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"ABSTRACT

_Th§ 16;-1h111t7‘ of roduclna .the time to. maturity
without ;ddﬁcin& seed yield -.. -tudlod in ng...Lg‘ napus.
The cultiiar- Nugaot, Oro, and Targ.t, tholr cro--O- and tho
roclpeocnl cro.-.- of the F; ubd P; gon.r.tiou- were ‘gro'n.
Ob-orvuf;on. were -cdo ln tho tl.ld on a -1n510 plant basis
>onﬁ #roith_ chnract-rl ’1nc1udlu¢ ¢ro'th -tgac-, grovth
pcrlbd;. .;d" ‘rdtqn.l o!ﬂ' déyqlop—.nt,,‘é- '011' as on

 goé§h6i6¢ten1 ¢hnrnctor- and»ﬁiiid.chnract.r-{ _' ) .

Tarcot .xhlhlt.d many char.ctorlltlc- whlch 'ould.'f;nd
<to - make lt a l-to vatloty- Bovovor. anqct was the pgrllost
cultlv.r'and tho pgqcr chargctorlstlc_lqadlnn"'fo %qdrllnoaa
for farg-fﬁig-‘iarlf first flower. .

;ihigp_'i.riv_tcv: high cbr;glatléﬁﬁj ;,ongg the drovthi
ch;ractdg,‘and .nén;l of _ih. .corrclationsi ;:' thi -¢royth
'chdﬁ-cfor- - with tho' ylold cﬁar@qt.r; vﬁrc- hlgﬁ{ thﬁ.
Llﬁdlc;t;h¢  _thdf VAth;-o characfor- . are * all isidoly
.1n&.ﬁdnd-nt-- novovor. th- arolth chnractcrl 'hlch tcndod to

;produco o-rllno.- voro in gonct.l po.ltlvcly as-oclatod wlth

'tho yl.ld chur-ct.t-. .
. s , }

‘ B.rlinoc- ot tho tnltlol .rovth -stages,. -hortnon-?«gt7
_ the lnltlal .rovth pcrloﬂ.' and - hlgh ruto- of aov'lop-ont
were all .--ocluiid wlth o.tlln.c- of tho»ataae- -uhqoquont

:;tb tlrnt tlewor, 'lncludlna '-aturity. Ihdy lvovo also

N

unipelntgd 'ith high .-od yloﬁd.
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Rapid development during the rosette  period was

associated ;L{h i.rlj firet flower and both were a--oclijod

with longer duration of the flowering® periods <firast. flower’

on. tho"-glg ‘raceme toltlr.t tiovor’on\thg last secondary

.rgcino'to flower and firat flower on the main raceme to .nd'

of flowering on the main raceme. Longer flowering periods
T 5]

wiri'a-.pélafgd“-lth’51ghcrwic9d yield.

Hich-dov.topnbﬂtil”ratpl at dlttorcnt .tinél .and  for

“diftordnf aspects 6# ¢rowth 'Qro po.itlvoly aa-oclat.d. ngh

lcat -.-oraohc.’rctc and octly onorgonco ot the -cvonth trueAr

loat were a--oclqtod with rupld tloworing rates and early

-aturity_ but _gqui,'lthf longor tloioring periods. High

b'ttbworing rates are Q.qociat.d with reduced durn}ion of the
110v§r1n¢ periods and high tloy.rlng rate on the main rqco.i
S 1s- a--oclated -with roducidw-tlno from the tlé-f flower to

N

naturlty." ) - L -

_ Almost all of tho -1¢nltlc.nt corr.lntloni among the -
'yfold'z chnractor- ﬁoro ponltl'os High -cod' yl.ld was .

lndlcatod to be lcrzoly d.tor-lnod by hlgh voaetative ylold.

Attoclntlon ot hlgh seed yl.ld vlth onrly gro'th atca.- ahd
-bortno.- of thc 1n1‘lal ¢rovfh periods va- 1nd1catod to be
luraily 1n¢cpcndont~-ot” vogotativo yl.la. .Tho ‘ po-ltlvo

"c--oelntlon ct longcr. tlo-orina p.rioda and hlgh rnto- ot

fdovnlopnont vlth hlgh ased yiold were larg.ly die .to their

99 : . .
-u--oclntlon '1th hlch vogotutivc yl-ld. The yield characters

, - T
¥
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exhibited o similar rol.tlon-hlp.' ué-ovor. tho nu-bor of

t.rtlnry ruco-o. snd naumber of po‘n tor all three cultlvar-.
,W

: nu-bor of -oeond.ry racemes tor .oro and Tar;.t and number of

lcavo- tor Oro all -ho'-d significant positive asmociations '

R

with high seed yl.ld~1nd.p-nd.nt ot’tholr-a--oclatlon with
B} M . . . . i"“.*i'\.. . .
high v.d.tttiv.‘ylcld._‘ {C?K'AE)'”
i Slgnitlcant r.elprocc} Ct%q.. were found for the
population -onn- ot -‘ny of . th. charnct.rl -tqfloﬁ and Iarge

‘r-clprocal ' dlttor.nc.- in the horttnhlllty c.t{-ato-

ealculat.d ‘were nlqo found. Heterosis was indicated for some

'of the ¢fcvth; characters vand «.eVorai of the vyiela

: » - e
characters.

oy
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INTRODUCTION

The 1;port-noo of rapessesed as a commercial crop in
Canada began in 1843 when it was brought into production to
help meet wartime demands for lndu.frl.l oil. Prod;ctlon
romse to 128 million bushels in 1948, but rell to 2400
bushels in 1950. Since then, production has ‘aihn increased
in response to market conditions. PPoduction peaked in 1971
when 885 -illlon bushels were harvested. In 1974 production
va-- 52‘2111109 bushels ('ﬁ1t0.1874). Currently rapeseed oil
1-’l.r¢.iy utilized in the odlﬁlo oil 1industry,. vhlle the

meal s used in the produc tion of livestock feeds.

Total demand by the domestic rcpo-oodoéru.hlna industry
has been pfﬁJoctﬁd a-'hncroutlng troi lO million bushels in
‘1971—72 to 37«7 million bushels in 1986-87(Darcovich, ;973);
Export demand is .xpoqt.d to increase from 30.0 million
bushels 1in 187172 to 68 wmilllon bushels in 1986-87. By
1986-87 lf.ll pitlncfodith.t 7.5 million acres will be in
prodncf;on compared with only 3.2 million acres in 1874-
‘75('h1fo. 1974)s It is spp@rcnt that rapeseed pro&uction has
ogpaddod t.-ark‘hly\ln the past and more expan.lon may be:

cxpocfod ;n the future.

One of the major factora leading to the rap1d 1ncroane
in rapesead produdtlon hc-.boon the improvements in yileld
and oil and meal qualitye As well, improved mdthods of

processing have been developed by c.nudi.nv-clontlnt-. Today

.

)
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Canada is the world's leading rapeseed exporter and (e also

a leador in rapemeed resesarch and devel opmen t.

Of major importance for the production of any field
crop is the seesd yleld per acre. Factors lteadlng to high
yield have been intensively studied in cereals such as wheat
and barley, but little work has been done with rapeseed.
However, 1f Canada 1ls to maintain a competitive posltion in
domes tic and world rnp..cod'-nrkot-, theae factors must be
determined and then utilized to Ilmprove agronomic practices
and to develop lmproved cultivars. Approximately 75 percent
of the acreage in western Canada ls Bramasice campsstris.,
which 1s cross—-pollinated and early maturing but has less
yield potential than Ba papus: which is largely
self-pollinated and late maturing. Ma jor improvements in
seed yield per acre could be achieved simply by reducing the
time to maturity ot P, RARMS so that cultivars of this

spexies could be more widely grown.

The ob ject of this study was to determine the

rcl.tlon-hlp-’-ong various growth characters and yield

8

characters in order tollndlcnto the feasibility or reducing

the time to maturity without reducing yield.

»



LITERATURE REVIEW

In recont'yoafé; Canaqign rabeseed breeders have béen
préoccupied wi th the development o0f new seeod gquality

characteristice. The most recent cultivars in both rapeseed
/ N » :

sp;clgs have bheen prqq?ced in response to the do-an& for low
eruclé acld 1?. the 'end—-product. _oil. Low ‘glucqslpolate
con}enfaln the -;al is the major, cﬁrrent goal " of breeding
programse As & consequence, the buI; of currentglltérature
gegardiné ‘the{ 6;lseed rapés is concgrned 'leh quailty
characteristics, and little reseﬁrch has been aoﬁe to‘
blncreaée yield;_ |

Engledow and‘ 'udhdm(i923) 'ére' among the  first to
a*tempt to systo;;tically study the tactors that result 1n a
high yielding _c91t1var. They state that, ‘1dea11y,<’the
“breeder should.tlrst detern1n§ thq; plant _chafacters vhigh‘
cogtroi yield ‘and t;oh.' " by q“synthetic system of
hyﬁridizatlbn. acéunuleto,-lnto one plant cﬁltivar thﬁk
optimun cembination of these yield controlllng charactera.
They turther suggested that econonlc attributes be resolved
into blologlcal characterlstlcs. The procedure woutld then be”
to doter.ine all the. rolatlonshlps hetween acceptable plant
charactoristlcs and yield. Tholr proposal wass

1) dqtorlln. the rolatlcnahlps ot yield per plant to

other plant charactors. | |

2) find the node of inhofitanca of those characters;

3) test all rglatlonshipa at a succession of spacings.

3



Engeldow ' and Vadham also pointed ouf‘ln reference to
tillering in wheat that the origin and nature of

inteéftiller . differences shpuld bp sought in Juvdnll.

deveiopnent, no t lﬁter vhdn buba.quont plant growth hia_

K

levelled and obacured earlier ditteronce-.

Similarly Stoakopt at 511(1963) -uid that in studylng

\
4

the classical ylold.co-ponont-. tillern per -plant. k,gngla
per head, and.kernel 'olght, the d?tcr-inants or“yield afe
not belng e*anined but rather ylold itaolt is belng studlod.‘
. In order t0o make yield advances the prarcquluitoe ot byield,

not thp expressiou of yield, nust be etudied-
- . . )
Donald(1967) advocated the breedlng for plant 1dootyped
as an alternatlve to the clasuical hrcedlna procednras and
ststed»that only thp congscious pursult ot 1deotypes can lead'
to the e-ergence ot planta of novel torn and ot potentlally
hlgh yield ‘in new envlronnoﬁts. Even with this approach, a
thorough understandlna ot the, relatlonshlps of the tactoré
contrlbutlng to yield la necessnry, for the ldeotype chosen
nust have the»characterlstlcs of a hlnh—yielding plant. ﬁis
‘ideal wheat under good’ onvlronnental condltions has a short,
atrong ste-,'a to' a-all, er.ct-loaves; a large, ereét ear;
Qnd a slnélo cqln. go quc? idea;'type ﬁdq yet - been Qedﬁcedl
'39r ”ollseed rgposilq-t -tudi.s“répor}ed have dealt 'ith thé
_?1elq¥conpph.ﬂtn,'not vlfh'iﬁq;l yield prérgquiaites.
hanahﬁJs‘_and“ Rai(f963) raported oh§ otﬂ‘thé 'tlfét

=
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o

- ptudies ‘of ylol& cpkponcntd in ngggigg canpestris var.

.Ycllcv'SQraon.’Th.y 1ntq}prcjcd their results as propentlna_"

a8 rathec - gloomy .pictﬁto'.bt the rolntlonahlp b.tveen the
Ny .

basic co-pononfl of yvyield conaid.rod. nThcy studicd- the

number of :prilqry ,Sinnch.a, nunb.r ot -ocondary brancho..

number ot'pod-‘;cr ﬁlantQ}nuibcr ot”doods'p.r pod' 1000 seed

o

wélght,'and yield p.r plqnt. Thoy found slgnlticant posltivc

correlatlons bet'otn all th. yl.ld- co-poncnts'.nnd yleld.

Thoy- also obecrved po-ltivo correlations between the number

"~ot prinary branch.s, the'cu-bor~ot_aocon&ary branches, and

thc_vnu-ber of pods perxr plant. The nushber otlfnedc pcr“pOd

was not slgnlticantly 'coprolute¢ "with. number "of primary

.

‘»bfahcheé . but nuaber 61 VIOGdS‘ per pod ‘was ncgctlveii

‘correlnted with hoth nu-ber ot secondary hranches anq,qg-her

”qt pods per plant.:_Tho” 1000.'seed 'elght ias negati&ely'
correlated with  each ot the othor four yt’ld co-ponedts.i

They concluded that to 1ncreaso the ‘seed yleld. a co-prgnise%

>

in tho.selectlon‘progran»vas neceqsary-so that 1-prove-ent

in owe of the components would not. be'unuilitica by

—

‘ deter1orcfion in anothere

Tthu eftftect. 1sk‘nov tecochlzed és"yield  conponen%

.

compensatibn._ Adans'(1967) explunaflon »of yleld‘co-ponent;

co-ponsutlon is that the nodativo correlatlons between yiold

‘.cbngonents aro dévolop-ontal rathor than gonotic anu'are due
. o A o
to clther a Ilnitcd con.tnnt input ot -ctaholites or  an

.

Ao-cillatory 1npnt oi' thc.c suh-fancocfaﬁch that 1nput 15'

N
J
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limited at qr#tlcnt s tages in the devolép-ontal sequence. -

Ol--bn(1960)' r.portod on.. the indirect effects of
holoctlon tor nu-hor of’ -add- per pod ugpon" 1000 seed volcht
‘«1n ytllov -uut.rd(nz;.jxg. hirta)d ovar flvo Years. He !ound

that with u.lcctlon tor lncroa-.d nu-bor of -eods per pod

the 1000“seed volght was r.duced and converanly,  vlth_

-eloctlon tor rcducod nu-bor of seeds per pod, the 1000 saod-

O]

vdight lncrOSt.db ' These. ro-ulta turthor support the ylold

»co-ponont co-p.n-atlon conc-pt.~

' One of the more recent studies- of ‘rape-eed was

o -
I3 \

cbdxilducté’d ,1n“ Australia .by Thurling( 1974a). He stud.led both

(24 gg-nggiglg and:B; n‘gna and 1ound -lanlricant dittorencea

in arowth charactor- and ln,w%hb correlatlona a-oﬁg these"

__chgracterg. Ho 1ound hoth -pocies hnd neaatlve correlatloas

. b‘t'ecn net aa.l-llaflon rato and Ioat arca ratio-. He -alao

.mtound(1974b) that 1n B; n‘nnay yield was signiticantly and .

ponltivoly corrclnth '1th the nu-bor of pod- p.r plant, and
its co-ponent-. nu-bor of pod—hoarlng hranchos nnd nu-b.r ot

pods por hranch. Bo'over, in B; gg.nggjxlg only tho 'nunbor

qt soedu p‘r pod, and 1009 seed "lght. were -lgnlticantly‘

Kl

'po.ltivoly corrclctod tlth yicld. In both spcclo- tho nu.ber‘b

ot pod. por plnnt was nogntlvoly correlatod vlth tho nu-ber

~

Jbt -eed- per pod. novovor, Thurllng al-o 1ound a -1¢n111cunt‘d

’fnegativc 'corrclatlon b.t'oon thq' nu-bcr of pod. und 1000

;.ccd 'olaht 1n ]; g..gg.‘gl.. One thousand seod weight- dndf

tbo” ~mumber ,~ni .seeds per pod were alanltlcantii and



positively correlated only in Be compamiris.

Ol--on(1960) r‘portod’th.t tor n; Q‘.n"‘xll' Ba ngnn..
and Bs h;gj‘, the heritability. as. .atl-at.d by parent
‘ott-pffng r.aroi.lon: was low or noh-ignltlcantAtor seed

yield per ptltant.

_ Slngh(1973) u-od ilx cultivar- of Ha Jnng‘g and atudled> 
i‘b.tiro.ln.ln’ ylcld, .o.d-; per lllgqu., i-%llquo length,
’ rnécéc“iqugth.:.plantl holgﬁt._'-ocbnd#r; baéonss.-fcntl@ry
frac.n;-. and dayn to flower. Highest hotorotl;  vu1ue§ i.rc»

._tonnd tor'ﬁylold:_-od.gatply ﬁlgﬁ vgluon '.§i also found in

cqrta;n crciiog for nu-bor_;t ,1&fo§daty~.racig¢-,, tertiary -

gaconpq)i gdd. guconp“longth{,huf Qltliatgn worq in aoncr‘i
nl»lo;ﬂt;r 6thor charictori.tica‘ Slgnltléant_ﬁatﬁrn#l effects

‘;ofé' tound tor yiold, -lllquo length, prlnary brcncheug'ghd*
dé#s to tlovor. Tho hlgho-t 'hﬁrrbi“ sense horitahilltdoa
répoftod w.ro 63.4 p.rc.nt tor days to tlovor, 5854‘p.rc9nt

:tor plant holght. 23.8 p.rc.ntv for pri-ary bruncpos,  ;nd.-

19 1 porcent tor yicld.

‘Slnch' and slngh(1912) ltudiod thc lnh.rltanco ot vlold
'.anﬁ other agrononlc churactorn Ln B;»Jgngga Additive' g#d :

do-inanco sene ,ottoet-' were found :to-_h.,'lnpoétant>ior

' S

;prlnary and -ocondnry hvcnph.-. 'plant ﬁdlght,'_snd’.raco-e
lonzth ;n':fho"tvo' y.sr- of th.lr -tudy. ‘Days tq~110wq§j
fslllquo Ionath. -nd .oods p.r qlllquo aI-o oxhlbltod tﬁi-o

.11093- fﬁh »1968! but ln 1869 only an addltlvo gone o!tcct.ﬂ



vas ovidont;_tlild".- found to be . cpntrpllod mostly by

dominance - co-ponont-. Horltablllty i.tlnito-(broad sense)
were high for d.y. to tlov.r(B?S) and. plant holaht(SSi) and

lover for all othor charnqtor.(42-6ll{.

J"iubdrlbt..nd Ahiod(1973)‘x~&ao& ' tour strains of

‘Bae camm _ v-ro Tori. and studied number of -lllquo. per'

plant, hu-ﬁor ot l..dl p.r -illquo. nlllquo longth, 100 seed
'voljht.._ anq total seed yl.ld per plantn Thoy tound
-lgnltlcant hot.to.ll only tor nunb.r ot -eoda por -l}ique;

' buat blgh _broad -/-.na. horltabllitlet(68—88$7 (ior all

o

charact.rs. All' charactcr- it;dled,'shbvbd hlgh poeltlve_

'corcolction- only '1th ylold oxc.pt 100 acod volght.

Lao-ﬁvan(1869) -tudlod the nu-bcr ot dqys tro- soodlngi
to tlr-t bloo- and nu-bor of 1caves ln B; ngnng Hq found’

'vp-rtlal do-inanco tot ,.arly . flowering and donlnanco 1or

:qur 1oavc.. Bq dl.o.touﬁd IowAbroad- sense heritahillties

' ‘16r 'nu-b.r o loavo.(7-58$) n.and' hlﬁh  broad sense

hcrltahlliti.- 1or d.y- Yt°~ 11r-t. bloo-(65—78$).v Dayh to

-8

'itlr-t bloo-~ vnc Alndle.tod- to be controllod by two genea.’
.Nu-bor ot loavo. and dcy- to tlr-t bloo- had'a hlgh genotic

 ¢0::.1ut1qn. 'j f,‘ﬁj ‘ S

'!oncauchi ‘x ‘L.(IQGS) itudlcd- the .difference of

:_charqctor f'-unlto-tutlen ,lﬁ ' roclprocal ‘:crdaai-' ot

‘ng n.nnl(Tahlc l)a Althouah fhono‘(rgcult-' drd;>ba-od on

,»; i ‘

A‘5cro-n.l ot 'ld.iy dlttoring .onotypot. ib.'i;portqnce'ot‘the ‘



. TABLE 1.

Classitication of characters by the reaction norm

between cytoplasm and nucl-ar genes and tho trait of the

group.

The
firmst
(I)

The

second

aroup
(XD

Ixalt of groum
This group mainly

containag the vege—
tative characters
appearing before the

‘stage of flower-hud.

differentiation, and

“the manifestation of
‘thess characters

seems to be dependent
on the nuclear genes,
because they do not
show the reciprocal
difference in Fg -
hybrids and apptonch

. to -the churnctcr- of

tholr pollen parent
in the process of
r‘clprocal substi-
tutlon ot nuclous.

' Thi-,group includes

ttie 2loral characters
appcarlna from. the '
-tago of flower—bud
dlttor.ntlstlon to
that ot nJ

';t.rtillzatlon

The -unlt.-tatlon

of these characters .
sesems to be.dependent
on the interaction

. between. cytopla-

and nuclear genes,
because’ the matro-
cllny is tnnlrkahly
oh..rvcd in F; and

. mardly ‘changes in:

. -~ the process of reci-

-procal .ub-titutlon'

o! nucl.u-.;

Characters
In nursery bed.
Plant height,
. Number of leaves,
Length of leatf
_blade, Width of
leaty, Shape of
leaf, Colour of
1.‘1 ofc.
In field
length of stalk
" (LeSe )y. Diameter
. of astalk .(D.So )'
LeSe/DeS. Ratio,
Number of the first
order branches etc.

—

Floral characters
. Rugosity of petal,
S8ize of flower,
Length and Width
‘of petal, Bending
of style, Quantlty‘

~of pollen ¢raln-.

. Relative length of

- Pistil and stamerns ~
etce. i '



" Table 1l

Continued:

Classification of characters by the

roaction norm hetween cytoplasm and nuclear genes und the

trait of the group.

' af .
Kcoun  Sub-

Sln.;iiisnixnﬁj_ ' -

' Kroup Izalit of axaun

The
third
group
C(XIXIXI)Y
: a
[
b

Thie croup contains

the characters of

‘the fruilting and

the growth stages,
which are directly
affected by the
manitestation of the
-ccond aroupod char—
actor-. And/tho re—= .

‘ctp:ocal ditftferences

s

This group includes
the characters which

are intluenced by *
the manitestation
of the third(a)
group of characters
and the reciprocal -
differences are
db-crvoﬁ;

Frul ting characters

Grade of frult

set, Reblooming,
Number of siliquae
per inflorescence,
Percentage of fruit
set, Number of
seeds per silique,
Length of silique,’

-Welght of seeds

flower, luturlng
time otc.

In tleld~

Plant height, .
Length ot inflor—

esencey Number -~ .
of total branche.
‘tc. ~

>, ST
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cytoplasmic eftect 1s indicated by their worke

Allen gt 31-(1971) stydied the leaf area index, tétgl
pla;t vdrj '."h?, and pod dry veighte. Th‘y were able to
define tqug rol;tliiiy:dlntlnct Phases, according to the
p.tf.rn 'of.vdfi. i;lhht ptoﬁhetlonf They also found that
during tyo.pod-tllllng -;‘..’ it is likely that the _pods
rntho? than tgo leaves produce tﬁo n--i-ll.f.. rdqulrod for

their own growth and that ot'tho seeds they containede.

"Allen and Norgan( {972) studied thd]otto@t .ot nitrogen

on the growih of B, papus and found that nitrogen

appllc@tioh increased: plcntu_hoicht. number of _tlovorlp.'

hranche- p‘r plant, nuibor otvpﬁd. ponvﬁlant} and nn-bor of
.'lttdl por pod but av.ruce pod voight and av-rago -ood vclght
dld not chanao greatly. Yl.ld of seed and ylold ot oil were
1nc;.c-od glt@ou.h porc-ntcle olil #.cr,ach. )
Thurling(1974a) -tudlcd the effects ot -.odlng d.to- on
_tﬁq '-orphophycloloqical dotor-ln.nt- of ylold tor n;inggg.

no found - that ylola Ln both -p.clo- '.- attocted by 'eedlng

d.t.. Bg RARUS -xhlbltod a contlnuou- dccl;n. ot ylold iith
lator -codlng 'hllo thc B‘ g..g;.jx;- that yl.ldod best 'vds.'

‘thnt -codcd Bn tpp‘ -ocondl of three ‘se.dln( dates. For.

-34 n‘nn. totcl plant dry vclght 'n- -o-t hlahly Vcorrclatcd

¥

'1th plnnt ylold. but tor B; g;.ng.jgi. h.rvo-t lndox (ba-od

on thc rntlo ot the -oan- of -o.d ylold and total dry vciaht.

 tqr tcn plant- .t tlncl harv.-t) was -o.t hlghly corrolnted‘

11



with yield followed by total plant dry welghte.

'

Friend and Helson( 1866) r;port.d on the isolation of a
straln of B, gg.ngljxll'th-t required exposure to only one
photoperiod ;lth ten hours illumination in order for floral
}inltfgtlon' to occur. A’vogrly’c- three qay- after seeding,
o;p&tut. f§ one long dnytro-ultod in inductlén of flower

Sud. ln. over Bo_porc.ht of the plants. They also roﬁortod
that undor'cqht;nuou- lllunlnntlbn flowering sud- would be
.'d119d.v010§.d in -.#.n d‘y-v.nd.thnt the tlnaiﬂloct number
 -;-‘u-u-1ly four dn;or fh--o-condlflons.

: . _ 3

"It can be concluded from theilr work that both the

duration . of growth  stages and the yield component

rolatidnshlpﬂ are hroatly influenced by the environment.

12



MATERIALS AND NETHODS

Unlicenaed commercial lots of Argontinp rape were the
initial source of -6-‘ “of’ the ﬁx.;.lg‘ n‘gn.‘vgrlotlo;
currently varan in C@nndu- Vhite(1974) 1llustrated the
development ot_Atg.htlno rape varieties ;- in Figure 1.

(oI

FIGURE 1. Development of B, napus verieties in

Canada
N 3

In the illustration below the varieties grown
in Canada. are listed in chronological order under
the locaticn of the. institution at which the
varieties were developed. A single arrow leading
from one variety- to another indicates that the
latter was derived from the tor-dtvby .oloé&lon.
for example, Tanka was derived from Gclden by

. selection. Two or more arrows leading to a variety

N indicate ' that the variety was selected from the

. ~ progeny or crosses involving the parents indicated

for example, Oro was derived froms progeny of
.crosses between Nugget and a selection from Lihoe.

The selection from Liho was used as a source of
-low erucic acid content in the seed oll. o

University ot uinltpbs‘ : FCQnadc agriculture research
"Winnipeg o ’ ‘ , station
o : : Saskatoon
Argentine , 1843

1964

1961

T.nﬁc 19§3 from Liho .
Tuqﬁot 1866 '
. K : , 1968
From White(1874).

,"

In 1970 the B, jgﬁnjrcult1§aé.‘0ro. Target, and'Nu‘gctu

; '§ro .oit#pollinitnd i§d~rociprq¢sli$v‘cro-héﬁotl}nutedf In .

13



1871, the progeny were grown out and self-pollinated.

Crosses and recliprocdl crosses were again performed among

the parental lin.-. thus providing parental, Fq,and Fz meed

produced in the same year.

On May 14; 1§74, this seed was pl.it.d at Parkland

Farm, Edmonton Remearch Station, University of Alberta,

~

plots 4

BEdmonton, as long and 36

single row metres

cen timetres apart. Ob--rv.t}on Plots were separated by two

guard rows of the cul tivar Target. One hundred and . fifty
seeds per row were plontqd. Two rows of each parent

populatioan, two rows of each Fy population and four rows of

onch‘?g population were planted.

_ Observations " on single plants were made. The number of

plants included in Vtﬁo analysis varied with the

'pobul;t;on(rtbyc 2).

" TABLE 2. Number of cbservations tqclbded in thc‘analysls

Ropulation n
109-128

Papulation = a Bopulatiapn a

94-117 Oro o

Nugget Target 82-988
(NXT)F, 87-108 (NXO)F,; - §9-124 (OXT)F, 88-99
CTXN)F, 106~-111 (QXN)F,; 38-48 ( TXO)F, 32-41
(NXT)F, 185-210 (NXO)F, 143-170 (OXT)F, 1S2-204
(TXN)IF, ‘204-262 (OXN)Fy 199-239\ (TXO)F, 125-158

[y

N=Nugget, OSOro{ﬂTﬂtargot, n=number of plants included
. P : .

Bach plant was

ocbserved every day from emergence until

3

ngi _161;»1974£ Subsequently ob-origtloh- were made on
‘alternate days until maturity. At which time the whole

plants were pulled h&vrhcn&.

The whole plants, .including

14



roots, were lndlvldu.!ly bagged, dried, and an.lyxod)lor

Yield characters. A\

At Parkland Farm, the 1674 &rowing meamson had only 04
froast free days, from May 28th until September Istat. Dry

conditions prevailed uyntil the middle of June followed by

about a -6nth of high moisture condi tionm.

. For th§ description of the growth stages, a
modification ot the. key proposed by Harper and
Berkenkamp( 1875) was u.o#(fnbl. 3)e In this study a "stage"
rof.r-.to the number of days from seeding to that stage and

a "period" refers to the duration ot time between two

stages.

The urowth>-tago key of Harper and ‘Berkenkamp Uuses
<-oqu.nt1;1 numbering. Thl-(AI- logical when only the main
stem and main r-co-o are do-crlhod as in their key. However
in the appllc.tlon of this key to the 1atcra1 branches it

should be noted that the stagés are divergent and

overlapping in character. For example, in this study four

-

hcriéd- wh;ch begin at the firat flower M(4.10) are studied:
!lr-t'tlovoi M to tlr-tvtlovor N4.10-4.13), first flower N
‘ﬁ.go lc;t tlr-f tlovor(4 10-4.5), first flower M to end
tlowor(4.10—5 0). and tirst tlo'tr N to. ;;turity(4.10—5.4).

Tho-o periods a%o ovorlapplng and describe different aspoctl

‘o2 the 1Io'orln¢ poriod. Alto, the rate of dovolop-ent_lq

these various periods can be -oh‘urod. For example the

16



TABLE 3, Grow th

16

stage key and stage names

Stass
2.1

4.0

4.13
4.14
4.15
4. 16
4.5

5.0

Se4

Name
lear 1

lear J

leat 5

lear 7

leatr 9
inlitiation ot
alongation

end elongation

firat flower N

first flowver 1
firat flower 2
firat tlower 3
firat flower 4
first flower §
first flower 6

last first
flower

end flower

-aturlty‘

Ramgcrciption

the number of days from
aeeding to the emergence
of the first true leaft
the number of days from
seeding to the emergence
of the third true leaft
etCe.

the number of days from
seeding to initiation of
internode elongation

the number of days from
seeding to Initiation of
elongation ot the upper-
most Internocde on the
main stem

first flower on main stem
firset flower on the firmt
secondary raceme
first flower on the second
secondary raceme
etce.

firat flower on the lagt
secondary raceme to
flower

incipient petal fall of
the last flower on the
main raceme !

seeds in the lowest pod of
the main raceme all
dark colored




¢

o ©

approprlate -easure qt _thg"rate ;t de§elo§nedt for tlr;t
tlower N to rlrst tlover 3(4.10-4. 13) and firast flower M to
last(y first tlo'er(4 10-4.5) would be 1lover1ng rate of the
racenes while th. appropriatc rate of development 1or the

period tlrst tlo'er N to ond flower(d 10-5 0) 'ould be the

flowering rate on the nain raceme.

c o8,

Observatlons‘on the stages listed in Table 3 were

taken; also recorded were:

:1) " the total number of leaves and leaf scars on the

main stenipumher of leaves)
-2) the number of secondary facemes

3). the number ot’tétiiagy racemes

. 4) the number of pods. on tHe main raceme(number of.

©

pods) - ] . _ ¢

* 5) 1000 smeed welght
6) total plant wiidht

7) seed yield ) ‘ ‘ _ “‘ -

Vegetative yield was calculated as the . difference

between the total plaht weight and seed yleld.(ﬁqrvest index

was calculated as the ratio of seed yield to total plant

'eight.' Leut i-erﬁonco rat@\wan bstlnatod-as'the regresalon'

‘of the leaf nunher on the nu-ber of days tro- seedlng to the

energ,nce ot that leat. Sl-llarly the 1lover1ng rate 6f the

racemes was calculated asffthe 'regresslon of the raceme

KeA

number on the numsber of days to first flower of that raceme.
: ., : . g4 .

The flowering rate on the main raceme was calculated as the

17



ratio of the number of pods on the main raceme to the

&

duration otl the - period first flower M 'tq ”?dnd

flower(4.10-5.0).

.
! Lo

Analysis of 'vaiianco, was dobo_ior:each vargabie‘aé a

léoﬁplefelyc.randon;zéq &calgn'_vlth' pnequal' reﬁllcatiod.
Single ptants‘_'ere lfreatdd 'as nopﬂl@ateg}-Thd di:ierencé
'between the’ means of the populafiéns were ﬁested‘ by }egsf
signlfiéaht. difference. slgn;ticsﬁce of thivdltte;eﬁce‘of
the Fg4 popul&tioﬁ -eghs-trﬁ- the ildfpércnf. v&lu;kMP) was

tested by the 95 percent confidence interval of the meen of

the respective F; populations.

°

. « .

The simple correlations between the characters observed

were calculated. Partial corrélatlons of these éharkcters

with 'seed vield holding vegetative yield cdnstant wefe:

éalculated as lndlégted by Steel and Torrie( 1960 ):

A & ri12 T Ti3rea
' rizz = -- - -
(1 - rq31 —- r;32)

where: rjz3 is=s tpe'parflal correlation of seed ayield_ with
the trait holding vegetative yield constant

o

T2 is the.si-plq cqrrelat{on of seed yield with the trait

£13 fg'the”slnplo corrqlatlbn of seed ylel&'with vegetative
yvield ' : ’ ’ i

E=d - . s

r23 is the simple correlation of vegetative yield 'with the
trait concerned. ) ‘ o : E

Broad sense heritability estimates(h) were calculated

by tgo}hefhods:



1) Burton(1851)° E
o S . VFz ~ VF,

.

VF 2

2) Mahmud And xrancr(ISSI)

VP2 .— (VPyeVP3)0e5

h = - -—

VF,

VFg 2 VF2y VPy, VP, . are the »variances " of the
"populations: Fy, P, P;, and Pze :

S
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RESULTS AND DISCUSSION

GROWTH ANALYSIS OF THE CULTIVARS
Comparison of msans aseng iRe snlixxnxn
: ' . 4 - .
Oro was earliest and Iarzot latost anong the cultivars

~

.tor the htago-.tron lect 1(2-1) ifo -loat 9(2.9)(F1¢ure 2y
‘Tablo 4). However tor lout 1(2-1) Oro was only signltlcantly
earller  ‘;han Taraet.- Por _ihe ”:atagee _leaft 3(2.3),
leaf 5(2.5), leat 7(2. +7),  and '.1ea:~9(2.9); Oro .  -55'
, ;1¢hlt;caﬁtly - earlier than both Nuggot and Target. Target
;wpa félﬁ;;ficaﬁfly latqgl/fhan ,Nugget" 1or‘ the ,»staggs

leaf 1(2.1), leat 3(2.3), andw}eg:;vcz;V). o C
' ;

%

- There was . ndi’signltic‘hti difference in the days to
initiation of elongation(3.0) between the <ultivars.
»fafgot was é;rliest and'Oro'lntest.tor'ali the stages

¢
o

1rom end étj dlbn;atldn(d d) _to naturity(s 4). Taraet vas;
algnltlcantly .atllor than hoth Nugget and Oro for all ;ot
>these stases .oxcopt tirst tlover 5(4.15) and Lirat tlo'erv
6(4 16) tor Nuaa.t. Oro was signlticantly later than both
‘&Nugaet and Taznet‘.tor 311 _Ot .these staaes except tiratx

”:tlover 1C4, 11), and end tlo'or( S5.0).
’ -

Bo? the: ﬁorloda leat .1, to i tn;flationvr #t
elongatlon(2.1~ 3 0)g~ lnitlatlon of Qlongati;n foj tirétjl
© flower M(3. 0-4.10)|‘ tir-t "flower u., tpﬂ . lasfa“~tirs;
-tlower(4o10—4 5), tirst "tlo'or M to .nd tlovor(4 10—5-0),

' and 1irut 1lovor l to -aturlty(4.10‘5.4). -Nugaet was only’

. 20 .
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 TABLE 4. Populdtloq means of—tho grovth,churaqtor- for the
N : cultlvnr-='uu¢.it. Oro. and Target .

«

ﬁ ‘ ""n‘ Dava from nnanjnn o
Stage Nugget 2!  Qro 2 Tarset a

2.1 18.7a% 117 18.6a.. 128 19.0b 99

2.3 . 24.9p 116 24.0a 128 25.S5c 99

2.5 " 30.4p 116 29.1a 120 30.6b 99

2.7 ' 385.3b 117 33.8a 128 35.7c - 99

2.9 . 37.8b 44 37.0a = 6 38.0n 78

3«0~ 35.0a . 116 35.0a 128 35.0e 99

) 4.0. S$2«2b 116 S53.3¢c 128 48.4a - 99

- 410 54.8p 116 8§5.5¢ 128 S0.2a -~. 99
4.11 S8.4b 115 §9.06 126  54.2a 98

C 4612 58.8p 111 60.7c 124 SS5.8a 98

4.13 61.5b 102 62.5¢ 120 S57.7a o8

4.14 " 62.6» B1 '63.8¢c 102 S589.8a 88

_4.15 63.9a ‘51  65.6b 77 62.8a SO

4.16  64.1a 17 66.4b 27 63.7a 16

4.5 ' 63.8b 92 65.9c 102 62.8a 718

., -+ S50 74.3b 92 74.6bp 102  70.7a 78

Se4 "'11561b' 92-116;0c 102 112.6a = 78

T mumax‘nnm'um .
Period = Nugaat . Qre n Iarget §Y

3 ¢ |

. (2.1-3.0) 16.5p 117 16.4p 128 16.0a 99
' (3.0-4.1)  20.0p 116 20.0b 128 15.0a 99

(4.1~5.0) 18.6a 92° 198.4a 102 20.7b - 78
(4.1-5.4) 60.1a . 92 60.5a 102 62.S5b 78

- - Rates of devalobDment
Rate? Nuggeat o QOre - 0 Iarget o
- 'LER = «36b 116 .40c 126 = .35a 99

. PLR. +45b° 92  .44c 102 «35a 78

FR = - 2.55c .92 2.34b 1103 °-1.85a .78

ln 1is number of oh-orvatlon- uaed tor each populatlon in the
analysis of variance

3populatlon -‘cn- for Qach vsrlnblo .followed hy 'the vsa-o'

letter  are’ not tlgnitlcuntly ditt.ront at the 5% level
(Ien-t -lgniilcnnt di £ference) ‘ '
3LER :leat o-or.onco rate, leaaves per day
PLR 'tlové%inc tat.«ot th. racemes, racemes per day
: PR ‘tlow.rtng r-tc on. tho -aln raco-o' 1lovers per day

3



aiéult;cantly shorter than Oro tqr the perliod !lr-t'tlowor M

to last first flower(4.10-4.5). Cé-parpd—to Nugget and Oro;

Target had significantly shorter pqri@di lea 1 to.

initiation of elongation(2.1-3.Q) and lnltlﬁilon of

¢

elongation to fLirst tlowor-ﬂ(3;0—4.10) and ,-Lgnitléantly‘

-

-lohgor porloa- leaf 1 to‘lhltlntion ot elbngntlon(Q.l-S.O)
and lnltlatlon ot alonaatlon to tir-t tlowor M. to last 11rat

flower( 4.1 0-4-5). 11rat‘tlowor I to end . tlowor(4.10—5.0).

and first flower M fo‘-qfuflty(4.10—5.4) .

Leaf e-or¢§nCO rate(LER); ilqwerlng' rate of the

racemes(FLR), and flowering rate on the main facenﬁ(?R) were

‘all -13n111cdnt1y3dlftoront for oacﬁ of the threo cultivarse.

'Targét'Apad the loveat valuos7 of Jall- three ' rates’ ot

devbiop-qnt. 'Oro had the highest values of LBR and FLR. and

Nugget the highest FR.

N

Two ot thé -din»obJoctIVds of vesfébn Cdnadlan rapegoed

breadlng progra--, oarly first tlover M and- hlgh yield can

'oxplain no-q ot the obsorvad cultlvnr ditterencea. Selectldn j

for cariy ,-aturity-hd- Iargely been done throqgh aiiectidn

' £0§Aégrly-tié-t_fléiﬁt_I._thii;hai usually been fallowed Sy-

As.l‘éfioq i@r,hlnh yield.
Target oxhlhitod -o-o traits that would tend to nako it
a lato varLoty. !draqt -g.-lqt-at~tor the staaca from leazt .1

&}
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to~ loat [: 3 nn& had tﬁo lonﬂcut p.rlodt tlrst flower N to
first flower J, Ilr-t tlovcr l to Ia-t first IIOv.r. t;r-t
.tlowor M to‘ .na‘ thy.r.‘ and .tlr-t tlovqr y“tq'i;turltyo
Tar‘et also had "fhﬁvpi;voit'fldét 'cu‘radncgi rqto; prcgg

the main racene. The major factor leading to early maturity

in Target was the time to tlr-t flower M. Target was .

" earliemt for firat flower M'and earliest for all subsequent

8

astages. -

_Thd obaorved 1ncroased Iongth of the tlovorlng pcrlods

tor Tarcot -ay hnvo boen nece-sary in ordor to -nintaln high

ylcld =;whllo. nolccting for early tlrat " flower H.r.

3

Alter-ativoty. the 1ncroalcd Iongth of the !lov.rlng periods

ﬂ-.y be duo to_ a --allcr to-ponse ot the lat.r -tage. to

uoloctlon tor Carllnoss than the rcsponsc ot tirat tlower N

when tho coloctlon cr;ﬁ.ria is oarllno-- ot tlrst tlo-er I.

It appears .th.t an early -cturing lcultivhrjuny be

o

ﬁroduc.d by co-hlnlng th. .‘rllness ot 11rst 'tloief l-‘vith
3 .

carllno-- _,oi_ﬁth -tugcs 1ro- 1-:1 1 jtd'iléaf 9;  with

!

N,-hortnos- of tlr-t tlo'or M to' tlrat tloier '3(4.10-4.13),

 11rlt B tlovor H to"lalt 'tirst flover(4 10—4.5). tlrﬁt '

a .

tlowor I to Qnd tlo'.r(4¢10-5o0), vifh hlgh leat emergence.

rate, Qigh tlov‘tlng rato ot tho rnce-o-. and high tlowerlng

:rct. on thg -ain tac.-..'

-

flowering Araf. of the r@ci-.-,'und lowest flowering rate_oh‘
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develogment " |

In the consideration of the characters to be included.
in the analysis of the relationehips among the growth

characters llt'via- 'necés-ary to avoid éodundancy while -

~1nciud1ng sufficlient characters to adoquatcly describe the

gro'th pattern and yi.ld charcctorl.tlc..

‘All thb -1¢nltlcant corrolntlon- Lanohg the  growth

-tage- loat 1(2 1). loat M2 7), tlrst tlowor l(4 10), rlrsti

Atlo'ar 3(4 13), last 11rst tlover(4.5), end Ilo'or(S.O), and
'-aturlty(s 4) yoro . posmitive(Table 5). Lgstw1(2.1) was

significantly coprelnfid idrf all three cultivars with

1091,7(2.7), first flower N(4.10), and first flower S(4.13)-:

1

Significant ‘correlatloné were also found for lear-liﬁ.ll"

i

'vifh‘laat 1ﬁgsf-tloi0t(4.5) tdr Ofo, with end tlowor(s 0)

P

”tor Nuagot, and with -aturity(s 4) for Nuaset and Targot.

Cwn °

.Leag:7(2-7j' had signltlcant corrolatlons for all three

cultiinrn iith'all -1x of tho other ¢rowth stages except for

tho cowrolatlon ct leat 7(2 7) wlth end 'tlover(s O) which'\

5

'_vas only oigniticnnt for Nugaot and Taraot.

. Both tlr-t tlo-or l(4 10) and tlrat tlovor 3(4 '13) were
-ignltlcantly ‘corr.lat.d q;th all of tbe qthér six growth

-taae- tor 111 thr.. cuttlvar-. f , ’ ' t

’ﬁgat 21§-t_tlpior(4.5)vipi'llzhltlpnntly correlated for

285
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all three cultivears with all six of the other growth stages
except leaf 1(2.1) which had a ulgnltlc‘nt correlation only

for Oroe.

" End  flower(§5.0) 'n-' -Ignitlcqntly. correlated with
leaf 1(2.1) for Nugget, leaf 7(2.7) for Nugget and Target

an& for all‘throo cul tivars with the ptﬁcr toﬁr stages.

Naturity(S.4) was olshltlcnntly 'cofr.lat.d. for all
three cultivars with all six of the other stages except with
leaf 1(2.1) for Oro.

o s ;. o . J?

All  the ‘'significant corrolatlbns‘ of leat emergence

rate(LER) with the growth stages were negative except  for

the slgnlficant pbsltive correlations of - LER with

14

leaf 1( 2.1) for Tdrgot Band with first flower M(4.10) for

'Nggdef. For Nﬁa.gt, sigﬂlilcunt correlations were found for

LER with 1@&1'7(247), first flower N(4.10), first flower

‘3(4o13),.1qst tirst flower(4.5), ahd'-aturity(5.4). For Oro,

significant correlations ' were found between LER and

_loaf M 2e7)y Lirst flower N(J.IO), and_ first flower 3(4-13). -

For‘Taraqt, significant corrbtatiohq were found for LER with

leaf 1(2.1), leaf 7(2.7), and maturity( S.4).

.. . Flowering rate of the racemes(FLR) had significant

3(4.13) for Nugget, with leaf 1(2.1), leaf 7(2.7), first

tlpvdr{3(4.13),‘§§d’1¢ht'11rnt flower(4.5) for Oro, and with

leaf 7(2.7) and last firat flower(4.5) for Target.

negative corr.ldtion- vﬂth‘ leaf 7(2.7) and first 1Io'gr'

27



P e

i

the main rnc.-o(FR) with the growth stages "voto negative
except for that with tlr-tAiIQUQr M(4.10) for Oro. Flovcr;ng
rate on lthh main raceme was ;lanltlcantly correlated with
the ¢ro'fh itn.c. leat 7(2.7) and maturity(S§.4) to; Nugget,
with ilrat flower M(4.10) and end flower(S5.0) for Oro and

leat 7(2;7). end flower(5.0), and maturity(S.4) for Taiaet.

All the -1gnltlcnnt:corrclntione among the three rates
ot d.v.ldj-entl ‘or§ po-itivo. For Nugget there .-er§
ulgnitlcnnt_:corrolntlons among | all three - .rates ‘or
development. ‘for'_Oro the algnlficanf corfelutlons Qerd t#r
LER with FLR and FLR with PR. For Target the only

nignitlcant corvolutlon was betveon LER and FR.

A

cnxxnlniinnn hnxlasn &cowth ainxaa and arowth periods

<

Leaf 1(2.1) ‘was ’slgnltlcantly nenatively correlated

- with the perlods lear 1 to leat 7(2.1-2.7) Iér Nugget and

©

Taraoty leatr 1 to'last firat tlb'qr(2-1-4.5) for Nugget and.

leaf 1 to end flower(2.1-5.0) for Target, and positively

.correlatdd with leaf it +to first tlover M(2 144.10) and

’ Icat l to tirst ilovor 3(2-1—4.13) for Oro(Table 6). All the
algnitlc.nt corrclatlon. botween the stnggs suhqequent to
Ieat 1(2.1) and'-poriod. beginning at leet 1(2+.1) were

~poslt1ve. Bigh vnluoa were found for all three cultivars tor

the correl.tlon bctwoen the reupecti?e end point stage 'and

\

All the waignificant correlations of flowering rate on

28
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A
the p;tiodsJ lLeaf 1  £9 firat flower H(2;1-4-1031’1ea1 1 to
tirst . flower 3(2.1-4.13), leat 1 to  laat first
‘tlowér(2o1—4-5), leaf 1 ‘to end flower(2.1-5.0), and leaf 1
-to“naturlty(2.1¥5.4); These correl;{lons rahaed“tron 0.92 to
0.98. Ho'ever the correlation of lout 7(2 7! vlth the period

"‘leaf 1 to leaf 7(2 1-2.7) ranged only from 0.62 to 0. 71.

For the periods beginning at "leat‘7(2.7),' leaf 7(2.7)
was sighiiicantly_’ﬁnd negpttv;f; correyated the period
teat 7 toalagt first flower(2.7-4.5) for Nugget and leaf 7

to end flower(2.7-5.0) for Nuﬁget and Oroe. Significant

positive correlations iere found between leaf 7(2.7) and.

leat 7” to first Ilo'er 3(2.7-4 13). for Oro, ‘and leaf 7 to

-aturity(Z 7 Se 4) for Target.

o

High sfhnltica;t values 'e;; todﬁd‘ for all three
ucgliivars‘ #or the correiatlons hetween;the';éspectlve'end
point gtag;s and the periods 1leaft 7 +to Iirst tld;qr
x(2.7-1.103{ leat 7 to first rlowerf%(z 7-4.13), leat 7 to
last ilfst fiower(2.7—4.5), leat 7 to'legd flower(2.7-5.0),
and'uleat 7 to maturity(2 7—5 4). These correlationa ranged

from 0.84 to C.85.

. The signiticant corralatigPs of ‘first flower MNM(4.10)
"with the periods beginning with first flower ¥(4.10) were
§11\negat1vé. Slgﬁlticant~corrolatlong were found with ‘tﬁe

peblodg firat flower M to last first flower(4.10-4.5) for

Nugget and Oré. first flower N to end flower(4.10-5.0) for

31



all  three - cultivars, and tirst ilowerﬁl; to
maturltx(4.10f5g4) for Oro.

Thd‘corfelﬁtiona“ot the rehpective end. poin; stageﬁ

with the perliods first®  flower M to firat flower

3(4.10-4.13), first flower N to last fi¥at flower(4<10-4.5),

tirst flower M to end floweg(4.10-5.0), and first tiover N .

to nat@rlty64.10—5.4) were all significant but most were not

highe They ranged from 0.31 to O.EO.

-

: -

_perlods beglnning at leuf 1( 2. 1) were ull neaatlve(Table 6).

Slgnlticant, correlations were found tor all three cultlvars

tor LER with the periods laaf 1 to lear 7(2.1-2-7)' lear 1

.to .tlrst thwor M(2p1-4010)1 and . leaf 1 to’ tlrat tlover

3(2.1-4pi3)o Signiticant correlatLons were -also tound t&rf

LER .vlth leat 1 ‘to last tlrst flover(Z 1-4. 5) for Nugget.
Ieat 1 to end flower(2 1 5.0) for Taraet, ‘and 10;1'1' to

-aturlty(2.1~ «4) for Nugaet and Targete. The correlatlons of

LER. 'lth leaft l to lnaf 7(2.1—2-7) were high, rqngingltro-

-0.87 to —0.93.

Thc.kto' significant  correlations of LER '-lfh the

: pgrié@a beginning at leaf 7(2.7) vefe'poslt1§§ and included

leatr 7 to last firat tlb'er(2.7f495)‘£or Oro; @nd leat 7 ;fo

The corrclations of leaf eme rgence - rafé(LER) vlth.
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end tloqer(2.7°5-0) t%r‘Nugait.

The significant negative corfelatlona'ot‘LBR_vith the
periods bedlnninﬁ at flrs%A’ilover. !(4 10) were 'with..thé
periods 11rst ilo'or M to !lr-t flover 3(4.10- .13) for Oro

and with tlrst flowor M to. -aturlty(4 10—5 4) tor Nugget ahd

Target. The oply signltlcant posltlve correlatlona with LER

were with~tirst<tlover M to last tlratrtlower(4.10-4.5)r and
. B - o . . . +

first tloier'!'to .n& flower(4.10-5.0) torv?pgget;

‘The slgnitlcant nogatlve corrolatlons of the tlovering

rate of the racemes with Atheﬂ periods .beginning at

-'1932’1(2.1) ieré iith leaft 1 tocleaft 7(2,1-2.7)'10r Oro, and

“with leaf 1 to last first Ilovér(2-154.5),tor Target. The
\ . . ] : : _ -

_slgnlticant posltlie,cqrrelationé were for FLR witﬁ leaf 1
’toA‘tlrst“ tlovcr‘ H(2.1-4.10)"tor Targqt} leart li'to end
tlo'or(z.l S. 0)4vvt9r - Oroy . and with leat 1 to

-aturlty(2.1-5c4) for Taéget."_ ) , ,v : ,

Tﬁe slgnlilcant positlve corrolationa of FLR '1th the

. 2.
 pcriods beglnnlng dtt 1oat 7(2.7) were with the perlods

leat 7 to’ tirat tloverul(2 7-4.10) tor Oro and Taraet, with
leat 7 to cnd tlo'er(2.7-5 0) tor Oro, and with leaf 7 td;'

-aturlty(2 7—5.4) for Tgrgot. The ‘aiguitic@nt negatlvev

cdrrglations tory ELR. were with Lleaf 7 +to first flower
- 3(2e7=4.13) for Npgaet, tghh 15;1 7 to ,lasf' first

- flower(2.7-4.5) for Iargég.

Signltlcant"corielationsv'for .?LR with the periods
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bdglnnlng at =11rst'tloior ﬁ(4.1Q) were all negative. These

-wire_the“correlatlons of FLR with first <flower N to tlrﬁt

flower 53(4.10—4.13) for all three vcuitlvars{ with first -

flowver l'to last first tlo-er(‘ 10—4.5) tor Ooro and Targot,

and wlth tlrat flower M to. cnd flower( 4.,10~-5.0) for Target.‘

The correlations_ot FLR with first flower N to first flower
3(4.10-4.13) were relaflvelyvlarge and ranged from —0.55 to

-0.73.

The slgnlticant negative corrolatlons of the tloierlng
ratd .oé tﬂe maln raco-o(FR) 'ith tho perlods beglnning at
. leaft 1(2+1) were for FR with leat 1 to leat 7(2 1-2.7) for

Nudget and~Taraef. legt i to end tlovet(2.if5.0),tor Oro.and

o Target. with Ieat I‘Ité( -5tur1ty(2.1~5-4) for Taraef. The -

only algnlticani poaitlve corrolgtlon was ﬁafvoen FR fand'

leat 1 to first 1lover H(2 1—4 10) for Oro.

The "slgnliicant correla'tlons for PR‘&: the pelr-loda'

’heglnning at Ieat 7(2 7) wcre n‘gatlvo 1or 'with 10@1 7 to

34

end tlovar(2-7~5 0) for Oro and angot. .and positlve “with

leat 7 to tlrat tlower l(2 71-4.10) 1or Oroy and with leaft 7

" to laet 11rst 1lover(2.7—4.5) for Nusget.

: All the signl!lcaut corrolatlons ot FR vlth the periods
RS

beginning at vtlr-t tlowor l(4.10) were. negatlvo. The
 &1¢n1t1chnt cérr.ldtlona - were botwoen . FR and the periods -

C firet tlovar | to 11rst -tlo'or 3(4.10-4 13) tor" Oio and .

Tarzet, 11r-t tlpwor l to 1ast tlr-t 1lowor(4.10—4-5) for



Oro, first flower l to end 'tlowor(4.10—5;0) tor "Oro: and
Target, and with tlr-t tlo'ot M to naturity(4 10-5.4) ftor

Nugget and Oro.

‘A few -aJor porlods woro solected in order to study the

relatlonships a-oug tho grovth pelods(Tahle 7). These

included - the periods leat 1 to leaft 7(2 1-2«7), leat 1 to .

firsat = flower M(2.1-4.10), lcuf 7 t@‘ first tlo'eri

I(2;7—4.10), first tldiorJl to tlrat tlover 3(4.10-4.13),

firgat flower M .tdgjlaét tirqt _jllo'er(4.1064.5), first

;tibw_er M: to  end flower(4.10-5.0), and first t"lo,"er"_‘x_ to

N

,naturity(4.1075-4).v

‘The slgnitlcant correlatlons of the period 16;1 1 fo

»10&1 7(2 1-2.7) '1th the other perioda were all positive

/7

except for the correlation with vtlr:t' t1oveb M to end

1loiqr(4.10;5.0)_‘ for -Nugaetﬁ‘_Tho slgnlticant poilttve

correlations 'oéo wlth"le#t 1 to first tlowor NC 2. 1—4-10).
for all three. cultlvara, with tlrst flower M to- Lirst tlower"

3(4.10—4.13) for Oro and Tarxrge t, vith 11rqt flower M to end

R

flower(4.10-5.0) toh,Nugdot,‘ and_'ilfh ‘first flower M to
{-aturity(4510—5.4)‘toi'Tatgot.

.

_ Leaf 1 to “first tlbior~ u(2.;~4;10) had signl!lcant]
p_altlve corrolution- 'lth lect 1 vto' lont 7(2 1-2.7) and

- tear 7 ‘tq ‘t;rpt tlovor M(2. 7-4.10) . for 'all three -

3s



 fcutt1varu._Si¢n1£1c§nf noa.tlve corr‘latlon- were found for
loat 1 to tl?-t tlowor l(2.1—4.10) with tlr-t tlo'er l to
firat flower 3(4.10-4 13) for Oro. Pirst glovor'l' to 1last
,xlrif tlownr(4.10-4.5).tor Nugget and Oro, firat flower N to
end. tlov;r(A.IO—SQO) fnr  all' fhroo-“cuitlv‘r-, andltler

flower l}fd -aturitn(4p10~5f4) for Oro.

- AlL the algnltlcant corr.latlon- of leaf 7- to first

flower . l(2.7—4 10)."1th othpr_perlods were negative except
- for the high 96.Ltlvo correlations with ‘leaf 1 to first

“~flower u(2.1-4;id). Slgnlxlcant:correldt;oni were found with

'>tirsf "tlov.r.i" to end - tlower(4.10—5 0) for All throei

cultlvar-,qvith tlrst tlo'or M to tirst tlowcr 3(4. 10—4.13)

i‘tor. Oro. wlth tlrnt tlowcr N to last tlrat 110-0:(4 10-4.5)
for Nuggot _anq' Oro, and ‘ with tlrst 'tlovor M to

nqturlty(4.10~5 4) tor Oro and Taraot.

" The slgnltlcant po.ltivc cbrrelatlons of otbor perioda

.vith first ilowor l to flrst tlover 3(4.10-4 13) ;'ere with.

» Ioat 1 to loat 7(2.1-2-7) tor Oro and Taraet, and with tlrst

tlovor_l -to la-t 11rst tlo'er(4 10-4.5) tor Nugget and Oro. .
The sianlticsnt noautlvo corrotationa were vlth leat 1 to

'tlr.t 1lovot I(2.1-4 10) for Oro and 1041 7 to tlrst tlo'er

3(2-7—4-10) tor Oro.‘.

Tho sl.nltlcpnt negatlve corr.latlons ot - thé -periods
-ith tir-t tlo'.t l to laat ilrnt tlo-er(4.10-4-5) were with/

1oa£ l .to' tlr-t_‘tto'nrt l(2.1—§.10) and ‘lod£'7 to tlrst

o .
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//,

tiov.f l(2.7-4.10) for .Nuagof and 0ro.> Ibo significant

positive correlations were with first flower M to first

”tloior:3(4.10~4013)‘tot Nugget and Oro, with first flower N

'to‘iend 'tlovor(4-10-5 O) tof‘cll throc cuttlvnr-. and with

first flower M to -aturlty(4.10—5.4) for Oroe

A

The -1¢nlticaht'poslt1v"cdrrelatlon-'ot first flower M

to nnd 110-.r(4.1o—s 0) vcro with 11rst flower M to last’

21rgt tlovor(4.10-4.5) for atl three cultivars, and with

fib-f> ttovdr l.-to__-afuttty(4f10-5§;) for Nugget} . The
signlticnnt n.gdflv. coifolﬂtldna worélwlth Iéqf 1 t&flidt
v7(2 1—2 7) for Nugnet. ;n¢ —iltﬁ‘ 1031‘1: tp ‘LAirat floyor
M(2.1-4.10) ‘and. leaf 7 to @1{.1: flower M(2.7-4.10) for all

throefcultivars. 

.Tho'slgnltic&hi ﬁosltlve correlat16§s of firast flower M
to -aturity(4 10-5 4) wlth the porlods were vlth 1§atrlilto
leat 7( 2. 1-2 7) for Taraot,- with first flower M to last
: tlr.t tlovor(4.10—4.5) tor Oro, and with tlrat thwer M to
end 110'09(4. 0-5.0) idr. Nuggct. Thof-ignltchﬁt negative

';Qorrolatlonn wor. wlth loat 1 to tirsf flower M(2. 1—4.10)

. , .
for. Oro, and '1th Ioat 7 to. 11r-t tlower H(Z 7—4.10) tor Oro

aad Tarc.t.

. . . D
Y
i’,'.
' ’

”[Thé corrolutlons -tudicd voro for vlthin cultlvur data

'_und are llkoly to bo lcrcoly ‘due to  env1ron-énta1 ctt.qt--

Y

o
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However this does not preclude the possibility that some of

the effécts within cultivars is also due to _gonotlé

‘variabilitye.,

Thqr.‘ is’ a general lack of itrong correlations among
th.-gro'th'churactcrs.~A-on¢ ail the ~éorrclatlon. ot the

grovth stages and rates of dovolop-ent only the correlation

A ‘

of tlr-t tlover M wlth first tlowor 3 . was hlzh. Thus - the

grpwth charactog-“-ea-urod woro(lar;ely inﬁopohdcntg

All the ‘ulgnltléant corréldtlons among the growth

]

stages were ﬁopitlvo. Thla lndlcatee that earlinoss 'otl tﬁe,

initial 'staﬁgal loads tq oarllnosa of the Iator ltagolg ot
parflcﬁlaf interest .nrc the values for the cofrelctiog
bet'eonb'ifrat" tlovot M_and_n;turlty. The values were large

enough ln\nagnltude to ao-.vhat Ju-tlty. the use ot first

tlo'er l a8 a criterlon of sclectlon for onrly -aturlty.'

-However the correlations were lov onough to lndlcato that'

ltagtora - other thun tir.t tlo'orll contribute to . dotor-ining

" the fi-o to maturity.

The dighit;canf correlations among che" rates of

' development were all positive, indicating that high

developmental t.tgaﬁat'dlttoﬁont times and for different

aapqet-‘ of  ¢:9wth 'jdr._pdlltlvoly'aa-oclaiod. loét_ot the

iignitiéanf corr‘lntlbns ot_tho-rat.s ‘of ddvolep-ont with '

th."gro-th' itaﬁo- wor. nogatlve. -Thuu,' high rates . of

'Vdovolop-ent were a.-oclatcd vlth . earliness . of "the growth
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stages. However, for Target lateness of leaf 1 was

assoclated with high leat emergence rate, and for Oro

<

lafonos- of Lirmt tlovor M was associated with high

tloverlng rate on the qaln raceme.

io-t of the cofrol?tloni bctvdoni sfngos and growth
perOds: '§ro' lo' 1nd1cating llttle elaoclation hotweon the
time of tho gro‘th -taa. and tho lLengths of "the growth
porlod.. 'Nany ot. th.~coﬁ§olatlon- of the end point -tages
with their .ro-poctlvo perlods wer e -hlgh.  'These htgh
coérelntlon‘ 1ndlc.tc that tho -oasureuent of the end polnt

atago is an adoquato lndicator of the length of the perlbd.

Pcrlods' vhlch were not tound to be adcquately -easured byb

the ond point staao were 1oat 1 to leat 7, tlrst tlower M to

11rat tlowor 3. firat- tlo'er M. to last tlrat tlower,' tirst

tlovor'l to end tlower, first 1lover—l to maturity. -

b

fhe hlgh- cbrrelatlbns' of tirat flower M ilth first
tlover 3 resulted ln the relatlvely high 'correlationa ot:'

tirut tlovor M wlth the poriods leat 1 to first ilovor 3 andn

S

leaf 7 'to firmt tlo'er 3 Y- ,v§

corrolation-'tor tléit tlo-cr 3 'it

as the relatlv.ly hlgh

tlr-t tlowcr N aod loat 7 to 2irst 1lovor Me °

-

The  low qorégtatiohs of first flower M with the

’ -ub-equoht_p.é1od-' .ro"'oi"partlcular interest. The low

-

_éorril‘tioua ot tir-t !lovcr N vlth first tlovor l to 11rst»

‘tlo'or 3 were dun to th.' hlgh _correlations between tirst_ 

the perlods leaf 1 fﬁ,
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flower M and tlr-tAtLovor 3 and indicate that firast flower N

has little effect on the duration of first flower M to first

flower 3. The -odcratdly high negative correlutlon- of tlr-f

flower ﬁ& ‘with the porlod- from tlrét tlover l to last tir-t

tlowor and 11r-t flower M ta end tlo'er lndlcato later first

.1lo-or M leads to  shorter ' flowering periodse. The ltlow

‘ correla tions of Zfirst fLlower M with the period first

. _was high

‘perloda ‘bbglnhlng

flower M to saturity indlcﬁt.- that first flower M has

llttle effect on the’ duratlon ot first tlo'cr lvto maturity,.

\

Almost all the correlations of the rates of development
with "the gro'th perlods were low. The hlgh values for the

correlatlons of leat o-eraence rate with the _pérlod leat 1

-to~legt Ty tlgvoring,rata of the race-eauvlth‘tirsfltlo'er N
to first tiowor 3, and flowering rate on the -aln‘iacone

with first tlowerﬁl‘,tb 'end tlower(d.lO-S.O) were not

unexbécfed No other high correlations were observod. Only

atlon of lqat o-eraence rate 'ith Ieat 1 to loat 7

ouah orindlqate that tbe period 1;0;“ leaf 1 to

leat 7 was a ood'indlcatoé of leaf é-ergonco,rato.

All the conrelations 61 leaf emergence rate with the

at leaf 1. were :heaative{ high" leat

6-0rzodca -ruti ‘was thu- a-soclatod vlth ahortneas ot these

vporlod-. Th. .ttoct ot hlgh lcat e-oraonce rato “uppears"to:
'b- largcly due to its anaociction '1th eerly loat 7 as there
'cr- no slgni!lcsnt nogattvo corrolations of leat o-ergenco b

,rato with poriods b.gjnning at lcat 7e Both loat ‘emergence
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rate and Doaf.7 were negatively associated wtth the ‘periods
P

firat flower N to first flower 3n and first flower M ‘to

-aturlty, and were ;oultlvely associated with tﬁe periods

first flower N to last tirat flower and first flower M to

Qnd flower in some of ‘the cultivars. Thus high leat

emergence rate is associated with rapild thweiing, early

maturity, and longer flowering periods.

Both  the flowering rate of the racemes and the
tlbwerlng rate on the main raceme have significant “negatlve
correlations ‘iith leaf 1 to leaf 7 and significant positive

correldtioné with leaf 7“to ; firet flower M. This further

indicates that r¢p1¢ AQevelopment in the initial period

1qat'1 to leaf 7 is associated with rapid development ‘during

the }ater~poriods. Ho‘ovori longesr period leat 7. to <first

~

'.tlovdr.u ‘also 'aérulsoéiatod-vith high zlo'orind'tatos. All

the. slgnlticant cortelatlona ot the tlowering rates with the
periods beglnnlna at,. tlrst Ilo'er u were neaatlve- Thus hlgh
thvering ratos ar.,associutgd vlth a :educod duraflon of

'thé_-tléiéiln‘ period, gnd'ﬁlgh flowering rate on the main

receme is a-aoétdted with reduced first flower M  to

- maturity.

Among. the corroiatlon- of the growth pdrlods‘seleétéd,
‘only the corrolctioh-'botiben leat 7 to first flower M and

Ioat 1 'to tlrat tlowcr M were hlah. Thus the Iengths of the

o

various gro'th petiod- were lazé%ly 1ndopendont. ) ;g

T
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The duration of leaf 1 to.lout 7 was about the same as
that between leat 7 to tir-t flower M. However, t&g
corrcl#tloni‘hotvcen leat 1 to first flower M dnd‘loat 7 +to
first flower M were much higher than those with leaf 1 to
leaf 7. The correlations of leaf 7 to first flower M with

the periods beginning at firat flower M were more similar to

the correlntions of leat 1 to first flower N with these

periods than were the correlations of leaf 1 to 1.91 7. Thus

leat 7 to first flower M was a more important determinant of
the duration of leat 1 to first flower N than wag lear 1 to
leat 7 and had a greater influence on the later pPeriods than

- did leaf 1 to leaf 7.

In general the Low correlatlons'a-ong the characters

observed indicate that atrong associliations are not the)yule.b

There is however, evidence that bégedina for earliness of
early érovth stages agd high rates ;t development will
result in earllnessior the later s tages, including naturifys
The time to first flower H\wa; indicated to be the major
factor in deter-inlng thovtln? to later stages, however the

duration of the ﬁéflod first flower M to last first flower

@nd' first flower M ' to end flower likely " have a strong.

relationship with the time +to overall plané naturity; Thus
in selection for earliness of n#turityg the length of the

'perlohs subsequent to first flower M are also important.,

!

The generally lov‘icorrelgtiods among the . growth

chardCters» studied indica tes that 1{ should be possible to
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produce cultivars with the combination of perliods of the

appropriate lengths and the desired rates of development.

)

T

“Gorrelatiomg <9f the «rowth characters with the yislgd
charactiern

All the significant correlations ot yleld characters
wlth\ leat 1(2.1) were negative(Table 8). For Nugget,
significant Eorrolatlona with lear 1 were found for all
yleld characters except 1000 seed welight and vegetaptive
yvield. For Oro, significant negative correlatlons with
leat 1 were found for number ot‘Qertlary racemes, qw:,er of
pods, total plant weight, vegetative ylolq and seed )ydeld.
For Target, -lanltlcant ’*frelatlons with leat 1 were found

for all yield thuracter- ,’o.pt number of leaves, harvest

index and 1000 seed veli‘hgﬁj

&ﬁ; the significant correlations ot the yield
characters)vlth leaft 7(2.7) were negative- except for the
correlation with 1000 /éged weight for Oroe. Significant

correlations were found for Nugget and Cro for leaf 7 with

N

1000 seed weight, vegetative yield and harvest index, and

for all three cultivars with the remaining yield.characters.

For Nugget, all the slgnlflcant correlations of first
flower M(4.10) with the yicld characters were negative and
there were significant corrolatkonu with all the yleld

characters except number Jt leaves and 1000 seed weight. For
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-

Ordg vfhe ;nly ‘éighiticahtuéofrelatlon; fbr 11ratlflo'er M
werb.;egat;vé vltﬁ‘hdrv;éfuln&;; and politivp vltthOOO seed
wéight, ForATaréit; thégsignltlcgnt~ é;;}ilgtlpns: of first
flower M were pos;tlvé 'wiih number o%\lqaées uhq péﬁative

[

with number of tertiary racemes, hu-ber of pods and 1000

seed weight.

AllL the fslgniiicantf cofcelatlons ‘of firat flower. '

3(4.13) with the yield charactera were negatlve -exéeétf for.

that of first flower 3 wlth 1000 seed -e1ght 'f0f . Oro. For

Ndﬁaéf,’signiilcant-cor:elatlons were_;tougd !1th‘

all. the

seed

=

'yieid uchgrﬁctqrs except unu-ber'«ot>blegvds ‘And'i00l
weight.‘For-ofo} sighltlcant 'correlhfibds were ' fund for -
.11bst tlo'er 3. with numher of secondar'”’ nber of

tertlary racemes, 1000 seed velght nnd

>Target signlficant correlations tor ti at‘flower 3 vere with

nuuher of tertiary taceqes,and tith numhgr,qi_pqda.

" The - sigbiticant'éorfeldtionéfot'last firsf‘fldhé?(&}S)

:iiiﬁ the Y1eid ,ch@racfers !or 'Nugget 'as 'fhe ,negatlve

corrgtétion vlth'ﬁarveet'lndek. The B}gnlilcgnﬁ correlations"

with  last ~ firat tioﬁer,-.foi Qro.uwere °the ‘posltlve:

9 ’ ) ’ - o T o

cortelatlons with nunhet of seéonddr&“vracenea, '1600 shed*

.veight and veaetatlve yleld and negatlve vith harvest 1ndex.

o

‘Tha slgnltiqant correlations tor Target were posltive vlth

.harvesfylndéx aﬁq negat;vo.lith nuqborpptquds.:ﬁ

i n . . ol . B

o

ALl the significant céégqlﬁfiopd  01 qhd'vtlowéi(S.O)‘

“

£
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with the .yi;lﬁ charac#ors 'o}e pdsltlve._ For'Nuggét, a
sidnltlcanf cprrzlaflon was .only found with number of podse.
For Oro, sldnltlcanf“ correlathnvadre_tound with all the
 y1e1d cbﬁr@qterd except nuuhérvot Ieﬁvés, nu-ﬁer of tertiary
racemesy, and ' harvest 1ndex;. For Target,. fhere were - no
ulgn;ticqnt correla tions befvogn end ltlo'er and yield
cﬁaractérq5, : o %

For Nugget, n@turity(5.4) wa s sldnlttcantly} and

B . L. - - . <@ . .
-negatively correlated with all yield characters except 1000
‘'seed weighte. For Oro, the significant %ﬁgrrelatlons were

.- B

negative with number of leaves and harvest index, but

_posltive with 1000 seed weight and vegetative yielde. For

Target, the . qnly - significant  correlations of &;eld’

churactera with maturlty were the negative correlationé_vlthA

h@-péf of pods and harvest index.

All the significant correlations of the yield

characters with 1051 emergence rate were poslfiVe; For

Nugget, é;knlt;caht,gorrelatlons of LER were found with all

yield Iﬂchd:gcteés . except 1000 Seed"vqiﬁht.' For Oro,
.mignificant correlations of LER were found with all .yield

B

j'characf&rs"‘exceﬁt _nh-hér of pods, 1000 seed Qelght{vtotal

plant voizht nd vegetativo yield. FPor Tﬂrgoii the only

“‘-ignltlcant corsclatlon waa hetween,LBR and nunber of pods.'

b g}gni!icant 'dprr.lctloné of flowering rate of the
10,‘._ . [ R -

& . ' E L
racenon 'lth the yi-ld characters were all. positive. . For

R R
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Nugget;'s;gnltlcant correlationﬁ were found for FLR with ail
the yield' characters except huqb?erf'}eaves and 1000 seed
;eidht. ?or 0*0, ngn;ticbni corrglq};onq 'ere>tound'£§thLR
vith‘atl tbgfyiold ;ha§act¢ra bxc;ét harvest index Qh& 1000

seed wclaht, For Target, signitlcant corr.iatlong were found

for total ﬁlant weight, vegetative yield and seed yielde.

All 01  tho signitlcant.correlatldnsloi tloverlng rate

on the naln racemo -1th the )ield characters vere positive.

e

Nuanet had slanlticanf dorrelations of FR with all the yield

E
”@Q@ﬂ»uheed weight. Oro had significant

charactors oxcept

correlatlons ot PR with nunber of tertiary race-és,‘ nunber~

Y pods,' total - plant velght, ,vegetative yield and" seed

‘yleld. Taraet ha& slgnlticant correlaticna ot FR -ltb “ﬁll

'seedvieightvhnéfharvest’1ndex.

£

the yield‘chatucters except_nu-ber of tortlpry naco-oé{ 1000

-

All thg significant correlations of the period leaf 1

ERY

10  leaf 7(2.1-2.7) with the yield characters were

qﬁgatlve(Iqbio 9). Significant correlations were found for

ﬂugget_bot'een 16£1n1~ to leaf 7(2.1~2.7) and Au-bqr of

'secondafy“ racexes, number of 'pods, harvest index, tofal_

plant 'oighf}>v6§étative yie}d and séed yield: Significant

coéﬁelations were found for Oro for loax‘l to Lleaf
7(2.142.7)> with number of Ie§ves}- number of eecondary

racemes, qu-bcr of tertlary'racenes. nusber ot pods, harvest

.1hdcx, . and sodd” yt.ld.:vthe only slunltlcant correletlon

‘tound tor Tara.t ‘was hct'ocn leat 1 to loat 7(2 !r2 7) and
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nusber of pods.

v
N

,Ali the significant correlations between leaf 1 to

first flower M(2.1-4.10) and the yield characters v.éq

bogutly- except tor' the <correlation of .leat 1 to first

 flower u(2.1-4.10) 'lth,huanert leaves for Target and with
1000 mseed weight for Oro. = Nugget had significant
‘correlations 01 10#£}1't9 first flower M(2.1-4.10) with all

the-yield chiract.ru 6xcdpt nu-ber of leaves and 1000 seed

_wolaht‘ Oro had -lgnitlcant corrolatlons for laat 1 to first

flower l(2 1-4 10) vlth 1000 ﬂeod 'oight and harvost lndox.

‘ Tar¢ct had -lgnltlcant 'corrolatlonn Ator leaz 1 to tlrsth'

flower l(2 1—4.10) '1th nu.hor ot Io;voc, ‘number of pods and

';000 seed wclght.

KLU the significant correlations of leaf 7 to tirst o

'!lover.¥(§-7-4.i0)k-ithAtho~y1d1§ éharhcters‘tor Nugget were .

neaation slgﬂxticdnt‘corrolatlons_vqtoﬁtdudd'tqr.Nuaaot for

ear 7. to ‘tlratvvfloiei M(2.7-4.10) with all "the yield

v

charactera excopt nu-bor ot Ioavos,'nu-bcr ot pods. and 1000

"seed welghte Thc only -lgnltlcant corrclatlons Ior Oro were.

) thov-popifivo corrolntlon- ‘61 leat 7 _fo- tirat tlover

: l(2.7—4-10} 'lth 1000 a-od volght and vegotatlve ylold and ‘

~tho nogativ. corr.latlon 'lth harvest lndox- The signiticant

'corrolatlon- of loct 7 t& 11rat 1lovqr I(2-7-4 10) 'ith fh§

: yiold chatuct-rl tor ang.t 'vore posltlvo vith number of

flcavos cnd nu-b.r ot aocondury racene-‘ andi,nogativo for

»nupbqr otwpodg and 1000'§ood ';ight;

S0



All the significant correlations of first flower M -to

first flower 3(4 10—4.13) with - the - yl‘ld characters were

ncgutivq.<'513nltlcsnt corr.lltlons were found for all throo

cul tivars for tlruf 1lov.r M to tinst ftlower .8(4.10-4.13)

wifh nuqboi ,6! sgcdndqu' raco-iq. ﬁg-b@r‘ pf: tertiary
' race-es; 1000 -ood,i.lghf; and ao9d ylold; .qu Nugget and
QOoro ‘.1gnitigant }cqrrclgtloﬁi;'or§ found forﬁfirit flower M
tO’tié;t tlover'3(4,10-4,13)“i1£h,vogct&tl?o y;cld, For :Ofo
‘and anaet '-lgnltlennt correlatlon- vor; found far tirst
flower N to tiret flover 3(4. 10-4.13) with. nu-her‘ot}_leQVQB

and nunbor ot pods .

ALl the significant correlations of first 1l6werru to

last tlrst-tlbveé(4;10-4.5i with the yield characters were'

pbuiflfe; Por 'Nugget, the édrpol@thhs'ot}tlrst'flover M to

P

‘lastitirst_!lovdr(4p10—455) with the yield -cﬁqracters were
T all 'signltlcant except number of leivesﬁ_qnd 1000.809@
ielcht. For Cro. tho only nlaniticunt corrclationf'oi first

:tlo'er k to laat tirst tlo'er(4-10—4.5) vaa ‘with number ot_j

°

aqcondary raco-o-g For Tara.t, thc sizniticant corrolatibns

ot first 1tldvcr i to last 11r-t tlovor(4 10 -4.5) vlth tho

yiold charactcrc were wlth 1000 seed 'eiaht and seed yiold.‘r

Slunltlcant and po-ltlvc qyrrclation- of first flower M

to cnd flo'cr(4 10~5 0) were tound for Nuggot vlth all ,the_

.ylold character- oxcept_ nu-ber‘>9f leaves and 1000 seed

welght, and f¢t,Qrovi1th-nu-b.r #f secondary iaco-es,-ngihgr
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ot pods,; total plant weight, vegetative yileld, and seed

yield. For Target significant correlations of first flower M

to end flover(4(10—5.0i were negative with number of loaves:

"and harVest“index,,and positive with nusber of pods and seed

yie de.

All the significant correlations of ftirst flower M to

maturity(4 10—5.4) with the yield charactofs were negatlve

and were with number of loaves, nu-ber ot socondary racemes,

'ind harvest index for Nugnoty andunumher ot lqaves for Oro‘

_—

and Targete o » -

All 91 the‘sidnltlcant parti@l*correlhtiona with seed

’ yleld holding vegetative yleld constant(PcY), for the growth

staaea and period- were negative except tor the PCY of iirst

flower M(4.10) for Oro “and lust tirst 1ppver(4.5)v ior

o

Target. The PCY tbr_fhi growth atages were EII'signltlcint

i;n nugaof.apd- éfo'.a§4r tqg 'iaat- tir§t  ;lover(4.5)>vand.b
B iathrity(SJdi “for Targ’t. Thé.ilgnltiéuh{ PéY.oilthe grqyth.
perlodu were for loax'l to leaf 7(2.1—2 7) for Of&, ’1651 7‘
to . first ‘tlovcr l(2 7-4 10) and 10@1 1 to first 1lover: 

I(Z 1-4 10) for Nugget and Oro, 'tirat tlover M to” tirst

_1Iower 3(4 10~-4 ., 13) for Oro and tirst flower M to Iast first
ttovqr(@-lO—(.S) -and first tlover N to maturlty(4.10—5 4)
‘for Target.

* 1

‘The slgnltlcant PCY for tho rates ot »de#elcpment ‘wore,

. po.itlvo tor LBR tor Nugget and Oro. tor FLR tor Oro and torm

AN
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FR tén Nugget and 'uaonogatlvo for FLR for Target.

Discussion
The correlations of the gro'th characters with the
vield characters were all low, 1nd1cat1ng that no singlo

growth charactarl bhas a sajor effect on Yyield. The

-slgﬁltlcantjcoriélations_ot_the ylcid charac ters were -oétly

negative vith_ the growth stages and initial g&rowth

periods( periods ﬁrlor to first flower N) and posltlve with
the rates of development, These da ta lndlcate_ that the

growth chqtacters vhich were associat.d wlth earliness and

rapid development were also asaocgateg -lth high yield, an

oncouragihg obsorvutionv for breeding prograns with biﬂh
yie}d_aqd‘earl& -atdrity aé concuriéntf obJoctlvos. However
the relationahip ot these characters may have been attected

'hy Iate spring ttoats and early’ 1511 trost.v

‘fhe’slgnliicant PCY'of the growth ;t;geé~‘ahd 1n1t1a1
érowth  pérlods  were -ostly neaatlve and 1nd1catod that the
qggociatldn ot grqvth stages and ahort initial fgro'th
'pctlﬁds ‘with .hlgh' se;d, yieid 1e lndepcndent of th@lr

’ aa-ociatlon '1th high vogotative yiold.

Tho relntlonnhlp- ot tho later periods with the yield

charactors 'oro more varled thun the initial periods. A long

.peripd, Iirst-'itovi: M to'tlrst;tlover 3.vaa'obaervod-to be
L . ' . - Lo ~ N .

i@sked»in the- growth ntag.quy the negative aaéoclation of

°
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first flower M with the yl;ld ch@raet.rs as indicated by the
bcorr;la¥lona ot flrst<£love; M and end tlowor with the yield
churn#tera; Only for Oro was a positive association between
lateness of these stages and,hlghvyleld characters observed.
Bo;ever theré were no‘ ‘a;gnltléant- "posl tive ﬁ#rtlal

correlations with seed yield for elther first flower N to
Q 5

- last first flower or tor first tlovor'l to end flower. = This

1ndlcatoi' that the posl tive association with higher yield
characters of a longer duration for these periods 'as‘due to

: tholr;as.oq&stionAvlth high vegetative ytqld.

,Qli the significant corroiatlons for the three rates of
do#elopnont with thi 'yield characters wvere posi tive.

‘Bowcvérj the- PCY 'ere“Verhﬁle and indicated that parf of
the gssdclutlon of high fgkos of development with seed“yield
. — , S . . . .
-was due to. the association of these rates with high
. / Coe

.

vegetative yield.
. Ji

7

i

- Of par}léul@r interest is- the relationship of first

s

7

_tlower{l(/%ith "the .ylold characters.  The stages Lirst
. . i 4 ) . R . . . . - .

Pl

i e V .y o ) . ) S :
tlower\y. and maturity, and the period leat 1 to first

Vfiovor M had sany slznlficant negative porrelatloné"lfh the

iield'chaéhcfcri; qxpcclailxitér Nugget. Bové&ef'the ,perloﬁ
first ilo*br»l ¥§ ;afufity »dld not lndlgate axconaisjent
deg&f;VQ asuociai!on  with ths‘ ylel& chafﬁcters.A VThis
\> 1dd1¢at;s‘ that although the duration. of leaf 1 to firet
' 1i¢v§r'¥~-a§' Just ‘oior” hu11 ~§r the erafién of tirst

flower N to maturity, the time to first flower M is more

54



important than the subseguent time to ma turity in relation

to the yield characters.

The correlation of number of leaves with first flower N
and learxr 1 to firat flower N was significant only for
Targét- A previous study( Laosuwan, 1969) found ho

significant correlation for Target.

L3

The only yleld character which exhibited a positive
assoclation with lateness of the growth stages was 1000 seed

weight, but only for Oro.:

Under the environmental conditions of this 'study and
for the cultivars included it was found that one need not
i

sacrifice yléid'td prcmote early -aturity; High yiold’vcould

be produced by breeding for  earliness of the stages and

periods up to and including first flower 3, by increasing .

the duration of the flowering periods first flbvgr M to last

tlést flower and first flower M to end 11ovoi,ﬁand by~

decreasing the dur@tion of the . éeriod firmt flower ﬁ to
| = . -

'

maturity, and by 1ncr¢aslhg the three rates of development.

e} o the - -ldpitlcant ‘COrrolatlon- among the yield
characters all were positive except for the correlation of.

' number of leaves with 1000 seed Qolght for Tarnet(Tabi§~10)y

The 'glgplfgcant, correlations of number of leaves were
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with number of secondary racemes, number of podm, and
P
harvest index for Nugget and Oro, andi;lth 1000 seed welght

for Nugget and Target.

The significant correlations of the number of secondary
racemes were with number of tertiary racemes, total plant
welght, vegetative yiela, and seed yield for all three

cultivars, with number of pods and harvest index for Nugget

v

and Oroy, and with 1000 seed weight for Oroe.

The signifticant corril&tlone for nusmber of tertiary

racemes with the ylold_characters were with all the yieid

characters except number of leaves And 1000 seed weight for

Nugget and Ofo. For Target, the significant correlations

-

were with number of secondary racphes,-total Plant weight,

vegetative yileld, and seed yield.

The significant correlations of the number of pods were

with all the yield chnraétera oxcepf 1000 seed weight ‘tor

5

Nugget and Oroy, and with total plant weight, vegetative

yield, and seed yield for Target.

- L

The significant corralations of 1000 seeq)"'e;ght"wengfw
- : ) o ‘ i % ‘
fwiitq’fnu-ber of leaves <for Nugget nnd'rnrget,‘nh-ber-ogﬁ s
secondary .racemes and iégotétive.ylold for Oro, gndi fpt;lﬁi‘

iy,

,pl@nt '§1¢hf and s.qd yield for Oro and’Targi&;«

Tho‘vnlgnltlcant coirelafions_or total 51' f“weight and
vegetative yield were with number of secondary ‘rice-eé,

R o



number of tertiary racemes, and seed yleld for all three
cult;vur-, with number of pods for Nugget and Oro, with
ﬂfrvoat index for Nugget and with 1000 seed welght for Oro
and Targot.yThe correlation of total plant welght with
vegetative yleld"aa close to unity for all three cul tivars.

/
f

The significant correlations for harves t index were
with all the yield characters except 1000 seed welyght, total
plant weight, and vegetative yield fof Nugget and Oro, with
total plant weight and vegetative yield for Nugget and with

number of pods and meed yield for Target.

The sigrificant correlations of seed yield were with
all the &leld chareac ters except»number of leaves, number of
pods and 1000 seed weight for all three: cultivars, with
number of pods for Nugget and Oro and with 1000 se;d welght

for Oro and Target.

Ail the significant partial correlations with seed
yvield holding vegetative yield constant(PCY) for the yleld
characters were positive. The'?&lgnltlcant PCY were with
number of ieavea for Oro, hunber of aecondary racemes for
EOro and Target, number of tertiary racemes, nunberrot pods,

and harvest index for all three cultivars.

‘Diascusslon

All of the significant correlations among the yleld

characters were posi tive except for the correlation of

o]



4

number of leaves with 1000 seed weight for Target. The

a =

significent posltive correlations among the characters

-

number o©o. secondary racemes, number of tertiary racenes, and

~z

number > of poas 'agrees with the results of Thhrling(1974b)

for Be napRus-e-

The correlations among the three characters total plant.

wélgbt, veéetatlve vyield, and seed _yield were very highe.

This _1nqléafes that-the~nador determinant of seed yield for-

By papug is plant size. This agreeé ‘whth the results of

Tharling€ 1874a). = S ~ : -
_All: the correlations of the yield characters with

number of Ieaves 1vére‘41ow;' also the- PCY were _hot

s;gn;ticbnf. Thus high number of leaves does not show; an

association with seed yield.

Thé\signltican% positive néqrrélgﬁions of ‘séed yield

with the cbaractefé ndmber of qqcondary racemes, number of

v

/tertlary racqneé, number of'podéf and 1000 seed weight vére

levels of these characie = have an association ‘with high '

all largely due tﬁ‘thelr cqrrélatlons with vegetative yield.

This was indicated by the fact that the SCY were higher than

the PCYe. Hoiever the PCY wefe-bpéltive and significant for

all threefcultlvarsflior number of" tertiary race-ee‘ and

number of ﬁodg,'ior Oro and Target for number of secondary

. . . e ) Y X N ‘ .
racemes and for Oro only for number of leaves. Thus high

B

s leld"hich is ﬁbt-due }o their assaociation ‘with high

'58
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‘"vegetative yield.

5

s The se data  indicate that increased: yield v¢an be
obtained ﬁy 1ncéeasln¢ one‘or more of plant sizey, number of

tertiary'r&cepea, or the number of




GENET IC ANALYSIS v S "

LT . ‘ 91 ‘ A - | ?;&,41,

For leaf 1(2.1) although @Eere were significant

differences among the populations the range of means for
leat 1(2.1) iag'only,17.9 to 19.1 days. This small variation
_among fhev‘ hbéuldtlons was lnsurtiélent for .reliable

interpretations ( Table 11).

Bot first tlover M(4. 10) four ot the six Fi valuee were
\'lslgnitlcantly earller than the MP. This »1nd1cates partial

-dominance ‘of oarly iirst tlover M(4.10). Bovever signlticant'

) reciprocal ditterences were observed in both the-F; and Ez=
.ot the crdsé of Nugaet '1thr Tafgbt. In} thls _cross the
dire;flon of the reciprocal dltterencoé ‘was not consistante.
:Réclprocgt dittereans were also observed in the F; ot. the 
_other +two .gnogéea{ Thus cpnfrol.QI tirst flower N is not
éo-ﬁletely'ﬁyvndcie#r -genotype and -genoéype X. ;ytoplasm
'1nter§ciiop'wns,lgdicated. @g

" Por. ﬁatgr;tx(5.4) dominance beterosis of 'eariy

¥

hnatur1f§(554) wids lndicated, by _ the F; for ﬁotﬁ bf the
"crossés-'ot Nugget with Ora and Nugget with Tarzet; Partial
Jdomlnance ot early -aturity(ﬁ 4) was indicated Ior the cross
. ot Oro with Taraet. Sigplticant rgcipgocal differences were
" found tq{/~-atur1ty(5.4) in the Fé ;t.allythree crosses

however the direction of the reciprocal defferences was not-
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qponnlatunt.’-‘ihus genotype X ~cyt6p1as- interaction was

"~ indicated.

For first flower M to last first flower(4.10-4.5) five

of thé,h;x Fg vqluia were gt.@tep than the *P but only three

signltiéanfly soc. Dominance or partial dominance of long

first flower M to last fTirst flower(4.10-4.5) was thus

* indicated for ~the crosses of Nugget with Target and'Nuggef_i

with Oroe. Additive control was indicated for the cross of
Oro with anget; No slgniticant reciprocal dlttefonges were

observed.

-

Fdr‘tqut'ilover M to end tlover(4.10-5.6) although .

gh;ro verﬁ Qldnltlcantbdlt!oronées.auong thelpopulatlons the

”

range of means for first flower M to endAttdveb(4.IQ—5.0)
vgs'odly 19§l.fo 20.5 day8->ThiavSiall_varldtlbd‘ anonh the

populafldnﬁ'-aj 1nautt;clont-gor reliable 1nter§ietatlohs.

The '.rﬁﬁdo of -values' .for first. flower N to
. -afﬁilty(4.10‘5.4) was onty 59-8 tq'62-5' days - thus ”makidg
.interpretatlonf unr.tlublq. Hovéver' a1gn1f1dant reciprog@l

differences were observed for the F; ot th crogse of Oro

yifﬁ'Nugaet and the F, qt'the cross of Oro with Target, thus

some cytoplasmic influence is indicated tbt.ilrst»xlovef N

to maturity(4.10-5.4).

For leaf emergerce rate in the cross of Nugget with Oro

R

.bq#h P;‘yerq lower than the MNP but;,only one significantly

so. This data indicates _pgrtiai doiiuancq of low leat
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\

liebe‘ not“ slcnlt

emergence rate for this cross. " Significant  reciprocal’

\\} o . . : - "
d;ttoronces ié{. observed in the F; of the crosses of Nuggq}

vlth Tdrgdt "nd dro :vlth» Target, The direction of these

/

reclprocal letorencea was not comnsistente. This .Lndicated

:genotype X cy%opla-n int.raction.““‘

!

. ( -

’sinnltlcant so rollablo lntorpreﬁntlon ot the results is not

posslble. Reclprocal ditteroncos were ahaerved ln the_Pg of

' the cross of Nugget with Target and in the Fy and Fz of the
cross of Oro;wgtﬁ Taraot' Thq dlreétion of thé Fi feclprocall‘

dlttéfdncés was ‘nof conaiatont in thase ‘two cros-os. thus

1ndlcat1ng genotype X cytoplasa lntoraction.

For flowering ra;o on-}he -atn-racbue :tﬁe‘ F; ot fhé'

three Crossea did not lndlcate consistent genotic control.v

!

There were slgnitiﬁant roclprocal dittarencas 1n both the Fg

and Pz of the cros- ot Oro v;th Turnet. The-d;nectlon of thq

 rec1proca1 dl!t.r@dces was not,consistont "thus genotype !

cytopl@n- ~int.gdctlon ‘was zlndlcated tér tloieélnd,éqtn on
the -&;n‘ricoyp., !
- N R o : L
For nu-bcr or leaves four of the six Fy  populations

'1ar¢cly addltlvo eontrol ot nu-hor of leaves(Table 12).

Stanitlgcnt~ rcclptocnl dlttorcnces ioro tound 1n tho F; of

’ : . : AT N
the cross ot_Nqa qt 'lth_Inrgot and the cross of Oro > “With .

.ﬁbr- flowering rate of the rdcemes the purentni

ﬁlt&otencea in the crbad“ of Nugget '1th‘v0fo was not

csntly 'different from the MP indicating.

64

¥



65

™'

S

: o:ut.) vcludnlva.l odw Io.uw. AUeIeITIP L13uwOyzIulYSs I,O’uib +dn
- . . . (sousasz3yyp IUSDTZTUN T 38ve )19A®1 %G 8Y3 3w IUSINIITP ha«d.ﬂuuncu.qo
30U e3v Je3je] ewes ey Aq POAOG1103 suorivindod o &WOLM Yowe UIYLTA B1QVTITA Uawe 307 muvew voT3vindod +

0°0T LT . 0°9T : 9ey Loy Bidd © I8y "€°C1 3jusawd-pim
wgeg 268T° hAd> 4 P89V vLeLe °10°9 . avgLey eIy BEL LN
qvg 01 2agLzs  qezeLg WTr . asecy v01°'9 vZL'Y | 2q9ezy Ea(ox)
qugegy aegLze qag+gz - vo1°p avey °8S°9. | qoggey 26°T1 “23(1%0)
aqpezy PO#C6T* 94867 . 2q8z°'y -ugege qepeeL CAL RIS vx9°1] tacoxr)y
ST . P¥0C* 23Zope 29€°F ' osxgeLy x9S L a01°s . dpegy Ya(1xo)-
qe501 59z - . 9L*BT vhop " 99°¢y qsL8%9 qeL8y . pScY o030
¥°01 . oLz T E°LT 18°¢ S 9% - .TT9 S8y T*El ‘jueawd_prm
ARl S - ag9e ‘q¥L BT © o¥0°y- v9Ey o189 b2 R4 aseey . od0
*1°g 9992 ° B 4414 savge Loy v0S S wZLy avesel E4(NX0) -
ve o1 L 24 99°62 YL %09y . oqgpe9 . vE9P ¥9°ZTY., TA(OXN)
®9°0y . Ss¥8T° vgr9z: veL e Q909 °qRZEeg °eSy awgeer | 'A(NXO)
®0°01 ox8LZ°* . Ux8°¥T . asze°'g I R4 4 IS . ®TB*y qupeer tacoxN)
€eot R TE A A6°ST . cargee ©  agegy ¢ 4995 g vzgy - ®8°TT  3e®BuN o
6°6 T8T° 9°pT Iy 9y - 6L°S - gLy - ozt ugou&uum,
v$*6  ° aggz* = qugipg P89y vLoEY qvI0*9 ~ARSLey  wpeqy }e3zwy
*z®0or - qggre - q98°€T 29¥8°€ G9ecy ae30*9 68y - qQeegr - Taenxy),
aLe It a8€T°* - paLeLy 288°¢  ° ogegp - °81°L PB6T°S - qi°LY A IXR)
ox8°Cl PxLOE"® PxZT°0€ . 2daxL8°E Pxl°6¥. oqx18°9 SabpeS. . osgepr - Ta(NXL)
®T*8 - . °Qye8T° S AL 4 2#68°¢ ar -y v8Z°*S VBS*¥ . QoerT . VI(IXN)
aee*01 © o WGLT” 94g°ST vLS0C PS*6y 199G eg qeZz8*y agezy B tadiiic,
. . (sweyB) T (Bwead) : somedvx ssuedvy -
(swuad) SE®PUT. - preid 3yZiea . . ‘spod - Aaur3aey A3vpuodes SeAve]

A ang

P1®1£ pasg mdwww?.dw ®A11vI0%04  Dpoes 0001 o JequnN  Fo Jeqwny Fo sequny O Jequny  uworympndog

L .ouaozd....suon LY puv 14 u.—on.v .vo.u.:.-. 030 t309Bny .-o.u naouod.-n_wo.,v.-o—..ﬁ *y3 yo ando.l ﬂ,ozd.,n:no.u °zI .N.uniu.‘

‘



Taraet.b The direction of the reciprocal difference was not
con-ist.ntﬁthhus fenotype X cytoplasms interaction is

indicated for nusmber of 1‘037.

'

For number of secondary racemes the three parepts were
not slgnltlcanfly different so reliable interpretation of

the resulte is not poéslbleq

For nu-bor 61 tortlary racemes 1aracly addi tive control
was indicated in the cross of Nugnot with Oro. Dominance or
.heterosls was 1ndlcatod in the cross ot Org with Target,
Slgnlt;cant ;eclprocal dltterencas were tound for the cross
oi Nuggot‘wlth Targoto Significant 'reciprocal dltterences
were tound 1n the Pz of the cross ot Nugget with Oro and in
tho Py and Fz ot the cross of Nugget with Tarcet. The
rcclprocul ditieronces vere not consistent in direction tﬁus

genotype I‘cytoplnsn lnterﬁction wgs 1nd1cated.‘

s

Fbr :nunbir ot po&s eignificant reclprocal differences
were found in the.F; ot the cross ot Oro 'lth Taraet and in
_thé F3  and Pg ot the cross of Nuaaet 'lth Taraet. Tbe
diroc;ion ot the rociprocal ditieroncea were not consistént

thus lndicatlng aonotypo X cytoplasn 1nteraction.”

For 10004'aood weight all of the F; were closer to the:

lrvfhan;toioith.r parent thus 'q- lanaely ~additive genetlc

,pyst.u was lndlcated. Rociprocal dittoronces were obs.rved’

'only in the P. ot the crosas ot Nugget with Oro and the cross

©of Oro with Target. Iho dlroction of the reclprocal
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differences was not ‘'conmsistent indicating gonotyp§ X

cytoplasm interaction.

For vogetatlv; yield dominance or heterosis of high
vegetative yield was indicated for the cross ot‘Oro with
Targeta Slénltlcantﬂroclphocai dltt.f.ncea".uorol found for
the F, and.Fz of the cross of Nugget with Tatget and for the
F2 of the cCross of Nugget with Ora. Ihe‘direction of the
reciprocal dltference- was not consistent thus: lndicatlhg

genotype X cytoplasm interaction.

For harvest index all s8ix F; values were greater than

tbéylarder ﬁdronf; two elgnliicéntly 80y, thus dominance or
‘héteroslé ‘ot: hlxﬁ harvest index was indicated. The only
signlticanf reciprocal dittérénCe OSSSfVGd wasg Ior-the F; 91
the cross of Nugget vlth‘Oro thus»sonevc§fop1asm1c influence
is lnfolved in control ot harvest index.

For déed‘yleld;tour of the,F1 valugs_vere greater ,;han
) e - R A ' .
the higher parenty, but only two slgnlticant1§ 80« Of the

other two F; values one was close to the higher and the

other .closeb to the lower parent. This data indicates

2 By
A0

dominance or ﬁciorosls for high aseed  yield. .Slgnltlcgqt

reciprocal differences were observed for the F3; and Ey ot

the cross"ot Nugge t with Targete These \reclptocaln.

o

di fferences were not cdnaictcnt in direction thuse indicating

‘genotype X cytoplasm interaction. it
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. ,
The heritability ehtl-ﬁtes for leaf 1(2.1) ranged from

, ‘
~—1l.4 to 0.46 and nine.qt the 12 heritability estimates were
less ~ than 0.20, indicating a low herltaﬁllity for
leaf 1(2.1)(Table 13). Reciprocal dlt¥orenccs were . observed
by bot; methodé of culculgtlbnbior the crosses of Oro with

Targete. -
V)

The heritnblllty osti.ates for first flower M(4.10)
ranged from -0.28 to 0 64. Reclpéocal differences were

obaarved'wlth all three crosses.

The range of heritability estimates for maturity(S.4)

‘was from 0.00 to 0.53. Only'-tlvc ot the heritabillty

"estimates were leas than 0325 indicating a moderate .

heritability for maturity(5.4). There were reciprocal

differences in heritability estimates foj all three crosses.

The heritability Qstlmatea tof firat flower l to’ Iaet

first ZTlower(4.10-4.5) ranaed from —0.42 to O.51. Eleven of

12 ot the horitabllity estimates were 0.25 or less, thue the

herltability ot firet flower M . to last first

flower(4.10-4.5) was low.

| The heritability estimates for first flower N to end
flower(4.10-5.0) ranged 1roi ;0.21 to 0.48. flve of the
_herifabilif& ociinatca ‘wetc 0.25 or lower thus indicating

>

that the horitublllty of flrat flower M to end

68



69

3

vOSVOS

Jemvay puw vslcd: T ‘Poyzew s,uo3zang 1y jueand aaleH oUy nﬂ S80JD YOvVe UT Pe3sTl juesvd 3SITJe
SOV UTVE U3 UO 830 FUTJIINO1F:¥d ‘8OWaOVI 8yl JO 83%S BUTIOMO1X:NTd ‘e3vs soueBieume Fueq: mm4¢.

8v*  z1* ze* iy 1A Le €s*  8s*  sze- z (0X1)
0zZ*~ 1IT° 10° ze* (4 B (4 At 91" 91° (4> (4 (1x0)
pS*  0T*-  19°- Lye oe* 1s° S¥*  Sk* gEeI1- 1 (oxx)
6T*  z¥° YRR se* 8¥* gee- ST+ 60  1b° T (1x0)
ge*  91° L1e £z* ze* pie o¥*  8s*  zo° z (NXO)
81*  91* 0z* ‘8z* ze* Lz~ (1} SR L 4 & z (OXN)
9s*  se* v 9z* zee so° LE*  ¥9*  z0°- 1 (NX0)
se*  z1* »T* vo* b LO*- . ¥T*  BS*  9pe T (OXN)
ov* 80°-  6€° - , 8T Lee b1~ | CRE LI 4 O z (NX1)
19 9z*-  zo°- 6c* 9z €0°- 1€° LTI LB~ T (1XN)
e 00° Ty . oe* oz* 80 §e* 95+ . 0°- 1 (NX1)
61°~ SZ'I-  LO*- 8e* 1Z°- sz* €0° 8T~ Sp°- 1 (IXN)
23 A ¥IT  (P°S-01°F) (0°S-0T°F) (S*P-0I°¥) P°S OI'F  1°T (POUISK. 48903D

TUSHIOTIASE IO IO - PO - ¥POTS

- 308391 puwe.

toao .vuuusz S3VATIIND B8y} ueea}eq S8B30JD JOJ -aOuucuano szOQu

°U3 Fo SeTiITITAvITIGH

‘el 278Y1



flower(4.10-5.0) was not high.

The range of the heritability estimates for first
flower M to maturity(4.10-6+.4) was from 0.04 to O.41. Three
of t he heritability ‘oatlnatas were 0.25 or lower thus
indicating that the heritability of first flower M- to

naturity(4.10-5.4) was not highe.

The heritability estimates for lear emergence rate
ranged from -0.78 to 0.39. Nine of the values were 0.25 or
.less indicating ;u..iov heritability for LER. The cross of
Nugget.viip ?grgot‘lqdlcated reclprocal‘dirterences} Ten of
;2 of tﬁé heritahilify estimates for FLR were less than

0.25;_thus the

- The heritability esti-ate§ ¥or Ilo';;ing pate of the
Efncepes “raﬂgodir fronm  61.25 vt6 0-42-' Heritability for
.tlo;ering rate of the rac#noa‘nas-low.

The herltahility éstlnate§ tor tloverinév rate on tge
_-aih vrace-c ranged from '—0.20 to 0{54. 051; three of the
‘h;rltnblllty gsilautéa were less th;p 0.25 indicating a
iodcraté_h;ritahiiiti tof 1lover1ng rate on the main raceme.
ihd herlt@bil;ty estimates indicated reciproc & differences
for the cross oi ﬁuggef 'ith Oro and Oro wlth‘Tarnet.

‘vTh; he;itahll;ti c;tlngfes for number of leaves ranged

from -0.15 to 0.68(Table 14). Five of the heritability

estimates were 0.25 or.loss, thus the heritability of number
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i
of leaves was moderate or low. The heritability @s oma tes

indicated reciprocal differences for tuﬁ Crosgens of Nogus t

with Oro and Oro with Target.

J B A9

The horltabllf‘y eastimoates for number 'of secondary
racemes ranged  fram -0.82 to 0.46. Nilne of the 12
heritability estimates were below 0.25, indicating a low
heritability for number of secondary racemes. Reciprocal

differences were indicated for the cross of Nugget with Oro

1

The range of heritability eatiuutes for number of
tertiary racemes ranged from —0.11 to 0.45S. Nine of the 12
herltability-anjinafea were below 0.25, indicating a low
heritability for nu;bor of teftiary racemes. However, the
herltaﬁiiity estimates for the crosses of Oro with Target

indicate a ﬁoderaie heritability.
3 °

The range of heritability estimates for number of pods
‘was from —0.08 to 0.56. Ten of the 12 values were less than

0-25.:1nd1catlng a low herlfahillty for number of podse.

The range of heritability estimates for 1000 seed

weéight va8‘—0.37 to 0.75Q Only two of the values vere” below

- : !

‘0,25, ‘fhus indicating a moderate heritability of 1000 seed

weight. Reciprcdcal differences were exhibited for all three

‘crosses for the heritability of 1000 seed weight.

¥

The range of heritability estimates for vegetative

yield was ~Q.67 to 0.45. Nine of the»hérltabillty estimaites
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were lower than 0.25, indicating a 1low heritability of
e . ' . ¢

vegetative yield.

The range of heritability estimates for harvést index
‘was —0.30 +to 0.57._ Five of the 12 herlt&hllity estimates
were less than 0.25 indicating a - low or moderate

heritability for harvest index.

The ‘range of heritability estimates wasg from —0. 52 to
0.32. Eight heritability estlmateS/'ere below 0.25, thus the

herltablllty.wqe low.

Reciprocal differences were found for the bpopulation

means for -dny of the charactefs studied. The feciprocal

& :
differences were not conslstent in dlrection in Fi or “ F,

populatlons 1ndicat1ng genotype X cytoplasm interactione.

The type of gene action observed for a g&iven character

for different crasses :was not -« consietent. Reclprocal

. N
difierences confounded tbeainterpretation of the F; means.
None of the hetLtablllty~ est%mutes was high. The large
number °£" negatlve vglues -obtaiqed ky béth methods 61
éstlnation ingléaté that these -ethods afé‘nof adequate for

evaluatlng' broad sense herltabilities in these populations.

N

Y

‘Reciprocal effects. further compllcate the interpretatlon of

>

theae resultse.

o

Considering fhe_ reciprocal differenceées, variable gene
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action} and low heritabilities,

charégtern in early generations

& : 74

selec tion for most of these

would not be successful.

1



GENERAL DISCUSSION
i

ﬁ;*ﬂ;ﬁﬂﬁ is largely self-pollinated; however there is
natural.outbtoesing.‘Jhué thg degree o: hogpzygoéity of the
parent material is not‘certa;nq'Part‘og fhg varlatioh of the
'char;cters ‘withln; fhé'pareht populations was likely due to
genet1c var1;t1qn. The withln culflvar correlations would be

similarly affected and m¢y or may not hold iz selection is

-

upplledy or populations of different morphological or

physiological typés are includede

The parént Qultivars were .chosen on the basis of
'previous data‘ to provlde' a wide range of naturlty.types.

However, afAParklgad Farm in 1974, fhgpe .vasA not a great

%
5 .

difference in “the growth patterns of the cultivars or .in the
o . .

number of days to/ -Atur;ty. Tﬁ&é the usefulness of the

0

between cultivar data ' was reduced. The large reciprocal

differences observe& for maﬁy chdracteré also ténded to
obscure .the senetic ﬁ@ghanisna _of controi of ‘"these
i»characte;s. Further étudiea’ot the control un#fh;rltabillty
bi these ch&factqrs shdul# be done~ with  }1nes of fhtgr: 
generatioﬁq\bt with avgréhter’£u-ber”or cultivarse and with a

o

wider range of expression of the.chargcters studiede.

¢

Thls study vas-&oné at only one location for only one
season. Thus the -pqcullaritles of that season may have
1n£1uence¢  tha reeults. In particular early fall frost may

have iﬁtluench the correlation of yield.wlth earliness by

o)



©

reduction of the yield of the later plants. However, short

seasons and early frosts are common in rAlberta and this’dﬁta

can be assumed to be typical of such years.

In general the data indicates that earlier cultivars

with equal or lncbeased'yleld are feasible.
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SUMMARY

1) The major characteristic leading to early ﬁaturlty

“tqrnrarzet was early firast flower M.

'2) Target exhibited many traits which "'would tend to
make it a Jlato varjety. It was latest for the stages from
leat 1 to leaf 9, had the longest periods first flower M to

first flower 3, first flower N to last first flower, first

¢

1ipwer M to end‘tloier, and  first flower N to maturity.

Target had the lowest leart emergence rate, lowest flowering

‘rate of the;raconea; and lowest flowering rate on the main

racemee.

f 3)* Thore were tev thh correlations among the grovthv

charactcré, 1nd1catﬁna that tha growtb chgracters 'mqggureJ
v . <
were. largely lndependcnt ot each other-

Ty

wip

N

4) Bdrlinehs ‘of the 1ater Gthgea »15 ’promoted by
earliness of the initial etaaes, by short 1n1tihl 'pdblods,

and.by hlgh r@tea ot devolop-ont.

-
. ¥
*y

S) Klgh rates of devolopnent at dltierent times and for

dltterent aspects of arowth were poaitlvely aaaoclated.i

6) High leaft emergence rate and early emergence ot the
sevfﬁfh true. leat are .qsg/;atod vlth rapld tlowering rates

and early maturity but also with 1on¢or_119vering poriods.

7) The data indicates that hlgh,tlovdrihg rates are

\3. 7 ﬁ’77'
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asgoclatod,iith reduccd‘duratlon of the tloierlna perlods

and high tlovéring rate on the naln raceme is assoclated

with reduced firlst flo'or N to maturity.

' have a greater’ ntluohce'on'the later periods than leaf 1 to

‘' 8) Early <first fto'er M was aénoci#tod - with _ﬁ@rly

mktquty. and onger flowering pobiéda of first flower N to

last first flowdr and 11r-t“1lo-9r'ﬁ_f6 end flowere.

n

9) The period logt 7 to first flower N was indic&ted to

leat 7.

10) Ihe'co
c)

y.yleld‘iﬁyaggéte ‘ ‘,;Zi;‘ at yield is not

e

significantly the - ‘growth

characters,

LN

11) Thi‘ aro'th ch!édctors 'hfch were associated with

earlinoss and rapid developnont 'éro‘ assocliated . with high

 123 4Th0.1;139111¢qnt . partial ‘cortylatloﬁs with seed

yihld_charaetera.

) iield holding4vog.tat1§¢ yi-ld constant of iho grovthjstages'

y!."old .

and - lnltlal ,gro-th perlode vere -ostty,' negative and

s

vlndicated that these ¢rovth characters had an. ottoct on seed

_ quld lnﬁeppndcnt ot tholr qssociatlon vith vegetativq

-

13) Part 20f the wsimple -effect = of high rates of

o

-

'dotiiopnon§.on ‘seed yléeld was '.lindlc'ated to be due to the

@,

18



association of these rates with vegetative yield,

14) Long flowering periods of first flower M to laat

first flower ,aﬁd tirat flower M to end flower were

positively associated with high yield characters. However
this association was indicated as being due to fpelr common

asscociation with high vegetative yield.

2

15) The time to first flower N wam indicated as having

a stronger associsation ith the yield characters than the

sub sequent time from first flower M to maturity.

16) A1l the significant correlations among the vield
characters were positive 'exccpt: 2or the correlation of
. N B : : .

_huhbof of leaves with 1000 seed weight for Targete.

- "‘E‘J’:» : » B ) ‘ . ‘% ‘ » Co.

17) The correlations a-ﬁngv ¥otal plant weighty,
vegetative yieldy, and seed yield were very high indicating

that the -aqﬂg_dotorninaht of seed yield for ﬂ%ﬁ?ﬂgﬁg on a

-slqglo'plagt‘hcn;- wase plant size.
18) The number of leaves was indicated to not have a

large effact on seéed yleld. o l -

wt

19). The slgﬁltléabt'ponlflv; dorril#tions of seed yield
with fhe number of -.condarﬁy ruﬁ;m§-§,.nunbér of ltettlary
raéq-os,  ﬁuﬁbqr oi vﬁod-}  and '1000"¢;o& veiaﬁt were all
l@rgelyvaﬁpvté.tpﬁif correlations yith v.ﬁqtaflvo vield.

-20) The partial correlations with _ﬁeed yvield holding”

19



veagetative yiold constant vcro slgnltlcunt and poaltlve for
nu-bor«ot tcrtl.ry racemes ;nd number of pod- for all tﬁroe
cultivars and far number of aecondary racemes for Target and
were algnltlcant and noaatlve for 1000 .eed weight for Oro.
Thus‘the-. charac ters showed a significant association with
seed yield 'hlch was not duye to tholr association with high

vogotatlvc yield.

. 21) Signltlcantquclprocal differences were found for

\

the bopulatlon'-.ann of most of the characters éfudledﬁ

22) B.teiosls ‘was indicated for some of the growth

o, 'i" L

Vcharactors and several of +the yield ‘charactors including

-aturlty, nu-ber .o tertiary racemes, seed yield, and
: . _ P

harveat lndax.

o

23) The horltaﬁlllty entimates were inconsgistant and

L
not highe Larao reclprocal dltteronceu in the herltablllty

estiuato- ealculated were also tound.
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