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Abstract

The present investigation was carried out at Giza Research
Station during 2003/2004 and 2004/2005 growing seasons. All' F,
crosses, including reciprocals, in a diallel mating design among five
parents of white lupin differing in origin (Dijon-2, Giza-2,
Kereskedeimi, Mutant-23 and Butter Cup) were studied to estimate
the genetic components along with combining ability for earliness,
seed yield and its components. Significant genotypes mean squares
were detected for all traits, indicating genetic variability for all
variables. The mean squares of general and specific combining ability
were significant for all traits indicating the role of additive and non-
additive gene action in the inheritance of these traits. Reciprocal
effects were significant for all traits, suggesting maternal effects .
Heterosis percentages of F, crosses relative to their respective mid
and better parents were significantly positive in several crosses for
plant height, number of branches, pods, seeds/plant, 100-seed
weight and seed yield/plant. Negative heterosis percentage relative
to mid and better parents were significant in some crosses for days
to maturity. Both parents Butter Cup and Mutant-23 were good
combiners for earliness. Dijon-2, Giza-2, Kereskedelmi and Mutant-23
could be superior combiners for number of pods, seed index and
seed yield per plant. Moreover, its F, crosses recorded high SCA
estimates for those traits. The additive component of genetic
variability (D) was significant for all traits, except number of
branches per plant. H, values were greater than D for number of
branches, pods, seeds/plant, 100-seed weight and seed yield/plant,
indicating the important role of dominance of genetic variance.
Overall degree of dominance (H,/D)* was less than unity for days to
maturity and plant height, indicating partial dominance for these
traits. The estimates of Kp/Kg were greater than one for plant height
and seed index, which indicated an excess of dominant genes in the
parents. The heritability values in broad sense were moderate for
number of branches per plant and high for the other traits. However,
narrow sense heritability estimates were relatively high for days to
maturity and plant height, moderate for number of pods,
seeds/plant, seed index and seed yield/plant, and low for number of
branches per plant.

INTRODUCTION

White lupin (Lupinus albus L.) is considered one of the leguminous crops with a
great potential because of its high seed protein content (between 35 - 45 %
according to the genotype) and its adaptation to poor soils and dry climates.
Nevertheless, white lupin makes a minor contribution to Egypt grain legumes
production as its exploitation has been restricted due to several factors including late
maturity and low yield of the commercial varieties. Therefore, improvement of
earliness and high yield potential are primary objectives of white lupin breeders. An
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understanding of the fundamental nature of the actions and interactions of genes
involved in the inheritance of quantitative characters is very helpful to plant breeders
in their choice of various selection and breeding procedures. The diallel analysis is a
method for identifying those parents and hybrids that have superior combinations of
the characters of interest. The estimation of the additive and dominance components
of genetic variance is very important in evaluating the potential of any heterotic
response.

Combining ability initially is a general concept considered collectively for
classifying an inbred line relative to its cross performance as well as helps the breeder
to identify the best combiners which may be hybridized either to exploit heterosis or
to build up the favorable fixable genes. Several investigators reported that the
manifestations of heterotic and combining ability effects in lupins ranged from
significantly negative to significantly positive estimates for number of days to
maturity, seed yield and its components (Lukashevich, 1981, Okaz et al., 1986,
Bushueva, 1988, Sech and Huyghe, 1991, Agarkova et af, 1991 and El-Sayad ef a/,
2002).

The present study was undertaken to estimate the magnitude of heterosis and
combining ability as well as understanding the nature of gene action and estimating
heritability of some quantative characters in white lupin hybrids.

MATERIALS AND METHODS

The experiments of the present study were carried out at Giza Research Station,
Agricultural R&cearéh Center, during 2003/2004 and 2004/2005 growing seasons

* using the diallel mating design including reciprocals among five widely diverse white
lupin genotypes. Four varieties: Dijon-2 (P;), Giza 2 (P,), Kereskedelmi (P;) and
Butter Cup (Ps) along with the promising Mg mutant line: Mutant-23 (P4), which was
asseésed and selected from a previous study (El-Sayad and El-Barougy, 2002), were
used as parents in the current investigation. They are briefly described in Table 1. All
possible cross combinations among these five lupin genotypes were made during
2003/2004 season. In the second season (2004/2005), an evaluationtrial was carried
out involving the five Parents and the derived 20 F, hybrids using a randomized
complete block design with three replications. Each plot consisted of one ridge 3 m
long and 60 cm width. Hills were spaced 20 cm with one seed per hill on one side of
the ridge. Sowing dates took place at early November. The normal recommended
cultural practices were followed. Ten guarded individual plants were taken at random
from each experimental plot and the following characters were recorded: days to
maturity (90 % of plants reached maturity), plant height (cm), number of branches
per plant, number of pods per plént, number of seeds per plant, 100-seed weight (g)
and seed yield per plant (g).



ZAGHLOL S. EL- SAYAD 431

Table 1. Origin, pedigree and some characteristics of the five white lupin genotypes.

Genotype Origin Pedigree Maturity Crowth habit Alkaloid content
Py High alkaloid
France French variety Late Indeterminate
(Digon-2) (bitter lupin)
Local vari
P, i High alkaloid
Egypt select from Late Indeterminate :
(Giza-2) (bitter lupin)
land race
P3 Hungarian High alkaloid
Hungaria Late Indeterminate
(Kereskedelemi) variety (bitter lupin)
Mg-induced
mutant line
Py Moderate alkaloid
Egypt derived from cv. | Moderate | Indeterminate
(Mutant-23) (bitter lupin)
Giza-1 by 2.5
KR*
Ps Australian Free alkaloid
Australia Early Determinate
(Butter Cup) variety _(sweet lupin)

*KR is a dosage of gamma-rays.

Regular analysis of variance of RCBD on plot mean basis was conducted to test
the differences among genotypes. The heterotic effect of F; crosses was estimated as
percentage over mid and better parents. An appropriate “t” test was made for the
significance of the F; crosses means from mid and better parents values (Wynne et
al, 1970). Combining ability analysis was conducted according to method 1, Model 1
of Griffing (1956) and genetic ratios were estimated according to Jinks (1954),
Hayman (1954 a) and Mather and Jinks (1971).

RESULTS AND DISCUSSION
Significance of variance:

The significance of observed mean squares in F; generation due to genotypes,
GCA, SCA and reciprocals are shown in Table 2. Highly significant differences among
genotypes were detected for all the studied characters indicating genetic diversity
between parental genotypes along with F; hybrids. The mean squares of GCA and
SCA were highly significant for all the studied characters. These results pointed to the
role of both additive and non-additive effects in the inheritance of these traits. The
mean squares of reciprocals were highly significant for all the studied characters
suggesting that these traits were additionally affected by non-chromosomal inherited )
factors in the female parems’. The ratio of GCA/SCA exceeded the unity for all the
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studied characters indicating that the additive gene action was more important than
dominance for these characters. These findings are in accordance with those obtained
by Sech and Huyghe (1991).

Mean Performance:

The mean performance of the five parents and their F, crosses including
reciprocals for different characters are presented in Table 3. Mutant-23 recorded the
highest value of seed yield, number of branches, pods and seeds per plant followed
by Dijon-2, which was the latest parent and gave the highest value of plant height.
Meanwhile, the sweet lupin variety Butter Cup was the earliest parent in maturity and
had the lowest values of plant height, number of branches, pods, seeds and seed
yield per plant but it had the highest value of 100-seed weight. Regarding the tested
crosses in F; generation, three crosses: (P; X Py), (P, x P3) and reciprocal (P; x Py)
exhibited significantly fewer number of days to maturity compared to the earliest
parent. The cross (P, X P;) exceeded significantly 'the tallest parent, while the cross
(P4 x P,) decreased significantly the shortest parent. Six crosses: (P; X P;), (Py X
Pa): (P2 X Pg), (P3 x Pg), (Ps x P;) and (Ps x P;) gave higher number of branches
per plant. The crosses (P4 x P;) and (Ps x P;) showed higher estimates for 100 seed
weight. Most of the crosses exceeded significantly the best parent in number of pods,
seeds and seed yield per plant. Moreover, the crosses (P, x P3), reciprocal (Ps x Py),
(Py X Ps), (P2 x P3), (P2 X Ps), and (P; x P4) recorded the highest values for these
traits. It could be concluded that the above mentioned parents and crosses would be
interesting and prospective for the future in white lupin breeding for improving the
maturity date and productivity.
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Table 3. Mean performance of the parents and their F1 diallel crosses for the studied

characters.
No.of Plant No. of | No.of No.of | 100-seed Seed yield
Genotype days to height | branches/ | Pods/ Seeds/ | weight /plant
maturity (cm) plant | plant plant (9) (@

Dijon-2 (Py) 173 1113 4 183 723 44 319
Giza-2 P2) 167.7 973 4 14.7 40.3 453 20.1
Kereskedelemi (Ps) 167 87.3 37 17.7 61.0 30.7 19.6
Mutant-23 (Ps) 156.7 105.0 4.7 19.7 783 43.8 358
Butter Cup (Ps) 151.3 58.3 3 8.3 30.3 458 13.0
Py x P, 166.3 103.7 5 237 92.0 4.2 . 39.7

Py X P3 170.3 108.3 4.7 29.7 111.3 40.6 45.3

Py x Py 180.0 93 5.7 320 112.0 40.6 453

P; X Ps 159.7 87 4 14.7 44.0 44.0 20.3

P, x Py 164.7 96 4.3 28.7 99.7 375 36.7

P2 x P3 161.0 103.7 4.7 35.7 112.0 39.3 443

P, X P4 158.3 105.3 6.7 343 117.7 47.7 563

P2 x Ps 155.0 92.7 4.3 18.0 54.7 38.7 220

P;x Py 163.7 110 4.7 320 127.7 429 54.3

P; x P2 159.7 101.7 4.7 28.0 107.3 39.0 40.0

P3 X Py 156.7 94.7 6 44.7 124.3 43.1 53.0

P3 X Ps 153.3 64.3 4 16.7 57.7 338 | © 203

Py X Py 159.7 97 4.5 203 76.0 470 35.0

Ps X P2 158.3 101.3 4.3 293 93.7 44.0 42.7

Ps X P3 160.7 83 4 14.0 57.7 36.7 213

P4 X Ps i 150.3 60 35 11.0 353 38.0 138

Ps x Py 148.3 91.7 5 18.3 46.0 51.0 24.7

Ps x P, 148.3 98.3 5 220 65.3 424 27.7

Ps X P3 148.7 84.7 4 21.7 76.0 36.2 27.7

Ps % Ps 149.7 727 4 123 45.0 41.8 18.7

LSD at 0.05 3.19 6.16 0.74 3.52 9.37 2.23 3.79
LSD at 0.01 4.25 8.21 0.98 4.69 12.49 2.98 5.05
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Heterotic effects:

Heterosis percentages relatives to mid (MP) and better (BP) parents are
presented in Table 4 . Concerning the number of days to maturity, data showed that
seventeen crosses were significantly earlier than the means of mid-parents with
heterotic effects ranged from —1.5 to -8.6 %. Moreover, heterosis percentages relative
to mid-parents were significantly positive in eight, thirteen, fifteen, fourteen, seven and
fourteen crosses with a range of 8.1 - 26.3, 17.6 - 52.3, 28.5 - 139.0, 26.3 - 120.9, 7.0
- 15.5 and 24.5 - 122.6% for plant height, number of branches, pods, seeds, 100-seed
weight and seed yield per plant, respectively.

However, heterosis percentages relative to better parents were significant with
negative values in three crosses and ranged from —2.0 to —4.4 % for number of days to
maturity. Meanwhile, heterosis percentages relative to better parents were significant
with positive values in one cross for plant height (6.6 %), in six crosses for number of
branches per pfant (21.3 - 42.6 %), in twelve crosses for number of pods per plant
(22.6 - 126.9 %), in thirteen crosses for number of seeds per plant (19.7 - 83.6 %), in
three crosses for 100-seed weight (5.3 - 11.4 %) and in thirteen crosses for seed yield
per plant (15.0-120.4%). The high magnitudes of heterotic values found in these
materials were expected due to the diversity of the parents.Therefore, improvement
would be expected from selection in the advanced segregating generations. These
results are in general agreement with those reported by Agarkova et a/. (1991), Sech
and Huyghhe (1991) and El-Sayad ef al. (2002).

General combining ability effects:

The estimated effects of general combining ability (gi) for each trait of the five
parents are included in Table 5. High positive estimates were found for all traits except
number of days to maturity where also the high negative estimates of this effect would
be useful from the breeder’s point of view. Therefore, the results suggested that both
parents Butter Cup and Mutant-23 were good combiners for earliness. They gave
highly significant negative GCA effects for number of days to maturity. Both parents
Dijon-2 and Giza-2 seemed to be better combiners for plant height. Moreover, Dijon-2,
Giza-2 and Mutant-23 showed to be good combiners for number of branches per plant
and 100-seed weight. Additionally, Dijon-2, Giza-2, Kereskedelmi and Mutant-23 could
be superior combiners for number of pods, seeds and seed yield per plant. They
exhibited highly significant and positive GCA effects for these traits. The detection of
the combining ability of the parental genotypes provides better information not only
for selecting the parents for hybridization but also in choosing the proper breeding
scheme.  Agarkova et al (1991) reported that the use of phenotypically similar
mutants with multiple allelism in hybridization appeared promising for breeding work.
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Specific combining ability effects:

The estimated effects of specific combining ability (Sij) are presented in Table 6.
The crosses: (Py X Py), (P1 X Ps), (P2 X P3), (P2 x Ps), (P3 x P4) and (P; x Ps) exhibited
negative significant SCA effects for days to maturity. Concerning plant height, four
crosses: (P; x P3), (Py x Ps), (P, X Ps) and (P, x Ps) expressed positive significant SCA
effects. On the other hand, because sometimes it is useful to breed for short plants,
three crosses (P; x P,), (P: x P4) and (P4 x Ps) showed negative significant SCA effects
for this trait. Most of crosses had positive significant SCA effects for number of
branches per plan

Table 5. Estimates of general combining ability effects (gi) of the parental genotypes
in F1 generation for the studied characters.

100-
No. of Plant No. of No. of No.of
seed Seed yield
Parent days to height branches pods seeds
weight | /plant (g)
maturity {cm) /plant /plant /plant

()]
P1 (Dijon-2) 6.33%% | 8.49%F | 0.09% | 1.08% | 8.03%% | 2.17%% | 4.25%
P2 (Giza-2) 1.17%% | 7.20% | 0.19%% | 2.38%x | 4.89%F | 0.93%* | 2.72%

P3 (Kereskedelemi) 127 0.33 0117 3.25%% | 12.19%* | -4.00** 2.29%F

P4 (Mutant-23) 0.83* | -074 | 033 | 0.95% | 416% | 0.90% | 3.19%
P5 (Butter Cup) 793 | 1537%* | -0.510%* | 7.65% | 2907%% | 0.00 | -12.45%*
S. E. (gi) 0.32 0.61 0.07 0.35 0.93 0.22 0.38
S. E. (gi-g)) 0.50 0.97 0.12 0.55 1.47 0.35 0.60

*and ** significant differences at 0.05 and 0.01 level of probability, respectively.

The crosses (P; x Ps), (P2 x P3) and (P> x P4) had positive significant SCA effects
for number of pods, seeds, 100-seed weight and seed yield per plant. Moreover, the
two crosses: (P, X Ps) and (P; x Ps) exhibited positive significant SCA effects for
number of pods and seed vyield per plant. The two crosses (P; x P;) and (P; x Py)
showed positive significant SCA effects for number of pods per plant. Also, the two
crosses (P; X Ps) and (P; x P4) showed positive significant SCA effects for 100-seed
weight. From the breeding point of view, parents characterized by good GCA for yield
and its components along with high estimates of SCA effects are obiviously essential. A
great deal of interest has been given to select crosses that contain both good general
combining parents and crosses involving one good and one poor combining parents
with SCA effects. This conclusion is in agreement with those obtained by Bushueva
(1988) and Sech and Huyghe (1991).
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Reciprocal effects:

Regarding to reciprocal effects (rij) in Table 7, only one cross Mutant-23 X
Kereskedelmi (P4 x Ps;) showed negative significant reciprocal effects for days to
maturity as well as positive significant reciprocal effects for the other studied traits.
Moreover, the cross Giza-2 x Dijon-2 (P, x P;) expressed positive significant reciprocal
effects for both number of branches per plant and 100-seed weight, the cross Mutant
23 x Dijon-2 (P4 x Py) for number of branches, pods, seeds and seed yield per plant,
the cross Kereskedelmi x Giza-2 (P3 x P,) for both number of pods and seed yield per
plant; and the cross Mutant-23 x Giza-2 (P4 x P,) for number of branches, pods, seeds,
100-seed weight and seed yield per. Results suggested that earliness of maturity, seed
yield and its components appeared to be influenced by the female parent. Reciprocal
differences may result from maternal differences and plasmon- gene interactions.
Sech and Huyghe (1991) and El-Sayad et a/. (2002) found reciprocal cross differences
occurring among white lupin reciprocal F; hybrids.

Gene action:

Data were subjected to the diallel analysis proposed by Hayman (1954 a),
Mather and Jinks (1971) to obtain more information about the genetic behavior of the
studied traits. The computed parameters presented in Table 8 showed that the
additive components of genetic variability (D) were significant or highly significant for
all traits except number of branches per plant, indicating that the additive gene action
was more important than the non-additive in controlling the inheritance of these traits.
Whereas, dominance gene action played an important role in the inheritance of
number of branches per plant, which had insignificant D value inspite of obtained
significant GCA mean square for it. Dominance may play a role in GCA estimates as
emphasized by Jinks (1954).

In each case H; and H, (dominance components of genetic variance) were
significantly different from zero and H, was greater than H, in all cases except number
of branches per plant, indicating that the positive and negative alleles at the loci for
these traits were not equal in proportion in the parents. Theoretically, H, should be
equal to or less than H; (Hayman, 1954 b). Since D was greater than H; for days to
maturity and plant height, suggesting that additive genetic variance was more
important. However, number of branches, pods, seeds, 100-seed weight and seed
yield per plant showed high values of H, than D, indicating the important role of
dominance of genetic variance. These results are in accordance with those obtained by
Khotyljova et al. (1996) and El-Sayad et al. (2002).
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Table 6. Estin;ates of specific combining ability effects (Sij) of different crosses
in F, generation for the studied characters.

No.of Plant No. of No.of No.of 100-seed | Seed yield

R days to height branches/ pods seeds weight /plant

maturity (cm) | plant /plant /plant (9) ()

P1 x P2 ~1,53% -8.39%* ~1.13%* 0.19 5.61 -3.67°* -1.09
P1 x P3 -0.13 7.91%* QAT 3.99%* 21.97%* 2.27* 1101

P1 x P4 4.80%* -5.19%* 0.24%* 1.62%* 4.51 -0.80** 0.45
P1 x P5 -3.93** 3.77% 0.41%* 0.55 | -11.06%* 3.93** -1.59*
P2 x P3 -1.63%* 2.61 0.07** 3.69** 14.77%* 0.83** 4.88**
P2 x P4 -1.53% 4.34** 0.47** 5.99** 19.31** 2.60%* 11.31%*
P2 x P5 -1.10* 11.14%* 0.47%* 2757 7.07 -1.83*%* 2.28*%*

P3 x P4 ~1.30%* -3.19 0.27** 2.62** -2.66 1.87** -0.59
P3 x PS5 -1.87%* -1.56 0.11%% 1.05% 6.61 -2.23%* 1.88%*
P4 x PS -0.77 9,995 -0.49** -5.48%* | -14,19%* 4.47** -8.19%*

S. E. (gi) 0.65 1.26 0.15 0.72 1.91 0.46 0.78

S.E. (gi-g)| 1.00 1.94 0.23 111 2.95 0.70 1.19

*and ** significant differences at 0.05 and 0.01 level of probability, respectively.
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Table 7. Estimates of reciprocal effects (rij) of different crosses in F1 generation for

the studied characters.
No.of Plant No.of No.of Seed yield
No. of 100-seed
Cross daysto | height pods seeds /plant
branches/plant weight (g)
maturity | (cm) /plant /plant (9)
P2 x P1 0.83 3.83 0.33%* -2.50%* -3.83 3.50** 1.50
P3 x P1 3.33** | -0.83 0.00 -1.17 -8.17 -117%* | -450%*
P4 x P1 10.17*¢* | -2.00 0.50%* 5.83** 18.00%* -3.33%¢ | 5q7%*
P5 x P1 5.67%% | -2.33 -0.50** -1.83* -1.00 -3.50%% | -2.17%
P3 x P2 0.67 1.00 0.00 3.83** 2.83 0.17 2.17*
P4 x P2 0.00 2.00 1.17%% 2.50%* 12.00* 1.83%* 6.83%*
P5 x P2 3.33% | -2.83 -0.33%* -2.00* -5.33 -1.83%% | -2.83%*
P4 x P3 -2.00%* | 5.83* 1.00%* 15.33%* 33.33** 3.17%* | 15.83%
P5 x P3 2.33%¢  |-8.83%* 0.00 -2.50%* -9.17 -L17%% | -3.67%*
PSxP4 | 033 |633*| -017% -2.00* -7.00 -3.83%* | -3.83%*
S. E. (si)) 0.79 1.53 0.19 0.89 2.33 0.56 0.94
(S. E.sij-sik) | 1.12 2.17 0.26 1.24 3.30 0.79 1.33

*and ** significant differences at 0.05 and 0.01 level of probability, respectively.
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Table 8. Estimates of genetic and environmental components with mean of genetic
estimates and heritability values for the studied characters in F1’s diallel

crogses.
Components | No.of Plant No. of No.of No.of  |100-seed {Seed yield
of variance | daysto | height | branches pods seeds weight /plant
maturity (cm) /plant /plant /plant (g) (9)
74.71%% £ M18.32%*% | 0.183 % | 1587*+ | 394.56+ |[38.58%* + | 83.77** %
° 3.87 13.08 0.074 4.67 45.90 1.99 9.02
1924+ (127.57%% | -0223% | -31.48% |-14473% |2327%+ | 1593+
F 9.68 32.66 0.184 11.68 114.66 4.97 22.54
48.64* £ [292.38**+ | 0.429 £ |134.39%*% P016.76** +|39.54** + {369.20** +
H 10.46 35.31 0.199 12.62 123.96 5.37 24.37
37.68* £ R19.05**+ | 0.519% [107.11%* & |1456.96%*+ [32.53** £ |276.04** =
" 9.49 32.03 0.180 11.45 112.43 4.87 22.11
377+ | 1327+ [0.184%* = | 459 32.53 1.82 % 5.45 %
F 1.58 5.34 0.030 1.91 18.74 0.81 3.68
h2 81.01 1.36 2.45 287.86 2707.02 2.01 419.03
(H1/D)%2 0.807 0.836 1.532 2.910 2.261 1.012 2.099
H2/4H1 0.194 0.187 0.303 0.199 0.181 0.206 0.187
KD/KR 0.725 1.446 0.412 0.492 0.850 1.849 0.913
h2/H2 2.150 0.006 4.727 2.688 1.858 0.062 1.518
eritability:
Hieerl seniss 0.943 0.945 0.614 0.933 0.966 0.914 0.968
e enss 0.799 0.728 0.341 0.543 0.581 0.529 0.564

*and ** significant differences at 0.05 and 0.01 level of probability, respectively.

The covariance of additive and dominance effects (F) were negative for days to
maturity as well as number of branches, pods, seeds and seed yield per plant, but they
were positive for plant height and 100-seed weight. Negative estimates of F indicates
an excess of recessive alleles, while the positive estimates of F indicates an excess of
dominant ones. All estimates of the environmental variance (E) were insignificant for
all studied traits except number of branches per plant, indicating that this trait has
been affected by environmental factors. The overall dominance effects of
heterozygous loci (h?) were positive in all traits, indicating that the effect of dominance
was due to heterozygosity and that direction of dominance was positive. Overall
degree of dominance estimated by (H:/D)% was less than unity:for days to maturity
and plant height, indicating partial dominance for these traits, while the over
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dominance was important in the inheritance of the other traits. Yassen (1988), Klochko
et al. (1996) and El-Sayad et al. (2002) reported that both additive and dominance
gene action were the most important components controlling variation for days to
maturity, seed yield and its components.

The proportion (H,/4H;) was lower than 0.25 for all traits except number of
branches per plant, indicating that positive and negative alleles were not equally
distributed among the parents. The estimates of Kp/Kr were greater than one for
plant height and weight of 100-seed, indicating an excess of dominant genes in the
parents for these traits. Meanwhile, Kp/Kr were less than one for days to maturity,
number of branches, pods, seeds and seed yield per plant, indicating an excess of
recessive genes in the parents for these traits.

The heritability values in broad sense were moderate for number of branches
per plant and high for the other traits. However, narrow sense heritability estimates
were relatively high for days to maturity and plant height, moderate for number of
pods, seeds, 100-seed weight and seed yield per plant and low for number of
branches per plant. These results indicated that dominant genetic variance was more
important for number of branches per plant. However, days to maturity, plant height,
number of seeds and seed yield per plant are mostly controlled by additive gene action
and it is possible to breed for improving these traits. These findings are in general
agreement with those obtained by Sech and Huyghe (1991), Klochko et a/. (1996) and
El-Sayad et al. (2002).

In general , pedigree selection program for all studied traits, except number of
branches per plant could be more efficient for obtaining desirable improvement in
these traits in the advanced segregating generations.
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