
I NHER ITANCE OF

YIELD AND AGRONOI4IC CHARACTERS
IN DIALLEL CROSSES OF

SPRINc FABABEANS (Vicia faba L.)

by

Hung-1,1e i Kao

A thesis
presented to the Un ivers i ty of l'lan i toba

in partial fulfilìment of the
requirements for the degree of

l4aster of Sc ience
tn

Department of Plant Science

Wi nn i peg, flan i toba ' 1 981+

(c)' Hung-lle i Kao, I 984



INHERITANCE OF YIELD AND AGRONOMIC CHARACTERS

IN DIALLEL CROSSES OF SPRING FABABEANS (Vicía faba L. )

HUNG-MEI KAO

A thesis sub¡nitted to the Faculty of Craduate Studies of
the University of Ma¡ritoba in partial fulfillment of the requirenrerrts

of the degree of

MASTER OF SCIENCE

@ 1984

Permissio¡r has been granted to the LIBRARY OF THE UNIVER-

SITY OF MANITOBA to lend or sell copies of this thesis. to

the NATIONAL LIBRARY OF CANADA to microfilnr this

thesis and to lend or sell copies of the film, and UNIVERSITY

MICROFILMS to publish an abstract of this thesis.

The author reserves other publicatiolr rights, and neither the

thesis nor extensive extracts from it may be printed or other-

wise reproduced without the author's writte¡r pernrission.

BY



ACKNOWL E DGI4E NTS

The author wishes to grateful ly acknowledge Dr. P. B. E. l4cVetty

for h i s gu i dance and support throughout the ent i re research study.

Thanks are extended to my committee members, Dr. L. J. LaCroix and Dr.

W. Guenter for their time and effort in reviewing this research.

S i ncere thanks to the greenhouse staff who accomodated me i n every

possible way; and to Judith Nugent-Rigby for her assistance in the

field.

Finally, the author expresses much gratitude to friends and family

for their support and understanding throughout this study.

lt



ABSTRACT

Kao, Hung-llei. 1,1.Sc., The University of I'tanitoba, June, 1984.

lnheritance of Yield and Agronomic Characters in Dial lel Crosses of

Spr i nq Fababeans (Vi c i a faba L.) . Hajor Professor; P. B. E. l4cVetty.

Fl and F2 compìete dialìels were used to study the heterosis and

inheritance of yield and agronomic characters among inbred I ines from

five agronomical ly adapted fababean cultivars grown in Western Canada.

The heterosis and performances of crosses were further stud¡ed in an

Fl haìf dial lel among the five cultivars themselves. The dial lel

crosses urere grown in the field during 1982 and .l983.

Characters of more complexity and close association with vegetative

and reproductive fitness appeared to express more heterosis, more dom-

inance and lower narroh,-sense heritabi I ities. Yield had the greatest

extent of heterosis, most dominance and lowest narrow-sense heritabi l-

ity. Expression of heterosis for yield appeared to increase with het"

erozygosity at a genetical ly determined rate. Hybrid yield perform-

ances were related to that of their inbred line parents but not to

their cultivar parents.

It was concluded that TDtl and Hl may be quite efficient as selec-

tion criteria for high yields. Protein content was generally indepen-

dent of yield and controlled mainly by additive gene effects with some

negative partial dominance.

Herz Freya, followed by Erfordia, were the better general combiners

for yield, while Herz Freya x trfordia was the best specific combina-

ttr



tion. Different growth and assimi late distribution patterns were dis-

played among all parents. lt r^ras concluded that specif ic hybrids with

Herz Freya as a common parent, rây produce a 35-\OZ yield advantage

over open-poì I inated cultivars.
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Chapter I

I NTRODUCT I ON

Fababeans are known botanical ly as Vicia faba L. Numerous Engl ish

common names apply to the crop including Spanish' Egyptian' pigeon'

winter, spring, garden, fava, vicia, common, horse, tick, broad and

field beans. To el iminate the confusion resulting from this multipl-

icity of names, the term fababeans was adopted for the entire species

in the early l98Os (Hawtin and Hebblethwaite ì983).

The species is diploid with 2n=12. lt is not known to intercross

with any other species and no wi ld ancestors have been identified

(Lawes 1980). However, the species is cìassified by seed size into

three botanical varieties, minor, equina and major. The minor and

equina groups comprise the small and medium seeded varieties respec-

tivelyr while the major group comprises the large garden broadbean va-

rieties (Witcombe 1982). Great genetic variation exists between vari-

eties as wel I as within varieties and intercrossing can occur freely

(Lawes .l980).

Fababeans are a traditional crop in most areas of Europe, North and

Central Africa, Central and South America and China' dating back to

the origins of crop cultivation in the lliddle East (Hawtin and Heb-

blethwaite 1983). ln these regions, fababeans are an important prote-

in source for human foods and livestock feeds.

Fababean cultivars from Western Europe were introduced into Western

Canada in the early .l970s by scientists at the University of l'lanitoba

(Furgal and Evans 1980). Fababeans showed immediate promise with a
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high protein content (near 30?) and high seed yields averaging over

3000 kg/ha in plot scale yield trials (llcVetty, personaì communica-

tion).r

ln contrast, yields on a commercial scaìe have averaged near 2000

k,/na with wide fluctuations from 400 kg/ha to over 5000 kglha (Plat-

ford et al. l98l). These attributes of the crop have resulted in fa-

babean breeders identifying increased yields and improved yield sta-

bi I ity as two major breeding program objectives.

Fababeans are a partial ly cross-pol I inated crop (Hanna and Lawes

1967) which display a considerable amount of heterosis and inbreeding

depression (Poulsen 1979; Lawes et a-1. 1983). This heterosis is ex-

ploited by breeders via the production of open-pol I inated populations

and more recentìy, via the production of synthetics (Hav'rt¡n ,l982).

The development of Fl hybrids is on the horizon, since both genetic

male steri I ity (Bond et al. 1964) and cytoplasmic male steri I ity sys-

tems (Bond et al. 1966a, 1966b) have been discovered. These polìen

control systems are unsuitable for commerciaì production of Fì hybrid

seed at present, but this may change in the future since research is

presently being conducted into these pollen controì systems (Picard gg

al. 1982) .

Given the known heterotic response of the crop to genetic heterozy-

gosity and the possible availability of pollen control systems, it

seems logical for Canadian fababean breeders to pursue the production

of synthetics and/or Fl hybrids as a potential solution to the low

yields and poor yield stability of fababeans. Before this breeding

approach can be effectively used, a considerable amount of information

r l4cVetty, P. B. E" Unpublished data.
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regarding the degree of heterosis for yield and related characters,

the genetics for the characters of concern and the predictabi I ity of

hybrid performance from parental performance is required.

The objectives of this research were to determine:

l. the degree of heterosis for yield and agronomic characters,

2. the relative agronomic performances of the parents in hybrid

comb i nat i ons ,

3. the genetic control and heritabi I ity of yieìd and agronomic

cha rac ter s

in dial leì crosses among genotypes from five agronomical ly adapted fa-

babean cultivars grown in Western Canada.



Chapter I I

L ITERATURE REVI EW

2.1 cRoP DESCRIPTION

Canadian grown fababeans belong to the small to medium seeded types

since they must be handled with conventional cereal equipment. The

plants are erect-stemmed annuals with an indeterminate flowering hab-

¡t. They reach t - 1.5 metres tall and flower profusely at each node

along the length of the stem starting about 20 cm from the ground.

Only a few flowers produce pods and each pod contains three to four

seeds. The seeds weigh 275 to 500 g per 1000, depending on the culti-

var and environment. When fababeans mature, the leaves darken and

drop, the pods blacken and dry progressively up the stem. Days from

seeding to maturity depends on the cultivar and environment and ranges

from 83 to l14 days (Plattora e! al. l98l).

2.2 BREED I NG NATURE

Fababeans are a partial ly al logamous species with an average out-

crossing frequency from 30 - \OZ, although under different environ-

ments, frequencies from 5 - 8OZ have been reported (Hawtin 1982i Bond

and Poulsen .|983). ln Hanitoba, a wide range from 8"5 - 58.82 out-

crossing was reported (l.lcvetty and Nugent-Rigby 1984). Pollinating

bees trip (reìease the stigma and stamens from the keel) the flowers

which can lead to cross- or self-pollination. Some plants are able to

sel f-pol I i nate and sel f-fert i I i ze w¡ thout tr i ppi ng and are referred to

I+
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as autofert¡ ìe (Drayner ì959) . Autoferti I i ty i s a desi red feature

since it confers yield stabi I ity with variable bee populations. High

autofertility is a general characteristic of cross-bred plants but can

be genetical ly fixed in some inbred I ines (Drayner 1959; Holden and

Bond .l960; Siong and Knight ì980) . General ìy, autoferti I i ty decreases

with inbreeding but after crossing, autofertility is fully restored.

lnbreds tend to cross more and cross-breds tend to self, thus the in-

termediate breeding status of the crop is maintained (Drayner 195Ð.

As expected from its breeding nature, heterosis and inbreeding de-

pression exist in fababeans. Cross-bred plants express hybrid vigor

and high autoferti I ity. Decreased yields, which usual ly reach a mini-

mum after three generations of selfing occurred due to inbreeding de-

pression and reduced autofertil ity (Poulsen 1975; Poulsen 1979; l'lonti

and Frusciante 1982). With bee-pol I inat¡on, inbreeding depression

alone reduced yield 222 in one experiment (Honti and Frusciante ì982)

and 112 in another experiment (Poulsen 197Ð. Yield reductions were

even greater in undisturbed inbreds from the further effect of reduced

autoferti I ity (Poulsen 1979; l4onti and Frusciante 1982). However,

some inbred I ines suffered I ittle from inbreeding depression and

yielded equal ly to open-pol I inated populations (Lawes 1973:' Poulsen

197Ð.

2.3 QUANTITATIVE GENETICS

The strategy for crop improvement by breeding depends on proper as-

sessment of the genetic variation in relation to the environmental

components of variation. The breeding methods depend on the type of

genetic variation, that is, the action, interaction and I inkage rela-

t i onsh i ps of genes control I i ng the character.
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l'lendelian genetic principles have been most directly useful with

the large recognizable effects of quaì itative characters. 
.l'lost 

eco-

nomical ly important plant characters, however, are control led by quan-

titative genes which display continuous variation. ln these charac-

ters, discrete classes are not identif iable and classical l,lendelian

genetic analyses can not be used. Such characters are control led by

the joint action of many genes, each inherited in a l,lendelian fashion

and subject to environmental modification.

Quantitative or biometrical genetics al lows these quantitative

characters to be stud i ed. Th i s approach stud i es the genet i c phenomena

using statistical procedures. Statistical parameters such as means,

variances and covariances are used to characterize fami I ies and popu-

lations. These statistics are then partitioned into genetic compo-

nents, whose properties are derived f rom l,lendelian principles" Vari-

ous mating designs, such as dial ìel matings, were developed to al low

these genetic components to be estimated (Breese 1972).

2.3. I Components of Genet i c Var i at i on

Fisher (1918) was the first to partition genetic variation into its

component parts. These, are additive, dominance and epistatic effects.

The additive component describes genes either at the same locus or

at different loci which act independently by increasing or decreasing

the phenotypic expression. The dominance part describes the intra-al*

lelic interaction between genes at the same locus such that one allele

masks the ef f ect of the other to varying degrees. l,leanwhile, the

epistatic part involves the inter-al lel ic interaction between genes at

different loci such that expression at a gene Iocus is influenced by

that of another gene locus (el lard 1960).
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Addi tive and dominance gene effects are the more commonly

parti tioned components. Thei r relative importance can be impl ied from

the dominance ratio. This is the ratio of the dominance effects over

the additive effects. A ratio less than one impl ies partial domi-

nance, a ratio equal to one implies complete dominance, while a ratio

over one implies overdominance. However, this rraverage estimaterr of

relative dominance should be interpreted with caution. Since the in-

dividual genes controll ing a quantitative character are not recogniza-

ble, biometrical genetics handles them as an overal I effect. Host

likely, in any one genotype not all its genes would be unidirectional

but a balance of genes with some opposing effects. Crosses between

genotypes with differing oppositional balances of genes, could produce

under- or over-expressions of the genetic components (Hather and Jinks

1977).

2.3.2 Heritabilitv

Heritabi I ity estimates provide a measure of the relative importance

of genetic components to the phenotypic variation, the latter being

the sum of the genotyp i c and env i ronmenta I var i at ions . There are tþ,,o

types of heritabi I ities, broad-sense and narrow-sense, of which the

latter is more useful.

Broad-sense heritabi I ity is the ratio of genotypic variation over

phenotypic variation" This expresses the degree of genetic determina-

tion or simply the amount of environmental influence on the character.

Narrow-sense heritabi I ity is the ratio of additive genetic variation

over phenotypic variation. lt expresses the extent of resemblance be-

tween relatives and allows the determination of the response to selec-
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t i on and thus, i s of

ì98t).

I
great importance in breeding programs (Falconer

YIELD

I Agronomic Considerations

Heterosis for yield in Fl hybrids is important in fababeans.

Yields exceeding the top parent in crosses have been widely reported

(Hayes and Hanna 1968i Samia 1977; Lawes and Newaz 197Ð. ln diallel

crosses of winter bean I ines, Fl hybrids yielded 239é nore than the

best inbred parents and l8Z more than the open-pol I inated controls

(Bona 1966). These superior yields were unique to the Fl since yields

decl ined in subsequent generations (Hayes and Hanna .l968; Poulsen

1977; Kittì itz 1981).

2.\.2 Genetics and Heritabilities

Genetic analyses of severaì inbred I ine dial ìels indicated that ov-

erdominance was positively expressed for yield (Bond 1966i Lawes and

Newaz 1979; Hobbs and Burnett ì982).

Yield general ly had low heritabil ity (BonA 1966; Dantuma e! al.

1983) . Broad-sense her i tabi I i ty estimates for yield per plant report-

ed in several studies were 28"72 (Yassin 197Ð, 232 (Vries 197Ð and

21.3% (fl-ZatraU et al. 1980) " ln contrast, a high broad-sense herit-

ability estimate of 88.12 for yield per plot was reported by Yassin

(197Ð. Thus, plot yields were less subject to environmentaì influ-

ence than yields per plant.

Narrow-sense her¡tabi I ity estimates varied. Poulsen (lgll) report-

ed a narror^r-sense heritabil ity for yield of 6O% in an Fl d¡al lel.
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Hobbs and Burnett (1982) reported a mean narroh,-sense heritability of

16.2% for three F2 diallels. Filippetti (1979) found a narrow-sense

her i tab i I i ty of l8Z obta i ned from regress i ons between parents and

their progenies. Therefore, the genotypes under study, the estimation

method used and the environmental effects seem to have a substantial

effect on the narrow-sense heritabi I ity estimates for y ield.

Thus, heterosis, positive overdominance and low to moderate narrow-

sense heritabi I ities characterize the genetics and inheritance for

yield in fababeans. Al I these attr¡butes suggest that fababeans

should be handled as synthetics or Fl hybrids to maximize the yield

potent¡al in this crop.

2.5 Y I ELD COI4PONENTS

2.5.1 Aqronomi c Cons iderations

Low heritabi I ities for yield lead scientists to search for charac-

ters correlated with yield which had higher heritabi I ities. Rowlands

(195Ð partitioned yield into the product of the number of plants per

unit area and the three primary yield components' number of pods per

plant, number of seeds per pod and seed weight. The usefulness of

these three primary yield components was shown when Kambal (1969)

found they accounted for 95-982 of the variability in yield of three

fababean cultivars.

Yield and yield components are frequently highly correlated. The

literature stressed more than any other component' the role of pods

per plant as the chief determinant of yield (Bond 1966; Sjodin 1977;

Nassib et al. 1978; Lawes and Newaz 1979i Cubero and l¿lartin l98l; Sal-

ih l98l). ln different studies however, seeds per pod (Kambal 1969;
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Salem 1982) and seed weight (lshag 1973; Bianco et al. 1979¡ Pace

197Ð were also important.

However, y¡eld components are sometimes negatively correlated urith

yield. Yassin (197Ð found yield was pos¡tively correlated with pods

per plant but negatively correlated with seed weight. ln other stud-

ies, yield components had no significant correlation with yield and

thus were of no predictive value (Vries \979:. Eì-Zahab et al. 1980).

Posi tive correlations have occasional ly occurred among yield compo-

nents (tl-ZatraO et al. ì980; Salem 1982) suggesting that simultaneous

selection for yield components could be successful. However, negative

correlations are also widespread between yield components. For exam-

pìe, pods per pìant was negatively correlated with seeds per pod (tstr-

ag 1973¡ Pace 1979; El-Zahab et al. 1980) and with seed weight (Yassin

1973; Bianco et al. 197Ð. Negative correlations were also found for

seeds per pod versus seed weight (Kambal 1969; Poulsen 1977i Bianco g!

al-. 197Ð . These negative correlations can lead to yieìd component

compensation which can severely I imit the usefulness of yield compo-

nents as selection criteria in breeding programs.

The particular yield components that showed Fì heterosis varied in

different experiments, but general ly, yield components displayed less

heterosis than yield (Bond lg66i Lawes and Newaz 1979). Bond (.1966)

found the superiority of F1 yields was achieved through both more

stems per plant resulting in more pods per plant and increased seed

weight. Poulsen (1977) found increased seed weight alone was respon-

sible for higher Fl yields. However, Samia (1977) found heterosis for

yield depended mostly on increased pods per plant, whi le seed weight

showed no significant heterosis. Lawes and Newaz (1979) reported neg-



ative Fl heterosis on a mid-parent basis for seed weight

counteracted by positive heterosis for pods per plant and

pod.

1t

that was

seeds per

52 2 Genet i cs

Yield components generaìly exhibited less dominance and more addi-

tive gene action than yield (Lawes and Newaz 197Ð. Bond (1966) re-

ported no overdominance in any yield component whereas yield exhibited

considerable overdominance. ln agreement, Hobbs and Burnett (1982)

reported from a dialìel using Afghanistany lines as well as from a

dial lel using European I ines, that yield exhibited the greatest degree

of overdominance even though some yield components aìso displayed ov-

erdom i nance.

Pods per plant general ly expressed significant dominant gene ac-

tion. ln most studies, this was positively expressed as partial domi-

nance (Bond ì966) or overdominance (Hayes and Hanna 1968; llartin and

Cubero 197Ð. ln other studies, dominant genes were ambidirectional

(Poulsen 1977; Hobbs and Burnett 1982). There was evidence of inter-

actions as well (Hayes and Hanna 1968; ilartin and Cubero 197Ð.

Seeds per pod expressed a wide range of gene actions. Bond (1966)

found more'or-less additive gene effects while some other studies in-

d icated pos i t ive overdom i nance ef f ects (t'lart i n and Cubero 1979; Hobbs

and Burnett .l982) 
" ln contrast, ambidirectional dominance (Poulsen

1977) and even negative partiaì dominance have been reported (Hob¡s

and Burnett 1982). Epistatic effects were also reported (Hobbs and

Burnett 1982) .
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Simi larìy, for seed weight, increases in this character displayed

partial dominance (Bond 1966; Poulsen 1977; Hobbs and Burnett ì982) or

overdominance (Cubero-Salmeron 1976). However, in other studies, re-

duced seed weight displayed partial dominance (l'lartin and Cubero 1979;

Hobbs and Burnett .l982).

2.5.3 Heritabilities

The yield components general ly had high heritabi I ¡ties exceeding

that for yield (Bond 1966i Dantuma et al. 1983). Yassin ('1973) found

broad-sense heritabi I ity estimates of 93.7% and 54.796 for seed weight

and pods per plant, respectively. Eì-Zahab et al. (t980) reported

broad-sense her i tab i ì i ty est i mates ot 8\ .32, 99 .92 and !8 .4% for seed

weight, seeds per pod and pods per plant, respectively.

Narrow-sense her¡tab¡lity estimates hrere generally highest for seed

weight (Poulsen 1977; Fi I ippett¡ .|979) . Narrow-sense estimates were

952,7996 and 732 for seed weight, seeds per pod and pods per plant re-

spectively (Pouìsen 1977). Fi I ippett¡ (1979) obtained narrow-sense

heritability estimates of IOOZ, 64?6 and 28?é for seed weight, seeds per

pod and pods per plant respectively, from regressions between parents

and thei r progeny grown under open-pol I i nation. I n agreement, Vr i es

(197Ð reported high narrow-sense heritabi ì ity for seed weight and in-

termed¡ate narrow-sense heritabi ì ity for pods per plant. ln dial ìel

crosses using Afghanistany lines, Hobbs and Burnett (1982) reported

narrow-sense heritabi I ity estimates of 88.0?, 66.62 and .l7.3? for seed

weight, seeds per pod and pods per plant, respectively. However, in

diallel crosses using European lines, seed weight had the highest nar-

robr-sense heritabil ity est¡mate of 85.9%, but pods per plant followed



r3

hr¡th 67.82 and seeds per pod had the lowest estimate of 3\.lZ (HoUUs

and Burnett 1982).

ln summary, the genetic behavior for a particular yield component

varied with different genotypes, estimation methods and environments.

Yield components were frequently highìy correlated w¡ th yield but

yield component compensation was common. Yield components displayed

less heterosis, less dominant and more additive gene action than

yield. Yield components l^,ere generally highly heritable and seed

weight had the highest narrow-sense heritabi I ity. Thus, selection for

increased yields via selection for yield components would probably be

unsuccessful, in spite of the high narrow-sense heritability of yield

components due to yield component compensation.

2.6 TOTAL DRY T4ATTER AND HARVEST INDEX

2.6 .1 Asronom i c Considerations

A newer approach to examine yield in fababeans is through the con-

cepts of total dry matter production (TDl4) and harvest index (Hl).

TDll generally refers to the above ground portion of the plant, includ-

ing the seeds. Hl is defined as the ratio of seed yield to total dry

matter produced expressed as a percentage (Hawt¡n 1978). The most ec-

onomical determination is obtained from seed yield and TDll at maturi-

ty, although losses of senescent leaves give an apparent Hl value

higher than the actual defined Hl (Dantuma and Thompson .1983) 
" Hl

provides a crude measure of the efficiency in partitioning assimi lates

into the economical product, seed yield.

The relationships of TDll and Hl to higher yields are variable. ln

Fl crosses, Neal (.l982) observed the most heterosis for yield, fol-

lowed by TDI'I and to a lesser extent, Hl" From characterizing 535 f a'
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babean accessions grown over two seasons, he also concluded that TDl.l

was the best predictor of yield.

However,Thompson and Taylor (.l98ì) observed higher TDt'1 production

in more fertile conditions but the increase in yieìd was not propor-

tional, leading to a lower Hl. Their controls, grown at lower levels

of input, had lower TDI'I, similar yields and higher Hl. They concluded

that increased Hl stabi I ity was important for increased yieìds. Simi-

larly, Dantuma et al. (lg8¡) found the highest Hl values in a dry and

sunny year with the lowest yields and lower Hl values in an environ-

ment conducive to vegetative growth with the highest yields. ln con-

trast, Keller and Burkhard (.l98.l) reported that Hl was relatively sta-

ble. With increasing plant densities, both TDH and yield per plant

decreased progressively whi le Hl decreased only sl ightly. Genotypic

differences between cultivars in Hl and Hl stability over environments

were evident (Keller and Burkhard l98l; Thompson and Taylor 198ì; Dan-

tuma et aì. 1983) .

2"6"2 Genetics and Heritabilities

Literature on the genetic control of TDl,l and Hl is scarce. Cubero-

Salmeron (ì976) reported that weight per plant expressed positive ov-

erdominance in Fì dial lel crosses.

Heritabil ity estimates for TDl,l and Hl are also rare. El-Zahab et

aì. (1980) reported a broad-sense heri tabi I i ty estimate of 70.2% for

TDl,l after l/0 days from planting. Vries (.|979) found low broad-sense

heritabiìity estimates for Hl ot \22 and 40? for two different fababe-

an populations. He also observed no significant genetic correlation

for Hl with yield. Thus, he concluded that Hl offered no prospects as

a criterion in yield selection"
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To sum up, TDl,1 and Hl are relatively new and unexplored concepts as

apparent from the scarcity of literature. The relationships of TDI'I

and Hl with yield as well as the genetics and inheritance for TDil and

Hl in fababeans require further elucidation. However, it is important

to have both relatively high and stable TDI'I and Hl to achieve maximum

and stable yields in fababeans (Hawt¡n 1978).

2.7

2.7 .

PHENOLOG I CAL CHARACTERS

I Aqronomi c Considerations

The influence of different growth phases on yield was often stud¡ed

as a possible selection criterion for yield as well as for early ma-

turity (Poulsen 1977). Vries (197Ð concluded the onset and duration

for flowering as well as the onset, duration and end of grain filìing

could be useful as selection criteria for yield improvement.

Broadly, the total growth period for a crop is divided into the

pre-anthes i s and post-anthes i s growth phases (Pou I sen 1977) . l'lost

commonly studied are the total growth period or days to maturity and

pre-anthesis growth phase or days to first flower.

llost studies found later maturity positively correlated with in-

creased yields (l,lagyarosi and Sjodin 1976; Poulsen .l977; Vries 197Ð .

ln these studies, both later flowering and a longer post-anthesis

phase r^rere also positively correlated with yield (Poulsen 1977) or a

longer post-anthesis phase alone was positively correlated with yield

(Vries 197Ð. ln contrast, some studies showed no correlation between

days to maturity (Salem 1982) or days to flower (Bond 1966; Pace 1979)

with yield.
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2.7 .2 Genet i cs

The genetic control of these characters was governed by additive

genes with some dominant gene action, generally towards reduced ex-

pression of the character. Days to maturity exhibited either negative

partial dominance (Poulsen 1977; lilartin and Cubero 197Ð or negative

compìete dominance (Cubero-Salmeron 1976). Al I studies reported days

to fìower expressed negative partial dominance (Bond 1966; Poulsen

1977i l4artin and Cubero 1979; Hobbs and Burnett 1982). The post-

anthesis phase displayed ambidirectional dominance (Poulsen 1977) "

2"7 .3 Heritabilities

Heri tabi I ¡ ties for phenological characters urere relatively high.

Vries (t979) reported broad-sense her¡tabi I ity estimates of 90?6, 992

and 859é for days to matur¡ty, days to flower and post-anthesis growth

phase respectively.

Narrow-sense heritabi I ity estimate for days to maturity was 852 in

an Fl diallel (Pouìsen 1977). Narrow-sense heritability estimates for

days to flower were 652 in an Fl diallel (Poulsen 1977) and a range

from 38.ì8 to 73.72 in F2 dialìels (Hobbs and Burnett 1982). Post-

anthesis phase had a narroh,-sense heritability of 642 in an Fì d¡allel

(Poulsen 1977).

General ly, shorter growth phases were negatively correlated wi th

higher yields but these negative correlations were broken in a few

cases, Additive gene effects with some dominance towards reduced ex-

pressions and high heritabi I ities general ly characterize these pheno"

logi cal characters.
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.8 ¡4ORPHOLOG I cAL cHARAcTERS

8. I Agronomic Considerations

Rapidly and easi ly measured morphologicaì characters were frequent-

ly advocated as yield selection criteria. Rowlands (1955) stated the

primary yield components were influenced by secondary components such

as the pos i t i on of the f i rst podded node and pl ant hei ght. Vr i es

(197Ð suggested number of stalks per plant and plant height as useful

selection criteria.

The productivity of secondary stalks is general ly lower than maín

stem productivity (Chapman and Peat 1978; Hawtin 1978). However, some

studies found stalks per plant positively correlated with yield (Kam-

bal 1969; Bianco et al. 1979; Pace 197Ð. ln contrast, other studies

found staìks per plant not correlated (BonO 1966; Salem 1982) or neg-

atively correlated with yield (Vries 197Ð. Bond (.l966) reported Fì

heteros i s for sta I ks per pl ant.

Simi larìy, several scientists found plant height positively corre-

lated wi th y¡eld (Sjodin 1977; Bianco et al. 1979; Vries 197Ð whi le

others reported no correlation between height and yield (Rowlands

ì958; Bond ì966; Salem .l982). As in the case of stalks per plantn

Bond (1966) found Fl heterosis for plant height.

Few studies noted the position of the first podded node in fababe-

ans and its basic interest I ies in its close association with early

matur i ty, a des i red feature wi th shorter growi ng seasons (S¡oOi n

1977) " The first podded node is observed by height from ground level

or by the number of nodes to the first podded node. The character ex-

pressed negative associations (Bianco et al. 197Ð or sl ight positive

associations (Kambal 1969) with yield but none h,ere statistical ly sig-

nificant.
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2 .8.2 Genet i cs

ln Fl dial lels, stalks per pìant expressed positive partial domi-

nance (Bond .l966) or additivity with considerable environmental ef-

f ects (l,lartin and Cubero 197Ð . ln F2 dial lels' Hobbs and Burnett

(1982) reported positive overdominance and ep¡stasis for stalks per

plant.

Pìant height expressed partial positive dominance in some Fl dial-

lel studies (Bond 19661 t'lartin and Cubero 197Ð. However, Cubero-Sal-

meron (1976) reported positive overdominance for height in Fl dial lel

crosses using Central-European I ines. ln F2 dial lels' Hobbs and Bur-

nett (1982) reported positive dominance ranging from partial to over-

dom i nance.

First podded node expressed complete negative dominance in Fl dial-

lel crosses (ilartin and Cubero '|979).

2.8.3 Heritabilit res

The literature is meagre but what literature exists indicates in-

termediate heritabi I ities for these morphological characters. Vries

(1979) found different broad-sense heritability estimates for two dis-

t¡nct populations of fababeans. For stalks per plant, the estimates

were 5596 and 5996 whereas for plant height, the estimates were 46? and

Jg".ó respect ively, f or the tbro popul at ions. These intermed iate broad-

sense heritabilities suggest a moderate influence of environment on

these characters.

ln F2 diallel crosses, Hobbs and Burnett (.l982) found narrow-sense

heritabiìity estimates for stalks per plant ranging f ron 12.3",6 to

22.02 and for plant height ranging from 40.\Z to 46.0?.
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Thus, the usefulness of morphological characters depends greatly on

the genotypes studied as well as the estimation method used and the

environments in which they were gro\^Jn. These characters are probably

not too useful since they show moderate degrees of dominance and only

i ntermediate her i tabi I i ties.

2.9 PRoTETN CoNTENT

2.9. I Aqronomic Considerations

Fababeans are rich in seed protein, containing fron 25 to 352 on a

dry weight basis, depending on cultivar and environment. The amino

acid composition, like other legumes' is high in lysine and low in the

sulphur-containing amino acids, methionine and cystine (Chapman and

Peat 1978).

Unì ike most crops, the correìation between yield and protein con-

tent v,,as not signif icant (Abdalla et al. 1976i Griff iths and Lawes

1978i Fiìippetti 197Ð but a few non-significant negative correlations

were reported (Chapman and Peat 1978; Sjodin et al. 198ì). Protein

content was not correlated with average seed weight (Frol ich et al.

197\i Hanel t 1979; Sjodin et aL. l98l).

2"9.2 Genetics and Heritabilities

Protein content was control led by several genes expressing mainly

additive gene effects (Chapman 1979), with some partial dominance to-

wards lower values (Bond l97}i Haro et al" I980).

Heritabi I ity is relativeìy high for protein content, but the I iter-

ature is meagre on estimates. Direct evidence for high heritabi I ities

comes from widely observed successes from selection for low or high

protein contents (Cr¡ tti ths and Lawes 1978t Sjodin et al . l98l) .
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Broad-sense heritability estimates for protein content u,ere 7OZ

(Cr¡ftiths and Lawes 1978) and 799é (Vries 197Ð. No report of narrow-

sense heritabi I ity estimates was found. However, narrow-sense herit-

abi I ities are expected to be simi lar to broad-sense heritabi I ities

since most of the genetic effects hrere additive.

Thus, polygenic control with largely additive effects and some dom-

inance towards lower values and relatively high heritabi I ities charac-

terize the genetics and inheritance for protein content in fababeans.

These attributes along with the relative independence of protein con-

tent with yieìd suggest possible simuìtaneous improvement in both

yield and protein content.

As a concluding remark, the I iterature has shown considerable vari-

ation in the genetics of certain characters with different experi-

ments. Studies of different fababean populations in the same experi-

ment found large genetic differences between them (Cubero-salmeron

1976¡ Bianco et al. 1979; Pace 1979; Vries 1979i Cubero and l4artin

l98l; Hobbs and Burnett 1982). For these reasons, Lawes et al. (lg8¡)

concluded that studies using breeding material would be more vaìuable

to the breeder than studies using a representative sample of fababean

germplasm. Furthermore, the experimental design and est¡mation meth-

ods used, as weìl as the environment, have influence on the genetic

estimates obtained. Thus, the genetic estimates should be interpreted

relatively and cautiously.
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I4ATER I ALS AND I'lETHODS

Dial lel mating designs were used in this study. A dial lel mating

design is a set of all possible cross combinations among three or more

parents. The parents are usually homozygous ìines (Hayman 195Ð but

can also be heterozygous popuìations (Gardner and Eberhart 1966).

An Fl complete diallel and its selfed progeny forming the F2 com-

plete diallel were studied. ln addition, a smalìer Fl cultivar dial-

I el was stud i ed.

3.t THE F1 CotlPLETt DTALLEL

3.1.1 llaterials

The parental material consisted of five spring fababean I ines

selfed for four generations. The lines were not selected for the

characters studied and were der ived from the cul tivars Ackerperle,

Aladin, Diana, Erfordia and Herz Freya.

These cultivars are or were I icensed for production in Canada.

They are a genetical ly diverse group with both European and Canadian

origins. They perform wel I in Western Canada and yield simi larly when

grown in l,lanitoba. 0n average however, Aladin, Erfordia and Herz Fre-

ya tend to outyield Diana and Ackerperìe. Erfordia is the largest

seeded cultivar whi le Ackerperle is the smal lest seeded cultivar.

Herz Freya and Diana are earlier maturing by a few days. Protein con-

tents are very simi lar among the five cultivars with Diana sl ightly

higher on average.

2t
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The experimental material was produced in the growthroom during the

fall and winter ì981. The five S4 lines were crossed in all possibìe

combinations including reciprocals to form the Fl complete dial leì.

Twenty-five S4 seeds from each parent were planted at four successive

dates spaced two weeks apart. Al I l0 possible cross combinations and

their l0 reciprocals were made among the I ines. Selfed S! parental

seeds were obtained from uncrossed nodes and separately selfed plants.

By April 1982, 104 to 193 seeds with an average 149 seeds for each Fl

cross and over 250 55 seeds for each parent were obtained.

The five controls used were the parent cultivars, Ackerperle, Ala-

din, Diana, Erfordia and Herz Freya.

3.1.2 Growthroom Condi tions

Plants in the growthroom were given a l6-hour, 21 0C day cycle and

an 8-hour, 15oC night cycle. One plant was grourn per l5 cm diameter

clay pot with a 2 soil: I sand: I peat mix. The plants were watered

dai ly and supplemented wi th 2O-2O-2O hrater soluble ferti ì izer at

anthes i s .

3.1 .3 Cross i ns and Se ì f i nq Procedures

Crosses bJere attempted at one to three flowers per node on female

parent pì ants. Excess f I ov,rers on the crossed nodes were removed.

Emasculation was carried out on buds with intact immature anthers"

Part of the inner keel petal and the l0 anthers were gently removed

with forceps. Fresh pollen from male parents bras placed on the stigma

immed¡ately after. The wing and standard petals were closed and the

cross identified with colored thread (Bona et al. .l980).



23

Seìfed seed production was ensured by manuaì ly tripping the flowers

and removing excess flowers leaving three or four flower buds per

node.

Crossed and selfed plants were decapitated after several flowering

nodes to enhance seed set and pod fiìì. llature pods were harvested,

air dried and shel led by hand.

3.1.4 F ield Studv

0n t'Tay 13, 1982, the Fl complete diallel was planted at the rrPoint"

f ield lab at the University of ltlanitoba. The experimental design was

a randomized complete bìock with six blocks. Each block had 30 plots

that were randomly assigned to the 20 Fl crosses, five 55 parents and

five control cultivars. Each plot consisted of a single three metre

row spaced 60 cm apart. Using a corn planter, ì! to l7 seeds, along

with Rhizobium lequminosarum inoculum, were planted 20 cm apart within

each row. The entire experiment was bordered with Herz Freya guard

material.

Plants were groþ.rn on Red River clay soil and received onìy natural

precipitation throughout the growing season. Germination was general-

ly quite uniform and transplanting was carried out where there were

substantial gaps. The plots were weeded and monitored for pests. The

experiment was sprayed four times with Pirimor insecticide during the

growing season to control virus-bearing aphid populations. Disease

uras generally not severe and lodging was minimal.

Throughout the growing season, notes were taken on date of emer-

gence, first flower and maturity as an average for each plot. The

first podded node, determined by number of nodes from ground level,
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was recorded as a mean from three random plants from each plot. Plant

height was noted to the nearest five cm as a plot average at maturity.

Seeds per pod were measured from a mean of ten random pods within each

plot.

Just prior to harvest, diseased plants and plants at the end of

each row or beside a gap within the row were rogued. Only representa-

tive plants remained whi ìe the number of plants and ferti le stalks

were counted for each plot. 0n August 25, 1982, the plots were cut at

ground level, bagged, tagged and dried indoors at 300C. l/hen they

reached 8-lO? moisture, they were weighed for TDH, threshed and

weighed for seed yield.

Plant numbers per plot ranged from / to 15 with an average of 1.l"6.

Thus, the mean yield and TDI'I per plant were used to determine ì0 plant

plot means. Samples of 100 seeds were taken from each plot and

weighed to estimate 1000 seed weight. Pods per plant were calculated

indirectly from yield per plant, seeds per pod and seed weight.

To determine prote in content, a 15 g bul k seed sampl e l^ras taken

from each pìot and ground to flour. Each flour sample was oven dried

at llOoC and a uniform 0"5 g analyzed by the micro-Kjeldahl procedure

(N x 6.25) to determine percent crude protein on a dry weight basis.

3.2 THE F2 COI'IPLETE D I ALLEL

3.2.1 llaterials

The experimental material was produced in the field in 1982. Seeds

from each cross in the Fl complete dialleì were hand-planted in sepa-

rate rows for the production of F2 fami I ies. The plants were caged

prior to anthesis to ensure selfing by el iminating insect pol I inators.
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control cultivars of

ya brere used.

compìete diaì lel, the five S! parental

Ackerperle, Aìadin, Diana, Erfordia and

3.2.2 F ield Studv

0n l,lay 2, .l983, the F2 complete dial lel r^ras planted at the rrPointrr

field lab at the University of ltlanitoba. A randomized complete block

design with six blocks was used. Each block had 30 plots randomly as-

signed to the 20 t2 families, five 55 parents and five control culti-

vars. Each pìot was a single three metre row with 60 cm between r.ows.

Fifty seeds were planted per row using a seed drill pìanter. lnoculum

was applied with the seed. The experiment was bordered with Herz Fre-

ya guard mater i al .

Similar to the previous year, the experiment was grown on Red River

clay soi I and received only natural precipitation. Germination was

quite uniform. The plots were weeded and pests were monitored. The

level of virus was control Ied by spraying Pirimor insecticide against

aphids at regular l0 day intervals after emergence. Disease was mini-

mal and lodging was not a problem.

Records taken throughout the growing season and at harvest were

carried out similar to the previous year w¡th the Fl complete diaìlel.

Plots were harvested on August 8, 1983. Plot yields and TDI'I were

based on a random tbro metre sample within each row. An average 21.! +

I+"2 plants was recorded per plot and an analysis of covariance

(ANCOVA) conducted. Significant regressions for stand over yield and

for stand over TDl,l were found. Therefore, ANCOVA correction of the

data was used to correct for stand differences.

25

I i nes and

Herz F re-



26

3.3

3.3

THE FI CULTIVAR DIALLEL

l'laterials

The parental material consisted of the five spring fababean culti-

vars Ackerperle, Aladin, Diana, Erfordia and Herz Freya as described

earl ier. These cultivars were also used as controls.

The experimental material was produced in the growthroom in the

summer, fal I and winter of 1982. The five cultivars were crossed in

al I possible combinations excluding reciprocals to form an Fl half

diallel. Ten seeds from each cultivar were planted at three succes-

sive dates spaced three weeks apart during the summer and fall. The

female parent used in each cross combination was based on the crossing

success of different parents used in the Fl complete diaìlel. A range

of success rates fron 2\% to \72 was noted depending on female parent

used. Herz Freya (HF) had the highest success rate, followed by Ack-

erperìe (Ac), Aladin (Rl), Diana (D) and Erfordia (E). Thus the ten

crosses, female parent being designated first' were:

HFxAc AcxAl AlxD DxE

HFxAI AcxD AlxE

HFxD AcxE

HFxE

By winter, approximately 8O seeds per Fl cross were obtained.

3.3.2 Field Studv

0n llay 2, 1983, the Fl cultivar diallel was grobrn out at the

I'Pointil f ield lab at the University of l,lanitoba. The f ield layout was

a randomized complete block design with three blocks. Each block had
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l5 plots randomly assigned to the l0 Fl famiìies amd five control pa-

rents. Each plot consisted of a single three metre row spaced 60 cm

apart. A corn planter was used to plant 2l lo 22 seeds, ãlong with

inoculum, into each row. Seeds were spaced approximately l$ cm apart

in the row. Herz Freya guard materiaì bordered the experiment.

Simi lar to the other dial lels, this experiment was planted on Red

River clay soi I and received only natural precipitation. GerminatÌon

was generally quite uniform. Weeds and pests hrere monitored. Virus

infection was control led by applying Pirimor insecticide against

aphids at regular l0 day intervals. Plants harvested were minimal ly

affected by disease and lodging. Notes taken were simiìar to the Fl

and F2 complete diaì ìels.

At harvest, the plots were rogued for diseased plants and plants at

the end in each row or beside a gap in each row. 0n August Il, 1983,

the pìots were hand-harvested and handìed as described for the other

diallels. Plant numbers harvested per plot ranged 6 to l0 with a mean

of 8.4. The mean yieìd and TDl.l per plant were used to determine l0

plant plot means.

3 4 CHARACTERS I4E ASURE D

From direct determination or by calcuìation, the following charac-

ters v,,ere studied in the Fl and F2 complete dial lels and the Fl culti-

var dial lel:

l. Seed yield per plot (YIELD)

2. Total dry matter per plot (TDf{)

3. Harvest index (H l) = (Y IELD/TD|4) x loo"

Yield components
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4

5

6

Pods per plant (PDIPLT)

Seeds per pod (S/PD)

lo00 seed weight (i4SWT)

Phenologi cal characters

7. Days from emergence to first flower (FLR)

8. Days f rom f irst f lower to matur ity (F|4AT)

9. Days from emergence to maturity (t4AT)

10.

lt.
12.

llorphologi cal characters

Ferti le stalks per plant

Planr heighr (HT)

F i rst podded node (FPN)

(STK/PLT)

I3. Seed prote i n conten t (?6) (PRO)

3 "5 DAJA ANALYSES

Basic statistics were calculated with the SAS computer programs

(Helw¡g and Council 197Ð available at the University of f'lanitoba com-

puter terminals. Plots not planted due to insufficient seed quantity,

diseased plots and technical handling errors were infrequently a cause

for missing plots. l.lhere these occurred, missing values were estimat-

ed using the SAS least squares program. The general I inear models

procedures were used for the analysis of variance (AN0VA) for unbal-

anced data and the analysi s of covar iance. Least squares means,

paired comparisons using t-test and multiple comparison contrasts were

also computed from these procedures. The correlation procedures brere

used to compute standard product-moment correlation coefficients.

Statist¡cal signif icance wil I be designated as ,T, :trt, t)t¡T, for P =
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.OOl respectively' and referred to as significant (p >.05)

significant (P >.01) in this study.

3"6 JINKS AND HAYI'IAN GENETIC ANALYSES

The Fì and F2 complete diallels brere anaìyzed by the diallel method

of Jinks (lg5l+, 1956) and Hayman (.1954, 1958, 1960) as described bv

l,lather and Jinks (lg8Z) . The ANOVAs of dial lel tables were based on a

fixed effects model since the experimental material comprised a par-

t i cul ar set of parents and crosses. Est imates of genet i c var i ance

components were calculated for all characters studied. The supplemen-

tary graphicaì analyses were conducted for yield, TDI'I and Hl for the

Fl and F2 complete diaì lels.

3.6 .1 Genet i c l'lode l

The Jinks and Hayman analyses basically assumes an additive or an

additive and dominance genetic model. The model is based on the fol-

I ow i ng assumpt i ons:

l. diploid nature of inheritance

2. homozygous parents

3. no rec i procal d i fferences

4. no genotype by environment interactions

5" no multipìe aìleìes

6" no epi stas i s

7 . uncorrelated gene di str ibution

These assumptions were tested for as completely as possible" Vicia

faÞa segregates in a diploid manner, the parents were selfed at least

four generations and were assumed relatively homozygous and any recip-
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rocal differences urere removed by replacing entries in the diallel ta-

ble with their mean reciprocals. Two basic tests were used to val i-

date the assumptions, especial ly the latter four assumptions:

l. Test of the regression coeff icient b, of array covariance (Wr)

over array variances (Vr). (An array is defined as the set of

progeny famil ies with a common parent.) The t-tests must show

that the regression coefficíent is stat¡sticaì ly equal to one,

that is, significantly different from zero and non-significant-

ly different from one.

2. Test for the homogeneity of Hr minus Vr among arrays over aìl

blocks. The tlr-vr AN0VA must show that variation of wr-Vr

among arrays is non-significant.

Faiiure to satisf y these val idity tes'Ls impl ies 'uhat one or more of

the assumptions are violated. lnteractions are frequently the cause

of violation and removing a bìock or an array from the experiment or

transforming the data may el iminate the interaction.

3 6.2 Est i mati on of Genet i c Components

The statistics measured and genetic components equated to them for

the Fl complete diallel are:

l. variance of the parents (Vp) = Dl * E

2. mean variance of the arrays (Vr) =

t/\ (ol + nl - F) + (n + l)/zn t

l. mean covariance (between parent and progeny) of the arrays (Wr) =

1/2Dl-t/\t+l/nE

4. variance of the array means (Vr) =

t/\ (Dl + Hl - H2 - F) + (n + l)/zn' E

5, the squared dif ference betr.reen parent and progeny means =
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t/\ nz + (n - 1)/n, E

where n i s the number of Parents.

For the F2 complete dial lel, the equations are simi lar except the

coefficients of Hl, H2 and h2 terms are quartered, the coefficient of

the F term halved and E proportionally changed depending on the sta-

tistic. These adjustments al ìow simi lar genetic component estimates

to be determined from the different generations.

These statistics were calculated based on mean data values over

repl icates. The exact solution method solved the equations for the

foì lowing genetic component estimates:

l. Dl : addit¡ve variance

2. Hl : dominance variance.

3. H2 : dominance variance adjusted for assymmetric gene distribu-

tion among the parents. Hl equals H2 with equal gene frequen-

cies.

l+. F : covariance of add¡tive and dominance effects which deter-

mines gene symmetry. A symmetric gene distribution is indicat-

ed by an F value non-significantly different from zero. A sig-

nificant and positive F indicates a majority of dominant genes

whi le a significant and negative F indicates a majority of re-

cessive genes, regardless of whether dominance is toward higher

or lower expressions.

5. h2 : dominance variance over all heterozygous loci.

6. E : mean environmental variance.

Since the anaìyses were conducted on the means over replicates, the

mean square error from the ANOVA of the diallel' which estimates E'

was divided by the number of replicates. Standard errors for the ge-
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net¡c components were calculated by the mean square deviation of the

observed from expected values for Wr and Vr (Hayman .l954) 
'

Genetic proportions derived from these genetic component estimates

or from the statistics are:

l. Dl - Hl : mean difference between additive and dominance vari-

ances. A positive value indicates partial dominance, a vaìue

near zero indicates complete dominance whi le a negative value

indicates overdominance. This proportion also estimates the

y-intercept, equal to l/4(Dl - Hl), in the graphic analyses.

Z. ,|il/DT: average dominance ratio. l.lith partial dominance' the

ratio is less than one, with complete dominance, the rat¡o

equals one and with overdominance, the rat¡o is greater than

one. The ratio itself, measurcs the average relat¡ve expres-

sion of dominance and does not determine the true degree of

dominance æ.! se since particuìar combinations of positive and

negative genes in the parents, complementary epistasis or cor-

related gene distributions could seriously alter this ratio

(Hayman t954) .

3. h2/HZ : estimates the number of gene blocks that control the

character and exhibit dominance to some degree. The ratio usu-

aìly underestimates the number of gene blocks and provides no

information about gene blocks exhibiting little or no domi-

nance.

4. þJ¡ * Vr for each array : determines the order of dominance of

the parents. The correlation between parental order of domi'

nance (from -(Wr + Vr) determination of low to high dominance

values) and their corresponding array means (from low to high

expressions) indicates the direction of dominance. A negative
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correlation approaching -l indicates that dominant genes

decrease character expression' a posi tive correlation approach-

ing +l indicates that dominant genes increase character expres-

sion and a value approach¡ng zero ¡ndicates ambidirectional

dom i nance.

5. Broad-sense (BS) and narrow-sense (NS) her i tabi I i ty est¡mates

þ,,ere caìculated by the formulae of l{ather and Jinks (1982).

For the Fl generation:

1/2 Dl + l/z ut - r/\ ;12' t/2 t
BS heritabilitY =

t/2Dl + l/2H1

t/2Dl + l/2Hl

t/\ H2 -

r/2 H2 -

l/2t+E
1/2 t

NS heritability =
1/2Ðr + l/2H1 1/\H2-t/2F+E

Simi lar formulae were used

fients of Hl and H2 terms

F term halved.

for the F2 generation with the coef-

quartered and the coefficient of the

3.6.3 The Wrlvr Graph

The graph of array covariances (b|r) versus array variances (Vr) has

four features:

l. A validity test for the additive-dominance genetic modeì. As

previously stated, a straight regression I ine with a slope of

one indicates satisfactory fit to the model. With interac-

tions, the slope deviates from one, whi le with no dominance' a

regression I ine does not exist and al I array points scatter

around the mean values Wr, V..

2. An indication of the type' of dominance. The y-intercept is l/\

(ol - Hl), thus a significantly posit¡ve intercept indicates

partial dominance, an intercept non-significant, from zero indi-
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cates complete dominance and a significantly negative intercept

i ndi cates overdomi nance.

3. An indication of the relative proportions of dominance and re-

cessive genes present in the common parent of each array. Pa-

rents with more dominant genes have a lower array variance and

covariance and I ie near the origin. Highly recessive parents

have large array variances and covariances and lie at the oppo-

s i te end of the regress i on ì i ne.

4. The I imiting parabola, defined as wrz = vf x vp, defines the

theoretical range of the Wr/Yr I ine.

The Wr/Vr graphs for the Fl and F2 generations are similar except

the regression I ine for the F2 would theoretical ìy I ie half-way be-

tween that for the Fl and the point for no dominance to allow for the

halving of the heterozygote (Hayman 1958). These graphs were drawn on

a relative scale from I to l2 by proportionally dividing variances and

covariances by a common factor for each character. These statistics

for Fl yield, Fl TDll and Fl Hl were divided by 1000' 3000 and 3 re-

spectively, while for F2 yield, F2 TDt4 and F2 Hl, they were divided by

150,400 and .l.5 respectivelY.

The WATFIV computer program by Lee and Kaltsikes (1971, 1972) was

used to calculate the genetic component estimates and statistics for

the wr/vr graph. tîodifications were incorporated for these analyses

to be carried out on the mean values over replicates. The ANOVA and

heritabil ity formulae according to l'lather and Jinks (1982) were incor-

porated into the program.



Chapter I V

RISULTS AND DISCUSSION

4.I CHARACTERIZATION 0F rg82 ANp r981 GRoWING SEASoNS

The l!82 growing season was relatively dry with 240 mm precipita-

tion compared to the normal 300 mm over the season. The spring was

dry and warm wi th pl at'ts emerg i ng around I l+ days f rom pl ant i ng. A

dry, cool June fol lowed and plants grew slowly wi th control plots

flowering on the average 39 days from emergence. July had normal

temperatures and the most precipitation that fel I in an unusual ly

large number of thunderstorms. Some lodging and flower drop occurred

during these thunderstorms but there was minimal damage to the plant

material. A cool, dry August followed and control plots matured on

the average 90 days from emergence"

The ì983 growing season was generalìy characterized by unusually

warm and dry conditions, âlthough a near normal 280 mm precipitation

fel ì over the season. Spring was dry but cooler than in 1982 and

plants emerged about lO days later than the previous year" June had

v,,arm temperatures and the most precipitation. Thus' plants grew rap-

idly and control plots flowered about 30 days from emergence. July

had unusually dry and hot weather that reached record highs and this

persisted into August. Plants halted growth early and matured about

two weeks earlier than in 1982

Plant development r^ras not not¡ceably affected by disease, pest or

environmental stress in either 1982 or 1983. Control plots at similar

35



plantingi densities yielded about 202 less

due to the shorter growth duration.
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in 1983 compared to 1982,

\.2 D IALLEL AGRONOI'1IC PERFORTIANCE

4.2.1 Fl Complete Dial lel

4.2.1 .1 General Compar i sons

l'lean raw data and anal yses of var iance f or characters stud ied in

the Fl complete diallel are set out in Appendíx Tables I and 2. Coef-

ficients of variation showed normal trends among the characters indi-

cating relatively more environmental variation for yield, TDI'I and

PD/PLT than for the other characters. Genotypic variation among dial-

ìel entries (crosses and parents) expressed high significance for all

characters.

Table l shows a summary of cross' parent and control means. Varia-

t i on among parents usua I I y exceeded var i at i on among crosses. However,

variation between parents and crosses h,as most important for yield'

TDI'I, Hl, PD,/PLT, STK/PLT and HT, perhaps f rom close association with

vegetative and reproductive vigor. Variation between parents and

crosses also showed significance for HSI,'IT' FLR, FI1AT and PRO.

Generally, variation among control cultivars l^,as smal I attributed

to a relatively ìarge variation within them. The controls showed phe-

notypic similarity in yield, TDI'I and PD/PLT. ln addition, the con-

trols expressed mean values significantly beyond the range between the

S! parents and their crosses for some characters. This indicates pos-

sible gene differences between 'rgene poolsil from these cultivars and

that f rom the dial lel "
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TABLE l. Summary of mean values, averasø I F1 heterosls abovê top
(+) or below bottom (-) pêrent and I comparlson above (+) or below
( -) contro I mean for characters stud I ed I n the Fl comp I ete
dlallel.

Characfer Crosses Parents Contro I s
I Average
Heteros I s

I Above
Contro I

YIELD (g)

TDM (s)

H I (l)

PD/PLf

S/ PD

MSWT (g)

FLR (days)

FMAT ( days)

MAT (days)

STK/ P LT

HT ( cm)

FPN

PR0 ( f )

476.6 329.6 427 .7

1014.7 798.5 909.9

47 .t 41 .4 47 .6

5l.l 24.3 29 .6

5.8 3.7 3.5

408.4 374.4 417.0

39.3 40.1 59. I

47 .6 47.0 48 .5

87.0 87.2 87 .7

2.7 2.6 2.4

I18.8 115.8 il1.5

7.1 7.2 6.5

37.2 31.9 50.9

+50.7*** +11.4***

+ I 6.4*** +ll.5tt*

+9. I *** -0. 7

+ I4. I ¡1r +5.1*

+0.8 +9.2**x

+1.7 -2. lx

-0.5 +0. 5

+0.4 -I.g*t*

-0. I -0.9*r

+t.3 + | 5o 7t**

+2.3* +6. 7***

-0.6 +8. l***

-0. I + 1.3*

* ** i*x slgnlflcant at P .05, .01 and .001 resPectlvelY.
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Average heterosis was computed as percent above top or beìow bottom

parent for al I characters (Table l) . Yield expressed the greatest

extent of heteros is wi th a mean 30.]Zrcr<* above the h igher parent.

Similar findings were reported by Bond (1966) with Fl yields averaging

2396 above their higher parent. Lesser degrees of positive heterosis

for TDl,ì and Hl of l6.4Ztrtc¡t and S.lftfcrlfr were also expressed, a trend

paral lel to that reported by Neaì (.l982) .

Heterosis for yield thus resulted from both increased TDl4 and Hl,

which may be good estimators of vegetative and reproductive vigor re-

spectively. lncreased autoferti I i ty is postulated as the major con-

tributing factor to reproductive vigor. When bee-pol I ination varies,

especial ly wi th adverse weather, Plants are forced to reìy on thei r

inherent autoferti I ity to maximize pod set. lnbred plants are gener-

ally less capable of this than cross-bred plants (Drayner 195Ð. llon-

ti and Frusciante (1982) reached a simi lar conclusion in inbreeding

studies. They found that both inbreeding depression and reduced au-

toferti I ity decreased yields of inbred plants.

PD/PLT was the only yield component to express heterosis

(+14.lft:k*cc) , in agreement with Bond (ì966) and Samia (1977). Thus,

heterosis for yield was probably achieved largely through more pods

resulting from increased vegetative growth and increased autofert¡li-

ty. HT was the only other character to express some heterosis

(+2.32*¡, â f inding in agreement with Bond (1966).

Hybrids also outyielded the control cultivars by I l.4B¡t¡t¡t. A high-

er TDll (+l l.5U?Ìr'rrt) rather than Hl was associated with this advantage.

Hybrids also had more PD/PLT, more S/PD and a smal ler llSl,lT than the

control s.
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\.2.1 .2 Common Parent ComPar i sons

The average heterosis for different common parents in the Fl inbred

I ine crosses is shown in Table 2. lnterestingly, al I common parents

displayed simi lar extents of heterosis for yield, but they varied in

actual performances relative to the control. Crosses with HF yielded

best, f ol lowed by E crosses, averaging 20.$fi*fc* ¿¡d ì4.1Z¡ttt:'c over the

control respectively. Crosses with Al and Ac displayed intermediate

performances, yielding 9.82r$î and 7.5hr above the control respective-

ly, while D crosses yielded only 5.1% above the control. Their re-

spective S! parents ranked I ikewise (Appendix Table l). Thus, paren-

taì I i ne performances vrere rel ated to thei r general performances i n

hybrid combinations implying that good yield genes are necessary for

high yields. Further evidence regarding this point was provided from

correlations between mid-parents (mean of both parents) and their

crosses. The correlation for yield in inbred ì ine crosses hras highly

signif icant and positive (r = +./lfcfrfr), thus good yielding 55 parents

were assoc¡ated with better hybrids. This was substantiated by the

correlation between 55 mid-parents and their F2 families (r = +.$J**),

which was highly significant and positive but expectedly smaller in a

segregating F2 generation. These findings agree wel I with Bond

(1967). Therefore, hybrid performances probably can be predicted from

parental I ine performances.

Heteros is f or TDI'î and H I var ied among common parents. For exampl e,

E crosses expressed +20.72 heterosis for TDll and +\,52 heterosis for

Hl. ln contrast, D crosses expressed relatively less heterosis for

TDl,l (+ll .S?4 and more heteros is f or H I (+t I .OZ) . These compensat ing

components resulted in simi lar expressions of heterosis for yield over
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TABLE 2. Average F¡ heterosls as f above top (+) or below bottom (-) parent and t
comparlson above (+) or below (-) control mean for crosses wlth a comrþn parent ln the

F.¡ complete dlallel.

Comnron parent

Character Ac AI E HFD

TÐM

YIELD

HI

PDlPLT

S/PD

MSvlT

F[R

FMAT

MAT

STK./PLT

f Heterosls
I Above Control

+55.5t**
+7.5*

+ I 9.7***
+l 1.2***

+7.9***
-5.9t*

+20.5x*x
+10. l***

+0.9
+l l.B***

0.0
-l2.5xx*

-0.5
+5.0***

+0.2

-3.4xxx

+5.7
+20.7**I

+5.6***
+7.6***

-1.5
+l 0.5***

-0.2
+1.4

+2g.zxxx
+g.g**

+15.9**
+l .l.5*x*

+g.g***
-2.3

+l 1.6*
+4.2

+1.0
+l 0.4*t*

+2.4

-4.0*x*

+50.8**x
+5. I

+l 1.5**
+3.3

+l 1.0***
+1.5

+13.1**
-3.2

0.0
+5.6

+l .8
+4. 9*x*

0.0
-3.4xxx

+0.4
+0.5

0.0
-1.z*xx

+5.9
+14.9***

+1.5
+4.5***

0.0
+6.5*x*

+51.2***
+14. lt**

+20.7*xx
+ I 6.8rxx

+4.5

-a a*

+l .6
+ I 5.6*x*

5**x

-0.9
+1.6*x*

+0.6

-2.0x*

-0. I

-0.5

+5.9
+14.9***

+5.9***
+9. I t*I

+1.0
+14. l**t

0.0
¿t o***

+29.8***
+20.8*x*

+ I 6.5**
+14.8***

+9.4***
+4.4***

+15.5*
+20.4xxx

+0.5
+5.7**

+2.4

-5.3xxx

-0.2
+0.5

+0.4

-", r***

+2.4
+ I 4.3**x

+1.8
+7.7xxx

+0.5
+lJ.zrf**

0,0
-5. l***

I

5

+l
+6

0.
-1.

-0
-0

+ gr+

7x

I

-0
-0

I

5

-1.0
+l .0*

-1 .5
+5. I

+0.4

-1.5*

+0.4
+ I 9.7***

+1.2
+5. l**I

2

3

0

6***

-5

HT

FPN

PRO

5

I

-0. I

-l.5

t tt *** Stgnlflcant at P =.05, .01 and .001 respectlvely.
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crosses. Thus, the parental genotypes differed in genes for vegeta-

t i ve and reproduct i ve v i gor .

Comparisons among common parents (relative to the control) revealed

differences in patterns of assimi late distribution" Yields with HF

ranked first associated with a high TDH and the highest Hl. However,

yields with E ranked second, accompanied by a TDI'I production greater

than uJith HF but a reìatively low Hl. lt is also interesting to note

that comparatively ìow yield performances with D were associated with

the lowest TDI'I values rather than with low Hl values.

Comparisons using yield components I ikewise displayed different

yield distr ibution patterns. Average performances of HF and E were

the extremes among these parents. HF was associated with the highest

PD/PLT but a low S/PD and HSWT. ln contrast, E was associated with

the highest S/PD and I4SWT, but with the lowest PDIPLT. S¡milar obser-

vations have been frequently reported (Bond 1966; Kambal 1969; Neal

1 982) .

Qther characters also reflected different genetic make-ups of these

parents. For increased PR0, ¡t is interesting to note that D per-

formed best fol lowed by E, Ac, Al and HF, thus ranking simi lar to

their Sj parents (Appendix Table l).

\.2.1.3 lndividual Cross Comparisons

Heterosis for yieìd in specific Fl cross combinations between in-

bred lines ranged from *.l3.22 to +59.92 (faUle 3). The cross express-

ing the most heterosis (Ac x D), however, d¡d not yield highest" The

higher yielding cross combinations (relative to the control) were HF x

E, HF x Al, HF x Ac and their respective reciprocals. These crosses
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TABLE 5. Fl heterosls for yteld as f above top (+) or belotr boftom (-)
parent and f compar t son above ( +) or be I ol{ ( -) control mean for
!ndtvldual crosses ln the F! complete dlal lel.

Cross
(female x male)

I
Heteros t s

f Above
Control

H FXAc

Reclprocal

HFXAI
Reclprocal

H FXD

Reclprocal

HFXE

Reclprocal

AcXA I

Reclprocal

AcXD
Reclprocal

AcXE
Reclprocal

AIXD
Rec I proca I

A IXE
Reclprocal

DXE

Reclprocal

LSD (.05)

+29.0***
+25.0*x

+54.9***
+31 .3xxx

+lg.grt
+16.2*x

+25.4*xx
+22.1xxx

+20 .4*
+13.2

+11.9*
+5. J

+'1.5
+l.l

+5.0
-5. I

+5. 9

+15.1*

+5 I .5***
+55. 5***

+23.5*
+23 . l*

+59.9r*t
+47.6*xt

+25.Oxx
+55.5*x*

+25.2*x
+50.9**

+29. 5**
+2g.5xx

+22.5x
+26.9**

+22 .5I x x

+42.6**x

+2.9
+7 .5

+9. 9

+8. 9

+5.8
+7.5

+l1.8

* ** *** Slgnlf lcant at P .05¡ .0t and .001 resPectlvelY.
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expressed about 3OZ heterosis and yielded 20? above the control with

I ittle reciprocal differences, except for E x HF. This particular

cross, E x HF, was noticeabìy different from all other crosses includ-

ing its reciprocal, yielding 53.J? above its higher parent ana \2.6"¿

above the control.

\.2.2 F2 Complete Diallel

\.2.2.1 General Compar i sons

l'lean raw data and analyses of variance for characters in the F2

complete diaì lel are set out in Appendix Tables 3 and 4. Genotypic

variation among dial lel entries showed significance for al I characters

except STK/PLT. Thus, further genetic analysis was not conducted for

STK,/PLT. Both STK/PLT and PDIPLT varied I ittle, mainly due to the

higher planting density used in this experiment compared with the Fì

complete diaì lel.

A summary is shown of mean values and comparisons with top or bot-

tom 55 parent and control for these characters (Table 4). Smaller

differences existed between parents and crosses, ãS expected, since

this is an F2 generation. Average F2 yields were only l\.92 above

their top S! parent, markedly lower than the 30.72 heterosis observed

for F l yields. Advantage above the top SJ parent for TDt'1 1+5.8?) and

Hl (+1.37) h,ere also much reduced. These results suggest that the de-

cl ine in Fl performance in subsequent generat¡ons is related to the

halving of the average heterozygosity. Simi lar decl ines in Fl per-

formance have been reported by Poulsen (1977) and Kittlitz (1981).

The F2 yields were sl ightly lower than the controls. Furthermore'

controìs are most probably less heterozygous (around 30ã) than F2 fam-

ilies (theoreticalìy 5OZ heterozygous). Thus, it seems that the dial-
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TABLE 4. Summary of
top (+) or belot{
below (-) control
dlallel.

mean values, average I FZ faml ly dlfference above
bottom (-) S5 Parent and f comparlson above (+) or
mean for characfers stud I ed I n the F2 comp I ete

character F2 Fanllles s5 Parents confrols í DlÍference
f Above
Control

YIELD (g)

TDM (g)

Ht (fi)

PDlP LT

S/PD

MSWT (g)

FLR (days)

FMAT (days)

MAT (days)

STK/PLT

HT (cm)

FPN

PRo (f)

323.8

703.7

46. I

1 0.4

3.7

599.1

32.0

39.4

71.3

1.5

t 06.8

7.1

31.2

269.2

635. I

42.5

9.8

3.4

581.6

33.0

38.8

72.0

1.5

104.2

7.3

3l .5

345 .0

729.9

48 .4

1 0.7

3.6

416.7

10. I

40.9

71.7

1.5

103.8

6.5

50.6

+l4.gtx*

+5.9*

+3.3

+5.9

+4. 0

+1.4

-0. 3

+0.5

-0.6

-0.4

+1.5

-1.0

-0.1

-6.4 *t

-3 .6

-4.9***

-2.7

+0.8

-4.2xxx

+3,8***

-3o6***

-0.5

+5, I

+2.81(x

+9. 1 ***

+ l. g***

* ** *** Stgnlflcant at P =.05r .01 and .001 respectlvely.
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ìel "gene poolrrcontained relatively inferior yield genes compared to

the average genotypic value in the cultivars. lt is I ikely' there-

fore, that prior selection for better genotypes wouìd increase the ad-

vantage over open-pol I inated cultivars, although heterosis per æ may

not necessari ly increase.

As the basic objective vras a comparison of hybrid performances'

further comparisons for the F2 generation were of no practical inter-

est.

l+.2.3 Fl Cultivar Di?lleì

4.2.3..l General Comparisons

Appendix Tables 5 and 6 tabulate the mean raw data and analyses of

variance for characters in the Fl cultivar diallel. The characters

showed ìess phenotypic differences among dial lel entr¡es compared with

that observed in the inbred line diaìlels. This is attributed to the

nature of a cultivar dial lel and to less repl ication in this experi-

ment resulting in slightly higher coefficients of variation. Cult¡var

parents showed little phenotypic differences. They are partialìy het-

erozygous and their crosses may not reach maximum heterozygosity when

both parents have similar heterozygous loci. lt follows that the in-

crease in heterozygosity would be less than that for inbred I ine

crosses. Thus, variation among crosses and parents would be relative-

ly smal l, although considerable variation exists within crosses and

parents .

A summary of mean values, heterosis and comparisons with the con-

trol mean (equivalent to parent mean in this experiment) is shown in

Table $. Contrary to the inbred I ine dial lels, variation among cross-

es exceeded variation among parents for yield, TDI'I and Hl. lt seems
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5. Summary of mean va I ues, avera ge I F ¡ heteros I s above top
or below bottom (-) parenfal cultlvar and I comparlson above (+)

below (-) culflvar mean (control ) for characters studled ln the
cultlvar dlallel.

Crosses Cultlvars
I Average
Heteros I s

I Above
Contr olCharacter

Y IELD ( g )

TDM (9)

H I (l'

PD/PL'I

S/PD

MSviT (g)

FLR (days)

FMAT ( days)

MAT ( days )

STK/ P LT

HT ( cm)

FPN

PRo (f)

37 2.0

771.5

48.2

22.7

3.7

447.9

29.7

42.4

7 2.1

2.2

106. I

6.8

50.4

327 .5

690.7

47 .5

21.9

3.5

427 .1

30.2

42.9

7 3.1

2.O

105.0

7.1

50. I

+ 72.7

+9. 0

+l.l

+1.5

+2.2

+1.8

-0. 5

-0.8

-0.8

+2.8

+0. t

-l.4

-0. I

+15.7*

+ll.7x

+1.6

+5. B

+4 "2

+4.9***

-1.6

-1.2

-1.4

+9 .4

+1.7

-5.8

-1.2

* ** *rr Slgnlflcant at P .05, .01 and .001 resPectlvelY.
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that greater genotypic variation exists among these cultivars than

would be expected based on their phenotypic simi larity. Variation be-

tween parents and crosses was most important and significant for

y i e l d, TDH and HS!,Jï on l y.

Heterosis for yield was the greatest, although values did not reach

significance. Yields from Fl cultivar crosses averaged 12.72 above

their top parent (compared with 30.72 for inbred I ine crosses) and

were primari ly associated with increased TDll or vegetative vigor. Av-

erage Hl values were simi lar for parents and thei r crosses implying

that parents and crosses contained heterozygous loci for autoferti I ity

that were expressed to simi lar extents in this environment.

The reduced heterosis for yield in this dial lel probably resulted

from the smal ler increase in heterozygosity in cultivar crosses" ln

comparison with the control mean however, cultivar crosses (13,7"'6

above control) yielded sl ightly more than inbred I ine crosses (l l.4U

above control). Furthermore, cultivar crosses may be less heterozy-

gous than inbred line crosses since the possibility exists for similar

heterozygotes to cross and produce some homozygotes. These findings

provide further evidence that these inbred I ine crosses contained in-

ferior genes and suggest that heterozygosity and good yielding geno-

types are essential for high yields in fababeans.

4.2"3.2 Common Parent Comparisons

A simi lar comparison was made among the common parents of these

cultivar crosses (table 6). Al I common parents varied in extent of

heterosis and actual performances (relative to the control) for yield.

Likewise, HF performed best for yield among these cultivars, with an
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TABLE 6. Average F1 heterosls as f above top (+) or below botfom (-) parental cultlvar
and t cornparlson above (+) or below (-) culttvar mean (control) for crGses wlth a

corffiþn parent tn the F1 cultlvar dlallel.

Comrnon parent

Character Ac A1 D E HF

YIELD

TDI4

HI

PD/PLT

S/PD

MSWT

FLR

FMAT

STK./PLT

FPN

PRO

f Heterosls
I Above Control

+8.5
+10.8

+9.6
+l 1.0

+1.0
+0.4

-1.4
+6.0

+1.9
+6.9

+15.2
+t 1.6

+17.3
+14.4t

+22.gxx
+24.7*xx

+3.4
+9.7

-t.6
-2.9

-4.5
-7.4

+4.0
+7.5

+5

+6

+8.8
+9. I

-0.7
+2.5

+15.0*
+l 4.5*

+1 .7
-0.2

+0.2
+2.9

+5.6
+l 1.0***

+0.8

-0.6

-0.2
-0.8

+5.9
+2.7

+0.8
+5.6*

-2.1
-1 .2

+0. I

-1.5

+10.5
+15. l*

+6o8**
+9. l**

+2.9
+l .9

+1.1
+1.8

+2.0
+1.9

0.0
-0.9

0.0
-l .7

+3.2
+4.7

+10.0
+13.9*

+1.7
+5.7

+0

+4

+0. I

-0.8

-0.4
-1.0

15.9
+7.7

+2.8

-0
+5

2

7

+5

+0

7

5

I
9

-l
-0

-0.5
-1.2

0.0
-0.5

-5.3
-6.4tx

+0.4

-0.2

-1.5
-2.8*t

+1.0
+l 6.5**

0.0
-1.6

0.0
-l l.5t*

-0,5
-0.6

4
g***

.9

.9**

7

5

-2
-2

0.0
+4.0

-1.9
-1.8

-0
-l

4

0

MAT

t{T

-0.7
-0.8

+0.4
+2.4

-1 .2
-1.6

+l .0
+16.5*

-0.4
+1.6

-1. t
+2.0

-0.9
-1.6

0.0

-1.9
-8.5*

+0.5

-1.0

t r* t** Slgnlftcant at P =.05r .01 and .001 respectlvely'
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average 22.82*¡t heterosis above the higher parent and 24.J%*rcx advan-

tage over the control. HF crosses were far superior to E crosses,

which ranked second, with average yieìds l\.\Z above the control.

Yield performances for D, Ac and Al followed closely. Contrary to the

inbred I ine crosses, HF was not the highest yielding parent (Appendix

Table 5). AI yielded highest but expressed little heterosis in cross-

es. This indicates I ittle relation between parent and average cross

performance, also evidenced by the non-significant mid-parent versus

cross correlation (r = -.34). This is thought to result from the ex-

tent of heterozygosity and simi larity in potential cultivar parents.

Similar heterozygous loci increase the proportion of homozygotes in

the crossed progeny. The initial heterozygosity within a cuìtivar pa-

rent r{,ould determine the degree to which this occurs. However, d¡f-

ferent heterozygous loci are maintained heterozygous in the cross.

Thus, genetic simi larity and heterozygosity in parents would obscure

potential heterosis in crosses. This indicates that good parental

genotypes can be recognized only without the compl ications of hetero-

gene i ty.

Different assimi late distribution patterns were also displayed.

Superior yields for crosses involving HF resulted from high TDI'1 and

unlike all other parents, high Hl too" ln contrast' E crosses

achieved high yields primarily by high TDl4"

Yield distribution patterns also varied such that HF crosses pro-

duced more pods while E crosses had higher l'lsþlT. Al I parents per-

formed simi ìarly for PRO, regardless of yield performance, which sug-

gests that one can obtain high yielding hybrids without sacrificing

PRO.
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\,2.3.3 lndividual Cross Comparisons

Heterosis for yield among cultivar crosses ranged from -3,7?6 to

+\1.72, a surprisingly wide range (faUle 7). The two best crosses, HF

x D and HF x E, expressed 4l.J?xsc and 36 .7?tcx heterosis f or yield re-

spectively, ìdhile they outyielded the controì by 39.6Zlclc¡t and 14.62¡cx

respectively. This advantage is definitely worth exploiting in faba-

bean breeding. These crosses rrnicked" wel l, probably resul ting from

geneticat ly divergent'rgene poolsrr within these parents that maximized

heterozygosity in crosses.

\.2.\ Summarv and Discussion of Dial lel Aqronomic Performance

Genotypic variation showed significance for al I characters in the

Fl complete dial lel and for al I characters except STK/PLT in the F2

complete dial lel. Relatively less genotypic variation was expressed

in the Fl cultivar diallel. This may be largely attributed to hetero-

geneity within cultivars which obscured genetic differences and de-

creased expression of heterosis in crosses.

Heterosis was expressed greatest for yield, fol lowed by TDlt, Hl,

PD/PLT and HT in inbred I ine crosses and by TDI'I in cultivar crosses.

This indicated heterosis for vegetative and reproductive fitness which

increased with the complexity of the character.

Heterosis for TDl,l may represent vegetative vigor while heterosis

for Hl may represent reproductive vigor primari ly as increased au-

tofertility. Thus, heterosis for yield in inbred line crosses may

have resulted through more pods from vegetative vigor and increased

autofertility. l,leanwhile, heterosis for yieìd in cultivar crosses may

have resulted mainìy from vegetative vigor w¡th autoferti I ity ex-

pressed by cult¡var parents and their crosses to similar extents"
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TABLE 7. Fl heterosts for yteld as I above top (+) or below bottom (-)
parent and t compartson above (+) or below (-) control mean for
lndlvldual crosses ln the F1 culflvar dlallel'

Cross
(female x male)

I
Heteros I s

! Above
Contro I

HFXAc

HFXA I

HFXD

HFXE

AcXA I

A cXD

Ac XE

A IXD

AIXE

DXE

LSD (.05)

+ 12.3

+0. 5

+4 I .7**

+36.7*x

+7. I

-3.7

+17.4

0.0

0.0

+14.9

+13.3

+11.5

+59.6***

+34.6*x

+ 18.6

-7.3

+18.6

+3.7

-6.7

+10.6

+21 .4

t ** *r* Slgnlflcant at P .052 .01 and .001 resPectlvelY.
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Yieìds from Fl inbred I ine crosses averaged 30.72 heterosis which

declined by about half in the F2 generation. Yields from Fl cultivar

crosses averaged 12.72 heterosis. The extent of heterosis aìso varied

widely among crosses, independent of yield level. These results im-

pl ied that expression of heterosis increased with heterozygosity at a

genetical ly determined rate which was independent of genetic variation

for yield performance.

S! parent performance for yield ranked simi lar to thei r general

performance in inbred I ine crosses. Correlation between mid-parents

and crosses was significant and positive. This indicated that paren-

tal I ine performance was reìated to hybrid performance. ln contrast'

cul tivar parent performance for yield showed I i ttle relation wi th av-

erage cross performance and no significant correlation was expressed

between mid-parents and crosses. This suggested that genetic hetero-

geneity compl icated identification of good parental genotypes. Thus'

hybrid yield performances may be predicted from that of inbred I ine

parents but not from cultivar parents.

It is further suggested that yields from cult¡var crosses were not

fully reaìized since genetic simiìarity and heterozygosity in cultivar

parents, i nevi table to some extent, would produce homozygotes i n

crosses. Therefore, genetic divergence and homozygosity in parents

may maximize heterozygosity and thus, heterosis in crosses. lt is

suggested that selection of good yielding I ines from genetical ly div-

ergent and relatively homozygous material for use in hybrid breeding

programs may maximize yields in fababeans.

Cultivar parents (controls) expressed mean values significantly be-

yond the range between the 55 parent and their cross values for some
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characters. Th i s suggested gene d i fference between "gene pool srr of

the S! parents and that of the cultivar parents. Furthermore, yields

from Fl inbred line crosses averaged ll.\% above the control while the

fol ìowing generation yielded sl ightly lower than the control. Yields

from cultivar crosses averaged 13.7?4 over the control. These results

suggest that the "gene pooìrr of the 55 parents conta i ned i nfer i or

yield genes relative to the mean genotypic value of thei r originaì

cultivars.

The ranking of common parent and specific cross performances varied

somewhat between inbred line crosses and cult¡var crosses. This may

be attributed to compl ications from heterogeneity within cultivars,

indications that SS parents þrere not ful ly characteristic of these

cultivars and the different seasons in which the studies hrere conduct-

ed.

Comparable results, especial ly for the identification of better pa-

rents and crosses were obtained. HF, followed by E' were the better

general combiners for yield. Al I high yielding specific cross combi-

nations involved HF as a parent. Only HF x E expressed hish yields in

both dial lels.

Different growth and assimi late distribution patterns were dis-

played. HF and E expressed extreme yield distribution patterns among

these parents suggesting that HF and E may have contained diverse gene

combinations that combined wel I in crosses.

ln conclusion, HF would most I ikely be a good parent for hybrid

production, but precise testing for specific combinations is necessary

for high yielding hybrids that may produce a 35-\O?ó yield advantage

over open-pol I inated cultivars.
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As a final remark, these comparisons indicate that inbred I ine

crosses and cultivar crosses were both indispensable for a thorough

examination of these parents in hybrid combination. Although less

time and labor would be involved in studying cultivar crosses alone'

complications from variability and heterozygosity occur which may ob-

scure potential heterosis in such crosses. However, these crosses may

detect heterosis resulting from genetic divergence which may be more

useful and representative of better combining parents. The inbred

line crosses were free from probìems with heterogeneity, but their re-

sults pertain only to these part¡cular lines. This is not very useful

since these I ines were not selected to represent the mean genotypic

value of these cultivars nor h,ere they potential ly useful high yield-

ing I ines from these cultivars. These I ines, nevertheless, BâY partly

represent relative combining performances of their original cultivars.

Thus, both sets of crosses complement each other and together' are

more informative.

4.3 GENET I C ANALYSES (J I NKS AND HAYI'IAN)

4.3..l Fl Complete Diallel

4.3. l. I Test of Assumptions

For unbiased genet¡c ¡nterpretation based on the Jinks and Hayman

genetic model, the assumptions must be met as cìosely as possible.

The assumptions of a diploid inheritance, homozygous parents and no

reciprocal differences seemed reasonably satisfied. However, the as-

sumptions of an uncorrelated gene distribution and no epistasis are

least I ikely in actual practice (Baker 1978). Furthermore, the ab-

sence of genotype by environment interactions and multiple al leles are
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unreal istic. These may not significantly bias genetic estimates or

they may be undetected in a single generation. For the ìatter reason'

the diallel crosses among inbred lines were analysed for two different

generations and two different seasons, not for quantifying these ef-

fects EL Eg, but rather to detect any great extent of bias in the ge-

netic analyses.

ln the Fl complete dial lel, most characters satisf¡ed the test for

a Wr/Yr regression coefficient stat¡stical ly equal to one (signifi-

cantly different from zero but non-significant from one) and for a

non-signif icant l,lr minus Vr variation among arrays (Appendix Table 7).

However, the tests were satisfied on only five of the six blocks for

TDI'I (block I excluded) and STK/PLT (Ulock 4 excìuded) , thus diat lel

analyses were conducted on the five remaining blocks only" The FPN

faiìed to satisfy both tests, even after attempts to eliminate the in-

teraction. ln such a case, analysis can still be carried out, but the

possibi I ity of biased genetic estimates must be considered (Hayman

t954).

\"3.1"2 Parental Performance and Dominance

The relative performance and dominance of the parents' based on

dial lel combinations (crosses and parents) , are shown in Table 8. The

ranking of parental performances followed a similar trend to that dis-

cussed in the comparisons among common parents in Fl inbred line

crosses (section 4 .2"1 "2) .

Yield performance was highest with HF, followed bY E, Al, Ac and D.

l'leanwhile, HF had the most dominant genes with Al ' E, Ac and D pro-

gressively containing fewer dominant genes. Thus, the correlation be-
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TABLE 8. Correlatton (r) between mean parental performance and

domtnance of parenfs from F1 complete dlal lel analyses.

Mean parenta I Doml nance of
parentsp erformance

Character low --> hlgh low --> hlgh r

YIELD
TDM

HI
PD/PLT
S/ PD

MSViT

FLR
FMAT

MAT

STK/PLT
HT

FPN

PRO

DAc
DAc
Ac Al
ED
D HF

Ac HF

D HF

Ac HF

HF D

DE
D AI
D AI

HF AI

AI E

AI HF

ED
Al Ac
Al Ac

AI D

AI E

E AI
AcE
HF Ac
AcE
Ac HF

EAc

DAc
DAc
Ac Al
DAc
DHF
Al Ac

EAc
Al Ac
Ac Al
DHF
DE
AI E

DAc

AI HF

E AI
DHF
AI HF

EAc
ED
HFD
HFD
E HF

AI E

AI HF

AcD
HF AI

*.98**
+.95t
+. gg**
+.86

+1.00*t*
+.89*
-.8 5

+ .57
-.43
+.35
+.99* *
+. 07

-.92*

E

E

Ac
D

HF

E

HF

HF

E

HF

E

E

AI
HF

AI

AI
AI
HF

E

D

E

D

Ac
Ac
HF

E

t ** *t* slgnlflcant af P .05, .01 and .001 resPectlvel Y.
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tween parental performance and dominance (r = +.98) was high and posi-

tive implying a unidirectional dominance towards increased yields.

HF was associated with high TDl4 and superior Hl, while E was asso-

ciated with high TDtt and only average Hl. High positive correlations

between parentaì performance and dominance for TDI'I and Hl implied dom-

inance increased expressions for both characters.

For the yield components, it should be noted that HF performed best

for PD/PLT while E performed highest for S/PD and l¿lSWT but lowest for

PD/PLT (faOle 8). Dominance increased expression for alì yield compo-

nents.

D and HF arrays were earlier to FLR and l,1AT. Dominance decreased

FLR, while for Ft'lAT and l,1AT, some ambidirectional dominance was de-

tected with dominance tending to increase F|'1AT and decrease l'lAT.

Dominance r^/as partìy ambidirectional but tended to increase

STK/PLT, whi le dominance increased HT. Since FPN did not satisfy the

model assumptions, one can only postulate that ambidirectionaì domi-

nance or no dom i nance was i nvo lved. Dom i nance þ,,as un id i rect i ona I to-

wards lower PRO.

4 " 3. I .3 Genet i c Var i ance Est i mates

Tables 9 and l0 summarize the estimates of genetic variance compo-

nents and proportions from Fl d¡aì ìel analyses. The fol lowing find-

ings are presented for the characters studied"

Yield, TDI'I and Hl. For yield, TDl4 and Hl, both additive and dominance

gene effects were highly significant, with dominance gene effects most

important. There were equal proportions of dominance and recessive

genes among the parents. These characters expressed positive overdo-
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TABLE 9. Estlmates of genetlc varlance components from F.¡ complete dlallel analyses.

Character Dl E¡2FuHl

YIELD

TDM

HI

PDlPLT

S/PD
MSYIT

FLR

FMAT

MAT

STK/PLT

HT

FPN

PRO

5044.60**t
1404 1.84***

I 5.2 t t**
26.02+*x
0.12***

5750.95x*t
6c9lt**
2.55***
2.47x*x
0.0 l***

I 9.20***
0.9?***

I 0o 75*t*

I 7658.53*tx
40529.00ix*

55.96t**
47.7gxxx
0.01

1060.24**I
0ã92*t*
0.20
0. l9
0.02r(

24.03xx
0.28
l.9l***

17660.05*t*
40337.14t**

52.60***
4f.66*t*

0.01
I 025.79***

0ca5***
0.20
0.22
0.02*

20.66**
0.2 I
1.25xx

-971.52
I 15.05

2.60
-19.50*
-0.06

-10 17.90***
0.45***

-0.98tt*
0.48

-0.0 l*
4.83

-0.20
r r r***

55034.21xxx
I 18425.70***

g7. g6tx*
I 19.57***

0.02**
294 I .60***

2.39***
1.00***
0.05
0o02tx*

59. got**
-0.05

0.87r(*

476.49*
20 19.90*

1.06
1.86
0.0 1 

*tt
38.55
0.09**t
0.26*xx
0.24**x
0.0 l**x
5.26**
0.09**
0. l4*

t ** *** Stgnlflcant at P =.05r .01 and .001 respecllvely.
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TABLE lO. Estlmates of genetlc varlance proportlons from F1

complete dlal lel analYses.

f'Tt-

'l 
ot

h2

H2 BS

Herltabllltles
(1,

NSCharacter Dt-Ht

Y IELD
TDM

HI
PD/PLT
S/ PD

MS }IT
FLR
FMAT

MAT

STK/P LT
HT

FPN

PRO

-14615.75**r
-26497. I 5**t

-20.65x*
-21.77t

0. I 2***
4670.70r**

5.99***
2.t5x * *
Z.4jx**
0. 00

-4.85
0.92i**
g. g2Irt

2.41
t.70
| .54
1.56

.45

::_'

1.02
t. t2

.42

29 .1
56. I
46.5
65.5
85.6
92,0
91.2
85. 5

83.5
44.9
5l .3
85. r

9l.l

5.1
2.9
2.7
2.7

t.6
2.9

95. I

89. 5

95.8
95.0

99.0
nr_.-,

57 .9
81.2

97 .2

2.9
2.6

7

* f* **r slgnlflcant at P .05, .01 and .001 resPectlvelY.
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minance with dominance ratios highest for yield (2.41), folìowed by

TDl4 (1.70) and Hl (1.54).

Positive overdominance for yield has been extensively reported

(Bond 1966; Lawes and Newaz 1979; Hobbs and Burnett .l982) , whereas

only one example of positive overdominance for TDI'î has been reported

(Cubero-Saìmeron 1976) .

Estimates of the number of gene blocks control I ing dominance were

interpreted to the highest integer since they represent a minimum num-

ber and are most of ten underestimated (l'lather and Jinks 1982). The

gene blocks involved with dominance among these parents for yield, TDll

and Hl were four, three and three, respectively.

The environmental effects on yield' TDI'I and Hl were relativeìy

small and BS heritability estimates were high. The BS heritability

estimates for yieìd, TDl,l and Hl were 93.12, 89.j2 and 93.82, respec-

t¡vely. The removal of block effects in the experimental design and

collection of data as plot means, helped reduce the influence of the

environment in this particular experiment. Yassin (lgZf) found plot

yields were much less subject to environmental influence than yields

per plant and reported simi Iar high BS heritabi I ity estimates.

NS heritabi I ities however, are the more informative and useful es-

t¡mates. Yield had the lowest NS heritabi ì ity estimate of 29"1%"

Similar low NS heritabilities for yield have been widely reported (Fi-

lippetti'1979; Hobbs and Burnett 1982). NS heritability was also ìow

f or TDI'I (36.82) and was moderate ì y I ow f or H I (\6.32) 
"

Yield Components. Yield components expressed less dominance and more

additive gene effects than yield. S/PD expressed I ittle variation

among these parents and only additive gene effects showed signifi-
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cance. For PD/PLT and ltlSWT, both additive and dominance gene ef f ects

were highly significant with recessive genes being more common among

these parents. PD/PLT expressed positive overdominance (dominance ra-

tio = 1.36), while l'lSWT expressed positive partial dominance (domi-

nance ratio = .43). Three gene groups hrere involved with dominance

for both characters.

Yield components h,ere reported to express less dominance than

yield, itself (Bond 1966¡ Lawes and Newaz 197Ð. Similarly, positive

overdom i nance f or PD/PLT (Hayes and Hanna I968; l'lar t i n and Cubero

tglÐ and positive parriaì dominance for F1SWT (Bond 1966; Poulsen

1977) have been widely reported.

Simi larly, the envi ronmentaì effects were relatively smal I and BS

heritability estimates were high, especiaìly for |'îSWT. BS heritabili-

ty estimates for PD/PLT and I'ISWT were 95.0% and 99.02' respectively.

NS heritabi I ity estimates were much higher than that for y ield. I4SWT

had the highest NS heritability estimate (g2.OZ), followed by S/PD

(83.62) and PD/PLT (65"52). These results paralleì those reported by

Pouì sen (1977) and F i I i ppett¡ (1979) .

Phenoloqical Characters. Al I phenoìogical characters expressed highly

significant additive gene effects while dominance gene effects were

significant only for FLR. Dominance genes for earl ier FLR were more

common among these parents. A part¡al dominance ratio (.37) hras ex-

pressed with three gene blocks involved with dominance. Similar find-

ings were reported by Bond (.1966), Poulsen (1977) and l'lartin and Cube-

ro (1979)

Phenological characters urere influenced I ¡ttle by the environment.

Thus, BS heritabi I ity estimates were high and in most cases, simi lar
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to NS heritability estimates, since these characters were largely con-

troì led by addi tive gene effects. NS her i tabi I i ty estimates were

highest for FLR (91.22), fol lowed by similar estimates for Fl'lAT

(83.52) and l,lAT (83.52). Poulsen (1977) reported moderate to high NS

heritab¡ I ities for these characters"

l,lornholoqica I Characters . Significant additive and dominance gene ef-

fects bJere expressed for STK/PLT and HT. Recessive genes were in ex-

cess for STK/PLT, whi le gene distribution bras symmetric for HT.

STK/PLT expressed complete dominance with two gene blocks involved.

This dominance uras ambidirectional with a tendency to increase

STK/PLT. Complete dominance for increased HT involved three gene

blocks. Comparable results for STK/PLT and HT, but involving partial

dominance were reported by Bond (1966) 
"

The FPN did not satisfy the model assumptions, most probably be-

cause dominance gene effects were not significant. Thus, no definite

relation existed between Wr and Vr among arrays which violated the

tests of the assumptions. Only addi tive gene effects h,ere highly s¡g-

nificant for FPN.

BS heritabil ity estimates for STK,/PLT, HT and FPN were 57.92, 8l.ZZ

and 83..l%, respectively. Environment affected HT and FPN I ittle, but

strongly influenced STK,/PLT. This was expected since STK/PLT showed

I ittle genotypic variation compared to other characters and was thus

subject to relatively higher environmental effects. NS heritabi I ity

estimates for STK/PLT (44.9%) and HT (51.32) were low to moderate,

while for FPN (83.IU) , it was relatively high. f'loderately low NS her-

itabilities for STK/PLT and HT have also been reported (HoUUs and Bur-

nett 1982) .
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PRO expressed highly significant additive and

dominance gene effects ttrith the additive gene effects being most im-

portant. Dominant genes were more common among these parents. Par-

tial dominance (dominance ratio = .1+2) towards lower PRO involved a

single gene group. Estimates of BS heritabi I ity (97.22) and NS herit-

ability (91..I?) were high. These results agree well with the litera-

ture (Bond 1970i Griffiths and Lawes 1978; Chapman \979; Haro et al.

I 980) .

4 .3. I .,1+ Wr /Yr Graphs

The Wr/Vr graph provides a supplementary overall picture of the ge-

netic constitution among these parents. Vr/Yr graphs from Fl diaìlel

analyses for yield, TDI'I and Hl are presented in Figures l-3. Regres-

sion I ines for these characters had sìopes (b) stati stical ly equal to

one which indicated a satisfactory fit to the additive-dominance ge-

netic model. Their y-intercepts (l/4 (Dl - Hl)) , were also significant

and negative (taUle ì0), which indicated overdominance. Yield paren-

tal arrays brere sl ightly clustered together over the theoretical range

of the Wr/Yr line, as defined by the ì¡miting parabola. However, for

TDH and Hl, the parental arrays were scattered quite uniformly over

the range of the Wr/Yr line. Thus, genetic diversity contained among

these parents was moderate for yield and considerabìe for TDl{ and Hl.

This reflects the greater variation in assimi late distribution pat-

terns among these parents that results in comparatively less variation

in yield, itself.

For y ie I d and TDI'I, there v\,as a tendency f or parenta I arrays to

cluster into two groups, with HF, E and Al containing more dominant

genes while D and Ac contained more recessive genes. Although HF, E
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and Al conta¡ned more dominant genes for yield

contained more dominant genes for Hl ' thus perhaps

superiority as a parent in hybrid combinations.

and TDI'I, on I y

contr i but i ng to

6l

HF

its

\"3.2 F2 Complete Diaì lel

\"3.2.1 Test of Assumptions

The Jinks and Hayman genetic modeì adequately fitted the data for

most characters in the F2 complete diaìlel (Appendix Table 8). Block

! was excluded from the analyses for S/PD to el iminate interactions.

l,leanwhile for t'14T, attempts to remove the interactions failed and

analyses were conducted considering the possibi I ity of biased genetic

estimates.

\.3.2.2 Parental Performance and Dominance

Relative performance and dominance among the common parents in the

F2 complete diallel were, in ìarge part, comparable to the Fl complete

diallel grown out the previous year (taute tl).

Yield performance in the F2 ranked from highest to lowest, E, HF,

Al, D and Ac" Although E and HF still ranked high, HF was less su-

perior perhaps due to a differential response to inbreeding. For TDI'I

and Hl, simi lar patterns of assimi late partitioning were observed. E

was associated with high TDll production whi le HF was associated with

high Hl. Unidirectional dominance increased yield, TDI'I and Hl.

Simi lar yield d¡stribution patterns were observed among the yield

components. HF ranked highest for PD/PLT, whi le E ranked lowest for

PDIPLT but highest for S/PD and I.ISWT. Dominance increased S/PD, while

dominance with some ambidirection tended to increase PD/PLT and }ISWT"
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TABLE ll. Correlatlon (r) between mean parental
domlnance of parents lron F2 complete dlallel

performance and
ana I yses.

Mean parenta I

performance
Domlnance of

parents

Character low --> hlgh low --> hlgh r

Y IELD
TDM

HI

PD / PLT
S/PD
MS l{T
FLR
FM AT

MAT

HT

FPN

PRO

Ac
D

Ac
E

D

Ac

D

Ac
HF

D

D

AI

D

HF

E

D

HF

HF

AI
AI
AI
AI
Ac
AI
AI
HF

E

Ac
HF

Ac

HF

Ac
HF

Ac
AI
D

E

AI
AI
E

Ac
E

E

E

D

HF

E

E

Ac
D

Ac
HF

E

D

Ac
D

Ac
Ac
D

HF

Ac
E

HF

Ac
Ac
D

D

HF

AI
AI
Ac
D

E

Ac
Ac
HF

HF

HF

AI
Ac
E

HF

HF

Ac

HF

HF

HF

AI
D

D

E

AI
AI
AI
E

D

AI
E

E

E

HF

E

AI
E

D

D

AI
AI
D

AI

+.99**
+.96**
+.97t*
+.1I
+.87*
+.55
-.90*
+.86
+ .44
+.45
-.70
- .57

HF

E

D

AI
AI
HF

D

E

E

Ac

* ** *** Slgnlflcant at P =.05,.01 and.00l resPectlvely.
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Ambidirectional dominance in segregating F2 generations have been re-

ported (l'lartin and Cubero 1979; Hobbs and Burnett ì982) .

Parental arrays for HF and D were earl ier to FLR and llAT. Domi-

nance decreased FLR and increased Fl4AT. However, dominance tended to

increase l,lAT, in contrast to the 1982 Fl data where dominance tended

to decrease HAT. This discrepancy may be attributed to the hot dry

conditions that differentíally forced an early maturity. Genotypes

with more drought and heat tolerance perhaps proìonged their growth,

thus complicated the genotypic expression for HAT and resulted in sig-

nificant interactions with the model.

Genotypic expressions for STK/PLT were non-significant, ascribable

mainly to a higher planting density. Dominance tended to increase HT.

The genetic model fitted the data for FPN (unlike the 1982 fl data),

perhaps due to the higher planting densi ty envi ronment that led to

significant dominance. Dominance decreased FPN, 'a result simi lar to

that reported by l'lartin and Cubero (1979). Doninance tended to de-

crease PRO.

l+ "3 "2.3 Genet i c Var i ance Est imates

Summaries of genetic variance estimates from F2 d¡al lel analyses

are shown in Tabìes l2 and 13. Recall that the smaller contributions

of dominance in the F2 were proportional ly corrected, thus relative

genetic estimates are theoretical ly simi lar for the Fl and F2 genera-

t ¡ ons.

General ly, estimates of dominance and environmental effects h,ere

relatively more important in 1983. Additive and dominance gene ef-

fects were highly significant for all characters studied and BS herit-

abil ity estimates l^rere generally lower than in .l982. Sl ight dif fer-
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TABLE 12. Estlmates of genetlc varlance components fron F2 complete dlal lel analyses.

Character Dl Hl Eh2Fu

YIELD

TDM

HI

PD,/PLT

S/PD

MS}lT

FLR

FMAT

MAT

HT

FPN

PRO

278.25*x
2494.7ùx*

I 4.97***
1.27***
0. I lt*t

5202.07x*x
9.45t**
4.06***
2.75x**

I 5.66***
I .56***

10.65***

9649.65*t*
10376.25*xx

7 I . 5g***
4.gg***
0.56***

1932.06*x*
7.67*xx
5.25*x*
g.4g***

96.45t**
I . gg***
2.ggxx*

9977.95***
I 2500. 54x**

64.60***
5.40**t
0.32*t*

I 490.86*t*
60 I 0***
5. l5tt*
6.09***

61.70***
l. lg***
l.g6t**

-462.78*
-2052.28xx

I 2.55***
-0.61
0.05

534.29xx*
0.9 I *i*

-0.65
2.50xx

25.97x*x
-1.62t**
6.00***

29972.09x*x
46058.26**t

124.92*xx
2.63*x*
0.92*r*

3046.49xxx
I 0.05***
3.5r**
4.6 I *t*

ÊR ra***

0.50*x
0.9 l***

2 I g.5gr**
849.53*xx

0.85*
0.24*x
0.0 I r*

54.91*rf
0. l4*t*
0.27*x
0. l6
5.ggt* *

0.09tx
0.10*

* t* *** Slgnlflcant at P =.05r .01 and .001 respectlvely.
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TABLE 15. Estlmates of genetlc varlanco proportlons Íron F2

conplete dlal lel analyses.

h2

Herltabllltles
(1,

C ha ra cter Dt-Ht
Æi

J o' H2 BS NS

YIELD
TDM

HI
PD / PLT
S/PD
MSllT
FLR
FMAT

MAT

HT

FPN

PRO

-957 1.40t*r
-7991.54*I*

-56.7 l***
-5.61i**
-o .25* *t

1270.02l*x
1.75***
0.85t

-5.74r**
-90.77ir*
-0.45*i
7.66r**

5. 89
2.04
2. 19

1.96
I .82
.78
.90
.89

1.76
2.48
l. t5
.55

79.3
72.9
91.8
85.2
86.7
97 .9
97 .3
89.7
90.0
72.1
94.0
97 .6

20.3
48.4
5t.8
68.2
62.3
92.2
90.0
82.4
66. I

44.5
89.0
94.7

5.0
5.7
1.9
.8

2.6
2.0
1.6
l. t

.8

.9

.5

.4

t tr rt* Slgntflcant at P = .05, .01 and .001 respectlvely.
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ences between experiments in gene symmetry and gene blocks involved

with dominance existed, attributable to the different environment and

generation (Tables l2 and l3).

For the most part however, the F2 dial lel analyses paraì leled re-

sults from the Fl diallel analyses. Highly significant overdominance

was expressed for yield, TDl.l and Hl, being most important for yield.

Yieìd components displayed less dominance than yield. Some overdomi-

nance r^ras expressed f or PD/PLT and, i n contrast to the 1982 F ì data,

overdominance was also expressed for S/PD, perhaps primari ly due to

the different environment. l4S!.lT expressed partial dominance (ta¡le

t3).

Phenological and morphological characters displayed relatively more

addi tive gene effects than yield. The apparent overdomi nance ex-

pressed for È1AT is most probably biased, since fit of the genetic mod-

el was not obtained. The dominance ratio was reìativeìy large only

f or HT, perhaps f rom some association with TDI'I. PRO expressed partiaì

dominance (raule l3) "

Relative NS her i tabi ì i ty estimates from the F2 analyses (faUle t3)

were also comparable with those from the Fl analyses. Yield had the

ìowest NS heritab¡ I ity (2O.32), fol lowed by moderate NS heritabi I ities

for TDl,t (48.4U) and Hl (51 .82) . NS heritab¡l ities were higher for the

yield components and was highest for FlSl.lT (92.2?6) while moderately

high for S/PD (62"3Ð and PDIPLT (68.22). The other characters gener-

ally had relatively high NS heritabilities. FLR and FHAT had high NS

heritab¡l ities of 9O.OZ and 82.\%, respectively, while t¿lAT had a mod-

erately high NS heritability (66.12) which may be biased from interac-

tions with the genetic model. HT had a moderate NS heritabi I ity



73

her i tab ¡ I i t i es were expressed for FPN (89.02)þ\.52)

and PRO

whiìe high NS

$\.72) .

\.3.2.\ Vr /Yr Graphs

Hr/Yr graphs for yield, TDll and Hl in the F2 complete diallel re-

sembled those in the Fl complete dial lel (Figures 4-6). Regression

slopes indicated satisfactory fit to the genetic model for these char-

acters. Their y-intercepts were significant and negative (taUle ì3),

indicating overdominance. The scatter of points over the range of the

t¡lr/Vr I ine impl ied that genetic diversity among these parents was mod-

erate for yield and considerable for TDI'I and Hl. The relative propor-

tions of dominant genes in these parents showed similar trends, except

for TDll where HF contained relatively less dominant genes than in the

F1 Wr/Yr graph. However, E, HF and Al contained reìatively more domi-

nant genes for yield than Ac and D. HF aìso had relatively more domi-

nant genes for H I .

4.3.3 Summarv and Discussion of Genetic Anaìvses

Genetic analyses for the Fl and F2 complete dial lels were largely

comparable even though they represented different generations and were

gror^rn in different environments. Since the F2s were planted at plot

density, one can imply that Fl results on I'semi-spaced¡r plant density

may probably relate well to commercial planting densities.

There were only sl ight differences in ranking of parental perform-

ance and few instances of less directed dominance, suggesting some am-

bidirectional or simply less dominance pg se. These differences may

be attributable to genotype by environment interactions such as dif-
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ferential responses to the hot, dry and shorter growing season or

higher planting density in 1983. ln addition, intrinsic differences

in the segregating F2 generation are inevitable such as differential

responses to inbreeding and the segregation of possible epistatic or

correlated gene effects undetectabìe in the Fl. However, in general'

differences urere small and no great extent of bias was detected.

The genetic model assumptions were general ìy satisfied, except for

FPN in the 1982 Fl data and llAT in the 1983 F2 data. This further in-

dicates ì ¡ttle bias in the genetic estimates.

Characters of greater compl ex i ty and c I oser assoc i at i on wi th vege-

tative and reproductive fitness expressed more dominance and lower NS

heritabi I ities. Positive overdominance was expressed greatest for

yield, followed by TDH and Hl, whiìe NS heritab¡l¡t¡es were lowest for

yieìd and low to moderate for TDI'I and Hl. Three to four gene blocks

control led dominance f or y ield, TDI'I and Hl among these parents.

Yield components expressed ìess dominance and had higher NS herit-

abi I ities than yield. 0verdominance increased PDIPLT and NS herit-

abilities were moderate. Partial dominance increased l¿lStJT whi le S/PD

showed inconsistencies between experiments and generally expressed

l¡ttle genetic variation. IISWT and S/PD had high NS heritabilities"

Where dominance utas significant, two to three gene groups þrere in-

vo I ved.

Phenological characters displayed mostly additive gene effects and

had high NS heritabilities. Negative partial dominance was expressed

for FLR, while positive partial dominance tended to be expressed for

Fl,tAT (signif icant only in 1983)" l,lAT expressed mainìy additive gene

effects in 1982 and showed inconsistencies with the model in 1983.
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Vegetative characters, STK/PLT and HT, displayed moderate degrees

of positive dominance and had moderate NS heritabi I ities. 
.One 

to

three gene groups controlled this dominance. FPN generally expressed

additive gene effects and only in 1983, some negative dominance was

also expressed. FPN had high NS heritabi I ities.

PRQ exhibited mainly additive gene effects with a single gene group

control I ing partial dominance towards lower expressions. NS herit-

abilities were high for this character.

Thus, yield had the most dominance, lowest NS heritabi ì ity as wel I

as the most heterosis. lt follows that high yields would be most dif-

ficult to select for and may be achieved only through hybrid breeding.

As the breeding system in fababeans ranges from in- to out-breeding'

the selection of good I ines and production of hybrids would be quite

adaptable to this croP sPecies.

4.4 SII/lPLE CORRELATION ANALYSES

The reìationships of yield with other characters in the dial lel

crosses were studied using simple correlation anaìyses (Table l4).

yield was most highly correlated w¡th TDI'I in all diallel experi-

ments (r ranged O.J$*fcrt to 0.lOfcJcrt) , a resul t simi Iar to that reported

by Neal (1982). TDl4 production may measure a genotype's abi I ity to

adapt to an environment. Since yield is contained within TDt'i, it fol-

lows that a greater adaptability or higher TDI¿I would expectedly be

correlated wíth higher yield. Yield v{as aìso highly correlated with

Hl (r ranged 0.61*fr to 0.J22'ctctc), quite expected since Hl represents a

genotypets abi I ity to partition assim¡ lates into seed yield. lnter-

estingly, the correlation between TDl,l and Hl was non-significant and



TABLE 14. Ph
complo+e d

Character

YIELD

TD[1

HI

PDIPLT

S/PD

MSV{T

FMAT

MAT

STK,/PLT

FPN

enotyplc correlatlon coefflclents ?qqng characters studled ln (a) F1 complete dlallel (upper llne), (b) F2
lallå1 (mlddle llne) and (c) Ft cultlvãr dlallel (lower llne).

TDM HI PDIPLT S/PO MS!{T FLR FMAT MAT STK/PLT HT

0.00 -0.09 -0.12 0.29
-0.07 0"0¡ -0" 19 -0.010.19 -0.10 0. I 1 0.55

FPN PRO

0.90*** 0.72***
0.79*** 0.61**
0.gg*** 0.65**

0.58
-0.02
0. r9

0.19
0.24
0. t5

0.09 0.27
0. t7 0.47*0.t8 0.27

0.58 -0.52*x 0.220.19 -0.71*** 0.49*
-0.51 0.00 -0.05

0.72*** O.2g0.45* 0. l0
0.70***
0.41*
0.74**

0.23
0.44*
0.23

-0.55**
-0.54
0.06

-0.55**
-o.39
-0.25

-0.27
-0.05

0.51

-0.69**
-0.50*
0.51

-0.60** -0.07
-0.65*** -0.26

-0.32

0.4 l*
0.55**

-0.02

-0. l5
-0.49*
-0.62x

-0.28
0.01
0.58*

0.41*
0.59**

-0.46

0.1rx* -0.46*
0.95*** -o.34
0.56* -0. l5

-0.95*** 0.54**
-0,80*** 0.38
-0.24 -0.08

0. 17 -0.070.46* -0.070.44 -0.23

-0.02 -0.26
0. l8 -0. 17

-0.46 0.40

0.59**
0.47x
0.65*r

0.22

0.75**I0.60*t 0.44*0.09 0.76***0.51 0.27

0.55**
0.55**
0.75**

-0.22
-0.58
-0.1 1

0.17
0.26
0.19

0.44*
0. l7
0.23

0.55**
0.44

-0.5 I
-0.24
-0.05 -0.03

-0.27
-0.45*
0.06

-0.09
-0. 19
o.n

0.50

0.39
0. l7
0.51

0.37
0.12
0.29

o.æ
0.fl

-0.28

-0.08
-0. l6
0.20

0.37

0.31
0.07

-0.27

-o.12
0.1 I
0.71t*

o.4È
0.17
0.56

-0.45*
-0.45*
-0.12

0. 15
-o.270.8
0.23

-0. 19
-0.56*

*-0.04
-0. l6
-0.32

44*
l9
53*

-0.47* 0. l5
-0.61*r 4.23
-0.42 0.05

-0.15
-0.05
0.2t

0.72**r {.44* 0.65tr*
0.56** -0.45* 0.590.12 -0.59 -0.22

-0.56** 0.65*** -0.15
-0.24 0.59 0.05
0.20 0.05 0.27

-0.90*tt 0.67***
-0.85*** 0.67*xI
-0.55* 0.65**

0.55** 0.250.05 -0.25
-0. 19 -0.68**
0.57** 0.59** -0.500.48* 0.55** -0.49*0.12 0.50 -0.09

-0.39
-0.06
0.05

-0.t5
-0.?9
-0.27

FLR

0.58
-0. l5

f*5-0
-0
-0

-0
-0
-0

HT
*

22
6g**

\¡(o
* ** *** Slgnlflcant at P =.05, .01 and .001 respectlvely.
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even showed positive tendencies in the Fl complete and Fl cultivar

dial lels. Thus, higher yields in the dial leìs were associated with an

increase in TDltl and/or H I without a decrease in either.

Turning to yield components, PD/PLT was most closely correìated

with yield (r ranged 0.41¡k to 0.Jl+:trt). Associations of yield with

S/PD and l'lSWT showed positive tendencies but was signif icant only for

S/PD in the F2 complete dial lel (¡ = 0.44¡t) . These results agree wel I

with the literature (Bond 1966; Kambal .l969; Sjodin 1977i Lawes and

Newaz 197Ð.

Al though al I yield components showed some posi tive correlation wi th

yield, yield component compensation was expressed. PD/PLT was neg-

atively correlated w¡th ¡4SWT (r ranged -0.42 to -0.[1*rrc). Associa-

tions between the other yield components also displayed negative ten-

dencies, but were not significant. S¡mi lar negative correlations were

widely reported (Yassin 1973; Bianco et al. 197Ð.

The only other character to express some significant positive cor-

relation with yield was HT, perhaps from some association with TDll.

Similar findings have been reported (Sjodin 1977; Vries 197Ð.

Significant negative correlations between PRO and yield existed

only in the Fl complete dial lel (r = -0.lJfcrï) . This negative correla-

tion is not surprising nor does it pose any hindrance in a breeding

program. ln the Fl complete diallel, the 55 parents differed signifi-

cantly in PRO (Appendix Table 2) and negative partial dominance con-

trolled this character (Tables I and l0). Thus, hybrids would be ex-

pected to have sl ightly lower PRO than their parent mean (ta¡le l).

This difference (-0.7',6) is of no importance compared to the large

heterosis for yieìd (taUle ì). This negative relationship hras non-
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significant in the segregating F2 complete dialìel as family means ap-

proached parent means . l4eanwh i ì e, no assoc i at i on ex i sted between PRO

and yield in the Fl cultivar diallel. This is attributed to the small

variation among cultivars relative to within cultivars. Negative par-

tial dominance is associated with the heterozygous genotypes. Culti-

var parents and their crosses however, contain heterozygotes and ho-

mozygotes. This genotypic variation for PRQ combined with genotypic

variation for yield probably obscured the heterozygous PRO genotypes

from the heterozygous higher yielding genot/pes; Thus, PRQ and yield

are generally independent of each other. The literature is in close

agreement with this conclusion (Chapman and Peat t978; Griffiths and

Lawes 1978; Sjodin et al. 198ì). However, to maximize protein yield,

it is suggested that recessive genes for high protein content be fixed

into potential inbred I ines prior to embarking on a hybrid breeding

program.

0f interest, Hl was significantìy correlated with PD/PLT (r ranged

0.fJr'cfi to 0.JJrtfr). This provides evidence that a higher Hl may relate

to increased autofertility to set more pods.

lnteresting relationships also existed among the phenological char-

acters, âlthough variation was smal I " FLR was negatively correlated

with FllAT, but positiveìy correlated with l'1AT' Thus, the sl ightly

earl ier flowering hybrids'were associated with a sl ightly longer flow-

ering to maturity time, but they sti I I matured a bit earl ier than

their parents. FPN was not very useful in relating to early maturity'

although it h,as significantly correlated with FLR in these studies"

Thus, hybrids seem to be an exception to the widely reported negative

correlation between early maturity and higher yields (l'lagyarosi and

Sjodi n 1976; Poulsen 1977; Vries 197Ð .
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ln conclusion, selection for high yielding lines via TDI'I and Hl may

be more efficient. Although charactèrized with NS heritabilit¡es only

moderately higher than yield itself, TDt'l and Hl were highly correlated

wi th yieìd and di splayed no compensatory relationshi p between them.

It is presumed that Hl may largely represent autofertility. Thus, se-

lection for autoferti I ity genes, possible under growthroom conditÌons'

may result in increased Hl.

l,leanwhile, yield components had high NS heritab¡l ities and were po-

sitively correlated with yield, but their use as selection criteria

may be I imited primari ly due to yield component compensation. Other

characters general ly exhibi ted no high correlation wi th yield in this

study.



2

Chapter V

coNcLus I 0Ns

Vegetative and reproductive characters of increasing complexity

appeared to be characterized by more heterosis' more dominance

and lower NS heritabi I ities. Yield had the most heterosis,

most dominance and lowest NS heritabi I ity.

Extent of heterosis for yield seemed to increase with heterozY-

gosity at a genetical ly determined rate which was independent

of genetic variation for yieìd performance.

Relative hybrid yield performances may be predicted from that

of inbred I ine parents but not from cultivar parents.

Evidence suggested that the 'rgene poolrr of the 55 parents con-

tained inferior yield genes relative to the mean genotypic val-

ue of the¡r originaì cultivars.

It was suggested that selection of high yielding lines from

relatively homozygous and perhaps genetical ly divergent materi-

aì may maximize hybrid yields in fababeans.

HF, followed by E, had the higher common parent yield perform-

ances whi ìe HF x E was the best specific combination in this

study, HF may be a good general combiner but it is important

to test for specific combinations to maximize yield advantage

over open-pol I inated cultivars.

Seìection for high yielding lines via TDll and Hl may be more

efficient. lt was suggested that selection for autoferti I ity

may increase Hl.

3

4

5

6

7

-8¡-
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PRO exhibited mainly additive gene effects with a single gene

group control I ing partiaì negative dominance among the geno-

types studied. PRO was usual ly independent of yield. To max-

imize protein yield, it was suggested that recessive genes for

high protein content be fixed into potential hybrid material.



Th i s research

potential in Fl

fully exploited,

pur sued:

Chapter Vl

SUGGESTIONS FOR FURTHER RESEARCH

study has cìearly indicated that there is substant¡al

hybrids of fababeans. Before this potential can be

further research into the fol lowing areas should be

l. the development of a satisfactory pollen control system.

2. the identification of prospective parents using assessment of

genetic distance.

3. early generation (i.e. Sl or S2) testing of potential inbred

ì i ne parents.

4. the improvement of the evaluation of hybrid performance using

multiple row plots as well as several locations and years.

-8¡-
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APPENDIX TABLE l. Mean raw data from F¡ complete dlallel.

Fema I e
parenf

Ma I e parent

Ac AI D E HF

Standard
error

Ac
AI
D

E

HF
Contro I s

280.8
432.4
414 .5
485.9
515.0
588.0

455.2
351 .4
459.6
465.7
5t6.5
465.0

449 .1
439.9
255 .4
459.8
478.8
37 6.1

455 .0
465.8
443.8
562.4
523. I
453.6

497.2
522.5
450.5
609.9
597.8
455.7

Yleld (g per p lot)

Total dry matfer (g per plot)

Harvest I ndex (í)

Pods per plant

Seeds psr pod

Ac
AI
D

E

HF
Contro I s

733.9
965.9
884.1

1227.2
I 070.7
916.4

I 028. I
890. 5
97 5.9

l0 I 9.4
I 070. 5

978. I

915.9
989.0
605. I
977 .1
937 .7
796.5

992.6
1027.5
937.6
866.4

1080.4
977.0

1014.0
1043.5
901 .7

1259.9
896.7
981.6

23.2

47.3

l.l

1.5

Ac
AI
D

E

HF
Contro I s

55.7
44.6
46.9
41 .3
48.9
45.2

43.3
59. I
47 .4
44.9
50. 5

47 .8

47.9
46.5
42.3
48.5
51 .7
48.0

44 .1
45.0
47.8
43.9
48.3
51.1

49.2
50.0
50. 5
48. 9
45.9
48. 1

Ac
AI
D

E

HF
Con tro I s

24.8
32.5
27 ¿6
51.2
47.2
28.3

52.4
26.6
27 .7
25 .5
55.4
50.6

29.8
50. I
I 8.9
23.9
33.5
t1.4

27.0
25.5
24.4
19. 5

30.5
25.3

59. I
57 .8
32.3
55 .4
31.6
52.5

Ac
AI
D

E

HF
Contro I s

4.0
3.9
J.8
4.0
3.7
3.9

5.8
t.7
5.5
3.9
3.7
3.5

4.5
4.1
5.7
4.0
3.9
5.8

I
4
I
I
4
I

5
3
3
t
3
3

0
I
I
I
9
4

4
3
5
4
3
3 0.1
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APPEND I X TABLE l. ( cont I nued )

Ma le parent
Fema I e
parenf Ac AI D E HF

Standard
er ror

Ac
AI
D

E

HF
Contro I s

279.t
341 .7
596.3
588.5
336.7
t51.9

535.2
348.4
457 .7
447 .8
389.t
446.5

395.4
451 .1
438. I
506.1
419.5
398.2

591.6
446.2
491 .4
464.9
440.6
474.3

535 .4
374.1
421.8
441.9
541.0
424.2

1000 Seed welght (S)

Emergence to flowerlng (days)

F I ower I ng to matur I ty ( days)

Emergence to mafurlfy (days)

Fertlle stalks per plant

Ac
AI
D

E

HF
Contro I s

42.8
4l.g
38.t
41.8
40.2
40.5

40.5
41.0
57 .O
39 .7
39.2
39.3

59.0
37 .5
36.0
57 .7
37 .7
37.3

41.0
40.3
37 .7
4l .8
59.7
40.7

39. I
40.2
37 .5
40.2
59. B

58.0

6.6

0.5

0.5

0.5

Ac
AI
D

E

HF
Contro I s

45.2
46.5
48.5
46.5
45.8
48.0

47 .2
48.0
50.5
47 .8
46.7
49.5

48.2
49.5
49.2
48.5
48.5
4 9.0

47.0
48.0
49 .3
46.3
47.0
47.5

45.7
47.3
48.0
47.0
46.0
48.7

Ac
AI
D

E

HF
Contro I s

88.0
88.5
86.8
88. 2
86.0
88.5

87.5
89.0
I7.5
s7.5
85.8
88. I

97.2
87.0
85.2
86. 0
86.0
86.5

88.0
88.5
87.0
88.2
86.7
88.2

85.5
87 .5
85.5
87.2
85.8
86. 7

Ac
AI
D

E

HF
Contro I s

2.6
2.5
2.7
2.5
2.6
1.9

2.6
5.0
2.7

2.8
2.8
2.4
2.7
2.6
2.2

9
7

4
7

5
4

2
2
2
2
2
2

2.9
2.9
2.9
2.8
2.8
2.9

2.9
2.8
2.3 0.1
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APPENDIX TABLE l. (conflnued)

Fema I e
parent

Ma le parent Standard
errorAc AI D E HF

Ac
AI
D

E

HF
Contro I s

Ac
AI
D

E

HF
Contro I s

114.2
115.8
I 15.8
120.0
121.7
114.2

I 20.8
115.8
I 15.5
119.2
118.3
109 .2

I 19.2
113.5
105.8
115.8
I18.5
10f.3

124.2
119 .2
I 19.2
115.0
I 23.3
1 12.5

120 ,8
117.5
1 16.7
122.5
I18.5
117.5

Helght (cm)

Flrst podded node

6.8
5.8
6.0
6.7
6.2
6.0

8.2
6.8
6.7
8.0
7.3
7.2

7.2
6.2
5.5
7.3
7.5
6.5

7

7
6
7

I
7

7.5
7.7
6.5
8.2
7.7
5.8

5

2
5

I
3
2

1.8

0.5

0.4

Prote I n (l)

Ac
AI
D

E

HF
Contro I s

33.3
30.2
33.7
51 .6
29.5
10. I

50.4
50. 5
32.2
5l. t
28.3
3l.l

t3.9
5l .9
36.6
34.5
3l.l
5t.8

51.5
50. 6
55.9
51.0
30.7
31.2

29.4
28 .4
51.5
50.4
27 .9
29 .4



APPENDIX TABLE 2. Analyses of r¡arlance for characters studled ln the F1 complete dtallel.

Mean squares

Source of Varlatlon df YI ELD TDM HI PDlPL'l

Dlal lel entrles
Crosses
Parents
Crosses versus Darents

B locks
Error

24
19
4
1

5
20

3.2161 .66x**
l2750.ggxx*
2l 131.50**t

5lBBl0.06*x*
l8 I 54.70rr*
2938.22d

12.08

FLR

lg.3lx**lj. l0***
4 I .95***
22.92*xx
0.40
0.48

g4 1 26.30rxt
43849.47***
80J 19.00t**

75.49***
44.j6*xx
97o67*t*

950.96***

S/PD

46***

7.05

HT

90. l7***
55.03x**j4.59***

590. l7*I*
193.40***

19.55

3.75

17790.40***
14549.25tx*
546 I 5.75***
27907.96x*x
1436.2t\**
255.59c

MS!{T

,l1877.51 *ti
1758.91t

27221.40xxx

5.gl

FPN

44*t*
5gt**
7gI**
22
14,
070

25
18
65

8

3**
3x
3

0
0
0
0
0
0

4.
0.8

72i'-,
06"

.97***

.22**x

.71

.40

.47

188.
145.
167.

l0t**
70***
m**x
lg***
87lr*
4ga

0.
0.
0.
0.
0.
0.

Control s
Crosses
Parents

versus contro
versus contro

64**

5**7
s
S

935307.20xx*,
l4 I 545.58I**D
10238.50"

52.08rr*
6.624

1132.
107.

4 10625.04 æ776.21 48.27*x| 57414.47x** 219732.07*x* 2.601 144405.20xx* 155224.79*** 57g.0gr**

0.
2.
0.

49.57
55.09*

429.97***

Coefflclent of rrarlatlon (f)

Source of Varlatlon

Dlallel entrles
Crosses
Parents
Crosses versus oarents

B I ocks
Error

Contro I s
Crosses v€rsus con
Parents versus con

Coeff lclent of wrlatlon (f)

df

10.44

FMAT

5.56

MAT

l.5g

I 1.58

Mean squares

STK,/PLT

9.27

5.69***
5.36***
6.09***
0.28

10.26***
0.56

PRO

.jB***
02***
25*x*
gg**
g0*I*

5

5.01

24
l9
4

10.40***
9.0 1 

***
l6.gg***
12.O4xx
1.04
1.54

.716
4

16
I
0
I

r**

I
5

120

s
tro
tro

4 12.53*** 5.78TI_ 7.25*x.* o.7l* 174. l7*** 2.37** 4.79x*I _9.89_.._ 19.08*r* I 1.76** 2.84xxx 132}a17xxx 6:62*** j.SOx
I ZO.4Z*** je.40**r Zag2 O.AZ** - gl.jZx O.O2** 1[.þ[***

1.76 2.65

lflcanf af P = .05, .01 and .001 respectlvely.

10.58

* ** ***c
Pwl+tr r rïDwlth 4
9w tt¡¡ 9iql{ lth I 19ewlth I lB

on
ìlf
df
df
df
df

(o
(.'r
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APPENDIX TABLE 5. Mean raw dafa lron F2 complete dlal lel.

Fema I e
parent

Ma I e parent

Ac AI D E HF

Standard
êrror

Ac
AI
D

E

HF
Contro I s

Ac
AI
D

E

HF
Contro I s

244.6
555 .4
t03 .6
27 6.0
319.4
577.3

505.5
264.4
518.5
330.4
326.2
355. I

285.0
527.3
253.0
523.2
315.2
282.7

350.7
338.8
347.5
297 .1
347.3
364.5

357.9
546.-l
294.6
349.2
286.9
546.0

Yteld (g per plot)

Tota I dry matfer (g pêr p I ot)

Harvest I ndex (Í',

Ac
AI
D

E

HF
Contro I s

653.1
714.5
67 5.1
690.7
680. I
801.8

721 .7
647.6
646.0
692.7
707.4
821.3

644.9
680.2
540.8
695.6
663.5
571.4

771.4
751.8
751.4
698.1
735.3
7 52.6

749.0
738.7
603. l
7 62.3
635.7
714.8

74.6

29.2

1.0

0.5

Ac
AI
D

E

HF
Contro I s

37 .l
47 .1
44.9
39.7
47.0
47.4

42.4
40.2
49.3
47 .6
46. 0
46.9

42.7
45.8
46.4
42.6
47.5
48.8

47.6
46.7
48.7
45.8
46. I
48.7

43.9
48.2
46.7
46.
47.

5

5

749.

9.7
9.7
9.3
9. ¡

I 0.0
9.7

9.5
ll.6
I 0.8
8.0

tl.5
12.6

3.6
316
3.4
5.8
3.4
5.6

t
5

I
4
3
4

9.6
9.1

10.5
9.6

I t.0
10. 5

t0. t
10. 7
9.5
9.0

I 1.0
10. 0

15.0
12.2
10.7
lo.2
12.0
10. 5

Pods per plant

Seeds per pod

Ac
AI
D

E

HF
Contro I s

3.6
5.8
3.4
3.9
5.7
5.7

4. t
5.7
3.6
5.8
3.6
3.5

4.0
5.8
3.9
3.4
5.8
t.9 0
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APPEND I X TABLE 5. ( cont I nued )

Fema I e
parent

Ma I e parent

Ac AI D E HF

Standard
er ror

Ac
AI
D

E

HF
Contro I s

334.3
344.7
384.2
4 12.0
356.7
377.3

379.5
56 5.0
402.2
419.0
581.6
451.7

382.7
405.2
436.6
449.3
406. 5
584.8

405.7
434.8
471.2
446.3
424.8
447 .7

553.0
366 .8
584.8
417 .0
525 .4
422.5

t000 Seed welght (S)

Emergence to flowerlng (days)

Flowertng to maturlfy (days)

Emergence to matur I ty ( days )

75. 0
72.8

Fert I le sta I ks per p I ant

Ac
AI
D

E

HF
Contro I s

36.7
33.7
50.5
35.2
52.8
31.7

34.2
52.8
29.2
32.8
32.7
31.5

31.2
50.2
29.2
50. I
29.0
29.3

54.0
32.5
50.6
t5.3
52.7
32.2

tt.2
32.5
29 ,0
33.3
31.2
29.5

5.9

0.4

0.5

0.4

Ac
AI
D

E

HF

Contro I s

37.0
38.3
40.7
36.7
58.5
41.5

58.3
4 0.0
4l .0
39.7
40.5
41 .7

40.0
40.7
41.9
4t.0
40.3
40.3

58.5
40.5
41.3
37.0
58. 5
40.0

57 .7
38.7
40. 5
37.5
58. 0
40.7

Ac
AI
D

E

HF
Contro I s

73.7
7 2.0
71.0
71.8
71.2
75.0

7 2.5
72.8
70.8
7t.8
7 3.0
73.2

70.8
70. 5

7 2.0
70.7
69.3
69.7

70.8
7l .2
69.3
70.7
69.2
70. 3

71.7
72.5
71.0
72.2

.3

.5

.2

.5

.2

.2

Ac
AI
D

E

HF
Contro I s

1.4
1.2
1.4
t.5
1.4
1.5

1.4
7.4
1.3
1.5
1.4
1.5

1.4
1.5
1.5
1.2
1.2
1.4

5
4
t
4
2
2 0.1
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APPEND lX TABLE 5. (contlnued)

Ma I e parent Standard
er ror

Fema I e
parent Ac AI D E HF

Ac
AI
D

E

HF
Contro I s

99.2
105.0
105.8
I10.0
109 .2
107.5

1 08.5
105.0
I 05.5
106.7
102.5
108.5

105.0
100.8
101.0
105.0
107.5

91 .7

I10.8
105.0
107.5
105.8
I 12.5
106.7

107. 5
'105.8
105.0
lll.7
I 10.4
105.0

Helght (cm)

Flrst podded node

Prote I n (fr)

Ac
AI
D

E

HF
Contro I s

7.3
6.2
5.8
7.7
6.5
6.8

6.5
5.3
5.9
6.5
5.3
5.5

8.5
6.8
5.8
8.8
8.2
7.0

9
7

7
I
7

7

7
7
6
I
7

6

0
I
0
7

I
0

5

2
0
3
2
0

1.9

0.5

0.5

Ac
AI
D

E

HF
Contro I s

51.9
28.6
53.1
32.0
50.0
50.5

31 .5
28.5
31.3
t0.3
28.8
30.7

33.2
51.0
36.4
t3.8
t2.6
3l .t

31.2
30.7
3t.l
32.3
50. 5

to.2

50. 0
28 .5
t2.0
5l .5
28 .4
50. 5



APPENDIX TABLE 4. Analyses of rærlance for characters studled ln the F2 complete dlallel.

Mean squares

Source of Varlatlon df YI ELD TDM HI PDIPLT S/PD

Dlal lel entrles

B
E

Crosses
Parents
Crosses vorsus oarents

locks
rror

Control s
Crosses versus confrols
Parents versus controls

Coefflclent of r¡arlatlon (f)

Source of Varlatlon

Dlallel entrles
Crosses
Parents
Crosses versus

B I ocks
Error

parents

Contro I s
Crosses versus contro
Parents versus contro

Coefflclent of varlatlon (f)

* I* ***

24
l9
4
I
5

16

7 *
*

49l 5.79***
f050. l8t*
nBt.50
1557.50**
6490.641r
1417.33ë

11.97

FLR

10.42***jl .41**I
65.07*r*

2.97

14079.06t**
12156.32**
200 t 6.75x*
12978.70*x*
22749.37!x

5534.27d

10.74

FMAT

49.4 l***
55.66**f
94.zgx**

297.45***

4;107,

Tegltt*
googx*rf
9.05*xt
7.59x

I 1.621**
I .56d

0.05
0.04
0.04
0.00
0.1 1l
0.04s

MSl.lT

7712.26**x
6515. l0***

19421.75**x

7.44*x*
1.66
8.95*

0.21*
0.05
0.59rt

29***
27xxt
59***

::s..

0.
0.
0.l.
0.
0.

4 8222.16*** 58492.62xxx 7.58I 10407.81t* 20452.20 108075*r*1 731 14.80*** 125710.61*** 402. l9***

12.12

Mean squares

STK/PLT

7350.00*tt
1457.85rr*
225.60'

7219.97***
74æ.69x**

I 5845.86**r

3.79

FPN

7.23*x*
7.23x**
gog5***
1.21
2.05**
0.55

10.20

5.12

MAT

6.64

df HT PRO

65
55
17
52
29
24

l.
7.

10.

4
1

1

s
s

(o
(o

df.
df.
df.

24 Z4.5,gx**lg 20.05**r4 57.4?*x'| 24.40***5 0.8516 0.92e

0g***
6g***gg***
45x

9""

2.93
49.39***
56.9 1 

I**

3.33

g. l6**t
6.59***

17.4 l***
1 1 .76*I*
1.27 _
1.03s

13.lt.
25.

lg.05I**
14.5ltt*
64.50***
2.48*
2.141
0.67u

2.79*x*
9.40*x*
gr 06***

0lgg***14.20xx* 0.06 296.67***3.02 0.04 204.17xx1.29 0.03 2.96

1.42 14.55 4.62

43x**
71*t
1g***
g0*
94***
17

9
3
I

24***

2.64

Êw

si

Irh ilIth t1
IthIrh 9Ith I I

s
0
2
4
I
1

lgnlflcant at P = .05, .01 and .001 respectlvely.
df.
df.



100

APPENDIX TABLÊ 5. Mean raw data from F¡ culflvar dlal lel.

Ma le parenf
Fema I e
parent

E D AI Ac HF

Standard
error

E

D

AI
Ac
HF

506. I
561.8
506.8
588.0
440.6

514 .9
5t9.5
503.4
456.7

E

D

AI
Ac
HF

5.t
3.9
3.5
3.7

Yleld (g pêr plot)

562.5
388.2
564.4

E

D

AI
Ac
HF

664.0
7 60.5
711.0
862.8
829.2

625.0
741.8
624.8
860.7

740.0
855.2
7 46.1

Total dry matter (g per plot)

709. I
7 44.8

Harvest lndex (1,

Pods per plant

24 .0
23.3

Seeds per pod

530 .4
570.8 322.4

7 15.5

44.9

20.7

5.6

31.2

56.6

6

t.8

0.2

E

D

AI
Ac
HF

46.2
47 .6
43.5
4 5.0
53.3

50.3
45.0
48.9
55. 0

49. 0
46.7
49.0

46.8
49.9

E

D

AI
Ac
HF

18.0
2t .7
16.0
25.0
25.2

24.7
20.t
21.7
28.9

21 .g
22.7
22.2

3.7
4.0
5.5

t.7
5.7
5.8
3.3
5.8

3.4
5.6

1000 Seed welght (g)

E

D

AI
Ac
HF

459.3
455.0
509.0
47 5.0
459.0

387.0
424.3
397.0
429.7

452.7
428.1
465.3

402.3
458.0 434.3 9.2
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APPENDIX TABLE 5. (contlnued)

Fema I e
parent

Ma I e parent

E D AI Ac HF

Standard
error

E

D

AI
Ac
HF

32.0
29 .0
29.3
50.7
30.7

29.5
27.0
28.3
28.7

50.5
51.5
29.7

50.3
t0.7

Emergence to f I ower I ng ( days )

Flotterlng to maturlty (days)

2.4
2.6
2.1
2.4

5.6
6.5
6.4
5.8

40.7
44.0
42.7
42.7
4l .3

1.5
2.3
2.0
t.9
2.1

10.0
01.7
09.9
13.3
10.0

8.1
6.5
8.0
7.1
6.5

E

D
AI
Ac
HF

E

D

AI
Ac
HF

E

D

A

E

D

AI
Ac
HF

E

D

AI
Ac
HF

42.7
42.7
42.0
42.7

93.3
t05.3
I 05.5
105.0

106.7
105.0
108.5

44.7

29 .0

43.3

72.3

1.7

108.5

7.1

0.9

1.0

0.9

0.2

2.2

0.5

7 2.7
7 5.0
7 2.0
73.5
7 2.0

7 2.0
69.7
70.1
7t.t

7 5.0
73.3
73.0

73.7
73.3

40. 0
43.3

43.1
42.7

Emergence to matu r I ty ( da ys )

Fertlle stalks per plant

2.0
1.9

Helght (cm)

Ac
2.5
2.5
2.5

7.5
7.6
6.7

HF

106.7
108.5

F I rst pod ded node

Prote I n (1,

7.0
6.9

E

D

AI
Ac
HF

50. 5
50.4
29.9
50. I
31.3

t2.3
50. 7
50.7
10.7

5'l .0
30.5
30.2

29.9
29.9 50.4 0.5



APPENDIX TABLE 6. Analyses of vartance for characters studted ln the F1 culttvar dlallel.

Mean squares

Source of Varlatlon df YIELD TDM HI PDlPLT

Dlal lel entrles
Crosses
Parents
Crosses versus parents

B I ocks
Error

Coef f lclent of rrarlatton (f )

Source of Varlatlon

Dlal lel entrles
Crosses
Parents
Crosses versus parents

B I ocks
Error

Coef f lclent of r¡arlatlon (f )

15.12

df FLR

14
9
4
I
2

2A

0.12
0.15
0.08
0.22
0.00
0.12

S,/PD

9.39

HT

5.61

6676.07*
7535.Q3*
1409.25

20012.66x
21502.00xx

2913.07

17393.14
17001.57
6315.75

65226.79x
I 28556.00***

9615.43

13.17

FMAT

4.56
t.62
6.40
2.84
l. 16
2.77

3.91

25.65*+
3?.85*x
14.54
5.48

15.97
7.83

5.84

MAT

29.30x*
54.96**
22.17

6.89
94.56t,f*
9.35

0.51**
0.19
0.59***
0.56
2.05*xx
0.09

14.01

MS!{T

5059.57**I
2g5g.5gxx*
æ74.75xxx
42gg.7Ùxxx
I 12.00
255.68

3.62

FPN

13.65

Mean squares

STK/PLT

14
9
4
I
2

28

7.08*t
g.g5t*
4.10
2.18
1.09
2.18

4.94

5.39*
5.28
4.44

10.00
4.47
2.61

2.23

66.00***
4 I .58*

153.55*t*
33.12
2.26

É.264

l.6l***
l.5lt*
2.49*xx
0.77
0.45
0.32

t. t7
0.65
2.49*
1.39
0.89
0.654

PRO

2.608.27

I 
** ***ttnnlftcant at p =.0i, .ot and .001 respectlvely.awttn zz ¿i- tJ

O
r\)



APPEND I X TABLE
of var I ance

Summary of
cha ra cter s

7.
for

llr/Yr regresslon coeff lclents and mean
sfudled ln the Fl complete dlallel.

squares from Wr-Vr analyses

Source of varlatlon and dÍ from l{r-Vr AN0VA

Character llr/Yr Regresslon coeff lclenta

Y IELD
TDM
HI
PD/PLT
S/PD
MSl{T
FLR
F MAT
MAT
STK/ P LT
HT
FPN
PRO

I .05
0.85
0.80
1.14
0.92
r.t5
I .00
0.96
0.98
0.78
0.79
0.55
I .06

1 0.21*x
+ 0.20*
! 0.21*
+ 0.33*
1 0.12**
+ 0.07**t
+ 0.02***
t 0.09**
+ 0.54*
t 0.16**
+ 0.lg*
! 0.27
+ 0. I 0***

44122 I I .00
5172617o.OOc

34 .4?
6t.54
0.0007

33425 .59
0. 07
0,58
0. 50
0. ooogc

84.85
0. 02
0.23

Arra ys
4

2391744.00
65849600.00

60.29
I I 5.64

0.0001
497 12.00

0.02
0.55
0.70
0.0007

13.26
o. I 2++
0.22

Blocks
5

92337 t 5.00
g84 153 I O. OO 

b

282.44+++
I 57.0 I

o. oo45+++
545004.70+++

I .45+++
4. I g+++
0.84+
o.oooTb

t 070.9 I +++

o.6g+++
6. O7++

Error
20

* **
+++
aAll
bwtttt
cwlth

lll tlgntftcantly dtfferent from zero at p =.05, .Ot and
Slgnlflcant at P =.05, .01 and.00l respectlvely.

regresslon coeff lclents were non-slgnlf tcantly dlfferent
4 df .
16 df .

.001 respectlvely.

from one.

lJ
O
(Á)



APPEND I X TABLE
of varlance

Summary of
ch a ra cter s

llr /Yr regress I on
studled ln the Fz

8.
for

coeff I cl ents and mean
complete dlallel.

squares from l{r-Vr analyses

Source of varlaflon and df from Wr-Vr ANOVA

Character Nr /Yr Regress I on coeff I c I enta Arrays
4

Blocks
5

3995424. O0+++
2g797l5o.oo++

ll.7l
2.48
o.0026b

r!¡405822.30' ' '

2.20+++
¡!5.19"

1.27+++
II

620.7 4 "
o. 59+++
o.4l+

.001 respectlvely.

from one.

Error
20

YlELD
TDM
HI
PD / PLT
S/ PD
MSIIT
FLR
FMAT
MAT
HT
FPN
PRO

0.8
0.9

41
6t
g+
7+
61
81
1t
7!
q+
7t
8t
1t

0. I 6**
0. 1 0**
0.07*t
0.16*
0. I 5*t
0.06***
0.04**t
0. I 5t*
0.49
0. I 4x*
0.09**
0.07***

2423 12. O0
10211910.00

9.44
1.05
0.0012

9 I 59.00
0. 09
1.72,l.91+++

75.00
0. 04
0.23

416264.70
57877 t 7.00
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