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IntroductLon

Incr€esed yield a^nd 5_ryr.oved na3.ting quallty are úre imporüant

obJectlveo 1n a barley inprovenent plogr¿¡lr. l{r.uoeroî¡s factors, both

€nvlronmental and hereditar¡r, deterolne the expresof.on of these

charaeters, naldng the effeetLve selection of indlvldual planlo or

ùheir progeny exèreneþ dlfflcult r 1be pJant breeder is confl¡¡ed.

to selection of cerbain desir¿bIe characters whieh a¡e visible. He

can only hope that sone of these selectlons wLlJ. prove sat5.sfaetory

ae to ¡rleld and quality when ùhe testlng stage i.s ¡eached. lherefore

he is forced to select very large ¡ugbers of plants ín onier to increaso

hLs chances of obùa5nfng htgh yrerd and good qr:altty ln conbirstíon with
other desirable characters. år5r lmorLedge thich tends to Íncrease the

efflcieney of r¡isual selection toward thls end rrLL proqe invaluab:Le ùo

the bariley breeder.

Franirel (5) etates that l"ncreaees in productivity are acconpliohed

in ùwo mys: (L) by overconing lfuitlng facÈore, the êffects of rrt¡leh

can be observed.and (2) by assenbling productivity geneao Tl¡e ,na!.n

i¡creases tn yteJd have been aehieved by overcomlng ùhese J.irniting

factors, that ls, Euch factors as condLüion disease susceptlbillty,

drought suscepùiblJ.lty, and susceptib .ity to ahaÈtering, rather than

by assenbllag product5.vity çnes. Ttre princfpal difftculty 1n selecti ng

for produetlvity genes'arises froB the f,ect that ¡ield corçonenta are so

subject to enviror¡¡pntal mríatLon that Èhe recognJ.tion of favorable

genotyp€s is diffleult even in replicated yleld trf.al-s. Geneùic con-

cepts require segregaüLng popuJatlons gre¿tly exceediag in nunber those

s?¡ich can be lncluded in sueh e èría1. fienee the efficiency of se]eetLoa

of slngre plante and their ienediête progentes constLtuteE a eajo¡ problen

i¡ selecÈLsn for J¡ieLd itseLf.

In onier to lnerease the efficiency of eelection of elngle plants
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for ¡rleld anÁ quallty LÈ is neeessary to deternlne Lf thEse lavlglble

ebaracters are aasocLated Ítth any obeefirable characters. trith thig

tn El¡d nlrserous Íorke¡rs have earried out eorrelaÈLoD studies Ln the

various ce¡:eal c¡ops. tlorever, relativeÐ fe¡y of these studieg

have been concerned rlth barLey. Ås far as ühe authsr has been abLe

to deternine, oaþ trc such studieE hêre bee¡r publlshed in Car¡ada and

these heve dealt only !¡1th char.aeters p€lAal.ntng to glt'Iity. Tbê

present atud¡r rns under*alæn to deteraine the poeelble relatlonshLp

bet¡æea yfeÌd, nitrogen content, a¡rd certaLn pJant and seed eharecterg

LB barl€y. fhe reln obJeat is to dete¡nlne whether an¡r on€ cha¡acter

ie eJ.oaeþ enough assocf.ated with yield or vith nltroçn content to be

used aa a guide 1n selecting siagl_e plants or the proger¡y of, stngle

pJants"
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Review of Literatu¡e

Nunerþus sùudies involving the correlation of plant cha¡acèers

nith yield have been carrLed out ¡¡ith mny cropE in tlre last thírty
fívo years. Many of theee gtudies heve been nade ln ùhe cereal

crops, wheat, oata, and bariley. Since ttris atudy ie directly con-

ce¡..ned ¡ylth bêrIey, the literature reriened here rd I[ be lhat ¡¡trlch

ie nost closely allLed to the subject; nanely, sùudtes ín wheet and

barley, ¡vith soBe neniLon of oats.

It ie interesting to note that as ear\r as l62J_, Sir Hunphrey

DaW (l+) renarked th¿ ù it rÊs unfortunate that so rnalry high yietdtng

grains "¡ìreferred to Iíe upon the ground': In 1919, aLnost one hundred

years later, Carber and Olson (6) reported that they found no slgnificênt
correl¿tion between yield and todgÍng in a stüdy ínvolv!.ng 15 strains of
barley. In a study of J.I¡6 varietLes of wheat, Goulden and fJ.ders (f)
fou"nd a negative correlatioa betrreen yield and straw strength.

KieEselbach gg gl.(f2) fou¡rd no correlaùLon between yield and lodging

in a study invotving spring wheat, oets and barley. teasure et al.
(14) ¿lso reporbed no correLation betreen yield and brealdng strength

of straw in barley.

GouLden and E1ders (?) foun¿ a negative correleiion betrcen yield

snd deys to head in ¡vt¡eat. Brldgford and Hayes (3) rcrking rd.ùh ó1

stlains of varieties of wheat reported ùhis relêtionshlp to be

positlve. I[exelsen (23) 1n h5.e pe.per on quantitative Lnherltance

and li-nkage ln barley reported that date of heading nas correlated

rith the factors for large teeùh on the lernna nerves, tte factor for
two ror, the factor L for long hai.red rachilla, and the factor R for
rough awns.

Kohls (13) reported a positive cor"elatlon between yieJ.d ancl heighù

of plant fro¡¡ a studJr lnvolvj.ng ? varieties of bartey. BrtdgforÌi and
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Itayes (l) reported Èhe sane relatlonship in ¡vheat. Robertson and

Koonce (2O) studied p var:letLes of barJ.ey and reported a posLtlve

correl¿tLon betrean these tno cheracterg o teasure gg Ê1, (1r+) aleo

rcrld.ng wlth barLey, repor.bed a posltive reLetionshíp aE had the

previous ûorkers c However, Kiesselbach et, aL,(I2) reported no

correl¿tLon betçeen yle3.d and hetght of, plant, 1n barley, oats, or

rheat. Boyce et gI.(2) Etate¿ that seleetlon for strar l_engüh dtrl

not fncrEaEe the efficlency of seJ.ecü!.on fon yieJ.d, Ln nlreat¡

Quleenberry (I9) fn a fleld sùudy of wlr¡ter ånd Eprfuig Elieats,

f,ountl e cfgnifieant posltlve correl¿tfon betæea yield and nr¡nber of,

lrc¡r¡eJ.s per head, ard betre€[r number of kernels per head and IO@

kernel reighü (x;W.). Thayrer and Rather (22) reported that ¡rlelrt of,

barley ¡ras affecùed by rate of seedilg¡ ùhat the exüent of tiller"!.ng,

lsngùb of head, end nunber of ke¡nels p€r head deerèased as the rat€

of, seedlng lncreaged. fhey bellened $uEber of ken¡e1E per head to
be asaoel.ated r"lth yie1d. Boyce et gl.(2) Etatea that ùhe only ylelil
coryonent cons{sùent].¡r varylng ¡rtth total ylet d in their sùudy of rheat,

uas the nunber of kenreLs per bead.

thayer and nêther (22) had Êuggest€d a posltLve eorrel.aÈiotr betresß

yleld and h€ad leaeth ln barlsy and this ßs forrd to be so !n the atady

condtrcted þ Leasure et g!.(14). Ibey also report€d a poEitLv€ eor!6-

l¿tion bet¡¡een yleld and test neighù in bariley as had Kobls (13) and

Hobertson ar¡d Koonce (2O). TÌ¡e sa^æ hlghly ergnr flcent posltfue

relatlonshlp û'¿s FepoÍted to eriEt ln rrheat by lieyes gg gI.(Ê),

Bridgfonl and llayes (3), ard þ [feeselbach gg af.(U). IÍorøelJ.a (21¡)

fou¡d ke¡nel æight to be poslÈlveþ cor¡el¿ted rrith ùest reigþt in rheat,

Quisenberry (19) fornd slgni.flcant pos5.tinø correlation beireer¡

yield and 1000 (;1t. in ¡rheat as did Br-.Ldgford a¡rd ¡{âðres (3). Uorøeffa (e4)



-5*
fouDd no correlatlon betreen I0OO K.W. and purple Etrrar color in
nheat, whereas ¡[Lddleton a¡rd Eerber* (Ió) ¡eportea that tn each of
three years pu:rp1e süraæd typea produced kelrrels rhich rere

slgn:ificanüþ heavler thah those frc¡r rrhite lines o

.Anderôon et, al.(l) conducted a etudy tnvolvtng cer¡en veriet¿es

of barley ar¡d f,or¡nd a negative aor¡eratlon betüeen looo K.Ir. ¿nd

nit¡ogen contênt and bstreen 1o00 fJ[. and aaccharlfsng activltyo
l,eJer¡ne (f5) studying F3 lines of a Chevron x G.Â.C. 2I cross, also

four¡d a nogatLve correlEtion betreen 1OOO K.Iy. and nit¡rogen content.

He 
'eported 

a positfve cor'el¿ü.on betreen looo K.g. a¡d eùon nrsù

reactLon.

Tbayen a¡rd Bether (22) belíey€d yiekl to be closeþ aosoeiåted

rrith the extent of tllJ.ering ln berr-ey. Tbey staüed tt¡at as th€ r,.et€

of seedlng f*creased, the e¡êent of tlllerlng deoreased and that yleld
ras ¿lso deereasedo Hurter (10) reportêd theù the hlgh yteld of, the

barley varLeties Sp:att..Areher aad Splatt ras asEoclâtedrritt¡ h{gh

tiLler gurrriv¿Io

(þulden end El_ders (?) foulrd a negatlve .correl¡tlsn between yieLd

and eusceptflblJ.lty to sten ruet !¡ yúheat. l?rey also fou¡d th¿t a
negative reratLonohÍp ras l¡dicated for yierd antr susceptablllty to
leaf, n¡st. Brrldgford and Hayee (3) ateo reported a negative eorre-

l¿tion betneen yieldand susceptablllty to leaf n¡st i¡ nheaùc

Ânderso¡ É gl.(f) reporbed that they found e rlefLnite assoclaÈion

betreen nLtrogen aontent and sacchar.J.sing actlvtty. Ihey studled

Eeven varleties of barley ånd stated that this is an lntravarletal
reLatlonshf.p and does not apply bet¡reen varl.etl_es. &¡vimnneat¿l

condÍtions which tend to produce hlgh nltrogen tarl.lVs ¿Lso ter¡d to
produce barileys high fn saecharif!.ing aetiviÈy a¡d produce nalts of
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corre spondingly higþ acttvtty.

ñeatby ard l{cC¡U a (f?) ¡eporÈed a hLgh negative correl¡.tlon

betnedt yleÌd and protein conÈent ln both.wt¡eaù ard barJ.eyo Hunter

(l-O) æporged èhe sane relationshlp in the barley varÍeùies Spratt_

á,rcher and Spratt.. He concluded thet fi¡rther efforbs ùo increase

the yield ln ùhis type of barr.ey by breeating rrculd êutotratrcarl¡r tend

to give typeo n1üh a Iorer nítrogen Gont€üb than thê ¡resêRt .forn.

t{e steÈed Èhat this ageocletion beðneen htgh yteld and Iow nltrogen

content oould cause diffteulty ln bneedlng high nltmgen feed barleyo.

Spragne (21) reported lrar{-atl.ons in the expression of charecters

ín rtreat under different elioatic condLùlons. r.Me¡ åJrd luaenua (11)

conparcd the behavl.or of v¿rietiee of oats and nheat under dlfferent
cordltfons of, eûvLror$snt and ln diffe¡eat seasons. They found sona

diffe¡encea in the cor¡er¿tLons of the sa.ne che¡actere at different
plêeeõ ard in succeseive years. lforzella (24), in reporting on hl,s

correration st.dy in wl¡eat, stated that the nagnltude of inùe¡a¡nual-

cornelatLons for protein, 1O0O K.lìi. and test neighü, although rrr gbl¡r

s5.gnlfieant, ras rather Lor incltcattng that envlronrentaÌ condltlsna

greatþ lnfluence the expreseS.on of these cheracterõ c

Powera (18) foutrd dlffe¡ences in Èhe reactlsn of genes contrib-
uttng to quantltatS.ve cha¡aoòera uhen ln conbinatioa rniüh dlfferent
qualitatíve charactars. He stated òh¿è the natu¡e of inte¡acùion of
factorE affecting seed relght per plant, height of ptant, nunber of
splkes per plant, a¡d tength of aì{n was such that the visibte effecù

of a certain faeùor is greeter, the greater the nunber of fåctors

involved.

It ie appareat that dl"fferences in Lnteracùion betneeo genes

controrli.rog quantítative characterg occur and that no genereJ- rure can

be glven at the present tí.ue thaü rill_ descnibe aLL condltLons.



-7 -
Àfateríals ard lfethods

Ttrls study ¡ras r¡ndertaken to dete¡aihe the possible relatlo¿-

ships between yield, nitrogen eontent, tillerE per plant, I0OO

kernel uelghü (f.W.), length of head, and aleurone coJ.oro ?ÌresE

specifi.c charactene Íere choaen for the followJlg rea6on6 i nitrogen

content and 1000 K.Iç. are used l¡ earþ generation testing as an

indication of malting quatity, tillers per planü end Lengùh of heed

have been reporbed to be associated with yield, and it rae euspected

that yelJ-ow aleurone coìor rnfght be corretated rrtth high yleLit since

nan¡r yeJJ-ow feed barleys are e:<oeptionalþ btgh JrLetders.

ltre naterial fo¡ thls study origlnated in the BarleJr ÏEprovenÊnt

Project carried on by the DivisLon of Pl¡nt Scíence aÈ The University

of }taníùoba, Iþ L9t+9, 1L6 pLanù rons from a croo6 of l[ontc¿lrnr x

Vantage uere undergoing selectloa in F5" this eroEs nas selEcted for

the study because Vantagg had been outyielding ìÍontceln qulte con-

sistentþ and ùhe¡:efore it wae thougþt th¿t the ratrge in yi.e1d anong

these 1:Lnes rsuld be quite rrlde. Lines rr1üh blue aler¡¡one and llnee

with yellor aLeurone occurred in a¡proxinaÈely equal proportLons. In

selectLng anong tbese F5 l5$es, those having yellor aleulone ïen

co¡sidered mre pronfsing, ritb respect to htgh ylel-d, than those xrlth

blue aleumne, on èhe average, It rtÊô thought that theee lfnes rouLd

be relatlveþ honozygous for the cbarecterg to be str¡àÍed and thaü thsy

ssu].d be gì¡qJìa¡ enough genetlcalì..y to eff¡ure ühat an¡r rreLationshf.ps

rhLch ntghü be rliscovered reuld be due to the acùioa of genes eoatrolJ.ing

the otr¿racte¡s studied ênd oot due to the effeets of obher rldely divergenù

characters. It is inpossible to i¡rclnde all of the varLetal characters

in a stud¡r of thfs scope. By sttrdylng the segregates from one closs,

rathe¡: lhan a nunber of di.fferent var.!.et1es, it rvas though! thet the

effects of widelü divergent vêrl,etal characters ¡ould be ¡nl nir¡{ ¿9¡1.
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For e:ranple, ùhese LLnes had aLI been eeLected Ln earlLer geaerationg

for ¡¡¡st reeistance and r¡e¡e a1l reel-süent or nearþ so, therefore

sten lrrst had no influeoce sn üreir ylelds.

In 1949, a sa.nple of e¿ch of these 516 tlnes ûag collected end

threshed for seed. It r¡as decÍded to set Ep tflo tests, each Þd€ up

of !8 J-ines rslùh MontcaLn end Vantag€ f¡cluded as ch6ck r¡a¡:letle s¡

Therefore 19ó lines re¡:e talæn at randon f,rü the 51é lfnee harv€Eted.

ThoEe rúere thaa divlded ints ttlo lots of p8 rtnsg, each lot consist5.ng

of approcLnately one-third yellor aleuroae 1l¡es and trvo-thL¡ils blue

aleurone llnes. The bll¡e aleurone sa,Ep1es mr6 vLsually i.nøpected and

cLasEod ae grey-blue, blue-grey, b1ue, end dark bLue. A llne nu¡nber

Iles assj€ned to each sanp}e ancl a reoord of thê oor¡lespondfu¡S aleu¡one

color vras kept.

Each test naa randonløed ir¡ four replicat5.ons. A single ror
pfst L9å feeú L0ng was used with one foot gpaclng betneer¡ plots¡ TTo

extr.a roru were Eorn at eaeh end of each replJ.cate to overco¡¡e bo¡der

eff,ecto I'he rate of soedi¡g enpLoyed nas JOO ke¡ne1g per plot. Thig

sl rehtly-Iowetlthan-¡ornal rate las adopted to encourage titl er.!.ng of,

the plantg r A V-belt seeder wes used to Eor ÈhE tesÈ¡r

study yns carried ¿t a iifferent locatLon La each of ùwo years,

at Headingley, Ìl¿nitoba, in 1g5O, and at the liniversity tn 1911. yiel-d,

sÊ¿D. nr¡mber of t{llers per plant, nean length of head, and 100O K.W.,

¡rere dêternl¡ed f,or oach p:Lot in eech of the two years. Nitrrogen

content of a conposlte sanpJ-e of all four replicaùes of each 1ine raE

deternlned tn 1950 only. AlEu¡one color ças rechecked ln l_951,

lbe follodag nethod me used to deterçine the near¡ nunber of
tiL]-ers per plant in.each p1ot. Seedllng counts a¡td head counts rere

m¿de ln ¿ three foot porbioa of each plot. I¡ o¡riler to overcone borrier
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effeot these cor¡ntE were nede èhl€e fee! in from the stakE end of the

plotô As aoos as the testa wer.e seeded ühe st¿kes were aligned and

solidly flxed at tbe end of each p1ot. A sir< foot lax2Í boerd reE

nErked off, lnto tno three foot sectLona. As sooa ae all of the

seedllngs had energed thô seêdr{ng. cou¡rts were Bade. ft¡e efo¡e-

neniLoned board ¡¡as J.ald along the pÌot riùh one end flush with the

st¿Ì.ê ênd the sêedr lñgs rerê coünted beginnfug at the eentre nark on

thE boa¡d. thaae eounts s,ere recorded f,or each pLoüo Tlhen the

pLots nere oompleteþ headed out, the heads .ln thê Ld€ntical three

foot portion of each plot rære counted and recor¡ded, usLr¡g the seJ¡ø

boerql. lhE nea¡¡ number of tillerE per pJ-ant ¡¡es then calculated þ
dividtng the nurnber of, headg þ the nunber of, B€€d"L:lng6 and aub¡tracting

I for the n¿Ln cr¡lm.

In order to deterøf¡e the nean tength of, head per pilot in 1950, one

foot of eech plot ras harvestEd Eeparately fron the naln pilotc Tt¡ie

sanpLe neô placed in a ¡rêper bag rrblch ma narked rrith the plot nunber

and llne number. Sheee sanples were ùaken af,ter oae foi¡t had been

trl¡¡¡ed off eaeh end of the plots Just prlor åo harvesting. llonever,

iü ¡tas felt th¿t this nethod r¡as not entlreþ saùísfacùor¡r in tt¡at ft
clid no! prþyld€ e rândom Eanple of the nÌrole ploto Theref,orre, tn 195I,

a randon Ea'¡Fle of heads ües collEcted fron eacb þlot. Ttreee saryilee

were plaeed in hêLf pound paper bags u?rlch had been prevLously labelJ_ed

wtth plot nu¡nber and lLne nrmbero å stapler ïas used to cloEe the bagso

ThLE seenecl to be a Ðuch nore efflcLent nethod of sanpling ar¡d the p¡oeesE

of measurl.ng ùtæ heads res speeded up eonsfderabþ due to greater €a,sê of
handling the sanples o In eaeh ycer ten hêads from eaeh plot nere

measu¡eà Ln centi¡etere by means of calLpere n Thè mean length of the

èen heads was recorded for each pjloto In each yean a total of å0OO
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Ás ståted pneviousþ, the eleurone color of e¿ch lLne r¡as

cleüemined on the seed uged fuì the teEtso In 1951 the a].eurone

color vas detemined ín the field es ¿ check on the prevLouå

detenoLnatLoa. ThLs check ûaE made on only one repl.Lcate of each

test as a3.eu¡one color Le lnfluenced S.tttle by aoil heterogeneltyc

For the purpose of, ealculetlng correlatlotr coeffieLenüs, the values

l to 5 were assigned to the aolor clêsaes dark blue to yellor

respectLveþo

The yie]-d of each plot was deteruined ln each year. One md of,

each pJ-ot ïas harvesied afber ùri-m5.ng to overcoee border effect c Eaeb

pl-ot Ì¡as sickJ.ed, pLaeed ln a ootton bag, and l¿beLl-ed nlth pJoü Runber,

varf.ety nunber, and Ìlne nu¡rber. The bago rúere stookëd and when they

h¿d dried sufflclonüþ they Ìrere taken lndoorð and threshed. Ttre grain

f"on eech plot ms welghed and ths weighù rêcorded in gra.ms. Thj.s

rcight m,s later conver+ecl to bushels pêr aêrêo

the 10OO K.Tü. nae detennl¡ed fron the threshed graLn for each plot.

Because of the ti-me involved ln rnaking this dete¡mlnation on eech of

8OO plots onþ 100 l¡ernels rvere rvaíghed ¿nal ùÌ¡is yreight nas ruIttplted
by 1O" It nas thougþù that as each ll¡e ras replLcaùed four tines,

this meùhod wou].d be fairþ accurate¡

As lt xras lnpossibJ-e to obtain nitrogen deternlnationa sn each o.f,

the 80O plots, theee deteflnfuetLons were obtaÍned fr"on conposite

eanples of tOO grans ßde up of 25 gmes froe each of the four

replicates la each lins" Nítr.ogen deternrinations rrore nade by the

Barley Inprove¡nent ¡¡stitute laboratory in finnipeg. Ttre data on

nLtrogen conüen¿ we¡re obtained in 1950 on1¡r, as it was inpossibl-è to

havo the I95I deterntnations ¡nade in ttne to be lncluded in this stuit¡r.
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.Analyees of variance were calculated for ¿1I characters occept

nítrogen contenl and eleuxone color, vrhich lere noi deterßd¡ed by

repllcaües. SÍnp1e product moment correletion coeff,iclents were

then calaulåtecl by an abbreviated cor¡ariance pethod as gíven by Heyes

a¡¡d Inner (9). Conplete anaJ-yses of covarLa¡rce were not calculatedo

Suns of products rere caLeulêteal from the varf.ety totals and thêse sums

of producta, togãther ¡sith the sums of squares obtalned fron the anaþses

of variance, çere ueed to calculate the correl¿tlon coefflcLentsc AlJi

possJ.ble sinple corre).atíon coeffLcl-ents Eere caÌculated 1n each test

in each year. It uas then decided to ana\rse the tno tests as one

large teet of 600 plots" lbis step rcs gustified in that the ylelds

of trûontcal-e and of Va^ntage rere nearþ identicel ln the tno tests in
€ach ¡re¿r. å,11 slnple correlations rrere then calcul¿ted oa the basLs

of 20O }ineg ln orrler ùo shsw the general relâtionEhtp betueen the

n'ed"ouo chêracters fur thê cotnbined test as compened to thooe found in
eaeh of the sr¡¡ller tests. A two year average colrelatl"on coeffioient

for eaeh relatLonship raE calculated fron the overall eimple correlatf.on

coefflcíents by the rr2n netbod eB gtr¡en by Hayres and I¡mer (9). TheEe

average r¡a1ues rære used in calculattng the prù1al- and mJ.tfpte

correLetion coeffícients. Ih6 netbod eçfJ"oyed in these calcul¿tfoas

ças the rtth€ abbrêviated Doo1lttl€ solution used to obtain the Inversc

of a Square l[Âtrixn, as ouù].lned by G. B. Oakland, Statlsttca]- Branch

of ttre Donl¡l.on Seience Servl.ce.''t
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ReEults and ÐisouaaLon

ånaþsis of the daÈa f,or each character showed that ùhere ne¡e

signLficanü differences between Lfnes for aIL charecterg 1n each

leero Reeultg were consldered signlflcant l¡ aLL cases çhen the

5fi LeveL of slgnifiesnce was attained rlth the F test. The F

values, L.S.D. ts, and the rênges for eech eheraoter l¡ eacl¡ J¡ear are

presented 1n Table 1.

TåbIe I. F lalues, Least Slgnlficant Differences,

and nångê for E¿ch Cha¡acter ln Each Têar"

Cheracter Year F r¡alue L.S.D. B¿nge

YieLd 1950 2.69x<+ 6.66 lJlt.facrc 2L.8 - 45.? bu.

1951 2.37xx 18.58 bru. /ecre ,.6.? -þÀ.6 bu"

Tlllers 1950 1.S1** 0.2É tlllers
1951 1--À3** O-39 tl-Ilers

.6¿* - .f6 tilc

^70 -2-60 rtl-
Ilead
Length

l95O b.àx* 0"81 c¡¡. 5.tl - ê.35 cm.

1951 9-qI.*4É ô-5Ê om^ l¡^a2 - 9^62 e-m^

1000 K.ilI. L95O 9.?1** 0.92 gos" 32"lil -l+3"42 eo

I-951 5.51*tÉ 3^16 ørg - 1a-75 -!'6 -]-2 o-

Aleurone 1950

195L

1-5
1-5

Not Analysed

Not ÁnåLr¡E€d

Nitrog6n L950

1951

lloù Analyoed

No Daùa Obtaíned

L.r6 - 2.t4

xx $ level of si.gnlfieance att¿lned

It is noted in the range colurn of leble t that there was a

conslderable differanee 1n erop perforn¿rrlee in the trc yéars. the

ovenlI neane for yield, tlllers, head length, and 10OO K.'![., werc
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m¡ch greater tn L951 than ln 1950. fhe range from l-ow to high rrae

aÌso greaùen in 1951 for each charactero f.wo fêctors, narsl¡r

Location åd reåther oordiùiona, ¡nrst be considered ln offering an

erpilanatLon of the8e resulte.

ühen thls study nas planned iù was intenied that lhe tesÈs wouLì

be l-ocated at the UnirËrsLty in both years. In 1950, however, thc

pLoü flelds at the Universíty ìuer€ flooded untj.l. earþ sr¡mer and it
m,e inp,ossible ts use the Land for erçerinental xþrk jJr f,hat year.

Fie]d pJ.ots of the Dlvislon of pLan¿ Science, tncludfng thj.a pioJecù,

¡re¡¡e ¡¡svod ùo l¿nd obù¿lned for the pur?ose at Headiagl"ey, a disàance

of, approrinateþ 20 nlJ-es fron the llnlversS.ty. In 1951 the plota rere

gnoún at öhe Unlversity. l1re EoLI at lleadlngtey is a slightþ
alJ<alf¡ized fied Rlver cLay {hleh is lower tn fertllity tba,n tt¡e ?lverråele

Eoil in the p3.ots aù the Universlty. Itrls latter is an i ûñÐ,ture atlr¡viat

soll rlth relåtlvgly good pþsloal properbS.es anal a sflty eJ"ay textnre.

ffte Headingley lat¡d had pnoduced a crop of poüatoes in 1949 ar¡d had not

beea ne!.l cr¡ltivaèed 5.n Ètrat year. Sle Lerrd at the University had been

reIl sumerfallored Ln 1950, and, havlng had flood deposlts Laíd down

also, it produced a verlr heaw gùa¡rd of barLey j¡ 1951. Iocatf.on,

therefore, ûês probebly largely responslble for the dLfferences noted

i¡ the tm yaars results.

Weather condl.ùions in 1950 delayed seeding of ttre plots to June

6tn ara were onl¡r rnoderateþ fayorable durf.ng the grorjjtg s€êeono By

contreet, eeedlng ras accompllshe¿ by t¡ay ?th tn 1951, ürd, rith the

e*ceprtíon of a rather drTr May, ùhe Beason favored heavy growth.

In order to dete¡nlne the consLetency of varieteL perfonmance !n

the ûro ¡rears e rank correl¿tl-on coefficient ¡rae calculated betwea the

yleld totels of the lines 5.n each yearo This coeff,Lcl.ent,, rx.JF f.3O,
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is rather Ioû. Tt¡iE result i¡dicaùeE that a nu¡ber of thê ].lneg

uhLch ranked high tn ¡iel-$ Ln 1950, were shifted to a lorqer rank l¡
1951. This ms bo¡ne out by lnspectlon of the da!a. 'l|hile l¡ter-
year correlations were not calculated for the o¿her charecters

studied, the data intlicated that sletl-er shifts occurred for lhen

there ig evidênce that the lnter:-year cbar¡ges i¡ these ch4 Tactens are

rel¿ted to those trr yleld inesmrch as the simple correl¿tions ia
table 2 ahorv reaeonabþ good agreerent bet$e€n yeers. Therefdre it
aêy be concluded that environ¡eútal conditlons Lnfluence tJre yield of

lndivLtuaL llnes by deterainlng the octent of e:çression of charecters

nhlch contribute toward yLeld.

Table 2 pnesentg símp1e eorreLation coefficient s as catcuLated

i¡ each test, l¡ each year¡ in the corÀblned tests Ln each yean; and the

tno year ar¡eÉge slnple oorr"elations, between all- charectere studLed.

I'he tço year aver&ge correLatLon cooffLcient ¡¡as cal-cul¿ted to shoyr

the general. relaùionshlpe beèween characters and ê1so for uEe Ln

calc¡¡J.ating the partial af¡d lu¡]tiple cor¡eLatlons. Ihe naLn p¡¡rpose

5n preeenting table 2 ln thls nanaor LE to show the varLations ¡rhich

occur¡ed ln eonts of the correlations betyreee the saee eharacters in

the indlvldu¿l têsts ês compared ùo the general lelatlonshlp f,ouod

nhen the correl¿tions were celculated on the baEfs of one coü¡bined

test of aLl Æ0 linee.

It 1s apparent in table 2 that cerbain relationships are

relatively constant for the tño years. ßre general relaüfonshlp

bet¡veer¡ yield and nuÐber of tille¡s per pJant ls positlve and

signlflcanÈ ln both yeers¡ ft¡e co¡rel-aülon betseen yleld and IOOO K.W.

is also stgniftcentþ positive ta both years althougþ of a sltgþtþ
loner orrler than tÌ¡e yield - tl.Ller relatlonship" There is lro
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signiflcant eorrelation betrrecn ylêJ-d aad length of head in either

Xêêre llo3r€ver, nhen the correlations betrceen yleld and each of these

cheracters ln the lndividu¿I tests are exanined, fur.bher obse¡¡¡ations

can be nado. In Tesü fL there ls a higþþ sigÞLfioanù posltlvc

correlåtfon betreer¡ ¡ietd and tLlle¡rs per plant rbeneae in ?est, #2

there ls no correlation lndicatcd betreen Èhese characters. In

lest $2 therc ls a aignificant posltive co¡relatlon betlæen yteJ-d and

L000 K.W. biut thlE eo¡:¡el¿tlon Ls not indieeted ln fest #1. $1th

regard to yield anct head Length èhere Ls no eo¡relåtion beüween t*rese

cb¿recters tn Tegt #L. In TeEt #2 there Ls a signlflcant posltlvr

correLâtLon shonr between yield and head length fn 1950, This

correlatlon reaa not evident in 1951. It ¡rtll be noted that tn 1950

shen the posltLve relatlonshLp betneen yield and head length ooeuFed,

the correletion betreen yield ard 1OOO K.W. tlaa coasiderabl¡r lorer than

tn 1951, and tþre,ms no co¡reLetlon between yield and tiJlers per

ptant. TheEe resulte i¡dicåte ùhat yield 1s lnflueneeil þ ùhese

characters and ¿Iso that e:<pree,sion of anJr one of, these chs,racters ig

Lnfluenced to sone ercteat by Èhe expressf.on of the other trrc ¿ ¡l¡rbhe r
evidenee of thls lnte¡relatLonsh5.p betlrreen these charâcters is seen $hen

tbe stnple correlatione betregB aünb€r of !{116çs per pla¡rt s¡¡d 1000 f .ïÍ.,

¡utlber of, tlllers per plant and head lcngth, and 1@O K;trf. and beacl

J.ength, are aca.cLned 1a table 2o ÍÌlere is ¿ conelstent slgntficant

negaüLve correleülon betrEen number of tllLers a¡ld 1000 K"11., a¡d beùween

nunber of tLl]-ere ard length of head. A sigElficant positive correlatLon

occurred betneen 1000 K.ïI. and head length in 1950 h¡t dld not occu¡r j¡
1951. lbese resulte are Lnterpreted to indicaùe that whên an íncreese

ln àll1er{ng occurs there iE gone lncr.ease la yield, bû¡t that thic

LncreaEe Ls not proporöional sÍnee there 1s a correspontll ng decreasc ln
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1000 K.W. ånd in head lengùh. Sr nilå¡Iy ¡vliea the erbent of tll1er-
ing 5.s J.lnlted, the heavier kernels and. Longer heads produced tend

to eompensate for any ì"arge decr.ease 5r yield rùrÍch nigh! be expectecl

from lack of tlïIers,
fable 2 aleo shorrs certaLn relationstrips çtrich ¡ser"e found in onþ

one of the tno years indicating that environaenlal facùors ínfluence

these rel,atLonshipa eonsiderabþ. ln L95O there is a slgnlfS.cant

poEitive corr.el¿tion shormr between aleur¡one eol-or and 1OO0 K.ff.

suggesùing ÈhaÈ llnes wtth yelJ.olr aleurone teniled to produce heavier

kerneLs in that year. Ålso in 1950 the¡e ia a hfghþ signifiea,nt

pooitive correl-ation shovnr betseen tread length and 1000 K.r#. indioating

thaù, 5.n that year, there vrag a defínite reJatl-onship beüneen loqg

heads anal higþ kerneJ- weight. In 1951 the positÍve osrreLafi.on shosn

betreen head lengùh and aleurone coLor is signif,fcant índicating a

tendency for those I t¡es hevl¡g yello$ aleurone to produce longen

heads ln that yeer.

ALso íncluded in table 2 e¡e the sinple correlatLon coefftclent,

for nLtrogen content and all other oharacters, in 1p!0. Itrese

results wiLL be diEcussed ln fr¡IL at this point as thls character ¡vas

not iJrcLuded in the calcul¿tÍon of the partiat correLa .on eoeffieienls.

It ntlt be noted that there is a significant negatlve correlaü.on

between yield ar¡d nitrogen content in both ùests. fhis rçsr¡Lt l¡dLcates

that as yield increases the nitrrogen content of the grain decreases. This

ío lrr agr"eenent ¡rith Èhe reporto of HünÈer (10) and of Neatby ard ¡ÍcGal1a

(I?).

¿ sl gnlfieant positlve correlatLon between nitrogen content and

1OOO K.W. iE sho¡r¡¡ 1n both tests lndicating that as 10OO K.'lü. incre¿ses

nitrogen content of the grain aleo l¡creases. ThLs resulè is noü j.n

agreemenl rrÍth the findings of Anderson g! gl.(1), or l€jeune (Ij), rrtþ
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both reported a slgnlflcaat negatS.ve correlation betseen these

characters. .Á.nderson g! a1.(1) found thls negallrre rclatf.onshlp

to exLst in ser¡en differenù rrarieties of barley, ênd L€jeune re-

ported lt ln F3 llnes from a eross of Chevron x 0.å..C. 21. the¡e-

fore lt geens unllkety that ühe positlve reJatS-onshlp in this etudy

is pecullar to the naterlal södled. It is ¡aore probable that this

relatlonshlp ís the reeult of envirornental co¡¡ditions plevaillng in

1950, and no definlte rel.ationshLp can be estabLlshed on the basis of

tbe resulùs in that year,

A signlf,Lcant negative correlation hetween nltnogen content a¡¡d

head length is ùrdicated in both tests. This result l¡¡dicates ti¡at

those lLnes rhich pnoduced J.ong heads had s tendeney to proùlce grein

of a lower nLtrogen content" However this correlêtion eoeffLcienù

is bareþ slgnificant at the 5 lA leveL and no conolusive relattonshS.p

can be establlsheda

No significant correlations were fourd betneen nitrogen content

and either tLllere per planù or aLeurone solor. The l¿ck of

associatLon between n3.ürogen content and tlllerlng, even.though both

are r€Iated to yíeLd, nay be ad lndicaÈion that any genes governlng

nLtrogen content and. associated with yieS-d, are Ln a dlfferent location

than thoas genes governing tilJ-erlng which are associ"ated wiùh ¡l:leld.

trith respect to aleurone coLor and nftrogen content, the results

lr¡dlcate that there is no aseociêtion between genes conbrolJ-ing theee

characters.

P.ith respeet to the rel¿tlonshipe betreen aitrogen content and

oÈhe¡ cha¡acters, it is weAL known èhat envLron¡nental fectors are

imporÈant in determinlng nitrogen content of graìn, ard the¡e is

llttle doubt thaù ùhese såme factors luve an effeet on the expression
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of other qlrantltative characters 1n this etdy. 'yThen the 1951 atate

on nitrogen conteat arc avaíIable, they wLl1 ghow drether or not the

Lnfl-uence of envLrronnent oa 100O K.W. and head length corresponds to

ihe i¡fluence of enviroru¡ent on nitrogen content.

lbbl-e 3 presents the two year average sinple correl-ation

coef ficiEnts and the corresponding partlel correlation coefficient s.

Tabl-e 3. Sinple and Parblal Correl¿tion Coefflcients

Vari¿bles Slryle gorr€IatloB
CoefficÍentE

Parfla]- Coffc
Goefflcients

Yield.llll ers

Y1e1d.1000 K.r$.

YLeld'Heê.¿length

YieLd.Aleurone

T¿lL ers.Heêdlengih

TiLle rE.IoOO -K.'!T.

TiILerg.Àl-ewone

l-0OO K.W.Eeadlength

1000 K.ïI. ALeurone

Heåd1ength.Åleurone

+ .zll+gxx

+.w*
-.0050

+.o35o

-.4O80l.F+r

-.295øx*

-.ogn

+.t605+

+.r¡96

+.L375x

+.3?14x¡r

+ "25e9xlÉ

+ "o95O

.F"03I0

-.3úø+

'.31,t+5r'x

-.Ø5L

+.ou3

+.ú92
+"ogn

x 5 ß LecÞL of sLgnlficance attained

*'* I I leve1 of significance attaí¡ed

0n exanini-ng table J and conpar5.ng the partial correlatLon co-

efficLents wlùh t!ìê corresponding oimple correJ.ation coefficf.ents,. lt
will be noted that ¡*ren the ef,f,ects of all other charaoters otudied

are held constanù, the relatLonshLpo between eech of tíLlors per

planü, LOOO K.'dï., and head l-engüh, üith yiell becone Fore pmnouncedo

this ls fir¡ther evidenee that there is en Lnteraction of these three
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charaeters in l¡fluencing y¿e1d" Íhe resuLts seen¡ to lndlcate that

genes for extensive tilJ.erlng are asEociated with genes governlng

kernel weLght ênd trÍth genes þverning heed length, and tbat there

is consLderable association between aIL of tlrose geaes and yleld.

It ls probable thet conditlons farorabLe èo the fulj! e:çressJ.on of

geneE for exèensive tiller.l.ng ¿¡e aot favorable to the f,uLL expreseion

of genes for heaw kerRels and long heads ¿nd vlee ver6a. Í:h6reforê

this interaction of genes has a etabllLcl¡g effect rather thên a

cunulatlvc effeot on yleld in that the negatLve effeets of sone genes

are off,set by the posltive êffects of other genes. Ae l.oag ag ttris

t¡rye of assoclåtioa erists betûeen genes for f,lll6v{¡g, L000 K.ff.,

heêd Length, and yleLd, 1t will be ü¡possibLe for the plaat bneeder to

EeLect for Lnereased yield on the besis of anJr one of these characters

alose. Hov¡ever this association of charecters nay be of sone use i¡
seLection in thaå one can seLecü for high tlllerilg end long heads to

sone øctent, and be reasonab\r sure of not getting ùoo high a 1O0O K.W..

High 1OO0 K.ü. ie an ru¡desi¡able character ln a nalting berley¡ Selecåion

for the best possible co¡qbl"nation of tille rlng and bead 1ength shou3.d

resuLt i¡ Eone increase in yield.

Iù rilÌ be noled la table 3 that the partial correlatLon co-

effLcLents proved to be eigalficant 1n onþ four of ühe ten fel¿tion-

ships and that these four coeffieients attained the 1f tevel of

sS.gnLficance. 0f the four charecters included i¡ the calcul¿t1o¡ sf

partial correLatLons wíth yield, only tILLers per plant and 1000 K.W.

are eho¡no to be efunificantl"y correLsted with yieLt" T*¡ese eorrelatLonE,

as previousl¡ stated, are pooJ.tlve, and are ín agreemenù with the findinge

of pneuious ñrkers. ltrayer ard n¿ther (22) ard ñw¡üer (fO) Uttr ¡e-

porteil a positlve relationship betTeeea yfeld and tilJ-er"f.ngo Brldgf,ord

êe



- 2J-
and I{ayes (3) a¡d Quisenberr¡r (Ip) repæted posltive correlatLon

between yield and 1000 K.W. in wheat, ênd the re€u1üs of thls study

show that the sane rel.ationshlp e¡dets in barley"

Highþ stgnlficant negatLve correl¿tions are shoün to exigt

betteen tfllers per plant a¡rd head lengùh, and bet¡reen tLlJ-ere per

p:L¿nt anal 1000 K;W.. ttte parüla1 correl¿tions EhoF that the effects

of åhe oth6r characters. studled are pr.acu-ca1\r negl tgable, wJ.th

respect to these relationshipe a

Netther the simpJ.e nor the parùial correlation coefficLent for
yieJ.d a.nd head length is s5.gnificant, althouglr there j.s a t¡end

ùowartl a posltlve correLatio¡t when the effects of the other characters

studLed ¿¡s s'r I m{ nat6{o this ls to be expected since oth€r workers

have reported poaitive s5-np1e correlatLon between these oharacterso

Thayer and Aaüer (22) have suggested a positive relationshf.p betræen

yield and head length, and a slgnlficant poeltLve slryle correLation

nas r:eported by Leasure g! gI.(14).

Tt ie of lnte¡est to note thât there is practíca1ly no difference

betrüsôn the sinple and parölal" co¡relations for yield and a].eurone

color. I'his regult Lndíeates tÌ€,t genes eontrolling aleurone color

are not asaociaüed rith genes contmlling any of ttre other characters

studied. ltere LE firrther errldence for thís assunpblon fn that tro

correl¿tLon is shorm to e¡cist betrveen aleurone color and erty other

character in the stu{y.

I'lre slmpJ-e correlatl"on eoeffieient for 10OO K.$. and head }ength

is shonn to be pos5.tlve and s5.gnificanto Eli¡lnatlon of the effecùE

of the other characåers etudied rEduced thià correlation to insignifi-

cênc€ o this resuli suggests that certaln þenes associateat riùh 1OOO K.W.

and head length are more closely associated rith tiu-ers per plant and
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¡rield. trthen the effects of tillers and yieJ.d a¡e ell¡Lnated the

nelationship betwest 1OOO K.Tf. end head lengùh io aLso ellninated.

t.he nultiple correl-atLon coefficLent for yield and alL chareoùers

studied r¡as caLculated to be R = .3ó?8, This ooefficient attains the

1l level- of significance buù, when squared, gJ.ves on1¡r Lj.53 % ae |dtß

percentage of the vaf,iablltty i.a yield accounted for by its asôoeLation

ulth tha characters studied. lhe nr:ltiple correLation for ¡l:leId ï:ith
tillers per pJant and LOoO K.lf. as s¿lsrrle{,sd to be R = .35L9.

Squarlng this coefficient gives L2.6O ø as the perceetage of tåe

variablllty 5.n yield aceounted for by its association ¡rith these two

characlers. It 1e evident then that tllJ-ers per plant a¡¡d 1OO K.Tf.

accounted for practicalJ.y a-11 of the variabj.l_lty in yield fu¡ this st,¡dy.

lloûever Eince Euch a large percentage of, the vanl¿bi3.íty is ndacoounted

for, Lt nay be concluded that nuüxerous other characters nr¡st be coneldered

rhen seleeting for high yield in barJsy.
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Sü¡nnertr and Conclusions

A replicated study of 196 L1¡es of barley, frolo a cross of

ffontcâLn x Vantage, was carried out to deterr¡ine the possible re-

Jationships bet¡veen yl"eJd, nl_trogen content, head length, tllle¡s
per pì-anü, lOO0 K.l¡., and aleurone color. TÌ¡e 1inee were homozygous

and l¡ad been selected for rust resistanee Ín earllier generatj.ons.

Montcal$ and vantage rere included twice Ln each year as cheek varietlee.

thLs study ¡vas carried for t.wo years at a dif,fereat location in each

year. Both sinple and partial comelations we¡e deteml¡ed betreen aIL

characters u:iùh ùhe exceptLon of nitrogen coatent. 0n1y Èhe sinple

co*elationg were determined in one year beåween nitrogen content and

ühe other charaeüers ín the study.

liLle rs per plant and L0O0 K.W. were both fou¡d to be positívely

correlated rltb yield, the perblåI correlâtion being nore pronounced

1n each case. He¿d length and 1OOO K.llf. were both found to be.

negativeJ-y comelated wl"th nr¡¡¡ber of tLll_ers per plant and the partiaL

correlatioa lndicated that the other characte¡s studied ha¿l llttle
Lnfluence.on these relationshf.pso Án interaction of gerres fæ the se

characters, in reLation to yield, is fuidicated. ?l¡ls i¡teracüion has

a stabillzing, rather than a cum¡Iative, effect on yiel.d, tn tþt
facto¡s responsible fo¡ i:rcreases in one otraracter seen to be responsibre

for correopondLng decreases-in one or ¡¡ore of the other ehe¡actera nhich

lnfluence ¡rJ.eJ.d¡

Â Eignificant negative correl¿tLon.$as found betneen pield ad
ni.trogen content. A eignificant negative correlation ms also found

beüçeen nitrogen content and head length, whereas a significant pogitl-ve

correl"atLon sras indicated between nitrogen eontent and 10oo K.lv.. No

correlaüion ¡¡as lndicated bet een either üirlers per plant or aleurone



-24-
color and nLtrogen content. These relatLoneh5-ps are indicated þr
sinple correlation coefflcients in one year onlyo

No signif!-eant eorreLation was fou¡d betseen yield a.nd head

length or betûeen 1000 K.Ïf. and head J-ength, ar¡d aleurone color t¡as

not correlated with any of the characters studied.

Itle nultlple corr.elation coeffÍcient for yield and the other

charaeters sùudied ms signi:f f.cantJ-y positive. Squaring this co-

effíeient gave onJ.y 13.53 fi as the percentage of the rrar5abl1lty J-a

¡rie1d accounted for by its associatlon wlth the chalactere studied,

and 12.60 ß of t,}l:e total varlabilièy tn yield rrao accounted for by

itE associatLon rith t{ìlers per plant a¡¡d 1000 K.fl. aLone.

One can conch¡de f,ron thie study that, atthougb till"ere per

plant, 1O0O K-W., and head length do influence fteld in barJey, no

ol"ngle character Ln this stud¡r !.s eloeely enough eorrelaüed wlúh

yleld to b€ of raLue in selecting higb yfeldfne lineE of barley fn

the early generations of a breetlLng progran. It oay also be con-

cluded that envLro¡rmental fectors have a pronounced effecü on the

€¡.pr€eôion of characters which conüribute tonards bigber yleld ln

barLey.
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