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. hand 30 seeds per row m l 2 mefer rows, 23 cm oporf, f
L plots, 5 meters |ong and 23 cm oporr, r

rePllcofes : - & |

' avf-:‘»‘lengfh for oll fhree yearsr In cddlhon, rhe rwo frela years mcluded 1000 kernel

. '.'n

The eorlmess of motunty ond growrh habrf of 144 llnes of sux'—row borley

‘e

(Hordeum vulgare L ) wos srudned over a perlod of three yecrs. ‘ In the wmter of

]97]/72 fhe maferral wos rarsed na growfh chamber or a consfant femperofure of
Ry

0

21°C ond an 18 hour phofopernod ln the summer of 19. 3_each llne was plonfed by

_‘ 1 to 3 replrcofes as’

" seed permmed In the followmg summer, 1974 rhe moterlol wos plcnred in 4-row

'_ _a'rondomlzed block desrgn wntn 2

Ry

i 7

Recordmgs were made on frme token from seedmg to emergence, mrer- e 5

node elongarlon, heodmg, ond mcfurrty Also recorded were yueld, henghr and ’neod

l

. welghf fest welghf number of plonfs, heads ond secondory l'rHers per ] 2 m sonﬁle,

P

i 'I'Ieof ond hHer spreod ar mrernode elongohon, ond lodgmg

h .

The length of four ma|or growfh perlods (seedmg fo emergence, erﬁe'rg;eni:'e

| to mfernode olongcmon, mternode elongahon fo heodmg, headmg fo rlpe) was col-'

e o

.,'

culat:d along wnth’combmcm i‘hese perlods. \If wos found rhar fhe growfh

penod C (nferhode elonganon ro heodmg) cOnhamed the grearesf vorrabrlrry, @ hrgh

henfoblhfy, hlgh correlahons wlfh tofol hme to morurlty, hlgh ond conslsfenr cor*v B

S .
relohons berween fhe fhree envrronmenfs, and fmrly low correlohons wrfh y»eld

For fhls reoson lf was: chosen as the most llkely candldate for monlpufcmoh fo producef o

'f earllness Of fhe Jonger growthapenods, penod (B ¥ C) (emergence to headmg) wos

selecred but it drd not show as greof a varloblllty os fhe srngle perlod C

’v.d _'..

5 7..




. 3
N

Of fhe morphologlcal characters studled, conslstenf posihve correlahons

\ J

3 NN

»risample. The regFesuon equahons show‘ed that m fhe grdwfh;om helght was the ‘syf
: ".vmosf lmporfonf confrlbutor ro graln yleld whlle in: 1973 :f was fhe number of heads

. per 1 2 meter sample, followed by helghf and head length

oo s

COmporlson of fhlehree yeors maferml showed fhat, wﬂ'htfhe excephon

-

»'of growth perlods B ond C cmd fhelr combmanons, reloflons befween the fleld énvnron- :

-

o _‘.ij'menf and the growfh chombeerere low, whlle ossocnoflons befween fhe fwo fleld

e

-'3"5-;"-'years were much hlgher T R et

/ th y\leld were provnded by heuht, head lengrh ond number of - plonts per l 2 meter

AN
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_ ferlzed by long cool sprmgs ond eonjly fo” frosrs Therefore, if a cereal crop is fo .

h

be culhvated in this enwronmenf it is essenhal for it fo dlsploy a relohvely shorf e

1

v growmg season choracterlzed by eorly mofurlry One of fhe mosf frequenfly grown A

I3

e

~

: o .
‘and successful cereol crops in norfhern and cenrral Alberfa is sprmg borley (Hordeum

rn,

vulgare L ). There are severol vorlefles of,erlnngé’rley thof are Well odopted to: ‘

s
Fa

Iocol condmons bdr, in many cases, fhelr chdrocfenshc earlmess hos socrlﬁced the :
hrgh yleld so desnred by locol formers | |
In sfudylng fhe physnology of yleld ond rnofurlr)r in cereol crops; reseorchers
hove been successful in. dwudlng fhe hfespon into: morphologlcol sfoges VOFIOUS

) S . >

scq_l_es hove been deveIOped in order to: meosure o crop s growfh cnd development

e reseorcher to lsolcte certom physlologlcol occurrences in the

These ho\ve enobled

~pla_'nf~s _growth, _ The developmenf ‘of such a scole has been employed in rhls experu-

] . . N
4 . P . o

“ment in’ order to sfudy in defoll the morphologlcol chorocters of a lorge cmd dlverse

‘.n

number of vonefles of sprmg borley (Hordeym vulgare L 6-row) selecfed from the -
e °
World Borley Collechon in. Aberdeen, Idoho Thls maferlal was selecfed to dlsploy

~a wude dlversrry in fhe lengfh of time fcken to reach each of four mo|or growfh sfoges,.v-

It was hoped fhof onulysns of such a dlverse geneﬂe bcse would provnde the mformo—"u :

r‘:"_ o

flon necessory in order I'o mompu!ofe the llfespan of a crop w:fhouf the. ottendont

: socrlflce of yleld Thorne et ol , 1968, stoted fhof such a. mcmpulohon IS posslble

' under cerfoln envuronmental condmons
.



L ) R The purpose of rhls study fhen, wos fo exomme in detoll the physrolo
o, o . /- L . .
'ond behovnor of four mo|or growfh perlods ;ind fhevr offendonf combmo’rlons in order _,"

" to dlscover fhe perlod, |f ony, fhot woufd be fhe mosf recephve to mompulohon

: Recordmgs ‘were token For every somple os it developed fo eoch of fhe four major

L growth sfoges' emergence, mternode elongohon, heodlng, and mofurlfy By

PR

onolyslng fhe behovlor of oll fhese growfh perlods, |f was hoped to dlscover the .

relahve confnbuflon of eoch period to- fhe plonfrs overoll growrh and. developmenf :
: - 4 _

in an Alberfo envnronmenf

- Also sfudied ,;Were 'severol' imporfonr morphologlcol chorocters fhof would

vgwe a beffer lndlconon of fhe behovxor expecfed from sUch a dtverse collechon of

-moferlol durmg cerfoln phases of fhe crop s developmenf Thls would give a more )

’

comprehensnve ldeo oF fhe overall contrlbuhon to eorhness and yleld of fhe vorlous

’

gro\ﬁfh stoges A vorlefy ofe env:ronmenfs was provnded in order to oHom a better

,‘ ldﬁf of fhe behowor of such diverse- moterlol



9,

qunremenrs of certam crOps The requuremenfs of a sunable growfh scale were given

_‘l GROWTH STAGES THEIR HISTORY AND USAGES \>

'i. The Hlsfory of chfaflve Measuremenfs in Cereals

)

ln order to study the physlology of growrh and yueld in cereaJs, it was neces- -

sary For early workers to dlwde fhe hfespan of the crop mfo a serles of growfh sfages.

Pope, in 1932 pioneered fhls approach by developlng a "growth, curve" for barley’and

LR

by attempting to descrlbe -events in the curve by examlnlng spec‘fg\sfages in the de-
P velopmenf of the planf. Bonnef, in 1935 (revrsed in 1966) conducred an exhaushve
-sfudy into rhe developmenf of fhe!‘:ereal spike,, and de%rlbed the Formahon of dne barley

-spnke in relation to the develapmenf of . fhe planf He sfafed fhaf fhe morphofoglcal de- |

)

. velopmenf of a head bearlng barley sfem can be dwuded mfo rwo phases These phases |
©can, be approxlmafely defermlned by examlnlng the sfem and shoat apex The fu‘sf cam-‘ '
| plete scale for sfudymg fhe growrh sfages of cereals was devnsed by Feekes in 1941
"and modlﬁed and lllusfrafed by Large in 1954; Here, fhe mam morphologlcal ‘sfa.ges '
i -of cereals were numbered from T to 11 in onfogenehc order from seedllng emergence i
' unfll grain rnpenmg For maﬁy years, rhls was one of fhe besf known andwudely used '

: scales. Other scales were frequently dev:sed however, in order to meet spec:f:c re=

© e,

o

by - Hanway in 1963 when he stated that . any useful system of sampllng planfs should -

: saflsfy & followmg crlferla

N

N (a)f lf shouid permlf samplmg at dlfferenf tlmes fhroughouf fhe growmg season,

5
v

(b) It should permlf samplmg at any lmparfant fransmonal perlod in the physlologncal

or morpholog»cal developmenf of the plant and (c) It should permlf samplmg at

sfages of planf delropmenf whlch can be readlly assessed in the fleld

he

LITERATURE. REV.IEW Gl T
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Exomples of these olfernote systems were developed by Honwoy, who
” descnbed a sysfem $ ec:flc for corn (Zeo ys L. )on a scole of ! to. 10; ond by
- Vonderlop ond Reev (1971) who descrlbed the llfespgn of sorghum (Sorghum bl— :

vl

' color (L) Moench) wnth a scole of 0 to. 9 Houn, in -]973 devnsed a scole to -

: closely follow fhe growrh curve of wheof usmg decrmols that descnbed confmuous ;

wy e

‘ _developmenf for physuologlcol sfudles. However he srofed rhot lHS sysfem would not o

‘_ opply to barley becouse lf hos a dlfferenrly shoped growfh curve
lr was. nof unhl ]974 that Zodok et ol presented the ten requlremenfs rhof
; a successful growfh scole musf fulfll ond proceeded to develop ojspeclflc one for _
: vceredls They used a sysfem of prlncvpal growfh sfoges descrlbed on a scple of 0 to 9

.‘ /
oA

- ,_<w1fh secondary growfh sfoges usmg a second dlguf, olso on a scale of 0 to 9 wrrh

‘posmon 5 reserved for: fhe medlon volue e '] LT o

For fhe purposes of fhe presenf sfudy, however, oless defoiled sco'le hds._

been employed, showmg rhe mo;or sfoges of growfh and dlwdmg rhe llfespon into~ .

four dlfferenf penods tis ssmllor fo scoles commonly employed by other reseorchers ‘

" to show mo]or ?ents in fhe plonts llfe (Thorn et al. o ]968, ond Farls ef al., 1969)
-Comporlsons of thls sysfem with rhose of Feekes and Zodoks ef ol are.shown ;n-‘z'
‘ Appendlx C

Deflnmon of fhe Stoge Internode Elongohon (IE)

/

There has been conslderoble dISCUSSlon concermng fhe vmporrance of fhe /o

sfoge descnbed as lnternode Elongohon Smce Bonneﬂ (]935) descrlbed rhe con-i' '

.’i'

currenf oppeoronce of double ridges on rhe shoof wrfh fhe beglnnlng of ml’ernode

;

/.

, melongohon, fhere hos been confusron as. fo whefher florol lnmohon hos been complered



A T

,by fhe time the culm elongcfes |n 1963 Nlcholls and MOY found that the mrhahon’-l

,' of double rrdges occurred when the apex was parhcular lengfh (0 45 mm), and fhat o

i

'fhe mmahon of sfamen |nma|s on the most advanced sp|ke|ef and the cessah& of

. prlmordla formanon all occurred concurrently Blswambhar 196{) showed thaf culm_

' jelongahon conshfufed a part of fhe reproducnve growrh phase, and thar mfernode ‘

]

' elongahon prevalls after ear mmahon Asplnall (1966) found that IE varied among

' dnfferent varlehes, commencmg af a much earller srage of floral organogenesvs in

i some varlehes fhan in ofhers, and rhat thesedlfrerences were genehcally confrolled o

g

s Thls was supparfed by Falrey ef al (1975), who stafed fhaf fhe cessahon of spukelef

o -' mmal formahon and fhe beglnnlng of lnfernodé elongahon dld not occur sumulfaneously

The |aHer began |ust before or ar double ndge formahon These effecrs were summarl-

zed by Farns ef al (1969) who srared rhaf almosf lnvar Iably fhe appearance of fhe |

; i

e s?age Node at Ground Level (beglnmng of mfernode elongahon) can be used fo md:—

. : o . N ,9c . \ R o
' cafe fhe srage af floral organogeneS“ls under a|| condmons, as\here may be varlahon

among fhe genofypes R R e T L p

Apphcahons of Growth Scales

o

There have been numerous Opproaches l° fhe °PP|'C°“°" of 9r0wth scales; e

; borh in fhe varled forms of analy5|s used and in fhe purposes to Wthl’\ fhese resulrs

S ‘have been puf Relahonshlps among rhe sfages hav{e been employed |n stde'g'Of

<

:earl iness, of physvologlcal and pafhologlcal processes, and of y|e|d ina plant

'»"‘

i For example, Aksel and Johnson in 196] performed a genehc analysas on
| two ma|or growth perlods in barley (seedmé to headmg and headmg ro rlpe) in order

-»»fo fmd fhelr relahonshrps in lengfh “and thelr correlahons wuth yleld Chang et al

s L e T

s pate i B BT




v

: ;: f (1969) performed Q component onaLysus on the vegetohve phase ond fhe phofoperuod

e l

_»'sensmve phose of rice.in order to. dlscover fhelr genehc relohonshrps Robwson
’t..(l97'll) used Growrno Degree\l‘)oy sumrnorlons fo certom sfoges. in suanOWer (Hellonfhus’ |
mL ) in order ro dlscover fhe physrologlcol requnremenfs of fhese sfooes ”
PR TS -erlroms ('I 971) compored fhe dofes of phenologlcol sfoges ln‘ wheot over a lorg/’e geo-" |

' grophlcal area.in order fo drscover rhe dll"rerences in relohonshlps of fhese stoges
_' lbel’ween enVIronrnenfs e g |

.

ther reseorchers hove sfudred the effects of fhe lengfh of rhe growfh penod

‘ “on yleld by drvrdlng yleld mto rhree componenl's, nomely X (number Of heods pq.k
V) '
plonf), Y (number of kernels per heod), ' and Z (kernel welght) each of whtch is m— ._

°

i e i S 3 WS IR i it SR e S Ay s s

: o/
‘ uenced dlfferently by an |nd|vrduol growfh phose (Roo and Prosodc, 1972 Nnckell

‘ »

e ond Grofuus, 1969 Forls ond Gunford, ]969 ]'homt':s et ol o 1971)
o 7||f. INHERITANCE OF HEADING TlME AND MATURITY IN CEREALS e

o

ln posf yeors fhere hove been confllcfmg reports in rhe lrferoture concermng

IR N G NG R | |
LD the mherlronce of heodmg tlme m cereols Eorly reporfs showed thot heodmg hme was..
‘under rhe conrrol of only one. or two genes, _whrle ofhers showed fhot |t wos quanhta- ) “ :

: hvel.y rnherlfed by o number oF polygenes Frey (1954), worklng wrfh barley, reporfed

\L.

= '"fhot heodmg dofe was confr"edl"b% dne, two o 'tlwpe gene P‘E""s E"V"°“me'4l°l

‘ v gwere Johnson ond Poul (1958) Usmg rr;eans:en& vanonces of Fz ond Fa generohons of o
L, /" : . . ¥ v
borley, they concluded rhot rhe porents dlffered by oddmve, lncreoser olleles af two.

Iocr in eoch cross Eunus (1964), reonolyzed(rhe dofo ond concluded fhm‘ eorlmess

was confrolled by polymerrc genes Tw-o forflve"ef_f‘ectlvev factors, ‘whl'ch were .

N
4 :



ipo$s|bly groups of polygenes actmg lggcerher, were esh

g ,the envnronment was Found to be greoter rhon rhar of fhe domrnance componenf in dlf-g_

' ted to be offechng eorlmess

- iCrumpacker and Allard (l 962), uslng a drollel anolysrs on borley, found that mosr of
?-v'fhe genehc vorlqbllrfy could be oHrubufed to oddmve and ¢ ommance effecrs of
.'(genes, wlrth a ma|or port of thls vorloblllty ussoclofed wrfh thre ree rna|or genes (effec-v"
o ‘tlve focl'ors) Two of fhese rno|or gel’tes exhlblted pu‘hal domv rﬂnce in l‘he erreehon

' oF eorlmess, ond one of fhem exhlblféd domlnance in fhe drrechon of lateness Evu-—

o W § . : ,/

B dence was. also produced ofn smaller sysfem of mmor genes dlsp ayrng llftle or no
""f"dommance nggs ond Hoyrer ('l 972), workmg on fhe eshmchon of genetic. compo- -

. 'nenl's of spnng borley, confrrmed thof oddmve genehc varlonce was hlgh cmd thof

s
R

o porhal domlnance wos operohng |n fl’\e expressloh of fhe chorocfer in fhe dlrechon of

P

'-z",n“;agom wnth barley, when they dlvrded the growrng hme mfo fwo perlods one berng rhe '

e

eorllness A sllghrly dlfferenf opproclch was odopfed by Al<sel ond Johnson (196]), .

sowrng to headlng penod ond fhe ofher berng fhe headlng to rlpenlng perlod They

%

found thgf a short sowmg fo heodlng perxod was domrnent over long, dnd a long heodmg

. to ﬁpenmg perrod wos dommonf over shorf ln a glven parent, a long flrsl perlod wos S

©

! ossocrofed wufh a short second penod, and vice versa Th‘es_e‘relahons werev»broke‘n

v

' -'rarely in ,the _progem,,es, »'suggeshng‘cIOSe. lmkoge
N : Poroda ond Hcryes (l 97]) sfudred fhe ossocnahon between genofype x envrron-
“ment mteracf lon ond the expressnon of eorlmess in borley Rafe of ear emergence was

\,'vgoverned by porhol domrnunce, ond nnferochon between the oddmve componenl’s ond_ ‘

)

B ferent envrronmenfs '. R e L e T e

Tokahashl and Yosuda Q 972) employed a dlfferenl' Opprooch when they

Qomfed ouf fhot rhere Were ar leasf fhree mrernol physrologlcol foctors responsuble for -

L -




;@_’_'

fhe hme of headlng in barley They were:
: B
1. Vernallzahon Res&mse, or fhe de’gree of s sprmg and wmfer grovyfh habrf
2. | Phofoperlodlc Response (sensmvrty fo shorfened photoperlod)

3. Earlmess in fhe Narrow Sense (sensmvnfy to long phoroperlod)

| The lasf lwo facfors are always concealed ‘or masked by wmfer habit, and
J

s

e are clearly mamfesfed only ln fhe hlghly sprmg genofype They fherefore concluded

fhaf a large number of genes were mvolved in dlfferenf early varlefles

P

In sfudues of vernallzahon resﬁnse, Takahashc and Yasuda concluded thaf

. at least. fhree pairs of genes were responslble for growfh l"IObll‘ m%arley, wi‘fh one re=

/
cessnve and two* dommant genes for sprlng hablf, and alleles for wnnfer habit.” Pugsley

| (197]), worl<|ng wufh wml'er wheot, stated that fhe range of mfensrfy of I'he Wlnrer ‘

N

characfer may be due fo fhe operaflon of mulflple recesslve alleles \KlQIMl and

Qualsef (1 974) employed crosses befween sprmg and wmfer wheofs to defermme rhe

L vernallzaflon response They concluded that in some sprtng x w:nfencrosses mayt

l - 3

. varlahon in headmg hme could be afmbufed ro*lhe effecfs of ma|or gies ln orher
‘crosses, genes wnfh smaller effects are also mvolved in }he confrol of l'qadlng res-
) . \ . . “

3 'ponse under sprmg or: summer envrronments

Other approaches fo earlmess have been made by sfudymg the phofo— '
RN ,

perlodlc responses of a cereal. These responses can. usually be. defermmed once the

kS5

v vernallzahon requ:remenf is accounfed for Takahashl ‘and Yasuda (l 972) sfafed thaf

earlmess under a short phol’operlod was. due toa slngle recesswe gene in barley It

was generally agreed among lafer aufhors thaf early headlng in short days was assocr- :

_ afed wrfh photoperlodlc msensnflvnfy Ke;m ef al, (1973) mdlcafed a Wvo gene sysfem :

'_z'f



A

dis\‘covered fhat rodiution ar\d temperafure requirements were vdriety specific up fo
,hme of hecdmg, cmd that the vanehes dlffered as to their requnremenfs af specrflc ‘

growth stages. Varieties did notdrffer in their ||ght cnd femperoture requnrements
: ) i : S 3

after 'hed\ding'%;-* : o
. \‘\

i Phdtoperfod Sensitivity4

An |mporrcm|' chcrocrenshc offechng fhe growfh and elopment of a

cereal is its phofopenodrc yenslhvrty alf was found generally the ecr,rly' maturing

varieties were those wifh low doy~|eng~th smvrty, ‘with the ecrllesf varieties being.

- T
\ T

complefely day neufrol (Syme, 1973 and Marfmlc, 1975 in wheaf) HoWever, _

P

Martinic (1973) has found exceptions to this rule and states thqt it is possrble to pro-
duce, vaneheswrfh little or no relatlonshrp between phofoperrod and life-cycle dura-
tions. Rawson (]97]) has quonhfled this relahonshlp in whecr by presenhng the dif-
ferent responses shown by eorly and late varieties. The’_early wheats maintained hrgh

rates of spikelet producrion up to the rermi'nol spikelet appearance under all daylengths,
~and varietal differences occurred only in the duration of spikelet production. The

medium~late and late varieties were characterized by the maiqtendné’e of high rates
of spikeler production under long photoperiod, but with shortening photoperiod the
fates became progressively lower and were further reduced as'the terminal spikelet dif-

) ferenfi.afion was approached.

o

The effects of photoperrod seem fo be generolly consrstent in cereal crops

9-.

with drfferences produced bemg due to the degree of sensmvrfy Long days decreosed

the time to heodmg in whect (Halse und Wler,. ]970 Wo“ and Cartwright, ]?72) and

/

in barley,_(Aspmall, 1966; Paleg and Aspmal'lg, '1966). However, there were fewer

. t‘r . . ' LI . ) ) ’ . ' . ,‘ o ’ /‘/’
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spukelefs produced in thns shorter time, Short days resulted in an increase in the

N s

hme to headtng, resulhng inan mcrease in prlmordla number whlch compensal’ed for. o

a decreased rate of produchon (Falrey et al. ' l975) Phofoperlodlc response can .

\
occur in enther or borh of the two stages of development (before mnfnahon and post-

4 !

mmahon to- heodung) in wheat (Rawson, 197]), and can also occur in boﬂ),stogerrn’ -

barley (Asplnall, 1966; Paleg w{d Asplnall, 1966) However, it has been generally

. {

ogreed that there isaclose assocaahon befween the length of fhe preheading phase

@ . and fhe number of spukelefs produced thus affechng the yleld of the planf (Rawson, . |

L //{dm oats (Sampson and Burrows, ]972) The l'atf_er suggested that the photoperiodic .

1970; Wall and Cartwright, 19_74).

s

- Differing responses to changes inlphofoperioﬂd may occur, depending on‘~ ‘

when during fhe life cycle this change is Qpplled GUItard (1960), worklng with o

v

barley, showed that increases in photopernod durmg stage | (seeding to- internode
. .
elongahon) resulfed ina reduchon of .the number of days to mternode elopgohon and

< to headmg, and an increase in the number of "days from heodmg to mafurny An in-
crease in phofopernod during stage || (lnrernod elongohon to headmg) reduced the
number of days in this perlod Faris and Gunlar (1969) found that longer daylengths
//olways reduced the hme to rmarurl'ty_ in barley, buf'dﬁcreased final yield only when ap-
» plied during stage | l(seeding to {E). | ‘“ |
a It has been‘found that not only 'fhe ‘amounf of. lighl (day'lengfh) receiv’ed '

~ affects the p"hofoperlod sensmvrry of the cereal, but also the rype and quality of llghf

Responses to nlghl’ mterruphon have been recorded in barley (Paleg and Aspmall, 1966)

L

b : T : oo
. control of heading date in oats is exercised by the length.of the dark periad. Aspinall
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-

T en‘érgy, some varieties foaled to Fweod

w vernaltzoflon response Defined as the amount of sprmg gr-wmfe;growth habit

,wn'h wheat, w,ho found wan\ vonehes that showed a morked response to vernaltzahon

. pc,nses of wheaf, showed rhof pnor vernollzohy/not slgnlfnconfly olfer the rate of
5 |

o ond phoroperlodlc responses : O s - <

e
. . ' ' ]

\

(1966) and Tlngle et al. (1970) found that both the mfenslty of 1|ghf and the ar;ount e

o 1

of far-red energy prese‘t offecred the rate of prrmordnum developmenf’ln barley. -

g

In some coses, where mrenssfy wos low ond there wg{o low amount of far-red

Lo '1‘ . . - U
JRSBR -

. . . L. .

( s Vernahzohon Responsey' S B ; e

.. A second impo’h:onr influence on.fhe lengfh of a cereal's lifespan is its

—_—
bl

resent ina CUII’IVQr, the resence or absence of vernol zcm n response hias been
p

found to offect the eorhness or. lofeness of borley even when\rf is obvnously of sprmg
habit (Tokohashr and Yasuda, 1972) Alfken (1966) showqd fhat eorly vonehes oF

--cereols (whear, bor|ey, oots ond rye) were olmost insensitive to remperorure and :
» q‘ .

: phoropenod and fhot the |engrh of fhe growmg perlod to florol lnmchon wds con

: rro”ed by its vernalization response ' Supporhng ‘this was Rowson (1970 orkmg //j/'//

s o ,.»t’“ ,/ . v

u»—f““/‘f :
fhe perrod up to mflorescence mmot,on’wos’rh’e most mporfonf, as pofenhol spnke- T

‘,’..

Ief sufes were bemg esrobhshed Once floral mmahon occurred, mflorescence deve-

“

R lopmenf proceeded rapidly. In fhose vorlehes with only a slight response fé cold, S

: borh fhe perlod to Florol mlrloflon orfd rhe_perlod of developme t were Amporront T

- 'vonohon in sprmg wheat Holloron (l 975) workmg wrth rynng vernollzoflon res- |

photoperlodlc response, mdlcohng the physroioglcol mdepet;\dence of vernallzohon \.

e . . s
e

P , - o /
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A e iii. Temperofure Response IR - o o Tt

. ‘—“_ N 0

"QM— - f A rlplrd focfor lnfluencmg rhe nme fo moturuty, is the plonf s response to rem-‘-'

L perorure Holloron (1975 1976) produced ’evrdence fhor fhrs response is rndependenf of

- rnahzohon and photoperlodlc sensmvnries-. Shngolev (]957) and Moyr (l 969) hove
Ot shown tbor fhe Ieng/h,ef’rhe

e,

growmg penod oquheof is dependent on fhe summohon of
. ,emper ure to whlch it was exposed, as well as lnght Th?s wgs confrrmed b)c Morcel-

— i Jos ond Smgle (T97l) who -showed- that fhe durohorvof pre-mmohon and poshnmohon

phﬁses in wheg,l' were hlghly correlated with photoperlod ond temperoture ‘
L s A : ]
A . ’ Faris (1967) has found vorletol drfferences in borley response to temperofure
/ o ~ .
. 4

—w——————— " in'the hme roken to germmclfe He sroted that varuefles fended to molntaln fhelr ronklng

over a wrdeu ronge of temperatures, = |

a

L e ngh temperatures have been found to.reduce: the number of doys to germina~ .

e
U . * i e

. B m
. nerHe-fmfruﬁon and onfhesls but did not cjfect/spfl@lét number excepr throu,gh ver-
nolrzohoﬂHngemd/Wéw, 1970, in wheof Cohgodo ond Brown, 1975, in éorn).’
' . . PRy )
’ // Reduction of yteld In/b/OLL&y/b}/H@'\ temperorures has been shown fobe due to qreduced
‘ //woducflon of. hllers (Connell, 1969) Onihe other hond WoH gnd Corfwnghf (1974

. ) found thof temperafure alfered ‘the developmenfol paffern of wheat by decreosmg-both

/ - ‘ . ﬁleof and splkelef numbers, whlle Tlngle et al. (1970) showed that alternating doy/nlghf :

temperafures mcreased fhe spikelet number in borley

Temperature chonges hav:heen shown to pffect rhe photoperiodic response

,/

m | " ofa variety (Coddel and Werb"el 1971, in sbrdhum) for the sensmwfy to phofoperlod
is reduced at hlgher temperofures (Collgodo ang B'own, 1975, in corn)

Alfkenfl%é) found that in the post-mmohon sfdges of barley, femperorure
o produced a greofer envrronmenfol effect than phofopenod Wrrhm the eorly group of

varieties rhere was a ronkmg of sensmvnfy ‘to I’emperofure Both before ond ofter floral

=
)

B
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" IV. GENETICS OF YIELD IN CEREALS

eaHiesf ,varie:pi‘es being (in'sensifive‘ro tem nafore “In fhé lofer varnehes of \(theaf,

-

exposure to hlgh femperofures afrer floral mthahon resul ted ina delay in the rate

b

."“ Close association between yield and its components has been found in"

" numerous cases of Sfudy of ‘fhe. inheritance of yield in cerealé Fonsecd etal. (1968)

@ Y

: ond'Singh('ef'cl (1970), both worklng wnth wheof, found thut grain yleld was hlghly

and posmvely correlofed with fhe componenrs tillers per planf, grcnns per ear and

e -gr‘om .we,lgh’t. ~This _chrs su'ppor.t»ed_by ‘“Wolfon (1971) whovuse_d fa’c:ror onalysis or)d a

4

.'stepwise multiple regression to show that dAvldrge pdrf?on of the variation i‘n yiéld was

‘supvpl'ied by these 'three components. Nlckell and Groflus (1969), workmg with bcrley,

stated that an opflmum comblnohon existed in a glven gene pool for yleld componenfs
o ‘and fheu’c mferre'chonshlp, in order fhat mcxlmum 'yie'lds. m"cy be recc'hed For agiven ‘

envnronmenf A close assocmhon ﬁefween plcnf henghf ond yleld in wheof has also

Ep)

 been shown by thff (1972, ]973), but thdr and Morsy (]973) Found a negaflve re—

a

| lohonshlp between helghf and kernel welghf ’ ' v SRR o L

y"‘
Y

Anwor and Chowdry (]969) showed that yleld cnd plcnf helght in wheat -
were quantntahvely mherlted and fhof su‘bstanholvheterosns occurred for hlgher groin“

yield. Aksel and Johnson (1 961) stated that those varieties which were dominant for

“the length of the sowing folbve.ading period tended to be dominant also for the number

‘of kernels per spike, ffer‘ kernel weighf and for yield. Wclron.‘(vl 969), Bhatt (1972),

alnd Khadr and Morsy (1973) 'fouhd.‘tl_hot most of the genefic vori‘anc"e-for, plant h;eigh'f,‘

o
N

5

P
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kernel welghf and sprke lengfh in whedf were due to addrhve gene actlon Parflal

;:Iommance was also’ |mporfanl' for variance in number of splkelers per splke and for

K = ¢

heavy kernel welghf BhaH found a refragemc confrol of kernel wetght in wheaf
Halloran (]975) mdlcafed rhat oddmve genehc varlance in wheaf was

presenf for fhe characfers kernel welghf, splkelef number, flller number and tofal - ,
gram yleld but he also defecred evidence of genlc mferachon in hlier number and (T

gram y:eld He assoclated hrgh expressron of,graln welghr, hller number and yield

wrfh dommance, whlle hlgh expressron of sp:kelet number was assocrafed wnfh re=

G

; cessweness.

A d:fferent approach has been adopfed by Grafrus and his assocnares in‘a

~

series of papers. Worklng wnfh a number of cereals (barley, rice, wheaf, and oafs),

2y have sfudled the sequenhal appearance of y|e1d Gomponents. Thomas_gr al.
(1971) fransformed fhe |eld com onenf data to rule out correlahons with rev:ous com-
y P P |
. 5 2

.. ponents. Thelr analysrs revealed fhaf fhe genehc variance of fhe untransformed com-

i

'ponents was mamly addlflve in co_ntrol. However,_ when’ fhe correlat-iOns between
componenfs were removed deviations. from addntwuty whlch mcreased in magmfude as

fhe developmenfal traits progressed were observed. The relative varlance of fhe trans-

3

»formed variable compared to fhe untransformed varlable approached zero in fhe last

componerr,f, kernel welghf Therefore fhe herrfablllty of a component, after confoundmg

N l.ﬂ

correlahons are removed can dnffer ..onsuderably from the apparenf (untransformed)

srtuahon In an assocnafed p,pper, Graflus and Thomas (1 97]) showed that the p1anf fol— :
N "v ,}’f! i '

|owed an oscullafory paffern in: J’he sequehtral developmenf of its. componenfs They

P
- ®,

vshowed thaf dlrecf genetic confrod of kernel werght (X ) was very weak,.and fh’af,i_f

s B . 4
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depended largely on the confrol of prlor evenfs number of heads X 1) and number :

. of seeds per heod (Xg) lf the some X1 volues were present or fhe sforf, success

3 B
. Ay
¥

(hlgh yleld) of a: varlety depended momly on fhe elecflon of hlgh or low Xe, whlch ’
was momly under genehc control
Herlfobllmes for: rhe same vorloble will not remain consfonf berween popu— 5

lohons as fhe reloflve volues of the: componenfs of hernfobnllfy depé‘ ‘on the gene ond

\ ’

gene FLequencues, fypes of gene ochon, the level of environmentol vorioﬁon and fthe
_ experlmenfcl deslgn However, comporlson can be made of the relohve mogmfudes

' of herlfcbllmes of fhe some chorocfer in dlfferent populohons, or of dlfferent .

S TH i

chorocfers in the same populohon, fhus prov:dmg a gunde to the relohve responses ot

expecfed (Mother ond J|nl<s, 1974) Examples of such dafferences are shown in‘a num-

S ber of experlmenfs wnfh wheot Anwor ond Chowdhry?(l969) gove a brood sense esh-— ‘

v mate: of 61 ond 70% for grom hleld henfobllmes in spring wheof, whl.-le Fonseccl and -

PaHerson (1968) showed a lower eshmofe of yleld herltob"lmes (norrow sense) of l7

c
E'Y

; ond 49% in winter wheof Herlfobllmes for kernel welghf vorled from 15 ond 55%

(Fonseco ond Potferson, 1968) to a hlgh of 89% (Bhotf in sprmg wheof, 1972) Bor-

fhoker and Poehlman (1970, in wmfer borley) showed ?hof the henfoblllfy of l<ernel

) welghr is offected by the envnronmenfol mfluence berween seosons, as well as the =~ ~°

o -

mefhod of calculohon These herlfoblllhes ronged from 24% to 46% : The volues for
-number of kernels per sp|l<e varled from 38. l% (Khadr and Morsy in wmfer wheaf 1972)

to 85% (Fonseco ond Po&terson, 1968) In most of rhese coses a trend developed

' where herlfobllmes for yleld were generolly lower fhon those of the yleld componenfs,

whlle rhose for plant heughr remamed rel:hvely hngh
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v. THE PHYSIOLOGY OF YIELD IN CEREALS SR * .

g

: As yleldlng obllrfy is one of rhe mosf lmporfant choracfers a vorlefy ccrn

_ poesess; a lcrge omounf of sfudy has been put lnl'o the physlology of yleld, cnd lnfo
‘methods for i mcreasmg fhls y:eldmg ablhry ln 1923 Engledow and Wadhcm con- -
ducfed an exhaushve sfudy mfo fhe possnble Facfors fhar would cnffecf fbe yleld of |
"’a cereol They desrgnofed flve broad cafe@orles of facrors whlch would offecf

[

"yreld, mcludmg (1) sorl (2) clrmate, (3) agrlculfurol prqchce, ‘(4) dlsease aneI ,
A"dumoge, and (5) bofcnlcal vcrrlefy of form If ‘was: fhrough srudymg rhe f:ﬂh
b‘cboroefer (boramcol vcrlefy or form) fbaf fhe aurhors explored rhe physrologué%l cen; - |
B 'frrbuhons to yleld\ They dwrded yleld into four componenrs, wblch are: 1) cVerage
number of eor-becrlng tillers per plonr (2) average number of grams per eor, -(3)
‘cvera.ge weiéhf of a smgle grain; and_ (4) overoge percenfoge of dry matter. g
= - As. .fhe coneept of yleld componenf‘s become occepfed, ite become nevces- L

: scry‘ ro srudy rhe relohve nmportcnce of each of fhese componenfs‘ tn ‘order to kobtam B
- maximum yleld | It rcrpldly become obvreus fhaf fhere were negchve.relchonshlps
presenf between rhese componenfs), end that maxumum yield was obfo‘med by dlf— :
'ferenf mferacrlone cmong i'hern _Some |ntereshng exbmples of rhese relahonshlgs o
" wevre brovnded by the use of pafh coeffrcrenf cmalysns to flnd fhe dlrecr ond mdlrecr

: effecfs of rhe components on. yleld Fonseco et al. (1968) usung wmter wheof, showed.
v that all compenenfs had large dlrec; effecfs on gram yleld with number of sprkes and
g ,‘ kernels per splke havrng the hlghesf drrecf effecfs Imporfcnr indirect effecfs

- resultmg from negahve correlahonsi among yield componenrs were obse‘rved especrcx”y

¥

- between number of splkes and number of kernels per sprke Malhofra and Jcnn (1972)




fhe mosf lmportanr of fhe yreld componenfs in barley Bhotr, in 1973 concluded

5 fhat kernel werght exerfed fhe greal‘esf dlrecl’ and mdlrect nnfluence on grom

: /r [t
yleld per plcnf m sprmg wheol‘ He fhen quoted Asana andml 958) as showmg

i thaf wrrh adequafe wafer supply, ear number hod fhe greafesf effecf on gram yueld L

: whereas under wafer sfress fhe grcnn number per ear ond lOOO kernel werghf had
L fhe same effecf as ear number o s S " LR R .
These confllcflng resulfs can besf be summed up by quohng from Smocek

(1969) who, workmg w1fh wmfer w'lneaf sfal'ed "ln fhe absence ofabnormol srress |

K __.“
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B employed rhus mefhod and concluded rhar gralns per ear and lOOO seed We'th’ are |

‘ condlhons aFFechng fhe course of phofosynfhehc processes, rhe relahve propor- SESSAE

. .|f|onolly decreasmg number of groms per ear mcreases rhe run of phofosynfhofes o

s
£

avallcble for one graln, and fhus l’he wreghf of one. graln mcreases - o :

An mfereshng approach fo I‘lns problem wos odopted wnrh fhe develop- -
an

menf of l'he concepf of sequenflal yleld’cgm’p’b

-

enfs Researcl'\ers found thaf manl—-

Y

S pulahon of envuronmenl'ol mfluences al' dlfferenf sfa

iﬁerenr yleld componenfs For example, mampulahon of rhe hme to sp|l<elef

muflaflon produced chonges in all rhree componenfs, bur mosfly in number af gralns |

v

, per head manlpulotron of perlod 2 (tlme befween floral mmahon and onthesm) in~

- ' »

_ fluenced fhe number of ferhle florefs ond the number of ears, ond mampulahon ol"
o perrod 3 (anfhesls t rupe) affecfed mamly fhe kernel welghf (Thorne et al r 1968

Farls and Gurford 1969) Furfher supporhng thls were erley and Holllday (1971)

s oF developmenr would affecf :

“who conducted shadmg srudles on barley and whear dunng the dlfferenr growfh pbases;

N They found fhaf shadlng in phose 1 (hme fo floral mmahon) produced b decrease ‘
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\\

R o
in ear number due ro suppressed hllermg and also reduced spskelefs per. ear

, l Shadmg in phase 2 (floral mmahon to headlng) produced I'he greafesr d@crease in
L %‘"% g
o yleld of all rhe phases, due malnly to a: decrease in grams per ear A slgnlflcanf T

M:)r
. T,
o

o decrease in yleld in phdse 3 was due fo a decrease in grcﬁn welghf SRR . | ,
) ln T96‘? Nlckell and Graflus represenfed yleld in wmrer barley as a geo- : h
' mefrncalconsfruct of fhe three componenfs, whlch were developed in a sequenhal |
manner They were heads per umf area (X), kernels per head (Y), and kernel
welght (Z) The concluded fhat "opnma exlsf ina grven genelpool for yleld
: 'componenrs and rhelr mferrelaflonshlps in order fhaf maxnmum )7"l‘elgd can be B T .
" reached for a glven envrronmenf Ina subsequenf paper, Thomas ef al (’l97l)

‘ 'vaffempred l'o dlscover fhe sources of varlahon in fhese components by fransformlng

o rhem (Y and Z) fo delefe effecfs of prevnous characfers (X) and concluded fhar o R

_ '~s fhe Force fevndlng to dlsgmse fhe true. nafure of fhe source of conrrol err o
. _-‘.fhe expressnon of fhe'second and subsequenf characfers ina developmenfal sequenee,
Thar is, envnronmenfal effecfs.fhaf confrol fhe expressron of fhe flrst chamcter (X)r |
"-I"are reflecled in rhe expressron of the second characfer (Y), and bofh fhe effecfs
:}hor conrrol X and Y are reflecfed in: fhe rhrrd characfer (Z) TGI (]975) SUPPered S

o thls relahonshlp wnfh fhe use of pafh analysns to derermme fhe dlrecf and mdlrecf

B effecfs of confrol over a)gwen characfer v S R
Number of Tlli;d Ll \1 e B . R

fhe sequence was descrxbed o

The first of the yleld componenfs to occur |
'by Wllley and Holllday (1971) as number of hllers, enfher per planf or per unlf areav.y‘

o ‘V.ln 1960 Gu:tard, workmg with barley, found fhat fhe flllerlng patfern of the

B N
/




'fhe second growfh perlod |ncreased the number of femle hllers produced but a.

low plant densnty, and bemg delayed or lnhlbll’ed wnfh l'ugher or’ mcreasrl&g

' /

o 2

. D
-

) varlehes Olll and Vanfage reacfed dlfferenfly fo an mcrease in phofoperlod durmg

o

o rhe perlod of growfh up to mfernode elongahon, lncreasmg the phofoperlod durlng

| "reductlon of ferhle tlllers was experlenced if rhere was mcrease durlng rhe fhlrd

"growl'h perlod However m 1968 Puckrldge, workmg wn'h barley in: dlfferent llghf g

- ©

2 reglmes, found rhor plants exhtbmng very dlfferenr flowermg responses produced

. g
: xdenhcal rlllermg pafferns. This suggesfed rhaf in fhe early sfages fll'ermg was

A4

" not dlrectly controlled by I'he flowermg apex, and thaf the growi’b of flller buds

depends on fhe assmllafes From ofher parfs of fhe planf In 1971 Leakey, wor,king i

. wufh planf densuty varcahons of barley, Found thaf flllerlnumber was fhe most plashc

: ‘characfer, wnfh hller productlon belng earller in fhose planfs whlch emerged mfo

densmes

ln two sequenhal papers Connell (1969) srudred fhe complete hllermg
pafferns of fwo barley varlehes, Spratf Archer and Deba Abed, and also the effecl”s of -

femperarure, llghf mfenslfy, and daylengfh on fhese hllerlng patferns In fhe flrsf

o

o . "paper»he showed fhaf affer fhe mcun sfem (M) fhe most frequenfly occurrmg flller was -
fhe flller appearmg in the axll of fhe flrsf frue leaf (Tz), Followed by fhe coleophc

E node hller (Tl) and fhe hller in the axrl of fhe second true leaf (T ) M contrlybfed

rhe largesr percenfage of the graln yleld Followed by Ta, Tl, and T3, wurh varletol

,dlfferences in yleld malnly bemg accounted for by dlfferences in the number of T1

N : [

'hllers He concludéd fhaf varletal dlfferences in yleld were parhally due fo rhe »

number ond posmon of axlllary buds whlch developed, and rhe exfent of vornahon of

-9 . o EERCIN . e )’ o P
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: explamed by change in the. supply of assnmllafes A low hller number isa reflechon‘ ,

) .welghf of grams formed on the various shoofs. -

- developmenf (in ap!cal dommance) leferences were also due to the number and

- . N

‘The second paper enlarged ‘on fhese concluslons, and showed that. wnrh en- '

_vnronmenl‘al vanaflon, the ma|or vanetal dlfferences in yleld (gram welghr/mz) were

i
N

: conralned in- Tl, Ta, and Ta Vanahon in fotal hller number was. a reFlechon of
. varlaflon in fhe Tl Hller number, wnfh the reduchon in fofal hller number by hlgher ,

- femperafure (af sowmg perlod), shorfer photoperlod or reduced llghf mlensrfy bemg :

3.

of fhe fallure of hllers fo emerge and lnusf reflecf the pre-emergence growfh Under .

o

L "adverse condlhons such as hlgh femperafure, fewer T1 hller buds developed and

cdnsequenfly fhe medn lengl‘h of . the hller was resfncfed From the early sfages of

: grovfl’h lf was shown fhaf arise in l’emperature durmg the sowing period was fhe

.

over-rldmg factor in derermlnlng fhe number of T1 hllers produced

~

li. Number of Kernels Per Head ,

The second af fhe sequenhal yleld componenfs, fhe number of kernels per

o
.,\;

: head has been regarded in many cases as fhe mosl’ lmporfant of fhe I'hree components. :
’ Thor,ne et al. al (1968) worlcmg wrth wheaf, followed by Wllley and HOllIde (1971)

with barley, found l’haf envrronmenfal dlfferences in perlods I and 2 (pre- headlng

K

- phase) affecfed yleld by ‘alferlng fhe capacnfy of fhe ear lo &Eﬁfwmulafe carbohyd- '

/

ral'es, determined by fhe number of grams per ear, rarher fhan by alferlng the supply

C “,of carbohy~--+as, ngh correlahons of spikelet: number and yreld were also. found

\

by Faris o ! (1969) in barley, and Rawson (1970) in wheaf

€
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ln most cases rhe splkelef number oF a cereal was close7y relafed to the
lengfh of the pre-headmg phase Rawson (1970) dnvrded fhls perlod lnfo ‘two phases
when workmg wnrh whear He faund thaf wi fh fhose culhvars senslhve to. vemah- :

zaflon rhe period up to. mflorescence mnhafron (double rrdge) is more lmporfanf for

confrolllng sprkelef number ln thls perwd potential splkeler srfes were esrabhshed

' and ina varlefy sensmve to vernallzahon, once floral mmaflon had occurred de-‘

velopment of mflorescences proceeded rapldly and few addmonal splkelef prrmordla

were dlfferenhafed ln fhose cultlvars where daylengfh ls lmparfanf (with no ver-

nahzahon response) it is S the durahon of rhe perlod from mmahon to fermmal sprke—

e

lef formahon durlng whlch all of fhe splkelef lnmal ‘are form,ed, whlch appeared

crlhcal in defermmrng sprkelef number _The sptkelef number of culflvars with a

shghf response to cold ‘was assoclafed wrfh the lengrh of borh these perlods (time to
lm'fiation and lnlhaflon to anfhesrs) Rawson erflarged upon rhls in 1971, agam w:fh _ ‘
wheaf He Found thaf dlfferences in fmal sprkeler number arose from dlfferences in
double Hdge number at flaral mmanon, in fhe rate of produchon of splkelef pri-
mordia and in rhe duranon’of producnon However, he sfafed rhaf rhe fmal splkeler

prlmordlum number was nof derermmed solely by the’ durahon of produchon, For under

shorfer phofoperrods rhe mmal rafes of splkelef appearance were lower for lafer _

cufnvars, and in a“ bur fhe earhesr varlehes rates of appe\arance fell as the ferml-

nal splkelef was approached Thus rhe early vanefles mamramed a hrgh rafe of

' sprkelef produchon up to the appearance of fhe fenmnal splkelef and drfferences oocurred

only in fhe duraflon of splkelef produchon
Willey and Ho”rday (1 971) found sumrlarmes befween rhe development of '

barley and wheaf, whlle Paleg and Aspinall (1 966) sfres,sed fhaf in borley the furfher




<

24
SN . . ‘ -

‘ ‘ developmenf( of spikelet initials and differentiation of florol orgons was influenced'by‘

' fhe phofoperiod regime. They correlated changes in prlmordlum producflon and fhe

B

cessation of oplcol merlsfemoflc achvufy with fhe progress of the dlfferenhchng ear,

whlle cessoflon of primordium producflon occurred at the stage of stamen mmohon

in the central spikelets. Further evndence of fhe phofoperlodlc sensitivity of barley

“in conrrolllng spikelet number was. shown by Tingle et al. in 1970,

- On many occasions it hos been discovered fhof in basley and wheat there ‘

was often a reduchon in fhe/number of ferhle spikelets from fhe number of prlmordlo

\

lnmofed Rowson (]97]) hnked ferhllfy foword the hp of the ear wnfh the estobllsh-f

ment of many Splkelef prlmordlo before fhe oppeoronce of glume initials ond wnth

- the concurrenf developmenf of splkelets Poleg and Asplnoll (1966) and Klrby (]974)
Lrnked the failure of these Florefs to develop wnfh rhe compenhon for ossnmllofes,

. ultimately confro”ed by the ovouloble supply of corbohydrofes - L o

" n summcmon, rhe potential for groln yleld as expressed by the number of
. . L

grains per eor, is offecfed by fhe llghr environment of fhe shoot of ony sroge before

ear emergence and is fherefore a Funcflon of fhe lohfude oF the plonhng snfe, the

vdote of planting, ond the phofoperlodlc sensmv:fy of the vorlefy sown (Puckrldge,

| ]968 ‘with wheot ond Poleg and Asplnoll, 1966, with barley). .

Tii. Kernel Weight.

The third ond flnol componenf of yleld welghf of the groln, in mony

'coses has a high correlohon with yleld cmd, in ofhers, a low relohonshlp I'f is
‘durmg this final perlod anthesis to maturity, fhat fhe occumulohon of corbohydrofes _

' occurs to produce the final grain we,ig‘hf. Noss and Reaser (1975) found that fhe rate

+

A



whlle fhe lengfh of fhe fr”lng perlod was not, However, Klrby (1974) concluded o

thcf varletal dlfferences in the accumulation of ear dry matter in s “ wheat were

momly in the duration of the fllllng perlod ond not in fhe rnlhal size or rate of |

filling. He suggesfed thaf duration of fhe perlod of ovary formahqn could determlne

- ~
the pofenfrcl size of fhe grain, Also important in the developmsnt of the grain after

=anfhests is fhe produchon of photosynthates as influenced by fempercfure and’

duration of lrghf, since most of the corbohydrates avaalable for grain flllmg are
\I

formed offer headlng (Nass ond Rerser, 1975; Ford and Thorne, 1975)

Krrby (]974) found that the dlsf‘l’lbUflon of welghr of rndlvrducl grains

rd

; within the ear was determined durlng this perlod ‘and was probcbly due to a limited
supply of nutrients to support porentral’growfh of all the flerefs In addition, Pcleg
and Aspinall (1 966) demonstrated fhaf q'here was phofoperlodlc sensitivity presenf

in borley in fhe loter stages of developmenr, mcludlng the grarn-frlllng perrod

Wordlcw (1970) r‘hade a more defalled study of the development@f fhe

grom by exammlng fhe effects of femperafure and light during two perlods gaffer

cnfhesis in wheof He found that hlgh temperarures durmg the first ten days 1mmedl-'
<3

- ately after anthesis affecfed yield by cousmg a reduchon in seed sel', which was

N /\

partially compensofed for b)r mcreased gram size. Hovever, hrgh femperatures durlng
the stage of starch deposition (15-25 days after onfhesrs) hkad a greofer effect and
reduced the welght of mdrvudual grains. “

Walpole and Morgon (1971) dlscovered fhcrf the grain werght .of barley
lncreased almosf llnearly for 4 to 5 ‘weeks ofter anthesis, after which there was a loss |

[
- "
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‘cessahon of assnmllate avallablllfy " o N

M ¢4

shorfly before ‘the. ear reached maturity. He found rhaf this fi perié

of three distinct phases characfenzed by
" 1. The accumulation of more dry matter per grain in

the central region of the ear;
2." The lower region of the ear putting on more weight . ° —

NP
-

3. The loss of dry weight. S \—’/ K

In the firsl phase barley and wheaf showed slmllar developmenf, but in the
second phase the wheat grains in midear retained fhe advantdge they showed in

- phase 1, while in barley fhey losf it to fhe basal gralns At was shown that dlfferent

Ry
-

'barley varieties can have identical yféldmg Gbllll'y and yef behave differently in

" each of these fhree phases. Walpole and Morgan (1971) concluded that fhe choracfers

most important to a high yleldlng varlefy were a long peraod from anfheSIs to senes-

~-
cence, a hlgh |nmal rate of grain growfh low gram resplrafory requuremenfs, and

a coincidence of grain mafurlfy and its decrease in respiratory demands wxfh the

— . N

~

-

Debate now centers on whether the yl'eld of a ¢ereal is limited by its

source (carbohydrale supply) or its sink (capaclfy of fhe ear to accumulafe carbo-

: hydrafes) Willey and Dent’(1969) suggested that grain yield should be regarded as

being defermmed neither by carbohydrate supply nor by ear apaclty buf by the

resulrant of the two. Accordmg to Ford and Thorne (l 975), min yield is usually

controlled by bofh source and sink, but one of fhe other can predominate in q par=

hculor situation, When temperature and sunshine affect yield before anfhesls they

than the others; , ' L ) <, / |

ot st h e - s



“act on the number ‘o’F groi“ns ‘(sihk)/.mfﬁ’er than on the phofosynrhefic system. Crops

/

ofter anthesis are more suscephble to envnronmenf (dayllght ond femperorure) whrch

#

acts momly on the productlon of corbohydrare for grain fllhng rofher rhon on rhe

genehco”y chonge the number of grams in fhe head by lengfhemng rhe period

VI.- LODGING

smk capacity °f the 9"C"'1 Therefore, to-increase yield it should be P°ss|ble fo . -

YR

before anthesis, buf this must be done wrfhouf shoymﬁg the period of carbohydrofe
/

accumulation after anthesis (Thorne_e_r_cgt.,/‘l 968).

F 8
LY

As lodgmg in c,e[eolsfcon ploy a s:gmﬁconf parf in offecting fhe yleld

fhus lowerlng produchvrfy as well as creohng mechomcol problems in harveshng,
s : '
there has been fairly conhnuous,research into the causes and effecfs of this pheno- '

~ menon, Laude and Pauli (1956) showed that lodging in wmter—b_e—ot offected fhe

yleld in dlfferent ways before and after hecdmg The mo|or effect on yleld by

y

lodging thof occurred up fo and lncludlng headmg time was creofed by a decrease

| heodmg, it was the size of the kernel that \é/os dommonfly offecfed If was also

in the number of kernels per head If lodging occurred one week or more after

|
found rhaf the greatesf effect on kernel size occurred 11 to 15 doys aﬂ'er heodmg

Any Furfher lodgmg offer rhls hod a lesser,effect on yneld These resulfs were parflally

supporred by. 'Doy,‘(~] 957) who found fhof lodgm;*affer heading hme ‘created losses i in

| test we?ghf and seed welghl' of bbrley , , e e ‘ :

w o

Smce\n become ev:denf fhof earl;f dgmg (before heodmg) had such an
e »

|mporfcmf effect on yleld, mveshgahons began to uncover the proboble reoosons for

- \

H'weha‘?’/c;ardener and Rofhlen (a 975) showed rhaf |uvemle’lodgmg m barley,

yie et TE



(Lorson and Maronvrlle, ]977) . ' ) e

' by physlcof observohon that lodging resistance rjots could be due to shorfer,

//’/ : - | 28
which occurred before stem elongohon, qffected the number of eors per plot and the -
number of seeds per ear. However, they foynd fhaf a lower seed number created at

’

thls sfage did not olwoys affect fl’}e final yield as rf was often’ compensafed for by a
hlgher grain welghf Cooper (1971) also found this effect on the yield of soybeon
when he showed that eorly lodging stimulated terminal growﬂn and exessi.ve branching
at the expense of seed set. s

There is a ge"neral consensus in the literature fbof the greatest yield losses
from lodging (oport fror‘ns mechanicol ﬁllosses‘from shoﬂering and difficulty in horves-
ting) are du_e to ch‘opges in the canopy. Even with juvenile lodging in varieties

that later recovefed, light relationships in the canopy, along with ventilation,

evaporohon, and femperofure were drasflcolly (and often permonently) changed

" (Gardener cnd Rathjen,: 1975) Increased shodmg led to a de\s\reosed Nght distric
bufnon over-total leaf area, fhus resl‘rlchng the copocrfy of lodged plants to absorb

‘nutfients or fo synthesize materials and store them in the grq3in (Laude and Pauli,

56; ~and Cooper, 1971). " Also important is the fact that lodging may stimulate in-

creased vegefofive g’rowfh at the expense of seed set (Loellen, 1970). With Iodgrng

that occurred offer heading, yield reductions were probobfy the effect of a decrease_,;

\
in franslocahon from the leoves to fhe head, particularly if stalk break occurred

'

i ' oy ' .
Three dlfferent approaches towards quonfifying lodging will give an idea

of the complex mferact,lons invelved in Iodgmg reslsfonce In 1934ﬁBrod)_' showed ,

Fimns ~
W

Ty o

lower internodes,. fhlcker internodes, und thlcker culm walls, Neenon and Spencer-

Smsrh (1 975) tockled fhe charocfer as an engmeerrng problem ond denved a formula

>
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A

to describe icdgihg resistance. They showed thof ¥

fhe sfraw

from sfem buckhng rofher than a loss of cnchorage,

hkely unless sou] condltrons are such fhuf the planr <

.u,

N

nnof be supporfed ThereFore\

'-.('

fhe resistance to bendmg of fhe sfrcw |s defermmed by fwo facforsf 1) Young s

W

v

/-
modulus, whlch is a co- effncnent of rlgldlfy fhof can be dlrecﬂy affecfed by fhe

wefness of fhe sfrow, the mcfurlty of fhe sfraw, and by fhe vcrlefy, 2) the outer.

u

dvamefer of - fhe straw. Also found fo be of |mportcnce was the amount of taper in

u

- Another approach fowcrds quonhfylng Iodg

) e

mg resusfcnce is chem:cal

Debate exists on whefher fhe amounf of pofossnum presenf [m the sfclk is imporfanf

s
:” ,n.

29 .

g ng) resulfed

fﬁ' root follure is exfremely un=-

~in determining res:stpnce (Esechle etal,, ]977) Also under mveshgg/hon is the fofal

o . B . ~

amount of non-sfrucfural carbohydrafes ond profem concentrahons in the sfem

‘ ,ever, the oufhors showed fhat lodgmg resnsfqnf varleh

Ca

3

© P

B

How~ "

A

es were generally more resis— |

tant to post freeze senescence and fherefore Iarer mafurmg



~ “Station,

‘Afberfa, by D. G. Forls, in fhe wmfer of ]971 72 In fhe summers of 1973 ond ‘

~
N

.‘,MA'TER_IALS AND METHODS

Thlrry fwo hnes of s six=row bcrley (Hordeum vulgare L ) were selecred

| from H"Q World Barley Collechon ot ABerdeen, Idcho, for fhelr vorlobthy in growrh

pattern in time foken ro moture For fhe purpose of this sfudy rhese llnes were sub-

sequenfly grown during a p‘eriod of three years, The flrst yeqr s marerlaf was grown :

I - g ' LAy

in fhe growfh chomber at Agrlculfure Ccnadd Experlmenrcl Stbhon, Beover|odge, '

1974 the mcrerlal was grown in repllcared fleld rrlqls ar fhe Edrnonfon Research

; wersnfy of Alberto. : : - ‘ : AR SR

J'he lines i in the ]97] 72 test were grown in vermlcullte with a modlfled

Hocgland s soluhon (half strength) vae seeds of egch line were planfed two ‘b

_ ||nes to a box. The mcferlcl was seeded November 25, 197], and grown cr a. con- :

B

stanf fempercture of 21°C Elghfeen haurs of llghr were provided dcnly to. reduce ’

sferlllfy, ond the boxes were regulorly rotofed on the” h&nches to mlmmlze posmonal

_ _effecfs in fhe growthroom The seed obfcnned from l‘hls moterlol was harvested

”

separofely from eoch plont, thus estabhshlng fhrrry two fcmlhes with up to five

t

lines wnfhm eoch famlly ln 1973, each line was plonted by hcmd wﬂh 30 seeds per

row in rows 1, 2 mefers in Iengfh cnd 23 cm aparr for as: many repllcofes (ranging

\

from 1 to 3 us‘ 'ovollobl,e seed pe_rmltfed’.

In 1?74 the lines were grown in 4-row pléfs 5 meters long with rows 23
s
cm apart. The center two rows of euch plot were harvesred \This deslgn was a ran-

' ‘domlzedblock wﬂ'h fwo repllcafes In the fleld rrlols of 1973 and 1974 extra confrol

-~ varieties, llsfed in Appendlx lI were odded to rhe test. Date of seeding in 1973

—



@

. was Moy 14 and in ]974 May 18 Notes were faken on the dores of emeroenoe, /
‘_'mternode elongahon, heodlng, and mal‘urlfy (os descrlbed in Appendlx I||), as Wellv |
a; height, hoad lengfh and yaeld for all three years Growth perlods were calculafed
from fhese nofes to produce, dlong V\;lfh additional observaflons foken in fhe fleld fhe v
’vcrlcbles llsfed in Toble 1. For snmpllclry, fhese‘growfh perlods were desrgndted
under olphcbef:eol names as mdlcofed in Table I _A_Iso, in 1974, ddily °b§erY°fi°nS.",""-"w‘_,, e
: 'o_n‘mereorologlycol condirions were foken | |
Becouse of hmlfohons on fhe omounf of seed produced in 1973, bushel

welghfs were. mecs.ured using fhe A. $ B C * approved method whereby fhe volur‘ne‘

of HO groms of seed was measur\ed cnd fransformed fo bushel welghf usmg fhe oppro-
prlafe scole About one-third of the somples produced a yleld of under 110 grams,
y fhereby prevenhr:g the use‘of this mefhod of eshmote The fo”owung experlment was
'performed to fmd a mefhod su1foble for eshmohng bushel weight for fhese small

somples Somples of 25 50 75 and 110 groms were foken from each of 14 Ilcensed
culhvors of known bushel welghf The volume of eoch one of fhese scmples was
“rneasured rn ml | These vo|ume§' were _'then ’plotred o'goinsf the bushel ‘weight of eoch
' vor?efy for eq‘ch scr‘npvlevweig;h'f, p’rodoeingf a ‘cur\i"/‘e for eoch sorrrple weight. Sin;cef :
v;he Qolume ‘fror‘n‘ the small sorr1p|es of 'ow_yieldfng lfﬁes wosﬂrec'orded, it was possoble

to make an e)ﬂ'rapolohon on these curves and to provide a reosonable estimate of N

bushel welghr Bushel weighfs for both yeors were then fronsformed into metric’ tesf

welghf-s-. S ' | L ‘ j

*Ameri co'n’»Sociefy of Brewing Chemists



TABLEL Varicbles Studied in Each Year -
ST Variobles T 7o Yeor Studied. :
TR e _ré?é 1973 97a
Doys from Socdlng to Emorgence @ * _ e
v2. Days from Emorgence to lnhmode Elongohon (8 '_"‘. B N
3. Doys from Intemode Elongahon to Heading (C) .- "+ R
v PR qus from Heading to Rnpe (D) : Y I
5. Days from Seeding to Internode Elongahon (A+8). LI ﬁ“ *
6. ‘ Doys from' Emergence 1b Headmg B+¢C). : * ) ' * . L
7. Doy: from. lnfernode Elongahon to Rvpe (C +D)y . e _ ) "V‘. 7
8 . Days from Soedlﬁgro Heodmg A+ B + c). ‘_ 7 * e o
9 Days from Emergence fo Ripe_ (B + C + D) . e L ‘ o
v 10. ‘vDuyx from Seedmg to Rupe (A +B+C+D) Ay e * *
L Comblnahon of Perlods (A +C) ‘ 4 ? . oo ‘
k ‘/'112»..‘ - Combmcmon of Periods {A+ D) : - ‘ R * "" : ‘ ;},
33 ,"Combmahon of” Periods (B +D) - . » * . . *
14, "+ " Combination of Penods (A+ B+ D)' . ) T .' o ‘:.
: 1.5, »vComblnahon of Ponods (A + C + D) S oo ) O LW
RTINS Yield (groms) ( o Jplam /l2m fhrow
S : coo T :‘ ‘% - . row = 5 mplot
17.. 1Heighf (em)- SR S N £ PEN
’ 18, , Head length (cm) o » o a R A . o (
19 . Noe. _plants/1. 2° meter row L o e o SO
20, "',b_vNo heods/l 2merer row. o S
21. . Ne:. secondary hllers/] 2 meter row" DT LR *
22, ‘ '1000 Kernel weight (gm) . . R ST, S
23 Test wmgh' (converfed to kg/hl . R . . *: '
( 24. Plant hobnf at- lE ono scale of 1 (orecr ) to 5 (prone) . ‘_f' =
o : 25 Lodgmg date 1 on L2 scale of l (no lodgmg‘)‘ to 9 (total lqcy.fgjbg) e v
26. Lodgmg date 2 " e " " " /7 R I * :
27. ‘Lodglng date 3 L o  " S * . ;. x
28.° Lodgmgdafe4 S RN I T .
2§; - Lodging dares S " o " * Pk
0. lodging date’s - » S .
A3l:. Lo&ging‘dqfe7 LA " e _" o
2. lodging date8 o "o e K
N. B, Lodging notes were token on g series of sequential dates

et o s o



L Sfaflshcal Analys\s

Prellmlnary analysls of resulfs for each year mdlcafe/aﬁfferences befween o

. vresulfs shown by hnes of the some famrly, fhus showmg fhaf seed fhoughf to be tdenh-' : ‘TA

'4"c0| wnfhm a famrly showed varuahon thaf cauld only be affrlbufabl_'

: 'ferences.. The orrgm of these geneflc dlfferences can probably be affrlbufed to lack

‘on Ime means of fhe 1974 dafa. Here the Imes causmg dlscrepanmes were. rdenhfled

'.of homozygosrfy or purlfy in fhe lmes orlglnally obfamed from fhe World Collechan

Thns susprcnon was conflrmed by fhe apphcahon of a Duncan s Mulhple Range Tesf

as srgnlflcanfly dlfferenf from fherr famrly mean.

.

Because of these dlfferences, analysns was rhen performed on: the means of

fhe llnes, rafher fhan groupmg fhem mfo famlhes. ‘ Each llne was fhen rreafed asan

.mdependenf sample, fhus brlngmg fhe fpfal number of lmes fo 14-4, in addmon fo rhe

N

checks As fhere was a varlable number of rephcafes in 1973 analyses were performed

| only on means of the repllcdres for each lme in 1973 and ]974 respechvely

3

SR Analyses in all fhree years mcluded srmple correlahons for all varlables, v

a facfor analysrs on'fhese c,orrelahons, and varlous sfepwrse multiple regresslons *These*

N -

¥ analyses were conducfed to defermlne fhe relahonshlps among fhe varlables *and to

_»’

give an mdrcahon of what assocrahons and dependenctes mfghf exlst Also mcluded

in. 1974 wds an analysns of varlance, performed upon rhe fwo repllcafes wrfh 169

'samples From this, bro‘“ad sense herlfabrllhes and a Duncan $ Mulhple Range Test

on fhe means of the two rep‘rcafes were calculafed

7

i Slmple correlahons The slmple correlahon coeffnc:enf was calculafed befwe=n '

n varlables for the sample means of each of fhe fhree sets of data, grvung a nxn.

i



' mafrlx of correlahons for each year Correlahons for each vari a(ale were c]so

. | | [

o . colculafed among the fhree sefs of data.‘ T 5 i e /

lI Focfor analysus- The fhree mctrlces of mfercorrelated n/Varlables of N
||nes [made of a” posslble l/2n n-]) palrlngs of varnab'es] were then tested by

the use df facfor analysls. . Here, ecch correlahon mafrlx wcs transformed mto an’

n'x |< Facfor mofFst, formmg a prmcnpol componenf mafrlx descrlbed as:

Zit ek renht. . g
Cwhere  Z; = variable | in standardized form  * -
~F1 I hyptheHCQI :fOCfOrS‘ (Fll in L .,_:- Fn)
S = standardized multiple-regression coefficient -

‘ . : ’ © R B - - X “ . |

v of Qorfcble ‘iuohfqut;j['o:lt_:_'.i (fcctortloadin_g)'.

Here, eoch of the n observed vanables was: descrnbed |mear|y in ferms of

N new uncorrelcfed componenfs F1, Fg, RS B 0Fn-; -each of these isin furn defmed .
- . o y o I L . . : : g

asa luneor combmohon of the n orlglnal vurlables

The prmcupol componenf model can be descrlbed as fronsformlng a glven

set of vancbles lnfo a new set of composlfe vorlables fhaf are orfhogonal to euch

‘~ofher. Ii' forms fhe best llnear combmatlons of varlables in rhe sénse fhof fhe por-

,ncular comblnahon of vanables would occounf For more of fhe vcrlance in fhe dafa

as a whole than any ofher combmohon of vorlobles f

.

The fofal variance of a vonable accounted for by the combmahon bf all

~common fcctors, dengnafed hI , gave the communullty of fhe varlables

o



i Mulhple Regresuons.. Datu for ecch yeor ‘were fesfed by various stepwnse o

rculafed R _' o R

‘vcrlable, as descrrbed below

35
'/

; The‘principol focfor matrix wos theni sUbiecfed ‘fo'c vdﬁﬁﬁx rOfdfioh !

B whlch slmplrfled fhe columns of'a focfor mofrlx in order to maximize fhe variance

of fhe squared loodmgs in each column (SPSS, \1976 Cattell, ]965)

£

o mulhple regressuons in: 1 order to fund fhe omounf of dependency yleld had on the ofher‘ ’

variables; Vcrlable Y (yleld) was. regressed on vorlables X1, Xz, Xa, . ‘. Xnr

wnfh various combmohons of fhese belng faken fo obl’aln a mlmmum of unexp|o|ne‘d

‘,reslduol VGrnonce i ferms of ‘fhe_smollesf*nu'mber of indepe’ndent.voriobles-. This was

done by dropplng ony pofenhol mdependenf vorlables fhot dld not remove a slgmflcanf

1

i .‘,mdependenf porflon of the vorloflon (Sokc:l cmd Rolf 1969) R2 \}alues g’iving an

’ mdncohon of the amount of variation accounted for by the: equahon were also col-

~

o

v

Civ. 'Anolysis of’ v’ari-dnce': For the ]974 fesf a complete rondomlzed block desrgn

wnth 2 repllcofes cnd 169 freatmenfs was \Jsed in the Anolysns of Varlcnce for each

h . : S

i Sy T S
- Source of Varidfion AR df. - Mean S,q’uqre'_k'is an Estimate of:
Blocks o v o (r - 1) | ol .GEQ.I + .fca?
‘Genotypes 4 Do ‘(‘tr- n - o8+ oo
Error S R (r - 1xt=-1) .
Total | | R . o (rt‘-‘l)
ot = number of genotypes (rr‘eotments)
. L " R ) o ) S T
r = number of replicates (blocks) ‘ ‘



‘g

" Here the ffeatment X réplicafe-inferdction was used as r‘he error ferm,

B

- ,»'thus accounhng for genorype x envnronmenf mferachons. From fhese resulfs |t was
' -posS|b|e to arrive af qn ?shmafe of Broad Sense Henfobllmes for each vcmable,

| uslng the mefhod descrlbed by Stéel ond Torne (]960) for the parhhomng of mean

¥ J#'
Fra
b N

: squores Here, mean squares were parhh?ned to glve an eshmafe of of or the vanance
cffrlbufed fo genehc dlfferences w1thm a populohon, o whlch wQs the varroncejat-
frlbuted to envnronmental dlfferences wnfhln a populohon, and . oa which was fhe
-~ variance due to repllcufe dlfferences wnthm a populcmon Broad S_ense Heriabilities
~ were H_ﬁen cal'culaf_ed‘ L_Js‘ihg_fhé form,ulo:
) ol
: 'd¢2.+ cEz

“As a final test, means of the two r,e.plicdfe_sbwere compared for each
- variablé'os"'mevnti‘qned' above, in a D‘uncan's,Multipi_lé‘ Range Test, 'using the method -

described in é-teelendiTor_ffe}ilb'éO., " ! L L |

e r i e S



. 37
e o REsULTS
l. COMPARISON OF MEANS OF LINES AS A TEST OF WITHIN FAmLY |
HOMOGENEITY
A Duncan's Mulhple Ronge Test was performed on the means of 17 of
g ,I’he charocfers in the 1974 moterlol to check for possible lack /of homogenelfy with-
-

in growth stages, and those showing heterogeneity in morphological characters 5

in each of the fhlrty two fomlhes Resulfs (Table II) indicated fhof there were signi~

fuconf dlfference within fwenfy of the Famulles for one or more chorocfers, thus

showing a lock of homo‘geneity in these families o S

Where growfh stages were, lnvolved, in most cases it was the same line

(Table H) thaf repeofedly showed dlfferences wnfhln a fomlly These lines showed A

differences at different sfoges of growth In some of fhe later stcges the effect ap-

: peored to be additive. Thof is, the dnfferences were not sugmflconf inan mduvndual

growfh phase, but Wlfh two or more phases combuned the dlfferences became signi-
flconf.

There is'a _markea difference between l’hose families showing heterogeneity

: ) - . ' \>._° . . L - . -
_(Table I11). Also, in the latter cases, f)*nere are few lines in common. One excep-

%

~tion is fohily 13 which shows signi;‘ic':c:rﬁL differences in both heod ‘lengfh and yield. -

O

;

An mtereshng exception to the above is famlly 39 whlch is hefero-

geneous in fhe lorgest number of choracfers lefe’ces are showri in most of the

, growfh sfoges wuth lme 39-4 havmg longer growth perlods after mternode elongahon

(C ant D) thon 39—3 ‘as Well as in 1000 kernel weight, where 39-3 shows a
4 v

: sngmflconrly grearer mean of 10 groms
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TABLE ll. Families Showmg Significant. leferences at the ane Percenf |
' Level in- Duncan s Mulhple Range Test (1974 Dafc)

» ‘ No of Non-homogeneous
b ' Chamcfers

-4
1

Faini;ly Number

W OV 0 N A

19
26
7.
31
32
34
e

—

Famllles 1, 3, 5 °6, 10, 15, ]8 30 38 47 and 53 showed homogenelfy |

for all characfers fested ouf of a tofal of 32 famllnes '




£

"TABLE 11I.

39

14.

Table 'of Lines that show Nqn-homoéeneiry for each Character
" (1974 Data) . | '
.Character Lihg Number
1. Days from Seeding to Emergence -
2. Daysﬁfrom Er[\erg"eﬂnce to I. E. | 07-4, 52-5
- k ‘ : . u/’ o ,3
3. - Days from |.E. to Heading - 08-5, 09-3, 14-1, 39 " 443
’ B ; g - . -, o 3
4, Days vfrom: H"eodihg,,'ro Ripe ‘04—3,- 04-4, 39\/4
5. . Days from vSeeding to I.E. -
6.- Days from Seeding to Heading 09-3, 14-1, 32-4, 39<: ’ 44;1, 44—4,_
- 52-3 - o
S ) L | A , ¢,
7. Days from Seeding to Ripe 04-3, 04-4, 39\ ‘ v
. ' o ) S N4
8. Days from Emergence to Heading 09-3, 14-1, 32-4, 39\4, 44-1, 52-3
9. Days from Emergence to Ripe - 04-3, 04-4, 32-3, 3‘?\4
= . . ) a ‘. /8 \
- 10. Days from I. E.- to.Ripe 04-3, 04-4, 39\4
AL Yield 1321, 13-4, 19-1, 41-3
12. 1000 Kernel Weight 34-3, 39\4 , 49-3
13 Test Weight oy - e
 Head ‘Le'ngth | 13-15 31-2
5. Helght ,/\’t; . 07-4, 26-3, 46-3, 54-5
- - . . )
16. Lodgmg, Date 3 13-3',”27-5, 29-4 e Y
7. Lodglng, Dafe 8 -




l. VARIABILITY OF CHARACTERS .
i.‘ Range, Means, and Variance |
\ ‘ .
Tables IV, V, and Vi give fhe ranges shown by the characters and
fhelr means and variances over the three years There are large dlfferences
between the ranges in the growthroom matenal (Table IV) and those of the field
years 1973 (Table V) and 1974 (rable VI) Period A shows a snmllar range &f
6 and 5. 4 days in the growfhroom and 1973 maferlal buf dropped to 2 days in 1974
Means for days to emerge were slmnlar for the three years and, in all casés, the

variances for this period were extremely low,

The range covered by period B dropped from 25 days(m the growfhrOOm .

to 19.5 and 6.0 days, respechvely, in the fwo years of field material. * Mean number .

ol" days covered by period B were s:mllar in fhe growfhroom and 1974 mafenal buf

mcreased to 31.3in 1973. The hrghesr varlance for period B was 25 for the growfh-

room mafenal followed by the lower values of 10.2 in 1973 and 1.8 in ]974 "The "

range of days covered by perlod C showed a slmllar pattern of 29 days in the growrh—

room, 19 days in 1973 ‘and’ 22 S days in- 1974 Means for fl'ns penod were 27, 7

12 S and 24 4 days’ respechvely, and varlances were 60.1, 24 ‘4 and 26 4.

Penod D showed rhe greatest dlfferences in range with 42 days in fhe
growfhroom and 12 7 and 18.0 days respechvely in T973 and 1974 Means for fhls
period were 48 9, 46 4 and 44.8 days The growfhroom dafa agam shows fhe '
largest variance of ]16 1 followed by a dramahc drop in fhe field mafenal wrfh

vorlances of 9. 8 m 1973 and l§ 5 in 1974 Of |nferesf is the sumlar large range.

takeri bx rhe total time from -seedmg to. mafunty in the growfhroom, decr'easlng

X

A%

L e 300 i .
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TABLE IV. Range, Means and Variance of Grov<fh Perlods, Henghf and
Head Length in 1971/72 |

‘4
\

-Variable ~ . Minimum Maximum Mean Variance

el

i
A
P
!
3
§
i
;
H

Days from Seeding to

7.0 13.0 8.5 0.8

Days from Seedmg,.tg Internode Elongahon 21.0 47.0 29.3  25.4 -
-(A+ B) |
Ddys from Seeding. to Heading. (A + B + C) 440 840 569 115.4
. - Lo . 5 . .
Days. from Seeding to Ripe (A + B+ C + D) 80.0 147.0 105.9 186.2

'Days frqm_s'mergeﬁee. ré IE" (B) 13.0 38.0 320.0 25.0
Days from Emergence to Heading (B + é) 35. o 73.0 48.4- . 115.9
Days from Emergende to. “Ripe' B+ C + D) 70 139.0 97. 3 | ,.]82_', -
Days from IE to Headmg ©). \ 18.0  47.0 27.7  50.1
Days from IE to Rlpe (C + D) </ : 540  97.0 76.6  M9.0
Days. frnm,Headmg to- Rlpe (D) - 3.0 74.0°  48.9° 16. 1L
Height cm) | © 780 150.0  109.0 " 290.0
" Head Length cm) 40 90 65 1.9
Yield (g'l:ams.per plant) | o 0.6 ' 19.»4- 4.3 7.2
o '{ o 7o
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TABLE V. Range, Means, and Variance of Growth Periods, Yield Components .
and Lodging in 1973 (Calcullateci?a?f means of Replicates) I
' ' {
Variable ) Minimum Mgaximum
s K.
. ’ 3
Days from Seeding to Emergence (A) 3.3+ A0.7

Days frdm Seeding to Internode élongofibn 35 31' - '4‘ :{
. (A+) ‘ g N o

Ddys from Seeding tb Heading (A +B+C) - 41{7 ";} :
. Days ‘fnom‘See'ding to Ripe (A+B+C+ D) - 86.0 -
Days from Emergence to IE (8 . 27. 382 o ?7@ o
Days from Emergence to Heading '(B +C) ,  349 , b
"Days from Emergence to Ripe (B + C + D) 5?72\“"“ : 79 3

R

Days from IE to Heading (C) U607 250
Days from IE to Ripe (C + D) 493 73.0
Days from Heading to Ripe. (D) 4.0 53.7
Height (cm) | (550  118.3
HeadiLengfh (cm) . ‘) 4.0 1.0 &
1000 Kernel Weight () ? ° 21.7 45.0
Test Weight (kg/hl) o 387 ‘786
No. of Plants per 1.2 m sample 16.3 * 2bg
. No. of Heads per 1.2 m sample 40.7 m176.:0 o ‘ U 538,
No. of Seconaary Tillers per I.Lﬁ‘samp'ex 0.0 _-f]]é,‘?’ T 331 ’ 428.8
Habit at lnfgrnode'\Elongaﬁonf , 1.0 o 4.0 , 27 0.5
Lodging, date 1 - L0 Y a5 7 10
Lodging, date 2 =~ - 1.0 5.0 1.3 ©0:4
Lodging, ‘date 3 : 1.0 6.0 e 13
Lodging, date 4 <. 1.0, 90 42 v 25
Lodging, date 5 : | : ) 1.0 - 8.0 46 ° 32
Yield (grams per 1.2 m sampley . - 52.8 287.7 J161.2 2539t.4

B3

* Uéfihed as leaf and tiller spread at Internode Elongafio’rp
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Yield (grams/plot)

157.0

77445,

_ . : Al
B TABLE V‘i Range, Means and Varlance of Growth Penods, Yleld Componenfs
| ’ and Lodgmg in 1974 (Calculofed on means of Repllcafes)
\/drfoblé MiqimUm : Maximum' ~ Mean Vérithg
Days from S’eedihg to Emergence (A) - 5.0 7.0 6.2 0.4
Days “from Seedlng to lnrernode Elongcmon 230 _ 28.‘.5‘_ _ ‘25. 3 e E
e A B) , T S -
Days from Seedlng to Heodmg (A + B‘}'C) 39 5 - 62.0 49.7 - 3.1,
Doys from Seedlng to. Rlpe (A+B+ C + D) 82.0 li0.0 94,5 48.7.
g Day's From Emergence to IE (B) - 16..0 : 22.0 * 19.1 1.8"
e Days from Emeygence to Heading (B + C) 34.0  56.5 . 43.5 31.8
Days from Emergence to Ripe (B + c;,+ D). 76.0 1040 ~ 88.3 47.9
Days-from IE to Heoding (C) 15.5 ‘38..0 ’>2,4.4 26.4
Days from IE to Ripe (C + D) 560 845  69.2 434 -
Days from Heading to Ripe }(D.), : 37.0 55.0. | 44.8 13.5
Height (em) - v 5.0 1175 85.6  104.4
Head Length (cm)  “%a._ 30 90  &0. 10
1000 Kernel Weight (g) 30.5 . 51.5 38.1 19.3
Test Weight (kg/hl) 48.6 730 5.7 41.3
No. of Plants per 1.2 m:sample - 2].‘5 . 67.0 39.6 70.3
No. of Heads per 1.2 m sample 660 230.0 1162 556.2
“No. Secondary Tillers per 1.2 m samp,le 00 B 97.5 19,0 300.1 -
/ HQb!f at Internode Elongahon b O - IQ . v- _ 5 0 - 2. 8 | 0.6
Lodgmg, date 1~ . »: 10 7 8.5. | o ©2.0 4.9
Lodging, date 2 B . 1.0 9. 04“4‘”, \2 0 o131
Lodging, date 3 o /7}\/ 16 L3
Lodging; date 4 w0 90 3.7 . 4.8
Lodging, date 5 . 1.0 705 2.2 " 2.2
Lodging, dote 6  ° 1075 3.4 2.9
Lodging, date 7 = “1.0 7.0 3.0 2.3
Lodgf/ng,; date 8 & 1.0 9.0 6.1 2.8
1374.0  775.0 9

N At b 20
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 for head lengfh Varlances For helghf remalned hlgh for the fhree years at 290 0,

44

”

to 12.7. days in 1973 and 18 0 days in-1974. Means over rhe fhree years were sumnlar '

wnth varlances droppmg from 186 2 to. 51. 9 and 48, 7

]

Helghf and ?ead length showed Falrly consistent ranges over all three' years ‘

:\wufh values of 72, 63 3 and 62. 5 for helght and g 0, 7 0 and 6.0 em For head length

| Means for these characters were 109 0 92 3 and 85, 6 for helghf and 6. 5, 6. 8 and 6 0.

o

- 179. 4, and 104. 4 cm® Varlances for head lengfh in all cases were low with values of

, | ] 9 2.1 and 1.0 cm?, respechvely

Of the marphologlcal characters sfudled anly in the two fseld years, fhe

.greafesf range was shown by the number of heads per sample wrfh values of l35 3in

¥

B 1973 and ]64 0in 1974, Means were 96 0 and llé 2 heads per sample respecfrvely,

B whlle l'he varrances were exfremely hngh for both years at 518 7 and 556 2. The nexf -

s

hlghesf range was shown by the number of secondary flllers, with values of 116.7 and

97. 5 Means of secondary hllers were much lower, especlally in 1974 wnrh 43. l hllers ‘

in 1973 and 19,0 tillers in l974 Varlances in this case were shll exfremely high at
428. 8 and 300. l "Number of plan@per sample showed a falrly low range of ¥2. 7 in
’ ;l 973 but lncreased to 45 5 in 1974 Means were 96. 0 and 116. 2 planfs and variances -

were 5.5 and 70 3 respechvely The range for the test welghf was hlgher in 1973 at

~

'39.9 l<g/h but dropped to 24.4in1974.. Means were similar af 0. 9and 57,7 kg/hz res= - ,
’ pechvely, wh|le the varrance mcreased from 14, 4 in 1973 to 4] 3 in 1974, Ranges,

means and variances for 1000 kernel welghf were all fairly similar between the two years o

Kernel weight showed ranges of 23.3 grams in 1973 and 21.0 grams in 1974 means, o,f 35 4

and 38 1 grams, and varlances of 25. 4 and ]9 3 respechvely‘, Smallesf v»ém ¥ ”

morphologlcal characfers was Hablt (leaf ond tiller spread) wnth\uranges of 3 i m %73 and 4
o U

4.in 1974, means of 2 7 and 2.8 and Varlances of 0.5 and 0 6 respechvely

"\ - °

L3R
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n Analysis of lVaridnce (1974 \Field Marerial) i
| Genofype differences were hlghly sngmflconf (0. OO])(Table Vll) for fhe ‘
: growfh periods A, B, C, (B + C), and (C + D), cmd for all growfh sroges Penod D.
L showed no srgmfnconf dlfferences among llnes Rephcafe dlfferences were sngnlflcdnr
' .»ln o“ cases except for days from seedmg to ln.fernode elongahon (A +‘B) 7
Genofype dlfferences were hlghly sigmflcanf ©. O])(chle Vi) for the mor-

phologlcol charocfers helghf, number of heads, head lengfh hoblf, number of secondory‘

~tillers, kernel welghf, test welghf and yleld Number of planfs wcs s:gmﬁconf only at .

“the 0.05 level.’ Vorlohon befween rephcofes was not- so evndent here as on|y hg(;

5
LN

kernel weight ond yleld were hlghly slgnlflcont Of sfr” lower SIgmflccnce were hcxblvf,,
' ‘number of secondory hllers ond fesf weight at the 0.01 level ond heod lengfh cmd num=
| ber of heods at rhe 0.05 level The number of plonfs per somple was non-SIgmflcanf
There were highly sugmflconf dlfferences 0. 00]) in fhe amount o_F lodéing’ :

. among genotypes‘,of e\)ery recordinlg.(]'obl.e wg_nificonf differences ‘befween’reb'i—

i, Coefficients of Variation
The coeffici‘ents‘of‘.v‘joriaﬁon or he growfh perlods and stages (Toble X)

ranged from falrly Tow (< ]5%) to qunfe hlgh (> 25%) over fhe three - yeors The growfh-

room maferlol genero”v showed fhe lorgesf variation over rhe three years wuth fhe 1 :

" smallest . amount belng shown by the field year 1974 In all three years perlod C had

the hlghesr CV s of the growfh sfuges wrfh volues of 25.6, 39.6 and 31 8% respect-

wely These vulues were much grearer than fhose shown by fofal flme fo head and
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TABLE X. Coefficients, of Vonahon Comparmg Growth Sfoges, Yleld Componenfs _
' *and Lodgmg for the Three Years,cmd Broad Sense Henfobmhes for

‘ 1974Duta KRR - e |
‘Vcr‘i_ab|e . ;’ k | o 1971/72 1973 1974 - .].97'/4 \ . 5
T T (%) - (%) .‘-(%) - Heritabilities ;
, Days from Seedmg to Emergence (A) 10,7 1.4 9.5 ‘ "0.620"‘\**
\Dcys from Seedmg to. |nfernode Elongahon ‘ 7.3 ) 80 5.0 0. 358;’;* |
| A+B) | | . 80 .30 0.
Dcys from Seedmg to Headlng (A+ B+C) o 18.9' ]44 ]].,2;4. 0‘.,9‘60**’*
5 Days fl‘om Seeding fo Rlpe (A+B+C +C) . 2 12.9 7.4 4 | . 0.678*',"‘*'
Days from Emergence to IE (B) : . 24.2 10,2 L 0: 635***
' Days'from Emergence. to Heading (8 +c) 223 171 13,0 09524k
“Days from Emergence to Ripe (B rC+ C) R 133\.9" 8.0 " - 7.8 0. 670%**
..'pays,from_lﬁro Heading (C) . 256 739‘.5,'- 2.0 0.897%%* |
- Days from .V|IE to- RiP'e’ (C + D) 14.2 | - 8.8° 9.5 0. 635*** - :-
Days from Headmg fo Rlpe (D) e 21.1 o 6.8 8.2 o. 126
& Helghf o o 5.6 145 1.9 0. 86*** ;
: Hecd Lengfh IR ‘ 21.0 ° 215 17.2 0. 679*** 3
1000 Kernel We|ghf BT | 142  11.5 . 0.588%**
Test Weight | L o9 88 Odesm
" No. of Plants per 1.2 m sample P 100 21,2 0.133*
No. of Heods per_].2m scmple f o ) e ,23.’.‘7 . '29"5. 0.144% ...
"~ No. of Secondary T|||ers per 1.2m somp|= , , 48.1  91.0 0. 303,,1‘,:;;5_;52 :
| Hablt clt lnternode Elongahon ' ’/ ‘ o | .‘ “'25_.8 . 27.0 0. 4}7A87:*'*v* |
Lodgmg, date 1 ‘ o ‘ 591 1134 0.863***
' Llodging, date2 .. 465  88.4 - 0.727*** ‘
Lodging, date 3 e Sl c 590 69,0 0. 66’4***  )
. lodging, date 4 o 37.6  57.0  0.308*** |
, __"Loning‘, date 5 SR | - ‘ 39..0' 65.7 0.387*** .
N | Ldaging, date 6 | T ‘ R w6 . 0. 364*** _ | ?
Lodging, date 7 S S ., 51,0 0.396*** E
'v Lodging, d’qte 8 | o | “_ . " 27.3 0.375%**
Yield . Ge20 . 3.3. 359  0.617
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‘ torol time f‘o rioe Lowesf of the Cv volues shown ln the growth perlods wds period
A in fhe growthroom and penod D in the Feld years 1973 and ]974 Varlohon |
shown by period A was much the same over. rhe fhree years w:fh volues of ]0 7, 11.4
'ond 9. 5% respechvely. However, perlods B and D showed much hlgher volues in fhe
growrhroom thon in rhe field. Vorlahon for tofol time lo ripen (from seedmg) fol-
lowed a similar pcmern, but CV s for total hme were smaller than those shown by com-

-!h

/

‘. ponent growfh 'periods. ,
| ‘CV's for -'rhe .morp.holoéi col characters were general ly hlgher and -showed
“much Qreorer 'v‘oriolion.’ '-Helghf a,nd»hecd |en§fh showed siimilor fairly hkigh values over
the fh‘r.ee'years Agoln, vanahon in the fteld was less thon in the growfhroom Lowest
| CV in 1973 was given by number of plonts followed closely by test weight; ond in 1974
it was test welghf "Highest. CV sin bofh yeors were produced by the number of secon- "

dory flllers, Followed by hdbut Volues for y:eld were. ogoln hlghest in the growfhroom

\ &

’ond dropped. in l'he field, though oll were exfremely hlgh wnfh CV's of 62, 31.3 and
35.9% respechvely | R
| CV's for Iodgmg resulfs were exfrenrely hrgh for both fleld years, but
ge:erally dropped as the crop matured.
iv. Broad Sense Herlfabilities (1974 Field Materiql)

| 5 Broad sense heritabilities vfor the growth periods and stages in 1974 were all -
| highly significcnf ‘ot fh‘e 0. 001 level (Table )Qwilrh rhe‘ excepfion of period D which
:from seedmg fo heodlng (A+B+ C)(O 960) followed closely by doys from emergence

to heodlng (8 +C) (0. 952). The highest of rhe mdnvnduol growth periods was perlod C

with 0 897. Penods A ond B were lower wrfh volues of 0.620 and 0. 635
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Of the m;:srphologicsal 'cgoracfers, the highest hgrifqbiiity wusv-_shown by
g height with a value of 0. 786 fo”éwéd by head length (0. 679).. These, yulugsL fog“e'fher
wifl's‘those for k?rnel w/eighf,. test weight and number :of secondary 'filléss; were all
highly significan‘t at the»O.‘fOO'I vlevel. \Lowgsf heritabilities wére given byl r{aur‘nber of
éldnfs ©. 13:‘3)‘\und number of heads (0. 144) with significance at fhe\‘ 0..05 level. Yield
had’glywig}"vfy‘ signjficonf her\ifabvi‘l ity of O. 617; Lodging results at all dcfes 'were shown |
tcs.be highly'herff&blé (P> 0.001) wifh the sesulfs rﬁnging from 0. 863 at the first -
lodging‘fo 6 5368‘0? ‘thbé fourth lodging date. ‘\T;hé results irvwélligéfed q“lgeherol pattern ofv
decline in h.erifobi Iiity of lc;dging to\"qffer heading timé‘, cs\d then a |evel|*i.ng off fcsr flhe(
re‘mo}n\d'er of I'h:e(érowing seas;:sn;. | | | | |
il. ASS.OCIATI'ON OF VARIABLES F-Ok THE4THRE‘El YEARS
i.Simple Corre]‘ativons ‘ SR h | o

’ Alrh.ough tsome.assgcicfions‘sig?ificth fo*fhe‘O. 01 level did occur, the re- -
ldtionship between c;!ny fmol g‘rowfh;‘p’er‘io_ds and stages was generally low (Table Xh*. -
Period A shéwéd its sfrongest positive bass.ocic‘-ztiohs wi’flsaipe'rio'd D .for all leree years,
though_.a signif'iconf: and neéai:ivg ré'quion“shié w‘ifh‘ pe?iod B did oc;:ui in the field
=y ‘y'ecrs of 1973‘ dba 1974, The highest pqusifi‘ve- correlations for any PC‘.U' of growth periods
was that between periods B g‘nd C, thc;ugh iﬁ -fhe growth chomB‘er and tHe 1973 field
expe‘rimgn'f.'" Associations Bef,ween pér\lods FB and D are low and negative with signifff |
cant differences occurring :only in 1973. Cérrelations of periods C and D are low and
negative but significant in the growfhrisérﬁ maférial and 1973 field miaterial.
*Note: A test of Hbmoé;aneify was applied to rhé fh,re;ev sets of icorrelations in order to
see if the’fhree years' data could be considered as coming from the same population.
Certain of these sets of correlations, though biologically similar, showed significant

differences (i.e. ABCD vs BCD). This is due to the high degrees of freedom used, and
- also’to the extreme skewedness experienced in the distribution of the upper end of the

- Z~-transformation.
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Correlations between the individual growth periods and total time from

f

,seedi_ng to maturity showed varying results which could be offecfed by the relative size

and variance of fhe mdtv:duol period, as well as the presence of mferochons produced

when fhe growth penod |s a porf of the fofol growmg ‘time. Relohons of total. hme

e

wrfh perlod A were low with' sigmﬂcance at the 0.05 level. occurrlng only in the growth-
room moferlql. Assocnoflons bérween fhe second growth period (B) and rotol/rim'e were

_ .posmve and hlghly sngmflconf with correlohons of 0.64, 0.75,and 0. 31. However, |

| hlghesf ossoc:oflons are found in rhe First two years (growfhroom and ]973 field) while
lower correlohons occurred in fhe 1974 material. The. fhlrd period (C) showed positive:
and hlghly s:gmf;corg correlohons of 0.53, 0 86 ‘and 0. 83 with fofol time. Here,

' ‘7 the association was |owesf in fhe growthroom but equolly hlgh for fhe two fleld years,

N

Relohonshlps of ‘period D and total time are positive bl{Jf lower, with correlations of

-

0.%63 in fhe growfh room and 0 61 in ]974 1973 material showed'o‘very low association.

3

of 0 17 with only 5% slgnlflconce

. . ,
A comporlson of tofol time from seedlng fo mofurl ty wnfh its component

~ stages (frorrr seedmg) revealed _extremely low correlcmons wrfh time to emergende, ”gnd"".

prog?esslvely hngher relotlonsryps with flmes to mternode elongoflon ond heodlng

Tlme to mfernode elongohon srhowed hlgh ond posmve srgnlfl'conf correlcmons of 0,67,

;O 78 ond 0. 39 with fofol time. The reloflonshnp is hlghesf in the 1973 morerlol and

growfhroomx mofenol ond much lower in 1974 Tlme to heod showed positive and high

slgmflcont associations of 0.67 and 0. 91 wnfh fofcl time in fhe growrhroom and 1973,

vb :moferlol but a lower buf sh” hlghly srgmﬁconf correloflon of 0 3'l in 1974



%

’

*

: negahve correlation. In 1973 slgmficonce'showed only with period C, while 1974

R | S 54
There wero nooxf'rem'el} hig‘h‘- correlations occurring ‘befween thé.length of
the growth phoses and the morphologlccl chorgcters (Table XII) buf relahonshlps sngnl-
ficant to the 1% level did occur. Correlofjons of yield with fhe length of the growth
perlods C and D were consistently significant for oll fhree yeors Period B ochleved
o slgmflcant ossocua”h with yield in the growthroom and 1974 Fleld maferlol the
latter producmg the hlghesf correlation.
- \ﬁ ’Correfohons of’ylefd with the longer g;owfh phases (i.e. combmed periods
and stages) showed some slgnlflcant volues, buf were not consistent over the three years.
The period of. early gr[owth (seedlng fo internode elongation), ‘the perlod from seodmg to
heading, and also fhe perlod from omergence to mfernode elongation, showed positive
s»gmf\lcont results in fhe growfhroom material and negafl\;e sngnlflconf dssociations in

-

1974 The tofol growing time (A + B+ C + D) showed a sngmfuconf relahonshlp with -

/

- yield in the growthroom and 1973. The periods from emergence to ripe (B + C + D)

and from internode elongation to ripe followed a similar pattern,
. a2 o

e oflons between height.and growfh periods were more varlable,
with the highest cssocnohon being found in the growthroom moferlol Here, periods

B and showed the hlghesf correlations wnfh helghf whlle period D showed a significant

showed signifioonf results in both periods B and C. Therefore period C seems to be
the only growth period consistently showing significant differences in its relationship

with the height of the plant. This pattern continued in the relationships of height and

‘ combinations of period. Highest associations were again achieved in the growfhroom

and 1973 materlal with little significance being found in 1974. The hlghesf r/lohon- :

shlps were found in 1972 in the growth perlods (A +B+ C) and (B + C).

)
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was supplled by helghf l.ovfer buf still sugmflcanf is fhe positive relahonshlp berween

" cant corre|ohon befween number of plan}s and yleld for both fhe fseld years, . buf these

.secondary tillers and yqeld g :

Associations with head length were generally low withsignificant 'rgesulfs‘

for all three years océurring only with period C. Significance was also found in the

e - - -

field years 1973 and 1974 with periods B and D, but rhe correlations are too low Feru‘" ' LT
‘ . Y

(:oncldsions to be made. Combmcmons of per:ods continued this low qssot:;ahgn, with.

?

no sugnlflche in any of the three years. The two field years (1973 and l97%’shqred

-!’ ]
. .

the highest correlahon with head length and perlod (B + C).
Values for 1000 kernel weight were recorded only in 1973 and 1974, with, Ty
slgmflcanf correlahons found i in periods B and C in 1974 This paﬂern conhnued wnfh N
the combinations, with slgmflcant values for both years be,lng shared by the perlod
€ +o). ,,
A Assocnchons of- yn=ld and other morphological charaéfers (Toble XHI) in |

most cases were quite low, fhough fhere are relaflons significant to the 1% level

presenf ' The hlghesf and most consnsfenf association with yleld over fhe three years ‘

yleld and head lengfh whnch hcd a closer cssoc:ohon in the field fhaﬁ

{ ernel welghf and number of heads showed hlghly signi- ’

f|conhgos|f|ve associations of 0.58 and 0. 48 in the growfhroom and 1973, but decrecsed

O DR - B -
to close to 0 in 1974, Thls was also true for test welghf and habit. The‘re was’a signifi-

3

A

relationships were fairly low. Very little relahonshlp was found bet%een number of

f =)

At g

Associations between the morphological characters were generally low and

7

inconsistent. Exceptions were provided by height and head length which showed -

v
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..\;:;\TA&E Xill." Simple Correlation Coefficients Between Yicld.and Other Morphological Characters -
k  for ‘the Three Yean: Upper values: 1972.(n = 144); Center valua: 1973 (n = 156);
and Lower Qolbps, 1974 (n = 169) : . ) ; '
o o . 1000 e : No. of '
Yield ~ Height .LH:GI":\ Kemel wr?fh'> < Habit r;::‘;if Secondory ‘
R eng Weight elght 7 ' Tillers .
2 i .
. Height 0. 476*+ ]
0.485** L
0.399** e
‘Head Length 0.225**  0.377** " '
0.437**  0.605** 3 61
0.371**  0.532**
" 1000 Kernel Weight' = - Lo - )
S 0.578**  0.292** 0.025
- 0.046 0.046  0.005
Test Weight - - - - - _
wr ’ 0.356** - 0.137 0.047 0,342
0.139 0.114 ~ 0.0%9 0. 102
"Habit ot Internode - - i - - -
Elongation ¢ 3s5es  0.344%% 0177+ 01720 0.122
0. 099 0.071 = 0.039 0.279** - 0.139
‘No. of Heads - B - - - - )
' T 0.480** -0.037 -0.026  0.302** 0.f24 -0.018 -
-0.063 . -0.188 -0.268** -0.126.. -0.051 -0.167
No.:-of Secondon:x - - - - - . o - - B
Tillers 0.192* -0.105 -0.176  0.35%**-0.029  0.214 0.253** o
=0.080 . -0.277** -0.332**  0.176* -0.111 -0,018  0.230**
No. o’f»Pvlqnts' - - - ‘ - - -, - - )
0.389**  0.192* -0.028  0.326** 0.014  0.127 0.395** = Q.15 R
0.229** . 0.106 -0.061 ~ -0.127 =-0.027 =-0.091 0.489**  0.13]
L - r . . ”~ : . .
- Significance Values: 1972: Po.os = 0.164, Po.aa 0-2‘3 . j
. ]973: R po'_OBL = 0. |59, Po. o1 =_ 0.208
1974 po.s =-0.145, Po.ar = 0.190 }
- » ! ’
~ , : L ¥ b
W}/\J A

Fe
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fairly  high sibnificont correlations. Again, associations in the field were stronger than

in the growthroom. One other exception is provided by the significant positive corre~

lation between the number of plants and the number of heads.

S d - Lodging effecfs‘on yield in ]973 (Table XIV) were generally low.and

2 :
negative and showed sngmflcance at the 5% level only in the lctter part of fhe season.

However, the effecfs in 1974 were much greafer as shown by the negative cssocnchons

sngmflccnf to the l% level. Greatest effecfs were expenenced at lodgvng date 2, which
. \r’ '

- occurred behveen mfernode elongqhon and hecdmg, ‘and lodgmg date 5, which oc-
curred at about the time of’ headmg for most fomllles, fhough fhese correlcmons were

- not sngnlflcanflyvhlgher fhcn the rest. - In most of these cases in 1974, the material was

expvdsed to violent' storms wifh"hi'gh v;/inds and he}avy rainm.

_Time from seeding fo'maturify' was signjfi.caﬁ’f-ly dffecfed by‘ ledging- i'nf].973
and. 1974 (Tqble XV). Correlchons of time to mcfurlfy wnfh the early lodgmg (Dctes .
1 in 1973 and 1,2,3in 1974) were ggenerc:”y posmve cnd then changed to negahve as -
the cro;a developed Significant correlcmons were found befween the mdwtddbl growfh

,’ 1

perlods A and B and lodging. Alsq‘, early lodging had a positive,and signifi”canf asso-

i

ciation with the lengfh of pe,:iod C Correlations between lodg,ihg and period D'were

'genercﬂly lower w:fh less slgnlflcance Greafesf effecf on fhe lengfh of fhls penod was

~

. supplied by lodging date 1 in 1973 whlch occurred in penod C. The effecr wcs p)smve .

. / -
on period C, |engthenmg the hme taken to heo.d, ond fhen negahve on penod D

where there was a limited time remaining for rlpemng. The 1974 results for the same

time gave high positive correlations with period C but did not show the same. dramatic

effect on the length of ”perio_d D. Significant results here occurred only with the lodging |

g

Kt

.

s
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TABLE XIV Comparlson of Slmple Correlahons Showmg fhe Effects of Lodgmg
at’ leferent Times on fhe Yield in 1973 and 1974 a

Year

- Time of Lodging S 1973 o 1.9747\

: vLodgingﬁ date 1 -0.00 | '-VO. 3‘8,0”;*
“Lodgihgd&fve 2 S0.010 - 0.400%*
Lodging date '3  | -0.173% —‘0“."_383**.
Lodging do.fev“yi o 3 -0.177% '.fo. 307+
Lod§i59§d°*°'5 W CL0.165% -0 405w

lodging date 6 - -0, 315%
Lodging dgfe 7 = N | - 0.314%*\

L4

Lodging aafe 8 - =0, 341f* |

Significance values  1973; p, s

il

1974: po os

J/
’/

/ ~
|
RS
|

|
o
[
|
b

0.159, po.ox = 0.208

0.145, pooy = 0.190

59

o.



‘ . | ‘ “N" N .;”:l« \ o i ‘- - ‘ - - / 60
12 [ 5 " .

+ TABLE XV, Slmple Correlahon GoeFFlclenfs Comparlng Lengfh of Growfh

‘ Perlods wufh Lodgmg Ratings' Token Penog»colly Affer E

S Internode Elongahon in-the Fleld in 1973 (upper values) and :
. o
/ 1974 (lower vaers) v
P o  GROWTH PERIOD
~ Time | RN ,
of - . Seeding to Erhergénce E l:g . to Heading Total Time
Lodaing Emergence to- AE* Heodmg to Ripe ‘to Ripe
CE W e © . o (A+B+C+D)

Lodging date 1 - 0.529%* . o.359*=§- _o.&gz** -0.425%% 0, 345%*

- . L 0 24'7** : 0.“326** v' e 0-5‘]8** ._ 0.065 - 0436** g
Lodging date 2~ 0,057 - -0.134  -0.142-° -0.089  _0.189* |
S - 0.415%*, © 0.319%* o._¢38** -0.152* o0 416‘**.‘

 lodging date 3 0.09  _0.265%  -0.341% -o0. 188*-0 421**'
’ 0. 451%* 0.231** o0, 434**;_-0 146* o 249+
Lodging dote 4 -0.178°  -0.262%* -0 163* - 0,297k 0.376%%
-0.322** 0,087 -0.238**  0.232** _'0,315%,

Lodging date 5 - 0.056 - 0.379**. -0.302** ._'0,185%* . 0,d462%* .
* <0.339**  "0.185*  _0.109 _0,213* - 0.204%*
Lodging date 6 - 0,249+ 0.163*  -0.032 -0.152 -0.110
> Lodgmg dite 7 -0.313%* 0106 20.124 - - 0.191%* _ 0,203+
v,'-' \{ o T C - S ' Sy . .

Lodgmgdafer -0.356**  0.273**  _0.080 © .0.145% ~0.144

oo !
a T

sﬁitgfhificcncé \-/él‘pes:{ 1973 - p§_os =.0.159, " pe.cy = 0.280

B k4

(.o>. ]'90 v - i .l. .
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“that occurred aﬂer heodmg, and these were low Loter Iodglng, occurrmg durlng the
Nlatfer half of perlod D, had llfﬂe effecf on the fofol llfespon of rhe crop

o - _ There were hlghly sugmf:canf relohonshsps in fhe behowor of eoch vorloble

for all of fhe growfh perlods and sroges berween any two of fhe three years - Of the
{ v

‘ four mo|or growl'h perlods, the one fhaf showed the greafesf consnsfency of behovnor for
all fhree years was: perlod C Here, correlohons berween the years were extremely
.hlgh. Growfh perlods A and D dlsployed much lower relotlonshlps befween the years
with the greofesr constoncy befween rhe two fleld years Period B, on fhe ofher hond,

- showed lfs greotesf similarities in behovuor befween fhe growthroom ond 1973 field
4 - . ‘
years, with 1974 volues dlffermg Thls frend was dupllcoted in the combmcmons of .

perlods ond sfoges wnth doys to heodmg (A + B +C) and days from emergence to heodmg

(B + C) displaying exfremely hlgh and: sfoble ossocnahons befween all fhree years..

335‘ N

Agom, the two fleld years showed the greatesi' SJmllarmes For all comblnahons wnfh

. fhe exceptlon of doys to mfernode elongohon (A + B) whlch duphcoted fhe behovuor

t

of period B

T’he only morphologicol chorocfers taken in .common: for all three years were

height, head lengfh and. yleld Here, greatest slmllormes were ogom seen befween ;
. % N
‘fhe two field yeors, especno”y in helghf Head lengfh showed weaker, but fairly
s foble relohonshlps among olﬁfhree years. Yleld on the ofher hond, showed obsolutely

e ;
no reloflonshlp befween the growfhroom and elfher of fhe fleld years.

R -

e e e ety i < Vi
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bl T_A’BLE"XVI. Correlohon Coeffrcnenfs Comparmg the Three Years of Dofa
- (n=144for all years) '

o S 1972 1972 1973
| -~ T o vs Vs s
wE 1973 1974 1974,
Doys from Seedmg to Emergenc%(A) ¥, ‘O.V'2»71;'*-7
Days from Seedung to Infernode - ‘ ' ' e PR
Elongation (A +B)" e J 0. 795**"" 0.460** . 0.405**
~ Days from Seedlng to Heading (A 4‘ B. £ C) O. 881%* 0. 89?8**" 0.927** .
Days from Seeding to Ripe (A+B+C+D) 0.588** .0,609** 0,830%*
Days from Emergence to. Internode - ST
§ - Elongation (B) » 0.794** 0.449%* 0, 435%*
Doys from Emergence to Heading (B + C) 0.887** 0. 899%x © 0 o344«
- Doys from Emergence to Ripe (B+C+ D) | . D.588** 0. 613%* (,g3ge+
*  Days from Internode Elongation , S ~ \ s
’ to Heading (C) ST 0:847%% 0, 846%* .0, 923** '
Doys from Infernode 'Elongation _ L B L ,
toRipe (C+D) 0.358** 0,468** 0,796
Dcys from Headlng to- Rlpe (D) | 0.214*~* 0.250** 0, 397*
Height . ° 0.356**  0.400%* "~ 0,838+
. Head Length | . o 0.818* 0.595%+ 0,691+
Yield o - 0. 047 . -0.173%  0.457*
' Signif‘icance‘vqluec: : bpo,o‘sv =.0.164
. e Poor = 0.213
% _ N ,
ARROR. SR




—"A . ‘ ,". ‘ - .
w - | . L 63

- ii. Factor Analysis

A Focfor QﬂOI)’SIS of the growfh perlods and their. comblnmons in the growfh-

room moternol indicated that the vorlabIes Iyere seporoted info four groupings of snmllor
behovnor, accounhng for 96% of the fofol VOI’IQbIIlI’y (Table XVII) Communulmes

were all exfremely high with the. excephon of yleId, showing fhof fhe molor porflon of

VOrIQbIIlI‘y in each chorocfer was accounted for in the four factors. The first facfor

* which confolned 54% of fhe varuoblhry was molnly composed é‘{f;@nod D and all rhose o

~stages and combmohons whlcb confalned this perlod ~Also included was total time ':y s

from seedmg to mofurlty The second focror, which accounted for 27% of the vononce

confclned the fotoI perlod to headmg \ond combmohons WI'HCI‘I mcIuded period C The ,
| TI‘NI‘CI focfor which grouped perlod A cmd yleId as huvmg similar behavior, and I'he |
_fourfh whlch confomed the perlods up to Internode EIongohon,\ \Ive]re slmIIor insize,

occounhng for 7 and 6% of fhe totoI vorloblhfy respechvely Wlfh the excepflon of

yleld fhe loadings given to each choracfer were exfremely hugh

In the I973 fleld yeor (Toble XVIII) the groupmgs were not as cIear-cuf as

those sh;wn in the growfhroom, buf accounfed for 98% of fhe rotql variance. Here, |

Ihe greatest amount of vorncmon (60%) was SUpleed by a grouping oF fhe perlod of

/

floral developmenf and fhose combmohons containing periods B. ond C Iioodmgs agam

\
were hlgh with rhe excephon of growmg penod (C + D) ond’fhe combmarrin (A+C+D)

which shared equol welght in the flrst fhree foctors. The second groupmg co\ tained




.TABL% XVIl. A Factor Analysie of All Combinations of Growth Periods for 1971/72

| SN
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v

Days from Emergence to IE (B) 0.99

o

15 -0.43  -0.11 0.88

Percentage of Total Variance 96 - 54 27 77 6

Factors
Communal.ifies o 2. 3. 4
Factor 1 Total Growth Plus Assumllanon Period
Days From Seeding to R:pe , | 0.99 0.80 -0.48  -0.02 0. 35
| (A+B+C+D) IR "
Days from Emergence to Rlpe 0.99 - 0.79  -0.49 -0.07  0.34
(B +C+D) R _ ,
Days from Internode Elongation = 0. 99 091 -0.40° -0.04. 0.03 . -
to Ripe (C+ D) S A R '
~ Days from Heading to Ripe (D)  0.99 - 0.96 0. % 003 -0:08
Combination A + D 0,99 0.96  0.24  0.10 -0.07
Combination B+ D | S 0% 094 003 -003 0.3
Combination A+B+D 0,99 0.95 = 0.03. 0.04 0.3
Combination A + C + D 0.99 - 0.92  -0.40° 0.03 0.04
Facfor 2: Growth to Anfhesls _
Days: from Seedmg to Headlng - 0.99 " 0.09 . 0.85 5 0.04 0.52
(A+B+Q) . - R a
' ‘Dcys from Emergence to Headlng 0.99 0.07 <0.85 -0.12  0.51
B+0 R , »
Days from IE to Heading (C) 0.99 . 0.00 -0.98 _0.10 0.16
Combination A +C) - 0.99 0.03 -0.9%8  0.01 017
- Fﬁcfor 3: f* ; ‘ . ,
Days from Seedmg to Emergence 0.84 ° 0. 2)5} -0.01 0.88 0.09
@) | | | | S |
Yield | 0.59 0.8 -0.177 -0.59 0.29
Facfor 4: Time to End of Floral Initiation
Doys from Seedmg to IE (A +- B) 0.99 0.20 -0.42 9.05 - 0.88
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TABLE XVIIl. " A Factor Analysis of All Combination of Gronh‘Periods for 1973

’ . . . Factors

Commuﬁqliﬁes. 1 2 3 4

Factor 1: Periods Cohtainihg Floral Developmenf« :

Days,from Seeding to Internode 0. 98 0.95 . 0.13 ' -0.23 0. 10-
Elongation (A + B) ‘ ' 1’ L -
‘Days from Seeding to Heading 0.9  0.97  0.01 N | 0 23 -0.01
| (A+B+C) . R
Days from Seeding to Ripe 0.99  0.82 0.44  0.35  0.03
; Asprcen - ~ o
Days from Emergence to IE (B) 0.98 0.94° 0.06 -0.24 -0.17
Days from Emergence to Heodlng 0.99 0.97 -0.01 0 22 -0.12
(B+C) : : S
Days from Emergence to Ripe 0.99 0.84  0.42 0.34 - 0.08
(B+C+D) ‘ AP :
Days from {E to Heading (C) - 0.99 0.87 -0.06  0.47 -0.08
Doys from IE fo Ripe* (C+D)  0.98 0.60 . 0.53 = 0.5 -0,0]
Combmahon A+C ‘ 0.99 . ., 0.8 - 0.02 0.48 0.09
Combination A + C + D* 0.98 ~ - 0.57 0.44 0.5  0.14
Foefor.2: .Period of Assimilatior; o | ‘ B C
Days from Heading to Ripe (D) 0.99 -0.27 0.92 0,27 0.10 -
Days from IE fo Ripe* (C+D) ~ 0.98 ~  0.61 0.53  0.59 - 0.0
~ Combination A + D 0.99  -0.25 0.88  0.26 - 0.30
 Combination B + D 0.9 0.49  0.87  0.06 -0.05_
Combination A + B + D 0.99  0.45.. 0.87  0.07 06,
Combigigfion A+ C+D* . 0,98 0.57 0.55  0.58  0.14
Factor 3: Tlme from Florcll Initiation to ﬁlpe '
' Yield | 0. 80 0.09 0.35  0.81  0.07
 DaysfomlEtoRipe* (C+D)  0.98  0.60 0.53 0.5 -0.01
Q@ Comb_ir:ation A +C+D* - 0.98 1 0.57  0.55 0.58 0.14
4 Factor 4: Period to Emergence . : I
Days from Seeding to Emergence (A) 0.99 . - 0.06 0..23 © 0.06 0.97
Percentoge.of Total Vqriange 98 60 2_5‘ : 8 N 6-
* “»

| Denotes characters shared by two or more factors -
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| perlod A olone ond accounted for 6% of rhe vorlohon Communohhes in oll cases o
were exfremely hlgh the lowest being that of yield at 0. 80. |
The 1974 fleld mofenal (Toble XIX) was grouped mto three factors occoun-’ |
ting for 94% of fhe total vorlonce Agom combmohon (A + C+ D) was shored‘by more v
fhon ooe»grouping, fhough the greatest we‘lghtmg appeared in the firsf factor. This
factor grouped fogefher periods B and C and their comblnohons occounhng for 57% of
the forol variance. The second focfor, occounhng for 26% of fofol vorlance, grouped
fogefher period A and D, as well as their respechve combmohons,’ as behovmg simi- ‘.
larly. However, only 55% of fhe variance for perlod A was confomed in these fhree
| fdcfors.. .The_t.fbird'f'oczfor, occounflng for 2% of the total variance incIUded yield orid',r
time to internode elongofioo, as well as perlod B All)communollfles, wnfh fhe ex~
cepflon of period A were ogoln very high, |
The second set of mofrlces was supphed by the lndlwduol growfh pérlods
along wnf.h morphologlcol choroc.ters recorded in each year. In ]972 (growfhroom)
| fhere was only helghf and heod ]engfh mcluded (Toble XX) but fhe matrix of five
: focfors occounfed for 93% of fhe total vorlance The first Facfor confolned‘ growth
perlods Band C, ond occounfed fo 38% of fofal vornonce Period D head lengfh =
and p'erlod A mode up three seporofe focfors, eoch occounfmg for 20, 16 and 14% of
fhe totol vorloblllty, respechvely Height and yleld occounfmg for 7% of the variance
were grouped together in the flffh focfor Communallhes in all cases were high A
snmllor equoflon in 1973, confonmng fhe growfh periods morphologlcol characters cmd

| lodgmg, gave nx_;focfors occoun‘fmg for 77% of the total variance (Table XXl). The

first factor, using-up 23% of the variance, includes loding doiyfesv2 fhfough 5. The



TABLE XIX. A Facfo_r Analysis of All Combinations of Growth Periods for 1974

Factors
Communalities 1 2 3
- Factor 1:- Periods Containing Floral Developmenr after Inmohon
Days from Seedmg to’ Headmg (A+B+C) . 0.99 ~0.95 - 0.06 -0.29
Days from Seedlﬁ to Ripe (A + B + C + Dy 0.99 - 0.85 - 0.49 -0.14
| Days from Emergence to Heading (B + C) 0. 99 -0 94 -0.01 - 0.33
Days from Emergence to Ripe (B + C + D) .0.99 -0.87  0.45 _-0.18
Days from Internode Elongation to Headfng {C) 0.99 -0.99 . 0.02 -0.10
- Days from IE to Ripe (C + D) . 0,99  -o0.87 9/48 0.02
Combira tion A+ C 0 099 --0.99 0,09 -0.05
Combination A +.C + D* - o 0.99 -0.85" 0.53  0.06
, Foctor 2: Perlods of Assimilation cnd tmergence
Days from Seeding to Emergence (A) ‘f" 0 61 0.4
Days from Heading to Rlpe (D) J,f’v 0. 94 0.19
Combination A + D ! ‘0.95 0.24
Combination B+D 0.7 -Q.22
- Combination A + B + D. 0.95 -0.14
Combination A\ + C + D* 0.53 0.06
Factor 3: Time to End of Floral Initiation
Yield - o081 0.1 0.37 0.8
-Doys from Seeding to IE (A +B) 0.88 ' -.0.’ 0.20 -0.90
Days from Emergence Yo IE (B) ' 0.98 - 0 -0.09 -0.97
Percentage of Tofal Variance : 9% 57 , 26 12

* Denotes character shared by two or more factois
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o | 69
th Periods Plus Yield Components and Lodging for 1973
L -
: :’" A \Qa-a v "‘; - Foctors o,
‘ ‘;‘i -*._Communalities’ ‘I'l 3 4 5 .6 'ﬁ!,..
Factor 1: Lodging ‘
Logging:date 2 _L "Qg 0.10 6.08 -0.07  0.04 04
'Lodging date 34, L 08 L0857 011 012 -0.03 -015 - 03
Lodging date 4“3 ' 10.87  -0.87 -0.22 -0.09 0.0 -0%s -0.17
Lodging date 5 . | 0.83 '-0.85 -0.12. -0.02 006 -0.29 -0.13
Factor 2: _ .
No. of Secondary Tillers* 0.82 -0.04 052 0.5 -.025 031 -0.2
Days from Seeding to Emergence (A) 0.74 -0.03 .0.83 0.20 @ o, 06 -0.00 0.02 .«
Days from Heading to Ripe (D) 0. 66 0.9 0.56 -0.05 - 0.3 - 0.34 0.06
Lodging date 1 ' 080  -0.04 -0.70 -0.09 0.26 0.45  -0.18
Factor 3: Yield C;:mponenrs » ‘ |
. 1000 Kernel Weight 0.64 .-0.08 0.14 -0.469 015 009 0.3
No. of plants per 1.2 m row 0.51  -0.02 -0.29 -0.63 0.01 01K 0.02
No. of heads per 1.2 m row 0.70 -0.00 -0.24 -0.79 .-0.04 =0, 14 7-0.04
No. of Secondary Tillers* 0.82. -0.04 052 05 .02 - 03] -0%
. . Eo T e T
Yield** 0.87 0.15 0.18 -0.64  0.56° - 0,03 - 0%9"
Foctor 4: Vegetative Characters Cohrriburihg to Yield PRI T
Height - ; 0-76 0.6 -0.10 -0.70 o1 ¥ 021 0.09
Head Lerigth 08 -0.19 0.04. 0.05- 050 o.01 -0.04
Yield*s - 0.87 015 0.8 -0.6d. - 05 .03 029
Factor 5: Period of Floral Iﬁifiarion and Development ) ‘ ) e 'r-;: w0 ¢
Habit ot Internode Elongation 0.74. 026 0.15 -0.09 - 0.24 075 0.10 '
Days from Emergence to IE (B) 0.81 0.21 -0.20  0.08° (- 0,19: L0833 .o0.07
Days from IE to Heading (C) 0.85 ~ 0.14 -0.23 -0.19 . 0.22° 0.83. -0.04 .
Factor 6:  Test- Weight ) ‘ , o Pk 4 o ’ '
| Test Weight 0.81 0.04 0.04 -017 0.7 ;:0'04 * 0.88
Percentage of Total Voriom‘:g 0.77 23 15 ,15"7' 10, : 6
. o : y
A T 3
*} ** denote character shared by two or more factors .
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- maining factor, whic tained 6% of the variance, included_} test weight. -Cofnmu:
naities ranged from 0. 51 for number of plants fo-6: or yield. . '%\ S

.

¥

variables, number -of seéondary tillers and yield, were each weighted evenly between
the two factors. The second factor groups together period A and D, lodging date 1

and the number of secondary tillers, as behaving similarly 1t and factor three, whlch

. - \

~included kernel weight, number of plants, number of heads, number of secondary hl—

lers, and yield, each q;counted for 15% of the total variance. Factor four, grouping

v .

together height, .head lengtH and yield, _cmd_ factor five, 'grouping'hclbi/t and periods

Band C, were responsib"e, f6r 10 and 8% of the total variance respectively. There- |

. ¢ .

, The 1974 material (Table XXI1) again presented the lodging dg:;ta as supplying

the grecfesf variqbiiify, with dates 4 through 8 accounting for 23% >f the total.

o

- Growth periods A, B, and yield were each weighted evenly ‘in more than one factor.

The sevco:.\dr factor grouped together ‘peri.od.s:A, B, and C, | lodging ddfés 1to 3, and
yield, as behaving ;im‘ilariy, and accounted for 16% of the t;tol variance. Factor
fhree, rwhich”inch{de»ed: period'B and y_iela‘, a‘!ong with height, head l'ength,‘ and num-
ber of séco;\dory fillers, accoUi;nted For N1% ‘of the VOriuﬁce ~The remaining three fac-

tors accounted for similar but small amounts of vcmance at 8 6 and 6%, respechvely

0.

: Factor four mcluded penod A hablt, and kernel weight; facfor flve mcluded penod

a

D and fesf weighf; and factor six grouped fhe number of plants (‘:r\dr rhe number of

heads. Communalities ronged from 0.47 for period D to 0 88 for |odgmg dcfe 7, wnfh

only 70% of the total variance belng occounted for in the six f”cctors

Inclusionzof morphological chora_cter.’s _anc_! lodging into the mafrix, along

with all combi nation§ of gr%h pe;'iqu was perfdrme,d in order to detect changes in

7’ ; . ) v o ) a .
' & '
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. TABLE XXII. A Factor Analysis of the Four Growth Peridds Plus Yield Components and Lodging for 1974 .
- : - . - L '4 . ; .
"// @ R
/
‘Communaliﬁer 1 4 =R 6
. i . 3 B
e Facror 1: Lafer Lodglng afrer Tlrno of Hcodmg _ . ; : . C
Lodging date 4 o - ..0.78  .o0.87 004 ~ -0.06 ~ -0.09  0.04 -0.07-
Qa . . ' ,/jv -

' Lodging date 5 ° S 0.7 -0.85  -0.05 - -0.15 -0.10 0.08 0. 06
Lodging date 6 ' : 0.60°  -0.89 0.03° 0.03 0.0 -0.01 ©0.05
deg’ingaafu o 1 0.88  -093 . -0.04 ~-0.04 -007 -005  -0.05

o Lodgmg dote 8 ',,\f R ) 64 -077 . -0.14 . -0.01  0.04 -0Q.14 S0.04
b / . ’ B .

:,Focfor 2y Early Growth to Headlng with Eafly Lodgmg and Yleld . - B , .
Days from Seeding to Em.;g.nce**(A) 0.56 0.37 0.4 0.5 .- 0.41 0.0 -0.00
Days fram Emergence to Internode 0.54 ©-0.20 -0,49 -0.44 023  0.03  0.09

Elongation f‘(‘B) . _ S PR . .
Doys from IE to Heading (C) . 0.72. - 0.14 - -0.75:7 0.16 = 0.27 0.14 " .0.16
Lodging' date 1 ' ‘ o072 0.06  -0.79 0.09 0.07 - -0.23 0.13
Lodging date 2 R 74 0.03  -0.92 0.06  -0.10 . -0.06 " -0.02
Lodging dote 3 ' 1073 0 012  -0.79  0.02  -0.28 0.07 --0.01
Yieldr 676 - 037 . 0.52 . 0,57  -0002 0,14 -0.13
. Foctor 3: Perioci B and Contributions to Yie_la s S e Ny A o )
: Days from Emcrgence to 1E* (B) : 0.54 - 0.20. = 0.49 L 0.453 0 23 a 0. 03 - 0.09 -
- Yigidt 076 - 037 052 -0.57 1002 - 014 -0.13

o Helght ; 070 0.0 . -0.08 - - 0.82 < 014 -0.00  <0.10
Head Length . - 64”008  -0.10 . 076 - 0/01 013 0.15 -
No. of Secondary Tillers , SYo.s) . 0220 011 L0830, 019, 010 -0.35
Factor 4: . . E ’ » i . N R T ‘ 15“ 23

. T ‘ . . e, . i . N 0 ' -.: S rﬂ "\ 2 1
Days from Seedmg tokE\m‘e‘rg_gnce'f" (A) 0. 56 0.37. . 048 0.15 ;@,O.M %Q@‘ ¢ - 0.0 '@ \s:&q;'an
Habit. ot IE . \ , C N 0.65 0.0 0.20 . Q.10 0.72 -o 21 7 0. /*d
rooo Kemel Weight . 0.65° 003 . -018 -0.12  0.74 023 .0.03 .

‘Factor. 5:‘ Ass«ml_lahoq _ | _ , R l ’
Days from Heading fo Ripe (D) 047 021 015 - 0.26 . 027 049 0.14:
Test Weight . = ..~ . 0.8 -0.04 0.0y 0.07 -0.07 09  0.00

"gFo’ctor b: Dénsify : . R . ~ : - o - R : e

No. plonts per 1.2 m sample 0.80 -0,00 0.1 . 0.7  -0.07 -009 -0.8°
No.. heads pier 1.2 m sample S 0.7 0,02 007  -0,26 -0.09 0.03  -0.76

_Percentoge of Total Variance 70 2 6 oM R R 6

+"* - Dénate character shond by twe or more factors
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: groupmgs and ro drscover any possible reIahonshlps berwe/Ian these characters and fhe

B
-growfh sfages. The growrhroom marerlal mcIuded only helght and head Iengfh (TobIe

XXIII). There were no changes in- the variables presenf in the flrsf Facfor (thch

accounfed For 49% of the fG'faI varlance) from that of TabIe XVII The second facror, g

‘ however, grouped time to Infernode EIongahon and helghf anng wrfh those variables

: \ o
descrlbmg time to headmg, to occounf for 2‘3% of fhe \/arlance Facfor 3 wos com-

&

: posed of heod Iengfh oIone ond occoumed for 8% of I’he variance, - Wﬁof was’ rhe

: 'flrsf Iodgmg to account for I6% of fofaI varrance Facfor 3, lncIudlng yield compo-

fhlrd grouping in Table XVII become I’he fourfh here, and confalned rhe same varlobIes,

?ﬁreaI tgh‘rIy Iowered, ronglng From 0. 52 for perlod A to 0.99. The percenfage of
fofaI varlance covered by fhe forﬁ?’ factors dropped sﬁghfIy to 92%
The I973 fleId year reveaIed greafer changes wnfh the lncIusron of fhe mor-

pI‘lOIOgICOI characters (TobIe XXIV) Here, I'he percenf of total variance cccounfed for

drOpped to 78% and the number of factors mcreased fo flve, from four i in Table XVIII.

'The First factor showed a slmrlar groupmg of period Band C and rhelr %ambmohons,

~and aIso rry:luded growth I‘lOblI‘ However, ifs porhon of the fofal varlance dropped to

‘ 9
38% Thé'second facror showed pernods A and D grow&d fogether, oIong wuth the ,
it

nenfs and y;eld, togefher wnrh foctor four whrch mcluded the Iodgmg dafes 2 to 5, ac-

‘ "counred for 'II and 8% of fhe fofal variance. The fifth facror was cdmposed of helghf

: Iower, rangrng from 0, 43 for number of pIants to 0. 99 B

3

~and head Iengrh accounhng for 6% of the varlance Communalities hererwere much

3

"Q"

The mcluslov@f morphologlcal characrers in I974 (Toble XXV) reduced rhe iy

; pe&rcep!qge og totoI vanance to 81% and mcreased fhe nbgmber of‘ facfors from three in

2 § @
-‘:‘:‘,v‘ . k . LI
A y e ‘. ;"éj o e
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W B L : ) ! . E v
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rrmdA and yleld Thns accounfed for 6% of varlahon Communalmes in many cases
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‘ TABLE XXIl./i A Factor Analysls for All Combmahons of Growfh Perlods Plus :

7 Helghf and Head Lengfh in: ]971/72

/ — . A : - Factors

T B -~ Communalities1 2 . 3 4

Factor 1: " Total Growth Plus Assimilation Peripd

Days from Seedmg to Ripe (A+ B+C+D)0 99 0 82 “o 0. 56 - -0.04 -0.01
Days from Emergence to Rlpe (B+C+D) O 98 - 0.81 -0.57 _‘ - 0. 3 - 0.05

Days from Internode Elongahon to Ripe ‘0. 97‘ ‘ 0.9 - 0.33  0.16 L 0;05 k
~(C+D) S T T .
. Days from Heading to Ripe (D) b. 99 .0.95 0.29° -0.04  0.03
_Combinefion A+D 0.99  0.95 0.287 - ops -0.09
Combinofipn B+D , . B 0.99 0.96 -0.10 - Q 24 - 0. 08
'Com’binafionvA +B+D 0.99 10.96 - 0.10 —/O. 24 -‘10‘. 03 | SR
Combmahon A+C+ D . . 0.98 0.9 -o0. 32 .30.. 15 0. ]B B ':
Foctor 2: Vegefahve Growth and Floral Developmenf . ”k '

‘ Days from Seedmg to IE (A +B) ' .. 0.94° 0.24 _o0.81 | “’-_ 046 - Wy

‘ Days from. Seedmg to, Heading (A+B+ C)O 99 0.13 -0.99°
r _Days from Emergence to |E (B) 0. 96 0. 25 '
7" Days from Emergence to Heading - : :
> (B+C) , ) = 0.99 010 ¢ : Fo:090
Days from IE fo- Hecdmg (C) -~ 0.95. 0,02 :20.92- . 0, 31 0.04
" Combinatisn A + C L0097 0.05°-0.93  0.30 0.12
 Height' =~ . . 071 -0.06 -0.71 0,09  0.44
Factor 3 Head Leng_rh o - L A
Head Length -, 0.78 -0.07 -0.13  0.84 - -0.24 FR
Factor 4: Period A and Yleld - o SR ! : _ s j
Days from Seeding to Emergence (A) 0. 52 0. 26..7-0.03 =0.08 - 0,66 o
Yield - . 074 040 -027 043 -070
Percentage 'of Total Variance - 92 4 28 - g 4
. Vg‘ﬁ- LT S S ﬁ% SRR .
5 @
PG A \
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"TABLE XXIV A Focfor Anolyus for All Combmahom of Growfh Porlods Plus Yleld Compononts ond Lo o » .,_ ‘
' Lodgmg for 1973 : | o
o Factors o
. Communalitis 1 2 3 4 s
- & ctor 'lgb‘\/.ogetafi:;‘vdiGr'oﬁmh. and Floral Development : .. q
- Days from Seeding to Internode Elongation (A + B) ~ 0% . 0.8  -0.03 0.22 -0.12 0.31
_ Days from Seeding to Heading (A+B+C) = . 0.99 0.97 -0.20 -..01 -0.10 - 0.00 :
+ Days from Seeding to Ripe (A+ B+ C+D) = - 0.99 0,96  0.18 007 -0.18  -0.10
D.oys from Enietgence’yfo le {B) o 0. 90 0.85 - 0;26' 0.19 -0.15 0. 28" . '
Doys from Emergence to Heading (8 + C) 0.9 095 -0.27 -0.03 -0.11  -0.01
 Days from IE to Heading (B + C + D) L 0.94 0.9 -0.28 -0.16 -0.07 = -0.19
Days from IE to Ripe (C) o 0.9 0.82 027 -0.23 -017 . -0.32
CombinationA+C T C 0% 0.9 2017 -0.15 -0.05 =018
‘Combination B+ D* , . . © L 0.84 0,66 0.5  0.06%.-0:28  0.04
Combination A + B+ D* ‘ .09 0.3 049 :0.08 -0.24 . 0.06
CombinationA+C+D .. 0.9 0.80 . 0.37 - 0.217-0. 15, -0.31
Hobitaot IE S e 0.54 0.68 . ma 4 0. 2o =013
Factor 2: Emergence and Ri;’ening ‘P'oriods‘ T L e i v 1", A - :
Days from Seeding fo Emergence (A) 045 -0.04  0.65 - 0.10 010
Days from Heading fo Ripe (D) . . 0.89 . -0.07. 0.88 -0.13 -0. L B
Combination A + D i Lo 0/9 =007 0.95 -0.09 -0.14 = -019 T
Combingtion 8+D* 084 068, 057 0.06 -0.28 . @4 J
 Combination A+B+D* .~ . . 0% 063 ~'0.69\ 0.08, -0.24- = 0.06
lodging date 1 - 075 0.44 -0.65 -0.02 0.00 .-0.37
';ibctof 3: Yield Comp‘oh'onfs v . . . ; B
1000 Kernel Weight | C 061 0,09 . 007 -0.77 -0.06  -0.06
No.plantsper1.2mrow ' 045 020, -027 -0.5 003  0.06
‘No. heads per 1.2mrow . ., U061 -007 . -028 1072 -0.01 - .0.07
Yid 08 018 029 -074 -0.07  -0.42
Factor 4: Lodglng : : - ; B y ‘ v . m
Lodging date 2. o5 -006 008 -0.00 07 -0
lodging date 3~ 081 -0.26 -0.00 0.V j0.85  -0.06 °
Lodging date 4 L 08 -021 -028 -0.01 0.8 005
Lodging date 5 S R 79 .03 -045  0.03- 080 006
Factor 5: Vogm:mvc Charocnn Contribuhng to Yl.ld ‘ \ B . ‘ S L i v. |
Height = - - g . 068 0.25 «0.02 -0.18 -0.15 075 I
CHeadlengh - 0.7%  0.08. . 014 -003/ 0,21  -0.85 JJ f
Porcomggg'@f_"'rpl‘rgli.—véﬂqnc_o' IR ; . - 78 38 ' , 16 . o &36 !
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, TABLE XXV. A Factor Analysis for All Combinations o'f.meth'P..riods Pl Yield Components and Lodging for 1974

P o Factors . : : ¢
RIS ~ Communalities 1 2 03 4 5 ‘ N
-Foétor 1: Development ond Lodging up 10 Anthesis : , :
' Days from Seeding to Heading (A + 8+ C) 0% 0% 004 025 -0,00  -0.29 '
Days from Seeding fo Ripe® (A + B +C + D)* 0.9 072 0.14 0.64 - 0,08  -0.18
Day: from Emergence to:Heading (B+C) 0.9 0%z - -0.02 0.20 -0.02  -0.27
Days from Emergence to Ripe* B+ C + D)~ 0.99 1 0.76 0.09 0.60% 0.08 Q.17
Days from Intemoda Elongation fo Heading (C) ~ 0.94 ' 0.0 ~ 0.11 021 015 .24
Days from IE to Ripe*. € + D) X 0.69  0.20 0.63 021 -0.26
Combination A+C - 093 08 . 018 027 016  -0.26 g
_ Combination A+ C*D* . o 0.65 © 024 . 065 021 015 - - g:
Lodging date 1 . . 0.81" 0.87 =010 - -0.17 -0.08 0.02 -
Logging date 2~ R 088 0.8 °-0.13  -0.25 _-0.05. 0.19 #
Lodging date 3 - : o 0.73 071 . -0.25  -0.23 - 0.02 0.32 L
Foctor 2: Gcncrolly Lodgmg after Anthesis ) . . ) : . ) X B
+ . Days from Soodmg to Emorganco“(A) .71 -6.3 '0.58 o 0.50- - 0.05 -0.16 ‘ \
. Lcdamg date 4 <7 00,88 -0.15°  -0.91 -0.16 -0.03 p.%?. T S
Lodging dates ) : 0.86,  -004 - -091 - -0,18  -0.07 -0.0% ety
Lodging date & i . e 0.92 -0.00 -0.9 . 0.00 -0.00 & - o%
Lodging date 7. . R -0.07 . -0.96  -0,10: 002 -0.01
Lodging date 8 o Lo 0.05 - -0.80  -0.24  -0.22  0.08
L Faérgl Growplus Assimilation Pariod B A R L ’ LT
Da)'li%om " geding o Emergencat (A) 071 -0 058 050 0.0 AT
. Days from Scodmgro Ripe* (A + B+G+ D) 099 10.72 0.14 RN 2 64 0.08 -0a8- |
' Doys from Emargance 1o Ripe* 8+ C+D) - 0.9 0.7 pre0.61 > 0.08 0.7 s
. Days from |E ta Ripe (C + D) ky 98 069 - R NN 8 VO, *
., Dorsfom Heading to Ripe (0) .+~ o - 5 095 " oo T 0,19 010
- Comgipation A + D L g 0.9% . 004 0.18 ' 0.06
CombonoﬂonB+D T W gﬂ:“g AT 0.20 - 003\ 09 -008 002 : R
Combination A+ B+D' e "0;96‘;\!, oM ooz o9 0.06 001l e
¥ CombinetionA+C+D* . T .. cio057: 0 065 024 0.65  0.21  -0.14 : ‘ L
: Foctcrl Early Growth and V’%ﬂehvo ComnbuvmmroYuld o - R ﬁ_
Days from Seeding to In’omdi”flown(A*‘n) o.es, ™. 0,37 -0.25 = - 0.27 _58.‘69‘ -0.29 R '#:-'
ooys/r‘é’m Emergence to IE (8 - g 0.8 045 -046 002 -0:63 -0.19 :
Height - S 0.49 " - 0.1 0.07 . -007 . 068  -0.00
No. of Heads por 1.2 m somple®*® - 0.65v. L0.11 . 0.07 0.12° -0.8 . ' 0.53
" Heod Langth S L 08 0w ot o %% ;=008 ST
No. of Secondary Tillen © 047 ' .08 . 030  -023 -0 70 .03 N e
il Cocloss; o co 04l 024 066 010 e
Foctor 5: »Y'ib.old‘Co@p»omm' L St o D ‘ . R q,ﬂ '
No. of Plonts per 1.2 m somple ~ 046 <021 009 0.7 -001 " 0.8 , SRR s
‘No. of Heods et 1. zmmpl."' S 0.65 -0+ 007 | 012 -038 033 wor s
~HobiF at IE T T ‘0.54 . -0.08 0.08 047 0.0 0.5 S -
1ooo|<.mn w.t,m L. e o _‘oﬂe 0.2 07-0.21 V-O.&ﬁf g e
rcmerrmlvm SRR | I < Ao e s RS R
LWy mewmwmknm o
. - s R
o A * ' ) i
e L Y {
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Table )zl X“% five. Here) a larger number of vo'riob{és were shared by one»or rnore |

facfors, and the groupmgs were not as cleor-cut. Generally however, the first facfor

remamed s:mnlor with the mclus;on of fhose ccm bmahons cOntalnmg oerlod C, as K
well ifhe first three |odg|ng dafes whlch occurred before heodlbg hme. Thfs focfor
madel up 33% of the total vorlonce..‘ 'Perlod’ A wds fcurly evenly dnstrlbuted between
| the second and third focfors. In foctor fwo it was grouped w}"fi: ?odgmg dotes 4108
;o;nccoun‘f fdr 23% of fhe variance. In focror fhree, it was’ ogaln mZIuded wnth

.
P

perlod D and lts combmohons fo give a grouplng 5|m||c|r to fbe second fcncfor in "

Table XIX to moke up 'IO% of the vanance' Facfor four mciuded hme to Internode

R

Elong.ahon ond yleld, slrmlor %??btror fhree _m Tobl

XIX, buf olsounciuded height,

rumber of heads, heod length ond number of secondory :h]Iers to moke up 10% of fhe

-
H ﬁ.“‘

: rorol variance: The remolmng Foctor (flve) rouped toggther the leld com onents .
group Y P

S . o b 2

number of plonfs, number of heods, kernel welght, ond hoblf, to moke up 5% of rhe

variation. Com_mUnqlrfles were agdln gen‘erolly Iower..ond-ronged from ‘0. 46 for-number
R Lo l"” " i o . o

of plants to 0. 99. -
i S‘febwise- M.ul‘ﬁ'ple Regression B

In fhe flrsf set of e uchons yleld wos regressed on the mdnv:duol growfh
‘periods resulflng in 28, 43 and 4]% of the vomohon bemg accoub{ted for in 1972, 1973
and -1974 r'espechvely (Table XXVI) The growth penods entered the equohons in dif-

ferenf sequences and oll perlods (A B, C, D) were hsghly slgmflcont. The equohons

o -

S obtomed were: - -
1972: Y, --o 21 +0. 09x1+o 14x2 -0.60 x3+o 7%,

B where Xir Xas Xy ond X‘ are growth perlods D, B, _A, ond C, respechvely

T gt

[=4]



S

- 197]-72 ]44 ' Days from Headlng to Rlpe (D) ' - ' 0‘09**-
S Days from Emergetﬁaa‘o Inrernode Elongaflon (B) 0. 13**'_'.

o ¥

77

- IABLE XXVI. Partial Regression Coefficients of Characters from Growth Room

Data (]971-72), and Field Data (1973, 1974) on Yield in the
' Order Introduced in the Sfepwnse Multiple Regression.. Charac-

e ters Include fhe Four Growfh @erldds

Year ‘nt ; ‘ , N I‘ o ".‘Sfep4

q A

o » Days from; Seed: r@to Emergence (A) - 0.60**
Lo & D - o
’ | “‘!Days from IE (o Heodmg (C) - - 0.07**

48,9
1200
.85
277

'"f?ﬁef’fm L ,O.,2i]],

v, v," = . m - _Jv_, ) ,} ' - S
1973 152 Days from Hecdlng to Rlpe (D) . . 8.39**

qus from IE to H_e,udmg C) s 6. 49%*
Days from Emﬁrgence'vfo IE. (B w6, 48%%
y Days from Seedlng fo Emergence» ‘(A) S = 8,23%*

s o o - Infercepf - : -45,62-,»

- 46.4

12.5

RZ - : _ 0.43

1974 169 Days from Emergence tolEB) - - 86. 15
L Days from Headmg to Rape (D) ' . 17,52%*

' i ) - 10, 67%*

e 66, 66**

1478. 59

19.1

448
2.4

6.2

- “**  Significant at the 1 per cent level .
e .

3.3 » -
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“negative influences on_yleld. . o S o ,' &

'"f-";"weFe entered Tn 19724',rhe eombmahon (B +C +D)and perrod A wel }

equohon to account for 2‘8% of the vanchon in grain yleld (Toble ;

P 78

1973: Yz = +0.43+8.39X, +6.49X, - 6.48X, - 8.23X,

| where X3, Xz, Xa, ond,X4 represent growvth/ periods D, C, B, and A, respectively.

1974: Ys = 1478.59 - 86,.,15X1 + 17 52 Xz~ 10.67X 4 +66 66X4

*where X,_, X, Xa, cmd X4 represent fhe growth perlods B, D; C, and A, respechvely

If should be nofed fh?f in 1972 penod A and in 1973 periods A and B had

4

a negative influence on yleld while in 1974 the lengfh of perlods B and C had

. L

The second set of. equations regressed the grain. yleld on ol&combmahons of

growth perlods and. stages. The cddlhon of comblnahons does not %”%!
of yueH accounfed for over the mdlvuduol growlt'h perrgds, fhough dnfferenj %nables

REEPCE ‘5?.,‘;

, apcluded in the

.

mount of variation in. yield accounféd for in 1973 (Table XXVIIIL mereased to 42% wnth
- \)h . \v H = C oo

“ rhe inclusion of #he perlods of growfh c+ [»}% cmd (A + B + C +'DZ), mfo fhe, equatlon
" n 1974 41% of the vonanon in fhe gmm yceld was due fo the perrod of growfh (B + C),

‘ fhe combmahoﬁ‘ (A + D) and the penod of grqwth (B+ C + D)(Table XXIX) ¥

Upon enfry of fhe morphologlcol charqcfers L mdependent vcrlables along

PRSI

wnfh fhe mdrvnducl growl'h perlods, the percenfage of grain. yreld cccoUnred for “rose .
to 33, 83 oﬁd \7% over the fhree yeors As the only exfrc vcrlables added in ]972

were helghf ond headlength (Table XXX) there lsshll a Iarge porhon of the varlablhty

in yleld unaccounfed for. ‘In ]972 the choracrers helghr, perlod D and period A ac-

v .

counfed for 33% of rhe variation in’ grum yleld Addlhon of all other vanables mto j

| the equatlon explalned an addmonol l'l% of the yleld "

g‘e fhe percentage"
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SHES
vTAYBLE XXVII. Partial Reg_res;;'on Coefficients of Characters frém Growth
" Room Data (1971-72). on Yield in the Order Introduced
in the Stepwise Multiple Regression. Characters Include
Growth Periods and Stages, and All Combinations of o
Periods. (n = 144) |
-— ' » » ‘
Step 2 Step # X
Doys from Emergence to Ripe (B + C + D) 0. ]'0*’; .".,O. 07*  97.3
Days from Seeding to Emergence . (A) - 0.61** - 0.68** 8.5
DfYs from Seeding to IE (A+%) -~ /. - 0.08 29.3
Days from Heading to Ripe (B) ) 0,02 48.9
©Intercept | S -0.31 021
AR ‘ S
R® " o , 0.28 0.29 2
l, R _Signiﬁcc;nf at fhé 1 per. cent l‘evel
w ‘
Jv |
\
.
. \\' , ‘
! l
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. l . ‘ . | ‘ : ‘
TABLE XXVIII. Partial Regression Coefficients of Characters from Field Data (1973)

\

on Yield in the Order Introduced in the Stepwise Multiple Regression.
- Characters Include AtfT Growth Periods and Stages, -and All

Combinations of Periods (n = 152) :

Step 2 N Step 7 "X

Ce

Days from Internode Elongation to Ripie (C+ D) 14,73* -126.17 589
La O

Days from Seeding to Ripe (A + B4 C +D) - 7.52*%*% . _149.19** 97,5

‘Combination (B+D) =~ - o 2ner 776

Combination (A + C) 42305  19.9

e

Days from Seeding to Heading (A + B +C) - 141.33 . 51.1
Days from Seeding to Emergence - (A)' ' . - 103.48 7. 4 _ ‘
Combination (A + B +D) S LT L5779 850
. . “ ) ' N o oA . | . . ‘:"‘. . \'}
* Intercept- o 27\;10 | - 57.72 - ,
: B , : B
R® e 042 0.44 ™%
** « Significant at the 1 per cent levél ‘
LY
» 1 ; »




TABLE XXIX. Partlol Regressuon Coefﬁcnenfs of Characfers from Fleld Data (1 974)
| on Yield in the Order Infroducen the Sfepwuse Mulhple Regresslon

Characters Include All Growfh Penods and Stages, and All

81

Combmcmons of Period (n = 169) ANy
. - Step 3 Step 4 . X'
‘Days from Emergence to Internode Elongation (B) - 79. 15** - 37.01 19.1
. Combingjjon (A + D) o . 3L47** 28,20 510
Days from Emergence to Ripe (B+ C+D) -711.27** -49.14  88.3
* Days from Seeding to Heading (A * B + C + D) . 38.47  94.5
. ey \\\\ .
" lntercept | . 167334 1478.58
Rz 7 | _ 0.4 0. 41
*x o S|§n|f|cam’ at I'he ] per cent level
AT oS A, J.,.-,L Y \\

A

4
!
j
i
{
4
!
¢
»
%
T
“w w
e
)
j
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TABLE XXX Parflal Regression Coeffgcnerus éf Chéracfecs from™ Growfh

"\

" o . Room Data (19’71 -72) on Yleld in fhe' Qrder Introduced in l\\
\
. the Stepwise Multiple Regressnon Choracters Include the .Four
Growth Periods, Helghl‘a and Heod Length (n =:144),
Step 3 Step 6, X
" Height - - 0,09 0.07 109.0
Doys from Heading fo Ripe (D)~ ° 0122 0,12 48.9
Days from Seedmg to Emergence A -0 64** - 0. 61; . © 8.5
Head Length 0.21 6.5
Days from Emergence to I‘El (B) 0.05 20 G
Days from |E to Heﬁd_i_ng ©) ~ - ,0.00 (3) 277
Intercept s T =617 - 6.9 \-
_ i . : ¥ @ ¢ \l
CRE - 0.33 04
*x .Signf-ﬁ-cant at the 1 pér cent level ' |
- ‘ S
£ -
/ »




o 83

kernel
«s_ o

The lncluslon of fhe eleven varlables, number of heads, period D.

T
P

welghf, heod lengfh lodgmg date 2, helghf, hablf, test welght, number of planfs, ;

o

perlod C, and lodglng date 4 occounfed for @ much greater porthn of the varlabthty

.. “ in yneld in 1@73 (Tublé XXXI) Thls was mcreased only an extra 2% by/fh,e‘mtrodu‘c-

nmg varlables mto the equohon

ccounred vorlohonwm yleld in ]974 (Table XXXII) drOp’péd From the

" wuth the mclusnon of the ten vorlqbles, penod B, l‘odging date 5, period

C, hﬂﬁ penod D; lodgmg dofe 1, head length, number of plants, lodgmg dafe 8,

andmer of heads “ Addition of the remaining varlables into tWton/resulted

in explolmng an addlhonal 2% of the variation in yleld

Th’e fmal set of equations mvolves gram yield belng dependent on all the

.growth perl“eds, stages, and their comblncmons, and all the morphologncal characfers

(Toble XXXIH1). Thls resulfed in 40% of the vanahon in grain yield bemg occounfed

for by period D, height, fhe growmg perlod (A +ap + C) and penod A, lnfroduchon -

" of the remammg varlables into the equcmon succeeded in explcnmng an addmonal

-~

'

2% of &f vorloflon in yield,
The entry of fhese extra V?:r(iabl‘es into ‘the 1973 equahons (Table XXXIV) did '
‘nof explam any addlhonol variation in gram yleld 83% of the yleld was cccounted

for by eleven variables, mosf of whlch remained unchang_ed from the previous 1973

2

equation, An excephon was the replocement of period C wn'h the growmg perlod

(C + D) Infroduchon of the remalmng vanables acoounfed for an dddlhonal 3% of fhe

s

vuncflon in yield.

e

ln\1974 as well (Table XXXV), thg explalnable varlah

Pt i

1
LY

,mvgrgm, yleld re-'

io
K
A. I‘ W N @ 3
. whlch was. an mcrease of l% wifh the mcluslon of period comblnahons '
4 \ . ’

B T

‘ mmned at 65‘%

A P



ST TABLE XXXL.

Partiak Regressnon Coeff'cnenfs oﬁ Chamcfers from Fteld Dgfa (l 973)
on Yield in the Order |nfrodu<:¢d in the Sfepwn;e Multiple Régresslon

"'& Characters Include the Four Growfh Perlods Plus Morphologlcal
Chomcfers and Lodglng Nofes (n = 152) |
v ¥ S % ( ® - . -
Y sl Step17 X o+
~Number of Heads per l 2m sample o 1 0.9 '*;*‘ ‘0:93** 9.0
. * Days from Heading to Rnpe (D) | 6.‘]7'“** °5.88%* } 46.4 , - o
N 1000 Kemel Weight X 245 257 g4
| " Head Length CTTE sese g 8
Lodging date 2 B B
Hight | | 055 osem  gpa R
Hablf at lnfernode Elongohon . i S8 8. 30*f* "'IUI.54*;‘T Sar ‘
Test Weight .- T ogee S 074 09
‘_ _ Number of Planfs per l 2 ‘m somple 1.74% s EE 202** 23,, 3"
" Days from IE to Headlng © 0.7 2,990 1p5 ,
T Lodging date 4 S 3820 _3.45. 42 -
Lodging date 1 S e 732 = 11w 17
. Days from Seedngo Emergence (A) o ! _ o =5 97** | 7.4 )
Number of Secondary Tillers p¥r 1. 2'm sampld Lo -O 19*4 43, - -
_ Days from Eme_rgencq to I .(B) h‘.. o -l 75*/* 31’. 3 ' |
- N  .Lodging date 3. | ” 478 O PR
' Logging date 5 R . , 4.6 ,_‘;/f
~ Intercept Tl . o T L
R2 7 T // " 083 P :
> | ‘:"Sfigjr;’iﬁcqnff at t.he 1 per ce,i;_x’f level ; ,
E




\T\LE XXXll Parhul Regremon Coeff' cuents of Chomcfers me Faeld Dafo (1974) R

\ on. Y'eld in the Order Introduced in: fhe Stepwnse Mulhple Regressnorr f_;"‘ t
EORSEN Ch;;cte\lnbwde the- F?ur Growfh Per:ods Plus Morphologucal : “ ,
FEAIUE 'Choracfers cmd Lodgmg NoTes (n = 169) Bl ‘/t e

e | Step 0 f"Srep*20 >—<

7 ‘.' '- T

\’ o : Days from Emergence i‘o Infernode Elongcmon (B) 45 3@** - 48 46**:: 191 ;_‘ e 3 L
.7 lodging date 5. ‘ P -4 220097 220, 0
: i ;Days from IE fo Heodmg ‘:C) e ]2 94**' ',\_ |2 43** 244 R

o Height oSS ol 6:08%* 5. 49**._-‘_,"'--.85'.6]'_ e
B " ‘14‘.Days from Heod‘ng to. Rlpe (D) "-." 12 QI**." 8 53** = 468 | R
. lodging date 1’\ Sk .«’1 e f' S Loanan _esee. 2.0
4. Head Length ‘7, 50, 697+ _'vfl;i?‘:.jse** 60
e, \LNumber of Planfs per 1. ?msample R 4 4% 5“.'>0**' 39 6
| Lodglng date 8 o Ll K i 19 QU** -3 2 6]
ofple - AR P T U T
1 '.Number of Secondary T«Ile : pe: 'l 2 m sample L j 115 - 19 0 ' _
L “J»Lodﬂgmg dafe4 | T L "14.'94; A N
¢ 1000 Kemel Welght R e S N 38 e
T Terweight e e sy
g / " A‘_vLodgmg date 7 R i_ :-:f B T D L 'ﬁl9~.67"‘, R 0 R
S lodgibgdate2 i 2.0 .
S -_Habltut lnrernode Elongahon BRI Tl - 8 53 28 -
\ Y’Lodgmg dute3 :‘-V el 'l _ . - A' 5 - 7450; 16 ,
3 Doys from Seedmg fo Emergence (A) I S 6.96 - 6.2

3 ,\; S Number of Heads per% 2 m sa

| j.mrercepf, S B0 72887

% S ,U R" , | 064 066

or A’Sagmﬁconf of fhe 5per cenr Ievel

Fro Slgm\ﬁconr at the 1 per. cenf level T

Sl
i




/ : E . TABLE XXXIII Parhal Regmsnon Coeffnclenh of Chamcters from Growrh Room : L
o S "' Dafa (]971/72) on Yleld m #he Order lnrroduced |n rhe Stepw:sez,f'l”.‘.7-"“ S

” 'vj-‘Mu|tlp|e Regresslon Chamcfen lnclude All Growfh Per:ods und

: :l.quges, Combmahons of Pertods, Henghr cmd Head Length (n = ]44)

- Days from Emergence to Ripe (B + C + D) 0 ]2** - 2 71 ‘ 97‘\‘; 3 : 2

'4 o e Helghf

Togwe

i AN A B S
v

I

- j‘ D ysMQeedlng to Emergence (A) ' . | ’ ?  - 053“** : -3\30 '_~_f 8 5,""-" g

e

% H ad Length N L S »_’\ S S i 021 6.?5':;_ A

~

"»._Comb_ychon (B+D) EER S 9.89 689 -
Combmahon (A + C) - e - 984 362
-,I?Days from Headmgro Rnpe (D) N -8 76 489

| fcomb.naf.on @wio) /// 057» 574

,' V'\ ’ ,,'///

, Days from Seedmg l'o Rlpe (A +\B + C +. D) , 113 1059‘ R

Infercept o : : _-6 23 :"‘f._‘, 688

ek

~ Significant at the per c_:ef.\r ‘le&el, _ vk

e , - SteKll ' Sfep ]0 3-( :. S

Days from Seedmg to Headmg (A + B + c) *,}-'.Q.J,J'?f_ = .8, 25  '_ 56 9 S

) -
E IO SR




TABLE XXX[V Pamal Ifegresslon Coeff‘ 4t 1‘..;- Charucte;s frorn Fneld qua
’ (1 973) on Yield m fhe Order‘ l_nfroduced in the Srepwise
\ Multlple Regresslon Chqrucl' "ii-';lnclude AH Growfh Perlods |
and Sfages, C&nbmoﬂons of Periods, Morphologlcal '
Chdracfers, and Lodgmg Notes (n' ]52) S

i)

; _‘ | . . °Sfep H Sfep 19

" ' | .Number o.f Heods per l 2 m sample o 0 96** : ‘,:-':; 0 77**960 “ o

% Days from Headmg fo Mafurlfy (D) : L :‘ ; 38**7‘ ] 250 30** 464 s . L
0 Ke)nel w,.gm S T j:ﬁ 2 74**’7?5;?1:7~._-;3.5%-f475"

N Hew Length T e . 0 g

R M"*_--.'_Lodgmg dafe ?\ S Tl 50**"’ o

S Henghf R o 059** S0

;.

. "“Tesf Welghf o : " Vo .9‘8.**’..-;;."'

R 1chlf at lnfemode Elcngahon S 9 8 30** 9 AgEE s .
| lodging date 4 ,_-3 aoxx

\ S R Numbgr;of Sper1.2msample o 1. 74** D :

"o’a-‘ys from ‘Iie ! (c' +D) g, 79** o -3227 06** 589 L £

= _'Lodglng dat PR | T e v ‘]4 35** 77 i
| Days from Seedmg to Morurlfy (A + B + C *+ D) Ce 337. 25** 975
_Col/'nblnohon (A + <) S '_ 327 84** 199 _

. !" ' », '-:Doys from Emergence fo Headmg (B + C) | . o ‘ 919 52**; 438 - ‘
'Doy; from Emergence fo Rlpe (B + C + D)v o , e 584 45**‘- : 901 - :
lodgingdies R Ty

- Number.of Secondary Trllers per 1. 2m sampl&_ f' = 0 13 431

_ DRE Lodgmg dofe5 S T -0 38{‘ B
\ S \ lnfercepf -53259 : »-405. 54 '

S e, T Sin N
,_.4,_\;“;;;,—..‘:.».-4*-1-«'—»-/%:‘-":; TEA el < -

R® o oss 0.8

Sl o Significant at b_fhe 1 per.cent level .

. *




Doys fnom Inl'ernode Elongahon to Headmg (C)

| "’5':."-:»';Days from EMergence to. IE (B) “ ;' = 44 21**
41».‘[_‘;“He,ghf : i ST ‘ \ "6 12***.;" 

C°'"'°\'"°“°" (A * C + D> . e 182,33

. Head Length i Lo e,

. lodgingdate 1 o T - 23 sare

= : “f_._Number of - Planfs per 1 2m sample 5 i 4 35**-‘:}»

S @mgwma _*ﬁﬂr:_ ckffj g-w3P*

':;”Number ofﬁHeads per 1. ﬂn sample ] ,4**”
o 'v_".4...’Numberof Secondory Tlllers per l 2 m sample

"1000 Kernel Wefghr R R R Ty

- ,‘Tesr Welght

'Tb®m9¢n7 ”rff%f.‘f; S

o Hoblf at, nternode Elongahon :

A N

il Lodg-ng dves i

5 70**

_‘-9 3.23°

S 24**
s

- 14 9%

371
366

i‘,~ 19. 66"
e 89,;_-,_
L o-as
- 750
S (A + ¢ LR " -..212._41_;‘
: ‘l_-"DOys from Emergence fo Headmg (B + C) o l f 22053
P
@02
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S f/-lOMOGENEITY or L!NES

DISCUSSION

lack of homogenenty, shown tq be seﬁt.;ir\';rw.en‘fy ef ‘fhe.th;nr‘ty;rwo -

. ._.\.

3 famnlles, wus first defected when fhe marersal was grown ina growth cha ber in

o the wmter of 1971-72 Here, the muferlcﬂ when recewed wos grown ‘as fhe thlrty

i -

el : B
LI

S -two scmples wrfh ftve repllcares of supposedly genehcqlly ldenhcal meferlal When

T _':;the matencl be unulyzed usmg fwo separafe procedures.’@ i L . ‘.9.,'-', e

& ‘

“."-f"_,_".signlflcant dlfferences were found wnthm a number of samples ity was SUQgesfed thaf

s

SERS PEN Where the matenol was treoted as fhlrty two dufferenl- samples wnfh

: .u»]}':flve repllcafes grouped ro form means of fhese fhlrty-fwo famn]nes.. v_

[

| 2. b_:Supposmg genehc dlfferences befween I'he repllcates wrfhm a’

o ‘wnfhm some of fhe femnhes, and fhe ungrouped,a;nolysls was accepfed The conclu- "

L '.ston was further supporfed by the npplucahon of a Duncan s enolysls to fhe means  of the

S two 1974 repllcates Flere,. hnes showmg genehc dlfferences from fhelr famulles for

ted from fhe World Borley Collechon, ‘“

| specuflc characfers were lsolated

LR

Thls Iock of homogenelty was. not detecfed when the moferlul was frrsr selec_. e

. " northern envrronmenf fhat fhe dnfferences became evndent. Farus and Guntord (1969) and

.‘."

s fhe somples were enfered as genehcolly pure s
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o Gurtard (1960), wotkmg with rhe barley VOfleleSAO”I and anfage, found mfer—'_ TR o

, T qchons‘ef fhe 'v:f:;hes wn'h photoperlod and temperature,j_ affechng ;ime l‘?ngl'h of RS '
“ t“e grow‘th phases as wefl us rhe yleld compo;%en;,; |; ,5 s®g$fed thcﬂ' “"s lnter-iflﬁ ' ,“’;w
ﬂ .‘ o achon wnfh norfﬁem phofopemods and remperafures hc.;‘s al |owed genehc leferences i ’:.
| v. o thaf were not e‘v;;denvr fu;—fhe"r :outh ‘;ro E;eceme clem’ A’.c'o:npaf;sonw of Tdble |I and R '.
. " - iAppendlx 1- shpv;s fhef many of (he Imes dlsp'loylng a ;erger number of wﬁh in fan:nl‘y | ' ,

dafferences are of prlcal orugxn (Etthplq, Tur

r. andmm) o

1 i ':.-‘- , o ‘ / i u L : ‘ " _\. / : .. .
) Il RELAT!ONSHIPS OF GROWTH PER!ODS AND STAGES B
‘ Perlod oF Emergence ; ; > ,. i ;'g' B

The mecn number of dqys for emergence m'fhls year wos smeller es weH A compcmson Rt

"
1
]
3
i
‘ 1o
s BRI ,;
¥

: | ~",-"-p;e_mt. »i"e'sﬂ \ \ " nlfylng fhe lmportdnce of vaneta‘l ‘chfferences Thns |s in

. ‘]974 As bfhe mﬂferlal for 1974 was grown under field condmohs, If ls hkely thaten- i




.are deo qunfe low, “d foctor whrch may be explomed by varraflon in such-envuronmenfol

’ vahubles as seedmg depfh ond socl monsfure and temperofu‘

r roqu in defermmmg fhe redUced vanabullfy Coeﬂ'ncnents of vorldhon for this perlod

".remomed low (<|5%), undlcohng thaf rm?sf of the varlabﬂﬂy was accounted for by fhe

. s". v .‘(;.,

‘Zdlfferent famrhe; Astoéaotlons befween the growfhroom ond fleld yeors for fhls period

[

g

ETRRIPE SR ' R ?
Furls (] 967) hos mdrcafed fhaf a shorf penod from seeding to emergence is

deslroble in norfhern c]lmates, as thls leods to earlier estclbllshment and eorller mofura- o

Ty hon of fhe crop.- However, in l'he presenf cose, correiarions for period A wi_th fotal :

flme to morure were. low for a“ i‘hree years. There was a sugmfrconf and positive re-

p presenf befween fhe lengfhs of penods A ond D. It seems here fhot vcrlehes
b,' 1, . ¢

e nger fo emerge olso fend to. hcve a Iongev\rpenlng perlod Relahonshlps

4

2 "are lacking berween fhe hme I'o emerge and the lengfh of fhe perrods of florol deve lop-'

‘, ,vfures. Therefore, rt wos of lnteresf fo drscover whefher fhe fomrlnes in this project
., | .

B 'would refom fherr ronkmg over fhe fhree years, and whether. fhey would retain fhrs

’.

[ J,menf, whlch would mdlcofe fhaf the emergenc,e hme does not mfluence fhe florcl de-

R veloPmenr of fhe plcmt to any great extent Fans (1967) mducafed that d:fferenf

VI v

o .-_:'vorretles fend to refaln thelr rankmg n germmohon hme over a large range of rempera-

I~ ”-

SN rankmg in fhe lengfh of perlod D as well, 1t was found that the fomllles retcnned

N fhelr ronkmg in perwod A for fhe rhree years.. However, upon comparlson with period

s

o *D lf was found that, whrle a few of the famrhes refamed fhe fop or boﬂom posnhons in

B common w:fh penod A, generolly the partern of ranklng was not mamtamed for rhe

'_'fhree yeors.‘"-‘ S S A e

o ; .
T o R
.,‘ e : ool N [ N ‘ : Y | ' : .




it ranged among the three years 'The longesf ranges hefe wbre shown in the growth~

9 8 . - -

’ ‘ . - . . » ' c A \‘ . . R ’ ‘. ’ 93
! Correlatlons befween time to emerge and yreld were nor srgmfrcanf with

fhe excephon of the 1974 field data (Table XIII)

A

ii. Perlod of Vegefahve and Flora‘l Development \\ ‘ .

Perlod B also dlsplayed a large decrease in rho\ humber of days over which

A Y
>
X et e T o P A, £ om0 .

room and the 1973 maferllal There was a dramahc r€duchon m range in 1974, though the
mean number of days taken by period B was similar in 1972 and 1974 Thls ls,reflecred

in the higher COrrelanons berween growthroom and 1973 maferral for this penod ‘The

o—

1973 material showed a much longer mean for penod B. These dlfferences cannot be

\

readily explamed by femperafure variation, because mean daily remperafures for the

‘ perrod over the three. years were similar at 135. 5°C, 14.3°C, and 14 1° C, respechvely

However, ‘a lote frosf that occurred abouf one week after emergence in 1974 could
have produced the effect of shortening the lengrh of this period for some of fhe famllres

“y

- As period B includes the perlod of’ growth up to mflorescence mmahon, it

s hkely fhat the length of fhls perrod could have a slgnlfrcant effecr on fhe yleld of

the crop by affecting the number of kernels per head (Willey and Holliday/’ 1971, Farls
and Gurfard, 1969; and Rawson, 1970, 197]) The resulfs have mdlcafed, that tn fhe ‘

years 1972 and 1974, when the mean number of days taken by Period B were almost
identical, _fhere were significant _associafions'behNeen the length of this period and the
yield. However, in 1972, the rel?h’onship was-posifiue, while in 1974 it was nega-

tive. :Though‘ the 1973 mean was much greater, ‘correlafions with yield were low and

, msrgmf:cant A companson of total number of days from seedrng to internode elonga-

tion (A + B) shows that fhere were four fewer days in 1974 than in 1972, due ro eorlier

4
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emer'gence | An explq ation may be the short range ¢ of time over which perlod B'oc-'-
curred in 1974 wnh the cdmp|ehon of£loral initiation being affected in some famnhes

| by a slight vernahzahen requnrement qnd/or interaction between temperature cmd
photopenodlc response to fhe low temperofures and Iate frost (Rawson, 1970, Syme, 1973)
This is supported by Marcellos and Smgle (1971) and Doyle and Marcellos Q1974)

when they tesfed varieties of spring w %\eor in Australlan winter condlhons (June to

'chober) They found hlgh correlahons berween femperoture and photoperuod ond

the durarion of the pre— and post—lmhahon phoses, wnh loter plonhng (lower tempera-
tures) glvmg an overa|| reduction in. the period of deve|opment ' o _" "

Coeffnctents of v‘arlahon for period B were highest in. the™: growth chcmber

. (>15°/o), then became qunte low in the field, indicating that vorlablllty shown among
the fcmllles for thls period is reduced by field condmons
J Relahonshlps between perlod B ond the other growth perlods were generally
qu:te low, wnth the excephonvf a significant aesocvatlon with penod C. Thls corre=
lation was positive and fairly strong in 1972 and 1973, but was weokened to a |crge
extent in 1974 _ ‘ B ~ :

Growth perlod C again showed fhe |argest range in 1972°and then drepped )

to similcr values for the field years.  Here again, mean temperaijes for this penod
were 5|m||or in I'he three ylars wnh values of 15.5°C, 14.8°C, and 15,6°C,. respec=

~tively. ln 1973 there wos a much |ower mean numar of days for this period, though

'.the range and vorlar\ce were only sllghtly |ower than'in 1974 Though the mean tem=

' ueroture assocmted with this period is shghtly Iower, extremely high femperafures

\

(up to 32. 0°C). were \expenenced in the thlrd week of June, whnch may hove hod the

.




‘showed that high temperatures accelerated development to“initiation and anthesis in’

wheat.

B 4

effect of hasfeﬁ‘iag anthesis. This is Suppartoa by Holse and Weir (1970) who

o

Associations of period C with fhe\orher grawth periodsy are ganerally low

,/

- and negative with fhe excepflon of the previously mentioned corlﬁlahon with perlad

B. Associations wnth l'ofal growmg hme are highly slgmflc;mf, with exfremely hng’»
values shown in fhe two field years As perlod Cis defmed“as the perlod of floral

development (after mﬂ%flon) up to headmg (whlch in barley occurs |usf affer anthesls),

it isin many cases regarded as the mosf |mpor|‘ant of the growfh periods in their: rela- o
flonshlps wnfb yield. Wllley and Holhday (1971) stated that this penod as parl’ of the

pre~heading phase affected yield by altermg fhe capacnl'y of the ear to accumulafe ~ S

x
9 i

‘carbohydrafes, determmed by number of grains per ear. Rawson (1970) showed rhat

the perlod from floral mmahow ro fermmal splkelet farmahon, whach is |nc|uded in .

period C, is important in determining the ylveld of the cu-lhvars (wheat) that have no

vemal‘izaf'ion resporvse.» In rhié study the length of period C had "si-m”ilar signifi'aant but

L~

‘Falrly low associations w:th yield The 1974 relahonshlp, however, was negahve

elahonshlps of this period W|th head |eng?h in 1972 and 1000 kernel Werghf were

‘general ly sfronger than those shown by any other growth perlod

As growfh periods B and C together comprlse the totol period of floral develop--

ment of a crop, many wnfers ‘include them together as the pre-headmg phase. (Penod
B+ C in this sfudy)(Thorne et al,, 1968; Willey and Holhday, 1971) ln this study '
the vle’ngfh of both the periods had a high assoclaflon wn'h total l'lrne_ to. maféffy, but

their individual contributions variéd from year ra year, as in 1972 period'B had the |
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v . o N r N
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| strongesr ossociotion, whlle in 1973 and 1974 the greotesr contribution wes supphed by
-

_ period C Therofore it is not surprising rhor the comblned reloﬁomhtp of (B+ C) wufh ‘

total time was olmost rdenhcol.’ all three years. Also, a loo‘k at the ranges ‘COVCI’Od
| by fhe two pernods for the three yeors reveels some mrerocho\n befween fherri,\for the
sum of fhese ronges in each case is far’ greater \thon fhose covered by the combu&l
perlod (B + Q). o | | ”

_ Penod Cc showed the greotesf amount of voﬁof?on of any of the growfh perlods"

or stages with CV s belng extremely hrgh (>20%) for all three years, Theyorlotlon thar
-. was. shown by perlod Bin fhe growth chomber dropped in the fleld years, whil'e fhe vori‘-
: abuhfy shown by penod C remotped exfremely hngh (Vhe fleld ]'he interaction berween .‘
perlod B ond C mentioned hefore became evudent in fhe comblned phose (8 +C), for
vorrablllty in-the growfh chomber dropped, whale values in fhe Flerd momrarned a value
somewhere between B ond C "Algo, periads C and (B + C) shoved the most consistent .
relohonshlps when the three ye>rs were compared (Table XVI) -

Aksel and; Johnson (1961) found a close relahonshlp bel’ween fhe length of

" pte- and post- heodmg phoses They ossociored Q long flrsr phose (sownng to- heading)
‘\ .wnth a short second period (headlng to rlpe) and\\xce versa. This strong assocrohon
did not occur in the present experlmenf, as rhe only. negoh\\/p srgnrfrconr relohonshlpu
with period D occu:‘red in 1973 and it wos nof extremely hl,gh/ Aksel and. Johnson
(1961), Beech and Norman (1971), and Roo (1 972) all shdwed that fhe length of the .
pre-hqulng phase accomred for a slgmflconf porhon of fhe varrohon in cereal yueld.-

These strong relofronsh lps were-not found in fhe present study becouse assoclohons of

' the lengrh of the pre—headlng phase (B + C and A+B+ C were almost |denhcol) with

g -

It ettt o s s s e

-

.
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. R yiold were signlﬂcqm only in 1972 and 1974 Also. tht 19’74 nflociuﬂom w,uro nogq- .' \
| ch (corroluﬂom botwnn 8+C, and yiold‘ w.ro 0 36** Q lg and -O '40" ,rospocv

9 .

LI

ﬂvoly) 'lihus i’ seems ihof enly thl gfowfhroom lﬂal’erfal wpponoa this ouumpﬂon, and
| then ,not to any grcaf dogroe Assocmhonawnh heod lor;ﬂranéi kemewpighf wore al l.

alow wifh sngniﬁcance occurrmg only in 1973 wjth@/nel eight. Toful ﬂme fo h.ad W
n

(A +8 + C) showed a 1ow¢r ralahonshtp w:fh flme fﬁafur‘fy m,\l972 and snmulor vulues o

C | | m, 1973 and 1974, though in all three years fhere was a sfrbng posmve reloflonsh'r be‘-

it F
fween these two varlables, supporhng the close aaocnahon found by many wntem anibng

- . Y

fhem Crumpacker and Allard (1962) énd Frey (1954) o S " ’ S "3

v | (Posf-headmg Perlod ) D ” | = ? «/ . ,_ ~‘ .; : _ . ﬁj Y
. \ - : . : ) b . i - oy K ‘f’
- - As period D, which mcludes fhe osslmnlcflon and rtp\emng ;Shdres,é‘f fhe crop is -
the '°ngesl', Jf would be fhe mosfv llkely to show fhe gr‘eatesf vanab:flty n. lengfh A;- ‘“ ﬁ

)

(

y o mentioned prevnously, Aksel a@d Johnson Q 961) found hn mvirse relatlonshlp b:fween
| “the lengfh pf the seedmg to flowermg perlod and fhe pos.t-headmg perlod ﬁlFans (7971)‘ _“ .;
. also found a strong negative’ correlahon berw:en fhe someufwo pgr lods This aso';::c;:uen - ;
‘wos found to be much weaker in rhe presenf sfudf, ;hus gwmg o pgss;ble explam;hh:of’ » .

A tL .

‘ fhe lower | omounf of ;rorwhon foundvm thns growfh perlod (CV vulues bemg ldwer fh:n L

‘ : &ofh penod Band C) Mayr (1969) showed fhaf fofa] rod’ioﬂ;n requuremenfs in spr:ng . | % .

- %

wheaf were varlefy-specuﬂc before headmg, bbf after hoodmg showed fio dlfferences ' En
® s . T
among fhe varlehes. SI'Fns could result in reduced vorlablllty in the posf-headm§ Phdse' -

RO
. -~ among the famnlues , o RS A o

Anofher posslble explanoﬂon for fhe reduced vanohon found in pertod D moy

be provnded by Walpole and ‘Morgan (l971); The'y showed rhat dafferent borley VOflefles

4' *
@ ‘ oo ' . . - : .

. . . “ S
. < n LR ) . % o . o A
> . : - . - ; :
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|

'“a"':npemng perrod h’herefore vorlatlon omong fhe fomllres co” d be reduced by a pos- _' »

2 .slble mrerochon befween these sub—phoses L STy

There was ogcnn a lorge redUchon ln fhe ronge for pernod D from the growth- '

N ‘®
- room moterlol to fhe fleld maferlal, I'hough the means were slmllor for the three years.

A.'llf seems fhct here ogam, genehc varu/b&,hfy among the fornlhas fhof showed up in the ‘

\

' 'growfht:oom envnronmenr was greatly reduced uﬁder fleld condmons This reduchon

" .connot be reodliy explolned by femperofure as. fhe mean dolly femperafures for perlod s

. ’D were srmllor at 15 5°C, 15 3°C, ond ]5 2°C respechvely, for fhe I'hree yeors ’
Assocnahons of perlod D wrfh fotel time to- mofure were Forrly hlgh ond stg-

mfrconf in 1972 cnd 1974 buf very Iow in ]973 As correlcmons berween heodmg

B ‘hme
: ,slble fhof the lengfh of perlod D is dependent toa Iorge extent on the heodlng hme of

R '-"fhe vorlefy Molhofra agd Jain. (1972), olong wnfh numerous ofher wrufel‘s, hove olso

reporfed l'hls close assocuohon befween heodmg rlme and moturlty lf the c'rop is given-

ample hme to express Jts full growmg pofenhal, such as in fhe growthroom or by fhe
sllghﬂy eorher heodmg fhof occurred in 1974, lf could be possrble, rhof the Iength of

perlod D would hove d mcqor effecf on hme fo mofurlfy If, however, 'rhe Iengrh of

'\‘ -

| \
penod Dis: Irmlted by a lafe heodlng dafe or. other envnronmental condmoT such as

" an eorly frost, fhen it would show a lesser effect on the fofol nme to maturity. This

-would provude a posslble explanahon for fhe low relohonshlp in 1973, and | |so for fhe )

Iow associations found among fhe three yeors for this perlod It should be ofed also

“7 d fofol hme fo npen were exfremely hlgh, especrally in 1973, .it could be pos- '



o fhat in many cases in 1974 rlpen,mg was hasfened by severe lodglng The effeCf 0f

‘ _fhls is dlscussed in part V // v

‘ Ill MORPHOLOGICAL AND YIELD CHARACTERS
S As evndenced prevnously wnfh fhe growfh phases, the maferlal dlsplayed its

' greafest varlab1llfy m yleld pofenhal in fhe growfhroom When exposed to a fleld en- "

o vnronmenf in 1973/and 1974 fhe amount of vanahon was prachcally hallved Ranges 3

L rand means for yleld cannot be compared here because dlfferent plol' sizes were used for
. / ,

 each year, buf it became obvrous fhat fhe pofenhal VOI’IObIlIl’y in yueld in many of fhe' ‘
> S i

N samples was reduced by fleld condmga; Syme (1972) could flnd lll'l'le relahonshlp be-‘

S

’ "fween fhe yleld of smgle plants in-a greenhouse and fhe same vanehes grown in plofs
i under fleld condmons, and suggesfed fha? in fhe Fleld enwronmental stresses frequenfly

shorfened the growmg season, fhus llmlflng fhe straw yleld and reduclng l‘he gram yleld

..of lafer mafurlng varlehes However, he dld have hlgh correlahons in days to ear emer—

o gence, helghf and gr in elghf befween the two envnronments This seems to hold frue

‘for days fo ear emergence and helght in fhe presenf study as therkwas no drashc drop
in VClrIClbllll’y shown héfe by fransference to fleld condlhons, such as was seen. in yleld
Also, kernel welghf, test welghf, number of heads and hablr show very laffle dlfference
' ~in VOI’IQbIlll’y befween rhe two fleld years - ) e
Inspechon of Table XVI wull show fhaf fhe yleld results from fhe present test

‘almost dupllcate fhose of Syme Here also, correlaflon coefﬂclenrs are exfremely low

when the yleld of smgle planfs in the growthroom is compared to plot ylelds in bofh 'l973~ o

‘and 1974 ’ On fhe other hand a companson of days fo ear emergence shows exfremely

' conslstent relahonshtps between fhe years Helghf, however, has a lower relahonshlp

'

>

w

il o o L T



(fhough shll slgnlflcant) befween fhe growth om- and the f'eld, and a hlgh 'vc‘:ssoc:iari.dnl
befw en I'he fwo fueld years "B ) S e
The hlghest and mosf consfant correlaflons wn'h yleld were prowded by -
o he'ié”h‘t, fo“owed closely by head length Also hlghly slgmflcanf in fhe rwo fleld years ;
‘was the number of plants per 1. 2 mefer sample. In ]9'73 the yleld components kernel
3 weughf, test welght, and number of heads, along wuth hablf, showed clase assoclahons‘ .

- wurh yleld Howeyer, in. ]974 fhere was no assocrahon at’ all befween fhese varlables o

. and yield. Reasons for this are unknown but may be affrlbufed fo the loss of yreld as- L
- o EE : -
socuafed w1fhihe heavy lodglng occurrmg in thaf year

-

Among fhe closesf assocrahons for a” fhree years was fhaf prowded by helghr'

| and head lengfh Both these. characters have been closely assoclated wnfh yle!d in

fhe llferafure (Farls and Gurrard, 1969; Khadr, l97f Bhaff ]973), though thelr method‘u S

of confrlbuhon to yleld and rhe rnferachon befween fhem is often debafed\ H“su and
Walfon (197]) found a posmve correlaflon befween ear length and splkeler and kernel | ‘.
nun1ber per ear in whear, fhough in 1969 Walfon sfressed fhaf some measuremenf of l’he |
compacrness of fhe head and glume size was needed as an mdrlcafor of fhe phofosyn-, ,"
fhehc area oF fhe head to accurafely predlcr confrlbuhon té yleld Also, a~well ex- .“
| rruded head produced by mcreased height would reduce fhe amounf of ! :hadlng by fhe
@f“ canopy allowmg a greater phofosyn;heflc confrlbuhon by the ear., | .‘
| Though rhe amount of vanabtllry in hetgh-f‘remamed low (CV < 15%) m‘fhe k
growfh chamber and was only sllghfly lower in the fleld fhe range of heights dropped byv -

10 cm in. transferrmg to fhe fleld and the means were reduced by 17 and 24 cm. Tst

TR \eld conditions produced generally shorfer planfs wufh fewer extre"mes in. helghf T‘h“ere



& i

v‘ menrs 'fhe range, ‘means and amounr of vanahon remalned slmllar over the fhree
L y'ears; ‘The ,onl){_.other ma|or aschlatlons |ncurr'ed by' head-lengfh' Wer'e. negari‘ve re—.' o

S Ib,_lahonshnps wnfh the number of heads and the number of secondary hllers in 1974 Fon- .

vshghfly in 1974 but values remamed falrly consfanf Aiso in 1973 kernel welght L . ‘

: welghf, helghf and splke number In ]974, however, fhe only‘ma|or relahons‘hlp of ;

| 'socmfe |eaf angle wnth )’leld (Smocek 1969) and it is posslble fhat fhe angle of the leaf .

bn;“effucnency of fhe planf, fhus affechng yleld in 1973 and kernel W/,éhf in 1974 Be- o
| hUV'O" Of fhe ﬂf}nl'les m regard to fherr hablf remalned falrly copslsfenr bel’ween fhe two
, years showmg lmle dlfference in rhe ranges, means and CVISQ | Because there was =

! 'V.' severe Iodglng in many cases at fhe hme of headmg, it was nmposslble to assess the habnf

B

| "seemed‘to be ||ﬂ'le lf any effecf ta the head lengfh produced by rhe change in envnron-”‘ﬂ" e

L\~

i

Q’ " ','..seqa e.f"al (1968) and Smodek (1969) showed slmrlar negahve relahonshlps befweer)_D B

B

» 'fhe number of ears and rhe number of gralns per ear

. ' 9

Though mean kernel welghr was sllghrly greater in 1974, its only h|gh assocr- - VL

.ahon wurh yleld occurred in 1973 Ranges and vanablllfy among famllles dropped

,showad posmve assoclahons wrth tesf we:ght herghr and fhe number of heads, secon- " "v L

dary hllers and plants BhaH (1973) found sumllar posmve relaflonshnps befween kernel

Q‘kernel welght was wnfh hablf at mfernode elongahon

The relahonshlps shown by hablt (or leaf and hller spread at. |nternode s

cz; .

Elongahon) are not conslsrent berween rhe fwo years, for in ]973 lf is correlafed wrrh :

_'yleld and helght, and in ]974 w:fh 1000 kernel welghf Research has been done fo as- e

creafed by rhe hablt oF the planf ar rhls stage c0uld mfluence fhe phofosynrhehc -

/

esa

e st s e

/ .

',.

3

* at l’hls srage, As rhere is some: assocrahon wnth yreld in fhe earller srages, 3 mlghr prove
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..’

e 2 -
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proflrable to measure the Ieaf and hller spread at headlng on mafenal grown under

greenhouse condmons. These dafa would reveal any conhnued assocnahons of fhe

Ca

hablf befween fhese Iwo sfages and could possnbly clarlfy the relahonshlp wnth yneld

The fesr welghf showed very lmle varlablllry (CV's < 15%) |n bofh 1973

and 1974 Means were samllar rhough fhe range was greafly reduced in 1974 Any S

dlfferences here, though they seem f° be 5"9“: C°U|d pOsslbIY be due to: fhe diffe"fnt T

& -

.

] mefhods of measuremenf and sample slzes uhhzed m fhe fwo years Test wenghf showed

lat |onsh|p in: 1974 Reasons for rhe lack of assocuahon in 1974 are not knOWn.:

B v . L oy
l" : . S

The flnol yleld componenf mcludes fhe number of planfs, number of heads, _,:'»5 .

~and the number of secondary hllers per unlf area in: 1973 and ]974 Posmve assocn

N

ahons were found befweeh number of planfs and number of heads, also befween number ‘

.\k-‘ N

= of heads and number of se?:ondary hllers In 1973 rhere were hlghly sngmﬂcant posmve

Y

E correlahons befween all fhese varrables and kernel weught, whlch supports fhgfmdmgs

e

of Bhaft (1973) It is of mterest ta note f in bofh the fleld years fhere was a posmve

assocnahon between numberr of planfs and yleld, W‘hl :

- sngmflcant only m ]973 ’.-T. e j,. : \ R

The only ofher relahonsh|ps of sngmflcance were rhe negattve assoclanons of

helghr and head length wrrh the number of secondary hllers As these fwo varlables

' showed no relahonshlps wufh lodgmg on any occasion, rhefr“assocmhon wnth the pro-'

.9

duchon of secondary h“ers must be due to some ofher facror besldes lodgmg

Behavtor among fhe fhree densrfy vqnables (number of heads, planfs and

L secondary hllers) proved r@ be qurte dlfferenr in. fhe fwo fleld years. The number of

) POS'“Ve COl’felaflon wnlh y»eld and 1000 kernel welght m }973, but had no such re- ; ' ‘-::' s

e

numberqf ~he9d$ .orgd. y‘l.eld_were,‘\-» iR




o '_-’.ber of plants per unlt arec mcreosed greaHy m rqnge,;"‘

S in 19’74 If shouid be nofed fhot d.ff.culfyﬁwos exF‘e"'e“ced in; oc"_'

R -hllers from each other There was u lurge decrease |'

. MULTIVARIATE ANALYSIS | B

S ;pldflonshlps between yleld and |fs components m wheot

D)

L " heads Rer umf area proved o be fhe mosr conslsrent wnh a shght mcrease m range cmd

‘ g - meuns, and rhe Qmounf’ of varuobuhty remommg slmular On fhe orher hond fhe num- B

. omount of vonablllfy

rofel y meosuru ng

1-974 in both fhe ronge cmd fhe

Fhe »_meon number of secondary hllers, pOSSlbly as a. resulf of envnronmental condmons. Thxs

"'wos demonsfrated when the omount of varroblhfy experlenced befween fhe |mes wos

L clmosf doubled m 1974 (CV s 48 'l in. ]973 and 91 0 in ]974) ‘ -

/ The use of focfor onalysls m the sfudy of ognculture has only gomed accep- -'"

By

' ronce in fhe lqst few years. The fechmque was founcfeffechve For reducmg a |arge

Lx

number of correlafed vonobles mfo @ smoll number of mam Fccfors, thus makmg |f

€ eosler fo study the dependence relotionshlps among certom vcnobles. In 1972 Wod-
' :" dmgfon employed rhvr mefhod fo mveshgofe relohonshlps befween envuronmenrol

B vanables qnd yleld m foroges Walfon (]971 ond 1972) used fhrs method to sfudy fhe :

,(Rao, ]972) O"d borley (Mdlhotro ond Jam, 1972) o o : ‘

gv’ :

o montor g ot i e e e L e e L

o _fi;thls characfer as. problems were encountered m separo ng fhe plcmfs and I'helr respectwe
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B

lf was Walton (l97])\who pcnred fhese rwo forms of analysls to provnde

G

cqmplemenfory wgys of sfudymg he. doto He found fhof focror analysls rnducofed the

"v.-',relohonshlps omong yleld compon. nrs and morphologlcal sfrucfures, whlle the sfepw1se

L

regressnon analysls mdrcofed ~|mpor unce of the componenfs of yleld Thls complementary

e ;
enf sfudy in. order fo defect relohonshlps

- "-'fpmrlng of onolysls |s corrled ouf m ,'he pres

'among growth periods and sfoges, m thologlcol chor‘ocfers ond yleld

. -_(-_.‘_
e

T i'C'-Ivrovr)ﬂ‘iri::’om The behavror shown by zhe growfh perlods when they were mcluded wrfh

.":"all thelr comblnahons in o Pacfor analy is, mdncofed a fcnrly clear seporuhon of be- Y

s havnor omong the phases The mosf promlnent dlfferences are shown |n 1972 when eoch
Agrowfh perlod, roge?her wnh its- appropncte combnnoflons, is: cleorfy ploced in separote

S

B _foctors, lndlcofmg fhof each of the mdxvrduol growth penods dlsploys some form of be— P

v havuor fhof is lndependenf of fhe others The m0|or proporhon of fhe fofol was shown by
= "»_fhe flrst fwa focfors, whnch mcluded perlods D cmd C ond rhear combmahons, wrfh perlod
- _-D oceounhng for over holf of fhe vorlablllry The confnbuhons of perlods A ond B were
- 4.’.,:‘:re|ohve|)' mlnor. Bt S Rt | | ‘ S |
s VA srepwblse regress‘fon of these growfh perlods on yteld shows‘fhof perlod D s |

e,

o ‘the ma;or oonfrlbufor to yleld wrfh fhe four growfh penods accounhng for 28% of fhe
" vva‘rranon in yleld » lnoluslon of oll penods and phoses dld nof mcrease fhevc‘o‘nfnbufron
vto yleld, but showed the ma|or .confrlbufor was the fotol growmg hme oﬂ'er emergence,. -
& wrfh the hme to emergence mcluded as hovmg a negahve buf shll slgmflcanf effecf
" '_ Penod D is shll mcluded buf hos losf its: sngmflconce when all varrobles are enferecT

The addmon of helght ond heod lengfh ro rhe four growfh perlods in rhe focfor = S

onalysls creafed a sllght dlfference in the groupmgs Here, perlods B and C were

Y-




but the greorest contnbufor ho yleld us helght.‘ / ‘

s

Ton yleld, followed by helght,
: rhe fmol equohon Perlods A o.“

o in rh‘e equohon 05 huvmg any mfluence on yleld

. and sfoges in fh is dato was useful

4.973: | |n this. fleld yeor, rhe dlfferences among growfh perlods are. nof as. cleor-cuf o

A LI : " ' ot AR s : . . .
F e APPSR > . . . ' - - R .
PRI . e oo ey PR . ' . . ” B
: R 3 ' Do : ‘ . , . .'05
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to

grouped foge\‘her ln @ slngle fc;cror, whlle penods A D und heod length gove srrong L

[

loodmgs in sep“ate focf<7r The regresswn amlyses, however, showed thor rhe in~ ;o

cluuon of morphologlcel/ chdrdcfers mcreosed rhe omount of yleld vorlohon accounred
< : S N

for fo 4—4% erlods Dfond A shll ore mcluded os rhe mosf meorronf growth perlods,D

. Vo

Lo "l'r

When oll the comhmohons of growth perlods were mcluded wrth morphologr—

cql chorucrers, perlod D remmned the largest smgle focfor wrrh 49% of fhe torol VQTI"’ ‘_

once The groupmg of pe&ds B ond C along wurh herght would mdlcote fhor borh rhese

&

growfh perrods had a hrgh osslcrorlon wr!h fhe helghr of rhe plont The sfepwrse re~. i - ]

gressuon showed rhar rhe rorol
h.rch was fhe only vorlable thor reromed srgmfrconce rn

_ D were agam rhe only seporore growrh penods reromed

lr is of mferest to. not rhor fhe mcluslon of fhe dombunahon; of growrh perlods '

g 3/ . . . Q B o

o shlp\s among rhe growfh perlode%l However these combl nohons se,rved llrfle, |f any, use-

ful | purpose m fhe regressuon equahons as rhey occounred for no oddmonol varlo\flon in.

1- . v . - Ay

a

yreld, ond served only to confuse fhe mafrer

3
»

: as in the growrhroom Perlods B and & and rhelr comblnohons cre grouped fogerher fo

©

ncmons in the second facror However, wnthr the oddlhon of morphologrcal choracrers

Thw

rowmg perlod from emergence hod the greoresr mfluence. L

i t)he facfor QnCll)’SlS,'OS :r qlorlfred the |hrerre|ohon- L

‘accounr for the largesr porhon of rhe vonablllty, followed by perlod D and. |rs combr- P

: ond Iodglng, perlod A wos mcluded wnrh Penod D in.a slngle focfor. Yleld componenrs v

;
]
y
B
]
5




N 106

‘and'yield are'groupedtogether in the third factor.‘v This holds true when the four growth'

penods are mcluded in the rnatrlx wrth the morphologlcal characters and |odg|ng
o ~ One dlfference revegled by the regressuon analysls was that the proportlon
of varlablhty in yield accounted fOr by the four growth perlods lncreased by more than
- 1 5 trmes in the two fleld years compared to the growthroom In 1973, 43% of the

»

yleld was accounted for by the growth perrods, wrth perlod D berng the Iargest single

¢
dontrlbutor Inclusion of all perlods and stages dnd || f le to cldrtfy matters, for they did

/ .

not produce any addltlonal contrlbutlon to y|e|d ﬁso'. the period that included
e BRI

_ flowermg and npenlng (C + D) was lncluded as fhe ma|ar contrlbutor to yleld, thus of~ '

\fermg httle change from the previous, equatron When the morphologlcal characters and

.Iodglng were mcluded with the four growth perlods, the. vanabllrty yield accounted

’

[ for rose to 83% Here the major: contrlbutdr to yleld was the number of heads per -
- -

: ‘sample, w1th period D mcluded as the second most rmportant varlable As the addntrom
‘of the: cbmbmatlons. mto the equatlon produced little change, it |s-ev1dent that_ here

| _;““aga’ln, ky are of: ||tt|e use in thls form of analysls v

R ]974 _ |n thls fleld year the factor analysns d|d not reveal cledr-cut separations among -

. the growth perlods. Entermg all stages and’ comhmatlons into the matrlx revealed a

. general grouplng of those vartdbles contalmng some part of the con;rplete pernod of floral

‘g‘development (B or. C) makmg up the first factor The second contamed perlods A and

s : 4

- D, thus agaln showmg some relatlonshlp between the time to emerge and the rrpemng

" perlod These relatlonshcps remalned slmllar after the addrtron of the lodglng data and

A

' ?"‘morphologrcal cornpOnents lnto the matrlx However, wtkgn the four growth penods were

) ﬂ
-entered along wnth the |odg|ng data and morphologrcal and yueld components, there

"‘,"seemed to be no cleor-zcut pattern emergmg Therefore in thrs case the utrllzatnon of
o -~;~combin¢ion's .a__lds.'-m t_he" el’qrnf |cat|on'.of th_e;g‘roupmgs,i_; )

e i L o b = e e

s i
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B.. The focf remains l'hough thot fhere is a sh lft of lmportonce from fhe perlod of

i N BN N
. Y : . . .
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It is of interest to note the similarities found for fhe two freld years in the

factor onolysls, for the grotpmgs were remorkobly srmllor in content. In bofh years a

. “ single factor was composed of the comblnahons confommg either perlod B or C, fhus \

showmg that in the field at least, it is folrly dlfflCU“’ to separate the dlfferent phases

of floral initiation and develoPmenf If is also noteworthy I’haf perlods A ond D w7rer

JFe
grouped together in the two field years, thus showrng some slmllorlhes in behavroﬁ,

Reasons for this behavior, as menhoned prevnously (in mulfiple corre‘laﬁons),‘ remain-

unknOwn | One point previously descrlbed in the results mdlcated fhof in both 1973

: ond 1974 fhe yield components, number of plonrs, number of heads, and 1000 kernel

O

v welghf, were grouped fogefher. Also, -fhe lodging dota'refai_ned a specific pattern

[

for both years. T

-

Alfhough the amount of voriari'on in yield occountedlrfor byr'fhe growth periods

—_— ‘e

in the regressron remomed almost |denhcal in the fwo field years, the major contrlburor

to yleld in 1974 changed from percod D in the prewous years to perlod B The Iength
/

. of the growth perlod hod a very sfrong negohve effecf on yreld - one Whlch remomed

unchonged wrth the oddltlon of combmohons of penods However, the. mfroducflon of

Iodglng doto and mOrpholoc'col charocters shlffed fhe emphosls so thaf period C had the- _

.prrmory mfluence on yleld (olso negahve), followed by |odg|ng on date 5 and perlod :

LA £

, rlpemng (shown in the two prewous Zears) to the penod of florol developmenf The two,
~ yield componenrs mcluded as slgnlflconfly affechng yleld were I'he number of plants

and the number of heods per sample Onepossuble influence on thls chong_e in behavior .-

in 1974 coul_d be env=rronmen’fo|’ condlfions:_ ) heavy lodging occurred throughout the '

‘e ) : ! o - ' - > . : -
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season, thus delaying the heading and ripening times. Also, in mdn} cases, the

LY

length-of period D was infl'uennce_d by the arrival’of fall frosts - - a Iong period of

: fj.orol development creafed by lodgmg and mereorologlcol condntslons resulted m a

||m|fed perlod of time remammg for rlpenlng Ths(s, in some cases, a sample was Eﬁ .

harvested green, as it refused to rlpen in fhe cooler fa weather.
V. LODGING R o S
As lodglng in cereals isa ! very reéT problem in norfhern Alberfa, and thus ¢ a

y ,
defrlmenf to obrcnmng maximum ylelds, perrodlc\iordmgs of lodglng séverlfy were

\

T

faken durlng the two ﬁeld yeﬁrs Regressron equahons showed that on two occosnons in
1973 and fhree occasrons in 1974, lodgmg played a srgnlflccat role in offechng the |
grain yleld These results are supporfed by numerous examples;ln the lrferature, among |
them Loude and Poulr (1956) who sound fhof test welghf and IOOO kemel welght in bor- |
ley and wheat were. affecfed by lodglng Brady (1934) work\rng with' c&fs, ond Esechle |
et al. (]977) wrfh sorghum, both showed that reslstonce to |odg|ng'ls generlcolly in="

herlfed ond can vory befween varieties. - That fhrs holds rue in the present experlmenf

~ was shown by the htghly srgmflconr dlfferences between freafmenfs in the Analysns of

Varlonce in 1974 As the analysls progressed, it become evndenf that fhe lodgmg be- .

[

h awor of the morerrol chonged as the plants mofured Thls was F’rsr mdlcated in I'he focfor

: analysu when locdmgs for both years clearly separafed the early lodging behquor

(before heodmg) from the later Iodgmg The CV s showed a lorge amount of varlobthty' |

"‘among freatments wrfh the earller observohons, but dropped as the «crop developed

'Thls chonge in behavnor was OISo mdlcafed by brpad sense herlfobllmes whlch were
‘ hrghest with the frrst lodgmg dote, showed a gradual decllne to just affer heodlng, fhen‘f"

’remomed folrly consfanf for the remcnnder of the grow mg season.

h
v
3
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In the present study, simple correlatlons between yleld and lodglng were ex-.

| tremely low in both the pre- and post-headmg phases in 1973. In 1974 however, all

, recordmgs showed a hlghly stgmfucant negatlve effect on yueld Lodglng dates 1, 2, gnd |

3 all occurred in the penod ‘netween mternode elortgatnon and headlng, ‘dates 4 5 and

" in many cases, 6, occurred durmg the headmg period (up to a week»after), and dates 7

(3

and 8 occurred durmg the rlgemng perlod (because o lorge varlabrlnty had already shown
: \ 2

wup by headmg tlme, there is some overlap present) Thus it can be seen that the three
_‘most lmportant lodglng dates (as shown in the regression tables) occurred at cruclal times

in the crop s development, as descnbed by Laude and PCIUlI (1956) ¢ and Day (1957) As.

correlatnans between yleld and all yleld components were hrgh and slgmflcant in 1973, it
- could be assumed that they were not greatly affected by the Iodgmg, thus - creatmg the
| Iow relatlonshlp between yleld and lodgmg

2

Slgmflcant correlatlons found betvueen the md+vndual growth perlods A and B

v

| and lodgmg could be mterpreted as the length of the growmg perlod affectmg the

b

”seventy of. Iodglng at a certaln Ke _ Therefore the stage ot' development that the

plant hos reached at the time of a orrg could hove a’significant eft'eét on’its susceptl- .

T bllll’y to lodgmg For example, a posltwe and slgmﬂcant assocnahon was descrlbed be— ‘

tween the’ length of the early growth,perlods and the severlty of lodglng in penod C Thn,s -

: observatlon was supported by Gardener and. Rath|en (1975) who stated that lodgmg and

;yleld depressron nbarley were greatest in the later flowenng cultlvars wnth thewr longer

- '|uvenzle growth phase, greater number of tlllers and leaves per trller, and longer leaves.

_ Tatal tlme to maturity showed sngmfrcant assocratlons wnth lodgmg Lodglng that occurred
- before headlng tlme showed o posltlve relatlonshlp w,eth the total growmg time, while

that occurnng aft;er headmg had a negative assoc latlon Thrs- could- be explanned‘ by

109
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referrmg to fhe abservaﬂans of Neenan and Spencer;Smnth (1975) who showed that
lodgmg reslsfance is affected by the maturity- of the srraw Also, it has been shown

‘ thaf Iafer varieties were genera“y mor&reslstant to severe lodging and loss of yield
(Esechle et al - 1977 Larson and Maranvnlle, 1977 with sorghum) Though the length
of penod D is not greatly affected by lodgmg (w:rh one exceptlon) it would seem that if

lodgmg occurred afrer headmg flme, seed sef and rupening would be hasfened by the re-

duchon in supply’ of assnmﬂates, thus influencing:the time fo maturity, g

From observmg the wide amounrlof VOI’IObIlIf)’ shown by the materi

ok

.in this pro-
|ect, it became obvuous fhaf breedmg }or l gmg resistarice i is posslble However, as

o

—

~mentioned earlier in the hferafure revuew, it has still not been fully determlned whaf

‘ c\racrers are mvolve;i/m fhls quallty

I
/

VI RECOMMENDATIONS FOR SELECTION OF CHARACTERS . .

a

iy ‘Growth stages and perlods

. ) One of the major objectives of this prolecf was o sfudy the relatior hlps be- -
tween the growth perlods and sfages, as well as their associations with severaf morphologl-
. cal characfers, in order to develop varieties thaf would be E’Setfer adapfed fo our norfhern

chmafe It has been stafed previously i in the hterafure review fhuf such an achlevemenf,

\

fhough dnfﬂcult to accomphsh, is not |mposs| le (Thorne et al., 1968) The aim of this >

. Cstudy fherefore was to fmd whlch growth steg or perlod, if any, would be most recephve
/ B . ) N

'\

to u?anlpulahon, all fhe time keeplng in mind I'he minimum sacrifice of yield.
The factor analysis results (espe(:la”y those from fhe growfh chamber, 1971/72)

showed that the llfe-span of a croP can be drwded qunfe clearly mto four separafe growth

!
enods fhat are largely ind endenf af eac ofher Therefore mani ulation of one growth
P op PU

, ‘..« .

-




’ pnrlods B and C, tl'us rnompulohon should still be possible SR

’-,

~ while in the field years, perioa D showed the highest positi\)q correlations with yiold

p a\ ‘ '.]"]" . g

perlod oould occur wlrhout sonously affocﬂng tho Iongth of tho orhor growth por‘ods.
\

Though the moteriol grown in tho ﬂold shows increosod lntor-rolnﬂomhips boMeen L R |

. Sl

In order thot the most offechve manipulation occur, fhe growth pbrlod in~" W

volved must show a hlgh varlablhty bofween vanoﬂes, ond musf possess a high‘onough _
. L B

hentoblhty thot any genehc mompulcmon wuth |ts length wduld be retcnnod in fuﬂ:fre L

generahons Also, there must be a sufﬁcuent number of days to prowde ease of mampu- \

(ﬂ' @ » "a'.~ - .
lation in fhe growth period itself. Period A does not fit ’these quollflcohons, for though
8

it demonsfrotes a folrly high herltoblhty, it is l'he shortesf of all growfh penods and

L
possesses the smallest amount of varnobdnty ’_Also, _qorr.elo_hons vgafh totol time to-

! ‘ . . ‘ . ,‘ . X j‘ s ) ," . )
mafurify are low and non-significqnt. : Co, s S o : g

. rTherefore it would follow fhot mampulohon must oecur in enfher fhe deveJop-

mentol perlod up fo flowerlng (B, C, or both) or the rnpenmg perlod after heodmg (D)

A 3o et cp i bt e

If is af thls poth fhot dlfferences befween the growfh chomber ond fleld resulfs show up,
as fhere seems to be distinctive behav:or dlfferences between fhe two envnrpnmenfs '|n o

the growth -chomber i was period B that had the cl‘osesf relationship with fofol tirhe to

a \

matunfy, whlle in fhe field it was perlod C The greatest ombom of vorlobn hfy was

shown by perlod C for all three years,-but ot the other end of the scaie, the leosf

amount was shown bwenod A in the growthroom and penod Din fhe f|e|8 e
. . ? 'r B
leferences between the envnronments also showed up in the relationships of

growth periods and yield. In ;|972; period B had .the highest corrol_otion' with yield,

(iin 1974 the highest correlofion'w_os. pe.ri_od” B, hut. the effect on yield was négofiveg)'.

% . ) o : ' T
a




&

and yef does not possess the grearest mfluence on yield

dg
RS

Broud sense herltobrlrtles taken in- 1974 mdrcafe that penod ¢ hcs the

hrghest herltobrllfy at 0. 897 wrth perlods A and B belng 5|m||or buf |ower, and perrod
- D gelng non-slgmfrcunt Also, correlohons corrpormg fhe fhree years rndlcafe fhof

: . , o
errod c has the most conslsfenf behavror in all three bnvrronmenfs. Therefore it s)vould
be Iogicol to ;onclude fhat the gr:wth ‘perlod thaf would be best to monrpulofe (based

o

on three years dofo) is perlod C as it drsplays the hrghest genefrc varrobllrfy, IS sfoble, |

o

As menhoned prevnously, the drshncf seporofron between rhe growfh perlods T

fhot is evudent in fhe growthroom maferrol is not as obvnous in fhe fleld Some form of

' compensonon or lnterachon befween perlods B and C present in fhe freld morenal would

.v‘ D

AR -2

possrbly be due fo suppresslon of genehc vorrchon due to envrronmenfoI condmons
Therefore, |f a defmled study of the behovror of separcfe growfh phoses is requrred, it
would be odvrsable to raise fhe moferml in the growfhroom However, since fhe aim is

fowords overdll adapfohon, fhe maferlal must be grown ina fleld envnronmenf to cofffirm

t

~ that any chonges made would be mumrorned

,‘If od‘i'usfmen‘ts ore,ro be mode to period"C, which covers rhe time from ‘initi-

oflon fo. anfhesrs, the yleld componenfs offecfed would be fhe number of'Terhle florets

: crnd fhe number of eors. However, fhe descrrbed effect seems to be less than fhor pro= 7

o

duced by changes in perlod B whlch dff'ecf o|| three componenfs, and perrod D, whrch
cffecf mcunly kernel welgh’f (Thorne ef ol., 1968 Faris and Gurfard, 1969 Wllley ond

Hollrdey, 197]) .
\

The regressnon resulrsu?ow that in cll rhree years the achve growmg hme

' and, in the fleld, fhe mduvndual growfh penods rank exfremely h1gh in fotol confrrbuhon

-
.

- .
B e

X -



to yield. Thu;, ‘shortening one of ‘the‘periods would allow more time for ripening and,
as a resulr, ‘increase kernel weight.
As menhoned in fhe llferofure revnew, fhe lengfh of ony growth sfoge up to

heodmg can be affected. by phofopenod or femperofure | Also, fhere is evudence

| (Groflus ond Thomas, 197]) of an oscrllofory norure of fhe yreld componenfs produced by

changes in fhe growfh perlods.‘ 1f such is fhe case, it mlght be adwsoble fo/yudgthe.use .

‘of longer growfh perlods (produced by vorylng sequences of fhe orlgmol growfh perlods) e

o in order to mompulate thelr lengfhs WIthouf worrylng crbouf fhe compensohon cmd inter~"

action shown 'befween the smaller gronh pe’nOds
If monlpulohon of fhe longer perlods is to be oftempred rhe prevlously dlS' :
cussed ob|echves of selechon musf be kept in mlnd Almosf all of fhese longer perlods

have exrremely high correlations with rotal time from seedmg fo rlpe, “and so od|usfment

of any “of fhese is bound to oll'er fhe time to. maturity. However, one must keep in. mmd

fhot bechUse oll the growfh perlods are a parf of. the tofol growmg tlme, they wrll be in- :

vol\'red in interactions among each ofhef 'ond;l'he l°l°l flme.' Thus parﬂol -¢orrelotions are <

1

c'redl'ed‘f'ho‘f could Produce a serious bias in the resulfs i R L

The perlods (A + B + C) and (B + C) show fhe greofesf consistancy of behovnor :

: befWeen fhe fhree yeors (Toble XVl), ond olso, olong with perlod (B + C+ D), hove fhe
greotest henfcbulmes in ]974 The greofesf vorlohon in oll fhree yeors is produced by
pernod (B + C) Followed by (A + B+ C) However, the VOrIQbIlIl’y for these perlods is |
much lower than fhat shown by the mdrvndual growfh perlods B and C Th:s is probably
.'Vdue to rhe effecf of compensohon befween growfh periods menhoned obove Correlohons

wnth yleld are not as consnstent as those produced by the separofe growth perlods wnfh




;K srgmflcance for a“ three years shown only by perrod (B + C + D) Even so, some of
: the mdwudual correlahons wnth yleld produced by rhe comblnohons may be sllghtly |
' hngher | Regressnon onalysrs showed fhat, For ]972 perlods (B + C + D) and (A + B + C)
do have a greafer effecf on yleld than any of rhe lndlvndual penods However, in fhe
f‘eld yeors 1973 cmd 1974, the longer growfh penods had very hrfle |nf|uence .on yleld
i Slnce selechon for ecrrlmess is at present generclly done at fhe hme of
heodrng (perlod A + B + C), whlch is one. of the longe “iods selecfed fhe only ofher :
wchmce of one of the growth perlods would be (B + C), yvhnch lncludes the hme frorn emer- -
' gence to heodmg Thls perlod showed fhe hxghesf vanablllfy of all the combnnahons) |

hod fclrly stable behov:or, cmd a hlgh herlfoblhfy Also, |ts effecf on yreld would be ',

fhe leosf of oll fhe combmahons
{
S j X

However, the recommendohon for selechon of a growth perlod For manlpw;kohon
"‘would remain as fhe smgle perlod C. T,?s mdwrduol peruod glves a greafer vorlablllty
o to work with and fulfrls the ofher selechon requuremenfs to much beHer degree’ wnthouf
' ,addlng the compllcahng factor of parhol cor:elohons (fhere .|s a small mferobhon be- :",‘ .

" tween any slngle growfh perlod and I'he fotol hme as it s a part of the whole, buf fhls

mvolvemenf is a lol’ less compllcated thof fhat created by the longer perrods)

i, Se’leCtionof morphologieol_ charocfers

Coo

As results for the \'norph‘ologlcal charocters vcrled among fhe fhree yeors, it is

dlfflculf to selecf a chorocfer from the maferlal in fhls experlment thaf would conslstenfly

show-a- posmve effect on yield. The only morphologlcal charocfers thof d|d show con-
. e ‘
“sistent posmve assoctcmons wnth yield were herghf, hecd lengfh and number of plonfs

per 1.2 meter sample. The‘regresslon‘equoﬁons showed tha_t in the growfhroom height |

. made Ithe rnost"irnporfan_r contribution to yield, while in 1’9573 it was the number of heads

et e FERE 7 . . RN 15 VO U SOV S IV P PPN
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: per 1.2 meter somple, followed by 1000 kernel wenghf, head length ond helghf

o 1974 fhe most |mporfanf lnfluence on yleld wos produced by lodgmg, followed by |

1 _helght ond heod lengfh The thhest omounf of Vdrldblllfy ond olso rhe hlghest herl-

-~ ~,

T

: _'robnlmes were produced by helghf and heod lengfh Though fhese were fhe only two

%o

' morphologlcal chorocfers fhof were compored in oll rhree yeors, helghf showed hlgh
R . - . _'

-ossocaoflons berween the two fleld years but lower ossocnohons in componng fhe growrh- ’

- room to fhe fleld Heod lengfh showed folrly cons:sfenr but nof exfremely close be--'

'hovaor omong fhe fhree years, buf oppeored unrelofed fo yleld in fhls experlmer\f be- PERE:

© cause of rhe lorge vorlohon found in fhe densury of seeds per heod in fhe dlfferenf 4

by

A,

- \genofypes Therefore, in fhe presenf pro|ecf fhe chorocfer fhot seems to be fhe mosf '

: useful to mompulore to fhe odvonfoge of yleld is fhe helghf of rhe plonf

i, Recommendofions for fufure fesfs‘ R

S As thns pr0|ecf has been corrled ouf, a number of quesflons have been rmsed

' fhar could offect fhe performonce of fufure fesfs One mcqor problem encoun&ered wos

' fhe poor odopfoblllfy of fhe large. dlver5|fy of moferlol to rhe Alberfo envnronmenf
] Therefore, some unexpecfed problems were encounfered One of fhese was at fhe very
: beg:nnlng of fhe test. when llghf ond femperofure reglmes coused genehco‘lly dlverse .

rs

behov:or in mofenol thot was supposed to hdve been homogeneous As g resulf, eoch

somple from l972 was freofed as a seporofe lme for the remmnder of fhe fesf There- o

o L.

fore, |f unfomlllar maferlal is belng used 1 in fufure tests, it moy be odvnsoble to fest .

o 'for genehc purlfy at fhe very beglnnmg

©

Another problem creqfed by fhe use of unodopfed morernol was fhe susceph- .

-

bllll’y of many of fhe lines to severe lodgmg, fhus mfluencmg fhe resulfs Therefore,




o vonehes also tend ro be lcter mafurlng (Bechate’e\‘/r’”]’?’iﬂ/-However, |t was shown B

G ‘-Therefore, ‘a shorremng of perlod C fo ochleve earllness would hove the dual effect of

‘ '..If |f ct:lrrledr through to a lorer sfoge and remcuned consranf rhroug

»"’,.""one character fhot should exerr o srrong mfluence on selechon Iocolly would be Iodgmg
reSIstonce. A problem is encountered here cs fhere is. -a copfllct between rhe aim of rhe

. "V'_progecf - to produce eorher moturmg vorlehes - cnd the fact fhot |odgmg-resrsfont
in the presen’r pr0|ect that the |engfh of perlod C hod the hlghesf correlohons wurh
i .Iodgmg (before heodmg) These correlohons Were hrgher thon ar ony other stoge, thus

'.showmg l’hot ‘more reslstonf vorlehes hod eorller flowermg ond a |onger rlpenmg penod

{‘ lnoreosnng |odgmg reslsfonce. Also, in rhls respect, a meosurement of culm fhnckness

: .(on mdlcotor of sfraw sfrength) could be odvontogeous in fufure teshng

| (Ieof and hNer spreod,) of heodmg hme Slnce thlS*chorccrer or mternode elongohon

‘ .Eshowed a falrly hlgh ossocnohon wnfh yleld in }973, it would be of mrerest to- dlscover

v co.nditions.‘

L

8l

: ¥,
.'q

\ iy

One ofher recommendohon for future festmg would be to sfudy fhe hablf

o

B

uf fhe sfages. ThIS

R

: ‘chorocfer would hove fo be studled,under greenhouse or growthroom c ndlhons, becouse, ,
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The mcnn ob|ecf|ve of fhls.pr0|ecf was: to make a derolled sfudy of fhe

\‘\3' AR B

morphologlc:al growfh stages of sprmg barloy (Hordeum vulgore L. ) Thns was done in .

order fo dlSCOVel’ Jf |f would be poss:ble fo reduce fhe hme foken to mcfurlty wn'houf C

fhe atrendanf socnflce in yleld a necesslty m fhe relaflvely shorf growmg season :

Ly

experlenced m norfhern Alberfo

Eorly in the sfudy if wcs dlscovered fh}it fhe fhlrty-two llnes selected showed
sngns of heferozygoslfy Thus, fhe expenmenf WJéxpanded fo 144 lmes From the
I :
fhlrl’y-fwo orlglnol famllles, in fhe process accommodohng any heferogenelfy presenr

E

Facfor analysls showed fhat rhe four mo|or growfh penods refomed seporote o
g ;denhhes cmd eoch behaved relohvely lndependenfly of: fhe ofhers, though some de-

pendencres were dlscovered in fhe f'eld befween perlod B (emergence 'ro mternode elong- c

ohon) and penod c (mfernode elongahon fo heodlng) The growfh perlod selecfed as:

Ll

best for mampulahon in order fo ochneve‘“‘eorlmess was perlqd é as it dlsplayed the

\ .

lorgest amount of genehc vorloblllty This perlod wos folrly stable in its behavtor as -

evndenced by conhnuously hlgh correlohons omong fhe three envuronments, it olso L
: showed a hlgh her:foblhfy in 1974 ond yef had a relohvely low correlohon wnfh yleld

Problems expected from fhe selechon of thls growrh perrod would probobly occur from o

|ts mferrelohonshlps wrfh perlod B T fhe fleld _‘ . S ' ~

Longer growfh perrods were.‘ erwed from sequenhal combmahohs of the .
orlgmol four perlods Of all of fhese, fhe only one showmg ony sugns of belng accép— B
A Iuble for mompulahon ls penod (B + C) whlch lncludes hme from emergence to heodmg

Of o“ the combmohons, thls one shows fhe greafesf conslsrency of behavuor among the

\
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RALRS
‘fhree years and fhe hlghesf henfablllhes If also shows fhe |argesf amount of vatia= |
_brllty, but thrs is much lower fhan thaf shown by erfher of the- smgle growl'h perlods

B or C. In the long run, rhe selechon of combmahons of growth penods, whefher
‘sequenhal or nof,. clud nof provehvery effechve, as fhelr ma|or funchon in the anolysls- e |
"“‘:seemed fo be clarlflcaflon of the relahonshrps among fhe growfh perlods in, fhe facfor -
",;"ianalysusv Regresslcxn resolts dld nof ‘lvnclude any of fhese combmoﬂons as rna|or .con= ‘.‘- B

‘ '_;frlbutors fo varlatlon in yneld whereas fhe smgle growfh perlods were shown to be

. ' i e
i ~,qU|te |mporfant ln rhls respecf L

Ford and Thorne (1975) have sfated that graln yleld is u]sually ’comrolled b)'",

’source and srnk buf one or the other could predomuhafe ina parhcular srtud&”
. Thlvs seerhs i‘esp‘eclally frae in the presenf srudy, For of fhe morphologrcal characfers e
= ",".sfudled. conscstent and hrgh posmve assocrahons wnfh yleld were only experlehce’d wnfh’
;jithe helght Head lengfh fo”owed wrfh correlahons fha'r were cohsiderably( Iower, o
'““fhough shll sigmflcant The rpgresslon resulfs showed fhaf in ]972 the grearesf porflon
of yleld varlahon was explalned by hEIth in 1973 lt was number of heads per sample
v qnd ]OOO kernel welght gnd in ]974 rt was. lodglng and helghf Head lengfh was -
v.mcluded inall fhree equahons buf showed less |mportance ” RETEN
The results in both fleld years (especually ]974) seem to hove been affected

) ’by rodamé as the materlal to a large exfent, does nor seem well » apted .fo local con-'
- ;dmohs. By recordmg detalled hofes on the lodglng of each lme lf became clear rhaf -

,' .' the lodglng behavtor dlffered before and affer headmg, wnth fhe mosf severe effecfs

‘ :on yleld occurrrng at fhe time of headlng }/




24T

: exceptlons, genehc varlabnllfy among the |mes showed a decrease upon transfer to

”,Assocrahons for yleld between rhe growfhroom and f|eld were close to zero, whlle

Ny

/2

‘ B.ecause_‘ the material was gra‘wn' in both "g_rovithrdom and ﬁeld‘condit"ions, '

' differences be’tw'e“én the ftWo thirahmenfs wer‘e‘quite'.ab‘viaus'._"_Wifh a few major -

PR |

fleld’ co.ndmons Thus was conflrmed bY C°'"P°"'"9 the rhree years data for each,

- .varlable. Slmple correlahons showed low relahonshlps between the growthroom and

, each of the f"eld envuronmenfs, and hlgh assaclaflons between fhe fwo freld years.

L Excepfions to fhis‘-were“prdvided by ‘fhe"gronh,periods iB and C, ’and fheir combinafions. _

v
- between fhe fleld years there was a hlgher relahonshrp of = 0 46 .
A
R o
) .
, K3
. L ) / ; i .
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ORIGINS OF THE 2 FAMILIE" SELECTED FOR THE STUDY A
Orlgm World :

v Vunoty
‘ Line # ur
.. Cros .
1. Cress2
3. Cl 6943
4. ¢l 7054
5. CL 72
6. .ClT
7.l 773
8. C 7852
9. Cl 7859
10, Cl 8108
13. - -Cl 9784
14l A9794 "
s 10268
S8, 110579
9. C1'10639
26, CI10726
27, - CL10773
29. Cl 10844
30. - Cl 187
3. Cl 11567
32. Cl'11574
T34, Cl 11624
38 Cl20v7
39, Cl 12262
4. Cl 2393
4. Ci 12474
48 C1 13032
47, &113085 -
9. olli
51 Galt
52.  Jublies
535 Vcntuge v
54, |

APPENDIX I

Burley
Co”ccrlon :
USDA‘ '

Early Russian Fargo
No. 0-765.

v‘\'

Ongmal
‘Seed }

Source

. ‘Aberdeeh |,dah‘o‘

' V’v'elvt.)‘n 5 :
. Abyssinian 25

"Nome’.

Vega

~
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Codntry :

»of" y

Origin- -
“Sweden’

Afghaﬁisfon

" Ethiopia

" lean

Ethiopia

- Turkey:

" Ufah, USA

‘ . TUrk‘Y(

‘W‘iscdnsin, USA
"Ethiopia’ - :

" Ethiopia

Ethiopia

~Canada
" Canade

fran )

Japon

~ Floya.

Baladi 16
Mulyan v

i _Hirﬁ|§yense'3645
" Ragusa 6-9
‘ Cyprvszlack

Szekacs Tak

: Cenog 395

thlopla _ »

Egy,ptv

Argentiria -

Gérmony .

Cyprus

lran

- Bulgaria’’ :

Hungqry :

Bulgaria

Ethiopia

Ethiopia-
Canada

: ;Cunadc ’
E Cam‘:dq X

i Car‘i_a‘da‘
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CONTROL CULTIVARS USED IN 1973 AND 1974> e

”_.'1973, ORI E SRR 1974 B e L
)2, S Ga“’ '. i . °Ga“_
- 3. o «Gggéwa}'563. i S anfeway-63 o

R 4. Wi.n‘ds_o'r

~ 5.7 Bonanza SR . . Beng

- N‘Coirll_.q_uesfw ) ) .' C'br.mq’ues'f

T "Pq‘,mgon L o ,oPdfdgdn o

R

.

&}‘_ .
¥

L hbilee, g Jobilee |
RE ST ‘Hlpm,y
10, : o ‘Stepfo'e" | o

g 1 o T R -.‘.*H35'f."5047'f o '(C‘bri'vq‘ués;f"x:.-M65-94j" -
S22 SR H12-5070 (Olth64-69)

“N.B. - Enfrles H 15 are shorf sfrawed cultivars derlved from fhe

Umverslfy of Alben‘a breedmg program, uslng shorf sfrow

: sources obfamed from Dr D Rasmussen, anesora.‘ '
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o COMPARISON OF SCALES FOR MEASURING THE GROWTH STAGES OF CEREALS
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