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, The Univers ity of I'fanitoba,

cyÈoplasmic male sterilitY in

summer rape (Brassica napus L" )" Major Professor; Baldur R"

Stefans son"

Heterosis and cytoplasmic male sterility uere

investigated in summer raPe (Brassica napus L. ) during three

years of field trials (1979 to 1981).

Heterosis for seed yíe1d of 40% over the conventional

canola rape cultivar Regent llas found in several hybrids

with only a one or two day delay in maturiÈy. Two of the

high yielding hybrids (Marnoo X Regent and Karat X Regent)

vrere of canola quality. The hybrids were very vigorous in

growth. This vigor resulted in increased total dry uatter

production and higher aPParent harvest indices for the

hybrid genotypes. The vigor and increased seed yields of

rape hybrids suggest that developnent of hybrids for

commercial production could be justified.

The nap cytoplasmíc male sterility (crns ) system in å'

napus htas evaluated as a mechanism for pollination control

in hybrid seed productÍon. The male sterility in Èhe

initial n¡inter raPe 1lnes obtained from Japan was not stable

under local conditions buÈ stable sunlner rape selecÈions



trere developed "

iv

The best selections gave colnplete

pollination control under field conditions " The male

s terile s elect ions had narrow petals , short I tamens , sna 11

cone-shaped anthers and 1ow position of anther with resPect

to stigna typic,al of the nap cms sysÈeE. A naintainer for

these sumlner crDS Iines was developed using the male fertile

cam cytoplasm of the Polish land race cultivar Bronovrski '

An estimaÈed I nuclear male fertility restorer genes \'7ere

found to be present in the canola cultivar Regent.

Therefore this sYstem is difficult to use in hYbrid raPe

production'

The inheritance in å. napus of an t'introgressed" white

flower color derived fron Raphanobrassica ú7as investigated

genetieally and cytologically in view of the fact that the

use of alíen cms systems (ogu and mur sysÈerns ) for

pollination control will involve the incorporation of

restorer genes f rom these alien species " The white f 1oI^7er

color in thís å. naPus 1Íne had not been inÈrogressed into

the rape genome but was associated with a sma1l radish

(Raphanus sativus L. ) chromosome " Thus the true breeding

r¡hiÈe flowered line rllas a disomic alien additÍon line with

2n=40. The meiotic behavior of the additional chromosome as

a unfvalent waS studÍed" The chromosome uas incorporaÈed

lnto abou t 25"/" of the game tes. However, s trong certation

effecËs resulted in varying degrees of transmfssion through

the pollen as observed in monosomics of oÈher croPs" The



results suggest that introgression

difficult and that both genetic and

will be necessary to determine Íf

place "

of alien traits maY be

cytologi ca1 obs ervations

introgressfon has taken
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INTRODUCTION

During the last two decades, raPe has developed from a

¡ninor to a major crop in hTestern Canada. Annual rapeseed

production in western Canada has averaged 2"5 ni11Íon tonnes

frou 2"I rnillion hectares during the last three years

(StatisÈics Canada),

The development of nerr cultivars wíth improved qualíty

has been a najor factor in the success of raPe in Canada

(Downey eÈ 4. , 1975) " These iroprovements in quality were

of such a magnitude that in L97 9 the Wes tern Canadian

Oilseed Crushers Association (now the Canola Crushers of

I.¡estern Canada) adopted a neel commodity name, canola

rapeseed, to distinguish the neqr rapeseed and rapeseed

products wÍth 1ow erucic acid conÈent in the oi1 and lor^¡

glucosinolate content in the meal from the o1d or common

rapes eed.

Interest ln the possibility of developing hybrid rape

cultivars with substantiall-y hlgher seed yield potential r¡7as

stimulaÈed by reports of cytoplasrnic uale sterility (Shiga

and Baba, 197I, L973; Thompson, 1972)" Several reports

(SchusÈer and l{fchael, Lg76; Shiga, 1976; Morice , I978;

Buson, 1980; Guan, 1980; Hutcheson et a1., f981) inaicate

that seed yields of FI hybrids of raPe (Brassica naPus L.
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and Brassica campestrís L") Eay exceed those of the

conventional cultivars by up to 4O to 60"Á.

In I979r rêsearch BTas inítiated at the University of

ManiËoba to investigate in detail the tvlo najor requirements

for FI hybrid rape production in western Canada. These t$¡o

requirements are: ( I ) sufficient heterosis or hybrid vigor

for seed yield in 1oca11y adapted hybrids to justify the

additíona1 costs involved in hybrid seed producËion and (2)

a pollination control system for use in the field scale

producÈion of hybrid seed. Heterosis rrTas investigated in

hand-crossed, intervarietal hybrids of summer raPe (8.

napus ) using top cros ses between the Canadian canola

cultivar Regent and a number of foreign sunner rape

cultivars. The nap cytoplasmic male sterility system

(Shiga,1980) was evaluated as a pollination control sysÈeu.

The possibility of utilizing alien cytoPlasms from the

radish (Raphanus satÍvus L") and the sand rocket (Diplotaxis

muralis L" ) as male sterile cytoPlasms for hybrid rape

production (Shiga, 1980) probably will require the transfer

of male fert.ility restorer genes from these a1íen species

into the å" napus genoue" A study of a white flower color

in ¿. napus Íntroduced from E. sativus by way of a

RaphanobrassÍca hybrid rlas lnitiated in L979 to examine the

genetlcs and cytological behavior of such an alien trait in

the B. napus genome"



LITERATURE REVIEI.I

Het,erosis

The term heterosis vras first used by Shu11 (19I4) to

represenÈ Èhe special stimulus of heterozygosis on

ttce1l-division, growÈh and other Physiological activities of

an organismt'. shu1l ( 1948) def ined heterosis as ttthe

Íncrease of size, yie1d, vigor, etc." resulting fron the

heterozygosis present ín hybrids between divergent Parents.

From the crop production viewpoint, heteros ís perhaps is

best defined as the yield superiority of a

best open-pollinated or inbred culÈivar.

MacKey (197 6) discussed the genetic

heteros is " MacKey subdivides the gene tic

heÈeros is into:

1. genonic heterosis

hybrid over the

a) nona11elÍc heterosis

b) allelic heterosis

í ) doninant heteros is

ii ) overdonínant heterosis

2. plasnatfc heteros is

3. non-heritable maternal heterosis.

The classic example of nonallelic heterosLs is that

Powers' (I944) tomaÈo frulÈ yield data. Powers found t

ne chanisms of

regulation of

of

hat



heteros is for fruit yietd could occur as a result o

intermediate reactions of the t!¡o nonallelic comPonents o

fruit yield, namely fruit number and fruit v¡eight"

A11e1ic heterosis was explained by Bruce (19i0) and Jones

(19I7) as a shelrering, inhibiËion, or masklng of the

effects of deleterious recessive alleles by doninant a1le1es

at r¡any loci" This theory of Jones usually is referred to

as the ,,dominance theory of heterosis"o Shulí Cf908r lgIl),

Easr (I908) and Hu11 ( 1945) explaíned a1le1ic heterosis as a

cooperation of a11eles in a stimulaÈory, comPlementary or

dossage-compensating way sueh tÏat the heterozygote (Aa) is

superior to both of the possible homozygotes (AAraa) ' This

Èheory usually is referred to as the t'overdominance theory

of heÈeros is ".

The contribution of cytoPlasnic factors to heterosis llas

firsË demonstrated by Hanson et a1. ( 1960). They reported

that the nitochondrial activity in seedlings of FI hybrid

corn (Zea lpays L. ) was correlated with the degree of

heterosis expressed by the hybrid. ThÍs phenomenon has

since been extensively investigated in plants (McDaniel and

Sarkissían, 1966' 1968; McDaniel , 1972, r97 4) "

Mitochondrial based heteros is arises frou the polynorphisn

of mi tochondria in cel 1s of hybrid organisms and the

complementation resulting from these mixed nitochondrial

populations, This phenomenon is usually referred to as

4

f

f.

mÍ tochondrlal complementationo Ìlltochondrial
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conplementation also may be an explanation for the greater

sËability observed in hybrids exposed to environlnental

stress (l"lacKey , L97 6) "

The last mechanism which I'lacKey (I976) discussed is that

of non-heritable lnaternal heÈeros is " This mechanism

involves factOrs such AS seed EaÈuraÈion, seed dormanCY,

seed size and endosperm characteristics ¡,¡hich Eay influence

the superiority of hybrid offspring"

l{acKey (1976) also discussed the relative inportance of

these tnechanisms. l"lacKey concluded that the dominance '
overdomínance, nonallelic and plasnaÈic regulatory systems

are all iuportanÈ mechanisms of heteros is and Èhat their

relative irnportance will depend uPon the reproductive sysÈen

of the species, history of selection and the character

concerned.

While several genetic Eechanisms may explain heterosis,

it is the leve1 of heterosis available for exploitation in a

pLant species which will deÈermine whether hybrids can be

produced on a comnercial basis. The level of heËerosis for

grain yield has been determined ín most of the rnajor croP

specles including corn (sprague and Eberhart, I977), wheaÈ,

Triticum aestivum L" (Nettevic, 1965) ' 
rice, Otyza sativa L.

(Carahan et a1.' 1972), barley, Hordeum vulgare L' (Hayes

and Foster, 1976), oats, Avena sativa Lo (Hathcock and

McDaniel, 19 73) , and soybeans, Glycine max (L. ) Merr. (l,Ieber

et al., 1970). Levels of heËerosis for grain yield from 40"Á
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to more than L00"Á over the beËter parent or over

conventional cultivars have been reported in these croPs.

Heterosis has been investigated in raPe (å. napus ) in

Europ e, Japan and China . Schus t er and Mi chael (I97 6)

studied inbreed'íng depression and heterosis in r'Tinter rape

(B. napus ) Ëo determine the Potential for developing

synËhetícs. In spite of the high rate of self-pollination

of ¿. napus, they found inbreeding depression conparable to

that in corn, a cros s-potlinating species " They Ivere 
'

however, able to obtain soue inbred lines which showed

higher yields than thos e of Èhe heterozygous parental

cultivar. Heterosis for seed yield of 177. over standard

winter rape cultivars lras observed in about one-fifth of the

FI hybrids evaluatedo A fer¿ of the hybrids exhibited

heÈerosÍs for seed oi1 conÈent over standard winter raPe

cultivars.

shiga (I976) invesrigated heterosis in Fl hybrids made

bet!üeen Japanese winter rape (8. naPus ) cu1Èivars " Shiga

evaluated 62 such intervarietal hybrids between L954 and

Ig 67 and f ound half of the hybr ids t o be Ínt e rmedi a t e

between the two parents in maturity, SclerotinÍa disease

resisÈance, height, length of inflorescence, total nuuber of

branches , and thousand seed weight ' One-Èhird to

one-quarter of the hybrids showed heteros is over the

desirable parent in length of inflorescence, total nuuber of

branches, number of prinary branches, one fit"t seed weight
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and thousand seed weight" The performance of 48 of the 62

hybrids was superior to that of the ¡¡ore desirable parenË"

Shiga observed significant heterosis for seed yield over the

nidparent value in Ëhe uajority of the hybrids evaluated.

Shiga classified the hybrids according to the origins of the

parenÈs as Chosenshu x Chosenshu, Chosenshu x European type

cultivar, and European type cultivar x European type

cultivar. Hybrids of the Chosenshu x European type cultivar

showed the greatest 1evels of heterosis for seed yield

(averaging approximately 40% over Èhe nidparent values).

Shiga (1976) also investigated heterosis in Fl hybrids

betnreen the Japanese cytoPlasmic male sterile line and i3l

Japanese ¡sinÈer rape cult ivars. The s eed yields of mos t of

these Fl hybrids showed heterosis over the seed yields of

the parental winÈer rape cultivars (averaging approxiEately

40% in the better hybrids)" Heterosis for plant heighÈ also

was observed in mos t of the hybrids " The majority of the

hybrids lfas equal or suPerior Èo the parental cultivars in

resistance to lodging, thousand seed weight and Sclerotinia

disease resistance. Shiga not ed that there vras no

relationship between the male fertí1ity restoring ability of

these lines and the level of heterosis observed Ín the

hybrids.

Buson ( 1980) studied heterosis in an ineomplete dia1le1

experiment involvÍng 25 winter raPe (8. naPus) fnbred 1ines"

A total of f 30 F1 hybrids liras evaluaÈed, the cornbinations

made being based on the consanguínity of the lnbred 1ines.
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The Fl hybrids and parents !¡ere gror,rn in 4 rowr 3 n long

p1oÈs wíth 30 cm rolr spacing, using 3 replicaËes" Overa11,

hybrids showe d 23"Á superiority over inbreds for seed yield

but some of thern reached 507á over the nidparent value.

Hybrid vigor also vlas noted in characters associaËed with

vegetative growth (leaf area and plant height ) and yield

components (nunber of siliqua (pods) per plant and number of

seeds per silique ).

Buson (1980) also estiuated general and specific

combining ability variances and effect s. She found Èhat

general conbining abilíty vlas the most inportant component

of the heterosis obs erved for seed yie1d, thus suggesting

Èhat additive gene action is the rnajor contributor to seed

yield i.n these hybrids (Griffing, 1956).

Guan ( 1980) studied heteros is using I intervarietal

hybrids and I t hybrids of male-sterile lines crossed r./ith

fertility restoring cultivars of rape (B" naPus ) in China.

Guan found significanÈ heterosis in the number of priroary

branches and number of siliqua Per p1ant" Up to 601l

heterosis for seed yield over the betEer Parent uTas

observed.

Guan ( I 980) also determined stomatal number Per unit area

of silique epidermis, flowering tÍme leaf-area index,

chlorophyll content, Photosynthetic raËer and exuding water

rate for Èhe hybrids and parents. He found that the hybrids

were superior Èo the Parents for all of these
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characteristics suggesting that the hybrids have a greater

photosynthetic capacity as the basís for their vigorous

groÞrÈh and high Yields.

To suuua ríze, studies on heterosis in rape (B" napus )

indicate that Fl hybrids have the potential to produce seed

yíelds 40 to 60% greater than those of conventional rape

cultivars. Hotrever, quality and agronomic perforuance are

also najor facÈors to be considered in the production of F1

hybrids and sone of Èhis heterosis may have to be sacrificed

in order to meet these requirements"

Seed Yie1d, Biological Yield and Harvest Index

In addition to seed yield Per se, biological yield and

harvest Índex have been used as críteria for selection

towards higher yields in cereals (Donald and Hamblin, I976).

Harvest Índex ís seed yield expressed as a Proportion or

percent of the biologi cal yield of a crop ô Ideally ' the

bíologícal yield used to comPute harvest index should

include all above and below ground structures ' but for

practical reasons usually only the above ground structures

remaining at maÈurity (seed plus strar+T) are Íncluded. Due

to the loss of leaves at maÈurity, the tern apParent harvest

index has been used to represent seed yield divided by above

ground total dry matter production at maturity " ApParent

harvest index and harvest index have been shown to be

positively correlated (r=0.97 ) in soybeans ( Schapaugh and

l.Ii1cox, 1980).
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Niciporovic (1956) euphasj-zed that effective exploitation

of photosynthesis to achieve maxiuum biological yield was

the key to successful crop production. Donald (I962)

suggested thaÈ in addi tion to greater photosynthesis and

biologi ca1 yie1d, plant breeders should a1s o s elect for the

ability to render a greater Proportion of this biologi ca1

yleld as seed (i'e. a greater harvest inde.x).

The interrelationships among seed yield, biological yield

and harvest index vlere discussed by Donald and Hamblin

(1976)" They suggest that the situation r¡here seed yield ís

positively correlated wiËh harvest index and neiÈher seed

yield nor harvest index are related Èo biological yield is

typical of cultivar trials where biological yield is fairly

uniform across cultivars and seed yield and harvest index

vary togethero A positive correlation between seed yield

and biological yield along wiÈh no relationship between seed

yield or biologíca1 yield and harvest index nay be typical

of genotypes compeÈing in uixtures such as in a segregating

population. Posítive correlaLions auong seed yield'

biological yield and harvesÈ index is typical of the

responses of a croP to waËer under suboptimal noisture

conditions. A positive correlation between seed yield and

biological yfeld and negâtive correlatÍons of seed yield and

bÍol-ogical yleld wiÈh harvest index is tyPical of resPonses

of a crop to nitrogen ¡shen uater is abundant" Fina1ly, a

poslÈíve correlaÈion bett¡een seed yield and harvest index
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and negaÈive correlatlons of both seed yield and harvest

index with biologí ca1 yield is typical of respons es of a

crop to nitrogen when naÈer is deficient "

In rape (8" naPus ), seed yie1d, total dry matter

producËion and epParent harvest j.ndex have been inves tigated

by several researchers" Thurling (1974) investigated the

growth and morphological characters associated wÍth yield in

winter rape (8. napus ) grown in Australia. Total plant dry

weight, seed yield and apparent harvest index were

determined at maturity on an individual plant bas is.

Typical apparent harvest índices ranged fro¡o 16 to 23"/.

depending upon seeding date. The correlaÈion between seed

yield and total plant dry weight was pos itive and highly

significant (r=0.70), the correlation between seed yield and

apparent harvest index uas not significanÈ (r=0.I4), and the

correlation between total plant dry weight and aPparent

harvest índex was negative and highly significant (r=-0.54) "

A multiple regression of seed yield on total plant dry

weighÈ and apParent harvest index indi cated that thes e tÌ'¡o

characteristics accounted for 87"/" of the variability

observed fn seed Yfe1d.

Canpbell and Kondra ( 1978) investigaÈed the relaÈionships

arBong growth patterns, yíeld componenÈs and seed yield of

6ummer rape (8. napus ) on an individual plant basis " They

found seed yield was correlated positively with vegetative

yield and wlth apParenÈ harvest index ín all three cultivars



tested. Vegetative yield was

apparent harve s t index in one

l{he1an, 1980).

Care mus t be exerci sed

avoid di sas ters such as

I2

positively correlated with

of the cultivars but hTas

uncorrelated in the oÈher two cultivars. These results are

suggestive of the response of a crop to water under

suboptimal moÍsture conditions (Donald and Hamblin, I97 6)

which could well be the siËuation for su6lner rape grown in

wes tern Canada.

Cytoplasnic Male Sterility

Cytoplasmic male sterility (cns ) refers to the condition

of po11en sterility controlled by a heritable, cytoplasuic

factor. Pring et a1. (1977) have found evidence to suggest

that thís cytoplasmic factor ís a gene on a mi tochondrial

chromosome. Male sterility due to a cytoplasui e factor

usually can be overcome by nuclear genes referred to as male

fertility restorers "

The classic example of cms is in corn (Rhoades, i933;

Duvickr l965) but cms has been identified and utilized for

hybrid seed production (Duvick, I959) in a nunnber of crops.

These include onion, Alliurn cePa Lo (Jones and Clarke 
'

1943), sorghum, Sorghum bicolor (L" ) lfoench (Stephens and

HoIland, 1954), rice (Shinjyo and Omura ' L966; Shinjyo'

1972) and sunfl-owers, Helianthus, annuus L. (Leclercq, I969;

with the use

the southern

of cms sys t ems t o

corn Leaf blight
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(Helninthosporiu¡o rnaydis ) epidemic which occurred in the

u.s. ín 1970" This epidernic resulted f rom the l¡idespread

use of the Texas male sterile cytoplasm in 90:l of the u.s.

corn hybrids and an association between this cytoPlasm and

ausceptÍbility r to southern corn leaf blight (u11s Èrup,

I977)" This disasÈer greatly reduced the use of cr¡S in corn

buÈ recent trends have been towards increased use of other

nale sÈeri1e cytoplasms in hybrid seed production due to the

high labor costs of detasseling" In 1979 ¡ approximately 202

of the U.S. corn hybríds ltere produced using cms (Zuber and

Darrah, 1980).

Cms in rape (8. napus ) was firs t reported by Shiga and

Baba (L97IrI973) and Thonpson (7972). Shiga and Baba found

male sterile plants in Èhe Progenies of a cross betvleen the

Japanese oi1-seed winter rape cultlvars Chisaya-natane and

Hokuriku 23. Thoupson found male sterile plants in the F2

generations of crosses r.rith the Polish land race summer rape

cultivar Bronowski as the male Parent. In both cases '
reciprocal crosses indicated that this male steriliÈy qTas

cytoplasnically inherited.

Shiga et a1" ( 1976) observed that the cns line from

Thomp son nas only part ial ly ma le s terile under the

conditions in Japan. They observed that maínÈainers and

restorers for their cms line Iúere also maintainers and

restorers for the cms line from Thompson. This suggests

that Ëhe two male sÈeríle cytoPlasms were sÍmilar Lf not the
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sarne. Shiga (1980) classified this male sterile cytoplasm

as the nap cytoplasm.

Shiga (I976) and BartkowÍak-Broda eÈ a1" ( I979) studied

the floral morphology of these naP c1¡s 1ínes" The male

sterile plants - had narrow rugose Petals, short stanens '

sma11 cone-shaped anthers without Pollen, and a 1ow position

of anther lrith respect to stigma" shiga (1976) found

partially male sterile Plants to possess f1ora1

characteristics intermediate between those of male sterile

and normal male fertile plants" Thus, based on flora1

Inorphology, Shiga tras able to classify plants as male

sterí1e, partially male sterile and male fertile.

Shiga (I976) studied anther developnent of male sterile

and partially male sterile plants using cytohistological

techniques. He estimated that the breakdown of anther

developnent occurred between the stages of carpel

different iation III and ma 1e archesporial ce11

differentiation In No anther 1ocu1i r Po1len mother ce1ls

(PMCs ) or anther tapeta hTere found in the anthers of the

male sÈeri1e plants. In Partially male sterile plants, male

archesporial ce1ls Iùere produced and these occasionally

developed into anther loculi. These loculi produced PMCs

and anther tåpeta and the PMCs underqTent rneiotic divisions

to produce pol-1en.

Shiga ( 1976) also found the male sÈeri1e plants to be

shorter and to have a somewhat 1ov¡er seed fertility than

their male fertile counterParÈso



Thompson (I972) and Shíga (197 6)
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both found the male

sterility due to Ëhe nap cytoplasu to be unstable. It had a

tendancy Ëo break down aE higher teuperatures and during the

later stages of flowering " Thompson concluded that this

system would not be suitable for pollinat.ion control because

of this instability but Shiga suggesÈed that the stabiliÈy

of the male sterility in the nap system could be irnproved by

selection. Shiga also pointed out that studies had shown

that a population made up of Fl seed mixed with as uuch as

25 to 507. of parental seed produced yÍelds comParable to a

population gro!ün frou Pure Fl seed under high density

planting (Murakarni et a1. , I969; Shiga et a1. , 1970). Based

on these findings, Shiga suggested that complete control of

pollination lras not necessary and some breakdown of the male

steritity eould be Èolerated. Shiga also suggesËed that

this ins tability could even be advantageous in that it

allowed maintenance of the male sterÍ1e lines by

self-pollination using the po11en whích was formed rarely on

the male sterile plants"

When testing the male sterile lines under field

conditions, Shiga (1976) found about 9T to 987. outcrossing

to occur" The considerable degree of male sterility and 1ow

position of anther with resPect to stigna undoubtedly vlere

responsible for the high 1eve1 of outcrossing observed"

The geneÈics of fertilíty res toration in the nap cms

Eysiem -was also siudied by Shlga" Shiga studied a number of
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Japanese ( Shiga, 797 6 ) and European ( Shiga et a1 " , 1978)

ninter rape cultivars" Shiga estimated that there are 3 or

4 loci involved in nale fertility restoration in Eost of the

Japanese and European cultívars studied" Male fertility

res Èoration was. controlled by dominant or part ia11y dominant

a11e1es al these loci. Shiga also classified the cyÈoplasms

of these cultivars and found that the rnajority of the

Japanese and European cultivars studied possessed the nap

cytoplasm along with 3 or 4 male fertility restorer genes.

A sualler number of cultivars (e.g" Hokuriku 23 and

Bronowski) possessed a uale fertí1e cyÈoplasm and few (only

1 or 2) if any male fertility restorer genes" Shiga (1980)

suggests that this male fertile cytoPlasm originated from B.

campestris and thus classified it as the cam cytoplasm.

Because Brassica oleraceae L. is the other parent of the

anphidiploid, B. napus, the male sterile naP cytoPlasu most

likely originated from that species.

Shiga ( 1976) found strong correlations between flora1

charact eri s tics (petal width, anther length and pos Í tion of

anther wíÈh respecÈ to stígna) and the degree of male

sterility (determined by seed set on bagging) in the nap cms

system. Using petal width and position of anther with

respect to stigxna, Shiga was able to derive a fertility

index equatl-on whlch couLd be used to classify the male

fertility of plants in the nap cytoplasm"
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A second source of cytoplasmic male sterility in rape was

developed by backcrossing the geno¡¡e of å. napus into a

cytoplasm from a male sterile radish (R. sativus ) (0gura,

1968; Bannerot et 4. , I97 4; Bartkowiak-Broda et a1" ' 
I97 9) 

"

Shiga ( 1980) cI-assif ied this male sterile cytoPlasm as the

ogu cytoplasIn after iÈs discoverer.

Bartkowiak-Broda et a1. (1979) studied Èhe uorphology and

nature of this cms system in rape (B" napus ). Petal r'¡idth

tras almost normal in the ogu cms lines and atrophy of the

stamens and comPleÈe absence of po1len grains r¡Tas always

observed. Feroale fertility Iùas nornal in the cms 1ines.

CytohisÈo1ogíca1 studies indicated that meiosís and

microspore production occurred normally in the ogu cms lines

but then the microspores degeneraÈed, probably due to a

breakdown of the ÈaPetum.

Heyn ( 1979) and Rouselle (I979) found that the male

sÈerí1e lines of rape 1n the ogu cytoplasm were chlorophyll

deficienÈ at cooler temperaÈures " Both Heyn and Rouselle

were unable to find male fertility restorers for the gry cns

system a!ûong the lines of rape (8. naPus) tested. Heyn

attenpted to obtain male fertility restorers for the ggu cms

systeu from the radish (R" sativus) ttrrough RaPhanobrassica.

His results suggesÈed that male fertility restoration vlas

conÈro1led by two loei l¡ith comPlementary doninant gene

action. Heyn also suggested that one of the male fertility

restorer genes lras linked to one of two genes for whiÈe



flower color in the radish. He

white flower color could be
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thus suggested that doninant

used as a marker for the

presence of that restorer gene.

A thírd source of cms in rape was obtaíned by

backcrossing B., napus into the cyÈoplasm of D" muralis, the

sand rocket. Shíga ( 1980) classified this cytoplasm as the

mur cytoplasm. Shiga suggested Èhat uale fertility

restorers for this cms system are not present in å. napus

and thus l¡ou1d have to be introduced from P. muralis. The

mur ctns system has not been extensively studied in B" naPus

buÈ a rpur cms system in B" camPestris has been developed in

Japan (Hinata and Konno, I979)" This mur cms system in å.

campestris has a strong male sterility and only a single

male fertÍ1ity restorer" The plants are deep green and

vigorous in grouth habit"

To Summaríze, there are three main cms SySte¡ns currently

available in rape (8" napus) for possible use in Fl hybrid

seed productionn Of these, the lnur cms system seems the

best suíted system in that male sterility is complete and

restoration is siuple (1 locus)" The functioning of å.

napus in this cytoplasm sti1l needs to be tested and the

introgression of the D. muralis male fertility restorer gene

into the ¿. napus genome has to be accomplished. The naP

cEs system has unstable male sterility and Ëoo many (3 or 4)

male fertility res torer 1oci, although it is native to å.

napus and thus well tesÈed" Male sterility in the ogu cIDs



system is compleËe but

incompatíbilitY of B. nâPus

fertility res torer genes for

be successfully incorPorated

R. sativus.

19

there are problems due to

with this cYtoPlasm. Also male

the gg cms system will have to

into the B " naPus genome f rorn
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Abstract

The degree of heteros is for seed yield in

sunmer rape (Brassica naPus t" ) vras examined

yield trials during Ewo years ( i980 and

intervarietal hybrids produced by manual cross

FI hybrids of

in repli ca t ed

1981) using

ing" The seed

yields from the Fl hybrids of crosses between Marnoo and

RegenÈ, and Karat and Regent exceeded those of Regent by 38

and 43 "/., respectÍve1y. I.Iith the possible exception of

maturity, which rllas one day later than RegenÈ, the agronomic

and quality characteristics of these hybrids vlere withÍn the

ranges acceptable in commercial rape cultivars " Hotllever'

the successful development of hybrid rape cultivars v¡i11

depend upon the development of a suitable geneLic or

chemical (nale ganetocide ) pollination control system.
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Introduction

During the lasÈ two decades, rape has developed from a

minor to a najor crop in r.¡estern Canada. Annual rapeseed

production in western Canada has averaged 2"5 nillion tonnes

from 2"1 nillion hectares during the last three years

(Statistics Canada ) "

The development of nevl cultivars with inproved quality

has been a major factor in the success of raPe in Canada.

The iuprovements in quality ltere of such a magnitude that in

L979 the Western Canadian Oilseed Crushers Association (now

the Canola Crushers of l.lestern Canada) adopted a neÌ,{

comrnodity name, canola raPeseed, to distinguísh the nel,¡

rapeseed and rapeseed products with 1ow erucic acid content

in the oi1 and 1ow glucos inolate cont ent in the meal from

the old or corlrnon rapeseed.

Several studies (Schuster and Michael, I976; Shiga, I976;

l'lorice, 1978; Buson, 1980; Guan' 1980; Hutcheson et a1. ,

1981 ) report that seed yields of F1 hybrids of raPe

(Brassica napus Lo and Brassica campestrís L. ) may exceed

those of their parents by 40 to 60 7.. This plus reports of

cytoplasmic male sterflity (Shiga and Baba , L971, I973;

Thompson , L972) has stimulated lnterest in the development

of hybrid rape cultivars. The experiments described Ín this

paper were designed to determine the level of heterosis for

seed yield ln F1 hybrids of ¿" naPus grown in üTestern

Canada "
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Materials and Methods

In 1980, seven cultivars of B. napus and in 198I, four

cultivars r,Iere reciprocally toPcrossed to the Canadian

eanola culÈivar 'RegenL' (Table 1 ). Cultivars from

different counEries were chosen because heterosis can be

expected in hybrids produced from divergent parents. Two of

the cultivars used in 1981, Marnoo and Karat, r./ere added

because they are canola quality cultivars from foreign

counÈries" A topcross to Ëhe cultivar Regent was used to

permit comparison of all hybrids to a columon, widely gro\./n,

1oca11y adapted parerit '
FI hybrid seed rùas produced in the greenhouse durÍng the

fa11 and winter months o Crossing hTas accolnPlished by

eÐasculaÈion and bud pollination. The crossed racenes were

bagged to prevent conÈauination" At least 40 pairs of

plants !tere used Èo produce the seed of each Fl hybrid to

ensure an adequate sampling of the variability r¡iÈhin each

of the cultivars" The parental cultivars r.Iere uaintained by

baggÍng racemes (selfing) on the same plants used to produce

the F1 hybrid seedo To test for inbreeding depression ín

the topcros s parent Regent, Regent Breeders seed from the

same aource as the seed used for crossing r.Tas included in

the yield trials. The harvested seed was cleaned on a

laboratory nodel of a spiral seed cleaner to"elininate chaff

and shrivelled, Poorly developed seed. Gernination

percentages and thousand seed weights lrere determined for FI

hybrid, maÍntained Parentr and Regent Breeders seed"
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A randoEized complete block design (RCBD) with 3 blocks

rùas used in both years. Each block included two Regent

Breeders seed p1ots, te¡o p1oËs soI¡ln lriÈh Regent

self-pollinated seed and one plot of each of the other

cultivars, the: F1 hybrids and the reciprocal Fl hybrids.

The yíeld trials hrere carried. out on the University of

Manitoba campus f ield plots (I.linnipeg , canada). The soil

type lras a Fort Garry clay with poor subsurface drainage"

Plot areas llere summerfallowed the season prior to planting"

The herbicide Treflan I¡7as applied Ín granular form at the

recorlmended rate (28 kg/ha) during seed bed PreParation in

the fa11.

In the spring, soil samples ü7ere taken to determine soil

fertiliÈyo Seeding in 1980 was on May 2I and in 1981 hTas orr

May 20 and June 8. The June B seeding date in I98l lras

requÍred because hybrid seed rlas not available prior to that

date. Seeding to adequate moisture at a 2"5 to 4"0 cm depth

was accomplished ¡vith a 4 row belt seeder and packer. The

plot size in 1980 was 1.2 u X 4.6 m and in 1981' 1.2 m X 5.8

m with a 30 cm spacing bett¡een rolls f n both years. Seeding

rates Idere adjusted based on gernÍnation percentage and seed

size to give approximately a 2.5 cm spacing between plants

in Èhe rorrro This resulted in a seeding rate for Regent of 4

kg/ha. Furadan l0G was applied with the seed at about 5

times the reconloended rate of 2"8 kg/ha for both flea beetle

and cabbage root maggot conËro1. Fertilizer (11-48-0) was



applíed with the seed at a rate of 15 kg PZOS

also supplied 3"4 kg N / ha"
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ha which

In t 980, due Èo 1ow soil moisture and vrarm spring

tenperatures, 10 cm of irrigation r^ras applied June l9 to 22"

In 1981, no irrigaÈion lras applied" Plots !Iere sprayed

occasionally with recorlrnended insecticídes to control flea

beeÈ1es throughout the growing season in both years.

Agronomic characteristics, including days to erDergence,

days to first flowering, days to maturity, heighË at

maturity, and lodging at maturity, lrere recorded for all

p1ots.

At maturity, the center 3 rn of the niddle 2 rotrs of each

plot r^7as hand harvesÈed at a stage nhen approximately 507" of

the seed in that plot had started to turn brown or black in

co1or. The entire above-ground plant material of the

harvested plot areas was placed in burlap sacks and

air-dried for several v¡eeks before threshing. Seed yields

for the harvested area of each plot uere determined and

samples of seed rlere taken for moisture determÍnation. The

moisture free weights of seed from each plot hlere calculated

and converted to seed yields in kg/ha" Thousand seed weight

hras determined using oven-dried seed sa¡Dp1es"

Seed sanples from eaeh plot were analyzed for oÍ1 and

protein content. Oi1 percent was determined by the Nuclear

Magnetic Resonance technlque (Robertson and Morrison ,1979)

using 25 g oven-drfed seed samples " Proteln percent ltas
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the standard Kjeldahl Procedure, but with

as Èhe catalyst in the digesËion (I^Iilliaros

, 1973)"

The data from boËh years I{ere entered inÈo the Andahl

470/V7 couputer- system on Èhe University of Manitoba campus

using MANTES (Ferch er a1. , 1978). The SAS package (Helwig

and Council , 1979) was used to anaLyze the data. The data

were analyzed using the standard analysis of variance for a

RCBD " Single degree of freedom contras ts qrere used to

compare the mean values for Regent rrith those for the Fl

hybrids. Pearson product-Doment correlations betl¡een yield

and other characËeristícs wiÈhin the toPcross Parent Regent

and within rhe three high yielding hybrids ( Gullivar x

Regent, Marnoo X Regent and Karat X Regent) as a group $7ere

determined.

Results

Agronomic, yield and quality daËa for the trials are

presented in Table 2" Relative seed yields of the trials

are best unders tood using the common entry, Regent. The

seed yield of Regenr rùas 2L98 kg/ha and 1529 kg/ha fn 1980

and I 981 (ear1y plantiog ) , respect ively. The higher yields

in 1980 likely resulted fron the suPPlemental irrigaÈion in

June. In 1981, a hot dry period ln July adversely affected

yíelds.
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So11 test data indicated that the ferÈility of the plot

areas in boÈh years Iùas adequate for the production of a

1960 kg/ha rape crop. The I 1-48-0 fert ilizer applied with

the seed was suPplementary to this.

Data for L-he hybrids involving the three Japanese

cultivars were not included as these hybrids and their

parents matured Èoo late to perni t evaluation in the short

season in !restern Canada" Because the results from

reciprocal crosses did not differ significantly at the 5 "/"

1eve1, the data were pooled" Sinilarly, the data from

Regent maÍntained by self pollination did not differ

significanÈ1y from data from Regent Breeders seed, and

therefore the two sets of data were pooled as data for

Regent.

Agrononic Characteristics

The number of days from seeding to emergence for the Fl

hybrids r¡as equal to or slighÈly less (one or two days) than

the days to eulergence for Regent (Table 2)"

The high yíe1díng F1 hybrids (Gu1livar X Regent , llarnoo

x Regent , and Karat x Regent) were easily distinguishable

from their parenÈs on the basis of their vegetative vigor.

The FI plants deveJ-oped and covered the plot area Inore

rapÍd1y than their Parents " This vegetative vígor

apparently also gave the hybrids greater Èolerance to flea

beetles.
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Days Ëo first flowering Índicated a partial douinance of

earliness in all hybrÍds (TabIe 2)" The three high yielding

hybrids flowered only one day later than Regent.

Days to maturity also suggested a partial doninance. of

earliness ín atl hybrids, the three high yielding hybrids

maÈuring only one or t!¡o days later than Regent (Tab1e 2).

Ta11 stature lras partially dorninant except in the late

seeded trial in 1981, where overdouinance of ta11 stature

was obs erved ( Tabl e 2) 
"

In this laÈe s eeded t rial '
floweríng vlas premaÈure1y terminaÈed by fa11 weather

conditions in the two late (ta11) parents giving the F1's an

apparent overdominance for tal1 stature. The three high

yielding hybrids were only I to 12 % taller than Regent.

The hybrids trere equal to or better than Regent in their

resistance to lodging (Tab1e 2). In I 981, the entire May

20th trial was severely lodged due to strong winds on July

3Oth"

Seed Yield

Significant heterosis for seed yield (Tables 2 and 3) was

observed in the Gullívar X Regent, Marnoo X Regent. and Karat

X Regent hybrids (38 to 43 % over Regent)" 0ther hybrids

also sho¡,¡ed so¡ne heterosf s: Schuster 75-01 X Regent (15 Èo

18 % over Regent ) and Kosa X Regent (7 "/" over Regent ). The

Bronowski X Regent hybrid showed no heterosís for seed yield

over Regent.
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seed yÍe1d was positively correlated (Tab1e 4) with days

to firs t f lowering, days to maÈurity and height at maturity

borh within Regenr and within the three high yielding

hybrÍds, Gullivar x Regent, Marnoo x Regent and Karat x

Regent. There -was no significant correlaËion between seed

yield and lodging although Ëhe negative sign suggested that

higher yield was associated with less lodging. Thousand

seed weight was not correlated with seed yield within Regent

but rras positively correlaËed with seed yield w_ithin the

three high yielding hybrids. seed oil content was not

correlated nrith seed yield but seed protein content was

negatively correlated with seed yie1d, although Èhe

correlation hras staÈistically significanÈ only for Regent "

QuaIi ty Charact eris tics

Two of the three high yielding hybrids, Gullivar X Regent

and I'farnoo X Regent, solvn under the early planting dates did

not differ significanlty from Regent in Èhousand seed weight

(Tab1e 2). the rhird of the high yielding hybrids, Karat x

Regent, sown laËe Ín 198f was signÍficantly Iower in

thousand seed weight than Regent. The Schuster 7 6-0 I X

Regent hybrid Iùas significantly lower in thousand seed

weÍght than Regent in both years. the thousand seed weight

of the Kosa X Regent hybrid was equivalent to that of Regent

and the Bronowski X Regent hybrid had a significantly lower

thousand seed weight Ëhan RegenÈ " The general trend !Ùas



towards a thousand seed weight interlDediate

thousand seed weights of the tuTo Parents.
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between the

The seed oí1 content of the three high yielding hybrids,

Gullivar X Regent, Marnoo X Regent and KaraÈ X RegenÈ, was

comparable to that of Regent (Tab1e 2). The Schuster 75-01

X Regent hybrid nas signíficantly higher than Regent in oi1

content in the early planting daÈe in 1980 but not in the

late planting date in 1981" The Bronowski X Regent hybrid

was also higher in oil than Regent and the Kosa X Regent

hybrid rùas not different from Regent in oi1 content.

The protein content of the seed from the F1 hybrids was

negaËively associated with oi1 content (Tab1 e 2) . The

protein content of the seed from the three high yielding

hybrids eras within I 7. of that f rom Regent.

Discussion

The degree of heterosis consistently observed in Fl

hybrids during the thto years of tesÈing demonstrates that it

is possible to develop hybrid cultívars of ¿. naPus with

seed yields 40 Z higher than those of Regent. The better

hybrÍds rrere very vigorous and thus energed and developed a

crop canopy more rapidly than Regent" Early flowering,

early maturity and taI1 stature were partially doninant" In

spite of the yfeld advantage' resistance to lodgfng hras

equal to or better than that for Regent. thousand seed

r+eighÈ, seed oil contenË and seed Protein conÈent llere

comparable to those for RegenÈ"
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The canola quality standards in Canada and the known

inheritance of the characteristics involved require that

both parents must be 1ow in the erucic acid content of the

oil and in the glucosinolaÈe content of the seed Eo that the

seed from the . F1 hybrid will be of acceptable quality

(Jonsson , 1977; Kondra and Stefans son ' 
I 970) " Thus the

two double-1ow (1ow erucic acid, low glucosinolate) hybrid

combinationsr Marnoo X Regent and Karat X Regent, are of

particular ÍnteresÈ, They exhibit respectivelyr 3S % and 43

7" ineterosis for seed yield over Regent ¡ 3îe of canola

qualÍty , and are only I day later na turing than Regent "

Evaluation of these hybrids along wiÈh the l"larnoo X KaraÈ

hybríd will be conÈinued. The Gullivar X Regent hybrid also

showed significant heteros is (40 to 43 % over Regent ) ' but

was not of canola qualiÈy due to the high glucosinolate

genotype of the Gullivar Parent.

Conclus Íon

The leve1 of heterosis for seed yield (approxirnately 40 "Á)

obtained for certain Fl hybrids of raPe (8" napus ) apPears

to be sufficient to justÍfy the added costs involved in

hybrid seed productiono Holrever, the developrnent of hybrid

cultivars for comEercial production sti1l depends upon the

development of suitable genetic (Shiga, I980) or chenical

(Dotl-aci1 and Apltauerova , L978; Van Der Meer and Van Dam 
'

L979) systems for pollination control.
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TABLE lu Cultivars of B. napus used in
rape yield trials, their countries
years in the trials"

the hybrid
of origin, and

Cul t iva r Country of
origin

Years in
t rials

Regent/l

As ah i-na t ane
Chisaya-natane
Norin I 6
Kos a
Br onowski
Gul liva r
Schuster 75-01
Karat//
Ma rnoo /i

Canad a

Japan
Japan
Japan
Ge rma ny
P o land
Swe de n
Germany
Sweden
Australia

1980-81

1980
1980
r980
r980
1980
1980-8r
1980-8i
1981
1981

/i Canola quatity cultivars n
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Table 4. Correlations between yield and other characters
within the topcross parent Regent and within the
three hybrids showing significant heterosis
(Gu1livar X Regent, l"larnoo X Regent and
Karat X Regent) as a group.

Correlation coef f ícient

Charact er

Rege nt
(N=36)

Yield

Hybrids
(N=24)

Yield

Days to
flowering

Days to
na tur i ty

Height

Lodging

Thousand seed
weight

o i 1 ("/")

ProÈein ("/")

.35*

"66**

"7 4rr*

-"26

"17

,16

-"4I't

"56**

"7 6trr,

.82't*

-"30

.70**

- " 04

- .23

* Significant.
** Highly significant"
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Abstract

Fl hybrids of sulnlner raPe (Brassica napus L. ) exhibited

significant heterosis for seed yie1d, Èota1 dry matter yield

and apparent harvest index" Correlations auong these

characteristics- were positive and highly significant " The

heterosis observed for seed yie1d, total dry matter yield

and apparent harvest index occurred without any lengthening

in the relaEive duration of the reproductive growth period.

The hybrids vlere vigorous throughout both the vegeËative and

reproductive growth Periods.
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Introduction

In addition to seed yield per se, total biological yield

and harvest index have been used as criteria for selection

Ëowards higher seed yield (Donald and Hanblin , I976)"

Harvest index is seed yield expressed as a proportion or

percent of the total biotogical yield of a croP. Ideally

the total biological yield used to compute harvest index

should include all above and below ground structures ' but

for practical reasons usually includes only the above ground

structures renaÍning at maturity (seed plus straw). Due to

the los s of leaves at maturity , the term apparent harves È

index has been used to represent seed yield dívided by above

ground total dry matter yield at maturity"

Seed yield, toÈa1 dry matter yield, and aPparent harvest

index have been previ ously examined in conventional rape

(Brassica napus L. ) cultivars (Thurling , 197 4; Campbell and

Kondra , 1978). This paper rePorÈs a study of these

characterisÈics in Fl hybrids between cultivars of B. napus.

I'faterials and I'fethods

Fi rs t generation hybrids f rom cros ses between the

Canadian canola cultivar Regent and cult ivars f rom other

countrÍes uere evaluated in replicated yÍe1d trials for Èwo

years ( 1980 and 1981 ) usíng randonÍzed complete block

designs (RcBD) (Sernyk and stefansson , 1982). Each block

l-ncluded Ë¡so RegenÈ Breeders seed p1ots, two plots solln wiËh
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Regent self-pollinated seed and one plot of each of the

other cultivars, the Fl hybrÍds and the reciprocal F1

hybrids" Seed yield and Èotal harvested dry matter (seed

plus straw) were recorded for each p1ot. ApParent harvest

index nas calculated by dividing the weight of the seed plus

straw into the weÍght of the seed and uultiplying by 100"

The relative duratíon of the reproductive growth stage (days

from flowering to maturity divided by days from emergence to

maturity uultiplied by I00) also ¡rlas determined for al1

p1ots.

The data were analyzed using the standard analysis of

variance for a RCBD. Single degree of freedom contrasts

srere used to compare mean values for Regent with those for

the Fl hybrids. Pearson product-moment correlations hTere

determined ( I ) wÍthin the topcros s parent RegenÈ, (2) within

the three high yielding hybríds (Gul1ivar X Regent, Marnoo X

Regent and Karat X Regent ) as a group' and (3) using mean

values for Regent and all hybrids.

Results

Significant heteros is for seed yield (Tab1e 1 ) was

observed in the Gu11Ívar X RegenÈ, Marnoo X Regent, and

Karat X Regent hybrids (38 to 43 "/" over Regent)" The

SchusÈer 75-0f X Regent hybrid and the Kosa X Regent hybrid

also showed some heterosis for seed yielð (16 i¿ and 7 7. over

Regent¡ r€specËively), buË Èhe Bronowski X Regent hybrid did

not o
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Heterosis for Èotal dry matter yield was significant in

Ëhe three high yielding hybrids, Gullivar x Regent, Marnoo X

Regent, and Karat X Regent (Table I ) " These three hybrids

demonstrated 25 to 29 % treÈerosis for total dry !0atter yield

over Regent. The other Èhree hybrids which exhibited 1itt1e

or no heterosis for seed yield also showed a 1ow 1eve1 of

heterosis for total dry maÈÈer production (8 to I2 % ovet

Rege nt ) "
Heterosis for apparent harvest index of 9 to I4 % over

Regent also was observed in the three high yielding hybrids

(Tab1e I ). Heteros is for seed yield was proportionately

greater Ëhan heterosis for total dry matter yield in these

hybrids "

Correlations among seed yie1d, total dry matter yield and

apparent harvest index were posítive and highly significant

(Tab1e 2) "

The relatíve duration of the reProductive growth stage in

the three high yielding hybrids rTas equivalent to or less

than that for Regent (Table 1 ) " The relative duration of

the reproductive growth Etage in the other three hybrids rr7âs

l-ess than that for Regent..
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Discuss ion

The three high yielding hybrids of B. I]3-Pus-' Gullivar X

Regent, Marnoo X Regent, and Karat. X Regent r were very

vigorous in vegetative growth conPared to the Parent

cultivars ( Sernyk and Stefans son , I982) " This vigor a1s o

tras evident in the total dry Eatter production of these

hybrids which rlras 25 to 29 % greaËer than Èhat for Regent.

The heteros is obs erved for apParent harvest index indi cates

that the hybrÍds als o nere able Ëo convert a greater

proportion of this increased total dry uatter yield to seed

production"

PositÍve correlations among seed yield, total dry matter

yie1d, and harvest index are typical of the resPonses of a

crop to water lrhen grown under suboptimal moisture

condi rions ( Donald and Hanblin , I97 6> . Thus the highly

significant r positive correlatÍons observed among seed

yie1d, total dry matter yÍeld, and apParent harvest index

(Tab1e 2) indicaÈe that rape (8" napus ), in western canada

responds significantly to Iùater and that the hybrids are

superíor to Regent in their ability to utilize soil waËer

resources. Guan's ( 1980) research, in which he found thaÈ

hybrÍds of B. napus were suPerior to parental lines in

exudfng Iùater rate, a measure of water Ërans loca tion, als o

supports this conclusion o

The observed increases in seed yie1d, total dry naÈter

yleld, and apparenÈ harvesÈ index of the better hybrids
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occurred ¡siÈhout any significanË lengthening of the

reproductive grorllth stage. This indicates that the vigor

observed in the hybrids prior to flowering continued

throughout the reproductive growth Period. Although root

developnent was, not studied, Èhe vigor in top grovrth and the

superior ability of the hybrids to exploit soil vlater

resources would suggest that the hybrids also possessed a

vigorous root sYstetu.

Conclusion

Heterosis for seed yield, total dry maÈter production and

apparent harvest index uras observed 1n rape (8. napus )

hybrids. Heterosis for seed yield was proportionately

greater than heterosís for total dry matter production.

Correlations anong seed yie1d, total dry matte.r production

and apparent harvest index were PosÍtive and highly

s igni f i canÈ o
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TABLE 2. Correlations arDong seed yie1d, total dry
matter yield and apparent harvest index.

Total dry matter
yield

Apparent harvest
index

Seed yield 0"97t,*ll
0.94*'t^
0.99**$

Total dry
natter yield

0.90**
0.85**
0.96**

0.79**
0.63**
0.92*Ì"

/i tJithin the topcross parent Regent (N=36).
^ I^¡iÈhin the three high yieldíng hybrids

(Gullivar X Regent, Marnoo X RegenÈ and
Karat X Regent) as a group (N=24).

$ Anong mean values for Regent and all hybrids
(N=11).

** Highly s Ígnif icant .
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Abstract

Evaluation of the nap cyÈoplasnic male sterility (crns )

sysËem in a Japanese line of Brassica napus L. indicated

that this line only Partially male sterÍ1e under 1oca1

conditions " A r_rumber of male sterile sunmer selections with

greatly irnproved uale sterility rllere developed fron the

filia1 generations of a cros s between Èhis line and the

Canadian å" napus cano.la cultivar Regent" Some selections

gave complet.e pollination control under field conditions.

The male sterile selections had narrovl petals, short

stamens, small cone-shaped anthers and 1ow posítion of

anther with respect to stígroa typical of the g¿ crns system.

A mainÈaíner for these summer ctns lines was developed by

backcrossing the male sterile selections (using po1len

ocassionally produced in smal1 quantities on these

selections ) into the male fertile cam cyÈoplasm of

BronowskÍ, a Polish land race cultivar" The Canadian canola

cultivar Regent l.Ias found Ëo Possess the nap cytoPlasm and 5

conplete and 3 Partial doninant male ferÈility restorer

genes. The large number of restorer genes in the najoriÈy

of å. napus cultivars would make it dífficult to use the nap

crDS systen in hybrid rape Production"
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ïntroduction

The possibility of hybrid rape production is dep endent

upon two main requirernents. The firs t is sufficÍent

heterosis or hybrid vigor Èo make production of FI hybrids

economical and - Èhe second is a pollination control system

suitable for hybrid seed production on a.couìmercial scaIe.

Heterosis for seed yield of. 40 to 60 7" has been

demonstrated ln both specíes of rape, Brassica napus L. and

Brassica campestrÍs L" (Schuster and Michael,1976; Shiga,

L976; Morice, 7978; Buson, 1980; Guan, 1980; Hutcheson et

4. , 1981; Sernyk and Stef ansson, I982). These results

índicate that the firs t requirement is satisfied "

The second requirement' that of pollination conÈro1, has

also been investígaÈed. There are a number of mechanisms

which are available for this PurPose including sPorophytic

self-incompatibitity (Hinata and Nishio, I 980), nuclear and

cytoplasmic male sËerilities ( Shiga ' I 980) and male

gametocides (Van Der Meer and Van Dam, I97 9) " Of the

genetic mechanÍsms, cytoplasnic male sterility (cns ) is

probably the easíest Èo use and the most widely studÍed.

In rape (8. napus), there are three cms systems currenÈ1y

being evaluated, the .gg¡, the ogu r and the mur cms sys tems

(Shiga, 1980)" 0f these, the naP cns system is the only one

occurring naturally in B. napus" The naP cms system hras

first reported by Shlga and Baba (L97 I ' 1973) and Thonpson

(I972)" IË is eharacierized by narrout petals' short
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staDens, sma11 cone-shaped anthers and 1ow position of

anther with respecE to stígma (Shiga, I976; Bartkowiak-Broda

et a1. , I979) " It is a temperaÈure sens itive system, the

male s terility breakíng down at higher temperatures. Mos t

cultivars of B"- napus possess the nap cytoplasm and a large

number of restorer genes (Shigar 1980)" The naP cytoplasm

in all likelihood t¡as derived from Brassica oleraceae L"

Some å. napus and all ¿. camPestris cultivars apparently

possess the male fertile cam cytoplasu and few or no

restorer genes (Shiga, 1980)" The Presence of the male

fertile carn cyËoplasm perui ts development of maintainer

lines for the !g¿ cms systen"

Studies of the nap cms system in ¿" naPus l'¡ere carried

out f rom L979 to 1981 to: ( 1) evaluate the nap clns system

under 1oca1 field conditions, (2) develop a sumner habiË nap

crns line which would be stable under local field conditions,

( 3) develop a maintaÍner for this cns line using the male

fertile cam cytoplasm frorn the Polish land race cultivar,

Bronowski, and (4) determine the nature of the cyÈoplasm and

the number of nuclear male fertility resÈorer genes in the

Canadian canola cultivar Regent.
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Materials and Methods

The nap cms source used Ín Èhis study was a winter rape

(8. napus) line obtained from the National Institute of

Agricultural Sciences, Japan (T. Shiga, Nat. InsÈ" Agric"

Sci. , Div. Genet. , Kannondai, Yatabe, Tsukuba, Ibaraki,

300-21 Japan), The other B. napus cultivars were Ëhe

Canadian canola cultivar Regent, and the Polish land race

cultivar Bronowski"

EvaluaÈion of the Japanese nap cms line was carried out

in 1979 and 1980 on the University of Manitoba field plors

(Wínnipeg , Canada)" Plants of the cms line ürere started in

peat pots 1n late March, grown to the 3 to 4 J.eaf stage,

vernalízed for 40 days at 2 to 30 C, hardened for 3 days and

then transplanted to the fíeld in early Juneo Furadan 10G

lras applied aÈ the time of transplanting for flea beetle

control and the transplants lrere watered. Characterístics

associated wiËh the nap male sterile cytoplasm (Shiga,

197 6) " that is, peËa1 width, s tamen length, pos ition of

anther with respect to stigrna (stanen length divided by

pistil length) and a visual male sterility rating (1=roa1e

sÈerile; 2-3=partial male sterile; 4-5=roa1e f ertile), !7ere

recorded twice weekly throughout flowering on newly opened

flowers.

The F2 of a cross between the Japanese cms line and

Regent was grown in the ffeld in L978 and a single male

sterile, sumrner habit p1-anÈ (MS-l) nas found. The MS-1



51

selection Idas cloned by rooting stem cuttings in perlite.

Evaluation of the MS-1 selection uas carried out in the

field in L979. The four male sterile characteristics

previously menÈioned Í7ere recorded twice weekly. The l4S-I

selection uas - self-pollinated using po11en ocassionally

produced by the plant in small quantÍÈies. Twenty-five

progeny from the self (l'fs-l-1 to l"ts-1'25) nere grolln in the

greenhouse and self-po11inated" The progenies from

self-pollination of MS-1-l Èo MS-i-25 IÀrere gro\'qn in the

field in 1980 and evaluated for the aforementioned four male

sterile characteristícsn TI¿o plants from the progeny of the

self of MS-1-5 were selected on Èhe basis of the four

characteristics evaluated and overall vigor. These Èwo

selections (MS-1-5-l and MS-l-5-2) were cloned by steE

cuÈtings. The MS-I-5-t selection was self-pollinated and 25

progeny from the self vrere grown ín the fíe1d in 198I" Six

plants-(MS-1-5-1-l to MS-1-5-1-6) with the highesÈ degree of

male sterillty were retained, the remainíng plants being

rogued out of the p1oÈs. These six plants r,Iere evaluated

for the four male sterile characteristics. These six

selected progeny of the self of MS-1-5-1 also were evaluated

for effectiveness of pollination control by surrounding the

space planted plants with guard roIüs of RegenÈ, a male

fertility res torlng cultívar. Usfng progeny tests of 40

seeds fro¡o each of the six selected plantsr the proportion

of uale fertile progeny Iùas taken as an indlcatíon of

outcros sing frequencj o
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To develop a maintainer for these nap cms sunmer raPe

1ines, the progres sively inproved cms select ions were

crossed into the male fertile cam cytoPlasm of Bronowski

using po1len ocassionally produced in sma11 quantities on

these selecÈions o

The two B" napus cultivars used in this study, Regent and

Bronowski, also hrere evaluated under field conditions for

the four male sterile characteristics fron I979 to 1981

using five plants of each per ]êâro

The cultivar Regent was crossed and the resulting Fl

backcrossed to MS-1-5-1 using po1len ocassionally formed in

small guantities on this male sterile selection" Progeny of

the backcross Itere evaluated ín the greenhouse for male

sterility " The nature of the cyÈoplasrn of Regent hlas

determined and an estimate of the number of restorer genes

was obtained "

Pearson product-moment correlations atuong Èhe four male

sterile characteristics were calculated "

Results

Eva1uaËion of the Japanese IjP cms winter rape (8. napus)

line under ffeld conditions Ln I979 and 1980 Índicated that

this line r{as only PartíalIy male sterile under locaI

conditions (Table l). Petals rtTere ottro*"., stamens shorter

and positÍon of anther ¡cith resPect to stigna lower on the

cms plants Êhan on plants of the male fertile cultlvars

Regent and Bronowski.
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The !g cns aummer B" napus selection l-fs-I rlas partially

male sterile but had some comPletely male sterile flowers

(Tab1e 1) " MS-1 had narrol^7er Petals, shorter stamens and a

1ot¡er position of anther r.7ith respect to stigma than the

Japanese cms 1i=ne. The two selections from advanced fi1ia1

generations of Ms-1, namely MS-1-5-1 and ìls-1-5-2 ' !¡ere

alroost coutpletely male sterile under field conditions " The

petal uidth, stamen length and position of anther vlith

respect to stigEa of these selections llere greater than

those for MS-l but less than Èhose for the Japanese cns

1ine" The six selecËed progeny from the self of MS-l-5-1

fe11 into two groups" The first group consisÈed of

MS,t-5-l-2, LlS-1-5-l-3 and MS-1-5-1-6. These selections

were alnosÈ completely rnale sterile and pollination control

was cor¡plete (I00 % outcrossing). The second group'

MS-1-5-1-1, MS-1-5-1-4 and MS-1-5-1-5, rlas somewhat less

than completely male sterí1e, exhibiting 88 to 95 "/"

outcrossing. MS-l-5-l-2 and MS-1-5-I-3 were the best cms

selecÈions when petal width, sÈamen length and position of

anther with resPect to stigrna llere considered. The rnajority

of the anthers on the bes t cms s elect ions were sna 11

cone-shaped structures comPletely devoid of po11en"

The F1 of the cros s betÌveen Regent and MS-l-5-1 llas male

fertil-e and the progeny of the backcross to MS-l-5-i

segregated lns:6pnszl92mf.. I{Íth the assumPtion of doninance

of male fertility restoraÈíon at all 1oci, a 5 conplete
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restorer gene and 3 p"rtial restorer gene hyPothesis

(lus:7pms:248nf) gave Èhe besË fít to the observed

segregation G2 = "I2; .90 ( p < .95). Thus the cytoplasro

of Regent r¡as found to be a naP male sterile cytoplasm and

the nuclear genome of RegenÈ apparently conËained 5 complete

and 3 partial male fertility restorer genes"

The correlations among PeÈa1 width, sÈamen lengËh,

position of anther with respect to sÈÍgma and male sËerility

rating rlere positive and highly significant (Table 2).

Díscussion

The Japanese nap cEts winter rape (8. napus) line was not

highly male sÈeri1e under loca1 field conditions in 1979 and

1980. Selection within the filial generatíons of a cross

between this line and Èhe Canadian canola cultivar Regent

qras Euccessful in producing a number of naP cms summer raPe

lines wlth a higher degree of male sÈeri1ity. Some of these

lines produced only cross-Pollinated seed under field

condÍt.ions. The floral characteristics of these naP cns

summer rape lines were sinilar to those rePorted by Shiga

( 1976) and Bartkowiak-Broda et a1. ( 1979) " These included

narrOhr, rugose petalS, Short stamens r Small COne-shaped

anthers and a low position of anther !¡Íth resPect to stigma.

the lotr posltion of anthers Ì7ith resPect to stigna in the

male sterile lines would facilitate cross-pollination

because iÈ would inhibit self-Pollination with the po11en

ocassionally produced in small quanÈiÈies on these plants.
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The correlations anong petal wídth' stanen length,

position of anther with resPect to stigrna and male sterility

rating were pos iÈive and highly signif icant as obs erved by

Shiga (197 6) "

Thus it appears that the male sterility in t.he nap cus

material studied can be altered to give a relatively stable

system for pollinaÈíon control under the field conditions in

wesÈern Canada. The nap male sterile cytoPlasm is present

in the widely grown Canadian canola cultivar Regent and thus

any use of this cytoplasm in hybrids r¡ou1d not involve Èhe

risks associated with the use of untested (a1ien)

cyÈop1asms. However, the najor deterant to the use of Èhe

nap systeD is Èhe large number of resÈorer genes which occur

in most å. napus culÈivars (Shiga , 1976)" For example, the

estimated eight genes in RegenË thaÈ condiÈion male

fertility restoraÈion each would have to be changed to their

maintainer forms fn order to develop a cms form of that

cultivar. The male fertile cam cytoPlasm of Bronowski could

be used to develop the maintainer for such a male sterile

but the large number of res Ëorer genes involved nrould rnake

the developnent of such a system laboriouso
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Conclus ion

Due to the large number of male fertility restorer genes

in most cultivars of B. -rtepus_, it ís difficult to

incorporate all the essential agronomíc and quality

characÈerisÈics. into the nap cms system. Howeverr the

systern can be stable under f ield conditions if the restorer

alleles at all loci are elininated" Thus while this system

could be used to develop hybrid rape cultivars, other cms

systems may prove to be more efficient"
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TABLE 2. Correlations among petal width, stamen length,
position of anther wíth resPect to stigma'
and male sterility rating (N=1 2).

Stamen length Anther / stigna Male sterility
rating

Petal
width

Stauen
length

Anthe r /
stigma

.92*t .91't*

,95**

.90*¡t

.94**

.95**

** Highly s ignif icant "
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Abstract

The ínheritance. of flower color was investigated in progeny

from crosses between a normalr ye11ow flowered rape strain

(Brassica napus L. ) and a white flowered strain developed at

the Unf vers ity of Manitoba by backcros sing the white f 1or¡rer

color frou Raphanobrassica into å" napus" The chromosome

number of the yel1ow flowered plants q¡as normal ( 2n=38) ,

whfle the white flowered plants contained a single or a pair

of small radish (Raphanus sativus L" ) chromosornes each

carrying a doninant gene(s ) for white flower co1or" The

homozygous whit.e flowered rape strain hras in fact an a1íen

addition line (2n=40) disonic for a pair of radish

chromosomes. The transmíssion and rneiotic behavior of this

alien chromosome as a unívalent Iüas investígated in the

progeny of crosses involving the white flowered Ft hybrid.

Cytological observations of meiotic meÈaphase Índicated that

the univalent should be transmi tted v¡iÈh 24 "67" of the

game t es " This lras in agreenent with the observed

transmission of 24 "37" through the female gametes.

Transmission through the pollen ranged f ro¡n 22"1"/" to O "7'/.,

the variaÈfon in certatíon depending on the genetic

constitution of the pistfl- and on the time of pollination"

The vigor, fertillty and true breeding nature of the white

flowered strain suggested thaÈ the white f1oürer color factor

from the radfsh had been fntrogressed into the rape genome.



CytologÍcal observations were

introgression in fact had not

fnterpretation of the genetic

61

neces sary to demons trate that

taken place and to aid in the

ratios observed.
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InÈroduction

Heyn (L979) reported that the white flovrer color of the

white flowered rape strain developed at the Unlversity of

Manitoba ls conditioned by two complementary doninant genes

which rùere introgressed from Raphanobrassica into the

Brassíca nap:rs Lo genome. He also suggested thaE one of

these two genes for white flor{er color is linked to one of

the male fertility restorer genes for the ogu cytoplasmic

male sÈerilíty (cns ) systeB n¡hich is currently beíng

evaluated for use in hybrid rape production (Ogura, 1968;

BarÈkowiak-Broda et 3f. , 197 9; Shiga, I 9 80) "

Kato and Tokunasu (1976) reported that the whi

color in Raphanus sativus L n is controlled by

te

a

flower

s ing 1e

as the

a cross

ye 1 low

dorninant gene" Because the Raphanobrassíca used

source of Ëhe white flouer color was developed from

between a white flowered R. sativus ( 2n=18) and a

flowered Brassica oleracea L" (2n=18), only a single

doninant gene would be expected to be involved in the

control of the whiÈe flower color in the derÍved rape

s train "

Genetic and cytological investigations were undertaken to

determine the inheritance of Ëhis trait"
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Materials and Methods

The true breeding white floerered strain of B" napus used

in this study rdas developed at the University of llanitoba by

backcrossing the white flower color from Raphanobrassica (R.

sativus x B, oleracea), obtained from the University of

Minnesota (R"E. Comstock, Dept. Genet" Ce11 Bio1., Co11.

Biol. Sci", Univ. Minn", St. Pau1, MN 55108), into B" napus.

True breeding nrhite and true breeding ye1low sÈrains of

rape Idere hybridized to produce F1, F2 and BC generations.

All crosses lrere made reciprocally" Self ing Íras

accomplÍshed by bagging racemes and tapping the bags daily

to ensure po11Ínation" Crossing was done by ernasculatíng

the immature flower buds of the fenale parent, and then

imnediately pollinatíng the stignas wÍth freshly dehiscent

po11en from the male parent (bud pollination). To determine

the effecÈ of delayed pollination, extra sets of crosses

lrere made by ernasculating the immature flower buds of the

female parent, bagging the inflorescences and then

pollinating the stigmas with freshly dehiscent pollen from

the male parent when the pistils were the size of the

pistils of newly opened flowers (about I crn long).

Progenfes of each of these generaËions htere grohTn and flower

color counts hrere trade.

Pollen mother ce1ls (PMCs ) fron the parents, Fl, and

selected F2 plants rrere examined using light nicroscopy.

For this purpose, flower buds 1"4 Èo 1"6 mrn long Írere
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collected and fixed in Carnoy's fixative (6 parts 95"/"

ethanol: 3 parts chloroform: I part glacial acetle acid)"

For cytological studies, anthers were removed and squashed

on slides using a I% aceto-carmine solution. Chronosome

counts and draw'ings of ueiotic chromosones were made using

these preparations "

Results

Genetic Data

The white and ye11ow flowered strains Írere true breeding

prior to and throughout the s tudy " The white flowered

strain was vigorous and showed no evidence of reduced female

or male fertility.

All 59 Fl plants from the [.fhite X Yel1ow and Ye11ow X

I.Ihite crosses produced whiÈe f lowers, indicating dorninance

of white over ye11ow flower color" All 347 plants of the

backcrosses of the FI to the ¡¡hite flotrered parent were

u¡híte as would be expect ed.

However, aa the F2 data and chl-square tests in Table I

indfcate, the FZ segregation did not fit either the single

doninant gene (3!I:lY) or the two complementary doninant gene

( 9l.J:7Y) hypotheses " Sinilarly, the backcros s data and

chi-s quare tes ts in Table I indi ca te that there were

signlficant differences between recíprocal backcrosses: the

data from the backcross r¡ith the FI as the femare parent fit

the t¡ro complenentary doninant gene hypothesf s ( 1I.I:3Y), but

the recfprocal backcross data fit neither the single
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doninant gene ( l!¡:1Y) nor the tno complementary doninant

gene ( 1I.I:3Y) hypothesis" There !¡as also a signif ícant

dif f erence in the obs erved ratios beÈween bud ( 1I.I:5Y) and

delayed (1!J:134y) pollination in the backcrosses with the F1

as the male parent. The heterogeneity chi-squares were not

significant in all cases and consequently the data were

pooled; only the chi-square tests for the pooled data were

reported"

The frequency of Èransmission for the white flower color

factor through the female and the male gametes vras

determined from the progeny of the appropriate crosses

(Tab1e I ). Transmission through the female gametes was

obtained directly from Èhe frequency of white flowered

plants in the progeny of the crosses of heterozygous white

flowered females (FI ) and ye11ow flowered po1len parents.

The reciprocals of these crosses provided data on the

transmÍssion through the male gameÈes. In addition,

transmission of the whiÈe flovrer color factor through the

po11en into a heterozygous female was calculated from the F2

data using the assumption that Èransmission through the

fernale ganete should be fndependent of the po11en source.

Transmission of the white floerer color factor through Èhe

f emale gaDetes lras 24 "3"Á [ ( 124+8 6) / (I24+86+418+237 ) ] , while

transmission through the male gametes varied from 22.7"/"

t1-(1 025/ (7I2+1025))/(t-.243)l when the female parenË

carried the white flower color factor, to 76.7"/.

I50/ (50+250) I for bud poLlination onto a ye1low flowered
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female, to 0.7i¿ [ 1/ ( 1+134) ] for delayed pollinaÈion onro a

yellow flowered female (Table 2)"

YelIow sectors in the white petals were observed

ocassionally on plants heterozygous for the white f1o!/er

color factor.

These data suggest that sone chromosomal abnormality lnay

be Ínvolved in the inheri tance of this white flower color

fact or "

Cytological Observations

Examínation of Pl-lCs of the white and ye1low flor¡ered

strains and the white flowered F I indi cated that the white

strain had 20 II chromosomes; the ye11ow strain, 19 II; and

the whíte FI, I9 II + I I (Figure 1 ). Furthermore,

examination of PMCs of 30 white and yellow flowered F2

progeny indicated that all yellow flowered progeny had 19

II, whí1e the white flowered progeny had either l9 II + 1 I

or 20 II (Tab1e 3 ). At leas t 25 PMCs per plant qrere

examined to obtain these results"

These cytological observatlons indicated that whiÈe

flower color was invarlably associated ¡¿iÈh the presence of

a sna11, alien Raphanus chromosome. The transmission

frequencies obtained from the genetic data thus reflected

the transmission of the univalent a1íen chromosome through

the female and uale gametes. The true breeding nature of

the homozygous white 6train suggested that the transmission
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theof Èhe alien chromosorue lras

bivalenË condition"

normal when present l-n

Cytological observations of the univalent Raphanus

chromosoue during meiotic Metaphase I in the white flowered

Fl indicated thát Èhe univalenÈ lras not aligned on the plate

in 6I out of 120 PMCs (50"8"Á) observed. Assuming that

nonaligned univalents v¡ou1d be lost from the gametes

produced, and thaÈ in those PMCs with aligned univalents

only one-half of the gametes produced would receive Ëhe

extra chromosome, it !¡as possible to estiDate the rate of

incorporation of the univalent into gametes as 24.6"/"

[(roo-s0"8)/2].

Discussíon

ïnheritance of the white flower color factor in the white

flowered å. napus strain developed at the University of

Manitoba appears to be controlled by a dominant (inhibitor)

gene(s) located on a sma11, alien chomosone derived fron R.

sat.ivus. This white f lowered strain is disonic alien

addition line ( 2n=40) in contrast to the normal, ye1low

flowered B. napus (2n=38).

Kato and Tokumasu (1976) reported tha

gene controlled white flower color in R"

white flor¡rered B. napus straín in the

contaln the Raphanus chromosoue carrying

f1o¡rer co10r. The suggestion by Heyn

E a single doninant

sativus. Thus the

present study must

the gene for white

(1979) of a tÌ¡o



corlplemenÈary doninant gene model

examination only of backcrosses of

the ye1low parent (nale) which fits

(Tab1e I ).

6B

probably resulted from

the v¡hite F1 (f enale ) to

the expected 1l.I:3Y ratío

The presence of the additional chromosone as a univalent

in the white Fl peruitted a study of the lncorporation and

transmission of the alien univalent in boÈh the female and

male gametes. The cytological observations indicated a rate

of incorporation of the univalent chromosome into the

gametes of 24.62 whích is in agreement with the 24"3%

Èransmission rate through the fenale gametes " This result

j.s expected because transmission of the univalent through

the female gametes should depend solely on íts behavior

during ueiosis" Its transmission Èhrough the male gametes,

however, depends not only on its meioÈic behavior, but also

on certation effects l¡hich Eay vary depending on the

genotype of the po1len and pistil and also on the tÍue of

pollination. Observations of meiosis indicated that the

univalent should be incorporated inÈo about 24"67" of the

male gaEetes, with any reduction below this level being due

to certaÈion. The 1evel of certation observed is minirual

when the pistil also contains the white .flower color factor

(22"12 transnission), is moderate when Èhe pistí1 lacks the

white f lower color f actor and is bud pollinated (16 "7"/.

transmissíon), and is extreme when the pistil lacks the

white f lolrer color f actor and pollinaËion is delaye d (0 "77.

transmissfon).
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These results are siroilar to those reported by Sears

( I954) for wheat uonosomics. He observed 25"Á transmission

of the monosomic chromosome through the feroale gametes and

from 0 to 107" transmission through the male gametes.

The evidence presented demonstrates that the white

flowered rape strain 1s a chromosorne addiËion line and that

the whÍte flolrer color gene has not been introgressed inÈo

the rape genome as suggested by Heyn (I979) " Both genetic

and cytological data rrere required to distinguish between

these possibilitíes.

The possibilities of developing hybrid rape cultivars may

depend on the developnent of cms systems using alien

cytoplasms such as the ogu and tnur cytoplasms, and the

transfer of male fertility restorer genes from alien species

(Heyn , I9791, Bartkowiak-Broda et a1o, I979; Shiga , 1980).

IntrogressÍon of these ferÈi1ity restorer genes into the

rape genome is desirable because a chromosome addition line

such as the one described in this report probably r¡ould

carry undesirable geneÈíc information on Èhe alien

chromosome" The evidence from the present study indicaÈes

that introgression of such alien genes night not be easy to

accomplish and thaË boÈh genetic and cytological

fnvestigatÍons are required to determlne Íf introgression

has in fact taken place"
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TABLE 2" Transrnission of the white flotver color factor
through female and male ganetes in different crosseso

Game t e Cros s and
Ëime of pollination

Transmission
("Á of garnetes)

Feroa 1e

Ma 1e

l'la 1e

Ma 1e

= FI x Y
(bud and delayed)

Fl x Fl
(bagging )

Y x Fl
(bud )

Y x FI
(delayed)

24 "3

22"r

t6 "7

0 "7
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TABLE 3" Chromosoue number of a sample of white
and ye11ow flowered FZ progeny o

Flower color Number of progeny with

19 II 19 II + 1 I 20 II--il;;;- ----;----------;;----------;----
Yellow 11 0 0



Figure I. PMCs of å. napus: (a ) white flowered
strain 20 II, (b) r¡hire flowered FI l9
(univalent is indicated with arrow), and (c
flowered strain l9 II. Nucleoli are also
indicated (n).

II + 1 I
) yel1ow
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GENERAL DISCUSSION

The tero uain._requireDents f or commercial produetion of FI

hybrids of rape (8. napus) !tere investigaÈed in Èhree years

of field trials (1979 to 1981). These two requirements are:

(1) heterosis or hybríd vigor and (2) a po11Ínation control

system.

Heterosis

The first requirenent, thaÈ of sufficient heterosís or

hybrid vigor to justify the added costs involved in hybrid

seed production, was investigated in replicated yield trials

ln f980 and 1981 using hand-cros sed intervarietal hybrids "

The degree of heterosis consistently observed in Fl hybrids

during Èhese two years of testing suggested that iÈ may be

possible Èo develop hybrid cultlvars of å. napus with the

potential of producing seed yÍe1ds 40 % higher than those of

the conventional canola cul-tivar Regent. These findings

rrere in agreenent with the results of other researchers who

have indicated thaÈ heterosis for seed yield of 40 to 607" is

available in F1 hybrids of B" napus (Schuster and Michael,

1976; Shfga, 1976; MorÍce, L978; Buson, 1980; Guan, 1980) "

These high yielding hybrids were very vigorous and thus

energed and developed a crop canopy more rapldly than
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Regent" Early flowering, early roaturity and ta11 stature

hrere partially doninant Ín these hybrids" In spiÈe of the

yield advantage, resistance to lodging for the hybrids was

equal to or beÈter than that for Regent " Thousand seed

weight, seed oil content and seed protein content for the

hybrids were comparable to Èhose for Regent.

The requirement for canola quality in Canada and the

known fnherÍtance of the characteristics involved dictate

that both parents rlust be 1ow in the erucic acid content of

the oi1 and in the glucosinolate content of the seed so that

the seed from the Fl hybrid will be of accePtable qualíty

(Jonsson , 7977; Kondra and Stefansson , 1970). Thus the

two double-1ow (1ow erucic acid, 1ow glucosinolate ) hybrid

combinations, Marnoo X Regent and Karat X Regent, are of

particular ínterest" They exhibit, respectivelYr 3S 7" and

43 % heterosis for seed yield over Regent, are of canola

quality, and are only I day IaËer maturing than Regent" The

Gullivar X Regent hybrid also showed significant heterosis

(40 to 43 % over Regent), but úras not of canola quality due

to the high glucosinolate genotype of Èhe Gullivar parent.

The level of heterosis for seed yield (approximately 40 7.)

obtained for certain Ft hybrids of rape (B. napus ) thus

appears to be sufficienÈ to justify the added costs involved

fn hybrid seed production.

The vigor of Èhese hÍgh yielding hybrids of å. naPus also

was evideni in total dry Datter production which llas 25 to



77

29 7l Ereater than that for RegenÈ. The heterosis observed

for apparent harvest index indicated that these hybrids also

krere able to convert a greater proportion of this increased

total dry natÈer yÍe1d to seed production.

Positive correlations among seed yie1d, total dry matÈer

yield, and harvest index are typical of the responses of a

crop to water when grown under subop timal mois ture

conditíons (Donald and Hanblin , I97 6) " Thus the highly

significanÈ, positive correlations obs erved arDong seed

yieId, total dry matter yie1d, and apparent harvest index

suggested that sunrner rape (å. napus ) in Tdestern Canada

responds signíficantly to rdater and that the hybrÍds erere

superÍor to Regent in their ability to utilize soil water

resources. Such a suggestion also tras supported by the work

of Guan (1980) which indicated that hybríds of å. napus were

superior to parental lines in exuding Btater rate, a measure

of water translocation.

The observed increases in seed yíeld, total dry matter

yie1d, and apparent harves t index of the better hybrids

o"",rrred nrithout any significant lengthening of the

reproductive grordth stage. ThÍs suggests thaÈ the vigor

observed in the hybrids prior to flowering continued

throughout the reproductive growth period" Although root

developnent was not studied, the vigor in top growth and Èhe

superior ability of the hybrids to exploft soil hrater

resources suggesÈed that the hybrids also possessed a

vigorous root sysÈem.
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Pollination Control Sys tem

The second requirement for cornmercial F1 hybrid

production, that of a pollinaÈion control system' útas

investigated in the field for 3 years (1979 to 1981)" The

studies involve'd Èhe nap cytoplasmic male sterility (crns )

system and had four main objectives: ( 1) evaluaÈion of the

JraÌ crns system under loca1 field conditions, (2) developnent

of a summer habit nap cns line which would be stable under

local field conditions, (3) developrnenL of a maintainer for

this cms 1Íne using the male fertile cam cytoplasm, and (4)

determínation of the nature of the cytoPlasrn and the number

of male fertility restorer genes in , the Canadian canola

cultivar Regent.

The Japanese lgp cms winter rape (8. napus) line obtained

from Shiga vras not highly male s terile under local field

conditions in 7979 and 1980. Selection within the filial

generations of a cross between the Japanese cms line and the

Canadian canola cultivar Regent was successful in producing

a nurnber of nap cms suumer rape lines with a higher degree

of male sterility. Some of these lines produced only

cross-pollinaÈed seed under field conditions " A maintainer

for these male sÈerile lines tras developed by backcrossing

these selections fnto the male fertlle cam cytoPlasm of

Bronowski.

The f1oral characterisÈics of these nap cms sulumer rape

lines Érere sinilar to those reported by Shiga (197 6) and



Bartkor^riak-Broda et a1. (1979) 
"

79

These included narrovt

rugose petals, short stamens, sma11 cone-shaped anthers and

a low position of anther wiËh respecÈ to stigna. The 1ow

position of anther with respect to stigroa in the male

sterile lines faciliÈated cros s-pollination because it would

act to prevent self-pollination r,¡ith the po11en ocassionally

produced in sma11 quantities on Èhese PIants. The

correlations among petal width, stamen length, relative

position of anther with respect to s tigna and male sterility

rating were positive and highly significant as observed by

Shiga (1976)

Thus it appeared Èhat the male sËerility in the naP cIDS

material studied could be rnodified to give a relatively

stable system for pollination conÈro1 under Èhe fÍe1d

conditions in wesËern Canada" The nap male sterile

cytoplasm is present in the widely grovrn Canadian canola

cultivar Regent and thus any use of this cytoplasu in

hybrÍds would not involve the risks associated nrith the use

of untested (a1ien) cYtoplasms" However, the na j or

dificulty with the nap system is Èhe large number of

restorer genes which occur in nost B" napus cultivars (Shiga

, I976)" For example, the Canadian canola cultivar RegenË'

which has potential for use in hybrids ' 
rrlas esÈinated to

have 5 complete and 3 partíal male fertility restorer genesc

Thus to develop a cms form of the cultivar RegenÈ for use in

hybrÍd production, these 8 resÈorer genes wouLd have Ëo be
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changed to their rnaintainer forms while retaining the yie1d,

quality, agronomic characteristics and combining ability of

Regent " The uale fertile caÐ cytoplasm of Bronowski could

be used to develop the maintainer for such a male sterile

but the large number of restorer genes involved would nake

the development of such a system laborious.

Thus due to the large number of male fertility restorer

genes in mos t cult ívars of ¿. napus , i t r¡ou1d be difficult

to incorporat.e all the essential agronomic and quality

characterÍstics into the nap cus systen. However the system

can be stable under field conditions if the restorer a11e1es

at all loci are elininated. Thus while this system could be

used to develop hybrid rape cultivars, other cms systems may

prove to be more efficient.

The other two cms systems currently being evaluated for

possible use in Fl hybrid production of rape are the ogu and

the mur cms systems" Both of these are alien cms systems

originating from R. sativus and D" muralis respecÈÍve1y, and

will requlre Èhe incorporation of nuclear male fertility

restorer genes fron the donor species ( Shiga, 1980). In

view of this requirenent, the inheritance of an alien white

flower color faetor(s ) introduced into å" napus from 3.
satÍvus via Raphanobrassica was investigated. Heyn (1979)

had suggested that thfs trait Ínvolved two genes which had

been introgressed into the å. naPus genome. He also

suggested that one of these thTo genes trùas linked with one of
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the thro genes for male fertility restoration ín the ogu clns

systeu"

The evidence obtained demonstrates Èhat the inheritance

of the white flower color factor in the white flowered å"

napus strain dèveloped at the Univers ity of Manítoba is

cont rol1ed by a doninant ( inhibi tor ) gene ( s ) locaËed on a

sma11, alien chomosome derived f rom 3. sativus. This l¡hite

flowered strain was found to be a disomic alien addi Ëion

line (2n=40) in contrast to the normal, yel1ow flor'¡ered å.

napus ( 2n=38).

Kato and Tokumasu ( i976) reported that a single doninant

gene controlled white flower color it å. sativus. Thus the

white flowered 9" napus strain used in this study must

contain the Raphanus chromosotne carrying the gene for white

flower color. The suggesËion by Heyn (1979) of a tvTo

complementary doninanÈ gene model Probably resulËed from

evaluating Èhe backcrosses of the white F1 (fenale ) to the

yel1ow parent (na1e) which fit the expected 1l^I:3Y raÈio

without adequate consideraÈion of other generatiorls o

The presence of the additional chromosome as a univalenË

in the whfte Fl permitted a study of the incorporation and

transmission of the alien univalent in both the fenale and

male gameÈes. The cytological observations indicated a raLe

of incorporation of the univalent chromosone into the

gametes of 24.6% which is in agreement with the 24 "3"/"

Èransmission raie t.hrough Ëhe fenale gauetes. This result
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rsas expected since transmíssion of the univalent through the

female ganetes should depend solely on its behavior during

mel-OS1So Its Ëransmission through the male gametes'

however, depends noË only on its neiotic behavior, but also

on cert at ion effect s which Eay va ry dep ending on the

genotype of the po11en and pistil and also on the tine of

pollinaÈion. Observations of meiosis indicated that the

univalent should be incorporated into abou t 24.6"A of the

male gametes, with any reducÈion below thís leve1 being due

to certaÈion. The 1eve1 of certation observed is mininal

when the pistil also contains the white flov¡er color factor

(22"I% transrnission), is moderate when the pistil lacks the

white flower color factor and is bud pollinated (I6 "7%

transmission), and is extreme when the pistil lacks the

white f lorrrer color f actor and pollination is delayed (0.7"/"

transmission).

These results are similar to those reported by Sears

(1954) for wheat monosomics. He observed 25% transmission

of the monosomic chromosome through the female gametes and

from 0 to I0% transmission through the male gametes.

Thus the evidence indicaÈes that the white flowered rape

strain is a chronosome addition line and thaÈ the white

flower color gene has not been introgressed into the rape

genome as suggested by Heyn ( 1979). Both geneÈic and

cytological data Idere required to distinguish between these

pos s ibi 1i t ies .
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In the case of alien cms systems, introgression of the

alien fertility restorer genes into the raPe genome is

desirable since a chrouosome addiÈion line such as the one

described in this thesis probably would carry undesirable

genet ic inf orma'tion on the aIi en chromosome. The evi dence

obtained suggests that introgression of such alien genes

night not be easy to accomplish and Èhat both genetic and

cytologíca1 investigations are required to determine if

inÈrogression has in fact taken p1ace"
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SUMMARY AND CONCLUSIONS

The investigaÈions of heterosis in suID¡ner rape (8" napus )

demonstrated that Fi hybrids can be produced with acceptable

agronomic characteristics, canola quality and 40"A yield

advanËage over the conventional canola cultivar Regent.

Such hybrlds are very vigorous due to increased ability to

exploit their environment (water, nutrients and solar

radiation). They also demonstrate the abilíty to yÍe1d a

greater proportion of their dry Batter production as seed.

The invesËigation of the naP cytoplasmic male sÈerility

(cns) systeD indicaÈed that alt.hough male sterility in this

system can be stabilized under fiel-d conditions, the large

number of male fertility restorer genes in most å. naPus

cultivars (e. g. I restorer genes in Regent) would make the

systeE very difficult Èo use" The lnur c¡¡s system seems to

have the best potential for use in hybrid rape Production as

this 6ystem has complete sterility and only a single

res t orer gene "

The investigation of the r'Íntrogressedrr white flovler

color in ¿. napus tndicated that this trait had not been

introgressed into the rape genome buÈ instead was Present on

an addiÈfona1 alien chromosome" The inheritance of this

alien chromosome was nornal fron the disomic condítÍon but
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from the tnonosomic condition t¡as similar to that observed

for monosomics 1n other crops " These results suggest that

future introgression of alien traits such as nuclear

male-fertility restorers rnay be difficult and that both

genetic and cytological studies will be necessary to

determíne if introgression has in fact taken p1ace.

These resulÈs suggest that there is potential for Fl

hybrid rape (å. napus ) production and that the development

of a reliable and easy to use pollinatíon control system is

the rnain lirnitíng factor.
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SUGGESTIONS FOR FURTHER INVESTIGATIONS

White the investigations of Èhis thesis researeh have

considered sorle of the factors essentíal in the production

of hybrid rape (8" napus) cultivars, much work remains to be

done. The following could be fruitful areas for

fnvestigation:

I o Nature of heterosis:

a) The effects of heterosis on seed quality (fatty

acid composition, glucosinolate leve1s, etc. ).

b) The levels of heteros is in three-v¡ay cros s

hybrids "

c) The development of early prediction techniques for

1eve1s of heterosis (seedling tests ).

d) The effect of the different clnS systems on the

1evel of heteros is.

e) The genetics of heterosis (gene action, general

and specific combining abilitÍes ).

f) The effects of inbreeding on heÈerosis in F2 and

subsequent generations "

g) The effects of mixtures of different proportions

of hybrid and parental seed on the level of

heteros is "
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h) The physiology

photosynthesis,

i ) The effect s of

heteros is "

Characteristics of cytoplasmic male sterilitY (cns)

sys Ëems :

a) The investigation of the meiotic behavíor of alien

restorer genes in these sYstelnS"

b) The possible association of disease and/ot insect

susceptibility with these male sterile cytoPlasms"

c) The attraction of insect pollinators in these cms

systems (absense of nectaries ¡ Dêctar production,

sugar concentration, inportance of po11en).

d) The determination of the cytoplasni.c organelle

associated with male sterility in these systems.

e) The search for other cms systems using related

species "

Development of hybrid cultÍvars:

a) The developuent of the ogu and mur cms systems.

b) The developrnenÈ of tester populaÈions to

facilitate the testing of potenÈia1 Parents for

hybrids "

c ) The development
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of heterosis (grovrth analYsís,

water use ef ficiencY).

fert iLizer and seeding rates on

of inbred lines for use 1n

3"

hybrids.

d) The invesÈigation of all aspects of field scale

hybrid seed producËÍon (single-cross hybríds,



InvestigaÈions into the

rape (8. napus ) have been

knorsledge EusÈ be obtained

produced efficiently "

8B

female to

potential of hybrid cultívars in

initiated but much rnore basic

before hybrid cultivars can be

three-way cros s hybrids , the ratio

male rows, insect pollinators).

of
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AP PE ND IX

TABLE l. Teroperature and precipitaÈion data for the 1980
and l98i hybrid rape (Bc napus ) yield t rials "

1980 i981
Tine
period Average Precipitation Average Precipitation

tenperature (nn) temPerature (urn)
(Celcius ) (Ce1cius )

May 2I-3I 22.I
Jun 1-30 16"8
Jul 1-3 I 20.4
Aug I-31 16.9
Sep 1-6 16.4

13
7 ssll

19
115

24

r2.9
16.0
20 "3
20.1
13"8

60
84
49

107
36

Season 18.4 326 18. 0 336

// Includes 102 mm of irrigation úraÈer applied June 19-22.
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TABLE 3" ANOVA// and conErasts for Days from seeding to
emergêficêc

================= === === === ============ ====== === ========= === =
Seedingdate Source DF MS F-value

========= ======== ==== ==== ==== ==== == ==== === == = === == ====-= ====
May 2I, 1980 Block 2 4 "40 1. t I

Line/Hybrid 8 2"67 0"67
- cl^ I 4.00 1.01

c2 r r"78 0.45
c3 1 0.ll 0.03
c4 I 1.00 0"25

Error 37 3.96

= = = = = == == = = = == = = == : :: 1 1= == = = == == =!'== = == = == == = = = = = == = = = == = = ==
!Íay 20, 1981 Block 2 4 "23 9 "84't*Line/Hybrid 4 2"76 6"42**

cl I 10.03 23.33r,*
c5 I 2.25 5"23*

Error 23 0.43

Total 29

June 8, 1981 Block
Line/Hybrid 4

c6 I
c2 I

Erro r 23

0.03 0.50
3.63 60.50**
0.00 0.00
0.00 0.00
0.06

= = = = = = = = = == == = == = = : : :1 I = = = == = == = =?2 === == = = = = == == = = = = = == = = = = =

// Analysis of variâîcê.

^ Contrasts:
Cl = RegenÈ vs Regent x Gullivar
C2 = Regent vs Regent x Schuster
C3 = Regent vs Regent x Kosa
C4 = RegenÈ vs Regent x Bronowski
C5 = Regent vs Regent x Marnoo
C6 = Regent vs RegenÈ x Karat

* Sfgnificant
** Highly signíficant
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ÎABLE 4. ANOVA and contrasts for Days from energence
to flowering"

========== ==== === ======Ê===== ======= == ====== ====== === === ====
SeedingdaÈe Source DF MS F-value

May 2I, 1980 Block 2 5"15 3 .37 ì,
4r"62**
4.08

33.57**
4.08

33.57**

Line/Hybrid I
crll
C2
c3
c4

Error

r 6.25
I 51.36
L 6 "25I 51"36

37

63"70

1"s3

Total 47

May 20, t 98I Block
Line/Hybri d

CI
c5

Error

2
4
I
I

23

17 "7326"65
8.03
8.03
0.35

50.66**
76"I4tx
22"94xt
22"94r,*

ToÈal 29

June 8, 1981 Block 2

Line/Hybrid 4
c6
c2

Error

1

I
23

3"23
r38.64

o .25
23.36
l"I3

2.86
r22. 69* *

0.22
20 .67 r, x

Total 29

i/ Cont ras ts :

Cl = Regent vs Regent x Gullivar
C2 = Regent vs RegenË x Schuster
C3 = Regent vs Regent x Kosa
C4 = Regent vs Regent x Bronowskí
C5 = Regent vs Regent x Marnoo
C6 = Regent vs Regent x Karat

* SignifÍcant
** Highly signif icant



99

TABLE 5. ANOVA and conÈrasts for Days from emergence
to EaÈurity "

Seeding date Source DF MS F-va lue

May 21, 1980 Block 2

Line/Hybrid I
crll r
c2 1

c3 I
c4 I

4 "02
30.83
26 "69
30"2s

1.36
25 .25
3"28

r "23
9 .4 0**
8.14**
9 "22r,x
0.41
7 "7 }r,x

Error 37

Total 47

May 20, 198I Block 2
Line/Hybrid 4

cl 1

9.70
15 .97
14"69
4.69
0"65

r4.92**
24.57 **
22.60*x
7.22r,c5

Error
I

23

Total 29
============== === ======= == === ==== === === === === == === ===L--- -- -

June 8, I 981 Block 2 4 .23 5. I 0*
Line/Hybrid 4 156.09 i88.06**

c6 r 2"78 3.35
C2 1 28 .4 4 34 .27 r'*

Error 23 0.83

Total 29

// Contras ts:
CI = Regent
C2 = Regent
C3 = Regent
C4 = Regent
C5 = Regent
C6 = Regent

vs Regent
vs Regent
vs Regent
vs Regent
vs Regent
vs Regent

x Gullivar
x Schuster
x Kosa
x Bronowski
x Marnoo
x Karat

:t Signlf icant
** Highly significant
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TABLE 6" ANOVA and contrasts for Height êt
maËurity (cn).

Seeding date Source DF MS F-va lu e

May 2I, 1980 84 "02
390 "27
860"44

1089.00
693"44

1r33.44
24.44

Block
Line/Hybrid

crll
C2
c3
C4

Error

3"44*
15"97**
35.21**
44 "56**
28"37x*
46"38**

2
8
1

1

I
I

37

Total 47
=======================================================--====
ÌIay 20, 1981 Block 2

Line/Hybrid 4

c1
c5

Error

I
I

23

1s3"90
r27.83
300"44
169.00

18"86

8.16**
6.78x*

15.93**
8.96**

Total 29
============== ==== ======== === ==== ===== === === === ==== ==!--

June 8, 1981 Block 2 8 I "90 2"45
Line/Hybrid 4 289.37 8.67r'r'

c6 I 513.78 15.40**
c2 r 513.78 15.40**

Error 23 33"37

Total 29

// Cont ras t s :
Cl = Regent vs RegenÈ
CZ = Regent vs Regent
C3 = Regent vs Regent
C4 = RegenÈ vs Regent
C5 = Regent vs Regent
C6 = RegenÈ vs Regent

x Gullivar
x Schuster
x Kosa
x BronowskÍ
x llarnoo
x KaraË

* Sígnif icant
** Highly significant
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TABLE 7. ANOVA and contrasts for Lodging at
maturity ( l-5).

===================== ===== ====== ======== == == ==== ===== =======
Seedingdate Source DF MS F-value

=============== === ======= === =========== ==== == ==== === === =====
May 2L, 1 980 Block 2 0 "77 3.85*

Line/Hybrid I 1.14 5.70**
crll r 0"44 2"20- c2 r 0"44 2"20
c3 t 0"44 2"20
c4 r 5 "44 27 "20**Error 37 O "20

Total 47

May 20, 1981 Block 2
Line/Hybrid 4

c1
c5

Error

Total 29
===== ======================== ====== ==== ====== === == === === === =
June 8, I 981 Block 2 I.23 3 "32Line/Hybrid 4 2.97 8.03**

c6 1 0.69 1.86
c2 I 0.03 0.08

Error 23 0.37

= = = = = = = = = == = = == == =l : :: 
t== 

= = = == = = = = ?? ==== == = == = == == = = = = = = = = = ==

// Contras ts :

Cl = Regent vs Regent x Gullivar
C2 = Regent vs Regent x Schuster
C3 = Regent vs Regent x Kosa
C4 = Regent. vs RegenÈ x Bronowski
C5 = Regent vs Regent x Marnoo
C6 = Regent v6 Regent x Karat

* Signif icant
** Highly significant

1

I
23

0.00
0"00
0.00
0.00
0.00
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TABLE 8" ANOVA and contrasts for Seed yield (kg/ha).

Seeding date Source DF M SiI F-va 1u e

May 2I, I9B0 Block
Line/Hybrid

c1^
c2
c3
C4

Error

r7 "97
81.51

305.39
42"77

9 "7 7

0.59
72 "86

1"40
6.33**

23 "7 5r,x
3.33
0"76
0"0s

2

8
1

I
I
I

37

Total 47

May 20, 1981 Block
Line /Hyb ri d

cl
c5

Error

2
4
I
I

23

4"79
96.27

17 3.48
133.I4

7 "32

0.65
13"15**
23.7 0*x
18.19**

Tot al 29

2
4
I
I

23

June 8, 1981 Block
Line/IIybrid

c6
c2

Error

10.84
32.88
85"91
75.27
6.13

r.77
5"36**

l4.0f i*
2"49

Tot a1 29

^ Cont ras ts :

CI = Regent vs RegenÈ x Gullivar
C2 = Regent vs Regent x Schuster
C3 = Regent vs Regent x Kosa
C4 = Regent vs Regent x Bronowskí
C5 = Regent vs Regent x Marnoo
C6 = Regent vs Regent x Karat

* SlgnificanÈ
** Highly significant



TABLE 9. ANOVA and contrasts for Thousand seed
weight (grn) "
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F-va lu eSeeding date Source DF

May 2I, 1980

MS

0.006
0.768
0.010
0.871
0.010
i .000
0 " 036

0"17
21.33**
0"27

24 " r9*t
0"27

27 "7 B**

Block
Line/Hybrid

cr ll
c2
c3
c4

Error

2

I
I
I
I
I

37

Total 47

2
4

May 20, 1981 Block
Line/Hybrid

c1
c5

Error

1

1

23

0"012
0.053
0.031
0.0 29
0"012

== == ===
1.00
4.42**
2"58
2.42

Total 29

June 8, t98l Block
Line /Hyb ri d

c6
C2

Error

2
4
I
I

23

0 "242
0 "27 8
0"499
0.5r8
0.021

-;; 
";;;;-

13 "24t *
23.7 6**
24.67r,x

Total 29

# Contrasts:
Cl = Regent vs RegenÈ
C2 = Regent vs Regent
C3 = Regent vs Regent
C4 = Regent vs Regent
C5 = Regent vs Regent
C6 = Regent vs Regent

x Gullivar
x Schus ter
x Kosa
x Bronowski
x Marnoo
x Karat

* Signif icant
** Highly significant
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TABLE 10" ANOVA and contrasts for 0i1 content of
seed ("/") "

============== ===== ========== === == ====== ==== == === ======= == ==
Seeding date Source DF MS F-va1ue

May 2L, I980 5.40**
r2.29**
0. r2

16.57**
3"88

14.83**

Block
Line/Hybrid

üll
c2
C3
c4

Error

2

I
1

1

I
I

37

3"13
7 "130"07
9.61
2"25
8.60
0"58

May 20, 1981 Block 2 2.r3
24"5r

Total 47

4 .63*
53.28**
6.04*
5"80*

Líne/Hybri d 4

C1
c5

Error 23

I 2.78
r 2"67

0 .46

Total 29

June 8, 198I Block
Line/Hybrid

c6
c2

Error

2
4
I
I

23

3"10
1.91
o .20
0.r0
0.45

6.89**
4 .24*
0.44
0.22

Total 29

/l Contrasts:
CI = Regent vs Regent x Gullivar
CZ = Regent vs Regent x Schuster
C3 = Regent vs Regent x Kosa
C4 = Regent vs Regent x Bronowski
C5 = Regent vs Regent x Marnoo
C6 = Regent vs Regent x Karat

* Significant
** Highly significanÈ
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TABLE 1 I. ANOVA and conËrasts for Protein content of
seed ("Á> 

"

========== === ==== ============ == === ======= ===== ========== == ==
Seeding date Source DF MS F-va lu e

May 2I, 1980 Block 2 2.2L
Line/Hybrid 8

cllÍ 1

C2
c3
c4

Error

| 26"3s
1 7"11
I

37

4"74
I .00

5"76
0"27

8.19**
17"56**
3"70

97.59**
26.33*r,
21"33**

Total 47

lIay 20, 1981 Block
Li ne /Hyb ri d

c1
c5

Error

2
4
I
I

23

5"39
I5.2L

2 .56
9 "400.37

I4"57**
41.I1**

6 .9 2r,
25"4r**

Total 29
= ========== === ===-== ====== === ====== === ====== === === ====- ----¿
June 8, 1981 Block 2 0"74 1"21

Line/Hybrid 4
c6 1

c2 I
Error 23

13.10
0.44

13.94
0.61

21.48**
0.7 2

22 .85r,*

Total 29

// Cont ras ts :

Cl = Regent vs
CZ = Regent vs
C3 = Regent vs
C4 = Regent vs
C5 = Regent vs
C6 = Regent vs

* Significant
** Highly sfgniffcan

x Gullivar
x Schuster
x Kosa
x Bronowski
x Marnoo
x KaraÈ

Rege nt
Rege nt
Rege nÈ
Rege nt
Regent
Rege nt

t
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TABLE 12" ANOVA and conÈrasts for ToÈal dry matter
yÍe1d (kg/ha)"

== === === === === ====== === === ======= === == === ======
Seeding date Source DF t'I s/l F-va lu e

May 2I, 1980 Block
Line/Hybrid

, cl^
c2
C3
c4

Error

2 555"3r
8 304"25
r 2046"6r

67 6 "05
156.87
246 .4 4

93"98

5.91**
3 " 24**

2r "7 8**
7 "r9x
r .67
2"62

I
I
I

37

Total 47

May 20, I98l Block 2
Line/Hybrid 4

cl 1

c5 I
Erro r 23

5.97
420.7 6

I178.20
961.03
41.58

0.14
l0 " l2**
28.34t x

23.11**

Total 29

June 8, 1981 Block
Line /Hyb ri d

c6
C2

Error

2
4
I
1

23

256.7 6

300 .42
839 .27
l4 2.6 2
70.88

3 .62*
4"24*

11.84**
2 .0I

ToÈa1 29

^ Contrasts:
CI = Regent vs Regent x Gullivar
C2 = RegenÈ vs Regent x SchusÈer
C3 = Regent vs Regent x Kosa
C4 = Regent vs Regent x Bronowski
C5 = Regent vs Regent x Marnoo
C6 = Regent vs RegenË x Karat

* Signlf icant
** Highl-y signiffcant,
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TABLE 13" ANOVA and contrasts for Apparent harvest
index (i(> 

"

Seeding date Sou r ce DF MS F-value

May 2L, 1980 Block 2
Line/Hybrid I

ctll I
c2 1

c3 I
c4

Error
1

37

6.6r
57 "64
25 "90

0 "25
0"08

34"07
4 "82

r"37
ll"g6**

5 .37 r,

0"05
0.02
7 "07*

Total 47

May 20, 1981
==== ====
16"18
68.04
37"01
23.02
4"92

= === === == =
3.29

13.83**
7.52*
4.69*

Block
Line/Hybrid

c1
c5

Error

2
4
I
I

23

Total 29

June 8, 1981 Block
LÍne/Hybrid

c6
c2

Error

2
4
I
I

23

7 "49
71.8r
32"80

9 .40
11.32

0.I3
6.34**
2 "90
0.83

Total 29

i/ Cont ras t s :
Ct = Regent
C2 = Regent
C3 = Regent
C4 = Regent
C5 = Regent
C6 = Regent

vs Regent
vs Regent
vs Regent
vs Regent
vs Regent
vs Regent

x Gullivar
x Schuster
x Kosa
x Bronowski
x Marnoo
x Karat

* Signif icant
** Hfghly signifÍcant
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TABLE L4" ANOVA and contrasts for Reproductive
growth period ('Á>.

Seedingdate Source DF MS F-value
= =========== === ====== ==== === == === ==== === ================= ===
May 2L,1980 Block 2 7.02 4"68*

Line/Hybrid 8 39"17 26"11**
. crlf r 0"27 0.18

c2 I 26.59 l7.72t,t,
c3 L 4.7L 3.14
c4 1 36"36 24"24**

Error 37 1"50

Total 47

May 20, f 98 I Block 2
Line/Hybrid 4

11.60 44"62*r,
t7 .23 6 6 "27 *r,

L "94 7 .46rt
5 .26 20 "23rrto"26

CI
c5

Error

I
I

23

Total 29
================== ======= === == ========= === === ====== ====== ===
June 8,1981 Block 2 2.64 3"00

Line/Hybrid 4 45.50 51.70*,t
c6 I 0.07 0.08
C2 I 8.87 10.08*'t

Error 23 0.88

= = = = = == == = = == = === =l :: : : = = = = = = == ==:? == = == = == == = === === = == = == ==

/l contrasts:
Cl = Regent vs Regent x Gullivar
C2 = Regent vs RegenÈ x Schuster
C3 = Regent vs Regent x Kosa
C4 = Regent vs Regent x Bronor¡ski
C5 = Regent vs Regent x Marnoo
C6 = Regent vs Regent x Karat

* Significant
** Highly signíficanÈ


