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Abstract

Farm, Qalubia Governorate, Horticulture Research Institute during
the period from 2013 to 2016 to study the inheritance of some
garden pea (Pisum sativum L.) economic characters, viz., plant length,
number of days to flowering, green pod yield/plant, number of pods/plant,
number of seeds/pod and shelling percentage. Four garden pea crosses,
viz., Master x PS 210713, Master x Sugar gem, Victory freezer x Sugar

T hese experiments were carried out at Kaha Vegetable Research

gem and Victory freezer x 6-Lebanon and their reciprocals were produced.

Then, parents, Fi, Fir, and F, populations of each of the four crosses were
cultivated on mid October, 2015 in a randomized complete block design
(RCBD). The aim of this study was to determine genetic analysis of some
economic traits in garden pea. Knowledge about genetics of particular
traits is helpful to plant breeder before planning a successful breeding
program. Obtained results show that maternal effect was not observed in
any cross for all studied traits. Over-dominance or complete dominance
was detected for high shelling percentage trait in all studied crosses. High
plant length, earliness, high yielding, high no. of pods/plant and high no.
of seeds/pod were dominant in some studied populations and contrary
were found in others. Positive heterosis over better parent (based on early
flowering parent) was noted in all studied populations for earliness and
shelling percentage traits, however, negative heterosis was found in all
studied populations for other traits. Minimum number of genes (MNG) was
1-5 for plant length, 1-3 for number of days to flowering, 3-4 for green
pod vyield/plant, 4-10 for number of pods/plant, 1-4 for number of
seeds/pod and one gene for shelling percentage. Broad sense heritability
(BSH) estimates were 45.52-82.47% for plant length, 65.18-90.11% for
number of days to flowering, 77.12-96.10% for green pod yield/plant,
60.60-88.86% for number of pods/plant, 68.20-80.95% for number of
seeds/pod and 72.21-74.91% for shelling percentage. The previous results
indicate that all studied traits except no. of pods/plant are controlled by
one to few numbers of genes and had moderate to high heritability, so the
selection for these traits can be preferred in the early generations.

Key words: Pisum sativum, Dominance, Heterosis, Number of genes,
Heritability.

INTRODUCTION
Garden pea (Pisum sativum L.) is an important vegetable crop in Egypt due to
its high nutritive value. The total cultivated area grown with garden pea in 2015/2016
was 41819 feddan produced 183282 tons with an average of 4.383 tons/fed. (Malr,
2018). Garden pea initial domestication lies in the Mediterranean, primarily in the

Middle East. The most important aims for pea breeding are developing high yielding
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cultivars with stable productivity. Its improvement is mainly based on exploiting
natural germplasm sources by selection or hybridization followed by selection.
Heritability is the portion of phenotypic variation which is transmitted from parent to
progeny. Highly heritable variation leads to great possibility of fixing character by
selection methods (Sharma and Bora, 2013).

Noser (2002), Hamed (2005) and Hamed et a/ (2015) indicated that maternal
effect was not observed for plant length trait in any one of studied crosses. This could
be due to nature of self pollination in pea. High positive PR values indicated over
dominance and complete dominance towards the tallest parent were estimated for
plant length trait (Hamed et al, 2015), meanwhile, El-Dakkak (2016) found partial
dominance towards the tallest parent for this trait. Hamed (2005) found negative
heterosis in some crosses and positive heterosis in others for plant length trait,
meanwhile, El-Dakkak (2016) found negative heterosis (-16.82%) based on the tallest
parent for this trait. However, Hamed et a/ (2015) found positive heterosis over better
parent in all crosses for plant length in pea. Minimum number of genes (MNG) for
plant length character was 1-3 pairs of genes (Hamed, 2005), 1-5 genes (Noser,
2002) and one gene (Hamed et al, 2015). Broad sense heritability (BSH) of plant
length trait was high (Kumari et a/, 2009 and Galal, 2014) which suggested that this
trait would respond to selection. Meanwhile, Hamed (2005), Hamed et a/ (2015), El-
Dakkak (2016) and Georgieva et al (2016) estimated BSH and it was from 54.6% to
74.2%, from 79.49% to 89.65%, from 85.92% to 98.38%, and 55%, respectively.

Khalil et a/ (2015) found that maternal effect did not affect inheritance of
number of days to flowering character in all studied populations. Meanwhile, Noser
(2002) found that maternal effect was existed for this trait only in one out of the six
studied crosses of pea. Also, Hamed (2005) indicated that maternal effect was found
only in one out of three studied crosses of garden peas. Positive PR values were
calculated indicating partial dominance to late flowering parent as detected in pea
populations by Hamed (2005), Abbas (2012) and Khalil et a/ (2015). 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 garden pea crosses for days to flowering
trait (Hamed, 2005 and Khalil et a/, 2015). While, Noser (2002) found negative
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 a
single gene (Khalil et a/, 2015), one to two pairs of genes (Noser, 2002) and two to
seven pairs of genes (Hamed, 2005). High BSH estimates were obtained by Kumari et

al (2009), meanwhile, it was ranged from low to moderate (Abbas, 2012). It was
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estimated as 65.64% to 94.23% (Noser, 2002), 63.4% to 77.5% (Hamed, 2005),
70.88% to 91.03% (El-Dakkak et al, 2014), 98.0% (Galal, 2014), 93.47% to 94.74%
(Khalil et al, 2015) and 90.37% to 98.52% (EI-Dakkak, 2016).

No significant differences were stated between Fi's and their reciprocals for
green pod yield/plant trait in all populations indicating no maternal effect (Hamed et
al, 2015 and Kosev, 2015). However, Noser (2002) indicated that maternal effect was
remarked for green pod yield/plant trait only in 2 out of 6 crosses of garden peas.
Over dominance was detected for high green yield/plant trait (Hamed et al, 2015),
meanwhile, high positive PR values indicated over dominance and partial dominance
towards high yielding parent were estimated by Sood and Kalia (2006). While, Noser
(2002) found different types of dominance for this trait. Noser (2002) observed
significant positive heterosis of pod green yield/plant in all studied crosses estimated
as 6.54% to 74.93% except in one cross which exhibited negative heterosis. Also,
positive heterosis (118.29 % and 160.48%) over better parent was found in two
populations for green yield/plant trait (Hamed et al/, 2015), meanwhile, Kosev (2015)
found significant positive heterosis in all studied populations. Minimum number of
genes controlling green pod yield/plant was a pair of genes in all populations (Noser,
2002), meanwhile, Hamed et a/ (2015) estimated it as 2-3 pairs of genes. High BSH
estimates were observed for green pod yield character (El-Dakkak et al/, 2014 and
Kosev, 2015) indicating good scope of selection for this trait. Also, heritability was
estimated as 46.04% to 92.22% (El-Dakkak et al, 2014), 49.44% to 90.81% (Hamed
et al, 2015) and 83.33% to 95.17% (El-Dakkak, 2016).

No significant differences were noticed between Fi's and their reciprocals for
number of pods/plant character in all populations indicating absence of maternal
effect (Noser, 2002, Hamed et al, 2015 and Kosev, 2015), meanwhile, Hamed (2005)
found that maternal effect was existed for this trait only in one out of four studied
crosses of pea. High positive potence ratios indicating over dominance towards high
parent were observed in all studied populations for number of pods per plant (Sood
and Kalia, 2006 and Hamed et al, 2015). Also, Noser (2002) found over dominance of
highest parent in three crosses and complete dominance of highest parent in three
others. However, Hamed (2005) observed complete dominance of highest parent in 3
out of 4 crosses and complete dominance of lowest number of pods/plant in one
cross. Positive heterosis over better parent for number of pods/plant trait was noted
in all studied crosses (Noser, 2002 and Hamed et al/, 2015). On the other hand,
Hamed (2005) estimated negative heterosis values ranged from -32.7% to -2.9% in
all evaluated populations. While, Kosev (2015) found positive heterosis in some

populations and negative heterosis in others. The different results might be due to
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using various germplasm or different environmental conditions. Minimum number of
genes controlling number of pods/plant was a pair of genes in all populations (Noser,
2002). Meanwhile, Hamed (2005) and Hamed et a/ (2015) estimated it as 1-7 and 3-6
pair of genes, respectively. Kumari et a/ (2009) and Kosev (2015) estimated high
values of heritability in the broad sense indicating good scope of selection for number
of pods/plant trait. In the same direction, Galal (2014) estimated BSH as 90.0%-
91.5%. While, it ranged from 54.9% to 86.0%, from 37.9% to 78.8%, from 32.12%
to 86.61%, from 77.30% to 79.91% and from 82.80% to 94.43% as estimated by
Noser (2002), Hamed (2005), El-Dakkak et a/ (2014), Hamed et a/ (2015) and El-
Dakkak (2016), respectively, however, Georgieva et al (2016) estimated it as 39%.

Maternal effect was existed for number of seeds/pod trait only in one out of
six crosses as found by Noser (2002), meanwhile, Hamed (2005) and Khalil et a/
(2015) indicated that no maternal effect for this trait was found. This could be due to
nature of self pollination in pea. Partial dominance towards high parent for number of
seeds/pod trait was observed by Hamed (2005), while, Noser (2002) found different
types of dominance, viz., over, complete and partial dominance towards the high
parent and complete dominance towards the lowest parent for this trait. Also, Sood
and Kalia (2006) observed partial and over dominance for this character. Meanwhile,
Khalil et a/ (2015) found complete dominance towards high parent in one population,
however, absence of dominance was obtained in other one. Noser (2002) and Khalil
et al (2015) found positive heterosis over the better parent for number of seeds/pod
trait in some garden pea crosses, however, negative heterosis was exhibited in other
studied crosses. Meanwhile, Hamed (2005) exhibited low negative heterosis values for
this character. Hamed (2005) and Khalil et a/ (2015) estimated MNG controlling
number of seeds/pod character as one pair. Meanwhile, Noser (2002) found that MNG
controlling this trait was 1-7 pairs of genes. Broad sense heritability (BSH) was
estimated as moderate to high (Hamed, 2005 and El-Dakkak et a/, 2014) and high
(Galal, 2014). However, Noser (2002), El-Dakkak et a/ (2014), Khalil et a/ (2015) and
El-Dakkak (2016), found that BSH for this trait ranged from 14.67% to 43.47%, from
57.08% to 84.40%, from 29.22% to 59.78% and from 43.45% to 54.35%,
respectively.

Noser (2002), Hamed (2005) and Khalil et a/ (2015) found that maternal
effect for shelling percentage trait was not observed in any one of the studied
crosses. Noser (2002) found complete dominance of better parent in all crosses for
shelling percentage trait, meanwhile, Sood and Kalia (2006) and Abbas (2012) found
that shelling percentage was controlled by over dominance. Also, positive potence

ratios were found indicated over and complete dominance of best parent (Hamed,
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2005, and Khalil et a/, 2015). Noser (2002), Hamed (2005) and Khalil et a/ (2015)
estimated positive heterosis, based on better parent, for shelling percentage trait in
some studied crosses, while, negative heterosis were obtained in others. Minimum
number of genes governing shelling percentage was one pair in all crosses studied by
Noser (2002) and Khalil et a/ (2015). However, it was estimated as one to three pairs
of genes (Hamed, 2005 and Abbas, 2012). Broad sense heritability estimated for
shelling percentage trait was low to moderate (Noser, 2002 and Hamed, 2005),
meanwhile, Kumari et a/ (2009) and Khalil et a/ (2015) indicated that it was moderate.

Lack of sufficient genetic variability for economically important characters of
pea is the reason of doing efforts to progress in crop improvement. So, the research
work in this study aims to studying inheritance of some economic traits of garden pea
such as plant length, number of days to flowering, green pod yield/plant and shelling
percentage which may help to select proper genotypes for future breeding programs.

MATERIALS AND METHODS

This investigation was carried out during the period from 2013 to 2016.
Production and evaluation of genetic populations were conducted in the open field of
Kaha Vegetable Research Farm, Qalubia Governorate, Hort. Res. Institute, Agric. Res.
Center, Egypt. Five garden pea cvs., viz, Master, PS 210713, Sugar gem, Victory
freezer and 6-Lebanon were selected for genetic studies based on their yield
performance and other desired economic traits, viz., plant length, number of days to
flowering, shelling percentage and green pod yield/plant. Seeds of these cultivars
were cultivated in the open field at Kaha on mid October, 2013. Four crosses, viz.,

Master X PS 210713, Master x Sugar gem, Victory freezer x Sugar gem and Victory

freezer x 6-Lebanon and their reciprocals were produced. Seeds of the Fi crosses

were planted on mid October, 2014. Plant's flowers were left for selfing to produce F.
seeds. In the same period, Fi seeds production was completed.

Genetic population's evaluation was conducted at Kaha Vegetable Res. Farm.
Seeds of parental, Fi, Fir and F> populations of each of the four crosses were planted
in a randomized complete block design with three replicates on mid October, 2015.
Each replicate contained single row for each 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. Seeds were planed 15 cm apart individually. Agricultural practices like
fertilization, irrigation and pest control were managed as commonly followed in this
region.

Data were registered for all populations in each cross on individual plants for
plant length, number of days to flowering, green pod vyield/plant, number of

pods/plant, number of seeds/pod and shelling percentage. Traits were only
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investigated in the crosses which their parents were significantly differed in such
characters.
Data were recorded as follow:

Plant length was measured at the end of harvesting season from the surface
of soil until highest point of stem in cm. Number of days to flowering was measured
as number of days from planting to first flower anthesis. Green pod vyield/plant was
estimated as weight of all harvested pods. Number of seeds/pod was measured as
mean number of seeds per five pods/plant. Shelling percentage was calculated for five
pods/plant as follows:

Shelling percentage = (Seeds weight/total pod weight) x 100.

Genetic parameters calculated

Maternal effect was calculated by measuring significance of difference
between every F: mean and it's reciprocal by (t) test. Potence ratio, i.e., relative
potency of gene set (PR) was applied to determine direction of dominance according
to the formula of Smith (1952). Heterosis was estimated based on better parent using
the formula of Sinha and Khanna (1975). Minimum number of genes governing
character in each cross was calculated using Wright formula (Burton, 1951). Broad
senses heritability (BSH) was calculated using the equation as described by Allard
(1960).

RESULTS AND DISCUSSION
1-Plant length

Regarding plant length trait, data of parental, Fi, Fir and F2 populations of the
crosses Master x PS 210713, Master x Sugar gem, Victory freezer x Sugar gem and
Victory freezer x 6-Lebanon are given in Table 1.

In four studied crosses, parents were clearly different in plant length. Means
of Fi's and F2's were intermediate between their respective parents in all crosses. F2
plants of each cross were widely spreaded between its two parents with transgressive
segregations over highest parent in the crosses Master x Sugar gem and Victory

freezer x Sugar gem.
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Table 1. Distribution, mean and variance of plant length (cm) of parental,
F1, Fir and F2 populations of some garden pea crosses.

Population Frequency of plant length (cm) in class* Total Mean Variance
No. y ()
- - ~ ™ < 1n © ~|of X £ Sx
N § g & 8 8 § 3 plants
Master (P1) x PS 210713 (P,)
P 21 9 30 27.03£1.71 **] 87.768
P, 8 11 11 30 12351 £2.95 260.517
F1 4 12 12 1 30 88.00 £ 2.78 NS} 232.190
Fir 4 14 9 3 30 88.67 £ 3.12 292.095
F 16 16 32 30 22 2 2 120 67.90 £ 2.58 796.703
Master (P1) x Sugar gem (P2)
P 21 9 30 27.03 £ 1.71 ** 87.768
P, 9 12 9 30 121.50 + 2.89 250.765
F1 3 10 11 6 30 114.80 £ 3.38 NS 343.641
Fir 2 13 10 5 30 113.46 + 3.14 } 295.345
F 7 7 19 27 26 20 12 2 120 90.68 £ 3.05 1119.911
Victory freezer (P1) x Sugar gem (P2)
P 7 17 4 2 30 81.97 £2.97 ** 264.232
P, 9 12 9 30 121.50 + 2.89 } 250.765
F1 1 10 9 8 2 30 10140 £3.73 NS ] 417.941
Fir 3 8 10 9 30 98.05 £ 3.62 392.401
F 7 21 47 29 10 6 120 106.76 £ 2.15 554.976
Victory freezer (P1) x 6-Lebanon (P2)

P 7 17 4 2 30 81.97 £2.97 ** } 264.232
P, 1 10 13 6 30 137.58 £ 2.95 261.910
F1 1 1 8 12 8 30 118.15+£3.62 NS 392.401
Fir 3 9 9 9 30 11547 £4.43 589.297
F 4 19 26 43 19 5 4 120 95.54 £ 2.67 855.117

? Each class represents a range of 20.1 cm and class values indicated represent class centers.
Y Pairs of means were either highly significant (**), significant (*), or not significant ( NS ) different from
each other according to (t) test.

No significant differences were detected between Fi's and their reciprocals for
plant length trait in all crosses indicating no maternal effect. These results typically
agree with those of Noser (2002), Hamed (2005) and Hamed et a/ (2015) and this
could be due to nature of self pollination in pea.

Quantitative genetic parameters gained for plant length trait are presented in
Table 2.

Several types of dominance were obtained for plant length trait. Positive PR
value indicated partial dominance of the high parent in the crosses Master x PS
210713 and Victory freezer x 6-Lebanon and complete dominance of the tallest
parent in the cross Master x Sugar gem, however, partial dominance towards the
shortest parent were found in the cross Victory freezer x Sugar gem. These various
results might be due to using different germplasm. These results are partially agree
with those of Hamed et a/ (2015) and El-Dakkak (2016) who found dominance
towards high parent in some population of peas.

All studied crosses exhibited negative high-parent heterosis for plant length
trait ranged from -28.75% to -5.51%. These results agree with those of El-Dakkak
(2016) who found negative heterosis for this trait and partially agree with those of
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Hamed (2005) who found negative heterosis in some crosses and positive heterosis in
others for plant length character.

One pair of genes was found to be controlled plant length trait in the cross
Master x PS 210713, three pairs of genes in the crosses Master x Sugar gem and
Victory freezer x 6-Lebanon and five pairs in the cross Victory freezer x Sugar gem.
These different results might be due to using diverse germplasm. These results are in
agreement with the previous results which reported that this character was controlled
by one pair (Hamed et a/, 2015), 1-3 pairs (Hamed, 2005) and 1-5 pairs (Noser,
2002). This means that plant length in quantitavely inherited.

Table 2. Genetic parameters obtained for some characters in some garden
pea crosses.

Character Plant length No. of days to flowering Green pod yield/plant
Parameter PR H MNG BSH PR H MNG BSH PR H MN BSH
% % % % % G %

Cross
Mx PS 026  -28.75 0.10 78.10 033 4136 0.61 88.63 0.86 613 239 9448
M x Sg 0.86 -5.51 237 82.47 092 7858 2.06 90.11 042 552 233 9.10
Vf x Sg -0.02 -16.54 432 45.52 -0.44 3.52 0.46 65.18 -0.12 3437 202 84.07
VixL 030 -1412 2.04 64.85 071  15.04 0.55 67.67 010  -27.50 388 7112

M= Master, PS= PS 210713, Sg = Sugar gem, Vf= Victory freezer, L=6-Lebanon
PR = Potence ratio, H = Heterosis, MNG = Minimum number of genes, BSH = Broad sense heritability.
Table 2. Continued.

Character No. of pods/plant No. of seeds/pod Shelling percentage
Parameter PR H MNG BSH PR H MNG BSH PR H MNG BSH
% % % % % %

Cross
MxPS 0.14 5176 9.41 8886 | -0.50 -26.74 3.18 68.20 | 430 1532 0.02 7331
M x Sg 0.4 -50.63 5.5 85.00 008  -2017 1.53 8095 | 151 6.9 0.41 74.91
Vf x Sg 006 -34.38 3.38 60.60 0.92 -1.18 0.44 69.23 | 146 280 0.06 72.81
VEx L -0.34 -51.63 4.18 84.90 - - - - 1.21 2.21 0.23 72.21

M= Master, PS= PS 210713, Sg = Sugar gem, Vf= Victory freezer, L=6-Lebanon
PR = Potence ratio, H = Heterosis, MNG = Minimum number of genes, BSH = Broad sense heritability.

Calculated BSH for plant length trait were moderate to high being 45.52% to
82.47% (Table 2). These results are in agreement with that of Kumari et a/ (2009),
Galal (2014), Hamed et a/ (2015) and El-Dakkak (2016) who found that it was high.
Also, Hamed (2005) and Georgieva et al. (2016) who estimated it as ranged from
54.6% to 74.2%.
2-Number of days to flowering

Data on number of days to flowering trait of parental lines, Fi, Fir and F2
populations of the crosses Master x PS 210713, Master x Sugar gem, Victory freezer
x Sugar gem and Victory freezer x 6-Lebanon are presented in Table 3.

Parents were highly significant diverse in this character. F1 and F. means were
intermediate between their respective parents in all studied crosses with tendency
towards the latest parent except Fi of the cross Victory freezer x Sugar gem and F; of
the cross Victory freezer x 6-Lebanon which tendency towards the earliest parent.
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Plants of F. were vastly spreaded between their parents with transgressive
segregation over the earliest parent in the cross Victory freezer x 6-Lebanon.

On comparing the observed means of the studied Fi's and its reciprocals, no
significant differences were noticed between F: and it's Fir in number of days to
flowering trait in all the studied crosses indicating absence of mother effect for this
character. These results are typically in agreement with Khalil et a/ (2015) who
indicated that maternal effects were absent in all studied crosses for number of days
to flowering character. Also, these results are partially agree with findings of Noser
(2002) and Hamed (2005) who found that maternal effect was existed only in one
Cross.

Quantitative genetic parameters obtained for number of days to flowering
trait are presented in Table 2.

Table 3. Distribution, mean and variance of number of days to flowering of
parental, F1, Fir and F2 populations of some garden pea crosses.

Population Frequency of number of days to flowering in class® Total Mean Variance
No. y ®)
40 47 54 61 68 75 82 89 | of X £ Sx
plants
Master (P1) x PS 210713 (P2)
Py 8 2 30 451340.57 ** ] 9.913
P, 8 16 6 30 67.53 £ 0.88 23430
Fi 2 8 2 30 63.80£0.79 NS } 18.924
Fir 2 17 6 5 30 64.27 £ 1.10 36.271
F 9 11 11 21 29 29 9 1 120 64.38 £ 1.10 144.104
Master (P1) x Sugar gem (P2)
Py 8 2 30 451340.57 ** } 9.913
P 4 2 4 30 82.00 £ 0.67 13.517
Fi 9 18 3 30 80.60 £ 0.78 NS ] 18.248
Fir 2 1 21 6 30 82.23£0.92 25.289
F. 16 10 3 3 30 13 5 120 66.83 £ 1.07 136.157
Victory freezer (P1) x Sugar gem (P2)

Py 12 15 3 30 72904083 ** ] 20783
P 4 2 4 30 82.00 £ 0.67 13.517

F1 28 2 30 7547+ 032 NS ] 3154
Fir 1 26 3 30 75474047 6.533
F 8 66 35 11 120 77.86 + .048 27.585

Victory freezer (P1) x 6-Lebanon (P2)

Py 12 15 3 30 72904083 ** ] 20783
P, 4 6 20 30 85.73£0.93 26133
F1 1 20 9 30 83.87 £ 0.67 NS ] 13.292
Fir 1 1 A 7 30 82.93£0.80 19.375
F 11 23 4 31 12 120 75.58 £ 0.71 59.775

? Each class represents a range of 7.0 days and class values indicated represent class centers.
Y Pairs of means were either highly significant (**), significant (*), or not significant ( NS ) different from
each other according to (t) test.

Several types of dominance were obtained for number of days to flowering

character. Positive PR values (0.92 and 0.71) were calculated indicating complete
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dominance of the late parent in the crosses Master x Sugar gem and Victory freezer
x 6-Lebanon. Meanwhile, the mean of the cross Master x PS 210713 lied between
those of MP and late parent, indicating partial dominance for the late parent.
However, negative PR value (-0.44) was estimated indicating partial dominance for
the early parent in the cross Victory freezer x Sugar gem. These results partially
confirm previous reports of Noser (2002), Hamed (2005), Sood and Kalia (2006),
Abbas (2012) and Khalil et a/ (2015) who observed different types of dominance for
this trait. These various results might be due to using different germplasm in each
study.

Positive average degrees of heterosis based on early parent were estimated in
all studied crosses for number of days to flowering trait ranging from 3.52% to
78.58% (Table 2). These results agree with the findings of Hamed (2005) and Khalil
et al (2015) who found positive heterosis in all studied crosses, meanwhile, Noser
(2002) found negative heterosis in some crosses and positive heterosis values in the
others for this character.

Minimum number of genes governing number of days to flowering trait was
calculated as a pair of genes in all studied crosses except in the cross Master x Sugar
gem which controlled by three pairs of genes (Table 2). These results are partially in
agreement with those of Noser (2002), Hamed (2005) and Khalil et a/ (2015).

Estimates of BSH for number of days to flowering trait (Table 2) ranged from
65.18% to 90.11% indicating high heritability estimates for this trait. These results
indicated the importance of genetic effect in controlling inheritance of this character.
These results partially agree with the previous results which indicated that it was high
(Noser, 2002, Hamed, 2005, Kumari et al, 2009, El-Dakkak et a/, 2014, Galal, 2014,
Khalil et al, 2015 and El-Dakkak, 2016).
3-Green pod yield/plant

Data obtained on green pod yield/plant trait of parental, Fi, Fir and F2
populations of the crosses Master x PS 210713, Master x Sugar gem, Victory freezer
x Sugar gem and Victory freezer x 6-Lebanon are presented in Table 4.

Parents were highly significant various in this character. Means of F1 and F2
were intermediate between their respective parents in all studied crosses except F. of
the cross Victory freezer x 6-Lebanon which was less than the low yielding parent. F2
plants were greatly spreaded between their parents with transgressive segregation
over the high yielding parent in the cross Master x PS 210713.

Non significant differences were noticed between Fi's and their Fi/'s for this

character in all crosses indicating no maternal effect. Previous results typically agree
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with the findings of Hamed et a/ (2015) and Kosev (2015) who indicated that
maternal effects were absent for this character.
Genetic parameters obtained for green pod yield/plant are presented in Table 2.
Several types of dominance were noticed for this character. Positive PR value
(0.86) were calculated indicating complete dominance towards highest yielding parent
in the cross Master x PS 210713. Partial dominance to high yielding parent showed
for the crosses Master x Sugar gem and Victory freezer x 6-Lebanon. However,
negative PR value (-0.12) was calculated indicating partial dominance to lowest parent
in the cross Victory freezer x Sugar gem. These results agree with previous results of
Noser (2002) who noticed different types of dominance for this trait. These different
results might be due to using various germplasm.

Table 4. Distribution, mean and variance of green pod yield/plant of
parental, F1, Fir and F2 populations of some garden pea crosses.

Frequency of total green pod yield/plant (g) in class* Total
No.
Population - 4 ™ T I @~ a9 of tean Variance
MR B 2 8 85 5§ 5 § 8 858 g, | @
Master (P1) x PS 210713 (P2)

Py 29 1 30 36.00 £ 1,00 ** 30.200
P 4 10 12 4 30 261,75 £ 4,94 } 733.139
F 2 3 4 1 6 2 2 30 245,70 £ 8.29 ]2

NS 061.954
Fir 5 4 7 9 4 1 30 251,72 £ 7.69 1774.530
F 23 20 17 18 14 8 4 7 4 3 2 120 12430+ 7.35 6475.025

Master (P1) x Sugar gem (P2)

Py 29 1 30 36.00 £ 1,00 ** 30,407
P2 5 6 5 3 1 30 294.86 £ 5.49 904.969
F 6 8 4 4 4 4 30 219.61 £ 9.54 }

NS 2732609
Fir 2 9 6 6 7 30 2262+ 7.17 1542.300
F. % 13 10 10 u 10 8 8 7 6 6 5 120 156.91 £ 9.49 10808.928

Victory freezer (P1) x Sugar gem (P2)

Py 6 1 5 5 3 30 113.26 £ 7.01 ** ]1474.609
P2 5 6 5 3 1 30 294.86 £ 5.49 904.969
F 2 9 7 5 5 2 30 193.53 £ 7.76 l

NS 807.854
Fir 2 8 6 6 7 1 30 196.54 £ 7.57 1717.253
F. 0 30 16 15 2 6 4 6 B 6 2 120 132.57 £ 8.38 8420.500

Victory freezer (P1) x 6-Lebanon (P2)

P 6 1 5 5 3 30 113.26 £ 7.01 ** | |1474.609
P 1 15 1 3 30 291.85 £ 4.01 483.205
F 1 12 9 6 2 30 211,59 £ 5,54 ]

NS 920.589
Fir 0 9 5 1 3 30 213.59 £ 9,00 2432.689
F. 9 16 B 0 9 5 1 1 2 1 1 120 93.95 £ 5.63 3797.565

? Each class represents a mean pod weight of 30.1 g and class values indicated represent class centers.
Y Pairs of means were either highly significant ( ** ), significant ( * ), or not significant ( NS ) different
from each other according to (t) test.

Negative high-parent heterosis values were estimated for all studied crosses

ranged from -34.37% to -6.13% for green pod yield trait. These results dissagree with
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those obtained by Noser (2002), Hamed et a/ (2015) and Kosev (2015). These various
results might be due to using various germplasm or planting under several
environmental conditions for the different studies.

Minimum number of genes controlling green pod yield/plant trait (Table 2)
was estimated as 3 pairs in the crosses Master x PS 210713, Master x Sugar gem and
Victory freezer x Sugar gem and 4 genes in the cross Victory freezer x 6-Lebanon
indicating polygenic effect of green pod vyield character. These results agree with
previous results of Hamed et a/ (2015) who estimated it as 2-3 pairs of genes.

Estimates BSH for this character ranged from 77.12% to 96.10% indicating
low environmental effect on this trait. These results were in agreement with those
estimated by El-Dakkak et al. (2014), Hamed et al. (2015), Kosev (2015) and El-
Dakkak (2016) who estimated high heritability for green pod yield trait.
4-Number of pods / plant

Concerning number of pods / plant trait, data of parental, Fi, Fir and F2
populations of the crosses Master x PS 210713, Master x Sugar gem, Victory freezer
x Sugar gem and Victory freezer x 6-Lebanon are showed in Table 5.

In each studied cross, parents were clearly various in number of pods / plant.
Means of Fi's and F.'s were intermediate between their parents in all studied crosses
with tendency of F>’s towards the lowest parent. In each cross, F2 plants were greatly
spreaded between its two parents with transgressive segregation over highest parent
in the cross Master x PS 210713.

No significant differences were noticed between Fi's and their Fi/'s for this
character in all obtained crosses indicating absence of mother effect. Previous results
typically agree with those of Noser (2002), Hamed et a/ (2015) and Kosev (2015) who
reported that maternal effect was not observed in any one of the studied crosses for
this trait. This could be due to nature of self pollination in peas.

Quantitative genetic parameters obtained for number of pods / plant are
presented in Table 2.

Partial dominance towards low parent was found in all studied crosses for
number of pods / plant trait. These results disagree with the results of Noser (2002),
Hamed (2005), Sood and Kalia (2006) and Hamed et a/ (2015) who found dominance
of the highest parent in all studied crosses. These diverse results might be due to the
various germplasm or unlike environmental conditions in each study.

Data on heterosis (Table 2) showed that the four studied crosses exhibited
negative heterosis values ranged from -51.76% to -34.38%. These results typically

agree with finding results of Hamed (2005) who estimated negative heterosis values
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ranged from -32.7% to -2.9% in all evaluated crosses. However, Kosev (2015)

calculated positive heterosis in some studied crosses and negative heterosis in others.

Table 5. Distribution, mean and variance of number of pods/plant of

parental, F1, Fir and F2 populations of some garden pea crosses.

Frequency of number of pods/plant in class* Total Mean Variance

No. y ®)

Population o o e o e o @ @ @ of X £ 5

® & & m © o o O O I plnts
Master (P1) x PS 210713 (P2)

Py % 2 30 9.00£0.69 * ] 14,483

P 4 19 7 30 99.50+ 1.66 83.017

Fy 2 n 2 2 30 48.00+ 2.63 NS ] 206.897

Fir 8 5 5 7 3 2 30 5200+ 4.37 573.103

F K2 36 20 8 9 2 1 1 1 120 28.88 £ 2.17 564.564

Master (P1) x Sugar gem (P2)

Py 28 2 30 9.00 £ 0.69 ** 14.483

P 4 5 15 5 1 30 80.00 £ 2.73 223.448

Fy 7 17 3 2 1 30 395 £2.63 NS ] 207.155

Fir 12 9 4 3 2 30 41,004 3.90 456.207

F. 5% 23 N 9 5 3 3 1 120 | 26.75£2.20 583.298

Victory freezer (P1) x Sugar gem (P2)

Py 6 11 3 30 28.00£ 253 ** ] 191379

P 4 5 15 5 1 30 80.00 £ 2.73 223.448

Fy 3 6 1 9 1 30 52.50£2.83 NS 240.259

Fir 2 10 9 7 2 30 5150+ 291 253.707

F 40 28 26 6 16 2 1 1 120 31132214 551.707

Victory freezer (P1) x 6-Lebanon (P2)

Py 6 11 3 30 28.00 £ 2.53 ** ] 191379

P 1 12 13 4 30 123.00 £ 2.08 129310

Fy 8 9 7 4 2 30 59.50 £ 3.35 NS } 336.466

Fir 1 6 9 8 4 2 30 61.00 £ 3.86 445.862

F 31 23 21 12 6 6 9 8 3 1 120 4525£3.34 1342.374

? Each class represents a range of 15 pods and class values indicated represent class centers.
Y Pairs of means were either highly significant ( ** ), significant ( * ), or not significant ( NS ) different
from each other according to (t) test.

Minimum number of genes controlling number of pods / plant trait was
estimated as four pairs in the cross Victory freezer x Sugar gem, five pairs in the
cross Victory freezer x 6-Lebanon, six pairs in the cross Master x Sugar gem and ten
pairs in the cross Master x PS 210713. These results are partially in agreement with
those found by Hamed (2005) and Hamed et a/ (2015) who estimated it as 1-7 and 3-
6 pairs of genes for this character, respectively.

Broad sense heritability estimated for number of pods / plant was moderate to
high and ranged from 60.60% to 88.86% indicating good scope for selection for
number of pods/plant trait. These results agree with those obtained by Noser (2002),
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Hamed (2005), Kumari et a/ (2009), El-Dakkak et a/ (2014), Galal (2014), Hamed et a/
(2015), Kosev (2015) and El-Dakkak (2016) who estimated high values of heritability
in the broad sense for this character.

5-Number of seeds/pod

Data obtained on number of seeds/pod trait of parental, Fi, Fir and F2
populations of the crosses Master x PS 210713, Master x Sugar gem and Victory
freezer x Sugar gem are presented in Table 6.

In the three studied crosses, parents were highly significant different in this
trait. Means of Fi's and F.'s were intermediate between their parents in all three
studied crosses except the F2 of the cross Master x PS 210713 which was lower than
the low parent. F> populations of all crosses were greatly spreaded between its two
parents with transgressive segregations over highest parent in the crosses Master x

Sugar gem and Victory freezer x Sugar gem.

Table 6. Distribution, mean and variance of number of seeds/pod of

parental, F1, Fir and F2 populations of some garden pea crosses.

Population Frequency of number of seeds/ pod in class* Total Mean Variance

No. y (D)
0 © N © o () - N of X + Sx
o~ (%) < 10 9 0 =) S | plants
Master (P1) x PS 210713 (P2)

P1 2 4 21 3 30 7.82 £ 0.14 ]** 0.591

P2 6 9 15 30 5.03 £ 0.16 0.764

F1 4 4 15 4 3 30 5.73 £ 0.22 ]NS 1.497

Fir 7 4 9 4 6 30 5.73 £0.29 2.498

F2 20 24 25 25 19 6 1 120 4.89 £ 0.15 2.759

Master (P1) x Sugar gem (P2)

P1 2 4 21 3 30 7.82 +0.14 ]** 0.591

P2 12 14 4 30 441 £ 0.14 0.579

F1 6 12 6 6 30 6.24 £ 0.21 }NS 1.302

Far 5 13 9 3 30 6.17 £ 0.18 0.946

F2 7 16 18 18 24 21 14 2 120 6.21 £ 0.18 4.007

Victory freezer (P1) x Sugar gem (P2)

P1 4 13 11 2 30 6.20 £ 0.16 }** 0.791

P2 12 14 4 30 441 £ 0.14 0.579

F1 8 8 11 3 30 6.13 + 0.20 }NS 1.181

Fir 1 8 9 9 3 30 5.98 £ 0.21 1.342

F2 12 18 18 44 14 12 2 120 5.38 £ 0.15 2.647

? Each class represents a range of 1.1 seeds and class values indicated represent class centers.
Y Pairs of means were either highly significant (**), significant (*), or not significant ( NS ) different from
each other according to (t) test.

Non-significant differences were showed between F1's and their reciprocals for
this trait in the three crosses indicating no maternal effect. These results typically
agree with those of Hamed (2005) and Khalil et a/ (2015) who reported that maternal
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effect was not observed in any one of studied crosses. This could be due to nature of
self pollination in pea.
Genetic parameters obtained for number of seeds/pod are presented in Table 2.

Several types of dominance were noticed for this trait. Positive PR values
(0.92 and 0.08) were estimated indicating complete and partial dominance to highest
parent in the crosses Victory freezer x Sugar gem and Master x Sugar gem,
respectively. However, negative PR value (-0.50) was calculated indicating partial
dominance towards lowest parent in the cross Master x PS 210713. Obtained results
agree with previous results of Noser (2002) who found different types of dominance
for this trait. These different results might be due to using various germplasm.

All studied crosses exhibited negative heterosis values ranging from -26.74%
to -1.18% (Table 2). These results are typically in agreement with results of Hamed
(2005) who estimated negative heterosis for this character. Also, Noser (2002) and
Khalil et a/ (2015) found negative heterosis in some crosses.

Minimum number of genes governing number of seeds/pod trait was
calculated as a pair in the cross Victory freezer x Sugar gem, two pairs in the cross
Master x Sugar gem and four genes in the cross Master x PS 210713. Also, Noser
(2002) estimated minimum number of genes governing this trait as 1-7 pairs of
genes, meanwhile, Hamed (2005) and Khalil et a/ (2015) estimated it as a single pair
of genes.

Broad sense heritability estimated for number of seeds/pod was high and
estimated as 68.20% to 80.95%. These results agree with those obtained by Hamed
(2005), El-Dakkak et al (2014) and Galal (2014) who estimated high heritability for
this character. However, Noser (2002), Khalil et a/ (2015) and El-Dakkak (2016) found
that BSH for this trait ranged from 14.67% to 43.47%, from 29.22% to 59.78% and
from 43.45% to 54.35%, respectively. Previous various results might be due to using
another germplasm or various environmental conditions.
6-Shelling percentage:

Data recorded on shelling percentage of parental, Fi, Fir and F2 populations of
the crosses Master x PS 210713, Master x Sugar gem, Victory freezer x Sugar gem
and Victory freezer x 6-Lebanon are presented in Table 7.

Parents in all four crosses were greatly differing in shelling percentage. Means
of F1's were greater than their high parents in all studied crosses. Means of F.'s were
intermediate between their respective parents in all studied crosses except the F. of
the cross Victory freezer x Sugar gem which was higher than the high parent. F2
populations of all crosses were widely spreaded between their parents with

transgressive segregations over high parents in four studied crosses.
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Data showed non-significant differences between Fi's and their Fi's for this
character in four studied crosses indicating no mother effect. These results typically
agree with previous results obtained by Noser (2002), Hamed (2005) and Khalil et a/
(2015).

Genetic parameters calculated for shelling percentage are presented in Table 2.

Positive PR values (4.30 and 1.51) were estimated indicated over dominance
of high parent in the crosses Master x PS 210713 and Master x Sugar gem,
respectively. Meanwhile, complete dominance to high parent in the crosses Victory
freezer x Sugar gem and Victory freezer x 6-Lebanon were found. These crosses
showed insignificant differences with the high parent. These results typically agree
with those obtained by Noser (2002), Hamed (2005), Sood and Kalia (2006), Abbas
(2012) and Khalil et a/ (2015) who found that over dominance and complete

dominance of best parent were obtained for this trait.
Table 7. Distribution, mean and variance of shelling percentage (%) of
parental, F1, Fir and F2 populations of some garden pea crosses.

Population Frequency of shelling percentage (%) in class Total Mean Variance
No. @)
2 8 § & 8 F 2 &£|d X Sx
plants
Master (Py) x PS 210713 (P;)
Py 5 17 6 2 30 5098+ 1.03 ** 31579
P 2 12 15 1 30 46.25£0.88 23.467
Fy 3 18 7 2 30 58.79£0.96 NS 27.581
Fir 1 2 15 9 3 30 59.50 + 1.15 39.922
F 20 2] 28 24 17 3 1 120 50.04 £ 0.92 102.458
Master (P1) x Sugar gem (P.)
Py 5 17 6 2 30 5098+ 1.03 ** 31579
P 2 20 8 30 37.02£071 15.297
Fy 3 8 15 4 30 5453+ 1.09 NS 35.924
Fir 1 4 14 9 2 30 5146+ 1.16 40.618
F. 7 30 36 il 15 8 3 120 45.24 £ 0.93 103.189
Victory freezer (P1) x Sugar gem (P2)
P 1 9 12 7 1 30 0203+1.18 * 41.487
P 2 20 8 30 37.02£071 15.297
Fi 6 19 2 2 1 30 43.41£120 NS 42.935
Fir 4 18 4 2 2 30 45,07+ 1.33 53.307
F 13 37 2 2] 11 8 2 120 43.77£0.96 110.690
Victory freezer (P1) x 6-Lebanon (P2)

P 1 9 12 7 1 30 0203+1.18 * 41.487
P2 3 1 13 3 30 53.59 + 1,06 33.838
Fi 3 4 2 1 30 54.77£091 NS 24.857
Fir 1 4 5 18 2 30 5359+ 1.21 44.268
F 8 28 K2 17 12 7 5 1 120 45.24£0.99 117.592

Z Each class represents a range of 7.1% and class values indicated represent class centers.
Y Pairs of means were either highly significant (**), significant (*), or not significant ( NS ) different from
each other according to (t) test.
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Positive high-parent heterosis values ranging from 2.21% to 15.32% were
estimated in all the studied crosses for shelling percentage character. These results
partially agree with that noticed by Noser (2002), Hamed (2005) and Khalil et a/
(2015) who estimated positive heterosis, based on the highest parent, for shelling
percentage character in some crosses.

Minimum number of genes governing shelling percentage character was
calculated as a single pair of genes in all four studied crosses (Table 2). Similar results
were obtained by Noser (2002) and Khalil et a/ (2015) who estimated it as one pair in
all studied crosses. Meanwhile, it was 1 to 3 genes as assessment by Hamed (2005)
and Abbas (2012).

Results in Table 2 showed that calculated BSH for shelling percentage
character ranging from 72.21% to 74.91%, indicating low environmental influence on
this character. These results disagree with those obtained by Noser (2002), Hamed
(2005), Kumari et al/ (2009) and Khalil et a/ (2015) who noticed that it was low or
moderate. These several results could be due to using various germplasm or unlike
environmental conditions by different researchers.

CONCLUSION

The previous results indicate that all studied traits except no. of pods/plant
are controlled by one to few numbers of genes and had moderate to high heritability,
so the selection for these traits can be preferred in the early generations.

REFERENCES

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

2. Allard, W. R. 1960. Principles of Plant Breeding. John Wiley and Sons, Inc. 473 p.

3. Burton, G. W. 1951. Quantitative inheritance in pearl millet, Pennisetum glaucum.
Agron. J. 43: 409-417.

4. El-Dakkak, A. A. A. 2016. Genetic improvement for yield and quality characters in
pea by using selection. J. Plant Production, Mansoura Univ. 7 (8): 837 — 842.

5. El-Dakkak, A. A. A., G. A. Zayed and M. A. H. Abd El-Hady. 2014. Improving
productivity and earliness for pea by selection under Sohag conditions. Egypt. J.
Appl. Sci. 29 (11): 523-533.

6. Galal, R. M. 2014. Genetic analysis of pea yield and its components by diallel
crossing. Egypt. J. Plant Breed. 18 (4): 799-811.

7. Georgieva, N., I, Nikolova and V, Kosev. 2016. Evaluation of genetic divergence
and heritability in pea (Pisum sativum L.). J. BioSci. Biotechnol. 5 (1): 61-67.

8. Hamed, A. A. 2005. Genetic studies on powdery mildew resistance and some

economic characters in some pea cultivars. Ph. D. Thesis, Fac. Agric. Cairo Univ.



246 GENETIC ANALYSIS OF SOME ECONOMIC

10.

11.

12.

13.
14.

15.

16.

17.

18.

CHARACTERS IN PEA

Egypt 97p.

Hamed, A. A., A. H. Hussein and E. M. E. A. Khalil. 2015. Genetic studies on some
guantitative traits in pea 1. Inheritance of vegetative characters, yield and its
components. Egypt. J. Agric. Res. 93 (4): 1211-1229.

Khalil, E. M. E. A, A. H. Hussein and A. A. Hamed. 2015. Genetic studies on some
quantitative traits in pea 2. Inheritance of number of days to flowering and some
pod characteristics. Egypt. J. Agric. Res. 93 (4): 1231-1251.

Kosev, V. 2015. Genetic analysis on some yield traits of pea (Pisum sativum L.)
crosses. J. BioSci. Biotechnol. 4 (2): 149-156.

Kumari, N., J. P. Srivastava and B. Singh. 2009. Heritability and genetic advance
in vegetable pea (Pisum sativum L.). Annals of Hort. 2 (2): 224-225.

Malr, 2018. Ministry of Agric. and Land Recl., Dept. of Agric. Static., Egypt.

Noser, M. A. 2002. Genetic study on some economic characters of peas. Ph. D.
Thesis, Fac. Agric. Cairo Univ. Egypt 78p.

Sharma, V. K. and L. Bora. 2013. Studies on genetic variability and heterosis in
vegetable pea (Pisum sativum L.) under high hills condition of Uttarakhand, India.
African J. Agric. Res. 8 (18): 1891-1895.

Sinha, S. K. and R. Khanna. 1975. Physiological, biochemical and genetic basis of
heterosis. Adv. Agron. 27: 123-174.

Smith, H. H. 1952. Fixing Transgressive Vigur in Nicotiana rustica. Iowa State
College Press, Ames. Iowa. p. 161-174.

Sood, M. and P. Kalia. 2006. Gene action of yield-related traits in garden pea
(Pisum sativum Linn.). SABRAO J. Breed. Genet. 38 (1): 1-17.



ENTSAR M. E. ABO-HAMDA 247

A A Lalaidy) cliall (and A gl Jalast)
sdan gl Jelen) dhuas jlalll

Cisanll S se = Cpiball Cian sgme — Ly el Lokl GULAT 5 sl Dy 5 s aid

s = el )l

Aol Ay gl dlndlaay Loy joadll gan de ) han Al Al o3y Aalal ol cy Al
Gliall (e &5 4 0 iy ety 52016 L)) 2013 e 558l P ol Esany gl
Os A Jsanas e 5,85 df an ol aae s ¢l Jsh e o) sl Al dplay)
Ge a4l bl dasg ¢ ol aae ¢ il g A s ¢ clall el
X 03 A GosSds ¢ e pash X jiuley ¢ 210713 G 0 X jide ab ol puadll Al
S jilde b Aplady) cliall (s &)y G a6 X 558 o5 ¢ an asd
b e ) A nt (B paed) IS BN Jiall s el Y1 daals ISV il LY e
o N il Ssa e ) i a8y LA e ALS el 82015 580 o
Ciugnd) Goagd S L Al daus dacal Al A8 sl Ciaay LA paall claal) S
o Sl aa g Laiw Gagd) im0 bl 8 e QU sal ciaa g claal) L 8 Lay
¢ (o=Saad) VL R jae) 58 ) Ul Lseds s ALY 2ae s cilael LAY el (an
i a culaef Laiy ¢ dugyaall agd aen b Lsse s oY) YL A jlie il A
558 QAL 2ae 5 ¢ clally (g A e s ¢ lall i1 s A Jseanas ¢l Jsha
SRS WP [RCREION gt XSG [RENE N [P P VSR - WP OON O ) g - 1 VT
Jsmane ddal 4-35 ¢ 385 Il Lseds (s oY) dae dial 3-15 ¢« il Jsh ddual 5-1
¢ oAl e dial 4-1 5 ¢ lall o5 A aae al 10-4 5 ¢ clall a5 A
ol Gl (e Sl da gy @ Sl dpus ddal i) e e a5 755
Dseh in ALY aae dial 790.11-765.18 ¢« cilall Jh dial /82.47-745.52 cilss
788.86-760.60 ¢ cl_all , aa¥l 5 8 Jseanae dial 796.10-777.12 ¢ 5.0 5 J
774.91-772.21 ¢ 5 Al )l aae dial 780.95-768.20 ¢ /(s al sac diial
iyl il agen o gy Aa) ) (e a3 Al Jaad s L bl A daial
Adle ) A gie L) 58 da 3y cliall (e Jil dae L aSaty lally 058 e dda laele
SoSuall Jual) 4 claall 33d Q) o) ja) (S il



248



