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PJ...A~ T BID.' ·nr 1G. 

I TTRODUCTION. 

hen the writer be6an active operationsin b~rley 

w.110~ 
breedinu , 1 t~~ intelligent selection or moth r plants was 

round to be very difficult because or the lack or sufficient 

infonnation to en ble him to recognize and interpret mino r 

variations. uropean breeders had s bjected t e t xonomic 

details to a Most exacting crutiny , but t eir r usults were 

not imn'ledia tely us ful. It as necessary to confirr.i. t~e 

. uropean findings, for a character round stable there could 

no t be considered stable nct r the id ly varying cli atic 

conditions of Am rica until it d been so prov n. gain, 

the uropean aut orities were far from united. There was 
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not even a broad taxonomic character whose atahili ty h< .. d 

not been qu stioned at somv time or other, and often by the 

highest authorities in barley classification. oreover, 

even if the grnund nrk coul ~nve been adopted entire, t• 

nore or less establish~d taxono~ic chnrncters are only the 

beginning or the prohlem. Breeding ~uat take note of c ur-

ac ters thnt are trivial in t.xonom . T e intangible u. t 

be analyzed <nd made to erve as well as t e tangible. 

ven the very plausible idea of adopting urop an 

methods and importine improved uropean stocks, w s only 

partially succ ssful. Conditions in America diff r in one 

vital essential fro . conditions in urop • On the Continent 

and in Great Britain barley h£s been cultivated for c~nturi s, 

and i:'l therefore practically indigenous. ( oh geographical 

locality as, throuBh lone p rinds of time, be n provided by 

natural selection and accl1m tization 1th superior native 

races. Breeding, under such conrlitions is largely concerned 
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with t e improvement f t eae exist:!n !ltoc~<s, with s all 

lik lihood or ny inportation proving to be 

p titor. 

a rinu com• 

In rica there ~re no n~tive stocks. The 

grain roducing rea •. r rel tively n T v. ri ties 

p culi r to a ction ure u ually t a r sult or c nc por-

t tion • r eding m~terial from for iBn sources i 

likely to cont in ir ble typ . ia t . t alre dy t 

h nd. In t 's in •stig ti n, in ord r to secur t e proper 

b i upon w ic t conduct breedinB work, sto,k w ro 

s mbl d, not o ly o~ loc 1 sourc , b t fro 1 ver t 

rld. n di tinot tr ins Y r i ol ted fr c s o ck, 

for both t e loc 1 v r ti s ·.nd t e for i~n port tion 

Yer u ually eit er r ces t t d not b e purified, or 

t trudb o ix ft r purif cation. isolation 

w e ccomplis ed b e· d nd plant selections w ic , when 
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grown in pediareG rows, formed a surprisingly 1 ree collection. 

en to these re add d still great r number from th 

prog ny or hybrids, th probl m bee e one or elimination. 

The plant selections, from their v ry nature, w re m d or 

or le s arbitrarily and hundr ds or these forms were n ces-

sarily duplic t T ese duplicat s, especially s long 

as hey war ot so r cognized, were a drain upon th bre d r, 

and it wa soon realized t t t e effici ncy or n nursery 

was easured, ot b ne n ber or tocks it carri d, bit 

by the numb r it el inated. 

It w s to b tter ccompli h t i red ction t t 

th ch r cter tudi a w r ade. Th di tinctions roun 

wer or two cl se orp log o 1 d ph oloa1c 1. T 

morpholo ic 1 v ri tion r in t bro d r div1 ions r 

t XOllO io v lu t d n or t r pr c ic lly inv riable. 

The physiolo ic l c r oter were, fro t ir tur , or 



-5-

difficult to ppr 1 m y ere round to possess not 

only rnor 1dely fluctu· tine lil" i. ts, but t lir.l.1 ts often 

overl pp d ;nd at tim s t e characters beca.r.ie insepar bl • 

In p y 1ologic 1 characters r rth r distinction w s ad 

Som separation 

w r so wide th t t ey nev r bee; e conru inn, w 11 oth rs 

b c v1d nt only w n r)wn und r cert in conditions or 

sotl nd climate. uch di tin tion r worthl s. y -

t m tic re turo t but proven ver v 1 bl a indic -

tions or ndividu l qualitie in bre ding. v n t e 1 c 

or st bility in c ract r o not d tro it u ruin s , 

a th t n n cy or a strain o beh ve in cert in n r 

und r c rt in con 1 ion y r an inh r nt diff r nc • 

t 1 re lized t':ui t i tine 1 n or t 1 kin 

r nly a p rt or plant bre din3, n 1 1 n t thou ht 

th t th t p rt is in ny great me sure solved, but in t is 
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r r t;i en a of t " b3erv tiona the. t h on 

found us ful in barley r d:n .. h rmd rit t .:m my that 

· v b n found 8 1 s. 'l :!1. da. ta upon wl:i ch t e nclu-

s1ons . re a O con 1st of some 2 0,000 recorded ob e1v t ions, 

xtenri ~ ovur, p r1o o_ fiv s .sn r nd br .• cing xp ri-

m nt 11 •• t . 11, in ota; il. 1 ·on n nic in n, J rt 

, kot ig mo.r , Sou . kota; ... oc a 11 , ont ,.. T n 

and oding, Idaho; nd Chico, C li!orni • r erk 

d ne i:l t t es po int. , t r t a . t. 1 , "inn t , 

more ext n• 1v nd s carried on in co-oper· ion wit t 

St t xp rim nt , t t1on. 



REVIEW OF LITERATURE. 

Although. t e literature on barley is perhaps 

more -Xt-n ive t~an on ny oth r ce1eal crop, the publica-

tions bearing directly upon this paper <re comparatively 

rew. The gr at r.1ass or the uropean publications, especi lly 

the @ennan, have to do with the malting quali ty of harley. 

They ure ooncern d mostly with its chemical constituents, 

the ffect of oil, climate a d culture upon t e nnture o.nd 

composition of the grain, and t ~ behavior of t converting 

enzymes in grains of differ nt c racter. T e s e is tr c 

of the morphology of t grain, .. nd even m<.ny of the publica-

tions tre' ting dir ctly with barl y br dinB have little 

be ring upon the present isc ssi n, as th y ar often con-

cerned only it e correlation of char< ct r , or wi h t 

behavior of ybrids. 

Tt is only t le papers de(.. ing i th th sys ·ema. tic 

re · tures of barl y, and experim nts suc 1 as t ose of the 
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valor St tion, w~ich ve had for t ir end the isolation 

of plu t variants th: tare or partictlar pertinenc. 

The :r:tr::it cd )r 1ensive 11:rst Matic w0rk ns that 

13 
of Ko rnicke, in his "Arten und ~ arietaten dcr, G tr. des" . 

e <iasc:rib .. ~ :!"o·rty-'t" ur b t11.r ical f Tt~ of barl 'J, U'> ng 

spikel t fertili t'', "Olor, :iu tu re of t i1 nd gl '1!lle , · nd 

th <idh~rence or non-adher ... :~ce r.r t p. leo.. Ri group 

·. 11 ~i n' b• ... dl:; fon:ri t e ba es of :-11 f 1tnr1:i classit'ic .. tion 

"0 
'l'he cl ,.. 3 tt'i c. ion of Voss is import11nt largely b cause h 

b d p rt of 1 ~p n th e tent er over a ping f the 

gr tns, t un rorec.~sti 1n n inoefi~ite t:he us of 

1 
ena 1 ty. Atterb r~ ~.rte us of tMe br1stl nd n rve 

char£cter d1scov rd by Te r a~rd, mentioned blow, d 

nubdtvid d t~ pr inu .... up until art 18 named bot n-

~ 

ic< 1 vnrieti s . e. e~, hy rcarr nee ent and compilation 

of prev iou. cl ss i :tic tio s and b. ro ing nd de er ~bing 
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lar5e numbor of hy rids of K 1 l t.f·m en, "oernicke, l nd 

ot era, gnv- a v ry clear conception or h entire op ci s. 

His ·orK i perhaps i~ost v 1 1._bl1.1 :in t 11t.: yl l.ci B ot' t c 

Abyssini·:m forms it 11bnrtivu lat r floret:; in 't •ro 11p 

by them e 1 v s . H ci01:t.> n t m '·6 u c of t . f i:ner 11b-

divisions em loyu< by Att b rg. 
17 

1egl, on e o t ry , 

c rri s the ub- ivisi n i.11.J. r rther !?.n u s t 1st ng 

.11 1 in I s, · .d · t.:.ne" ,\ o :f v r1 t;, n 

hi ra .i n 1 ... t, UT l;{ p .. iol iC 

h plo:1 s in o t n.i.c ~ r . r. s. 

rev1 e of t• 1 1. is 

c .I .1 'I 1 • bl .1.!. t. is ne ... i c· · e or 

th~ f c t l 1 re.; r r of t 1r .. r r. r s e J ng 

t:.on rt r :y ttv Ii to d c 

~ . ro1.n ........ n n 

r 

r t 

nc~ 1s n ti 

t er re ts ob-

0.n or 



American climate. Tn barley t1eir greatest ac iev~m nt 

was the discov r· or two grain char cters ~1ch , b· var1ou3 

combinations, g ve four separntion unrler ei.ch previ us 

eroup. 

They found th t t~0 ra0hilla in some b~r1e! A 

was covere with lon > raight hairs, nd in ot'1 r :f.th 

s hort curly ones: t at t ~ inner pair of rl~rsal .. rv R RO 

times bor t et , nd w re so~ tj s .mooth. m e ~~ 1 it 

g 
or these char cters was questionen by roilT, w 0 c e<' 

to hive frequ.ntly oh rved on form in t, pr ny not r. 

rl 2 
Tse emk, Rlnrin1;1-J. others h. e . p ort t v .lot' 

Station at 1 ast as f r as t e b sal bristl is concern 

1 thou~.)1 n t to be comp r d it i di cov ry in i or -

anc , t v lot tat1 n h·s y oth r tuca s. t 

one im , y loped a r y 1 bor te y t r 

e s rero·nts with Lny 1 c nious _c n1c 1 d vice . They 
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have,un!ortunat ly,made no specific , compr h nsive, publica-

16 
tinn or t .ir n gat ive results, but according to ewrr.·mn 

and oth rs , t h ve ab ndoned m·m of t~e sure e a 

th,. t ere formerly m< cle . O t ose retaine , tie 108 t im-

port nt f .com t c o:>tUJ d1Joi1 ~ o thi:::; p1p~r 1. "'-\.i, t d nsi ty. 

Tn he nrly history r t St .t ion · or t r e var1 ti s 

w .r ob ; .in~d hy t '.t: .. 1 te •1 Ill thod. 1he en.as~ n rbi -

trary d nsity nd m e ass sel ct1ons of spik s con o ing 

to th. t usur 1 ent . La .,er they u3..,d den 1 t •• s · tn. ans 

or v i·nne h {d i ~s11r. nts; s long h d, i loo. 

short on it co 1pti.Ct. 

7 
T y r n lly mploy d it in v r1 tal description. l..rin m, 

w10 ~.s to o d · c valof. t tion q lte clo 1 , scd 

d nsity lS an indicat on of purity, and to r v 1 e eff ct 

of clim t • 

T e orpholOBicnl c ar ct r of t e eeQ-coat 

14 l" 
nd the grain ve b an treu ted by ude k· 1d Jol rmsen , 



1 ut t b. e 1.s no st'g, ;eation of unahl V<.rietal rHffe :ren, ... 

h compn . 1 . ion o f t h rn.1n been t.ucHed 

OJ f e m ... ric"n, and .. l· rr:, .... n' h r 0r Enrop .• n, . ,, iant1nts. 

16 
L Clerc · .nd uhl, who 11.ri.ve I'1 d , th rnnFt cnl"l.preh n~tve or 

t'ie Arner c n t 1 1dj ea, h.t.ve cle · rl rleroonf' r·. t,cd th._t, nm.po-

s1tion is of 3111 ht u e as n v r1eti.l charnc r , for h11 

t re re differ ncus, h, ~f~ ct 0f 1 er 1nn -f • e, . cm is 

many tim r a ,r th .1 th·.t of sort. 

Color in barley ~ been . lo d ? all yr e 

t1Ats, t hu. r ca e(1 v / 1 la iu 1. ic .1 a.t .. ent ion. 

10 
o n t. ( no e in t i • cnlo · j .nd nu . rou 

uthors v discu~ <1 occurr nee o pi ,. ent n othe r 

2.~ 
plant . A rec t rticle h. eld 1 r .nts o '!; . ical 

n tur or nt ocy nin an trac 1 s or ... s:dn fr 1 en de. 
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T RAT OF D V. ,O T. 

The rate f v-lop -~t, as wit · 11 w ioJocicul 

c"'lardcter , is ubj1;;ct to conrid r~ ble !luctu ticn it in 

t 'Yie s tr in. Th ist1nct1 ns are atur lly rnuc le b o-

lutu th~n toe f unde UJ n . oroholouic l c r.ct r. ~h y 

have, c• v~r, t is dv nt ce, t ~Y p rm.it rsr t r n er 

of sep· r tions . A pl, nt "rnctur u u lly \.' t 0 

ph. ses. It ex is .. , or 1 t d d !'!O t t. 1th 1olog-

ical car ctr th1, i 1ot t o se. Th 1 ng of t' 

r~quired for one v r1c y to at r y differ t re s 

tr·om a. econd , or 1t · di!f r thr e wee 

• rom t e t nrlpoint of o erv tio , d lop-

nent of the pl nt 1 div1d into t re p ~10 s: t rly 

dev lopm. nt from B m1nation to t t.11 of Join 1n0 , 

period of he ding, a.n the epoc of met ri 

arly D v lo nt. 

For sometime th writer h s m int ined that the 
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tage or developm nt at which selections of b rl y ar most 

easily told apart, i during th early gro th. his period 

seems to hcve been neelected hy plant br ed rs. Th r are 

few records of notes taken during tli time nd even those 

who have known the cereal crops th best, hnv b sed their 

sclectirns ( t this p riod on n intangible ometh1ng th t 

enableii'.. the to ~in~l out ~ny n vari tio n. 

During the umm r of 1913, n ttem t m d 

to analyze the "intangibl " with mo t noour ing r ults. 

Besides car rul observation on se ral hundred 1 ction , 

1400 plant w re c os n in th nursery, nd 170 in drill 

row , upon w~ich exact r c rd w s pt. ne hundr d 1 nts 

were used i n ach vari ty. T dat includ d t e d • upon 

which ach or t 310 plant produc d ita econ , t 1r , 

and fourth leav s, nd it first till r. e optioally 

plausibl became math m tically evid nt, and it s oon 

seen that, side from t le f character, tner was runpl 



1 T 1 l 

' 11 1 T 

t r e 11 11 r1. 1 
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not co pl ted as r pidly s is t'e production of t~e to rth 

leaf, and jt is d terr db· disease much ore t n is the 

let t. 

esides th differ nc in d, te , t ere 1 di!-

r renc in method of production. In ome varietjes t 

c rve or all st ges s v ry cut .nd th t B 1 compl t d 

in n r w d ys. In oth r it 1 or obtuse nd h ti e 

tor compl tion extend Jig. how t rel t v r pidity 

of stonline in two lection , t on ot t o fir t t pe 

nd t ot e:r of t e co d. 

1rrerence~ re rev led i n t o 8 b y 0 -

. 
P ri on or the bu~ vior of t~ 1n • There 1 n 

differ nc of d te in ny tt g , nd still or important, 

relativ differ nc betw en v rio at ges. T 1 1 

hown to some dat!:r e in _ ig. 5, nd to till -r t r d~gr e 

1n lg. 7, which will b di cu s d l t r. 1g. 3 0 8 th 
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dfl. t~ upnn '1ich tl'J gr at·~ t l .b .... r- o pl .nt in So.;;V n on 

3cl ec tion , 50 11 i.l d.ri ll ro , r c:4ea th t r e t .. g or 

d~"rolopm nt. Tt wlll b notlc d t i t l· •• v d~ t.e or 

tho nccurre ~ o: the ecln .r v~ricd ov r scurc ly or 

th1r ... uxt nd o r f v d ys, and 

°t e pJ·o1'uct i !l Of tillers ClVCr' te 1 d "JS. • 5 1• , for in-

R tr llC .t)n duo :i i _ · ird l"' r f l r a ··s ! t - t l o nd, 

q ir· e. 10 t \;r ires 

i~t. si ~dd.J..tion 1 da·v tot: ro off t .... l r •• · l o. 550 

r ge:lc of. 

tim f hca n· .J 
1 .rnic note, 

n t er 1 no oub bu t t a. b rv ti n or i period 

i of c;r ._ t v uc in br D n •. t t 1 

t ul e·s11y l d, nd sh tld b m r r '· 1 t n 

thos at .n 1 ter d.t • T int rva.l tw en eolect1ons is 
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Greater thn.n in th d the f ct of 

~ 
season is not apparent in "'abnom 1 ha tening or d velo ent, 

as it is later in ripening. Tn an clim te most b rl ys 

develop in a :t'n.irly no al nn r until flow ring ti 

The time of he~ding, !or t l cs reason , should be of gr t 

us • Jt has, how ver, one di3 va t ge. Jt 1 n xt r e-

ly difficult not to s cur , nd henc in ccurate. rl y 

differ v ry much in th ir rnan.~er or . e ding. • 0 ar 

exserted rapidly n comple tely, ot r s sl l· end n y 

purti lly. T ob erver · s ot only t e ditfi ul y or 

mu.int ining <.Tl rbitr ry nt 1 nd rd, ut in c nrr 1 ed 

by n .rnus xo ptions t-. t never ~onrorm to any st n' r. 

In stud. or t i s difr cul ty, it no~ic d 

th. t just pr viou o headin , t e tip n J in 11 

e.wn d variat !es , , roJ ct d fro t boot of 1 pl ntn in 

h 6eleotion ith au a i unito 1 t . Th date or the 
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m r..;e c ... of t 1 ans ,,.,. , • st tutcu r te n . d-

int>· itli xc ll::i 2t r· .. • J.lts . on, r .ror !D7l -

dla tcl:r ·a. t· r 

gl l C:;, ~ not~ t f ~tl ~CwCl r.t d. ng 

Jll U. ~ ' v 1 bl • lt. t il () , vT ' 0 • I t 'bi" .. 

.,ronoi iu ~ · r.,. 

kn lyz d, t' ,., d ... t 0 • • .i.. ,o t s 

~ 

~ p GI. c irv , s ,h rl vr 0 tio il· 0 
.;), • 

t c ·v f l.;.i t l a JI TY o t 1 i 

. ' l }" b ]" t s ct ... o r ill b ot c d 
..., 

i · rl t a - thirds of t l t ro g 1 t g 

in t. ys. A di f r nc of n l y r, ,. 0 c nge • 

c 0 01~ c n n r, T .. t ... i ns t h t ?" 

bl d n 1 t 

th. tim 

Thi not r us d u n lur n b r or s 1 o-

tion for thre ye rs to t st t tr n is ions or slight 



vi,.ri, tioi :n ... .rli:r. ~o v1 d 

Q.ll in r ·'*' r or CCJ't,( i ~n. t .. i. ('! r t. r . r 

u .. 11 t ~ l ,.. 
1 t (' f ~t 1 . t r T . t 

' . • 

r toe to inclur·, .cf.1 .n 

0 tr·. i11s r J 1 :; . 

(!.Ti::. i~n. J." , n 1, ~1 1 

!. 0 ru~ c.:r1 , 1' ( t t t' t n 

consi<L r L ·nt..:r l t 
_10 inu on t .n 

!ll.O • ... 1r e c p n f r n nt 

ditf r !O .. s "'e c r B r n , 

t on "iff r n :.10 if! r n y T 0 

ti n t v lu ... ot • 

o f . 1 n 

0 

tJ ' n , r t· r . , t 

1 v.r 1 ob r t:ton. Wt n r in 1 nt 



roa.ture n~. te un:tto.rmly. Jn o dcr 1.o d t • n 

of SllC V<i.1 5.H.t .i n, h~ ct tl t of ~ut1rit' Jf uhc apika 

from th~ wlu es. i or , .,, 1 .., :r . e 

?he r es ! t i., s o-. ·, in 

Fi~, l .. T -;.: curv ., v .... · ... i.:::.r_ , '1 ~o ... A. 
... . ., """" 
u;.;. .... 

<·<kn ,,,. o • (') t . . 
l.t .... u:.. 

c1 .ti_ t e c\; ,e H1~.blo in • ::c' . t r i . f'"' r:m, b .i.r. l" '- l i 

much 1 ~ s in t1 o- ro ~ ·c.1 iet G. t. 1 ,.,er 

· t lr in . nor: ll. mh. i e , i J C ._ r , ..,},OCi ly t' 

f ri ... f;n £.rd .... . lr.o 4 r n •. l is 

p c rir.d h _.. .mcl1 o r.f l n !C i. a v lo - nt t an t 

o her times in t e ife of t 
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Comparative ates of D velo ent. 

Althoueh s parations c n be 1d b a tu y of 

any one of these tag , it is only wh n t 
ntire s sonal 

histories of th election are compar d, that th full 

variation is appar nt. Fig. 7 sho t~e development or 

rourt n str ins rrom th production of t 
a cond 1 f until 

maturity. Eac tage was obtained by actt 1 count of all 

the non 1 pl nt in eac c ntgener, su lly betw en ninety 

and one undred. 

T relation of th rli r st es alr dy 

been commented upon. . It will b notic d t a.t usu lly t 

till rs are produced ft r t 
r rt 1 a n o • 34, 

13, and ~4 t 1 1 not t c se, th a t el o ion 

re de!init ly distinct from t 
ot r elev n by thi dif-

!erent it or till ring. 
s. l nd 57 r p r llel in 

t e e rlier st g , but ar widely separated in th e r-

gene of the b ard. 
o. 29 is on of the rli t or all 



-17-

the selections to throw orr tn second 1 ar, d y t i 

among th~ very 1 t st in maturity. Ind ed, th r is som 

peculiarity ahout each and every one of t fourte n, h n 

all stages are oonsid r d. 
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VART TJONS r~ T C 

T e culm v ri s in 1 ngth, di t r, th1ckn as 

of walls, xs rtion of spike, numb r or nod , and numb r 

or culms p r plant. 

Length of Culms. 

The height of e pl nt is not iniv r lly 

taken on 11 xperiment 1 r rr.is, and t y chosen tat ion 

come vari tie r lw ys t 11 nd ot r lw "/ 8 or • 

This distinction is uffici nt o pro e a diff r nee b tw n 

s s ch it 1 a us ful observ tion in bre ding. 

It is, how v r, m r ly proof t · t di!! renoe xist and 

1 not n c as rily a diff ran~ in 1ta lf. Ther 1 

physiol gic 1 adaptation of vLrie· es to certain pl c . 1d 

it ~ y expr s 1 self in e1u t. 

In 1 11 thirt en p 1gree el ctions, r pr senting 

nin Minor groups of burley, we r chosen from the nursery 
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stock and planted t four widely s para.t cl points. At 

maturity t e length or culm was carefully note • The in-

fluence of clim<. te und soil wus sui·pri ingly greu.t. As 

will b~ se n in Table I, there is a mark d r gion 1 r ons • 

The selection of Odessa is IT. ~· h x atichum form occurring 

in the commercial variety Odessa. In ., inn o ta 1 t 1 

short and unpromising. In California it is littl bet-

ter. In tle north Rooky !ountain nd plains rea, how v r, 

it displ ys .n un xpected vigor and is very t 11. The 

Abyssinian v rieties grow w 11 in Cal1forn1 , but re ort 

lsewhere . 

The great variation evi no by thes r w 

lections i sufficient to s ow tru t the len th of culm can 

not be of uch ta ono ic value. T re r T riet1 t at 

re persistentl belo av rage height, and others th t ~re 

a persistently bov av r g ; but b yond th t it 1 difficult 
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to make an unqualif ied stateme t. ~ocally this measure-

ment is of more ignif icance and c n often be used to d-

vantage in the study of nursery elections. T e di ff renc s 

it reveal ar important in br edlng, no atter to t 

cause they may h due . 

Diameter of th Culm • 

. urements have not be n found very useful 

in revealing sm 11 differences i n t dirunet r or t e oulm. 

Th experiment · 1 error is 1 rge, du to t e r ct t • t th 

diameter v ri s on t s· e pl nt t culm a 1 cte , on 

t he s e culm with the int rnod c os n, nd on th s e 

internod wit the di t ce fro th ode. A part or t is 

vari .. tion was avoid d by measurin t e gre, t t di· eter or 

t e firr-t along ted int r ode, hut ev n t e t r sults 

were un a ti factory. There re v riet 1 differ nces, but 

th y must be gre t enouGh to be s en optically before the 
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error of Me;asur ment i8 reduced to t t point wher it becomes 

n~gligibl . As c;roup, t ... nut ms has smaller culms than 

has tlie l nchuri , but ong the anchuria tr~ins ther i 

littlu di!! renc • Only one s thi ch r cter b n used 

in these investigations to isol t t:IP • s yp has 

proven to be t bl and p rhaps t e f!ort of rin 

hundreds of s lections is rewarded b t e one tr in o -

tained, a it is v ry ro ining. 

T ickne s of Wall of C lm. 

A 1 rBe n ber of d t rm.in t1on w r e or 

the thickne s of th w 11 of t 
c 1 wi i v n le ti -

t· ction tha 1 upon tie di t r. r m nt in r than 

ne-t nth of mill t r r i pr c ic 1 owins to t 

• 
v riati n within t e plant nd cul • T 1 doe not give 

rang noueh to isp r t ->J v ri ti or in t no , or 

242 selections of six-ro rl y, th culm or 153 measured 
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five-t nths 1111m ters in t ickn s and only thirty-t r 

tell more than on -t nth millim ter from this figure. 

Tb xsertion or th pik • 

The ex rtion or t spike i clos ly rel t d to 

the l neth or culm b cause it dep n s upon t long tion 

ot the peduncl • 0 b rl ys cl r t e boot much or 

oompl t ly t n d o th rs. T t t h i i tr Y ri 1 

c r ct r1 tic 1 own by t n b r ot v ri ti in 

w ich it h b n de crib d. T rin in d is 

ot't n includ d t th Th 1 tru or is 

ri ty 1n iru e ot r C liforni • 8 ld 

cle r t boot co pl tely in or n r 0 

n ach pl nt. An inter tin t ct w a not d 1 1 

v riety wit ref r nc to loc ti In inn ot half 

t d often r in in t boot. e is true 

over t e w ol ot 1 ins T In c lit'orni OW V r, 



th..- head are oomplotely xs ... rt d. h n cks ~r till 

short ao comp red ith most vari ti s, b11t the xs 1't1on 

is p rf ct. T ik"' o th r hys ioloi;io 1 cha ct .. rs, i x-

sartion of thw spike 1a variable, but it r nee or v ri -

tion is sufticl ntly limit d to occ sionall d tennin 

ari ty. Th t it 1 not more oft n ful is due to th 

fact that· lmost 11 barl ys ar cf ta type in w ich t 

spike ls cnmplet ly exs rt d. 

ber or ode p r Cul.m. 

T e numb r o~ nod s to culm i n t r~lly 

id n t Cul w 1th t numb r of 1 t t n 

discu·s r un er t th in. 

Culm per Plant. 

Th number of culms per plant to b a 

varietal c ar ct r, but one ich is o do inated by en-
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v ronnent ar. to m· kc it ~.po siblc to rl tor.nin .en 1 , 

is Given true expression. r . 1 pro b '"~ll a t·u ,nts 

of the cereal~ . · ve eone hroueh h s .e pr .e R of 1.min-

ishinti confidence to tinal do· t, ~s tn tha utility or 

t 11.is tac tor. Jn this investi nti n t e her of till r 

Ya. recortied on over twe:-ity t o·tsan pl nt 1 thnut b :lng 

abl to rtisco ~r a metho o usine 1n:f' at n r r 

minor dis~·no ions, as was r u.~ , for in tnno , with t o 

bic nd rn ... thod of till ring. 
,,, broad groups v ry s 

groups in thi char ctr n1 oc sion lly a variety devi-

t s sufficientl1 fr its gro > to become distinct, but 

the ma is, for t e most p rt, 1nsep r ble. 

Two c uses of variation wer studied in detail; 

viz., int rval nd goosrnphic 1 loc tion. At inneaota 

a s~lection of nyrna., a h 'V"/ tillerine vari ty or two-

ro d ;roup, and a lig t till rinB sel ction or nchur1a 
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or the six-rowed sroup, r pl nt d t thr differ nt 

interval • As will be o en n T bl JI th vari ti s r -

mained di tinct, but as th interv 1 deer as d, differ-

enc~ of ov r thre culms per plant in favor or • yrn 
' 

rapidly dwindle to on • T s falling b tween t se ex-

tremes re ins parable at t less r int rvlll. It will 

also be no tic d that t ri t s dif'f r in t in. rv l 

t which th y se m to make oomplet u t t 0 1. An 

inor a in n b r of pl ·1 t in r nchuri , beyon th 

four by fc ur planting, o s ot 1111~r R t n b r f 

tiller on t unit r ·., · 11 t r yrn 1 it is 

uot ~t r ac _ 

;.he r pm 0 gr 1 1 loc . tion .1 

• a tul·b· c r. 1 f ici l t 't Jo d tine ion. 

ven t gro s ..... r r~· 1. rev ,r d. or n nc , en 

r f 1 n r six-ro ed barl y 



f-.t ~t . ? ul , ··inn sota, nv r. e .d ?..(, . p"" plant, · h il 

at Chlco , C~li~orn1 ... , t'1e • 10 r- 1 ction . av r gud bu 1. • 

The t o- ro· ero 1p , on t c n r ry, • vera ' hn1. 4. 2 ;. t 

S t . P~~ul, 1111 .... R.t Chico 'heJ· r""' e .• 8 . c:o yr!l , , oweve r, 

t p i 1 bot placea, s .o ir.~ 

ffect of e~viro11:rlcnt d . snot c ncenl th 
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I AP ,~IA ACT~·R • • 

The leav a of .ature r: y pla .. t pr nt 

qtiite .:1. v:;u·iet:' of t::.spcctt, but t~ es hol , t rd 

to t;C r<1. os t f t} em t!re :'.:le.ss :rte.ct:; un orce .r ach-

ero•is bec~use of t e optical •"iffercnc i:: c.~ :u to 

cf cbs rvo. ticn w1 th r f r :1ce to t'L lit.ht. ThiG inv sti-

gntion is conc.n1ec~ it fc•tr pc:inta or vari.nce: color, 

width, 1 n5th, an number of 1 v 

A vi.;r/ c .. _1 0hs.rvl tons' sac r.:tccr.blo 

ciiff€;r ~.1c in t co r 

dit icult~ o in v .... 1 •.ion 

p~red to · i cuss t !r :J ·r ~on 

n1 t r re , r;. ny 

• "' 

t c ri ·er ir ~.rr -

' 1 . t l-ro .. . 

Yi dth ; nd L ngt 1 of , nv s . 

Any stud;,• or 1 r d ensions u t be stat! ical 



f i~ l t r~port hr 

•~o t,1; us of .;uc1 ri. n:;urc n t., .•l"'t.: t·o. '.l' 1 ... 1 • . v rio 

1 1 , 

!n " ~t~.y f ma ur plE 1~~, ~~1 

•• !Cnn1i . · a .. fr m to. h .).1 h omal 

o · in. tan, 

. ' !'lac 1.. 1 "C S• ."lC :; ' <. '"0 
le v , o bClr<ler 

lc.mts er , fro 
n t tw mill im tern er : t .r n 1 h 

th .. n thos fr m t int ri r of , plo , t 1 

or tel av.s r 1c pl nt Y 
rror: ne • three c1.:i ti-

meter c;re ter I rin ess, on o 1 ast v riabl 

v!"lri ties , th v r e iz r th 1 ves o e border 

pl nt VI 13.7 • by 24 c . , an f t e in rior pl·mt 

l • 7 mr • b:r 23 

To b fe aible in br ing, ot st be 

r~. sona lye y to s c1re . t t t u fuln s or t11~ 



character, th first twenty-five o! t e hundr d m aaur -

ments were 11 t d, in To.bl III. ith width or 1 at 

the experim ntal rror is m 11, as width can b det rm1n d 

quite accurately, and th bro d t part of the 1 at is sel-

dom d aged. If the fig r s t n r oonolus1 e at a tic-

ally, t . meth d is practical. Th prob bl error in t 

twen ty-:tiv surer.ient of rinses 1 ±:1.2. It thu 

r ils to par t this v riety d pend bly fro 1 tzing .nd 

Pro.kow tz, its n rat rel tives, or fro t le at ion or 

def ic1en , or Odessa. or~t~ re t, howev r, t se r -

tion is cl r enough to b si 1!1 t. t t tw se-

lection~ of Oderbr~oker, t e s paration 1 suffic1 nt o 

t blis dit'f rence. Tn t i c s t t o ar cl ely 

r lat d and the ot b com s s r ic abl • As a rule th 

width of le f is s ldo suff ici nt ba 1 for aepar tion in 

closely r l t d str in • ort t ly sue diff r nee r 
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seldom un· ocompani d by oth r pointG of vari noe, bnd 1t 

is of ton th sum of s vcraJ dif:f rence that m rk 1n<li vi dual 

sorts . 

In length of 1 af the m thod is much less 

prom1aing. ot only is th prob bl rror er ater, b1t 

t a m asur m nt is unsatisfactory. T 1 v s b com 80 

broken by w i pping in th ind t t p c l1 hich r 

entire at tn tip r ldom found. An effort w 

to ov rcome t is difficulty by ohoo ing an arlier t e 

th b tt r protect d 
of dev lopm~nt and thu utilizingAl vc ne;r rt ground. 

lthough th xtr m tondenc1es r not Y t develop d, the 

second l af from t eedling wa f nd o orr r f w r 

e p rim nt l difficul ties. uc 1 ave er tir nd 

usur nt r aoour , but even t n t 

width an . uc 1 s v riabl t n t 1 n th. All e sur -

ents f on undr d le ve f tr- n how rp curv 

1n width, but flat on i 1 nGth , th latt r 80 times 
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h vin two 1 t . c it r 1 

T 0 l n 

T bl IV OWi t t n 1 

spik T in r t T 
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r f 

ot r ot 

T v 
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1 

r 

r t 

a no . -
lo r 1 11 r n. 



tinct1on is not necessary to s parat th se ro s. In 

all of s veral hundred anchuri s l ctions, t number or 

leaves per oulm fell upon 1th r four or fiv , giving no 

opportunity tor separation. 
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0 

ri r 1 1 r 

port nc upon i 0 
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ally gr ater in relativ 

R. s . h x s t i ch um. 
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1ght t1 n is th c se int 

Dift rences, ot r than density, aro likoly t o 

be du to the nature or the att c ont ot t e 1 t r 1 pike-

lets . System tisv rt JCribe the b rley epikel ts Rs 

sessile. is is true in m st c ses, ut ppro c e an 

Jn t is Bronp th 

e ntr 1 spikclets ar as ile as 18\l 1, Jt t 8 la r 1 

on a ei h r OS ess an elone tion of t fl wer-

ing t:;lumes, or lse are p die 1 ate. Among r co -

lac ! riter, 1 r e rm in . 1 ~ t at r l 

sp1k.l ts re l evat d u on u. p die 1 ht t 1 ver on -half 

i 0 it 1 • 

p dicel 1 joint a bo h at its c ent to c 1• and 

at it at tnehr.1e . t to --1or t. Tt i lon .... r tt c -

'le t ,r t ... e l<L r .... l t t allow t ~ c r. ct r1.st1c 
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star-shaped arrangement of H. s. pyranidnturn. Den ity is, 

ho ever, parallel r~ ctor. The compactn ss o t e spike 

forces the grains to assume c rt .. in relations. Both 1r. 

H. s. hexastich and H. s. erect t e an..,l 'hich th 

gr· ins are placed with referen to t e r c is, is much 

wider than in H. s . vul5are nnd H. s. iut ns. T va or 

Station has considered the a gle or t incltnation or the 

berri as on of the more important of t ir no 

is tne opinion of t e writer, o ev r, t t it rar 

c ption it will ary directly with t e densit/ n 

fore superfluous f t' e 1 tt r e "UT nt be ak 

In breeding donsity 

fully L it value e. 
3 

t war 

not be 1 t111.e ~s 

1 
nt. ,. 

.. t 

t 

and Atterberg, have all uaed it in group classifi tion, and 

l Voss: Journal fur . n 1r ar , 1 

2 Koernick, riedr.: Di Ar en und Vcri t t n 
Getreides, erlin, 18 ~, p. 148 

3 Atterberg, Albert : Di Variet t n und Po en der 
G r te. Journal fur d irt c tt, 183 47 
pp. 1-44. , -



Bluringh m, L. : J t Arn~11ora tiC)n des Cru. Ii' Or,, 
Paris , 1910. 

t 

4 ~tk ~ !J-tL ~&-~ 
Atterb~rg nd Blarin.~hem1 have used it in stnriies o v ri tion 

nd purity, but in the opinirm of the wri ... Jr, it .. por.si-

bilitii:;s in th isolation of types nd in t 1den tit1cnt1on 

of strains, have been far rro x· us ted. 

In th ye .. 1.r f rorn 190 to 1 13 a ~lo e t tdy 

or density was de, both upon generul r s n in ex r1-

mcnt station nur ri s. In t i tud l 0 spik or e oh 

uri.ty w.re ta' en ithout ot r choice t• n t.h y r 

1o t diae s d or cl rfed. On qch of h se pi ·s te i nter-

node. 0f t r chis re easured; t t i , t n 

l&t eun ix spikel t8 nn on ide of t e r c i . 

th se me urem nts t number or 1nternod p r d c e r 

· s coro uted an t is numb r ken a8 a t t ent of den ity, 

100 
the fo ula wae th n D -==--r;- w e r a the me ur nt in 

mill ters of t n int r nod of he rnchi • 

The us e of this to ula , whil 1 t m ke the 



h 

statem1:3ut of d nsity !"'.'!Or a• finitc, dh:ittrb. t1v n t r,l 

curve of t'1e :ri1 u.surements to sri:me exte1 • Tn 11 denAi :tes 

below thirty- n~ tne t~ d.ncy iJ to condense )~ grou~ , 

ubove t~ t fieur t le oppo~it- is tru. m • 

t·~ t of b tnchlnu t J figures wh n t 0 l ncth 

fall up n t'lto same den it:, avoided h!J 

orst f:fect, 

suremants 

u e or fra o-

t ions. lone of t ~ ourvwn 1ave be n s 0 t d, m ever , 

· t1d 1 t 111 b n ticed t ,_ 

~npec11lly , &re lig~tly r u i. T is ro e; e or~ 

.nnt m.l.tioal ..,1!.J~r.1, b;1t it "e . . d 

f 1.,,ur ... s t 1 

mor 0 rt1f1cial by s 0 t 1ng t .en. 

Jn p dicre train h c rv nf d.n ty ts 

or.~ lly ,, i!'\ rp with nr!l it. J he se 1 0 1 

11t • ure, or ii tno fro-1 two plot COC1 

curv is fl tt n n nd i c1 r. otorizcd by or n one 
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surr.mit. 1 t.houD in ,luc'a t"or anotl-it:Jr re;.son, th normal 

curve of a pedieree arley is well illustrated in Pig. 11. 

lfhen this is compared i th the urv of the f :t.eld sampl ot 

11:!.nc1ul'"in sh m1 n •jg. 9, tl-:e ,,ignifi oance ot nen itv 1 

rt,.;·· c ily apprec.ia ted , es e 1 n.l ly wh n it s r mhered that 

th.tl ~;.r1churiti i vhn.t is h11mm ns a v riety o.nd contains 

rg tntn such at. er six-row d v ri tie a 

B .; Brewing r den a. 

T~tt den~1ty or s leotions ia n cc r te nd 

n mparuble note n a nurser wher t obJeo to a c ire 

, i:c ~ondi tion for 11 s 1 ct ion , 1 shown in Pig. 1 . 

• nclrel s includcn ~• e in t . 1 1 pl nt 1g. T b 8 

. ~r A rat ti by s ch interval s to r r ent t , x-

r . e of soil v· ri ti n in t e nur ry. Th di!f r nee in 

. ' nr; 1 : 1 v r ?h 8 t of t cu ·ve ar 

s par.t · d b nnly n unit ce but ven thi is s n to 



ht• tno i~ ~,. t .hen th ,n j re cttr' .. i.:.r Al-

it .:a cm ~? • l\)T ' r spi ·- .G hose 

de si.t is 1 SD the.. th£ .. n ber and onl· city 

T' e u0tuc.- .t:. ara ti cm .,r r r· ·..1-t~. ths 

:'I J o. fl_ ·.ca . · b .. c. · 1r-

f •reu nf onl:r t 10 _n ··nod .., to tl d c tcr . n rihown 

·in F .:g. ::'..l. ene r tO., l ctio ' 
o. c r ... _ rl y 

· c nc t ,. .o nt 

e _v f c utr in in • 8 A 

n ion • 

i., pi.;;rli.: s ton s l · ·it u hie Jo · p n t . tr ins, 

J t L.5 3 ~ .. 0 J 11 .... f1~, re , t 0 '- t l r ing 

ttle . 

vu:!. ft .. c· r.c r int l ur r 111 
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T!e curve repreo nts t aurnmits of th curve 01' d 1slti s 

or the individual sel ction • Th v r1 t1on i consid~r-

able nd is sufficient to eatablish ome diff r nc s of it-

self. It is, ho ever, only w n sev ral o re 

compared th< t the full value of ny not i 
pparent. For 

this purpose, the date of the emerg nee ot the beard is 

placed in the same figure. 
As t ey ar in no way par llel, 

t~e combin tion oft e two curves more th n double t'e 

v lu oh. It will b not1c d t t o • 3, e , d 5 
f 

re su iciou ly similar, as t air aer1 1 t:1 an t e t of 

m rgence of th awn of each ar id nt c 1. 1h r cor a 

sho t~ t th m rgenc as a l o on t d t t. 

previous year • 
o. 5 is p ov n to be dis i~ct by ~ 

• n ture ot t r. o illa, b t t at o in , ti of 

to ling, etc., re parallel in o • ~ n 6 na t r is 

little doubt •t t t ey a.ra i tic 1. 
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hil~ not portin ~t t t 1 

cussion, th cur ve of d ns1ty nd the cur or 

of beard i J. ost onnonite in t~w h r . .. . Tn 

other word , th re en ... o b i dir ct Jo olA. o )t;'"; en 

don.ity nd e~rlinesa. rn Pig. 13, i ha AembJ~H \ n1 b r 

of other type of .. ix-rowed b<. 1 , t • t re o r ,. mn ~ t 

11urt n t cl 'J ,.. lL_tcd, _i 1 no tr l • 

The . irot five selec :ons in i . 13 r ~ orn 

a coJreI1 rcjal v·.rl\: y ::no T "'ti r.o c J 

v~riety ms to b 1 as. e.nbl 6 

types le "t.re, • o _v r, n..ls t co n 1 r . 

ro. db.rl .1 c tr in 

va.r e-'-,y itself 1 of h or t ori1 in, or • t t re n 

n its b r , s in· c d 

s 1 ctton, ruo3 den e r t10 de fr m t' 
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variety, proved unst·ble. The number or pl nts be ring 

d nse heads was 71 ns opposed to 16 for t loos r on s. 

Whil a char·.ct r need not be inv ri bl under 

all conditions to be useful, a test s m d to discov r th 

ffeot of soil and climate. Six selections were pl nt d 

at St. P ul, innesota; Chico, California; nd t berdeen, 

Idaho. At t e latter plnce t ey were g~own bot under 

irrigation and upon r land. Th measure ents t ~t. aul 

and Aberde n wer m. by t.e writ r, wile t ose at C li-

forn1a were made y r. . T,. Ada.ms. T e result 1 shown 

in Fig. 15. As a whole th v ri tion wer parallel. 08. 

6 and 35 ere strikingly so. The four les den e selec-

tton o d an extr me v riation of onl t r sp c • Th 

two dense selections vari d uch or • In fo. 32 thi a 

in part due to poorly dev lop d h ad • At inn sot par-

ticularly, .. pikes w r o short t at it w s 1mposs1bl 
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to find many in ;hi ch fiv s· cces. ive n d s 1:> r f erU 1 

fl"' r o ts. The ffeob cf s .eri y 1 o 1 n n t e int r-

nod • All typ s ra o. t de g u t Chi co , ri lea t d n e 

a t . t. P. ul. T off ct or t r, as sho < t bard en, 

~~s v~ry s11~ht, especialJy hen mp rd 1th t e orroct 

of t e combined f ctor f .~eo ,r pl ic; lOOf.tion. 

The o r. otor of tli curve wa inf. u need v n 

leas t n t eir relativ density. Ry r ferring t Tabl 

. 
5 it 111 be s n t dt som selections i present 

much · rper curve th n o t ers, n t U" ar or oppor 1 1 ty 

tor vari tal di tinctions in th aistri tion r e , re-

ment • voidin.• the t;;Xtreme x pl . o. 3 f T in t nee, 
' ' 

Which h lr , dy been condens d t r or f'1UT p c y 

t le USt: of thv to ula of d noi ty, 1 till le c ct 

than o. 35, w 1ich h s been m de 1 tly 1 BR COJ'Tlp ct y 

the same oper. tion. At t. .... ul o. 35 B tot 

or its spik s in three spaces 1n one instance, nd 9 '1f in 
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the other, while o. 30 as but oz;. At Ab rdeen, Tdaho, 

under irrigation, No. 35 has a total of 91% of it spikes 

in three spaces, while No. 30 has but 7 ~· Upon the dry 

fann at th sam place, o. 35 has total or 8 or its 

spikes in thr e spaces, while o. 30 h s but 7 At 

Chico No. 35 h~s 94r of its spikes in thre 

fo. 30 has 91,%. 

pac , whil 
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i;ii:,RTJT., TTY. 

Th varja t ion in fertility i~ t e rnnst evirient 

und tlie mo t vitul ~r 11 th mo~ification ·}~t occur in 

barley. At each node of t he r c ia is produced L Broup 

of three ~ingle flowered spiktlet . Tn t e six-rowed, 

ea.c 1 of these rlev lo os ~ separate grain. As tho groups 

of spik 1 ts re pl· ced ul ter 1· t ly on oppo i te i es of 

the r chi , t~ r sult is six column of grains from 

base to t he tip of t e s ike. In t' t ·o- ro ed , only 

the centr 1 spi el t t e ch node 1 f e rtile, and th r e -

fo,re tli r , re ut two olumns of ~r ins. T'l18 r duction 

doe not t. xe pl~ce y t' dlimi t~on or the outer spike-

1 ts, bit by their sterility. T me 1 loret o_ ch 

et or thr.e accomplishd' it nonn 1 de el pm nt. n 

eith r i c r~ h sm 11, und veloped, in! rtil , flor~ 

Ao ever, t~e . exu orga 
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three s tam ns reach an ppreciable size and t'~.e ovary, 

thout>h rudimentary in o tie a:: , per is ts even to he 

plumose stigma. 

T r .... is, in , n ()ronp n! t ~e t o- rowed barl y , 

still farther modific t1on 0f t'·rn lateral florets. T 

Abyssini t1ere is conaid r~bl number of f rma in hich 

the side spik 1 ts aro rudim nt ry; t t is, they no longer 

contain ven inf •rtil flo ers, the who_ pi elct b ing 

reduc d to s true ture t · t are 11 t tle or th n hair-like. 

In t e xp rienc n:f t'1 writer, thes w 11 known 

t xono ic division hu proved n irely t le. T C'b-

s rvations hav included undreds of varieti s, nnrl t ~ e 

v· rh~ties l:hV b~en ro n und r su"h v r"in con i 1cn 

to s imulate non trou· devolopl"l nte in ·n· true t 

but in no custt a.s t 1ere been 1nd1c ion f >ride.:ne v r 

th S~ par.'l tio It 1 th opi ion of t e writ r ·,_. t 

the numerous inst n c s r corded ve b~ n misinterpreted. 
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The on cited hy Koerni k .. was most probably Cro s, cS 

the v riation o1 t~ progeny ; s nuch as is 1 uys secur d 

by hy ri ization. 1he more common exception u ually 

described ure t e occurrence or thre and ic1t ro ed 

:rraaka, and two-rowed barleys in w' 1ch ome o the 1 t ral 

florets ro rertil • All three are proba ly du~ to he 

rorroa tion of adventitious spik 1 ts. . uc sp1k lt.:ts ar 

common, nd 11" st.lver l occur along 011 ide of th r c i 

nr two-ro ed b·rl y, tn.e r ult is' tr -rowe .pik. 

If a dupl i c tio11 or t e groups of spikel t t t • des 

or en~ sidQ of t, r c i~ occurs 1 ix-ro · barl ".I, 

t r ... 1 t 0 nin ro a, which, if imp :rrect in any ..,.y, 

ro c· oily mist~ n foe .i1ht. It is ntirely possibl 

th t flor t or lat r 1 pi l t of two-ro e v rieti 

are sometim · r rtil , but in pr ctically all or n r-

ou., cases t at be n not d b· tn writer, ~lo e in-

spect1on of uc Brains ho n th m to b dventitious, 



r 
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not rnt:· r(jly . t ~:ril , b1·t 1 •• r r~ · ,. , i;;J:tad by only t'!J. o uter 

Th.e r1 ret having d nppoared 

c~nt:lrely. p~ ke., tr~ fcwnd " pra ~n 't. tha. .,,10< 1f1-

ae et rrnJn d, 

. •r; tliat t'he , Y'et 1 ve · s ·· te t de p. 
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T • . · ~'l'Y, O, 0 UT R ., 

T e 0Uter ~lumes present but two pha~e~. ,,.,hoy 

are usu lly n rro ly lanceola' , but iri rarti forms are 

o te lUJJceolate . 
~ 

Tn t~e latter case they~bear mod r l y 

A few intcn~ediates nr formed by combin tions 

in hi ch cert<.in cm~s inst ad f < J.l t l norm. 1 lt r 

glumes are r epl. c d by ovate J nceolate on In t is 

inv sti"' t.ion, hil ntz-n rou v· te 1 nceol' t selec ion 

have be n mad , the r e as been nothin a ed o t e 'nfor-

mntion clread: at h nd. 
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groups as to make t,.,eM 0f slight use in separating nearly 

relu.ted str ins. All t i anna barleys have lon~ narrow 

awns, the 7.eocrithon und exastichum forms have short, 

rnt~er broad, aw1s; and t~e hull-less barleys excessively 

broad ones. Tn t~e ~anchuria group there is som suc>es-

tive variation, bi: t it needs t e support of oth r variant 

to becoM convincine. 

There is, in addition to these r t er n rrow 

variations, a still greater diff ranee in len t of a n. 

Jn these c s .s n abrupt nd conspicuous reduction takes 

place. There < r botanical v rieti s char· cteriz d :r 

ver:· slri rt awns, d others in w ich e B ume i rely 

po int d. 

fr. l'.f. . Derr, of the United at s apartment of gri-

culture, secured sue' a form thro 1gh er ssin ·• S 1ch vari-

at ions · k:e < vet' .1 deci ed separ tion frn t e1r lone-awned 

relatives. 
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T:-ie toot} ing of the awn is subject t mt ny 

vuril tions, some or w ich re constant. The distinc ions 

are often merely ones of de)ree. Ther arc forri , special-

ly in t'1e astichum and z ocrithon groupR in hich ho 

toothing is very profuse nd the individ11nl teet v Jry 

lurge. These types are cons ta 1t nd .r in .rited 1 h 

no more tende~cy to vnri tion th n are ot~er ve~etutive 

characters. Jn t u.n cli..uri -Oderbruck~r b rl ·• the t th 

rE:J numerous, but cml. average !.n ize, be in uc am ller 

t ·m t11e on s referred o r..bove. T e t o - ro e d b · r e • 

r the . an·1a t_rpe h, ve f wer teeth, nd t oRe v ry uch 

small -'T . 

There re oth.r barley in ic t . ns r 

moo th. In 1910 t . writer 1 elated, from ixed n 

barley form in w ich t ·wn w a smoot except! r a 

r~w mall te th t th tip. In 1·1 to pl nt ·ere se-

cured from ·n nglish import tion, belonGin to seldom 
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cul tivated botanical vari t·, in w'., ic the wns , re abso-

lutely smooth. ybrids of 11is el ction upon • nc rit 

and u.:1 Br1.:1 · ing sorts show tha tooth.inc to b do~nim nt 

over th absonc or t e th. 1 u t' t; s c nd neration 

smooth awns again appeared. 
5 

Regel and oth rs have r ported 

Regel , Robert: - lat e ra nig Gers en. 

(~ con° i.d r ble n b r of sue b rley • 

Al thour,h it s !'l.S not to ru.ve b 8 by 

system tists , the ten c y or t 
h b n round to b 

s~rviceabl i vari t l ·e cript ion • 
st b. r eys t r 

rat Jr e sily, bu t ere are so 
hioh wil no t r s 

c n , ~o at•er how u effor b xp nded . T i s c arac-

t r is c .monl r cogni~e in t 
11 orni b r e , bt t 

xists in ~ariout , som of t'e s 1 ctions fro 
d s a, nd 

numcr nus ot' rs as well. 
T s varieti s h ve been gro n 
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at a large nunb~r of points and sho no incon tancy in 

this char"-.ct1:1r. 

Ther. is also a diffurence in tl persist nee 

of t'h aw• s . There ure a fe varietje t 1 t are h most 

deciduous . "Primns, for instance: has b n ohs rved in a 

gre· t variety of locations, an it .lwa•s rops J o.rge 

percentage of ts ~ n as it rip ns. The loss of t 

awn in uch v· rietieM does not come ab it hr u h th bre•~-

ine nf tli ·.1.t orr: n, ht t by 1 ts be in loosened frn t e 

clume. It is t' e tissu s nf · e lum t t v ' , nnd 

is thus in real tty u c r· cter of t orp, n. 

Jn t h.e hood d barley th wn of t flo erin 

t_;l um is r~pl c d b:r .... trifurc'1te p em age. T is 1 of 

evident monstrous ori in and is connect d it t n 

class by no true interm ... diai Th ex.ct n ure of e 

app ndage 1 not cl,ar. Tn s truct r t pR.rt ppe r to 

be t~~ result nf v e t tiv stimulation are leaf-like 
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in appearance. T e fact th t th y r t re in n b r, 

und th< t they bear rudimentary florets, indicates th t 

th.ey ure a p rtial repe 1 tion of th spikelets of an inter-

node, the l afy segments beinc:; the flowering glumes. The 

char· cter is absolutely connt nt. 

Th, Bts oft e Flo·ering Gl e. 

The method of t e ntt c ent of t e le , or 

flo rin0 ~lume, to he rac is ha be n hown by t erber-

Atterb ru, Albert: - Tidskrift rur ndtmand, 1 
Versvc' r - , ta jon n, 1 9 , 

to he . r tin ui. in. rk b .. t n the 

.·r ups. Tn t nu ten r,ro up t er in i6 tt c 

36' s 23. 

n n tans 

very c n ricte and , f ti sue i c ., y' p r t a, 

l nveu t 0 proxi~ l xtr·mit 8 00 T urr c 1 

blique t t > long axi or t ~ r in pr sent all 

horses'1oe-s 1ap d d press ion just hove the lin o! attach-
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ment. Tn the r c um _,roup there is more , t ne vcr1a-

tion of fonn, but aJ l are cent re around an at tn.chmen1. o 

the rachis thn t j n much broader th l in nu tuns rind · .c de-

pression is abs nt . hen the cen r 1 n rve of t d rsal 

clume is not too 1 rce rnd contjnu~ t o f~r throush h 

hasv, a trunoverse er ~se ~ fnund juAt a ov 

ment. The six- rowed barley~ ar • Tl t d b ·• e s· e 

means. 

The dherenc~ of t e Flo er nc 1 mie 
to the Pericu.rp. 

The normal fo rm of barl y 1 one in w "ch h 

Palea re grown r st to t e per1c~ r • T re ar n ro s 

v rieties in w 1ich this union do s not occur. ere con-

stitute our hull-loss b rl ya . nth form r bsolu ely 

st ble . T.1 character off rs no op ortuni for in r 

distinctions, unl ss it b in s c c s s s Prinsess, w ich 

th valof Station aint· in has low bus el wei dte 

to an bnormally loose att chrl nt ot th glUl"l s. 
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THE 0 VAT,0. .,HAR T 

In 10 8 , rBa· rd, of Svalof, w den, announced 

thl;} 1nost importa it discov ry in tl e clas ific tion f th 

lesr r groups of burley t t h. ver b en broug to t 

attention of th world. t only w s it of e c p io l 

intrinsin v~Jue, but it cted s in t e 

stud:; of el men 11ry forms, d has b n t ca i of uch 

of t' • rogr. R t' as b n d n t i 1 ti r. r 

biotyp s. 

e ' rga .• ra or· bi ~d u on . 1 

tHd/ r , e r.pik • A e discov r th 1.t r i"U ly 

unobs rve' ar nts r, rt or h le di nc-

t ions. 'I'he~e w i·c t t1 
t ll'e or o ring o t bas 1 

bris'le, al' tl () t i or inn r p r o 0 

':: 1 bG. a: b r · " tl , 1 .. c 1 s e :on in hill 

oft'" ".ik 1 t, is cJ• d it in t fol s of tl-- 1 s 
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and is carried wit t G e;r .. in h !1 it is rer10v from th 

spikt:: in 1h proc ss f t res ing. The b i ·le is covered 

in some case w1 th long stiff airs; in oth rs, wit short 

curJ y ones . he inner pair 0f nerv u~on th dor:rn.l s ~r-

f <-.C(; or th, gr in ; re in . om o s s provid 1th num rous 

small translucent te t'1, in ot ers th • r s:noot • 

The us ot hese t o n c ract r g· v four 

s epar t1ons in any grnu ; t. e. , long hair bri tl 

nerves ithout t t ; lone ired bristle, nerv s 1 h 

teeth; ,ort i r ed bristle, ~ rve wit out t eth; nd 

sh rt h 1r d bri tl , nerv,s wi h t t • n t e s p·-

rations re applied n t e larBer ~roup , ~· s. er ctum, 

. s. nutt'.n nd . !!.· vulg· re (tetr tichum), tw lv 1-

er group r sulte~ . 

Al t'1ongh this ne r oupin s only '!!lall 

p rt of the v lof ob r v t i on on b rle·, it soon bee e 
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known E:.s the Svalof system, du~ no dC'11bt to its novolty. 

Ae ~ n w departLre, it s beon .,ubJ ct to 1111,;ll more con-

trov rs.: t - ·1,11 hl:..ve most of the old r nd t niv rsr.; ly ccep-

ted taxonomic f athr s. 

Several broed rs, among ho 

most notabl , have att c -ed t e .rat.em, nc oecl re t t 

the cha.re cters . iGht be tru tworthy on t e valo St t 1on. 

7 Broil1 , Jo3ef: - B r · t nkorn 1 n 11<1 • • tut ;l.rt, 1 

8 v. Ts cherm k, ric: - Die 7, c tung der ndwir sc art-
1 ich~n ~ulturpf~uzen, rlin, l 10, Vol.I , •• 86. 

9 

but 

laringhem, • L. : -
Revue 0 n r lv d 

en t" pl nt w r 

did not r m· in constant. 

have upport d th v lof 

bristle, but · ve not 

u V<ri tion des fOTT'l a 
o t .n 1 { a , 4 - • • 

-~ro11 u dcr ot. er (I 1di 

8 
Tse l' r1n · em, 

e ;e a 1 e , 

don hey 

d other , 

t· tion in t !'l tter of the basal 

1 t a m elve so co pl te y 

__ ........ 
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with referenc~ to t h e toothing or th~ n rv a. 

Since the poin of c nt tion 1 e e~f ct of 

soil a :nc:' climate, obs rvations in t hi c0un Y- • ·re or many 

times t e natural value of those in uro e. me rr ... ation 

bot een California. i.nd inn soth, or Tdr.ho n ire:in1n., 

roprcsonts a rc..n0 th<.t r; i n possihl ... r opoar: brc or. 

Obs rv. inn hr:.v been •-dt: upon . n hun reos 

or s l ctions r unt ncr 11 bot(. n1·~ .1 5ro up • V ry 

little v· ri~tinn was rnunn n n t ?re or t ra }'i 1 • 

All obs rvutions t nd er ait ti~ her· ct r it s 

• 0 ic o r~c. As 

ould n tur lly b ex cte , t 1 toot in of • dorB 1 

n r v s ru: s b en round tr. be v r i·bl 0 • n-

fluc n <.; C: b· cl· t • '• e r c 11· i. nx~s r e 

.1pikuli;;t , <o.. CT. r1n1te a n d v1-. ort·"n .. 

T d t>tth on t c nor .1 n rv nr 0f ro vi tR r·cnnce , 
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heing l~:iere 1 ~1ifJstationo of th 1>1 rmis. 

feels tha. t the Sv,~lof 01'1 i ti on h .n h r ht.en 

ton an;husi~stic rt.tense. Th..e f·tct ~t vnr~ ticm ay, 

or ot, ot!cur in , strain is of' ,_it le impo:. t nc • 1r 

th lini ta re def nabi_e. ·o clouht th r 1 s nr: :ton 

ana it is eepeci 1 y notiCv• ble in t'1 sp i·u "! too t ed 

v:ri tics. A c .... ctus und r pro er condition 111 i pla 

leaves, yot no one will que ti n t e propr' ty n • c ib-

ing th,.; c .... cti 1 :~fl s: pl1.n h 

foliage l·nts, d d n mnre d a P oth n rv d 

anna s lection to 0 t rtr n to t ing o churi • 

Tt may t times pres t a fe c tering t th, b t t 

ou1d never t~come ev m d r t l· s ron ly to t 

cert. inly hi.;r r Rtr n l t ot ti rt th t r n r 
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V RTAT:rO ·, ·1 m G 

Th grain itsel f ar i ~ in ny wa:rs . The 

l;to.re defini t;c; v· ri ~1 ionr. nnt ~·r JO.t ' lr.e ' r < i ,,hr po , 

dimcnr.ions, iei ·ht, an coI:l1-'o f;i ti n . 

Shape of Grain. 

Th sh-pe of t he gr in is ell st<hli hed s 

a t,;roup distinction ru d is or ton · ri t 1 ch.'. r".cteris tic. 

The s i x-rowed varieties are sh<Lrply set oft from the t o-

rowed by t . e twisting or t he 1 t ral berri s. v n the 

c ntral gr· in or the six-rowed vari ti s, although it is 

not t isted ·s re th si e ones, 1 still or a diffe rent 

s pe t . n the two-rowed. Tn t e ix-rowed the rentc t 

diameter is near r th distal end of t gr in, w ile in 

the t o-rowed it i nearer the proximal end. 

!thin the groups th s ar tion re, or course, 

less marked. C rt in Finnish and Ru si n b rl ys y re. ily 

L 
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be dis tine;u:toh1:;rl f:ro~:t t. .11.; nr..c l ri b ...... . us nr 

oval sht. .. pe. 

giving a t'..!s i.forn, or s_ indl -s· n.p i<l, T . Go . ltorp 

r~Ldily S paTr ted frO t~ Oth~r tYO-rO d fO 3. he 

nvl lot Station ccportn th t .:r. nnc1 n ·.nd rt .,JS" c: .n b 

re< di:!.y ist:;.ng 1i• l~d :t '" h lJ.'C o::unpl • y t' pe t 
" 

~r in. .. t {) !' t 1 ..... di.1 i .c tio ... u, h:1 ~v :r , · r '0 . 

dant un n t e ' lt~ t v prop rtion 0 t gr in :l 18 

1mpoa"i°ble t0 00;., der 11. pe in d J. t .... d ' ns ns. 

The Dim n51on o t he Gr in. 

Th b< rl ! gr in vari s in lengt , 1 t and 

t 1ckness. At tim s on , or all , or th s constit te 

a vuriet l ch r r,ctcr. o ot r rl y co ld be confused 

i th tli.e Smy.cria. Jts long . r in 1 unique. r~ is 1 o 

very ou ttul if econd tr in ul · b round t poss s-
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st;;s t"l.e umwu ·1 r ,. cl b 0f t"lu 1t .n' ..-.11. 

: 330 

r~. t .;)On tatlstic·l ni"thod:1. 

At , .. n:-1 plc: cu 4. ' 
' ' 

r duct of R ·ari · !n t 

StL"'le .. :l· .;.On ir. sufi'ic-:.o, y u, i!o · to t:;i v nd1-

t;,Ll.iO. of t l 1 a.v.::r •. ...,e f>iZ 0f tht: era.in i ,1 On:J h irlr d 

mea~;1rem nts. T •. si:te oft .... er in i, ho v r , but 

art!ally d p ndent on ari~a . Tn .i<.1. l 'T 1 131 · 

thr v . i ies 

B c m t v-..r in u. pn i 11 1 1, ... U it d t: , .• c , _ ;mns 

m rked "h i 3 .... st" dnd "lo· t ' .. v V""1" it 1 

but the ' ver. ge , re l t, inn t vo. '1' v ri ion is 

stran-ely un1fo . • m C l ;;TI: t 1 t 1· 1 , 1 t .o so-

' v ntral, diare crs ; of .rinuens <I. f"" .. r f V"-' n . cf 

one ~1111.me t~r in t e . ver ties. <line pions of ri ls 

v1:;.ry a.c fc ur-ten t s, •. nrl of C ev .. : er TT o-ten',l1s. T 

~o s not necessarily follo th t Prins ss i t most 



- 66 -

vari&ble of the thre • (I 

more extreme conditions thnn ·1e other to, " n t. lo-

cations th ... ev lopmont a r ·ardl· no . 

Of t'.., nrec ·i~""·ue .. e t , 0 ... . e e.. is 

~cti~ variation ie no 

j cc i ·. :1 b i on ur }, r-; r f [i;' re 1 t 

1 -: e lt 1-1ve1·r 1 ~o tn t 10 · r or r-

n ·•inn. ..... l r n r i ce bl 

fnr lee 1 di. .. i. cti ns . h . en~t e s to be de ined 

b· vRriet·] a r:l c. im tt, nf.: n , rl ,, 1 e r 

th~ lant, .hi le t .r pon 

i."'1 .·nt ~:Jtrc' 18 

w ~1 ill u:-; t ,.~ t d tn H· .. , ' r r1n untley, 

L''~e fir" t s tr t. 

f t w r 1 r _den-

tic 1: ~:lle t i. .et r evi .1.r ation 

round w1 thin vari ty. 
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The w akness or all grain m surem nts 1s not 

in th- variation, but in th fact t t t e in erv 1 b tween 

varieties is not gre. t. The tot 1 ra~ge or av r . 668 is 

not large and while many s lection m·y he told apart, 

greut muny more must remain inseparable b ca s or identic 1, 

or nearly identical dimensions. 

e113ht or Grain. 

The t~ousand-b rry-w ight is det ination 

th t has be n consid red 1nd1spens bl in t e appr ise ent 

or exhibition samples, n i is o a v ry useful record 

in pl nt br eding. ro t e nat r or th is r ctor, i is 

to be expected that it will vary wit cond1 tions d cul tu re, 

but usually the variations re mor or le P r llel. In 

this invest10 ation cert in v rieti have always been found 

rel tively high, nd a thers rel tiv ly low, in b rry eight, 

regardless or location or season. T ch racter is, how-
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ever, a varietal character, nd not often useful in sepu-

rating related str ins. 

Composition. 

The varietal character of ny barley, s tar 

as composition is concerned, is subservient o climatic 

condition • !fit is grown in C·lifornia it 111 b much 

lower in nitroeen th n if it e gro 'n in innesot he 

average di! er nee of al vari ties i o t~n ~?· t r t an 

that b tw en th t o r.io:t extrem · t it •r p in . 

D spit tis f ct, ther is n actu·l v rl t 1 

t ndency. vanh ls 1 report d in Sweden to e r 1 iv y 

t o-rowed b rle·. t i 0 i :> 

in this country. pl s r C lit mi P d from m n7 

s ta t~s in t ~ est un in th pl in region ere lyzed. 

This v riety W's al ays lo r in nit ·og :n t n re oth r 

10 
six-rowed forms. r, c1rc nd Wahl found t t e averaee 

~----~~~----------................. ~ 
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10 L Cl re, J. . , 1 d <ihJ, Rob rt . Ch io 41 ttd 
of Americ n B rlC;ya ·nd alto . Unit d t ts 

s 
e-

rtm~nt of ~0ricul ur , Bur u of C 1. ry , 
Bull tin H'4 . 

prot 1n content for · y r ing from 11 points s 10.7'3 

per Oen , hil for e or inary six-ro it . 11. e p r 

c :nt . 

rt i . d ubt ul i f' c or wi such 1( nd 

en. ily influ nc l 1.'111 tR c .. n b d to 0 B 1 t lC 

in th s p r tion of tr inn , s ve in e caption· c .s 8. 

It can, ho.ev r, b us d n t d er ion o v r1eti 

nd .n y b or uch 1Mport nee in t 1 ctio .,. orts J. 

d pted to s tisf. ctn ry r d nds . 

.• ...._ ____ ~------"-----------------..-... .... 
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JG • I TATIO • 

Color is one of the o t o sily d t in d 

ch racters of barley. Unfo rtun tely it is 1 o on of the 

most treacherous distinctions. The occurr nee or p1£)rnenta 

in certain cases, and in c rtain tissues,is ndoubted y 

hereditary .. nd js tnnsmitted un!ailin:l:; fro gen r tion 

to Ben r t ion. In ot'1er ct.s t color ppe rs 1 1 -

tently , and in still nth rs spor·dic,lly occ2rri jn r· in 

and tis.us orrin rily fre fr m nts. T 1 rr ic 

be~ vinr, c upled wit th ! ct t t w _ite, ro n, black, 

violet, purpl , amb r, 
ve bee use 1 

v rious classific tions, led ~e writ r · k s u y r 

t"lo p:t nt tion of b< rle • i ce e col rs 1 s ed 

se med to be or num rou ~.d 1 ss v ri ble h n 1 t 

ot er p rt or t pl<nt, th gr in Y s us t e b sis 

for t e inv sti0 ation. 
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The t chni uo < aapted fro t l t used by 

11 
ann in his id ntification nd loc tio~ of t' pi cnts in 

ll fann , Alb rt: - Color.tion o t e Seedcoat of Cowp ,s, 
Journal of P.es arch, United tates cp rtmont of 
Agricul ure . 

t e cowpea. T gr ins er first examined by sectioninB 

t m dry. This avoid d any odific tion uc 8 rr.ig t 

eusily come rrom the ·ction or solv nts Jn an e b ding 

proc ss, or even from w t r if a free?.1 g thod re d. 

T hand sections wer q ally a sati rac ory s t os 

1th microtome , t e reas in qu tion w re re 1ly 

d fin d n t color .or e. 11. se n in mod r t y t ic 

s ctions t n in very thin ones. e r g nt ost n-

sively emplo7ed w re c u tic pot , droc loric cid nd 

chloral hydn.te. The sections were pl· c d dr upon a 
.. 

microscope slide undern ath eeven-eig ts inch cov r glass 



held in place by a drop or p raffine on ither a de. he 

red.gents ere drawn beneath thv cover glaa. by ans of 

blotting paper and th ir ction atch d thrcrnah t micro-

scope. Two p r cent solutions of the ;.cid < nd the lk 11, 

and c satur·'-te aqu ous olution or chloral hydr t , wer 

used in t~ so tests. Tf t e pigm nt showe no c B •1 hin 

a few minu t s, the reagents w r allo ~d t r main pon 

t~e section tor son hours. n s tc' c se~ 1 rg r pi c 

w re lso plac d in small vials containing fi!te 1 p r cent 

solutions nd ex min d t e 1d of tw nty-.1. u1 ·10 trs . 

rt soon b c • apparent that t r re t o 

Pien~nts in barle • re dily af! ot~d by eak 

solutions, , nd from t' nat ra or its re· '1tion s 1. oubted-

ly unthocyanin, ic occur idely in t pl<. .• t ingdom 

1n both its red, or · cid, its blue, or lK lin , form. 

T'll othe r r~sist d v n rolong d soa~1ng in tle inre con-

c~ntrated olutions nd w s prob bly ela in-li su stance. 

--------"--~~------------................ . > 
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!he fir t v. rt .ti s ptudi were o es 1 which 

bl' ck. as e!~ c•.ert by 

e it er t e e· 1{ re cen t;s, or t ,, prolonged soaking in con-

centra.i tl solutions. :he blnck d d j d od b com n brown, 

but this as ~st probnbl. due to dist~ ~icn or t e 

pigment cont inine tis u a, attendant upon the abs rbtion 

of ater. As a consid rable number or varieties 1th 

black glum.es were tested, nd as t r sults ere unit rmly 

the same, it ould s e~ th· t a bl cx or bro 'n Ji nt in 

the el um s me y be a ttribut u. to m 1 nin-lik compo n . 

An bar of Abyssinian v ri i s it purpl 

glumes wer sectioned nd tr. tad wit re g nt . The 

purpl color respond d t 01ce ow solutions. im-

mediately b c blue ·hen tre te with al ali, nd 

bee ~e red ag~in wen the ~ci wa pplie . e c 1 ral 

hydr~te test here, a d in all other in tances, w s le s 
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def1n1 te than is th.a cas with 1~ost anthocy in d posit • 

Upon its application t~e red color fad d very slowly ·ntil 

the natural .ellow of t gl u:nes b c ::ne ppar n • Th r d 

imm diately returned w 1en acid w s dded. h re is no 

re son< .. b douht bPt thh.t t' e color in tl e barl y is du 

to anthocyunin. 

A ull-1 s barl y with iol t r purpl , 

peric i.TJJ . L.S x lined. The olor B 1 0 re • 11 n-

8 rated to b nt ocy ni • Tn thi instcmce, 3 in 

other t - , found b th 11 ... ric ·p d in 

' 
.. . 

the aleuron 1 ., ~r. T t - rm ti OU 1 r d, .d 

in t 1 tre t 
. 1 aci t e r 

tt r bl n 

co as no nged, w 1 
b c • r d, 

f'fect v ry z uc""' . 

Tn · 11 b r ot1d1 t ni·1 · 

alw .. s red in t ric rp d Gl nn s, nd l ay::; lu in 

t't al6uron Jayer. In ot'1 r ord , th ... r s ·in c 1t on 

--~~~---------------... ..-.. ...... > 
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showed the color to be du to u depo it or nt ocy in in 

the al uron lay~r. T is layer w re di y ch n d o red 

b y t~e applio tion of cid, and ~a r adil7 d h u r.:.gain 

b~ the use of alkali. 

The s t<.bili ty of thiG · .d O t r for s .s 

studied in t e fields. nt.ocy nin sees likely to bo 

found in ny plu.nt .nd in c...ny p rt of t pl nt. rt em 

to appe r abnorn Jly in cas s r ln trition, nd is v r 

likely to occur in cond ctiv tiv us th• re ce. ine to 

be run ct i n 1. It hus , ow v r, no 1 .P .3 in t e 

r in. In c rta i n hull-1 ss rorm its stab111t i un-

questioned 1d, to ·~c ri r's i d, its ri b 11 ty in 

ci. T ry 

or R~rrel in coerul unt n bl e t o pj Jtjents 

nri:: <.~dm.i t ted. an intenne · 1 · 1~ . ld b .o on y 

betw1en '-\ hit var1 t a'1d "b • c' ne. Thi i evidently 

impossible be~ u e a cro 3 batwe n f rm with a melanin-like 



pigment l!nd no i • no pic;ment could not rer. 1 in .!l 

char .ct ri;-i: d b:· t' c: produ tion r anthoc:.ranin. T id 

spr d opinion f v ria, :.lity j s pos ibl. u t o f 1 

obu rvation. T deposit is in t, leuron 1.aJ r •. n th 

color is som~time~ obscu~ d b t' 1 

of this organ, · pee iall~' in humi · ar as, ~reatl 1 ns 

its tr ns "'Hrenc· • ih~ 1 uron la t:r i. CC' r d b:I 

pe ricur c.o.n hull • T col r muRt 0 only r ounced 

one !.o 
, 

aet 1 it fro 1th t, ut 
t: b e on 0 co rin 

· u t l o n pus·· b l · s , r n • 1 r 

in r 1ny , ·.th .r, · ia is . o t t t 1 t 

re oved in ord r to r 0 d 1 n. 

l sp k or ~ r in t.h ... r . er 

eop nc; t'1 t. ,o r1n1. h e b e tr n p rent. 

T ro i ndou t d "! 1 r r oe i m unt 

r t pi, nt d e r o r. r or 1 

l' 1.1 b dl e to t' 01 1 .. 10 a or row t nd p rt . e 

·---~~~--------------.............. . 



condition of ripe~1ng . Thi. piG-m nt, lik 1 n1n, is 

f0 nned during t.h~ la r st 6 s of gro th. Jt m.. .y be t at 

an a.bbrevio. ion of t.. ri J .inc period, du to eat or 

drouGht , rould result in re uction o! pii ent . 

Tha inher t.c.nce o .. c r a ter be tested 

by ohn~rvations upon s rnl str ins is 1 r m v riou 

b· rl ys. T es h.:..ve be :m row=-i or ev r. 1 rs n t 

<". n b r Of 1.-tCt:S, ' d i!l V ,rJ inst. C 1 zr n 1 y r 

un nr lu • lor. 

:!: c col rs v or ne rl · brown 

in o u pl ces, b1t ·ve nev r is P T d. lu - r d 

iolet-purple color 1 ull-les rl · re d to lue 

n t ocy nin in ~e le r n l · r, co bin it pi nt 

fr p ric rp 1 t 1 wit r d nt c n1n 

d posit in t~ vi 1 t. t re unq tion ly in rit d. 

1nor p~ases o! nt .o cy nin formation are t und 

int e foliage or t e pl.nt, t e nerve or t e era1n, and 

- --
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in t le h n. red f li 13 , thouc to nd or only 

in .rn.1e form t'1· oth r , y or i ril b di arc r 

Tn () t ca.s s it in i Cl. f. 1 utr•tion or (l or or 

ot r. !n t '1e i rv s or t• dor l ! 0 ring ·1 e t 

be mor v 11· b.l . s . ·t nc 1 n. r rl 1 

,ho· thi. c .r ct r to nt. t n r r. 8 

p s 8. vinle1, or p u·p rv us r ni 

ho ev,r, v tb co 1 J to t. t . 

' 0 e t u i n f b 1 

nur, ry l' v .r. in . 1 r 

•• ) n1 t'1 '1 rv .r >rO t r n r 
' 

r d. "' s .me 1 t ( t• 0 r, 
.. 

s or. d 'r 0 ti 

T .. . !l t n '/ 1 l 1 . 
" 

l1 t'1 s 1 ction so e r 0 r 1 

• ch ,ff rk 
• r 1 ri 0 r x 1d-

ing r its b s ~ .. t- ""i , d 0 r piiC in 1 t .. 

--~~~~------------------------
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sar'le b rs are d cp pur l • rht:n l.: ' " .... ned 1 

the color rnv~d to be two bri;. r tr in 

uen1is' b ·1 1ich t o ~ loro 

· reus runninc; t'·u full 1 ngth of t e u. n . 

chlr, roph ·11 pr sc t J'L c lnr f.f c• 

us soon t t;hi" din· ppt1<.r . i, · t.s l · 1, r 

h l h ra. o ry , 

in 1-

lon"' t e 

de p !>.r ple , 
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qt, • RY. 

·hile al 1 s;-- 'i ·nc•inn. 

u Hn t}1e b rcdd r ero r1 , i nd 

omit its cl ssific; tion; ·h plan. c ?'1.Ct 
u. ~ul in 

t s n ln 1t 

i.:.!" f'c1.r tr~ )6 • 1;:, l, s •. l' 11 1 

.1. .., br .d · t m •• ' c iv 1 ! na 

r. .r ic b~.e onl/ s Lorou .., . '1e .,. robl m () n r r 

i ot tc , tJ r e t 1 - r~ 
a 

r n 1 lci b tr ... b ·t t (' . ct .r n• 1 l . 0 ... ri 
• "/ t 

, .. • 

<1 • r i lS e ... .n h i" inc irly 
.I. 

r {' t; ir e 0 ... v 1 pn t. 
, rl r r 

I) :\ 
... 

i- ,., ,h r r oid1 n io 

i 0·1 or d' ~·.> 
1 1 11 r 

1 p ice. 

fH f pr 'C ... r. . ' in e y v r 

n ct r. J 0 • y t t. ird 1 r p e r in 

-----~~~-------------.............. -



- 82-

tlire d ys after t u s co.id , in oth rs 1 occ r s x d 'JS 

lt t r. In the fourth 1 . r even er t r r ne exi ts. 

Jn so~ strain to fir t till r occ1rs decid d y 

1 ter t~ n the fourth 1 r. Jn ot ers it pp 1 r e rli r. 

Jn so c t e tillers ; r all produc d wi thi1 s ort ti 

in ot rs the proc s is ext nded ov r v r' d 

T e r n or t wn is an extr ly ort-

any note, s it oc~ur t a t i e in t life or t pl nt 

w en . uch n obs rv ion 0 reo. v 1 e. T develop-

ment 1 us ll:r no 1 l t is 0 t r nd 

dr uuht v ordin rilY not yet rr ct. T r-

t!;enc or t h iwn b found to b r r or cc r nd 

more e ily obt in d t 1. l t d t or ins. 

The pr coci ty f str in t t t ot' t 

em rge lee or t n 1 rit bl c r ct r. 

T 1e d te r rip nins is , nfo rtun t ly, rt n 

influenced by eason , d il v lu le c r- c er, 1 
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less d pendable tlian th en rc;enc of the awns. 

A comparis on of th d v lop nt durin .) all st ges 

serves to rev al many di f ferenc s not pp r ni he ta~en 

separately. 

The loncth of cu is o ~ use s u local breedins 

note, but t vuri tions "r not p r·.11 1 en str ins ar 

plint d in tot lly dif ferent ar s . 

Th di ot c of ti culrn is ~t s rvic ab h -

ca.use ne· rl y r lated bu.rle:rs 
v culms or approx m tely 

the s · size. 

Tld thickn ss oft e lls of ~ culm is 

note ith al rge xperim ntu error, trl th ref r of 

questiona' le utilit:r. 

Th d gre of xsertion of t e pi e is ome-

tim a a varietal c~aract r, but is 1 t often us ful. 

The ntnnber or culms p r plant is to e ex ent 

a varietal c~ ractvr , b1t sel ctions r so aff cted by 
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season and location th· t it is v cy difficult to use. 

The i t of eaves is usef·ll in erou 

tions, and sometimes in vari t< 1 op. rations. 

1 tine-

Th~ lenGth is much less dep~ndablo and is s r­

v iceabh: only in rt.ther extrem t 

,,,he nunbt3r or 1 <. vcs v£ .. ri s ith the Groups, 

but usually closely r ln ted s trainG possess np roxim t ly 

tho same nmnber of 1 av s. 

Th density of th spike m J e sily be de 

t1e b.sis of many separ tions. O ten variet ies t s 

no oth r differ nc s r idel :r diss imil r in d n-1 y . 

Th d n itY of a el ction v· r1 nt 1th 

season .: .. nd loc<1tion, but t me n 1 1 ays a.rply e:tined, 

and the :tluctu· tions mora or 1 ss · r~11 1. 

Jn somo s rains all spik~s conform clos 1 y o 

the mean. In ot i~rs t.h runc;e 1 gr ·. ·er. ma 

to bt: u varietal c aru.ct r and is true le the r t . plantings 
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ar m· d in C• lifornia or innesot • 

Th est blished art io ~r po!l 

th~ r lative fertility ere f md b un r 

all xtremes of ric im. e. 

he n tur 1 v r d tic gro f 

Abys ini n b rley. R re x nsiv o. 1-

cation v e 1ndicu. e • 

rom rl , or i r n ro 

peculi r h bit of flor b r ion n d. 

Th le cth · idt 0 r. r 

corr 1 t d 1 h ot r a st 1c r r 

seld m s ful in clos e r 10 

te city f 1 r r 

c r- cter tt c d 'J 1 1 r 

T c ar c er o! t l br e n 

found to b s bJe un r ri n i 1 n • 

T e too hi f r ir r r s 

,. 
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is much more variable, but th ... variation 1 u ually within 

definable limits. 

The lengt. or t e ~r in, wtilo inf en e 

clima te, is a varietal char ct r. 

The lat ral and dor5n-ventr 1 di a~crs r so 

to some deereo, but re n infl uenc A b. n i ~ion. nr 

gr~wth as to becnne confusing in mo t in tanc s. 

Th compo~ition of t Gr in in a v r i t 1 

char cter, but one doninat d by clim 

Ther ar two co rin j at ri 1 1n b re.: 

on , ant 1 cyn.nin, is r d i s acid, lue 1 it lk -

li1e, condition. Th t r , la.1 -lik c p , is 

bl ck. The pi nt y occur in t u ul s, t p ric rp, 

t e leuron lc~:r Jr, nd occa. 1 ally i t' st r en p 

The res1ltin~ colors oft grain ar q ic d. 

Tho bo nc r,f all pit:,-~i;;nt is w ite. a " epo i 

t e m ... lanin-like compound in th hu1 8 1 bl. c. ; • 111 L\I 
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dt:posit, bro .. Anthocyunin i h, hulls is li{)ht viol t-

r d. Jn hull-less form lp 1ela in-11k ompoun in th 

~ ericarp r sul ts in t blLck -rt.in. ntho c· nin pr nu eR 

l. violet one. The acid cone it.ion or ntho yanin in th 

peric rp sup~rir!lpo ed upon t'ha F•lk.~ ine condi ticm in , 

aleuron li.er J ive t eff c, o a pnrnl, nlor, hi.. 

blue aleuron n ~th ft colorle.s p ric rp is b1ue-gr1 y. 

i te hulls ov •. r a blu nleuron c!luse r,r in ,o pear 

bluiah, or bluish- r~ • lack 'u.ls nv r ab ue al urn 

Give , of cou1·:;e, a bl c np eara ce. The , nthoc. n1 1 

al ays violet in the hulls and pericarp 1nd lw ys blue in 

the leuron lay r, showin the f rm r tis. ue t be in an 

acid, nd th latt r in n alkaline, condition. The occ ir-

r nee or n ~ocy<nin in the p rte rp or hull-les b rleys 

is more si i!ic nt th n its prod otion i n t e 1 ron 

1. yer. 
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TABL.li: I. - ri11e r la tion of r; 013ra.phiccil locution t{'\ 1 en·~th ot culm 
in t irteen r presentutiv~ s l ctions. rnhe selections re 
rr nr;e in order ot th ir he1Ght at ee.ch po tn t. 

Paul, inn. illiston, -' · 1 . 

ordeum vulc;;are S rvian 

s it 

l rinsess 

Surprise 

rvian 

.P.!. o.~0375 

two-ro 

six-ro 

byss1n1an 

Od ssa 

rr. vulcare 

myr a 

Od r 1rucker 

anchuria 

s . it 
Surpri .. e 

Kitzin six-ro 

s .. J. o.20375 

Prins ss 

AJyssinian 

Ki tzin0 two-row 

roccasin, ~!ont. 

Od~ssa 

P'. vulgare 

SurprL., 

Servi n 

s. 'P . I. :'fo . ~0375 

Ki tzing si -ro 

unchur1 

Oderbruck r 

Smyrna 

Abyssinian 

Ki tzing two-ro 

Prinse a 

Chico, Calif. 

S.P. T. o. :-0375 

Od.Jrbrucker 

Abyssinian 

ervinn 

Sm yr 

anchur1a 

it 

Odessa 

Ki zin£; six-row 

Prins 

Kitz1n two-row 

urpriae 



Table JT. - The effect nf intervr.1 on t e prod1 ct ion o 

culms in eel ctions of Smyrna ·nd 

anchurif arley. 

4 in. by 8 in. 4 in. b:r 4 in. I. in. by 2 in • 

.fon- an- an-
churia Smyrnn churia a churia s yrna. 

Total plint 2 46 87 80 179 l 0 

'Po tal Cnlm ~2 ,,O;> 2.14 3 1 23, 4 6 

Culros per plant 2. .1 ~.7 L 1.3 2. :5 

Th a 1 ction of 'anchur1 c OR n or 1 s Jow 
till ring habit, nd is not typic 1 n! nc tr1 
v riety of co re , 



a in 
AB TTI .- v r g t nf tw n~y-!ive le 

s ~r barley row t 

p 

a lections fro .rn in nt t 
ul, 

1nn ot , in 1 11. The !dth ia g iv n in 111 et r nd 

th 1 ngth in oentim rs. 

dier d Width 
l otion ighe t o e v r :.>8 t T 

15.0 12.5 13.2 8 20 2~.~ 

15.5 12.7 2 2 . ., 
1>.0 .5 13. 7 I:. ... e 28.7 

17.5 14.0 15.5 23 17 1 • 2 

"'0.0 1 .o ~ • 7 7 18 

r 
F 1 • 7 26 0 .. • .. 

15. u:.5 14.S 26 18 

ix-r w20.0 . 8.5 18 

. 1 •. 6 . 3 6 l . 

20.0 15.5 17.8 25 ro 
1 .o ., ~ • 7 ' ,. . 

r • Q 7.0 18.7 25 

16.0 11.0 13.0 "'8 



TAB IV. - The widt n n~th f e n t n ro p 

of b rl y Bro n at t. P ul, inn ot , 1 11. 

Group. 1'1dth L ngth 
o. Hi g. h· ow- Avg. 

tr ins st st t st 

1 17 13 1 .o 6 2~. 

67 14 9 11.4 27 20 23.0 

18 18 10 13.6 28 0 2 • 

18 1:5 16.l 2 20 • 6 

20 15 17.7 26 < I .7 

blu leuron :54 19 14 16.8 5 21 2 • ;5 

R s 1 n t a 3 19 1:5 17. 27 2 23.7 

H. s. 29 1 10 1 . 26 1 
, , . 
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TABLR V. - Di s tribution into their various densiti 

Name 

llanchuria 
Servian 
Eagle 
Sand rel 
1lalting 
Odessa 
!ariout 
Steigum 
Oderbrucker 
.lleyer 
Lake City 
Triant}ular 
Silver King 
Sandrel 
Odessa 
M:a.hr i sche 
Luth 
Lake Ci t y 
SU!!lmit 
Odessa 
Hanna 
Hanna 
Pea t'1ers t on 
l<eyer 
Triangula r 
Luth 
1 eyer 
Odessa 
Svanh.als 
Pea ther ston 
Odessa 
Fea t h.era ton 
Italia n 
llinneso ta #105 
Cheval i e r 
Luth 
'!Iannchen 
Manchuria 

• 
" 

Ital ian 
lfariout 
iaDle 
Svanhals 
Sand rel 
Pea t herston 
:Featherston 
' ariout 
«ale 

Svanr.als 
Italian 
and rel 

Featherston 
and rel 

Pl a ce 

S t . Paul , l·finn. 
" " 
" • 
" 
" 
" 
" 
" 
" 
" n 

• 
"' 
" 
ti 

" 
" 
II 

" 
" 
" 
" 
" 
II 

n 

• 
II 

" 
" 
" 
" n 

" 
" 
" 
" 

Excelsior, 
" 
" 
" 

ti 

" 
" 
" 
" 
" 
II 

" 
" 
n 

" 
" 
" 
" 
" 
ti 

" 
" 
" .. 
" 
" u 

ff 

" 
" 
" 
" 
" n 

n .. 
n 

" 
" .. 
" 
" 

Chico, California 
II ft 

" " 
ff • 

" " 
" " 

Abardeen , I dn.ho 
" " "- . 
" " 
" " " . 
" " 
" " • • . " . " 
" " 

Sto ck Row 
No. no. 21 

11 17 
34 29 
13 31 
35 33 
73 67 

9 23 
32 25 
24 32 
75 69 
77 71 
99 96 
96 93 
89 83 
35 87 
94 89 
72 66 

103 100 
100 97 

8 41 
97 94 
60 54 
23 :;o 

101 98 
51 45 

10~ 93 
5 39 
3 91 

31 21 
19 22 

6 14 
93 88 
55 49 
30 42 
67 61 
56 50 
57 51 
5C 52 
Fi eld A 

" B 
" c 
" D 

30 25 
32 £6 
13 31 
19 15 
35 32 
6 14 
6 79 

32 100 
13 103 
19 26 
30 3 7 
35 74 

6 3 79 
35 374 
30 337 
19 326 
32 400 
13 403 

14 

or one hundred apikes from each of fi!t y-nlne ylot a. 

22 23 

1 
16 

2 
6 

1 
l 

3 

1 

1 

10 
35 

8 

1 

5 
15 

6 
4 

l 
1 

8 

24 25 

3, 

10 

2 
1 

11 

37 
~8 

15 

16 
26 

15 
13 

3 
3 
l 
2 

20 

2 

54 
lfS 

27 
1 
6 

15 

35 

12 
8 

lr 
13 
35 

39 
6 

17 
2 

1 

54 
8 

45 

3 7 
41 

3 
41 
44 

15 
26 
53 
12 

3 

34 

2 

12 

26 

6 
24 

35 
4 

10 

23 
4 

34 

34 
28 
34 
32 
36 

11 
1 

27 
2 
2 
3 

10 
25 

25 

24 
10 
11 
~3 

20 
1 

19 
30 
32 
21 

3 

7 
11 

1 

24 
1 
9 
1 

30 

1 
39 

~9 
30 
15 

1 
39 
19 

3 
19 

1 

42 
~9 
32 
47 
15 

2 

31 
34 
19 
31 

2 
2 

44 

13 

13 
l 

30 
12 
17 
12 
17 
25 
29 
30 
?4 

5 5 
37 

l 

10 
5 

31 
11 
34 

28 

9 
3 
6 

33 
l 
3 
8 

32 
14 

l 
18 

4 
9 

11 
1, 

5 
l 

14 
40 
54 
37 
17 

12 

l 
2 
2 

26 
2 
1 

27 
12 

9 
4 

13 
37 

~9 
31 

8 

1 

urnb r of int rnod s i n 
29 30 ~l B2 33 54 35 

2 
2P. 

20 
l 
rr 
2 

33 
36 

47 
20 

2 
4 
6 
2 
1 
1 

9 
16 
34 
21 
40 

8 

6 
i 
l 

21 

42 
10 

5 
1 

13 
30 

9 
18 
11 

e 

47 
18 
34 

3 

5 

39 

9 

16 

10 
32 

26 
41 

l 

2 

2 
4 

10 
7 

28 

2 

19 

6 

13 
7 
1 

3 
6 

1 

51 
l 
6 

30 

20 
5 

24 

12 

31 

2 
13 

5 
26 

11 

l 

10 

l 

28 

1 

3 
10 

2 

10 

l 
l 

~l 

3 
l 
6 

24 

9 

2 

3 
9 

1 

31 

2 
6 

2 

8 
10 

l 

45 

2 7 21 
11 5 1 

2~ 20 13 

1 9 23 

10 t3 1 

1 1 

1 l 

24 16 9 

6 11 14 
2 
1 

l 1 5 
l 2 

10 3 

6 
4 

~9 40 41 42 43 

l 

24 15 15 10 

-~,~--~--·16 

9 l 1 

12 16 24 6 

14 21 28 2 4 
9 14 21 9 l~ 

'' 45 46 

10 

l 

Italian 
Y&nh$la 
ariout 
agle 

a ! ·oill t he tarms upon hich t h e selectionswer made . rea3urem n ts or 134 i nstead of 100 sp ikes 
Pentherston , Luth and Meyer are all Mano h uria or Oderbruol<er barleys nnf:!le 1 oin generlt 1 fields, three o! which we reunp digreed. At Abe r deen ro :JS ~ 6 t o 105 were unirrigated, 

are given in Odessa No . 9 which broke up into two t ypes. The Excel~ior barleys we~e rr aue to imperfect spikes. 
hile rowa 32a to 40S wer~ grown upon dry land. The irregula ri t ~r &t Mariout is 1 .... rr;elY 
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Fie. l~ - The Occurr~nce or the second, Third and Four 
Leaves,and of the First Tiller in inety-six Plant 
~ Oderl)nicker,Selection Number 50. T--h ~ 
~ ~C'~~~~ ~~~~:::1•1CH•~ 
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Fig. 3 . - The Average Date of e Pro uc ion e Second 
and Third J,eaves, and e Fir Tiller in One un­
dred Plants o! Ea h of Seventeen ,elec 1 n r 
in Dri J Rows. ;tt.R h-~ ~ a.-e 

~ ~ ·: --zk v~ er~ ~ 1 ~ 



7 

3 

I 

JI 





()00 

oo 

0 

0 
r 



Pig. 



... 

... 
~. 

I f' 
~ 



Fig. 

'f C 
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Fig. 7. - The Date of t . e Production or t e Second, Third 
and Fourth Leaves, and t e Fir t Til er, the er­
gence or th Ans, and t e D·y of Ripening, in our­
teen Selections or arley Gron at St. Paul, inn., 
in 1913. ach Detenninati n Ba ed on One Cen ener 
or Approximately One Hundred Pl nt • ,J.1..t ..Jl 
~~~~~ ~. 
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Fig. 8. - Composite Curves f e eng h o 
Leave , the Upper ( id h) in ill e er , e er 
(Length ) in Cent eters . 7L ' ~ ~~ 
~,r;Lu~ 
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Fig. 9. - The ensity of 
Barley From 
~ 
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Fig. 10. - The Densi ·y of One Hundred Spikes From Each of 
Two Plots of Sandrel, No. 35, Planted 1r. D1ff~rent 
Parts of the 1913 Nursery at St. Paul, inn. /"~ 
~ ..._,_ .4,,. .;,:., ; V. 7 :..,_,........, ~I-~~ 



50 

I I 

I 
I I 

I 

30 

JO 

0 --
'I 



1 . 



0 

J -... 





.. 

) 

"' 

0 

0 '/1 'I ~1 I J ti s lf ;. 



Fig . 

~ :;o-G<_.A_ 'U.N"'"'-~v.3 
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Harry Vaughn F.arlan ae born in Lon on }'ills, Ill . , 

February 19, 1882; atten ed the grade schools of - lnut, K ns . , 

from 1888 until 1892 an of London ills, Ill . , fro~ 18C3 until 

1896; receive~ a high school education at alnut, K ns., fro 

1896 until 1900, graduating in the 1 tter year; atten1e· t e 

gricultural Colle eat llanh~ttan, Kane . , fro 1901 to 1904, 

receiving the degree of Bachelor of Science; ente e· t e e loy 

of the Philifpine Go ernn:ent in 1905 as an r:cu_t\U" 1 instructor, 

remaiLing in this capacity until 1908; carried on stu'ies i 

abs~ntia for a 'laster ' s egree at the Kans e ric ltur 1 

Coll~-e dur_ng 1906 and 1907, co .leting the or by one ye rr 

resident study in 1908 and 1909; entered the erm lo of the 

. s . Department of Agriculture as an assist nt in eci 
..;,_ 19df (, 

barley investigations; accepted full charge of the etu ies 
~ 

in 1910 an of all barley in estigaticrs in 1912; b g n or 

lea'ing to the degree of Docto of Science in 1911, en _n 

the reeter .rt cf the ye rs 191 - 9 2 191 

Ur.ive=sity of ·1nnesota; left the Unite· St te 

to un ert ke a six-months' etu y of the P ruvi 

t the 

1913, 

n a. 
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