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Abstract
T his study was conducted in Horticulture Research Institute

during the period from 2012 to 2015 to study the
inheritance of some garden pea economic characters, viz.,
" number of days to flowering, pod length, number of seeds/pod,
seed weight and shelling percentage. Four garden pea cvs., viz,
Master, Perfection 57, Prism and Twin were chosen to produce 3
crosses and their reciprocals. Results showed that maternal effect
was absence in all studied characters. Over dominance and
complete dominance was detected for high shelling percentage.
Complete dominance towards high parent and absence of
dominance were found on number of seeds/pod. Partial dominance
was detected for late flowering parents in all the studied crosses.
. High pod length and high seed weight were dominant in some
studied crosses and the opposite found in the others. Positive
heterosis over the better parent was found in all the studied
crosses for number of days to flowering (based on the early
flowering parent) trait, meanwhile, Negative heterosis was
detected in all studied crosses for pod length and seed weight
traits. For number of seeds/pod and shelling percentage traits,
positive hetrosis was found in one cross and the opposite was
found in the other. Minimum number of estimated genes was one
for number of days to flowering, number of seeds/pod and shelling
percentage traits, while it was 3-18 for pod length and 1-6 for seed
weight. Brdad sense heritability estimates were 93.47%-94.74%
for number of days to flowering, 31.47%-66.38% for pod length,
29.22%-59.78 for number of seeds/pod, 23.88%-42.23% for seed

weight and 41.41%-58.42% for shelling percentage.
Key words: Pisum sativum, Dominance, Heterosis, Number of
genes, Heritability, Earliness, Pod length, Shelling

percentage.

INTRODUCTION

Garden pea, Pisum sativum L., is one of the most important popular vegetable
crops during winter in Egypt. Crop improvement depends upon the magnitude of
genetic variability and the extent to which desirable traits are heritable. The
improvement of pea quality depends upon a better understanding of the gene type
action which controlling the earliness and pod characters. Recently there are intensive
efforts for improvement quality of peas in Egypt through breeding procedures
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depending ‘mainly on the presence of genetic differences that permits: -effective
selection. Hybridization is considered an effective factor for inducing variability.

Noser (2002) found that maternal effect existed for number of days to
flowering trait only in one out of the six studied crosses of pea. Also, maternal effect
was found only in one out of three studied crosses of garden peas (Hamed, 2005).
Partial dominance towards the late flowering parent was detected in pea crosses
(Hamed, 2005 and Abbas, 2012). Meanwhile, different types of dominance were
obtained by Noser (2002). Also, Sood and Kalia (2006) found complete and over
dominance for this trait. Significant positive heterosis -based on early parent- was
observed in all the crosses for days to flowering (Hamed, 2005). While, Noser (2002)
found negative heterosis in some crosses and positive heterosis values in the others.
Minimum number of genes: (MNG) controlling number of days to flowering was
estimated as a single gene (Rajaneesh and Ram, 2001), one to two pairs of genes
(Noser, 2002) and two to seven pairs of genes (Hamed, 2005). High broad sense
heritability (BSH) estimates were obtained by Bora et a/ (2009) and Kumari et al.
(2009). Meanwhile, it ranged- from .moderate to low (Abbas, 2012). Broad sense
heritability was estimated as 65.64% to 94.23% (Noser, 2002), 63.4% to 77.5%
(Hamed, 2005) and 98.0% (Galal, 2014).

Hamed (2005) detected no-significant differences between reciprocal crosses
for pod length in pea. Complete and partial dominance of the highest parent was
detected for this character (Hamed, 2005). Hamed (2005) found extremely low
positive heterosis (1.6%) for pod length in one out of four studied pea crosses,
meanwhile, negative heterosis values were obtained in other studied crosses for this
trait which ranged from -11.7% to -1.9%. Minimum number of genes controlling pod
length trait was 1-3 pairs of genes (Hamed, 2005). Broad sense heritability was high
as reported by El-Dakkak et a/ (2014). On the contrary, Estimates.of BSH for this
character ranged from 44.4% to 64.8% indicating moderate environmental effect on
this trait (Hamed, 2005). Also, Kumari et a/ (2009) and Singh et al (2011) found
moderate to high heritability for this trait on peas. Chaudhary and Sharma (2003),
Gupta et al (2006),Sharma et al (2011), and Galal (2014) estimated it as 35%,
42.25%, 89.96% and 88-93% on peas, respectively. )

Maternal effect existed on number of seeds/pod trait only in one out of six
crosses as mentioned by Noser (2002). Meanwhile, Hamed (2005) indicated that no
maternal effect for this trait was found. Noser (2002) found different types of
dominance, viz., over dominance, complete dominance and partial dominance towards
the high parent and complete dominance towards the lowest parént for this trait.

Meanwhile, partial dominance towards the high parent was noted by Hamed (2005).
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Also, Sood and Kalia (2006) found partial and over dominance for this trait. Positive
heterosis over the better parent was found in three crosses, meanwhile, three other
crosses exhibited negative heterosis on number of seeds/ pod trait (Noser, 2002).
Hamed (2005) exhibited low negative high-parent heterosis values estimated as -
6.6% and -7.9% for this trait. However, Kosev et al (2012) obtained positive
heterosis estimated as 42.09%. Noser (2002) found that minimum number of genes
controlling this trait which was 1-7 pairs of genes. Meanwhile, Hamed (2005)
estimated it as a single gene. Broad sense heritability was moderate to high
(Chaudhary and Sharma, 2003, Hamed, 2005, Gupta et a/, 2006 and El-Dakkak et a/,
2014) and high (Galal;, 2014). However, Noser (2002) found that BSH for this trait
ranged from 14.67% to 43.47% on peas.

Noser (2002) and Hamed (2005) found that maternal effect was absent in the
inheritance of seed weight in the all studled pea crosses. Noser (2002) revealed that
complete dominance of the highest parent was found in two crosses and on the
contrary, complete dominance of the lowest parent was observed in three crosses and
partial dominance of the lowest parent was detected in one cross. In the same
direction, Hamed (2005) found partial dominance of the highest parent in some
crosses and partial dominance of the lowest parent in others. Negative high-parent
heterosis values were estimated for seed weight in the all studied crosses which
ranged from -17.5% to -10.3% (Hamed, 2005). Noser (2002) found positive
heterosis, based on the highest parent, estimated as 9.1% and 3.5% in two crosses,
meanwhile, negative heterosis values ranged from -21.1% to —12.1% was detected in
four other crosses. Minimum number of genes controlling this trait was estimated as
1-2 pairs of genes (Noser, 2002 and Hamed, 2005). Broad sense heritability estimated
for seed weight was high (Chaudhary and Sharma, 2003 and Singh et a/, 2011).
Meanwhile, it was ranged from 18.18% to 94.29% (Noser, 2002), from 11.9% to
24.5% (Hamed, 2005) and from 47.10% to 99.21% (El-Dakkak et al., 2014).

Noser (2002). and Hamed (2005) found that maternal effect for shelling
percentage trait was not observed in any one of the studied crosses. Noser (2002)
found compiete dominance of the high parent in all the studied crosses. Hamed
(2005) indicated that over dominance and complete dominancé of the best parent
were obtained. Also, Sood and Kalia (2006) and Abbas (2012) found that shelling
percentage was controlled by over dominance. Low positive heterosis, based on the
highest parent, was estimated for shelling percentage trait in two crosses, while four
other crosses gave negative heterosis (Noser, 2002). Meanwhile, Ravinder et al.
(2003) found significant economic heterosis over commercial parent for shelling

percentage. Hamed (2005) indicated that, three out of the 4 studied crosses exhibited
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positive high-parent heterosis for shelling percentage as ranged from 1.5% to 27.6%.
On the contrary, one hybrid exhibited very low negative heterosis. Minimum number
of .genes governing shelling percentage was one pair in the all crosses studied by
Noser (2002). It was estimated as one to three pairs of genes (Hamed, 2005 and
Abbas, 2012). Broad sense heritability estimated for seed weight was low to moderate
(Noser, 2002 and Hamed, 2005), meanwhile, Gupta et a/. (2006), Kumari et al.
(2009), and Sharma et a/. (2011) indicated that it was moderate. However,
Chaudhary and Sharma (2003) estimated it as 97%.

The main objective of our present investigation was to study the inheritance
of some economic characters of garden pea to produce and select new lines with
good characters which can be included in subsequent breeding programs.

MATERIALS AND METHODS

This study was conducted during the period from 2012 to 2015. Production and
evaluation of genetic populations were carried out in the open field of Kaha Vegetable
Research Farm, Kalubia Governorate, Egypt. Four garden pea cvs., viz, Master,
Perfection 57, Prism and Twin were chosen for genetic studies based on their
performance as shown in Table 1,

Table 1. Description of studied cultivars.

ot Flowering as | No. of nods N
em 0.
Cultivar Leaf type no. of days to the first Pod color Seed size
length pods/node
from sowing pod
Master Short Conventional a4 7-8 1-2 Green Medium
Perfection 57 Medium Leafless 55 13-14 2-3 Green Medium
Prism Short Leafless 60 13-14 2 Dark green Medium
Twin Medium Conventional 60 13-14 2-3 Green Small

Seeds of these cultivars were sown in the open field at Kaha on mid October,
2012. Three crosses, viz,, Master x Perfection 57, Master x Prism and Master x Twin

and their reciprocals were produced. Seeds of the straight F, crosses were sown on
mid October, 2013. Flowers on plants were left for selfing to produce F, seeds. In the
same time, production of F, seeds was completed.

Evaluation of genetic populations was carried out at Kaha. Seeds of parental, F,,
F,r and F, populations of each of the three crosses were sown on mid October, 2014
in @ randomized complete block design with three replicates. Each replicate consisted
of one row for every non-segregating population, /e., parents, F; and their reciprocals
and three rows for each F,. Each row was 3.0 m long and 0.7 m wide. Individual
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seeds were sown 15 cm apart. Cultural practices such as irrigation, chemical
fertilization, and disease and insect control were practiced as commonly followed in
this district.

Data were recorded on individual plants for the different populations in each
cross for number of days to flowering, pod length, number of seeds/pod, seed weight
and shelling percentage. Characters were studied only in the crosses which their
parents were significantly different in such characters.

. Data were recorded as follow:

Number of days to flowering was measured as the number of days from sowing
until first flower anthesis. Pod length was estimated as the mean of five pods/plant in
cm. Number of seeds/pod was estimated as the mean number of seeds per five
pods/plant. Seed weight was calculated by dividing the green seeds weight of five
pods by their number in g. Shelling percentage was calculated for five pods/ plant as
follows: Shelling percentage = (Seeds weight/total pod weight) x 100.

Genetic parameters estimated

Maternal effect was estimated by measuring the significance of difference
between each F; mean and it's reciprocal by the (t) test. ’

Potence ratio, i.e., the relative potency of gene set (P) was used to determine
the direction of dominance according to the following formula (Smith, 1952):

F, - MP
P= —_
V2 (Pr-Py)
Where:?l = First geperation mean,—l—i': = Mean of the lower parent,?z = Mean of the
higher parent, and MP = Mid parent value = 1~ (?1 +_—l;2.). The absence of dominance
was assumed when the difference between the parents was significant and Fy~ MP
was not significant. Complete dominance was assumed when potence ratio equaled to
or did not significantly differ from + 1.0. Meanwhile, partial dominance was
considered when potence ratio was between + 1.0 and — 1.0, but was not equal to
zero. Over dominance (Heterosis) was assumed when potence ratio exceeded + 1.0.
Heterosis was calculated on better parent basis using the following formula:
o5

Better-parent heterosis = =~ x 100 (Sinha and Khanna, 1975)

Where: F, = Mean of the first hybrid generation, and BP = Mean of the better parent.

The minimum number of genes controlling the character in each cross was

calculated using Wright formula as follows:
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0.25 (0.75 - h + h?) D?

N= (Burton, 1951)
V2 = Vi
where: _
Fi—P;
h = —_— —
P2-Py

N = The minimum number of genes controlling the character in each cross, D =The
difference between the observed mean of female and male parents,_PI, l;z_and F, are
means of the parents and F; populations, respectively, and Vg; and Vg, = Variances of
theFl and F, populations, respectively.
Broad senses heritability was calculated using the equation:
Ve
BSH= " x100 (Allard, 1960)
Ve

where: Vi = Genetic variance which was calculated by subtracting the environmental
variance (Ve) from (Vp), Vp = Phenotypic variance = Vg, and Ve = Environmental
variance which was calculated as the geometric mean of variances of the non-

segregating populations, /e. parents and F;.
RESULTS AND DISCUSSION

Number of days to ﬂoWering

Data recorded on number of days to flowering of parental, F;, Fir and F;
populations of the crosses Master x Perfection 57, Master x Prism and Master x Twih
are presented in Table 2. '

Parents were highly significantly different in this trait. F.1 and F, means ‘were
intermediate between their respective parents in all studied crosses with tendency
towards the later parent. F, plants were widely distributed between their parents with

transgressive segregations over the earlier parent in all three crosses.
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Table 2. Distribution, mean and variance of number of days to flowering for the parental, F,, F;r and F, populations of some garden pea

Crosses.
Frequency of number of days to flowering in class’ Total No. Mean Variance
Population 41 44 47 50 53 56 59 62 65 68 of plants y ®)
X £ S
Master x Perfection 57
Master (P;) 27 3 30 44,30 £ 0.17] *x 0.838
Perfection 57 (P,) 7 11 8 4 30 56.90 + 0.54 8.783
Fy 12 14 2 2 30 55.40 £ 0.46] NS 6.455
Fyr 2 9 13 1 5 30 55.80 £ 0.63 11.752
F; 2 15 14 23 29 18 18 18 22 23 182 56.41 + 0.57 59.150
Master x Prism
Master (P,) 27 3 30 4430 £ 0.17 ** 0.838
Prism (Py) 10 6 14 30 59.40 % 0.49 7.283
Fy 5 18 4 30 52.30 £ 0.45) NS 6.010
Fir 1 10 12 5 2 30 52.70 £ 0.53 8.286
F; 5 9 16 9 14 7 15 40 23 21 159 58.02 + 0.63 63.171
Master x Twin :

Master (P,) 27 3 30 4430 + 0.17] *ox 0.838
Twin (P2) 4 7 11 4 4 _ 30 58.70 £ 0.65 12.810
Fy 8 14 6 2 30 56.20 £+ 0.48 } NS 6.786
Fir . 6 15 4 5 30 56.80 + 0.54 8.648
F; 8 18 15 10 14 11 26 22 17 7 148 55.15 £ 0.66 63.923

* Each class represents a range of 3 days and class vaiues indicated represent class centers.

¥ Pairs of means were either highly significantly (**), significantly (*), or not significantly (NS) different from each other according to (t) test.
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No significant differences were observed between F; and %t's reciprocal for
number of days to flowering trait in the all crosses indicating absence of maternal
effect for this character. These resuits partially agree with the finding of Noser (2002)
and Hamed (2005) on peas, they found that maternal effect was existed onIy‘ in one

Cross.

Quantitative genetic parameters obtained for number of days to flowering are

shown in Table 3.

Positive P values (potence ratio) were estimated indicating partial dominance of
the late parent in all crosses. These results typically confirm previous reports of
Hamed (2005) and Abbas (2012), they observed partial dominance towards the late
parent in the all studied crosses. Meanwhile, different types of dominance were

obtained by Noser (2002) and Sood and Kalia (2006).

Positive heterosis - based on early parent - was éstimated as 26.86%, 25.06%,
and 18.06% for the crosses, i.e., Master x Twin, Master x Perfection 57 and Master x
Prism, respectively. These results agree with the findings of Hamed (2005) who found
positive heterosis based on early parent in th'e all studied crosses, meanwhile, Noser
(2002) on peas found negaftive heterosis in some crosses and positive heterosis values

in the others.

Minimum number of genes controlling number of days to flowering trait was
estimated -as one pair of genes in the all studied crosses as estimated by Write
formula. These results-are in agreement with that of Rajaneesh and Ram (2001) on

peas they found that this trait was governed by a single major gene.

Estimates of BSH for number of days to flowering trait (Table 3) were high and
ranged from 93.47% to 94.74%. These results partially agree with the previous

results of Bora et a/. (2009), Kumari et a/. (2009) and Galal (2014) on peas.
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Table 3. Quantitative genetic parameters obtained for some characters in some
garden pea crosses.

Parameter Potence ratio Better-parent Minimum Broad sense
(P) heterosis (%) number of genes heritability
Cross (MNG) (BSH%)
Number of days to flowering
Master x Perfection 57 0.76 25.06 0.49 93.88
Master x Prism 0.06 18.06 0.50 94.74
Master x Twin 0.65 26.86 0.55 93.47
‘ Pod length
Master x Perfection 57 -0.16 -12.43 2.39 48.51
Master x Prism 0.31 -9.07 2.23 66.38
Master x Twin 0.31 -7.73 17.59 31.47
Number of seeds/pod
Master x Perfection 57 0.00 -7.86 0.56 29.22
Master x Prism 2.40 7.33 0.03 59.78
Seed weight
Master x Perfection 57 - -0.30 -13.08 2.16 28.73
Master x Prism -0.65 -22.88 0.75 23.88
Master x Twin 0.27 -14.72 5.38 42.23
Shelling percentage
Master x Perfection 57 3.71 12.21 ' 0.13 41.41
Master x Prism 0.66 -2.16 - 0.23 '58.42

Pod length

Data obtained on pod length trait of parental, F;, F;r and F, populations of the

crosses, i.e., Master x Perfection 57, Master x Prism and Master x Twin are

presented in Table 4.
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Table 4. Distribution, mean and variance on pod length-(cm) for the parental, F;, F;r and F, populations of some garden pea crosses.

Frequency of pod length (cm) in class® Total No. Mean Variance
Population of plants ‘ y tp)]
5.6 6.7 7.8 8.9 10.0 11.1 12.2 133 X + S¢
Master x Perfection 57
Master (P;) 1 8 16 5 30 10.92 £ Q.15 ** 0.675
Perfection 57 (P;) 3 10 12 3 2 30 8.57 £ 0.21 1.264
Fy 2 9 18 1 30 9.56 £ 0.14 | NS 0.551
Fir 1 2 15 7 5 30 9.38 £ 0.20 } 1.142
F 1 14 45 70 39 8 5 182 8.86 £ 0.09 1,510
Master x Prism
Master (P;) 1 8 16 5 30 10.92 £ 0.15 ,** 0.675
Prism (P;) 3 17 10 30 8.06 £ 0.13 0.474
F: 8 16 6 30 9.93 £ 0.14 |NS 0.579
Fyr 12 9 6 3 30 10.00 £ 0.20 } 1.252
¥) 2 3 17 46 56 28 5 2 159 9.63 £ 0.10 1.695
Master x Twin
Master (P;) 1 8 16 5 30 10.92 £ 0.15 ]** 0.675
Twin (P2) 1 11 17 1 30 8.46 £ 0.12 0.467
Fy 8 13 8 1 30 10.07 £ 0.17 ]NS 0.829
F.r 2 13 7 30 9.82 £ (.18 0.925
) 1 2 34 66 39 6 148 10.07 = 0.08 0.933

? Each class represents a range of 1.1 cm and class values indicated represent class centers.

¥ Pairs of means were either highly significantly (**), significantly (*), or not significantly (NS) different from each other according to (t) test.
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In the all crosses, parents were distinctively different in pod length trait. F; and
F, means were intermediate between their respective parents with transgressive

segregations of F, over the highest parent in the cross Master x Prism.

Non-significant differences were observed between F,’s and their reciprocals for
pod length in all studied crosses indicating no maternal effect. These results typically
agree with those of Hamed (2005) who detected absence of maternal effect for this

character in the all studied crosses.

Quantitative genetic parameters obtained for pod length trait are presented in

Table 3.

Different types of dominance were observed for pod length character. Positive
P values (potence%) were estimated indicating partial dominance towards the high
parent in the crosses, i.e., Master x Prism and Master x Twin, meanwhile, negative P
value was observed indicating partial dominance towards the short pod in the cross
Master x Perfection 57. These results partially agree with the results obtained by
Hamed (2005) who found complete and partial dominance towards the highest parent

for this character.

Negative heterosis values ranged from -12.43% to -7.73% were obtained for
the all three studied crosses. These results agree with the results obtained by Hamed
(2005) who found extremely low positive heterosis (1.6%) for pod length in one pea
cross ,meanwhile, negative heterosis values were obtained for the other studied

crosses for this trait and ranged from -11.7% to -1.9%.

Minimum number of genes which controlling pod length as shown in Table 3
was estimated as three pairs in the crosses Master x Perfection 57, MasterAx Prism
and eighteen pairs of genes in the cross Master x Twin. These results partially agree
with the previous results which obtained that MNG conditioning pod length were

estimated as 1-3 pairs of genes (Hamed, 2005).

Estimates of broad sense heritability (BSH) for pod length ranged from 31.47%
to 66.38% indicating high to moderate environmental effect on this trait. These
results agree with the results obtained by Hamed (2005) who estimated it as 44.4%
to 64.8%. Also, Chaudhary and Sharma (2003) and Gupta et a/. (2006) estimated it as
35% and 42.25%, respectively. Meanwhile, disagree with Sharma et a/. (2003) and
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El-Dakkak et al. (2014) they found high estimates of heritability in broad sense for this

trait.
Number of seeds/pod

Data obtained on number of seeds/pod trait of parental, F;, Fir and F,
populations of the crosses Master x Perfection 57 and Master x Prism are presented

in Table 5.

In the two crosses, parents were distinctively different in number of seeds/ pod.
In the cross Master x Perfection 57, mean of F; was intermediate between their
respective parents, meanwhile, F, mean was lower than the low parent. However, in
the cross Master x Prism, F; mean was higher than the high parent, meanwhile, mean
of F, was intermediate between their parents and very close to that of the low parent.

F, plants of each cross were widely distributed between its two parents.

No significant differences were obtained between F,’s and their reciprocals for
this trait in the two studied crosses indicating absence of maternal effect. These
results typically agree with those of Hamed (2005) who reported that maternal effect
was not observed in any one of the studied crosses. This could be due to nature of

seif pollination in pea.

Quantitative genetic parameters obtained for number of seeds/pod are

presented in Table 3.

Positive P values ihdicating complete dominance towards high parent which was
found in the cross Master x Prism, however, in the cross Master x Perfection 57 was
absence. These results agree with the results of Noser (2002) who found different

types of dominance for this trait in peas.

Data obtained on heterosis (Table 3) indicated that the cross Master x Prism
exhibited low positive heterosis value estimated as 7.33%, however, the cross Master
x Perfection 57 exhibited negative heterosis (-7.86%). These results agree with the
results of Noser (2002) who found positive heterosis over the better parent in three
crosses, meanwhile, three other crosses exhibited negative heterosis for number of

seeds/pod trait.



Table 5. Distribution, mean and variance of number of seeds/pod for the parental, F, Fir and F, populations of some garden pea crosses.

Frequency of number of seeds/pod in class® Total No. Mean Variance
Population of plants Y. GR)
1.6 29 4.2 5.5 68 = 8.1 9.4 10.7 12.0 X % S
Master x Perfection 57
Master (P;) 1 2 6 5 15 1 30 8.27 £0.28 ** 2.417
Perfection 57 (Py) 4 5 7 11 3 30 6.97 £0.29 2.533
F 4 11 10 3 1 1 3.0 7.62 £0.28 NS 2.269
Fir 10 3 4 11 2 30 7.75£0.34 3.489
F 3 12 27 68 29 25 18 182 6.02 £0.14 3.396
Master x Prism
Master (P1) 1 2 6 5 15 1 30 8.27 £0.28 ** 2.417
Prism (P;) 7 7 11 5 30 7.41 £0.25 1.834
Fy 1 3 -4 21 1 30 8.88 £ 0.20 NS 1.235
Fir 5 3 6 12 3 1 30 8.45 £ 0.32 3.139
F 4 1 12 31 25 28 51 7 159 7.43 £0.17 4.382

% Each class represents a range of 1.3 seeds and class values indicated represent class centers.

¥ Pairs of means were either highly si'gniﬁcantly (**), significantly (*), or not significantly (NS) different from each other according to (t) test.
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Minimum number of genes controlling number of seeds/pod trait was estimated
as one pair in the two studied crosses. These results typically agree with those
obtained by Hamed (2005) who estimated it as a single pair of genes.

Broad sense heritability estimated for number of seeds/pod was low to
moderate and estimated as 29.22% and 59.78% in the crosses Master x Perfection
57 and Master x Prism, respectively. These resuits agree with that obtained by Noser
(2002) who found that BSH for this trait ranged from 14.67% to 43.47% but disagree
with the finding of Galal (2014) who estimated high values of heritability in the broad
sense for this trait. Meanwhile, Chaudhary and Sharma (2003), Hamed (2005), Gupta
et al. (2006) and El-Dakkak et a/. (2014) on peas indicated that it was moderate.
These different results could be due to using different genotypes or different
environmental conditions.

Seed weight

Data obtained on seed weight of parental, F;, F;r and F, populations of the
crosses Master. x Perfection 57, Master x Prism and Master x Twin are presented in
Table 6.

In the all crosses, parents were distinctively different in seed weight. F; and F,
means were intermediate between their respective parents except in the cross Master

x Perfection 57 where its F, mean was lower than the low parent.

No significant differences were observed between F,'s and their reciprocals for
this character in the all crosses indicating no maternal effect. These results agree with
those of Noser (2002) and Hamed (2005).

Quantitative genetic parameters obtained for seed weight trait are presented in
Table 3.

Different types of dominance were observed for seed weight character. Positive
P value was estimated indicating complete dominance towards the heaviest parent
seed in the cross Master x Twin, meanwhile, negative P values were observed
indicating complete dominance towards the lowest parent in the crosses Master x
Perfection 57 and Master x Prism. These results agree with the results of Noser
(2002) who revealed that complete dominance of the highest parent was found in two
crosses, complete dominance of the lowest parent was observed in three crosses and
partial dominance of the lowest parent was detected in one cross. In the same
direction, Hamed (2005) found partial dominance of the highest parent in some

crosses and partial dominance of the lowest parent in others.



Table 6. Distribution, mean and variance of seed weight (g) for the parental, F,, F;r and F, populations of some garden pea crosses.

Frequency of seed weight (g) in class® Total No. Mean Variance
of plants y 3]
Population X £ Sy
0.19 0.26 0.33 0.40 0.47 0.54 0.61 0.68
- Master x Perfection 57
Master (Py) 6 11 8 5 30 0.43 0.13} ** 0.005
Perfection 57 (P.) 7 13 8 2 30 0.34 £ 0.01 0.004
Fy 1 17 7 3 2 30 037+ 0.01} NS 0.005
Fyr 7 6 8 30 0.36 £ 0.02 0.007
F 17 57 59 40 6 2 1 182 0.32 £ 0.01 0.006
Master x Prism
Master (P,) 6 11 8 5 30 043 + 0.13} ** 0.005
Prism (P;) 5 12 4 5 4 30 0.31 £ 0.02 0.009
Fy 1 5 17 7 30 0.33 £0.01; NS 0.003
Fir 3 7 9 7 4 30 0.33 £ 0.02 0.007
F, 10 34 60 41 8 5 1 159 0.34 £ 0.01 0.006
Master x Twin

Master (P;) 6 11 8 5 30 0.43 = 0.13} *x 0.005
Twin (P;) 7 18 5 30 0.26 £ 0.01 0.002
F 5 9 12 4 30 037 % 0.01} NS 0.004
Fyr 15 7 6 30 0.39 £ 0.01 0.005
F 6 36 49 35 21 1 148 0.35 £ 0.01 0.006

? Each class represents a range of 0.07 g and class values indicated represent class centers.

¥ Pairs of means were either highly significantly (**), significantly (*), or not significantly (NS) different from each other according to (t) test.
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Negative heterosis values for this trait were estimated for the all studied crosses
ranged from -22.88% to -13.08%. These results agree with the results shown by
Hamed (2005) who found negative high-parent heterosis values in the all studied
crosses ranged from -17.5%®to -10.3%. Meanwhile, Noser (2002) found bositive
heterosis, based on the highest parent, estimated as 9.1% and 3.5% in two crosses
and found negative heterosis values ranged from —-21.1% to —12.1% in four other

crosses.

Minimum number of genes controlling seed weight was differed according to
different crosses and estimated as orie pair in the cross Master x Prism, three pairs of
genes in the cross Master x Perfection 57 and six pairs in the cross Master x Twin.
These results were partially in agreement with the results of Hamed (2005) and Noser

(2002) who estimated number of genes controlling seed weight character as 1-2 pairs.

Estimates of BSH were low and ranged from 23.88% to 42.23%. These results
confirm the interaction between environmental conditions and genetic constituents.
These results partially agree with that estimated by Noser (2002), Hamed (2005) and
El-Dakkak et a/. (2014) they estimated it as 18.18% to 94.29%, from 11.9% to 24.5%
and from 47.10% to 99.21%, respectively. On the other hand, Chaudhary and
Sharma (2003) and Singh et a/, (2011) indicated that it was high.

Shelling percentage:

Data recorded on shelling percentage of the parental, F;, F;r and F, populations

of the crosses Master x Perfection 57 and Master x Prism are presented in Table 7.

The parents were distinctively different in shelling percentage in the two studied
crosses. F; and F, means were intermediate between their respective parents in the
cross Master x Prism and very close to that of the low parent, meanwhiie, in the cross
Master x Perfection 57, the mean of Fywas higher than the high parent and F, gave
the same value of the low parent. F; plants of each cross were widely distributed

between their parents with transgressive segregations over the high parents.



Table 7. Distribution, mean and variance of shelling percentage (%) for the parental, F,, F;r and F, populations of some garden pea crosses.

Frequency of shelling percentage (%) in class’

Total No. Mean Variance
Population of plants Y ¢
325 37.6 42.7 47.8 52.9 58.0 63.1 68.2 X = Sy
Master x Perfection 57
Master (P,) 2 5 12 11 30 48.14 £ 0.84, ** 21.406
Perfection 57 (P) 5 5 5 15 30 52.90 £ 1.09} 35.876
F. 2 4 14 4 6 30 59.36 £1.06, NS 33.963
Fir 1 1 3 7 11 7 30 60.89 £ 1.16 } 40.689
F, 18 19 30 45 33 19 9 9 182 48.14 £ 0.69 86.395
Master x Prism
Master (P,) 2 5 12 11 30 48.14 £ 0.84 , ** 21.406
Prism (P,) 3 8 2 7 10 30 55.11 £ 1.35 } 55.040
Fy 8 10 10 2 30 53.92+0.86 , NS 22.243
Fyr 4 3 7 6 5 5 30 56.30 £ 1.51 } 68.762
F, 7 23 24 48 31 13 5 8 159 48.22 £ 0.67 71.435

% Each class represents a range of 5.1% and class values indicated represent class centers.

¥ Pairs of means were either highly significantly (**), significantly (*), or not significantly (NS) different from each other according to (t) test.
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Non-significant differences wete observed between F,'s and their reciprocals for
this character in the two crosses indicating no maternal effect. These results typically
agree with results obtained by Noser (2002) and Hamed (2005).

Quantitative genetic parameters obtained for shelling percentage are presented
in Table 3.

Positive P values were estimated indicated over dominance and complete
dominance of the high parent in the crosses Master x Perfection 57 and Master x
Prism, respectively. These results typically agree with the results obtained by Hamed
(2005) who found that over dominance and complete dominance of the best parent
were obtained. Also, Noser (2002) found complete dominance of the high parent in
the all studied crosses. While, Sood and Kalia (2006) and Abbas (2012) found that
shelling percentage was controlled by over dominance.

Positive high-parent heterosis value (12.21%) was estimated in the cross
Master x Perfection 57. However, very low negative heterosis was estimated as -
2.16% in the cross Master x Prism. These results typically agree with previous results
obtained by Noser (2002) who estimated low positive heterosis, based on the highest
parent for shelling percentage trait in two crosses, while four other crosses gave
negative heterosis. Also, Hamed (2005) indicated that three out of the 4 studied
crosses exhibited positive high-parent heterosis for shelling percentage, meanwhile,
one hybrid exhibited very low negative heterosis.

Results in Table 3 showed that minimum number of genes controlling shelling
percentage character was estimated as a single pair in the two studied crosses. These
results typically agree with results obtained by Noser (2002). Also, Hamed (2005} and
Abbas (2012) estimated(it as 1 to 3 pairs of genes.

Estimates of BSH for shelling percentage character (Table 3) estimated as
41.41% and 58.42% in the crosses Master x,'Perfection 57 and Master x Prism,
respectively, indicating moderate environmental effect on this trait. These results
agree with those obtained by Gupta et a/. (2006), Kumari et a/. (2009), and Sharma et
al (2011) who found that BSH was moderate. Meanwhile, Noser (2002) and Hamed
(2005) found that it was low to moderate. However, Chaudhary and Sharma (2003)-

estimated it as 97%.

CONCLUSION

It's clear from the previous results that there are some traits, viz, number of
days to flowering and shelling percentage are controlled by one gene and had
moderate to high heritability, so the selection for these traits is preferred in the early

generations. On the other hand, pod length, and seed weight traits had polygenic
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effect and low to moderate heritability, so the selection for these traits is suggested to

be done in the late generations.
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