 6(), Q". 04. 
buds and leaves intermediate; 

originated in Europe, found 
in Silesia, 

U.s.A .. BQSwn, 
M~. 

h. lQ()(); Sargent, 1921 (61) 15, 2~. 2;, 29, 28, CiS 

introduced U.S.A. 1905. 
intermediate. 

Q. ,datinG Lam. may be parent 
instead of Q. borealis ma.nma 
Sarg. Cultivated 1822. 

cultivated 1896. 

U.S.A., :r-:.Y., N.J. Sargent,lnl 

'C'.s.A., Mass. Sargellt,lQ2t 
U.S.A .. N.Y., N.J.. Sargellt.1921 

N.C. 
U.S.A., Ga., Mias. SargenL,1921 

U,S.A., N.j. to Tn. Rehder. 1927 

Rehder, 1927 

(67) 

((7) 

(67) 

(67) 

(6<1) 

(M) 

originated in Europe; occurs 
spontaneously with parents. 

EUrope. t.:.5.A. h. 1'XlO; Rehder, 1\127 (66) 

parentage not certain. Europe 

parentage not certain. U.S.A. N.C., Fla. 

hybridity not certain. t:'.S.A , Maine 

found with parents; introduced Europe: U,S,A, 
1883. 

intermediate, r.S.A" Mo., lll. 

chromOBOtne pairing normaL e.5.A" Col. 

cultivated. tJ.S.A., Col. 
(reduction division very irregular U.S.A, S.C. 

in R. hispida L.), Cultivated 
since 1920. 

also R. dubia Fouc., R. intermtdia !J.S.A. 
Soul.; culti .... ated. 

FI produced; genetic study of Sweden 
leaves; cultivated since 1829. 

Fr produced; long cultivation in Europe; C.S.A. 
Europe; immune to button gall. 

cultivated since 1900; FJn=21-32. 

cultivated since 1896; Fln=44. 
cultivated since 1829. 
stipules of S. americana dominant; 

higher in tannin content than 
S. ammcaM. 

8tipu1es of S. a_,cana dominant; 
vigor of S. a_irona. 

atipules of S. americana dominant. 
cticbtbat willow. 

Russia 
U.S.A.? 

N. Europe 

Europe 
Europe 
Germany 

Gennan,· 

Sargent, 1921 (67) 

Sargent, 1921 ((7) 

Sargent. 1921 (67) 

Rehder, 1\12"( (66) 

Palmer, 19J7 (108) 

1890; Sargent. 1921 (67) 

19t5;Rehder, 1921 (66) 

Rehder, 1927 (66) 

b. lS12; Rehder, 1927 (66) 

Heribert-Nil!lliOn.1918 (52) 
1931 

\Vichum.1865 (110) 

Bogdanov, 19.35 (10) 
Blackt.um & Harrison. (9) 

1924 
Blackburn & Harmon, (9) 

1924 
Rehder, 1927 (66) 

Rehder, 1927 (66) 

Wettstein, 1931 (88) 

IW"""in,'9Jl 
(88) 

Wettatein.1931 (88) 

Schreiner,1931 (73) 

106,93,9'. 

25,29. 

1$, 2<.1. 66, Mt. .7 
25,29. 

•• 
29,25 70 

29.61'1. 71 

25,2<), !>K. 

\" 73 

I" 
25,29. 

I" 25,29. 7. 
29,68. 

177 

2Q,66,SJ.9S. 

\; 29,8.l,95. 
29,50.83. 

29,83 

I: 9,26,21.28 " 36, 41, 66, 90 
7,9,26,28,35,66, I; 9,26 
26, 21t, .35. 

26,28,35,66. I; 9,26,28.35. 
9,26.28 • .15. 
90. 

\: 9,26. 

9,26,90. i'O 9,26,37. 11 
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I 
~I Species involved 

SAL! X L. WILLOW (Condnued) 

12 S, nigra Marsh. X 5 alba L. 
13 S. p~1dandra L. X S. jrogiUs L. 
14 S. pen/andra L. X S. alba L. 

15 S. pmtandra L. X S. purpurea L-

16 S. amygdalina L. X S. fragilis L. 
17 S. amYRdalina L. X S. llimina/is L. 
18 S. fragills L. X S. alba L. 
19 5, baby/anieo L. X S. alba L. 

20 S. babylonica L. X S. jragilis L. 

21 S. herbacfa L. X S. jOl'mosa WUld. 

22 S. reilisa L. X S. myrsinijaiia Salisb. 

23 S. caprea L. X S. myninijolio, Salisb. 

24 S. (OpTea L. X S. phyliCJjolia L. 

25 S. aurila L. X S. cinerea L. 

26 S. (Juri/a L. X S. rtpens L. 

27 5, myrsjnijo/IIJ Salish. X S. haslala L. 

28 S. phylicijollo L. X 

S. myrsulifolia Salish 
29 S. cordata Muhlellb. X 

S. SI7f(ea Marsh. 
30 5, daphnmdes ViiI. X S. caprea L. 
31 S. iapponum L, X S. caprea L. 
32 S. viml7la{is L. X .~. fJltnta L. 
33 S. vimina-lis L. X S. cin(rea L. 
34 S. i1lcana- Schrank X S. wprea L. 
3S S. HIrano Schrank X S. ourilo L. 
36 S. ~ncalla Schrank X S. repens L. 
37 S. incal10 &hmnk X S. daP)moides 
38 S. purpurea L. X S. ,aprea L. 

39
1 

S. /tUrpurea L. X S grandifolia 

401 S :'U;!;;j::f~iaXL.;S' aunta L. X 

41 S. purpurea L. X S. cinerea L. 
42 S purpurea L. X S. repens L. 

TAXUS L. YEW 

1 T. (uspidala Sieb. & Zucco X 
T.bauataL. 

2 T_ cuspidota Sieb. & Zucco X 
T. canad~nsis Marsh. 

TILIA L. BASSWOOD, LINDEN 

1 T. I;ordata Mill. X T. platYPhyllns Scop. 

2 T. amerJl;ana X T. argentea 
3 T. platyph3/1los Scop. X T. glabra, Vent. 

T. cordata Mill. X T. dasysly/a Stev. 
T. eoriWta Mill. X T. gwlwa Vent. 

Nature Chromo90rne 
of no,. (n) 

involved 

N 
N 
N 

N 
N 
N 
N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 

N 
N 

N 

N 

N 

N 
N 

19 X38 
38 X 38 
38 X38 

38 X 19 

X 38 
X 19 

38 X38 
X38 

X 38 

19 (38) X 

19 (38) X44 

38 X38 

38 X 

44 X 

X 19(38) 
X 19(38) 

38 X 38 
38 X38 

X 19 (38) 
X 38 
X 19 

19 X 19 (38) 

19X 
19 X (21-32) 

19 X38 
19 X 19 

12X 

12X 

36 X 40 

X<O 
<OX 
36 X 

# 36 X 

Name of hybrid 

x S. lI4Ck~sanii Dode. 
X S. Mey"ialta Rostk. 
X S. Eit-rhartjana Sm. 

X S. helerandra Dode. 

X S. spe,iosa Host. 
X S. moUjsima Ehrh. 
X S. rubens Schrank 
X S. sepulmJlis Simotlk. 

X S. blanda Anders. 

X S. simulatrix B. 'White. 

X S. Cottetij Lagger. 

X S. loti/alia Forb. 

X S. laurina Sm. 

X S. fflullin"ois Doell. 

X S ambigua Ehrh. 

X S. MieUehho/eri Saut. 

X S. Wrap/a \Valker 

x S. myricoides Muhlenb. 

X S. Erdingeri Kern. 
X S. Loestodiona. Hartm. 
X S.fruJicosa Doell. 
X S. holosericea Willd. 
X S. Seringeana Gaud. 
X S. potula Ser. 
X S. subalpina Forb. 
X 5 Rcuuri Moritzi. 
X S. Wimmeriana Gren. & 

Godr. 
XS.oustriocoHost. 
X S. sequilerJia B. White 

x S. PonJederano VoliUd. 
X S. Doniona Sm. 

X T. media Rehd. 

X T. HunmweUiana Rebd. 

X T. uulgaris Hayne 

X T. earrsruMnsis Simonk. 
X T. euchlora K. Koch. 
X T. ;JkJ,escms A. Br. 
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Country i Author and date 

I 
Othl!'_f I Notes on hybrid 

I 
of n"lx>rt 

reft'Nmt:ell 
""gio'" oraf origin IZ 

I h. ""'" R,hd". I." 
(,,,,r~---: 

culth.'ated in Europe. 1829. EuroPf:' Rehder.1Q17 (M) j9.U\. IJ 
also S. hexandra \variOU!l authors); Europe Rt"hder.IQl7 «()6) Q,ltl. t4 

cultivated Europe, 18Q4, 
I parentage not certain; cultivated Caucasus Rehder. t<J~7 lilt.) i 0,26. 

in Caucasus since 1910. 
cultivated in Europe since 1821. Europe Rehder. 1927 (6<) 0.2l' •. " cultivated in Europe, 1809. Europe T{('hdl'r.1Q2j (M) 9.26. t; 
intermediate; very variable. I :.r:I:~: 1:!~der, 19~7 i:~ 0,26, .. 
more vigorous, less weeping than t).26. 

S. bab. 
weeping habit like S. babylonlOu. b.IIUO; ReMer,I027 (No) 11,26. 20 

S. polGris Wahl. similar; Switzerland Rehder. 1927 {M,) 2t 
cultivated since 1922. 

S. serpyllifolio Scop. a related Europe (Alps) Rehder. 1927 (66) 22 
var.; cultivated since 1905. 

Harrison (36) found tetraploid Europe Rehder,1927 (fJ6) 9.26,27.36. " caprta; cultivated since 1829. 
Harrison (36) found tetraploid Rehder. 1927 (66) '1,26,27 . .16. 

caprea; cultivated since 1809. 

cultivated since 1873. Europe Rehder, 1927 (M) '),2(, 25 

cultivated 1872. Europe Rehdt'r.192i (61)) 9,26. 16 
cultivated 1888. EUl"ope Rehder, 1927 (M) 27 

cultivated 1829. Europe Rehder. 1927 (66) 1),2l'1. " 
cultivated 1880. l'.S.A .. Mass. to Rehder, 1927 (66) 2. 

Wis"Kan. 
cultivated 1872. Europe Rehder, 1927 (blo) 9.26.27.36. 

I"· cultivated 1873. Europe Rehder,1Q2i (M) 9,2(i.21.36. JI 
cultivated 1829. Europe Rehdpr,l927 (66) 11,26, 12 
cultivated 1829. Europe Rl.'hder,192i W,) 1).26. ,33 
cultivated 1872. Europe : l<ehder.1927 (OG) 9.26.27,36. I" cultivated 1829. EUrope I Rehder. 1')~7 (66) 9,26. J5 
cultivattd 1829. Europe (Alps) Rehder, 1927 (M) 9,26. ,.16 

cultivated 1870. EuroIJe Rehder. 1927 (66) 37 

cultivated 1872. Europe Rehder. 1927 (Mj 9,26,27,36. 3S 

cultivated 1870. Europe Rehder,I927 Wi) 9.26. 3. 
cultivated 1900. Europe Rehder.lt)27 (66) 9,26 '" 
cultivated 1829, Europe Rehder. 1927 (66) 9.26. 4t 

cultivated 1829. ) EUIT!pe Rehder, 1927 (66) 9,26 42 

intermediate; leaves similar to U.S.A. 1900; Rehder, 1927 (66) 71. 

T. cuspidato but mOl"e distinctly 
2~ranked. 

resembles T. euspidata, but of U.S.A. 1900; Rehder, 1927 (M) 71. 

more slender habit and with 
narrower leaves. 

fertile; occur maInly as planted U.S.A" Europe Larsen. 1937 (52) 27,29,66,86. 

trees. 
Russia Kolemikov, 1933 (48) 29, 86, llilver leaf of argentea. vigor of orner. I Rendu 1927 

(66) 27,29,81,86, 

parentage doubtful. Rehder. 1927 (6<) 29.86. 

also X T. SplUlhH Spaeth, and X Rehder. 1927 (66) 29.86. 

T, :/loTibundu A. Br. 
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Specie! involved 

TILIA L. BASSWOOD, LlKDEN (Con­
tinued) 

6 T. ,labra Vent. X T. petioUJris Hook. 

7 T. petiolaris Hook. X T. euchlora K. Koch. 
8 T. Miyabej Jack. X T. jap01uca Simonk. 

TSUGA CARR. HEMLOCK 

1 T. Merltllsiana Sarg. X 
T. helerophyUa Sari. 

ULMUS L. ELM 

U. glabra Huds. XU. joliaua Gilib. 

2 U. campestris X U. tffuso 
3 U. americana XU. laevis 
4 U, montana X U. nitens 

5 U. gEahra X U. monl{lnll 

(') U. glabra Huds. X U. pumi14 L. 

Natu~ Chrom05Ome 
of nos. (n) 

involved 

N 

N 

N 

N 

A 14(+) X 
A 28(14) X 14 

14X 

N X I. 

N X!5 

Discussion 

Name of hybrid 

X T. MolJkei Spaeth 

X T. orb'cularis Jouin 
X T. fWl.iricoio Hisauti 

X T. Jeffrey; Henry 

XC. hollandica Mill. 

x U. major Smith 

Huntingdon elm 

XU. arbllscuia Wolf 

A detailed discussion of the data summarized in the above list will not be 
given, since it would require much space, and would probably be, at best, 
somewhat unwieldly and loosely connected. Furthermore, it is felt that the 
data as summarized hardly require such a discussion. Only a few general 
points, therefore, will be touched upon. 

The above list includes many presumed hybrids which have been described 
by taxonomists on a purely morphological basis without definite experimental 
evidence as to parentage. Such presumed hybrids must be regarded with 
some caution, especially in genera in which experimental hybridization has 
not been done. On the other hand, it should be recognized that the descrip­
tion of these hybrids indicates that in the genera in question there must exist 
a considerable degree of integradation between species, which, in turn, indicates 
the probability that hybridization has occurred. 

The author is aware that the value of including such hybrids is a debatable 
point. However, after some consideration it was decided to include hybrids 
of this class in instances where the assumed parentage appeared to be accepted 
generally as being reasonably certain. This action seemed best to serve one 
of the main objectives of the work-to indicate the species in a given genus, 
between which crossing is most likely to occur naturally or to be effected 
artificially. 
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I ' - "_, 

\ Country \ A.ut.ht..r and 1I ... \c 1 Other I 
I or I of f'tpon : ~fcf't_ ' _________ !_"_~~~~ ___ _! ____ ~~~~Km " ____ ! _________ I~, 

Note! on hybrid 

I
' Can, to "C, we" b, 1800, "~,d" to" ,,6) , I. 

to "lmn .. \10 ' 
I r.S.A i I 

cultivated since uno. 

I t·5.A tR70; Rehtler, 11127 l.oN! I; 
JapJ.n HisilUti,IQJ7 (421: I II 

also T. Merlrnsialla 
Schneid.; introducl·d 
1851. 

fertile; man}' named f(lrm~; ten­
dency to be mtermL'{hate; 
vigorous growth; Fm=I-l. 

LS.A 

Elltc'I~, 

EI1l!Lmd; 

I 

Itchdct,l<12i ('ti.) 

ttl!» 52,.<;4,(,<l. 

more vigorous than parent" i Geni1any ('il) ; 21).4<1, .q, K~. 

X t'. serpentma !1""llXY, <\ ~1,­

dulousv;\f. of C. major 

(",S.:\. 
LllRhmd 

, ~ax, t<i.l.I 

i ~\'T\'\!I"r,1".'; 
(f,l!) J_II,4<1,IIS. 
(i 4) ~'). -I,). "'·1 !IS 

very rapid "rowtll (disc. by Reh(il-r 
under Ko. 1). 

I S<:-hreim'r,l()';' (7J) i 2'1. ,-Ii. 49, Sol. IIi ! .~ 
shrub habit of l..'. pumila dominant; 

cultivated 
1._-.S.A. 

_~;R{'hdcr~l~:_ _::~~ ___ J_ 
A number of named hybrids were not inc1udt'd because evidence as to 

parentage appeared to be lacking or of a very doubtful nature. These are as 
follows: 

X Acer hybridum Spach, (74) 

X ramosum Schwer. (A, pseudoplatanus L. X ?) (66) 

X rotundilobum Schwerin (74) 
X sericeum Schwer. (A, pseudoplatanus L. X ') (66) 

X Crategus celsiana Bose, (C pentagyna Waldst. & Kit. X ?) 
X grignonensis !\Iouillef. (c. pubescens Steud, X I) 
X persistens Sarg, (possibly hybrid of C. crus-p,alli L.) 
X sorbifolia Lge, (C, oxyacantha L. X ') (66) 

X Fraxinus eloma Dippel. (74) 

X Larix Marschlinsii (74) 

X Quercus demarei Ashe (74) 
X duma Ashe (74) 

X Koehn;; (28, 94) 
X mallichampii Trelease (67,74) 

X podophylla TeeL (74) 
X Salix renecia Dode, (s. cinerea L. X I) (66) 

(66) 
(66) 

(66) 

Attention is drawn to the fact that in Quercus there appears to be little or 
no crossing between the two sections of the genus, white oaks and black oaks 
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(Sargent's classification (67»). In the list, crosses 1 to 35, inclusive, and 
cross 7·7 involve only white oaks. while crosses 36 to 76, inclusive, involve 
only black oaks. 

A similar condition exists in Pinus. Here all crosses except No. 13 involve 
hard (or pitch) pinefl exclusively. No. 13 involves two soft pines. 

The~e points are important to the breeder, since they indicate possible 
limitations in intercrossability among certain groups of species in the genera 
in question. They also tend to give biological support to the taxonomists' 
division of these genera in to sections. 

On the other hand, in certain complex genera, e.f!., Populus, there appears 
to be little limitation to the crossinR of species belonging to different sections­
this information is, of course, yery important to the breeder. 

It is hOIWd that it will he possible within a few years to revise and extend 
the present work. To that end, the author would be greatly obliged to learn 
of omissions and inaccuracies in the present work, and to receive reprints of 
future publications on forest~tree hybridization for use in the proposed work. 
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EFFECTS OF PLANT AND ANIMAL HORMONES ON SEEDS 
DAMAGED BY FORMALDEHYDE' 

By :\. H. CRACE' 

Abstract 

Marquis wheat was inllllCrscd in solutions of fornlll"..Iehyd~ and ft.rmaldehydt: 
containing either naphthylacctit: acid or oestriol in conct'ntrations of U.l, 1, 5, 
and 10 p.p.m., and germinated on blottill~ paper or i-!TOwn in soil at a tr.m. 
perature of from 70 to i5° F. A measure of physiological urti"'ity WilS shown by 
both chemicals from the rt$ults of gt'rminatiun on blottinjo! paper; the artivity of 
the two chemicals was of the same order. Crowth ill suil faih~d to ~h(Jw nnythin~ 
but injurious effects from formaldehyde. 

In another experiment, Marquis wheat was sprinklt'd with solutions of formal· 
dehyde and indolylacetic acid and grown in soil at it temperature (If from SO to 
55° F. The sprinkling treatment. which 5upplied une part of indolylacetic acid 
to a minion parts of wheat hy weight, reduced formaldehyde injury in a statiKtic­
ally significant manner. Lower concentrations of the dH:mical din not reduce 
injury to a significant extent. 

445 

A recent publication described the results of t'xperimt'nts in which plant 
cuttings were treated with dusts and solutions containing Ot'strone and indolyl­
butyric acid (3). In view of the results from tht> treatment of plant cuttings. 
it was of interest to consider other methods of determining the physiological 
activity of oestrogenic substances. It has been shown that a number of 
chemicals reduce seed injury arising from disinfection with formaldehyde 
solutions and other similar tr('atments (2). In consequence, this mpthod was 
chosen in an effort to determine the activity f)f an oestrogenic hormoot·, 
oestriol, and incidentally, to investigate further the effects of indolylacetic 
and naphthylacetic acids on formaldehyde injury. 

Experimental 

Solutions were prepared by dissolving o. OS gm. of each of the che-micals in 
1 cc. of 95% alcohol and diluting with formaldehyde solution to give 50 p.p.m. 
(parts per million) in 1: 320 formaldehyde. Subsequent dilution with 
formaldehyde of the same concentration permitted ready preparation of the 
various concentrations required. 

In the first experiment, 50-gm. samples of :Marquis wheat were immersed in 
50 cc. of a 1 : 320 solution of formaldehyde' (37% by weight of the gas) for 
5 min. (2). The samples were drained for 2 min., placed on filter paper and 
covered with inverted cans for 4 hr. Each sample was then loosely wrapped 
in small pieces of canvas to prevent aeration and planted approximately 24 hr. 

after treatment. 
*" Polymer~free formaldehyde specially prepared by ~he Stand4rd Chemical Clmlrany, Montreal. 

1 Manuscript received September 15, 1939. . ' . 
Contribution from the Division of Biology and AgrICulture, Natumal Research Loboralones, 

Ottawa. N.R.C. No. 865. 
I Biochemist, National Research Labcwatories, OUawa~ 
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The series of treatments included untreated and formaldehyde-treated 
controts and concentrations of 0.1, 1, 5, and 10 p.p.m. of each of the chemicals 
separately in formaldehyde, making 10 treatments in all. Eight replicates 
of SO seeds were planted on blotting paper in a germinator maintained at a 
temperature of approximately 65° F. Ten replicates of 50 seeds were planted 
in small cardboard flats and kept in a gret"nhollse at a tt'mperatllre of approxi­
matt'ly 72° F. Germination counts ,,,ere made five and nine days after 
planting on blotting paper; the number of seminal roots was counted and 
length of each stem measured from the seed to the tip of the longest leaf, and 
expressed as number of roots and length of stem per seedling. Germination 
rates computed by Bartlett's method (1), final germination, and air-dry 
weights of tops and roots for the plants from 50 seeds, were determined from 
the plants grown in soil. The plants were washed out of soil 23 days after 
planting, pla('{'-d in an oven at 95° for two hours, and conditioned for one week 
in tlw laboratory. 

The second experiment involved the use of fiye treatments comprising 
untreated and formaldehyde controls and 0.1, 1, and 5 p.p.m. of indolylacetic 
acid in formaldehyde solution. Twenty-live-gram samplt's of .Marquis wheat 
were sprinkled with.) CC". of the 1 : 320 commercial formaldehyde (37~/~ by 
·n·eight of the- gas) solutions. Sprinkling with solutions of the concentration!' 
mentioned gave seed treatments with 0.02,0.2, and 1 parts of indolylacetic 
acid per million parts of seed by ·weight. The sampJes of treated seed were 
covered with inverted caos for four hours and then wrapped in canvas OVt'f­

nig-ht. Ten replicates of 50 sef'ds of each of the five treatments were pJanted 
in soil in small cardboard fiats, approximately 24 hr. after treatment, and 
held in a greenhouse at a temperature behveen 50 and 55° F. The experiment 
was arranged ill the form of two contiguously placed Latin squares each con­
taining: five rf'plicates of the five treatments. Germination rates, final counts, 
and air-dry top and root weights 36 days after planting, were determined in 
the manner already described. 

TABLE I 

A~·ALrsrs OF ,'ARIANCE OF RESPOKSE OF 2\lARQUIS n'HEAT TREATED WITH SOLUTIONS OF 
OESTRIOL AND NAPHTHYL ACETIC ACID 11" FORMALDEHYDE AND GERMINATED ON 

BLOTTING PAPER 

Mean square 

Source of Degrees of Germination at 
variance freedom 

Five Nine 
days days 

Replicates 7 304.5**" 65.3*"* 
Treatments 9 150.5"· 26.8·· 
Error 63 18.5 8.7 

... Exceeds mean square error, 1% level oj significance • 
.... Exceeds mean square error,.o .1% level of significance. 

Per seedling 

Number of Stem 
seminal roots length 

0.09997 3i7.67··· 
0.62970""* 381.82·"" 
0.08181 73.89 
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Results 

FORMAU)EHYDE-HORMOSE TREATMENT OF 2\1ARQt:1S \\'HEAT 

Results from Growth in the Germinator on Blotting Paper 

In Table I are given results for the analyses of variance, and in Table II, 
trt:'atment means for the data on germination at five and nine days, and the 
numher of seminal roots and stem lengths per seedling for v.,·heat germinated 
on blotting paper. Treatment effects were significant for each of the four 
sets of obseryutions. Germination counts at five days demonstrated signi­
tic-ant injury from formaldehyde treatment and reduction of injury with each 
of the treatments with plant and animal hormones, the difference between 
the means for all naphthylacetic acid and oestriol treatments was not sig­
nificant. \~rhile the final nine-day germination count failed to show significant 
reduction on treatment with formaldehyde alone, all the treatments gave 
greater germination than was shown by the formaldehyde control. Germina­
tion means for each of the four treatments are greater than the value for 
formaldehyde, but no significant difference is shown between naphthylacetic 
acid and oestriol. None of the hormone treatments differed from the formal­
dehyde treatment, which effected a significant increase in the number of 
seminal roots per seedling. Furthermore, a marked reduction in stem length 
was caused by formaldehyde treatment. Treatment with 0.1 p.p.m. oestriol 
in formaldehyde significantly increased stem length; none of the other treat­
ments differed from formaldehyde alone. 

Results from GrouJth in Soil 

The analyses of variance and treatment means for germination rates, final 
germination count, and air-dry top and root weig-hts are given ill Tables III 
and IV. Treatment effects 'were highly significant for each of the four charac­
t{'r~ considered; however, significance was related to the depressing effects of 
formaldehyde treatment. The effect of 10 p.p.m. oestriol in formaldehyde 
on both top and root weights approached a significant reduction in injury. 

TABLE [l] 

A"XAl.YSIS OF VARIA:-lCE OF RESPONSE OF MARQUIS WHEAT TREATED WITH SOLUTIOKS OF 

OESTRIOL A~D SAPHTH\1..ACETIC ACW IX I"ORMALDEHYDE AND GROWN II( SOIL 

: I Mean squ<l_r_e _______ _ 

Source of II Degrees of ---Germination - Air-dry weight 
variance freedom . -------I-----J Rates __ : Finalcount Tops Roots 

I 9 /' 0.05134***) 130.58". 0.03506 •• Replicates 
Treatments 
Error I

I 9 I 0.04804***' 194.12··· 0.08194··· 
81 0.00268 i 28.03· 0.01000 

*'" Exceeds mtan square error, 1 % leva of signjficance . 
••• Exceeds mean square error, 0, J% level of significance. 

0.00378·· 
0.01281··· 
0.00106 
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While oestriol treatment gave a greater weight of tops than naphthylacetic 
acid treatment, the difference is just insufficient for significance. Apart from 
these suggestions of possible effects from hormone treatment, the only clearly 
demonstrated effect was injury from treatment with formaldehyde alone. 

FO}{:MALDEHYllE-I!"DOLYL.'l.CETI(: ACID TREATMEXT OF MARQns WHEAT 

The re~ults secured from analysis of variance and the effects of treatments 
on germination rates, final germination counts, and air-dry weights of tops 
and roots, for plants grown in soil, are given in Tables \~ and VI. Formalde­
hyde treatment effected significant reduction in each case. Treatment with 
5 p.p.m. indolylacetic acid solution (or 1 p.p.m. of the weight of the seed) 

T.\BLE \. 

ANALYSIS OF YAIUA~CE OF RESI'QSSE OF )'lARQl"IS WHEAT TREATED WITH SOUIno::\s OF 
FORMALDEHYDE A~D IKVOL Yl.ACETIC ACID 

~lean square 

Source of \"ariancc I Dt'grees of I Fi,na} ~ IGer~linati()nl' Air-dry weight 

I freedoUl genmnatlOnl ratc ---.------__ .. +. ___ .I~_I_~~ 2.0P' (><_10'l_\Root, (X10') 

Squares 
Rows 
Columns 
Treatment;, 
Treatments X sqllarb 
Error 

i 1 ) 32.00* I 0.72 I 203.M**'" 140.4.5*** , ~ I 2 34 28.91 i 18.58' I 9 09 
8 4.64 I 21.86 I 12.56 I 8.80 
4 31.33" 512.80'" 69 I,'" 59.69-'-
4 II i.65 I 22.45 329 S.B-l 

24 5.i2 I 13.42 i 59 I 6.02 

.. Exceeds meall square error, 
•• Exceeds mean square error, 
*.* Exceeds mean square t/'mr, 

/erie! oj significance . 
level of significance . 

l~teJ of sif!.nZficance. 

TABLE VI 

EFFECTS OF FORMALDEHYDE-INDOLYLACETIC ACID TREATMENTS 0:-;- THE RESPO:'\SES OF ~ARQUIS 
'VHEAT GROWN IX SOIL 

i 
Controls 

1 320 formaldeh\de Jl p III differenc.;:, 
'I ConcentrdtIon of Indol}lacetlc aCid m Necessan 

_______ .I-t-'n-"-ea-tod-i-F-d~-~m-y:-;·-I--O-l _1 __ 1 __ 1 __ 5__ 1:~1 
Germinationl 46.2 41.5 428 42."> 432 22 

I Gtlmination rates 

Ait-dry weight of plants I 
from 50 seeds, gm. II 

Tops 

Roo" 

{L161 

1-20 
0.63, 

{}.592 

0.98 
046 

1 Number of seeds germinated of 50 planted. 

0.611 

104 
0.48 

1.04 
0.44 

1.09 
0.49 

O.OM 

0.08 
0.01 
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significantly increased the germination ratt:' and the airvdry \\t·i}.!ht of top!' 
from SO seeds, as compared with the forrnaldehnle control, but did not in('rt'a~' 
root weights or tht' final germination to a t'i!..!tlificant l'\{I'nt. Tlw lowl'I" indolvlv 
acetic acid ('on(,f'ntration~ failed to !-,:in' an~' ~il::.nilll'<lnt t'ff('('I~ . 

Discussion 

Marqui~ wheat treaa·d with :i()lllti()n~ of formaldt·hnlt· and fnrmailh·hvdt, 
naphthylacetic acid or ot_Astriol, and germinated (lll il\(-llting papt'r, indic,:tt·d 
a measure of physiological activity for both cht'TTlical~. HO\\{'n'r, tllt'rt, w('n' 
no significant differences betwf't'll the Illl'aIl:- for all ('(lJH·(·lItr.Hion~ of l'~Kh 
chemical. and the rf'stilb indicated that oestriol ft'duCl'd formaldehyde injury 
to about the same e-..:tcnt as naphthylacetir acid. Tht' n'~ull~ frolll gf<mth 
in soil failed to show any reduction in fOfmald('hyd(· illjur\ from l'idH't Iltlph. 
thylacetic acid or oestriol. 

The results of germination ()·day counts) on bJottinl.:: pilpt'f indieatt·d that 
even though formaldehyde treatment faited to reducl' !..!t·rmination signi· 
ficantly, highly significant efft_'cts wnt' :-.hO\\fl by th(' d('cr('a~t' in !t'ngth of tht· 
stem and increase in the nurnbt'r of seminal mob 'fwr :-.(>(·dlillg. Eff('cts of 
formaldehyde injury were more marked on pL.lllls growll in .... oiL 

In the second experiment, when \larqui~ wheat was ~prinklt'd, a In'attnt:'nt 
of 1 p.p.m. of indolylacetic acid rt·duCt,d injury in a ~tatisli('ally signifieant 
manner, but 0.02 or 0.2 p.p.tn. of tht" hurmone was inadt·quatt·. Thi~ n'sult 
is in general agreement with t'arliLT \\ork Oil plants .L:!'{)\\ Il in soil (2). Tlw 
positive effects from formaldehydf'-indolylacctic acid tn'atnH'nt on p!ant~ 
grown in soil may ha\'e been dut· to difftTl'n('{'~ in dT(·cti\,(·l!t·~s ()f thi~ dH'mica! 
and naphthylacetic acid. or to tht, differellt u'mperatuf<';'; utJ(kr which L:rO\vth 

occurred. 
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EFFECT OF VARIOUS CONDITIONS OF STOR:\GE ON 
BAKING QUALITY OF FLOUR' 

B, A. C. MCCALJ..", J, D. MCCAH'", and A. D. PALL' 

Abstract 

Flour stored in sealers in a refrigerator at 2° C. did not change in quality for 
n months after milling:. Similar flours stored in sealers at room temperature 
deteriorated significantly within three months, while a third lot stored in small 
bags at room temperature :--howed first a delinite jrnprovement and then rapjd 
deterioration. At the end of 22 months flours stored in sacks were much the 
poorest. Acidity of all flour,., increased with storage, but this determination was 
of littk Yalut' in cf.timating flour quality. 

Introduction 

Routine tt'sts carrit'd out at this institution showed that flours varied in 
keeping prop(·rties during storage, depending on the storage conditions and 
on the variety and source of wheat from "'hich they were milled (1, 7). Flours 
stored for 12 months in air-tight sealers maintained their quality better than 
did flour:-; stored in small sacks, d(_·spite the fact that the latter contained 
much less moisture than the- former. In general, flours milled from wheats 
grO\vn on the black loam at Edmonton maintained their quality better than 
flours milled from the same varieties of wheat grown on the grey podsolic loam 
typical of much of western and northern Alberta. 

Studies on flour storage in general show that under ideal conditions of 
packaging, temperature, humidity, etc., high grade flour will maintain its 
quality for many months, and even years (3, 5-8). Under less favourable 
conditions, however, deterioration may be marked in a few months. 

The most comprehensive recent study has been carried out by Fisher et al. 
(5). They found a periodicity in improvement and deterioration of quality, 
and in \rarious chemical properties, In general, however, the results with 
respect to keeping properties as affected by storage conditions and nature of 
flours confirm those obtained in earlier work. No definite "best" conditions 
of storage can be determined as a result of past experience under experimental 
conditions. 

The work here reported was carried out with the object of checking previous 
results, and of following mOTe closeJy the changes·in flour quality with storage. 

1 Manuscript received July 14, 1939. 

Contribution from the Department of Field Crops, University of Alberta, with financial 
assistance from the National Research Council of Canada, Published as Paper No. 168 of the 
.4ssociate CommiUee on Grain Research of the National Research Council and Dominion DePart­
ment of Agriculture. 

S I' Research Assistant, Graduate Assistant. and Technician, respectiwly. Associate Committee 
on Grain Research, Unif)ersity of Alberta, Edmonton.. .. 



Material and Methods 

Four. varieties of wheat; Garnt'-t. :\larquis, Red Bobs. and Rl'ward ('ad! 
gr.own 10 1936 at ~dmonton and Fallis (50 milt>s wpst of Edmonton)' wen' 
mll1~d on an e,xpenmental mill to produ('t, long P.1.tt:'ot Rours. Th(' data 
pertment to this study are- gi .... t>n in Table I. All samplt·s Wt'fl' sound and 
well ~atured, thos(> from Fallis }wing unusually high in protf'il1 ht'l'aUst' thl' 
growmg ~a_s{)n was very dry. In a .... eragt' st'asons, tht' pwtl"in {'ontent of 
these \Cane tIPS of whf'at would lw 2 to Y'; ]nwl'r than in lQ36. 

TABLE I 

DATA I'ERTAIXIX<; TO ORIGJX.\L t_1t',\LITY lll' WlIE.\T!> \ SEll IS STl'U\ 

=-l-:----;:;:-~i--~ 

i ! 
Station I Type of soil Yariet y 

Edmonton i--:,"-k-I:n, ~-i-(;";nct 
I 

Fallis jl'odsolic loam 

j ~~:~r(g~~;)S 
; Reward 

i Camet 
, :'1arqui:-. 
I Red Bob,. 
: Reward 

\\"t'i~ht. I 
per ('ommNcial 

hu~h('1. gradt, 
lb, 

(l.'i.(J I 1 C.W. (;ar. 
(l.'i:; j 2 ~or, 
(H. f) I ~()!', 

6S () 1 ;\or 

(J.~:; 1 CW. (;ar. 
65 () :; ~{)r. 
(J5 () 2 ~or, 
(Ji U 1 :\or. 

12 :; 2(J.{ 

12 ~ 2k3 
12 () JOO 
14- i I .NJ 

The flour was stored in largt' cans for OIl{' month aftt'r milling. This is thl' 

regular practice in this laboratory, chiefly because the t'xperimeotal milling and 
baking are done by the same man. It has also been found that most flour!' 
stored for on,E' month before baking produce dl'cidt·dly better bn'ad t han if 
baked immediately after milling, Baking- tests \!,.'ere then made, and ('aeh 
sample of flour \\'as divided into thrt't' lots. The conditions of storagp W('rt' 

as fol1ows: 
Lot 1: Stored in glass sealers which Wf're kept in a refrigerator at 2° ('. The 

sealers were removed only to permit sampling. 
Lot 2: Stored in sealers on open shelves in the laboratory, Temperature 

varied between 16 and 28° C. at different times of the year, 

Lot 3: Stored in small cotton sacks in the same room as Lot 2. 
The flour contained approximately 13.5% moisture at the beginning of the 

experiment. At the end of 22 months the moisture content of the three lots 
was approximately 13.5, 11. 0, and 8.0%. 

All baking tests were carried out using 50 grams of flour and the malt· 

phosphate-bromate formula (2). 
Acidity was determined by the Greek method (4), using tincture of curcuma 

as indicator. Results are reported as the volume of N/50 sodium hydroxide 
required to neutralize 10 cc. of the alcoholic extract. 



4$4 CM';ADUJ...- JOeRI";.-lL OF RBSEARCfI. I·Uf.. 17. SEC. C. 

NI_:=: ..... '" =~!::S 
~ 

>0-"'1"1"; ~ 

~~~3; g :=:...-:0:::"'-; .. 
-""i'0'-~ ~ 
NNN...-:o 

0'11";'"';'''', ..:: ,--,-;;(; -+ 
""-;""i'-t""i' ""i' 

:::-t ..... I'r; c.(. ,- 'r;'"'"; 1- '"'"; 
'r;....-;'-C'-C ..... 1 .......,'_=",N ~ 

~J '"'"; '"'";....-; ....-; NN '"'I r-'") 

~ 

" 
= 
OJ 
...l 

::: 

" ~ 
. 
i 



Results 

Baking tes~s wert' carried out 1. 4. 6, 0, 13, 1~, .mil 22 mOllth~ aftt'T tht. 
flours were ffill\(.'d. .Rt'~u\t::. for loaf volume (If illui"iduill samples at 1. n, 13, 
and 22 months are glH'11 in Table II. and tht' n .. ·~uh~of ana.lvM·~of y,u'lat\n' for 
all data in Table III. . 

T.\l\LF. 111 

AXALY':;b OJ· Y\RI\,\'C!·:, LO\F \·OL\".\fE OF RRE,\f)"'TPII.I.I) ISlIER IlIkl:r :,.]01 .... 

OF coxmTJo!';:o-

\'arian('{'du(' tn n,l. 

Station 
Variety 
Tim~ of storage 
Statton X \'arit,t, 
Station X Time' (, 
Variety X Time I k 
Station X Vari('\y X Timl' 1k 

Total 

* Significant 
** Significant 

Ihe 
the point. 

~\'a\t'r" 
,It 2"C. 

-l,(I,qP.U* 
44 , t)(d* 

tIn 
3,.\:\1 

3()(1 

-l-OS 
2.H23 

\It'an !>qU,lrt'!-

S(',tlN;; Sack_... 
at rooiTl at room 

It'mp('rdture tt'lllperaturp 

.)!', S~~ .. 72,2111*· 
35.233* 24,.,43·'" 

2,()5Z*· 50.41'1()'n 
1 . 77~"* (171 

411 1,3UI· 
33..- SiC) 
liq ~/o( i 

The effects of station and yariety WiTe significant for all condit ions of !->tora~l'. 
These effects were largely the r{_'~ult of diffef(·nn·s in protcin content of the 
wheat from which the flour was milled, although til\' Carnet ~ampks fell some­
what below the general protein~loaf-\,(Jlum(' 1t.'\Tl. Contrary to cxpcctation~ 
from the results of earlier studies (1,7), thnp was Ill) significant interaction 
between variety and station, except in tht' case of flour ;;;torN in sealers. Even 
with this flour the magnitude of the intt'raction was small, though signifIcant, 
and attributable chiefly to tht:' behayiour of one variety, Red Bobs. 

The effect of time of storage was \'ery different with the threE' conditions 

of storage. 
Since there were virtually no significant interactions, one graph drawn from 

the means for the four varieties and two stations presents the important results 
obtained in the study. This is given in Fig. 1. The slight increase in mean 
loaf volume for the flours ston:d in the refrigerator is not significant, but the 
decrease in volume for the flours stored in sealers on open shelves is. The 
flour stored in sacks shows what has been considered as a normal course in 
aging, that is, first an improvement, and then a sharp decrease, in quality (3). 

The results of earlier studies showed that acidity of all flours increased with 
age, but that the increases were not parallel to changes in quality. Acidity 
determinations were made 1, 6, 13, and 22 months after mining. The results 
are presented in Table IV and Fig. 2. The results of analyses of variance 
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FIe,. 1. Effect of method and time oj storllf!' of ,flour ml tltt' Jool 'volume oj brmd. 

of these data are given in Tablt' Y. Tht't.-.l' resuits an' in ~triking contrast 
with the loaf volume results, since time had a \'cry marb·d t'ffed on a<,'idity of 
all samples. The significant interaction l){·twt:'ell station and vari<'ty is largdy 

attributable to the behaviour of Garnt'l and \1 arquis. the Edmonton-grown 

TARLE \' 

,\X.\LYSl."; OF VAIHA~("E, A(IDITY 

Station 
Variety 
Time 

Variance due to 

Station X Variety 
Station X Time 
Variety X Time 
Station X Variety X Time 

Total 

• Significant beyond 5% point. 
** Significant beyond 1% puin!. 

a Station X Time as error. 

31 

11can squares 

at room at room 
Scalers I Sacks 

at r C. temperature temperature 
------ -------1----- -.--.-

() 0121 
O.014() 
0.3968** I 
0.0813* ' 
(lOOn 
0.0073 
00156 

o 0925 
0.0348 
1 3026** 
0.2095* 
0.()(J38 
0.0287 
0.0362 

I 
{J ()365 
o 0291 
1 0794*"" 
0.1553** 
0.0754* 
0.0095 
0.0192 
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FI0.:!. EjJrd of l1u·thod ilnd lime (If storage of/lour on acidity. 

saropJe of the former being ,"pry high in acidity, 'while the acidity of Fallis· 
grown .Marquis was higher than that of any of the other varieties. regardless 
of conditions of storage. 

Th£, djffeTf'Dc{>s dut" to station and variety \-vere not. significant under any 
condition of storage. The results with flours stored in the refrigerator are of 
interest because they show that after the first few months of storage, there 
was very little incrt"ase in acidity during the next lS months. 

Discussion 

The results presented in this paper substantiate conclusions drawn from 
earlier work with respect to the effect of variou!3 conditions of storage on the 
keeping properties of flours, but fail to substantiate those concerned with the 
differential behaviour of flours from different varieties of wheat and different 
sources. The results of the earlier work showed that some varieties produced 
flour that deteriorated much faster than that from other varieties, and that 
wheat grown on the podsolic loam produced flour of much poorer keeping 
properties than did wheat grown on the black loam (7). The failure to confirm 
these results may be due to the higher than usual protein content of the wheat 
grown on the pod solie loam, but is more likely the result of some other factor 
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associated with the very dry growing conditions under which tht' wht'at was 
produced. 

From the practical point of ,·ipw tll(> rt."~ult~ !-.how that tlour !'ton-d at low 
temperatures maintains its original quality for long: periods, {'Vl~n though tht' 
moisture content does not denh.l.st' with tinll'. Storagt· in sacks, tllt' mo~t 
common method used commen'iaHy, is tIlt." \t'a~\ t'fi"t."t'\\\"t· in pn·~t'ryin'h quality. 
Under conditions u~d in ("'ommt'rciai storage, howt'\·t'r, tIl(' changt~s which 
take place in tilt-' sarkt_~d flour would ht' much s\owt'r than untit'r our condition!". 
Even under tiwst' conditions the quality of tilt' flour wa~ as good as, or hdtt'r 

than, it was at thf' time of milling for at least nint' months tlwreafter. J)urin~:: 

the interval, this flour made lwtler bread tnan that stort'd undt'r either of tht· 
other sets of conditions. Tilt, original impron'l1wnt Rh()\\ II l)y I hi:-> Hour j .. 

characteristic of stored flour :n gent·raJ. 

The acidit\· results show that thi~ oell'fmination is 01 \"('1"\' little valut' ill 
determining ~ither quality, Of degret' of aging, of Rour. T}~t's(' ('ondusj(ln~ 
are in agreement with those rf'portecl t'arlit'r (7). 
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STUDIES IN TREE PHYSIOLOGY 

I. GENERAL INTRODUCTION. WATER CONTENTS OF CERTAIN 
CANADIAN TREES' 

By R. DARNLEY GIBBS2 

Abstract 

I'rC,"iOlIS work b) the author on the water contents of Canadian trees is 
reviewed and followed by a brief discussion of questions yet to be answered. 

In Betula alba t'. papyrifcra, in at least the young parts of B. alba t'. pendula 
laciniata, in B. PoPulifolia. and in several sizes of Populus tremuloides, there is 
a marked seasonal rhythm in water content. The maximum is at leaf opening, 
the minimum at l<:a£ fall. In poplar but not in birch there is a very high water 
content in De{'{'mber. During winter a considcmhlc loss of water may occur. 
A wintcr loss is shown also by the wood of hemlock and larch and by twigs and 
leaves of white pine and hemlock. Losses from leaves are surprisingly small. 

The behaviour of B. populifoUa has been studied for more than three years, 
and differences have been correlated with observations on weather conditions. 
Experimcntal work on movement of water in this species during winter is incon~ 
dusin'. This work continues. 

General Introduction 

It is estimated that of Canada's 3,457,247 square miles of land, 1,254,083 
square miles, or 36.2%, are covered by forest. Not all of this is productive, 
but the Department of the Interior (2) believes that more than 800,000 square 
miles have "merchantable" forest; further classification into forest types is 
still incomplete. 

Extensive data dealing with wastage from fire and other causes and with 
annual increment and cut are available, as might be expected when the 
value of these natural resources is taken into consideration. Forest pathology, 
entomology, and genetics (as in the breeding of new fast-growing trees) are 
coming to the fore and it is, perhaps, true to say that the woods are beginning 
to receive their due share of scientific attention. Very little is known. how­
ever. of the normal Physiology of Canadian trees, and almost any information 
on this subject contributes in some measure to an understanding of the 
problems involved in the efficient utilization of trees. 

It is well known that the effects of fungal and insect pests and of difficult 
climatic and soil conditions upon trees vary in large part with the health of 
the tree. A full knowledge of the behaviour of the normal tree is therefore 
necessary to an intelligent study of the "diseased" individual. This is equally 
true whether the troubles be due to water or salt deficiencies (or excesses), 
to fungaJ or insect predators, OT to excessive cold. 

1 Manuscript recei:fJed April 12, 1939. 
Contribution from the Department of Botany, McGill University. Montreal, Canada, with 

financial assisronce from the Nation&l Research Council of Canada. 
2: Assistant Professor of Botany. McGiU UniversitY. 



The writer's introduction to trt;'{' phy~iol(1:gy wa~ occasiOllt',d ahout 10 years 
ago .by a request from the Canadian Pulp and Paper Association for infor. 
matlOn on the seasonal chang('~ in watt'r ('ot1H'nt of tn't.·~. This wa~ nt~rot'd in 
conne('t~on with f'fforb to limit till' lo~s of lo~~ by sinkaJ.,;t-' during flotation. 
A certam amount of work had ht"t'n doot, ill Europe h~' ILlrtiL! (12-,14). 
!onkel (see Bils~t'n (1) l, (~t'If'711OW (4), and Craih (3). hut the tl.~Utt'!\ Wt'l't' 
mcomple~: and It wa~ doubtful if tlwy could lit' .lpplit·d saft·ly to (\tnaoian 
trees. \\ lth grants from tilt' :\s~ociation and from tilt' !"\atinnal l{(-'st'arch 
Council, many "att'r-conH'nl determinations \\(-'n' made and tlw r("~llib 
published in a st'ries of papt'r!'> \~ (), 11, 16). TIlt' trt-'i.':-IIl\·t'sll!.:i.It(·d indudt." 
paper b~rch (B~tula alba nIr. papyn/era I \Ial":-oh.) Spach. I, a:-;pt'n p;lplar (Populus 
tremulO1des ::\TlChx.), jack pint' (Pinus banksirInll Lamh), whitt' !'pru('(' (Pia.a 
ranadensis (\IilI.) P.S.P.). larch (Larix 'arll in(J (l)u J{(Ji) Klich), and halsam 
fir (Abies balsamea (L) \lil1.), The data. though t'xtt'nsivt" W('fl' in('ompit,It" 

They were adequatt', hmH'Vt'r, to [{'\'pal the following fact~. 

a. In the case of papt'r hirch ilnd poplar thert' i!'> a spring ma.;\imum (If wah'r 
content whf'n tht-' trt't's art' pranically full of W<\I.\'r. Th\s I'o\nc\dt;'~ with \lw 
swelling and breaking of t ht, buus. 

b. Following leaf opening thprt' i~ a rapid dt'(Teast' in watl'r ('ontt'nt, which 
continues until August or S(·IHemlwr. This [I,d un's lht, amount of waIN in 
the tree to little more than half the ~prillg \';ilut'. 

c. After leaf fall the "\\at('r ('oUH'nl rt!"w!'. The illcrt'ast' i:-. rapid in poplar 
and proct'f'ds until, at about tilt, tond of tht, yt'ar, the tret' is again practi('ally 
fun of v.ate-r. In biTch, on 1111:'" other hand, tht:' incH'a:.w \'i> mm.'h ';-'oma\\t.'r and 
the tree fills only partially ,,·ith ,,'ater during tilt' autumn (i, Fig!"i, 4 and 8), 

d. There was somt' slight indication of a decrease in water ('ontent during 
the depth of winter. Ff'w figures wert' obtaint'd from this pt~riod, howt'vpr, 
50 little definiie information as to amount of winter·drying- couln 1)(-' giv(·n. 

e. The distribution of wat.er in birch and poplar is cOnsisif'llt with tIlt> 
tension hypothesis of the ascent of sap. Thif.. is supportt,d by values for 
borings at different heights in the tref' (8, Tab\e I). Furtht'"r support is given 
by the water contents at diffenont heighh of indi\'idual year·ring~ in birch, 

poplar, larch. and spruce (8, Fig. 1). 
1. In the softwoods examined (jack pint", whitt' spruce, halsam fir) theft' is 

little evidence of seasonal chan.ge (7, Tables V- VII). 

g. The heartwoods of jack pine and spruce are consistently dry, having 
practically no free water at any time. The heartwood of balsam fir, on the 
other hand, contains wet patches which may contain more water than the 

sapwood. 
k. Girdling, as a means of reducing water content, is effective only if a 

complete ring of sapwood be rEmoved. This is not possible in the case of 
birch and poplar. In the first the whole wood is functional: in the second the 
sapwood is so wide that all except the very lar.gest of ~irdled trees would be 
unstable. Large spruce and hal sam may be gIrdled WIth success. The wet 



462 CANADJA.'" JOCRl"Ai. OF RESE.4.RClI. rOL. 17, _<·;EC. C. 

palcht's of the heartwood in girdled balsam, however, do not dry out (at least 
not in a singlt> season). It was concluded from this that they do not function 
as watn r('S{·rvoirs. Further inv("stigation of these patches is planned. 

i. Supt'rimposl'd upon the seasonal rhythm is a daily fluctuation, at least 
in f'ummt'r (7, pp. 744--6). This Huctuation appears to be relatively small. 
It is not known for c{'rtain whether then> is any replacemf'nt of broken water 
columns during tht'sP diurnal cycles, hut probably only t:'nough water torelien> 
tension enters thp plant during each period of ft:'duced transpiration. Diurnal 
rycles in diamet ral changes in trees art' well known and haye recently been 
ctiscll5st'd in df'taii by ::\Jacl)ougai (15). Yer:y little has been done to correlatt' 
the~e with changps in walpr contenl, however, though lh(:'y are no doubt 
\"t'ry clos(-'1y c(lrn·latt'd. 

j. The heha\'iour of thl' lfC(' ma~ \'ary considf>rably from year to year 
(i. Fig. 4). 

Enough has \W(,l1 :-.aid to shO\\' that whilt' the major ('hanges in water 
content of a ft'w Canadian tn'ps ar(-' now fairly well known, there are many 
points that require furl1wr investigation and still others that hayt' not re('eiYed 
attention at alf. A. brit>f discussion of some of these is in order. 

(1. Do hardwoods other than paper birch and aspen poplar show a similar 
~('asonal rhythm? ]\Jay ,,'{' assume- that all hardwoods aff' alike in the genera! 
pat tern of their hehayiour? Are the diffe-H'nct:'s bet\yeen paper birch and aspen 
poplar generir, i.e., do all species of poplar fill completely with water in the 
fall and do all specie:.; of birch fill only partially during the same period? 

b. Do all soft woods lwha .... t' like those mentioned ahove or are some like the 
hardwoods in their l)f'hayiour? Larch, with ib deciduous habit, should bf' a 
particularly inten'sting tree in this respect. 

(. \-\7hat is {he extreme range in behaviour of a single type under varying 
conditions? This is obviously of the greatest interest for an understanding 
of "test" years of drought and of e-xtre-me cold. for example. It should con~ 
tribute, too, to our knowledge of the factors determining the climatic and 
geogTaphic rangt:'s of species. It can help us to distinguish between "abnormal" 
hehaviour, which is due to disease or damage, and the "normal" reaction of 
the tree to weatht"r and other conditions. \Yhen injury does occur it may 
help us to fix th(;" blame and to guard against future damage. 

d. How complete is winter rest? Is there any movement of water into 
and through the tree during the winter? Some investigators seem to believe 
that there is. The question can be settled without serious difficulty. How 
much water is lost from the exposed parts of t~ees during winter? Is this 
(under Quebec conditions) ever dangerously great? Is there any actual 
shortage of water in summer, 1·.e., will irrigated trees behave like those receiving 
no artificia1 supply? These questions will be answered if Question c be 
answered, 

e. In the case of trees su~h as aspen poplar and balsam fir, which contain 
a varying amount of free water in the hear~wOod, is there at any time a utiliza-
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tion of that water? One is t{'mpted to concludt· from work already carried 
out that the answer to thi~ question is a flat negativt', hut the fact i!"i that 
our information is still too incomplete to warrant su('h a S\\,{'t'ping as5t'rtion, 
It is relevant to note, in this connt'ction, that in tn"t'~ su('h as jack pine and 
white sprUCl>, which have no frf:t~ water in the ht'art\\'ood, the w<..th·r mu~1 
have been removed in the transition from sapwood to ht·artwood. 

f, Do young and old trft's of the sanll' spccit's lx·han' similarly? 

g, So far only the water {'conomv of tilt' tn>e has bt:'t>n considl·n·d, "that of 
other aspects of tree phy;;.ioiogy-? \\'hat foodstuff:- are ::;tort'{l and what 
seasonal rhanges in tht'tit> occur? A treInt'ndous amount of work ha:-; h(,{>11 
carried out elsewhere on a grt'<1t variety (If tn>ps, but many points art' :-,Iill 
unsettled and there is much to bt' done hdon' we ~hall hay£, anything- likt, a 
complete picture of the lwhaviour of ("anadian t ret's, 

In this and in suhsequent papers of this ~'ri('s (OlH' of whieh is in nmrs(' of 
preparation) it is hoped to an~w('r a ft'w of thp qUI;':-tions posed above, It 
is hardly necessary to point out the practical intt'ft'st of su('h information. for 
almost any fact about treE' physiology is likt'ly to ha.ve a practical valut,. 

Water Contents of Certain Canadian Trees 
I"\TROl)VCTH):\ 

The work reported in th(· present paper deals with detE'rminalions of water 
contents, Some of these make mon~ compit'H' th(' record for tf(~{'S alft'ady 
studied; others extend investigation to TIf'\'" species, :\10st observations deal 
with the wood, but some few apply also to buds and to leaves. As in previous 
work, oven-drying at 100 to 1050 C, has been used, and figurt's an~ expre:-;sed 
as a percentage based on dry weight. In all catit'S weig-hing of freshly cut 
pieces was carried out in the field, or samples W('fe placed in weight'd. ruhber­
stoppered vials and weighed on return to the laboratory. It was felt that 
considerable error might result from oven-drying of coniferous woods and 
leaves and this has been checked by tetrachloroethylene distillation (10). 
Except in one or two cases, which are mentioned bt'iow, the errors involv{'d 
were found to be negligible. 

1. PAPER BIRCH (Betula alba var. papyrifera (:'.lar.h.) Spach.) 

Figures previously reported (7) for this tree are incomplete, one of the 
worst gaps in the record occurring in the period of winter "rest", ~.rith a 
view to filling this gap, a number of determinations were made in the spring 
of 1937 on trees cut on the Price Bros. limits, 40 miles north of Chicoutimi 
and from the same stand as those used in 1929~31 (7). 

The results are given, together with the earlier ones, in Figs. 1 and 5 and 

in Table VI. 
It is clear that there is a distinct, but not large, loss of water from paper 

birch between December and April and that this is most marked in the 
upper, smaller parts of the tree. The figures obtained on May 20, 1937, are 
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FIG. 1. Waler contents of paper birch (toP) and aspen poplar (middle) from the Price 
Bros. limits and of aspen poplar (bottom) from Su. An.ne de Bellct.'ue. Results arc for discs 
from "tops" (dots), "middles" (circles), and "bUllS" (squares). Figures obtained in 1937 
arc indicated b)' '7. The cun.'cs for asPen poplar from Ste. Anne de Bellevue are averages for 
three sizes oflrrt' (Table I). 

at first sight mOst surprising, the average values (six trees) for "top", "middle", 
and "butt" being 89, 92, and 91%. When these were taken small patches of 
snow still remained in sheltered places, but the buds were just opening and 
four of the six trees bled profusely. Evidently these trees were not by any 
means full of water (they can hold 135% at saturation) although cut at just 
the time when saturation would be expected. It is almost certain that this 
indicates a condition like that shown by field birch at Ste. Anne de Bellevue 
in the same Yf'ar (see below and Fig. 3), an extremely interesting point and 
one that should be checked by further work. 

2. WHITE BIRCH VARIETY (Betula alba var. pemJula laciniata?) 

Analyses of buds, ultimate twigs and penultimate twigs from a single isolated 
specimen of this ornamental birch gro\ving on the 1\.1 cGill campus were made 
between December 1935 and November 1936 (Fig. 2). The analyses of penul­
timate twigs aTe for wood only and so are directly comparable with those for 
"tops" of paper birch and field birch. In the winter 1935-6, penultimate 
twigs apparently lost no water or the water was replaced from the older 
parts of the tree. From mid-March until the end of April a rapid increase in 
water content occurred, and it is safe to say that at the end of this period the 
wood was completely filled (the figures are somewhat ab()'ll' the average maxi­
mum possible water content for wood of paper birch). This coincides with 
a similar high figure for tops of field birch in the same year. A rapid decrease 
in water content followed 'until September, then an increase to an inter­
mediate value. This is very like the behaviour Df the other bircbes, 
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FIG,.2. lVh,ite birch variety: ,l't'asotl~l chanj!r.' w wattr coninlt t'/ I'uds ((fours), wood (If 
penulhmale twigs (dots), and t1Jtire tlltunatr tu'igs (Iria1lgll.".I!, durmg J1)35-(1. 

The figures for ultimate twigs (very ~It'ndt,r' and pendulous in this trpt') 

are for the "'hole twig, including cortex, but l'"xrluding buds. Ht'f(' there i!'. a 
slight drop in water content during- the winter, an increase to a maximum in 
mid-l\lay, a decrease between then and September and a slight rist> in til(' fall. 

The ultimate twigs have, of course, become penultimate by that timt'. 
Buds from these shoots lose water in 'winter (and t,his \oss may in ~ome cases, 

perhaps, be very serious), then show a rapid g:ain until at time of oPf'nin~ they 

hav{' as much water as the wood of penuitimatP twigs. 

3, A~PE-S POPLAR (Populus lremuloides :\tichx.) 

As in th~ case of paper birch an effort has been made to 5upplemen t the 
figures obtained for large trees in 1929-31. The r{'~mlts are summariz(_.-d in 
Figs. 1 and 5 and in Ta.ble \'1. Here, too, there is a marked drop in water 
content between December and April. It is murt rapid than in birch and 
this is in line with the observations on evaporation from the surfaces of the 
two trees (8, Table II). The figures obtained on "'lay 20,1937, are low, but 
this may really represent in part a rapid fall in water content foHowing leaf 
opening, for poplar (which is a\ways a little ahead of birch) was just in leaf 

at this time. 
In addition to determinations of water contents in these old trees, a large 

number of measurements have been made during 1935-8 on trees of three­
different ages, on the Island of :YlontreaL These were all young trees, the 
oldest have a D.B.H. of 2 to 4 in., the next younger a D.B.H. of I to t! in., 
and the youngest (which were almost unbranched) a diameter at the butt of 
about an inch. It was hoped that these investigations wou\d give us some 
idea of the effects of age upon the water economy of the tree, but aspen is 
perhaps an unfortunate choice for this. Its water content is found to be 
extremely variable, and an enormous number of determinations would be 
necessary before any detailed conclusions could be drawn. The results are 

summarized in Tables I and VI and in Figs. I and 5. 
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TABLE I 

WATER CONTENTS OF WOOD OF Populus JremuloiJes AT STE. ANNE DE BELLEVUE, 
1935-8 

Year \ Averages 

Month a~r t~':ert V.!·~l·: e..~.ri~: ~~,a\ ~~:t ! t~~~; f~ 
~~~ _____ . ___ I_ .. ___ ._. __ I~~~ ___ ~~ ____ ~rentheses) 
Ja.nuary Yea.r I 1936 /1936 1937 1936 1937 

T* I - ,- 103 -- 99 101 (6) 
T I 110 ! 119 135 123 11i I 119 (15) 

, M I 164 I 141 155 153 1.17! 152 (15) 

~~--I_-B--i- __ ~ __ I_l~S___l_::__I _ _12_S____~I_l_:l9 (15~ 
February I Year i 1936 I 193() i 

I ~1 I :~~ i :;~ i 
----__Il--1 143 136 I II 

March I Year , 1936 1936 1936 1936 
I ~ I 
i T i 86 I 119 I 107 104 
I ~1' 132 : 140 '[ 135 122 

109 (6) 
149 (6) 
140 (6) 

104 (12) 
134 (12) 
126 (12) ____ I __ B __ II ___ I_IO __ I ___ _l~ __ 127 128 I 

April Year 1936 1936 I 1936 I 1936 

IT' 97 118 ,I 115 ' 11.1 112 (12) 
:VI 136 143 151 143 145 (12) 

B 122
1936

129 I---l~:: -1;:: ___ rll,__1~_<1_2~_ 
May 

June 

September 

October 

Year 

T 
M 
Il 

Year 

T 
M 
B 

Year 

T* 
T 
1\1 
B 

Year 

T* 
T 
M 
B 

112 131 10i 
86 129 11i 

! 75 I 125 I 104 I 
I~~~-I~~~II~ 1936 

129 128 132 126 118 

I 90 120 130 123 1061 I 68 102 98 I 109 91 

I 1936 1936! 1936 

I 78 78: 84 I 

' '"~ !::~ '"~ ~,% ;1

1 

''E F;.~ 
!O3 118 !O3 74 114 
98 126 111 79 111 124 
71 93 90 72 92 106 

117 (9) 
111 (9) 
101 (9) 

127 (15) 
110 (15) 

89 (15) 

80 (9) 
90 (9) 
87 (9) 
74 (9) 

94 (15) 
102 (18) 
108 (18) 

87 (18) 

T* = Ultimate twigs, T = "top", M = "middle", and B = "butt" as -us~al. Three tree-
in each group. ~ 



TABLE t- Cmulutkd 

"VATER COXTENT!" OF WOOD OF Populus Irrmuim'tks AT Sn: ASSI·; UFo BEl.LF:\"{,R, 

1935-8 -("",.dutkd 

=~===;==c==o~~==~= 

Year D.Il.!L. 1>. at butt A\,t·r.l~ 

::\1onth and part P.IUL, 
I iu. (!';u.ol 

of tree 2-4 in, 1 II ill. 
ia, 

tn'j'S ill 
pan'llthct\ot'l» 

November Year ]93.s lQ3,s lQ3() tlJ31' 
, 

1()3() 1')3.s 

T* 10':; IU lO(J ((J) 
T /-is 106 131 ~Q 11S Ill. lOS (\» 

"I <)9 141 14-.s 111 141 113 119 (18) 
B 89 lIB ISO 

__ 1 ___ Ub Ui {If) IlB 11") 

December Year 193.5 11),;(J 11)3K lQJ.s 193K 193K 
T* 99 ()(} 1.\) 
T 115 109 103 lib 101 \02 JO.s (") 

"I 141 121 14() U.s 110 l.V) ! 133 (IX) 
B 12i 115 125 12-1 (Ill 127 119 (1'1 

T* = l'ltirnafe t'Wi~s, T = "top", ;\1 = "middll", and F = "hUll '//~ usual, Thrrr !rus 
ill each [!.roup. 

As in tht· cast' of the larger trt't·~, tht·[t' i!-> a rapid and ('omplt't{· refilling 
of the functional wood in th~· autumn. During tilt' period lanuarv-:\Ltrch 
there is some loss of water from the f;':...po~t'd parb of tht' tn't·: but th'is is sur­
prisingly small, particularly in the smallf'st trt't·f", It is difficult to undt'r­
stand this. There is an upswing in water content ju~t befort, It'af opening, 
and it is noteworthy that the curvp for "top" (2-yt'ar-old twigs in thest' tn'es) 
lags behind those for "hutt" and "middlt .. ", continuing to ribe until lum', 
The significance of this will be discussed in a latt'r section. Th{'f(' is a m;rkl·d 
fall in \\'ater contpnt during thp summer to a low \"a\ut' in St'ptemlwr (no figurt·,_, 
are available for July and August). 

The results, then, are not very different frum those for tht' larger trc('s, and 

it is possible to say that after making some- allowance for the heartwood in 
the older trees (it is never very p"\:tpnsive in poplar), the size of the tn'(' has 
little effect on water content. 

4. FIELD BIRCH (Betula populi folia \Jarsh.) 

One of the major difficulties in work of this nature is to ohtain unlimited 
supplies of suitable trees in a convenient location. Through the kindness 
of Mr. Cleveland Morgan it has been possible to cut about 250 trees of this 
species from a very uniform stand at Ste. Anne de Bellevue, al:_>out 20 miles 
from l\"lontreal. These trees average 15 to 20 ft. in height and 2 to 4 in. 
D.B.H. The tremendous importance of this accessibility will be realized when 
it is remembered that not a few of these trees have been cut under appalling 
conditions in sub-zero weather. Skis and snowshoes have been used on some 

occasions. 
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1 t is hoped to continue work on field birch for several years in order to get 
as complete a picture as possible of the effects of environmental conditions 
upon water economy and to provide a "normal" basis for experimental work. 
Investigation of this species was started in November 1935 and is stH\ (~1arch, 
1939) in progrf'Ss. The results to dat€' are summarized in Tables II and VI 
and in Figs. 3 and 5. 
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FiG. 3. Water contents of field birch. 1935-9. Results are for "top" (dots), "middle" 
(circles) and "butt" (squares). The arnr.vs represent times at which soil thawed at a depth of 
4 in. (see text and Fig. 4). 

Let us consider the general picture as presented by the curve averaging 
the results for this period, 

The water content at the end of the year is about 80% for the whole tree 
and is not very different in samples from butt, middle, and top. This value 
is almost exactly the same as that for paper birch at the same time. There is 
a slow decrease in water content throughout the winter to a low value in 
mid-March of about 70% for the whole tree. The top is distinctly drier than 
the butt and middle at this time. A rapid filling of the tree follows, the top 
lagging somewhat, and on the average, the tree reaches a maximum water 
content of a little over 100% at the end of April. It is not completely full, 
however. From the time of leaf opening (the first week of May) a rapid decrease 
in water occurs, reaching a minimum of about 60% in September, It will be 
seen that the top again Iags;retaining its maximum water content~just below 
100%-for two months. At first sight this would seem to be evidence against 
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TABLE 11 

WATER COIliTE.. .... TS OF WOOD OF Bt'fula populifolia .n STE. A .. 1OfNE DE BELLEn:s, 1935-'> 

Date 

Jan. 1-15 71 OM 
I'll (1.~J 

n (lU) 

Jan.. 16-.11 T i'J (6) 

"0(6) 
1'/((.) 

I 
I III 71 ('1) 

F.-b. 16-28 

,-' 7J ('1) 

-.~\ -~~-.. -- I--~() _I.~~-
oJ 1'1) !. 72 (4) I 67 (16) 
Kol(!J) 711(41 7b(It>, 

i 72 (4) i is (U,) 

7~ .(~) 7.1 (II) 
/.1 74(5) 71 (1) 

.-.-~-- ---, 

1-15 ! 

" 
----i~~--,-

7> 15) I t.7 fll) 

?lIar. 16-31 72 (h) 6(1 ((,1 62 (15) 

----I_i'_1 __ = ___ ~~ :~ __ '"_I_:_~ ~~:; __ 1 ___ ._11 ... __ ._~~ ~~~~_ 
\pnl 1 15 I T ~ 85 (6) I ~, I 56 (6) I I or. (15) 

I }.f , 9(,1(6) i SCI i HI (('J I 7'1(15) 

___ . __ , __ B . ___ I._._. _____ !~I ___ ~r ___ ~_~i __ ~.I~·~~:._ 
~pril 16-3() I T ~ - i 104 ((I) I, (,I' (0) : !IS (9) I" i M (2]) 

),1 ! - : 11)(6) i 75 (ol! 111 (9) \10CJ(21J 
! B : -- i 1201(,) I M (0) i. liS (I)) lOll UI) 

~~~I--.T-'-----I~i-i\:--i.--"·~-I---- -9~ 
:\J I - 125 (6) I' 'I, I 102 (()): 107 (IS) 

I 
B I -- I 122 (6) I 95 1 '}{, (,6) i I 104 (15) 

-----'--1' • 1 I 
:'Iar 16--31 T I _. . 105 ,.1 fll) I 9J I 9(, (9) 

I M -: -- : 93 i 90 I 92 (6) 

______ B ___ -__ i~_i~_1 95 I .~~ 
June 1-15 T _- j 46 I 87 I 104 I I 96 (9) 

" ! _ I 9] 1 "I 77 I 85 (9) 
B I - i 84 67 I 68 . 13 (9) 

June 16--30 --T-I-----i--,,--i~-98-1--IO-2--I---I~ 

~r I = II ~ I ~ 71 'I ~; ;~; 

~ITI-----I~II 1~! I ~i I ;: ~:.; 
B I I 66 10 65 61 (9) 

;Iy 16--31 T I II I 901 62
1 

76 {6, 

1 M 1 ~ ~ I :; i:~ 
Values are averages for 3 trees except where otherwise indicated in parentheses. 

1 Obtained by J. H. Whyte and D. Siminovitch. 
s Obt4ined by D. Siminovitch. 
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TABLE ll-Conclutkd 

WATEJI. CONTENTS O}.' WOOD OF Betula P~r:::!cY:::f:d AT STE. AN?>."E DE BELLEVUE, 1935-9-

. I Part of i ~. Year I 
___ ~ __ l:~__::_I=~~!-~~I-~~-II~!,i-~ .\\'erage 

I . : 1 • ' 

Sept 1-15 IT! - : -- I ;S : Sit I 66 (Ii) 

i M I _. i -- 1 6~ , 5,1 -'9 (6) . __ .. · ___ ·I_H_·_. __ -__ I __ =-_; __ '_' __ ! __ 5J __ I ___ I~_ 
~('pt. 16- 30, T I' -- : 68 : - I 69! I 69 \6) 

I ~[ I = I ~~ I = ! ~~: I ~~ ~~; 
-----1--,---1-_··---:--1--,--

Oce 1- IS,' T " - {01 IJ il (6) I 75 Ii 6Q (12, 
! ~I , - '64 71 (6) 72 I 69 (12) ___ I_B_i_-_I_59_:~ __ 55_j __ I~ 

Oct. i(>-.)l I T i _._ 73 I 6i 80 I ,3 (Qj 

\ :-'1 ! - 75 77 83 I ,8(9) 
I II I -- 60 68 69 i 60(9) 

=-~-~~-1--'--II--_-'-I'--76--i--69------;:--,-~--r~ 
I \1 - 77 I' 76 81 I I 78 (91 

______ I __ ~ __ -____ 8_4 ____ 6_9 ____ '_I __ I ____ ~ 

NO' 16 30 i T I - ! - I 71 16) 80 I i '6 (9) 

I ~f I = =- I ~! i:~ ;; I ,=~ ~~; 
----~---,--- -------- --------,----

Dec 1 IS I T I SO I' 74 I 6S 76 I I ,5 (12) 

I 
~[ I 80 84 85 80 I 82 (12) _______ B_I __ '_8 __ I __ 86 __ i __ 7_' __ 1 __ '0 __ 1 ____ ~~ 

Dt·c 16-H 'II T , - I - I M I 83 i 1
1

'4 (6) 
~t - - I 81 84 /'13 (61 

B I I 82 I 82 82 16 

Values are averages for 3 trees except where otherw.zse indicated in parentheses, 
I Obtained by J, H. TFhyle and D. Simin01.>itch. 
~ Obtained by D. Siminwitch. 

the existence of continuous water columns from butt to top, but an investiga­
tion of distribution in the tree suggests that this is misleading, More detailed 
work is desirable, but a few determinations indicate that the outer parts of the 
butt (which are in direct connection with the wood at the top of the tree) have 
about the same water content as the top. Thus on July 4, 1938, the average 
water content at the tops of three trees was 93%. the value for the outer wood 
at the butt was 85%. The average for the whole butt, however, was only 65%, 
the distribution from outside to centre being as follows: 85, 55, 62, 64,68%. 
It will be remembered that the tops of the small poplars showed a similar lag 
(Fig. 1). The outer sapwood of hemlock, too, has a high water content at 
the end of June (Fig. 6). 'From September until about the end of the year 
there.is a steady increase in water content to- about 80%. 



(;lBlh STCDU.' IS TRU: I'HrSIOI.()(;I. T. 

The behaviour, thf'n, is ,"pry much as in papt'r hin:h; a dt·pl(·tion of watt'r 
content in \"inter (v,;hen uptake is hindered) and in summt'r (wht'n tht.· tn·t· 
is in leaf), a refillinr:: (which may he incomplett') in April and in autumn. Thj~ 
is likely, one feels, to he a gt'neral pictun' for hardwood:-. 

Han' other in\'t'~tigat()rs found ~imiLlT figurt·s.~ TIlt' work of Harli,1.! 
(12-14), Tonk( .. ! (see Bi.i~gt·n (1) \. dnd (~elt'7n()W (4) i~ Iwt ~l1ffl("it'ntly com­
plete to mah' comparison easy. C;t·!t-.I.Tlo",'f; figun's, t'specially. art' difficul! 
to reconcile with our OWI1. Hl' I.!i\"{·s one valul' ({'xpn'!"'~('d on a frpsh \n .. ight 
basis) for Betula alha nt'ar \Iosco", which corrt'!-'pollds wilh a dry w\'ight 
fig-ure of about 2R.1';. This might lit' a possible fil..;urt, for hal~all1 flf, but it 
is about doubll' the possiblt, maximum rOT l.irch. and pm' woml('r~ if his olht'T 

figures art' rt'iiahk. Tonkt'!':-' \\ork is mort' in lint' with our own, hut lH' 
apparently gin'", 110 tlgur('~ for thl' f)t'riod ),larch-JUlW ami so mi~~('~ tht, 
spring maximum. Hartig's h),:UfI'''' ,1ft· (airl~' complete. I f~· J't'(,ords a ma:-.i­
mum of about 100'{ for birch al tht' ('IHi of :\Iarch. a minimum of about 75('; 
in SeptemiJf:'r and a yalut, of around R:;r'{ in the middle of winlt'r lSI't· 7, Fi.l!:. 4). 

Let us C'onsidt'r ne:x:t thp rpsuits for indi"iJl1al \"('al';-'. ]n the win!I'r (If 
193.1-6 tht'rf' was a slight but ~tt'ad\' fall in wall'r (:()J1lt'llt until ahout mid­
i\larC"h; in 1936 ...... 7 simil~lr trPl'S (\\-ilh 'ailfltll Iht, samt' watl'r {"(lnlt'nt in Novt'm­
lwr) lost about tht' same amount of water by mid-\Jarch hut contil1llt'd to 
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lose water until almost mid-April, ,,,'hile in 1937-8 the trees lost water only 
in their \l.pper parts, the 'water content of butts and middles remaining at 
about 80% (the usual year-end value) until the end of March. During the 
present winter results st'E'm unusually irregular but the figures suggest a 
slight loss to date (March 8). Can tht'se differing behaviours be explained? 

Fairly complete metporological data are available (Table IV) from 1\JcGill 
Observatory and St. Hubert Airport. In addition, soil temperatures at 4 and 
8 in. havE' heen rpcoroE'o at Stt'. Anne de Belleyue (Fig. 4), Soil temppratures 

TABLE III 

1'1iEKOl.O(,K.\L .-\XI) OTHER ll\T.\ 

Maple sap flow at Sh' .. \nne (\" I 

Bellt'vue 

Thawing of soil at 4 in. 
Thawing of suil at " lll. 

Earliest maplc in tlow('r 

Field birch hil'cding 

Field birch catkins expanded 
Fjeld hirch catkins dehisdng 

Bark of field birch slipping:----­
At top 

i ""' 
! Mar. 

Rt'lllarks 

)Olar .H 

:\1<1r.1)o1-24 : I ~ll'Gil1 Ohl'('ntHwry. 

.--:-----~. -~---,---- -.-~----

20: April (! i ~lar. 2; ~Iacdonald College, 
23 .\pnllJ r ).Iar. 21,) Ste .. ·\nn(' de Be!\t'-

! \'U(', Fig. 4. 

: Fig. 3. 

i ·Stul1lpsofcuttret"o. 



in 1935-6 and in 1Q37-8 \\'(>rt' ~{'IH"ral1y high, rt'mainin~ at or a littlt' abo\'t' 
0° C. for much of the timt'. D{'finitt:' incrt'<l."t's and daily thlt:luations in soit 
temperatures, representing thawin~ at 4 and ~ in., (}(Turn~d bt·twf·tm March 20 
and 23 in 1936 and ~Iar('h 27 and 2() in 1<)3~. Tht'~' datt·~ corrt'spond vt'ry 
closely " .. ·jth the first in('rt'a5t'~ in watt'r nHltt~nt rt'('ord{'d in th(l~' ),t'ars 
(Table III). It is otn·ious. tht'fl~fort'. that ~onlt"thing {ltJH'r than soil t(·m· 
perature i:; rt:'sponsible for 1 he different hehayiours of tht, tret's during tht·Sf:· 
two wintf'rs. In lQ37, soil tt'mperatufes wert' VtTy low from ('arly 1l('lTmllt'f 

until late l\Iarch. and the soil finally thawt'd at 4 and ~ in, hPlwt't'Tl April (1 and (). 
This was reflected in the bt'ha\'io~r of fidd hirch, for in this year all flart~ of 
the tref'S lost water until almost mid·April. During tht, pn':'l'tlt winter, ~nil 

TABLE 1\ 

AIlSTRAL'T OF METl·;OROl.O{.ll \1. 1")'\1',\ 

_'_'b,_"cr_v_at_iOl_"___ )10~~ ! __ ._ 

)'1ean temp. (OF.) for month, aw! 
range of daily m('ans (in paren· 
theses) (M('Giit Observaton;\ 

Relative humidity (\Il'Gitl 
Observatory) 

Rain (in.) 
Snow (in,) 
Rain and melt&.. :;mow ,ill.} 

(McGill Observatory) 

I-J t" .IS) 

I Dcc. 
Jan 

: Feb. 
I ~lar. 

" 

2' 
15 

13 

1.(> OS 

".! (> l~ (), tX 1 5 1 

!~~I~~'-,-------:-----,-------

i ~Iar.! I:: 2 ; 3~ ; t~ 4 i 

I ! 7.3 J.'i .
17

1 1_ ~~~_ 
-p-e_-tag-'-PO-~-ib-I'-'-"n-'b-in-,--r-;:~-i 24 25 i~ \ 

(McGill Observatory) I Jan. i 26 I 27 34 I 
I Feb. I 46 i 3,J 37 I 
I M~" 30 , 'i-~~-

-M-=-v-,'-. -O'-W-in-d-'-m-il,-,-pe-,--:h-'.:-) i~i---~l:~ !~ 11 

(St Hubert Aieport. Que) I ~~; \ :~ I:: II 

21 
30 

" 
!3 
14 
16 



temperatun's have been low after a very mild Decemher. This record is 
incomplete at the time of writing. 

Let ut.; eonsidt-'r for a IDOffit'nt thf' question of movement of water into and 
through the tree during the winter months, for this might explain the data 
ohtained. It is certain that the trees inn:'stigated are frozen for a part of 
the time, but it is also a matter of observation that they thaw during mild 
whIther, eVf'n when the air temperature is somewhat below freezing point. 
It is quire possiblt' that a slow movement of 'vater through the tree can take 
place under thpse conditions, but can water enter the tree~ 

This question cannot yet Iw answered with certainty, but a few experi­
mental results (summarizt'd ill Table \T) may be considered here. 

()o January 16. 1 ()37, .'in'eral small brancht's were ('ut from trees of field 
birch at Ste. Annc d(~ Bt-'llcyue anJ analyzed. Entire ultimate twigs of these 
(i.r .. those fonnt'a the pn""jous summer) had 73~'o of W.::lief, ,,,hile the penul-

TABLE \-

\\. \TER ('o:\"n~:,{TS OF .\MPrTATED 1'.\1{TS OF FIELD BIRCH 

, , 1 

::~~\1;;: tr~l~\;~\:~: ~:~::'n ! Jlel~~:i~~'ate! u~:::~e I Remarks 

. ___ . __________ .~:~~l twig i _____ _ 
S .. \. 374, Jail. 1tl, I 1-.·.1('5.hl,- cut hranehc~. Jan 16 : 75 1 73 1 Th.erewasn~recorderl 

and S.A. 37 1\ I--·---~---·--,-·--------- lIIcrease III water 
),thr.2'1. I Sllllllar br.:m<:hes. CUt Jan. 16, ldt i I ! content of the trees I tied to trecs until 11;1.r. 29. thcl1 JK I .'; : as a whole until 

: analyzed. .~i ____ I _____ .1 ~~t:;A:rril~~~~: 

_______ 1 Fr('~hly ("ut hrall("hc~: ;"1:.Ir. 2'J ._!._~~II __ 6_; __ i :~n~:dru~n~~r~'ralJT 
S.A. 37.7, Feb, 13, I' Fn'S.lllY rut branciJes. Fel,. 1.'1 I 63 72 II' 

.. ncl S.A. 37.13, ,~-------------------

)'1,tr.2'L 1 sil~:r~r:::!l~~~tt:~~ra~~~~~~:l~~ I 47 \ 47 ! 

I ,0,1,.,,0. j -~I 
Freshly cut branches. Mar. 29 I 54 67 -----1---'-------1 Buct I Butt' Midd1, Top ,------

S .. \.. 387, Feb. 26 i Freshly cut trC('S ,6) Fell. 26 !~--=---8-3 ---61- ICutmidway between 
and S.A. 38.12. I ! ,---- butt and middle. 
April L I Tree~ (3) cut Feb. 26, left guyed I' 

S.A. 39.2, Jan. 11, 
S.A. 39.3, Jan. 
14, and S.A. 39.9 
Mar. 8. 

in position on stump until April 59 68 55 tHigh values prob-
, 1. then analyzed., ably partly due to 
I-----------j---I-------- spring increase. See 

Freshly cut trees (3), April 1 82' 

Freshly cut trees, Jan. 11 l3) and 
14 (2). 81' 

Trees cut Jan. 11 (3) and 14 (2), 
left guyed in position on stump 
until Mar. 8, then analyzed. 

Freshly cut trees (5). Mar. 8 74 

;. 

75 

73' 55 text. 

81 75 
3II'cludes butt values 

of trees cut and 
guyed. 

76 71 Cut ends painted and 
wrapped in rubber. 

74 72 
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timate twigs had 75~;. Exactl~' similar bratlcht'f; Wf're cut at tht> same timt', 
their ends were paintro and tightly wrappt-d in ruhbt'r, and th('y we'n' Ihen 
tied to the trees in the position~ they had occupied. TPH Wt·t,k~ lain \on 
March 29) they were analyz('d. as wert· freshh' cut "control" hrandws. Tht'v 
we,re foun~ to contain 37 e; and 3W ( of wil'lt'r in ultimate and pt·nultimat~. 
tWigs. whIle thf' "('ontro\o5" had ()7("( and Si("~ rt':->llt·cti\'t,ly. :\ sf.'l'<md st·t 

was treated similarly from Ft·h. 13 until \Iarch 2<). In Ihi!'> caSt', 100, tht· 
detached twigs had 100H'r watpr contt'nls than thust' !"till attacht'ti to tht' 
tree (47C;~ and 47r~ ag-ainst 67('; and S .. V~ J. It \\nuld Sl't'm froIll this that 
water had moved into the altached twigs. but this may han" happl'lu'd jUf't 
prior to i\Iarch 29. though it should lit empha~i.lt'{l I hat no in('ft'as(' in 
water COIItent of the tn'es as a whole was n'gislt'wd until after April 11. 

A similar experiment was carrit'd out in t93S, hut ill thi~ l'a~e wlwlt' tn't's 
were cut. the ends sealt'd and the trt>t·~ guyt,d in their original pllsiti(ln~. 

They were cut on Fehruary 26 and analyz('d on April 1. This l'xI)(>ritTlt'nt 
,vas inconclusin' as the control tre('~ cut on April 1 w{'n' already lakin.1.": up 
water. However, it is clear that tht' tops of the detadH'd tret's W('rt· no 
drier than those of the controls, which prohably had received none of tht' 
water taken up from the ~oil in th(- ft'w days prior to cntting. 

In the present year a furtht'r f'xperimenl with cut trPt':. gilvt' \'('ry uniform 
results, thp water content:, (If Ihn·t· t rt>t','" ClIt on Jan. 11, ~iJld t"HJ on Jan. 14, and 
left guyed in position until \Iarch 8 bping almost ('",actly tht' same as tho:-.t· of 
attached trees freshly cut on \Iarch~. Here tfWrt· i~ absolutely no ('vidt'nn' 
of movement into the control trees; but on the other hand thert' ha~ iwt'll 

remarkably little loss either from detached ()r from attadwd tn-'t·!; during tht· 
seven w(--'eks of almost continuously cold we<lthN. It is obvious that a much 
more extended series of experiment~ is net'dt'd, and these are plannt·d for tht, 
next winter. 

Are some of the differences in winter hehaviour of field birch t () he at trihutt·d 
to differing- rates of evaporation during the wintt'rs studipd? Apparently no 
agency measures evaporation during the winter. ~o no comparative figun's are 
available. A consideration of tht' meteorological data given in Table IV 
permits of no very df'finite conclusions. Temperatuft·s in 1()37··8 were 
between those of 1935-6 and 1936-7; humidity was at finn l()\\:er, tht'n higher 
than in those years; wind was a little lower; sunshine ,wnf'fally higher. This 
would not point to greatly reduced evaporation in 1')37-8. 

The most likely explanation of the high figures for water in butts and 
middles of field birch during the winter of 1937--8 would S€'em to he uptake of 
water from the soil, but as we have seen above this did not appear to occur 
in 1935~6, although soil-temperature conditions were similar. 

It may be a matter of coincidence, but during these three winters the dates 
of thawing of the soil, of a week!y mean air temperature of 40° F., and of ~rst 
increases in water content have shown a close correspondence (Table III). 

The spring rise in water content during 1936 lasted fr~m mi~-l\1arch until 
the beginning of :\'1ay-about six weeks-and resulted Ifl an mcrease from 
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about 70r;o to nearly 130~'O, at '\vhich figure the trees were nearly saturated. 
In 1937 the increase occurred during about a month (mid-April to mid-May) 
-txcept in "tops"-and resulted in 'an increase from about 57% to about 
94(10' It seems that the trees had time to fill only partially in this year before 
the It'av('s opened. It will be remembered that paper birch from above 
Chicoutimi had a water content of about the same value at about the same 
time (Fig. 1). In 1938. when the increase started at about the end of March 
and continued until barely a month later, the water content rose almost to 
the 1936 fiRure of 130%. but this was from a "low" of about 80%. 

The outer parts of the trees (and hence the figures for "tops") seem always 
to lag somewhat behind the inner parts (and hence behind the averages for 
"butts" and "middles"). This is particularly noticeable in the record for 
1937, when the maximum for thE' tops was 103o/c. in early July; but the 
behaviour in 1938 was similar and even in 1936, when the lag was least obvious, 
a fairly high water content persisted in the tops until the end of June. 

The phenological and other data given in Table III are admittedly incom­
plete, but they indicate that although the spring of 1937 started late there 
was little difference between the years 1936. 1937. and 1938 by the end of 
April. An examination of the soil temperatures given in Fig. 4 further shows 
that the spring of 1937 was about as late as any between 1931 and 1939. while 
those of 1936 and 1938 were about as early as any. In short we have struck, 
in all probability, tht" approximate limits for this season in the years under 
consideration. 

In the three years for which figures are available the late summer minimum 
has been about the same. Figures for this season are not sufficiently numerous, 
however, to make accurate comparisons possible. It is doubtful if the trees 
suffered from any real shortage of water in the summers studied, because the 
month by month precipitation from l\lay to September in 1936 was 4.1,2.9, 
4.7.4.2. and 2.2 in. In the same period of 1937 it was 4.5. 4.0.5.3.3.5. 
and 3.1 in .• while for 1938 it was 3.7,3.4,3.5.5.8. and 6.5 in. It would be 
interesting, nevertheless, to investigate the effects of irrigation upon water 
content, and it is hoped to do this in the near future. 

In each of the four years for which December figures have been obtained 
a water content of about 80% is indicated. 

Weight and Density of Freshly Cut Hardwoods 

It was mentioned in a previous section of the present paper that early work 
on water contents was carried out in connection ,with the sinkage problem. 
I t is interesting to see how the mOfe extensive figures now available for seasonal 
changes in water content apply to flotation and transportation. 

A cubic foot of water weighs 62.5 lb. If a cubic .foot of freshly cut wood 
weighs 62.5 lb. it will just float-i .•.• its density is 1. O. Poplar with this 
density would contain abo"t 138% of water: paper birch about 100%. 
Any decrease in water content from these figures would result in a corre-
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sponding decrease in weight and a gTeater margin of flotation. Increased 
flotation -is important in the "driving" of logs, while decreased weight is 
obviousl~' of great importance for haulage. It will be seen from Table VI 
and Fig. 5 how these figures change with the season in the case of birch and 
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FIG.5. Seasonal changes in weighl offr('shly cuI wood of paper I'irch IJnd (lsprn poplar from 
Price 'Bros. limits abo'!}" Chicouli'l1li and oj aspen poplar from ,'lie. Anne de BeUct'ue. 

popJar*. From thf'm WI:' learn that a cuhic foot of young poplar cut in 
January may \n.>igh 63 lb. (i.e., it will sink at once if placed in water), while 
wood from the same tree cut in September will ha"\"e a density of about 0.75 
and will \\'eigh more than 25~;~. j(,S5. Birch shO\\·s similar changes. This is 
obviously of considerable practical interest and our knowledge of such facts 
should bt' t'xtended to all commercial species. 

5. HE.MLOCK (Tsuga canadensis Carr.) 

Between November, 1936 and June, 1938,46 young hemlock trees, averaging 
a little over 5 in. D.B.H., were cut at Stt'. Anne de Bellevue. These grew in 
a mixed woodland very near the stand of field birch described in the previous 
section. ThE" results from these trees are summarized in Fig. 6 and in Table 
VII. 

Hemlock, j"l:::e popJar, varies greatly from tree to tree. the sapwood being 
relatively narrow and the heartwood (as in balsam fir) having wet and dry 
patches. This variability makes it necessary to cut a large number of trees 
in order to get really accurate figures, and the 46 trees used here are not 
enough for detailed conclusions. It is clear, however, that a marked seasonal 
variation in water content occurs in the sapwood, and that this parallels 
closely the behaviour of the outer wood of birch and poplar. There is a high 
water content at the end of the year, a distinct drop throughout the winter 
and a rise to a maximum in ] une. This is followed by a decrease during the 
summer to a low value in September or October and an increase from then 
until December. Since these changes are restricted to the sapwood, and 
since this is relatively narrow, the water contents of these trees as a whole 
show little change; older trees would show even less. 

'" Some of these data have already been published (9 ).' 
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GIBBS: STl'DIE,'" I.V TREE PHYSIOI.OG)'. I 4Nt 

It should be remembered that results for jack ·pine. spruce-, and halsam 
previously reported (i) do not indicate a similar searonat cycle. but th(> figures 
for these wefe not sufficiently extensive to rult> out all change and some 
re-examination of those trees is planned. 

I. Water contents of hemlock at Stt. Anne de Bellevue 1936-8. Above-results from 
individual trees and averages for discs from tops, middies, and butts (dots, circles, and squares 
respectively). Below--water contents of outer sapwood. 

In addition to the observations on hemlock that are noted above some 
measurements have been made of the water contents of twigs and leaves of 
this species during the ~'inter of 1936--7. These results, together with similar 
ones for white pine, some winter figures for Larix europaea and L. lari(ina 
and some figures obtained by Clements for Pinus ponderosa and Pseudotsuga 
mucronata in the State of \Vashington, are summarized in Table VIII. 

In all these trees there is a definite loss of water during the winter. The 
loss is surprisingly small-less than 10%-in the coniferous leaves examined 
in Canada, but may be quite large--about 32%-in twigs of hemlock. 
Clements' figures indicate very little loss before early l\1arch, but a sharp 
drop between then and April 8. A similar drop may occur in the Canadian 
trees (no analyses were made between March 12 and April 10, but by the 
latter date the trees were obviously taking up water). Further investigation 
obviously is desirable. 
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