Iraqi Journal of Agricultural Sciences —2018:49(4):569- 576 Askandar & et al.

HETEROSIS, COMBINING ABILITY AND GENE ACTION ESTIMATIO IN
PEA (Pisum sativa L.) USING FULL DIALLEL CROSSES

H. S. Askandar P. A. A. Zibari Z. A. Teli
Assist. Prof Lecturer Lecturer
Dept. Field Crop. of Coll .of Agric. Dept. Hort. Coll of Agric.

of Univ. of Dhok
ABSTRACT
This study was carried out at the experimental field, College of Agriculture, University of
Duhok, during 2013- 2015, using six genotypes of pea. The objective of this experiment to
investigate heterosis and several genetic parameters by using full diallel cross. The results
revealed that general combining ability were significant in all studied traits except No. of
grain pod™, also special combining ability and reciprocal were significant in all traits at
probability 5%.
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INTRODUCTION

Pea (Pisum sativum L.) is one of the most
annual herbaceous legume crop belongs to the
family fabaceae (leguminosae) (20). Pea crop
originated it Near East and Mediterranean
regions. It is the one of the world oldest crops
cultivated as early as 9,000 years ago for
human food and animals feed
(18).Hybridization is one of the plant breeding
programs and the most successful approach for
increasing the productivity of the vegetable
crops. Selecting of the best parents and crosses
one of the main important of aim of the plant
breeders for developing high vyielding
genotype through breeding programs , in a
breeding process it’s necessary to identify a
highest combining ability parents crossing to
the expand the genetic variability for selection
of superior genotypes (17). Some researchers
(14) observed that general combining ability
variance was lower than specific combining
ability for number of pods plant™, number of
seeds pod™, the weight 100 seeds and seed
yield plant™ while, for number of days to 50%
flowering, the general combining ability to
specific combining ability variances ratio was
lower than one for all the traits, indicating that
predominant role for non-additive gene action
in the expression of traits in pea. Some
researchers were found in their research on
heterosis from F; to mid parents and best
parent and their results showed that positive
heterosis for seed yield, green pods plant™ and
negative heterosis for days to 50% flowering
(10; 14 , 21). Abbas (1) found informations
from full diallel analysis in pea and reveled
that days to 50% flowering was controlled by
partial dominance. Sirohi and Singh(22)
indicate in their program of chlorophyll
content that both additive and non-additive
gene actions were important for controlling
total chlorophyll in pea. This experiment was
aimed to investigate the effect of GCA of
parents and SCA of hybrids and their
variation estimation the heterosis as comparing
with the best parent and mid parent.
MATERIAL AND METHODS

This study was carried out at the experimental
field at the Faculty of Agriculture, University
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of Duhok, during 2013- 2015, using six
different cultivars pea (Tendrilla, Hurst green,
Jumbo, Boogie and Kelvedoa from UK and
Local cultivar (Determinate) from Duhok
university.

Planting dates and experimental design

The full diallel program was conducted by
planting six parents cultivars during Nov. 2013
and at flowering times full diallel cross was
carried out in next season during November
2014, the Fihybrids with parents were
arranged in Randomized Complete Block
Design (R.C.B.D) with three replications at the
experimental field, each block was consisted
of 36 treatment (6 parents + 30 hybrids).
Each genotypes planted in rows of 2.5m long
at 0.75m between rows (1 row for dry seed
yield and 2 other rows for vegetative
measurement). One seed per hole were sown
with spacing 0.25m within the rows. At
maturity three individual plants were taken at
random from each entry and data for the
following traits were recorded: day to 50%
flowering, plant high (cm), number of
branchs/plant, number of pods/plant, number
of seeds/pod, dry seed yield/ plant (g), 100 dry
seeds weight(g) and total chlorophyll
percentage (it was determine by chlorophyll
measurement  device((chlorophyll  meter))
spad-502 plus.. Heterosis was calculated for
the F1 according to mid parents using:
Heterosis(H)% = FII;_A:'P x 100g

Where

F =Mean of hybrid

M. P =Mid-parents

RESULTS AND DISCUSSION

Table 1 shows the result of analysis of
variance for genotype, general combining
ability and specific combining ability
reciprocal combining ability effects. It is clear
that significant differences were reveal among
genotypes for all the studied traits except
weight 50 grains. General combining ability
were significant in all studied trait except No.
of grain pod™, also specific combining ability
and reciprocal were significant in all the traits
at probability 1%.This results are agree with
those found by some researchers (2, 23).
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Table 1. analysis of variance (mean squares values) for different characters according to
method1l Griffing (1956) (15) genotypes (parents and hybrids) in Fulldiallel cross

Mean squares

S C

c 5 5 - 5 9 < 5
ource of haracters 'S ) S . = 2 = = =
variation o 27 =2 z = @) 2 S =

3 - - = o
S ! = © >
= » 4= = c = o
d o s = = '3 S o B o
f > (=) - =) = o © ) =
R 2 4 2 4
eplication 6.41 .01 35.39 .92 70.31 6. 47 73 3 .86
9145.98
G 3 3 2 z 3
enotypes 5 04.64** .94%** 048.63** b53** 1.42** 2.71*%* 70.63** 9255.42 7.36**
G 5 4 5 4 1
CA 2.03** 21 48.78** AR 7.12%% 7.38%* 447 0950.00**  4,39**
S 1 7 5 € 1
CA 5 9.38** 81**  08.68** 62%*%  433**  8.72**  6.36** 1284.80**  .94**
R 1 1 9 1 1
eciprocal 5 43.56**  A41**  01.77** A3**  9095%*  203**  (09.30**  5597.15%*  1.54**
o2 7 z 6 z 3
e 0 0.50 57 9.99 .35 8.85 .76 3.93 9242.42 2.22

Table 2 reveal the mean values of parents and
their hybrids for nine studied characters. The
result shows that parent 5 produced highest
seed yield ( 41.20 gm plant®) and parent 1
gave the lowest value 27.63 , and hybrid (1x2)
produced highest seed yield (66.87) and hybrid
(6x4) gave lowest value 23.83. The results
indicat that the largest number of seeds pod ™
ranged between 6.13 to 8.13 in parents 5 and
4, respectively and ranged between 5.50 and
9.10 for hybrid (6x2) and (6x3), respectively.
It can be noticed that parent 5 was the highest
for weight gm plant™ (132.63) and parent 1
gave lowest value 66.63 and ranged between
60.63 to 150.00 for hybrid (1x6) and (6x5)
respectively. The No. of tillers was restricted
between (2.33) for (5) and (3.40) for parent (2)
and hybrid (5x2) gave highest value (5.00)
and lowest value was produced from plant
highest by hybrid (1x5) (2.27).The results
shows that the parent 2 was the longest ( 77.00
cm) and the parent 6 was the shortest (65.93)
and the hybrid (2x5) (76.30 cm), while the
hybrid (4x1) had the sorters plant (56.30)
cm.The highest and lowest chlorophyll %
produced by the plants of the parents 6 and 4
and produced 45 and 29.53, respectively and
ranged between 50.43 and 35 for hybrids (6x2)
and (5x4), respectively .The results indicated
that the No. of pod plant ™ ranged between
33.13 to 11.10 in parents (5) and (3),
respectively and reached 49.80 pods plant ™ in
both hybrids (5x6) and (4x2).The highest 50
grains weight obtained was 18.60 gm in
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parent (2) and lowest weight 12.22gm in
parent (1), and ranged between 22.68gm and
7.92gm for hybrids (3x6) and (1x4),
respectively. It can be noticed that parent (4)
and (1) was give the highest and lowest value
of flowering 50% (136.67) and (131.67) ,
respectively and lowest and high value in this
trait (129.00) and (141.33) was found in
hybrid (5x1) and (6x4) respectively. These
results are agreement with those obtained by
(7, 8 ,12 ,19). Table 3 shows estimation of
general and specific combining ability effect
for each parent and hybrid for the studied
traits. For seeds yield it is clear that parent (5)
was good combiner for general combining
ability and gave (2.33). Parent (1) was the
good combiner for No. seeds pod™ , on the
other hand the parent (5) was significantly
good combiner in the desirable direction for
seeds weight plant (9.45). It was found that
parent (2) was good combiner for No. of tillers
and gave (0.31). As for plant height the parent
(2) was the good combiner and gave highest
value (1.83). For chlorophyll and No. pod
plant™ the parent (6) and parent (2) was the
best combiner and gave highest value (2.33)
and (1.91) respectively. The parents (5) and
(6) were the good combiner for weight of 50
seeds and gave (38.96). For flowering 50% the
parent (4) was significantly good combiner in
the desirable direction and gave (1.22). Hybrid
(6x4) showed specific combining ability effect
for seeds yield and gave highest value (13.48).
For No. of grain pod™and weight plant™ trait
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the hybrid (6x2) and (6x4) was the best
combiner in the desirable direction and gave
(1.40) and (26.83) respectively. Combining
ability effect in the desirable direction for No.
of tillers and plant height in hybrid (5x6) and
5x2) gave (1.26) and (7.93) respectively. The
effects of specific combining ability in hybrids
(2x1) and (1x4) for chlorophyll and No. of pod

plant® showed significant effect in desirable
direction and gave (7.52) and (10.80)
respectively. As for hybrid (5x6) and hybrid
(4x2) that had desirable specific combining
ability effect for weight of 50 seeds and
flowering 50% trait that gave (247.16) and
(48.3) respectively. These results are similar
with those found by (9, 13).

Table 2. Mean performance for studied character in genotypes (parents and hybrids) in
Fulldiallel cross

Characters '@ . ‘5 . = o e < 2 2
] 2‘-,' ;H § - S 2 o qé £ g ©
Ne) 4 o ®© [=)
o c o - _— — o
o o < @ < = ()] Lo
2 g g = 5 £ 3 2
genotypes 2 5 5 5 = 3 3 1 = g
1 . i ( : . :
7.63 10 6.63 .90 0.43 1.80 5.63 2.22 31.67
2 . ' ! . ' . . .
1.73 13 8.30 40 7.00 6.13 6.00 8.58 34.00
3 . ' ' . ( . . .
7.90 .93 6.63 e 6.50 2.93 1.10 8.39 33.33
4 . { { ) ' ) . .
9.20 13 8.60 .67 0.43 9.53 0.93 5.34 36.67
5 ‘ ( . ) ( . . .
1.20 13 32.63 .33 7.23 6.20 3.13 5.40 32.33
6 . ' : . ( . : :
9.23 43 06.60 .23 5.93 5.00 8.63 6.94 33.67
1x2 ( ' . . ( ! ! !
6.87 .50 08.60 .70 4.30 0.33 2.30 .64 33.00
1x3 . | ( : ( . : {
6.90 43 3.30 .80 8.93 7.40 8.63 57 32.33
1x4 ‘ { ! . ( . . '
0.00 .50 0.00 .93 1.13 3.53 9.10 .92 35.33
1x5 : ’ ’ ; ! . : :
2.80 .93 1.63 27 9.60 6.53 6.00 2.18 37.67
1x6 : ' ( . ( . : :
6.23 .30 0.00 .93 2.13 7.40 1.80 0.24 38.00
2x3 ‘ ' : . | . : :
1.50 .50 03.30 37 8.53 4.33 3.80 6.95 35.00
2x4 . ' ! . ( . . .
2.55 .60 9.93 A7 1.30 7.10 0.80 2.38 38.67
2x5 ‘ { . ! ' . . .
3.30 .80 14.57 .50 6.30 3.73 1.60 6.85 33.00
2Xx6 : { . . ' . : .
8.50 .30 18.30 .57 2.23 6.20 8.30 3.44 37.33
3x4 . ! ( . ( . : .
7.83 .63 5.00 13 2.63 9.53 7.43 7.45 37.33
3x5 ‘ ( : ! | . : :
3.26 .63 38.30 A7 4.43 7.73 9.13 6.35 35.67
3x6 ! ! ' . | . : .
8.64 .93 4.93 .50 4.40 7.93 6.93 2.68 35.33
ax5 ] H ( ; ( . : :
7.40 .30 6.63 73 0.30 6.07 3.63 5.80 35.00
4x6 ! { . . ( . . .
0.80 .30 45.30 .87 1.80 2.30 6.13 8.69 36.00
5x6 ( { : ‘ ( . ‘ :
0.70 10 43.30 .80 8.63 9.60 9.80 7.25 36.67
2x1 . ( : ‘ ( . . .
7.13 13 35.00 10 8.13 5.30 4.50 8.04 35.00
3x1 ‘ ’ . . ' ‘ ' .
3.20 10 29.93 .00 2.80 4.20 9.93 4.17 35.00
4x1 ’ ( : . ! . ‘ :
8.60 .63 16.70 .63 6.30 1.80 1.10 5.59 37.33
bx1 ‘ { . ) [ . . .
4.13 .30 09.93 .80 6.93 5.83 4,50 8.74 35.00
6x1 . ' ‘ : ! : )
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5.23 .63 24.93 .70 6.80 4.60 4.63 6.76 31.00
3x2 ‘ | . . | . . :

5.23 43 45,00 .50 9.30 2.70 8.63 8.14 29.00
4x2 ! ! . ! | . ‘ :

9.73 .80 34.80 .00 2.50 1.20 9.80 7.13 29.00
5x2 . | ! : [ X : :

4.90 43 1.63 A7 0.43 8.70 1.13 2.19 31.33
6x2 : ! ' : ! ! : :

3.00 .50 6.43 .53 9.53 0.43 5.60 4.09 31.33
4x3 ‘ ' . . ' . ‘ :

9.70 .30 04.93 .20 1.50 2.53 1.30 2.85 31.33
5x3 : ( : . ( . . .

4.00 .60 29.93 .07 9.80 8.53 2.10 411 36.33
6x3 . ! ! ; ( . . .

6.73 10 6.67 .37 6.80 7.30 1.43 6.43 38.67
5x4 ‘ ( : . ' . . .

4.20 43 28.30 .37 4.80 5.00 3.93 7.43 39.67
6x4 : ( ! : | . : .

3.83 .30 1.63 .90 6.63 8.20 8.30 8.28 41.33
6Xx5 ‘ ( : ! ( . . .

3.20 .50 50.00 A7 7.43 9.83 8.80 7.93 39.67
L.s.d %5 ’ ( : ( [ . ’ :

.32 .00 3.39 .94 .95 .16 .83 11.02 .59
L.s.d %1 ! ( : : ! ! : !

.76 .00 7.60 24 13 A7 0.29 16.25 .35

Table 3. Estimation of general and specific combining ability effects of parents and hybrids
for studied characters

= =3 T« - =
£ = o - o

Characters 'E s & % = 5 E5 s §- = 'GE': g ¥

O z 8 235 zZ%5 52 5 zZa =3 2 3
Genotypes - c & £

] g = = s o
= = = = > c

1

3.00 .25 8.98 0.19 1.39 .06 0.15 21.96 0.56
2

15 0.03 .09 31 .83 .54 91 19.21 1.58
3

0.79 0.01 3.88 0.19 .46 0.65 3.66 17.76 0.58
4

.89 0.13 2.56 .03 1.24 2.46 .66 19.36 22
5

.33 0.03 .45 .03 71 1.82 .95 8.96 42
6

0.58 0.06 0.12 .01 1.36 .33 .29 8.96 .08
SE (9i-9j)

44 .07 .81 .06 42 .25 A7 9.06 .34
1x2

2.82 0.79 0.44 45 0.44 1.10 .84 0.03 A7
1x3

2.19 A3 22 0.05 .58 .07 .30 6.02 0.17
1x4

.38 .06 0.63 .62 4.87 75 0.80 8.09 .69
1x5

1.89 .50 13.94 0.64 2.27 0.37 4.35 36.53 .50
1X6

6.71 0.11 2.69 0.34 4.00 .29 5.72 38.49 1.00
2x1

4.87 .68 13.20 0.20 1.92 52 3.90 4.20 1.00
2x3

.98 .62 7.68 0.02 0.59 31 0.82 9.71 0.81
2 x4

.07 0.53 .58 41 491 0.25 .94 8.61 0.78
2 x5

0.41 .29 16.70 31 0.39 .18 0.29 39.94 1.64
2X6

5.85 0.39 12.86 0.60 0.80 13 4.05 40.70 0.14
3x1
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8.15 .67 33.32
3x2

1.87 0.47 20.82
3 x4

2.36 0.78 12.86
3x5

3.93 0.74 4.29
3X6

.04 .20 14.46
4x1

4.30 .93 13.35
4x2

13.59 .90 17.43
4x3

10.93 0.83 19.97
4 x5

.55 14 13.69
4X6

4.02 A1 6.88
5x1

5.67 0.18 9.15
5x2

0.80 .18 1.47
5x3

.63 .02 .18
5x4

.60 .93 30.38
5X6

.18 .01 0.56
6x1

4.50 0.17 32.47
6x2

.75 40 0.93
6x3

0.96 1.58 10.83
6x4

3.48 .00 6.83
6Xx5

.75 .80 9.15
SE (Si-Sj)

.23 .20 .28

0.10 1.93 .60 0.65 2.80 1.33
0.07 0.38 .82 2.42 0.59 .00
.00 .63 .82 .58 7.47 1.28
45 1.27 0.72 0.46 35.77 A9
0.22 0.71 0.39 .76 36.45 .53
0.85 42 .87 1.00 3.84 1.00
0.92 0.60 2.05 14.50 2.38 .83
0.03 4.43 1.50 11.93 .30 .00
0.34 .86 49 6.62 37.69 72
.01 .60 0.94 2.52 35.83 .39
0.27 3.67 .35 75 3.28 .33
.52 .93 .52 .23 .33 .83
.55 2.68 0.40 .52 3.88 0.33
0.32 7.25 .53 0.15 0.82 2.33
.26 A7 2.11 27 47.16 .69
A2 .67 40 1.42 3.26 .50
.52 2.68 2.12 .35 0.33 .00
57 1.20 4.68 75 A3 1.67
48 2.42 .05 .92 21 2.67
17 .60 0.12 0.50 41.87 1.50
.16 .18 71 .33 3.91 .95

Table 4 shows the estimation of heterosis for
all studied traits that are calculated according
to the difference between average value of the
hybrids and the mid parents value. For seeds
yield it is clearly observed that significant and
positive heterosis obtained for fourteen
hybrids (1x2), (2x4),(3x4), (3x5), (3x6), (5x6),
(2x1), (3x1), (4x1), (5x1), (3x2), (4x2), (5x2)
and (4x3) at level 1% and one hybrid (1x4) at
level 5%, the other hybrids didn't attained to
significant level and revealed positive and
negative values . No significant differences
were found in negative or positive direction
for no. of seeds pod™ for all hybrids. Hybrids
(2x1), (3x1), (4x1), (5x1), (6x1), (3x2),(4x2),
(4x3), and (5x4) showed a significant increase
for weight/ plant at level 1%, while another
hybrids did not reached to significant level.
For no. of tillers eleven hybrids showed
significant and positive heterosis (1x2), (2x4),
(3x4), (3x5), (3x6), (5x6), (2x1), (4x1), (4x2),
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(5x4) and (6x5) at level 1% and hybrid (1x4)
at level 5%, and other hybrids gave not
significant positive and negative values. Three
hybrids (2x4), (3x6) and (5x6) were superior
in the desirable direction and significant for
plant height plant at level 1% and hybrid (5x4)
at level 5%, and hybrids (1x2), (1x4), (3x4)
and (3x5) exhibited significant decrease, while
other hybrids showed no significant positive or
negative values. As for chlorophyll hybrids
(1x2), (3x4), (3x5), (3x6), (5x6), (3x1), (4x1),
(3x2), (4x2), (6x2), (4x3), and (6x3) gave
significant and desirable positive increase at
level 1% and at level 5% for hybrids (1x4),
(2x4) and (5x3) but did not reached significant
level in remaining hybrids. In no. pod/ plant
hybrids 3x1, 4x1, 3x2, 4x2 and 4x3 showed a
significant and positive heterosis, while other
hybrids gave non significant positive and
negative values. No significant differences
were noticed in negative or positive direction
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in all hybrids for weight of 50 seeds. Hybrids increase for flowering 50% at level 5% and
(6x3), (5x4), and (6x4) showed a significant

Table 4. Estimation of heterosisat mid parents for hybrids by fulldiallel crosses.

cha = - o e = o
racters % s S s < 5 <3 = g
S S L o k) = S QL o
O zZ = z T O z = - [T
5 g - IS 8
=y Q L . % L S S\i
hyb 3 g 3 S o 2 3 2 =
rids > (=)} Q =] o Qo (o8 o [
1x2 1 - . 1 - 2 1 -
25.27 ** 1.53 1.69 7.46 ** 12.77 ** 9.17 ** 51.24 37.40 13
1x3 - 5 - - 0 2 1 -
17.90 20 11.63 1.18 .68 6.85 14.21 43.98 0.13
1x4 1 4 5 - 2 1 -
9.70* 72 5.95 39* 13.20* 2.06 * 13.86 42.53 .87
1x5 - 1 - - - 1 6 -
4.70 1.48 28.10 13.38 13.41 9.32 .63 11.80 29
1x6 - - . - - 9 - -
21.54 6.01 30.73 4.35 8.87 22 1.51 29.77 .02
2x3 - 0 2 - 7 1 -
6.52 .88 4.25 .70 14.56 43 2.13 33.01 74
2x4 2 1 : 4 3 3 3 -
2.09 ** 5.28 2.60 8.35 ** 50 ** 3.20* 4.66 0.64 1.72
2x5 5 2 . 2 0 2 - -
.58 5.13 45 4.42 .16 7.74 4.28 20.89 13
2x6 - - . - - - - -
21.56 22.65 36.55 5.53 12.36 2.55 36.18 1.74 .62
3x4 2 3 . 0 - 4 4 -
2.96 ** 32 19.35 61 ** 11.93 ** 7.49** 7.55 6.31 .00
3x5 2 1 . 5 - 2 6 1
8.45 ** 8.01 8.87 1.63 ** 7.58 ** 2.37** 3.38 0.64 38
3x6 5 5 : 6 3 1 1 3
7.39 ** 42 6.41 0.00 ** .65 ** .63** 50.67 872.47 37
4x5 9 1 . 1 - 9 - 2
.78 6.36 0.62 2.00 2.76 .03 9.37 1.93 37
4x6 - - . - - 1 - 3
10.16 1.93 8.01 8.47 16.70 9.68 0.61 .84 3.08
5x6 2 7 - 1 7 4 3 -
3.58 ** .62 12.28 4.97 ** 38 ** T76** 3.73 20.53 1.25
2x1 2 - [ 3 - - 1 1
5.10 ** 19.55 3.69** 0.15** 7.56 9.41 7.67 7.14 .63
3x1 3 - i 6 6 1 1 -
1.82 ** 11.47 1.39** .00 .32 8.27** 23.93** 7.38 .88
4x1 4 - ! 6 - 1 1 1
5.42 ** 18.22 0.34** 6.54** 20.06 7.18** 24.83** 3.04 .36
5x1 3 1 : 6 - - 0 3
2.04 ** 6.57 0.33** .87 2.76 8.12 49 5.69 27
6x1 5 - ‘ - - 2 1 1
.38 1.67 4.23%* 12.05 16.69 76 1.29 4.95 1.25
3x2 2 1 [ 1 - 2 5 -
9.89** 1.95 5.77** 3.63 341 3.66** 4.33** 1.83 3.49
4x2 6 - ‘ 6 - 2 1 1
8.39 ** 23.98 4.24%* 5.01** 15.21 5.49** 12.18** .00 4.67
5x2 2 2 : 2 - 6 5 -
3.11 ** 7.14 20.63 0.90 16.19 .99 .30 28.25 1.37
6x2 - - . - - 2 - -
6.98 24.45 25.39 23.49 16.69 4.32%* 6.29 20.66 1.86
4x3 2 - . 1 4 3 1 -
8.92 ** 9.09 6.90** 7.64 42 6.18** 58.00** 23.78 2.71
5x3 - - . 2 4 1 - 4
14.39 6.11 418 0.39 .38 1.48* 0.09 2.74 .63
6x3 - 1 ! - 0 2 7 -
4.77 8.48 .51 21.00 .87 1.37** .90 6.96 .87*
5x4 9 - . 3 8 6 - 1
.95 9.81 5.98** 4.80** 67* 48 11.46 3.40 .84*
6x4 - - : - - 2 - 1
39.24 19.02 6.11 1.69 2.27 49 26.15 3.25 .56*
6x5 7 - : 6 1 - - 1
40 4.12 12.22 0.43** 27 1.89 6.73 0.88 .01**
at level 1% for hybrid (6x5), while other the parents with non-allelic interaction which
hybrids showed non significant positive and increase or decrease the expression of
negative values. The differences value for heterosis (16) .These results are agree with

heterosis might be due to genetic diversity of those founded by (3;4;11 and 24).

575



Iraqgi Journal of Agricultural Sciences —2018:49(4):569- 576

Askandar & et al.

REFERENCES

1. Abbas, H. S. 2012. Inheritance of earliness,
dry matter and shelling in pea. Res. J. of Agri.
and Bio. Sci., 8(1):1-5.

2. Abdalla, M. M.F., D. S Darwish and M. M.
El-Hady. 2016. F1 and F2 diallel crossed
materials grown under cages. Egypt J. plant
Breed., 3:213-229

3. Abdalla, M. M. F.,, D. S. Darwish and M.
M. El Hady. 1999. Investigations on faba
bean, (Viciafaba L.) 12 Diallel crossed
materials grown undercages. Egypt.J. plant
Breed., 3:213-229

4. Abdulmula, A. A., W. Link, E. Von Kittliz
and D. Stelling. 1999 Heterosis and
inheritance of drought tolerance in faba bean
(Viciafaba L.,). Plant Breed. 118:458-490

5. Al-Auddari, A. and M. Mohammed .1999.
Genetics. Ministry of Higher Education and
Scientific  Research, Mosul, Iraq. (In
Arabic).pp: 342

6. Ali, A. A. 1999. Heterosis and Gene Action
of maize (Zea mays L.). Ph.D. Dissertation,
College of Agriculture and Forestry. Mosul
University. (In Arabic).pp: 125

7. Attia, S. M and M. M. Salem. 2006.
Analysis of yield and its components using
diallel mating Breed., 10:1-12

8. Attia, S. M., M. S. S. Zakia, M. Ezzat, A.
M. A. Rizk and K. A. Aly. 2002. Heterosis,
combining ability and gene action in crosses
among six faba bean genotypes. Egypt. J. Plant
breed., 6:191-201

9. Bakheit, B. R.; M. Z. El.Hifny; M. M. Eissa
and S. B. Ragheb.(2002. Triple test cross and
six population techniques for partitioning
components of genetic variance in faba bean
(Viciafaba L.) J. Agric. Sci. 139:61-66

10. Dagla, M. C., S. B. L. Srivastav, N. Kumar
and H. P. Mella. 2013 . An assessment of
combining ability and heteroses for vyield
attributs in field pea (Pisumsativum L.). J. of
Progressive Agri., 4 (1).

11. Darwish, D. S.,; M. M. F. Abdalla.; M. M.
El-Hady and E. A. A. EI-Emam .2005.
Investigation on faba bean (Viciafabal.,) 19
Diallel and Triallel mating using five parents,
Egypt. J. plant Breed 9:197-208

576

12. El. Hady, M. M., A. M. Rizk, M. M.
Omran and S. B. Ragheb .2007. Genetic
behavior of some faba bean (Viciafaba L.,)
genotypes and its crosses. Annals of Agric.
Sci. Moshtoher, 45(1):49-60

13. El-Harty, E. H.; M. Shaaban, M. M.
Omran and S. B.Ragheb. 2009. Heterosis and
genetic analysis of yield and some characters
in faba bean (Viciafaba L.). Minia J. of Agric
Res. Develop. 27(5):897-913

14. Esposito, M. A., I. Gatti, V. P. Crarero, F.
S. L. Anido and E. C. Cointry .2013.
Combining ability and heterotic groups in
Pisumsativum L. A.J.C.S., 7(11).1634-1641
15. Griffing, B. 1956b. Concept of general and
specific combining ability in relation to diallel
crossing system. Aust. J. Biol. Sci. 9:463-493
16. Hayman, B. 1.1958. The theory and
analysis of diallel crosses genetics, 39:789-809
17. Inamullah, H. Ahmed, F. Muhammad,
Sirajuddin, G. Hassan and R. Gul .2006.
Evaluation of heterotic and heterobeltiotic
potential of wheat genotype for improved
yield. Pakistan Journal of Botany. 38(4), 1159-
1168

18. Pulse Canada
pulsecanada. com/
19. Salma, S. M., Manal, M and salem .2001.
Genetic analysis and combining ability over
sowing dates for yield and its components in
faba bean (Viciafaba L.,) J. Agric. Sci. 26:621-
629

20. Sato, S., S. Isobe and S. Tabata .2010.
Structural analyses of the genomes inlegumes.
Current Opinion in Plant Biology, 13:146-152
21. Sharma, V. K. and L. Bora .2013. Studies
on genetic variability and heterosis in
vegetable pea (Pisumsativum L.) under high
hills condition of Uttarakhand, Index. Afr. J.
Agri. Res., 8(18):1891-1895

22. Sirohi, A., and S. K. Singh .2013.Studies
on combining ability for leaf area, specific leaf
weight and chlorophyll content in field pea.
Adv. Plant Sci. 26(1):85-87

23. Toker, C. 2004. Estimated for seed yield
and vyield criteri in faba bean (Viciafaba
L.,)Hereditas. 140:222-225.

2010. http://www.




