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ABSTRACT

Five promising inbred lines were selected to cross as females among four testers used as
males of cucumbers (Cucumis sativus L.) which generated by self-pollination for six generations
under greenhouse at Research farm, Sakha Village, Kafr Elshikh governorate between 2021 and
2023. Twenty F1 hybrids were produced in a Line x Tester scheme between parents during early
summer of 2024, Nine parents, their ten F; hybrids, and the commercially hybrid (Rafal F1) were
evaluated during winter season of 2024 in a randomized complete block design with three
replications to estimate some genetic parameters. Four crosses P3 x Ps, P4 x Ps, P4 x P7 and P4 « Psg
had positive significant heterotic value over the better parent for early yield weight, the cross P3 «
Py had great highly significant positive values of heterosis over (M.P) for total yield weight.
Non-additive gene played the main role in all traits. The line Cul4 and tester Cu2e consider
excellent combiners for early yield weight, whereas, Cul2, Cul4 and Cu2e cultivars were best
parents for total yield weight. The crosses P x P7 and Pz x Pg had great (SCA) effects for early

yield, while the crosses P3 x Pgand Ps x Pg had the greatest (SCA) effects for total yield.
Keywords: Cucumber- Cucumis sativus L.- Heterosis- Combining ability- Line x Tester.

INTRODUCTION

Cucumber  (Cucumis  sativus L.)
(2n=2x=14) is considered an important
vegetable crops, returns to to the gourd
family, which include many of genera and
species (Gopalakrishnan, 2007). Cucumber
is originated from Africa and India since
several thousand years ago, cucumber grown
in many area of the world, according to
(Wehner and Horton, 1986). There are two
main varieties of cucumbers: the fresh and
pickled cucumber (Staub and Bacher, 1997).
Cucumber has high percentage of water and a
few calories and sodium, it is rich in nutrients
and it is antioxidant, anti-cancer, reduces stress
and aids digestion (Jat et al., 2021). Cucumber
area in Egypt was nearly 26.7 thousand
hectares, with a total production of 626,9
thousand tonnes (FAOSTAT, 2023). It has
the property of cross-pollinated; it is almost
monoecious with various sex ratio (Bairagi
et al., 2002). In Line x Tester design, we
depend on many testers to test (GCA) of
lines (Kemothorne, 1957). It is important to
know good parents and suitable breeding
programe by estimate (GCA) and (SCA)

variances and its effects, (GCA) is fixable
because it controlled by the additive gene
action. Whereas (SCA) is non- fixable and
controlled by non-additive gene action.
Estimated of heterosis can measured by
dominance (Kumar et al., 2017). Several
studied estimated heterosis and reported the
combining ability in family of cucurbetiace
(Ahmed et al., 2004, Al-Araby, 2004,
Moradipur et al.,, 2016 and Tiwari and
Singh, 2016).

Egypt faces great challenges due to the
huge population. In Egypt the farmer unable,
utilize on only local seeds of cucumber so
we use the imported hybrid seeds to product
cucumber. Therefore, the main aim of
vegetable breeding enhancing cucumber
yield and quality. This experiment aimed to
study the various performance of nine inbred
lines of cucumber, to estimate the amount of
heteroic effect between them, and assess
(GCA) and specific combining ability
(SCA), through Line x Tester mating design
for cucumber crop and fruit characters.

MATERIALS AND METHODS

This investigation was conduct at
Research farm, Sakha Village, Kafr Elshikh

governorate belongs to Agriculture Research
Center-Egypt between 2021 to 2024.
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These lines were crossed at early summer season

Plant materials. of 2024 to obtain twenty F; hybrids by Line x
The materials which used in our experiment tester breeding programme. In the winter season
content of five advanced inbred lines, viz., cu of 2024, the nine parents, their 20 F, hybrids,
12, cul4, cul5, cul6 and cul? and four and check variety were planted in the
cultivars (cu2e, cu5e, cu7e and cu8e) as testers, greenhouse under drip irrigation. We use a
which created through self-pollination for six randomized complete block design and three
consecutive seasons (to ensure homogeneity). replicates.
Table (1). Genotypes of cucumber inbred lines used in the study.
Lines Testers
Code P1 P2 P3 P4 P5 P6 P7 P8 P9
genotype Cul2 Cul4 Cul5 Culé Culv Cu2e Cube Cuve Cu8e
Experimental design Potence ratio (P): were done by Wigan
Means traits and statistical variances were (1944).
done according to Cochran and Cox (1957). The Line x tester analysis: proposed by
comparison between genotype means calculated Kempthorne (1957).
by Duncan (1955). Proportional contribution of lines, testers
Estimates of heterosis - and their interaction in Fy top crosses
a) Heterosis over the mid-parent parent (M. P.) o _ s.s. of Lines
% = F1—_.1\/[.-1:’- x 100 Contribution of lines = m X
b) Heterosis over the better parent (B.P.) % s.s. of testers
F,-BP. Contribution of testers = ———————— X
=—=— X100 s.s.of crosses
¢) Heterosis over the commercial hybrid (C. H.) Contribution of lines x testers =
F,—C.H.
%=1 100 s.s.of linesx testers 100

s.s.of crosses
Where: S.S. mean sum square for lines,
testers and lines x testers.

RESULTS AND DISCUSSION
Test of significant and mean traits; indicating that variability genetic
performances could be calculated Brar and Sukhija (1977).
Table (2) showed analysis of variance
and highly significant mean squares for all
Table (2). Analysis of variance and means squares for all traits of the parents and their F; hybrids
of cucumber plants grown under greenhouse during the winter season of (2024-2025).

df Average fruit Average fruit Earlyyield Earlyyield Totalyield Total yield

SO.v. weight (gm) length (cm)  weight (gm) number  weight (kg) number
Replications 2 1.28 1.39 500.7 0.14 0.0019 0.59
Genotypes 28 756.88** 17.03** 121023**  18.91** 1.39%* 275.64**

Error 56 1.39 0.71 9111.2 1.33 0.002 0.58

** Significant at 0.01 level of probability. genotypes P; x Pg and Ps x Pg had the lower
The performance of parents and their F; value than all other genotypes. In order to
hybrids length of fruit, the parent 1 cv. was the

Table (3) showed high mean of F; than the tallest one and exceeded parents and crosses

corresponding value of testers, lines and means, while 6 cultivar had the shortest one.
parents mean for average fruit weight. Concerning the crosses, the genotypes P;
Concerning parents, the P, produced the P; and P, x P; had the longest fruits and
heaviest fruit (91 gm), whereas the P; was exceeded parents, F; mean and check hybrid
the lightest one. The crosses P; x Ps, P1 x P7 following by P; x Ps, whilst the genotypes P4
and P, x P; had the heaviest fruit, while x Ps and P4 x P7 had the shortest fruits.

(44)
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Regarding early vyield (weight of
fruits/plant), check hybrid exceeded all
genotypes means. The P; was the highest
parent for this trait; meanwhile the Ps was
the lowest one. From 20 crosses, the cross Py
x P7 has higher value than other crosses.
While, the lowest one was the cross Ps x Po.
Concerning fruit number of early yield, the

lines mean exceeded the check hybrid,
parents and F; hybrids means in early fruit
number / plant, whereas 1 cultivar produced
the largest early fruit number / plant and
almost equal the highest early fruit number
which produced by the crosses P; x Pg and P4
x Po. On the other hand, the lowest number
presented by the cross Ps x Po.

Table (3). Means performance for all traits of 9 parents, 20 crosses, and the check hybrid (Rafal F;)
of cucumber plants grown under greenhouse during the winter season of (2024-2025).

Genotype Average fruit  Average fruit Early yield / plant Total yield / plant
weight (gm). length (cm)  Fruit weight (gm) No. of fruits Fruit weight (kg) No. of fruits
Lines
P 84 hi 17 bc 978a 11.64a 444 48.04 g
P, 91 de 14 def 889.34 b 9.77¢ 5.2% 58.13c
P 80 j 13.34 ef 400.34 0 5.00 n 4.05 ij 50.67 f
P, 89 ef 13.67 ef 312.34q 351p 4.24 ef 47.66 g
Ps 87.34 fg 15 cde 814.34c 9.33d 4.05ij 46.39 hi
Average of lines 86.26 14.6 678.86 7.85 4.33 50.18
Testers
Pe 76.67 k 12.67 fg 165 s 215r 3.611 47.12 gh
P, 72 m 13efg 314.67 q 4370 4.16 gh 57.85¢c
Pg 73 Im 13 efg 352 p 4.82n 4.62b 63.34a
Py 76.34 k 15.67 cd 758.34 e 9.94¢c 2.65¢ 34.69 n
Average of testers 74.50 13.58 397.5 5.32 3.76 50.74
Average of parents 81.04 14.15 538.18 6.73 4.03 50.43
F; Crosses
Pix Pg 132a 19 ab 717.34 f 5.48 Im 4.23 efg 32.330
Pix P7 112 b 20a 812.67c 7.321j 4.12 hi 37.15m
P; x Pg 71 m 12 fgh 323.67q 4.620 4.24 ef 60.62b
Py« Py 55 p 15 cde 628.34 11.29 ab 3.15p 56.59 d
P, x Ps 83 hij 10 h 811.34c 9.78 ¢ 4.46d 53.77e
Py« Py 112 b 20 a 581.67 | 5.21 mn 4.34 de 38.87 1
P, « Pg 102 ¢ 16 cd 785.67 d 7.70h 452c 44.33 jk
P, x Py 85 ghi 15 cde 686.67 7.99¢ 290¢q 33.76 n
P3x Pe 102 ¢ 17 be 570.67 | 5.63 1 341m 33.65n
P3 P7 83 hij 12 fgh 438 n 6.42 331n 39.451
P3 Pg 71 m 15 cde 464.34 n 6.54 k 3220 45.35 ij
P3Py 83 hij 16 cd 714.67 fg 8.51 ef 4.06 ] 48.27 g
P4« Ps 94d 10h 599 k 6.31k 4.29 def 45.21 ij
P, P7 76 kI 11 gh 655.67 j 8.52 ef 3.38mn 43.93 k
P, Pg 82 ij 14 def 542.34 m 6.70 k 4.18 gh 51.61f
P4 Pgy 64 n 14 def 719 11.06 b 2.43r 37.32m
Ps « P 91 de 13 efg 675 i 7.39 hi 3.42m 37.44m
Ps « P7 80]j 14 def 699 gh 8.60e 245r 30.08 p
Ps x Pg 60 o 13 efg 5911 9.59 ¢ 3.95k 64.02a
Ps « Py 86 fgh 14 def 260.67 r 3.07¢ 3.681 43.29 k
Average of crosses 86.40 14.50 613.87 7.39 3.69 43.85
Rafal Con 93 d 14 def 671.66 de 7.14 fg 4.08 ] 4342k

Means followed by an alphabetical letter in common within each column are not significantly different at 5% level

according to Duncan’s Multiple Range Test.
Whereas for total vyield (weight of
fruits/plant), the check hybrid exceeded the
means of both testers and F; hybrids, but it
seems to be lower than the lines mean. The
parent 2 had the largest value (5.29 kg /plant)
followed by 8cv. with a value of 4.62 Kg/plant.
Concerning crosses, the genotype P, x Pg had the
largest value (4.52 Kg/plant) followed by the
genotype P, « Ps with a value of (4.46 Kg/plant).
On the contrary, P4 4 Pg had the lowest one with

(45)

(2.43 Kag/plant). The check hybrid produced
(4.08 Kg/plant). Regarding fruits number for a
total yield the testers mean exceeded the means
of lines, check hybrid and F;hybrids. The parent
Py was the lowest value while Pgwas the highest
one. Concerning the crosses, the highest cross
was Ps , Pg, whereas the lowest cross was Ps  P7
(Table 3).Regarding the previous traits, Ahmed
et al (2004), Moradipur et al (2016), Kumar et al
(2017), Sharma et al. (2017), Thakur et al.
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(2017), Kumar et al. (2018), Al-Araby et al.
(2019), Abd Rabou (2020) and Nahla A.
EL-Magawry and Nasef (2024) noted
variation between parents and crosses.
However, it is necessary to educate the
execution of genotypes it is not favorable to
rely mainly on the mean performances of the
paternal genotypes of the crosses Allard
(1960), so, combining ability was more
credibility for us to appreciate the genetic
parameters like heterosis, Kumar et al.
(2017).
HETROSIS:

Concerning average fruit weight, Table
(4) show that, 10 cross out from 20 revealed
significant or highly significant positive
values for heterosis over the mid-parents
ranged from (5.08% to 64.31%) for crosses
Ps x Pg and Py « Ps, respectively. In order to
heterosis over the better parent, 9 crosses
reflected highly significant positive values
ranged from (57.14% to 3.75%) for the
genotypes P; x Ps and both of (P3 x P7, P3 «
Pg), respectively. The average heterosis over
the mid-parents was significant with positive
value (7.28%), where as it was absent over
the better parent. Partial dominance was
found in 5crosses and over-dominance in
remained crosses, but it was absent effect

(P=0) in the cross P4 x Pg, suggesting that
the additive effect may be play the main
effect about inheritance for this trait. In this
concern, Abd-Rabou and Zaid (2013) and
Kumar et al. (2017) on cucumber, reflected
over dominance towards average fruit
weight. Concerning heterosis over the check
hybrid, 5 crosses revealed highly significant
positive values. The values ranged from
(9.68 %) reflected by 2 crosses P, x Pg and
P3 x Ps to (41.94 %) reflected by cross P;
Ps. The average was absent (-7.31%). Same
results noted by Airina et al. (2013) on
cucumber observed negative heterosis.
Whereas, Sudhakar et al. (2005),
Hanchinamani and Patil (2009), Kaur and
Dhall (2017), and Thakur et al. (2017), on
cucumber, found positive value for this trait.
As concern to heterosis over the mid-parents
for length of fruit, Table (4) show that seven
crosses had highly significant positive
values. Over-dominance was found in 16
crosses, complete dominance in one cross
and partial dominance in 3 crosses. Further,
potence ratio Kumar et al. (2017), Al-Araby
et al. (2019) and Abd Rabou. (2020) on
cucumber noted the same results towards
over dominance.

Table (4). Percentage of Heterosis over mid-parents (M.P.), better parent (B.P.), check hybrid (C.H.) and potence ratio
(p) of 20 crosses for Average fruit traits of Cucumber evaluated during winter season of 2024-2025.

Average fruit weight (g)

Average fruit length (cm)

Crosses M.p B.p C.H P M.p B.p C.H P
Py« Ps 64.31%* 57.14%* 41.94% 1381 28.08%* 11.76%* 35.71% 1.61
Py P; 43.59%* 33.33% 20.43%* 55 33.33%* 17.65%* 42.86%* 2
Py« Pg -9.55%* -15.48*%%  -23.66**  -1.54 -20.00%* -29.41%* -14.29%* 1.8
P1 Po -3L40%%  -3452%%  -40.86%*  -6.39 -8.17% -11.76%* 7.14 25
P, Ps -1.00 -8.79%* 210.75% 012 -25.01%* 28 5T** -28.57** 45
P, P; 37.42%% 23.08%* 20.43%* 3.18 48.15%* 42.86%* 42.86%* 11
P, Pg 24.39%* 12.09%* 9.68** 2.22 18.52%* 14.29%* 14.29%* 3.6
P,y Po 1.59 -6.59% -8.60%* 0.32 111 -4.28 7.14 1
Ps Ps 30.21%* 27.50%* 9.68** 13.8 30.72%* 27.44%* 21.43%* 15
P Py 9.21%* 3.75%* -10.75%* 2.0 -8.88% -10.04 -14.29%* -9
Ps Pg 7.19%* A11.25%  23.66%*  -16 13.90%* 12.44% 7.14 5
Psy Po 6.18%* 3.75%* -10.75%* 3.2 10.31%* 211 14.29%* 15
Pax Ps 13.48%* 5.62%* 1.08 1.97 -24,07%* -26.85%* -28.57** 5,67
Pax P7 -5.59%* 14617 -18.28%* 041 -17.51%* -19.53%* -21.43%* -8.00
Py Pg 1.23 7.87%* -11.83**  0.00 4.99 2.41 0.00 3.00
Pax Po 2258%%  -2800%  -3118%*  -2.79 -4.57 -10.66* 0.00 -1.67
Ps  Ps 10.97%* 4.19%* -2.15* 1.75 -6.04* -13.33%* -7.14 -0.43
Ps « P; 0.41 -8.40%* -13.98%* 0.2 0.00 -6.67 0.00 -0.33
Ps  Pg 25.16%%  -31.30%  -35.48**  -258 7.14% -13.33%* 7.14 -0.67
Ps  Po 5.08** -1.53 -7.53%* 0.58 -8.71% -10.66* 0.00 -5.00

Average 7.28** 0.10 -7.31** 2.95** 2.71** 3.57

*, ** significant at 0.05 and 0.01 levels of probability, respectively.

(46)
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Regarding heterotic effect over the
better parent, only six crosses had
significant or highly significant positive
value Py x P7, P2 x Pz and P3 x Pg; it means
that the previous crosses had length of fruit
more than the better parent. Six crosses had
highly significant positive values of
heterosis over the check hybrid, ranged from
42.86% by both genotypes P x Ps and P,
Pe, to 14.29% by the genotypes P3 xPgand P,
x Pg. The average heterosis was significant
with positive values in both of (M.P and
B.P) and it was absent in (C.H). The same
results obtained by Hanchinamani and Patil
(2009) and Kaur and Dhall (2017) on
cucumber. As regard to early yield weight of
fruit, Table (5) presented 12 crosses out of
20 had significant or highly significant
positive heterotic value over (M.P), whereas
only four crosses Ps x Ps, P4 x Ps, P4 x P7 and
P4 x Pg had significant or highly significant
positive heterotic value 42.55%, 73.29%,
89.68% and 54.07% over (B.P) respectively.

The presence of heterosis was due to
partial dominance in ten genotypes, whereas
over-dominance found in the other
genotypes. Regarding heterosis over (C.H)
four crosses had a negative value. The

average heterosis was absent over the mid
parent, the better parent and the check
hybrid. However, the absence of significant
heterosis over the better parent did not imply
the absence of superior F; crosses, i.e., P3 x
Ps, P4 x Pg, Pa x P7 and P4« Ps.

Concerning early fruit number, Table
(5) showed that 11 crosses had significant or
highly significant positive values of
heterosis over (M.P). The higher and the
lower value presented in the genotypes P4 x
Ps (122.97 %) and Ps x P; (25.55 %)
respectively. Over-dominance found in 11
crosses, but it was partial in 8 genotypes and
complete dominance in one cross. Regarding
heterosis over (B.P), 3 crosses had
significant or highly significant positive
value, they were P4 x Ps, P4 x P7 and P4 x Psg,
which had values 79.77%, 94.97 and 39 %j;
it means that the previous crosses had early
number of fruit more than the better parent.
Only four cross-had significant or highly
significant positive value over (C.H), ranged
from 34.31% to 58.12% for the genotypes Ps
x Pg and P x Pg, respectively. It means that
the previous crosses had early number of
fruit more than any crosses or than the
(C.H).

Table (5). Percentage of Heterosis over mid-parents (M.P.), better parent (B.P.), check hybrid (C.H.) and
potence ratio (p) of 20 crosses for early yield weight and number traits of Cucumber evaluated during winter

season of 2024-2025.

Early yield weight

Early yield number

Crosses M.p B.p C.H D M.p B.p C.H P
Py xPs 2552%  -26.65% 6.80 036  -2052  -52.02%*  -23.5 -0.30
Py Py 25.74*  -16.90* 20.99 0.50 856  -37.11%% 252 -0.18
PicPs  -51.33%*  -66.90%*  -5181**  -1.09 -43.86**  -60.31**  -3520% -1.06
PixPy  -27.62%% -3575%% 645  -2.18 4.63 301 58.12%* 0.58
P,xPs  53.90%%  -8.77 20.80 0.78  64.09%* 0.10 36.85* 1.00
P, P; 338 -34.60%*  -1340 007  -26.31*  -46.67**  -27.03* -0.69
Py« Ps 26.58*  -11.66 16.97 0.61 5.55 21.19* 784 0.16
P,«Py  -16.65%  -22.79 2.23 209  -18.92*  -19.62*  11.90 -22.91
PaxPs  101.89%*  42.55* 1504 244 57.48* 12.60 -21.15 1.44
P3Py 22.52 9.41 -34.79%* 51 37.03* 28.40 -10.08 6.52
Pax Pg 23.44 1599  -30.87** 364  33.20% 30.80 -8.40 17.82

2% Po 23.36* -5.76 6.40 0.75 13.92 -14.39 19.19 0.42
PaxPs  150.97**  91.78**  -10.82  4.89  122.97**  79.77%*  -11.62 5.12

ixP;  109.14**  108.37%* 238 29329 116.24**  04.97**  10.33 10.61
PixPs  B3.27%%  54.07* 1925 1060  60.86%*  39.00* -6.16 3.85

ixPs  3431** 519 7.05 0.82  64.46%* 1127  54.90%* 1.35
Ps Ps  37.85%%  -17.11 0.50 057  28.75%  -20.79* 3.50 0.46
Ps « Py 2383*  -14.16 4.07 053  25.55* -7.82 20.45 0.70
Ps « Ps 134  -2743** 1201 003  35.55%* 2.79 34.31* 1.11
P Py -66.85**  -67.99%*  -6LI19**  -18.77  -68.14**  -60.11** -57.00**  -21.59

Average  27.89 -1.97 -8.61 24207 -2.66* 3.45

*, ** significant at 0.05 and 0.01 levels of probability, respectively.

(47)
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The average heterosis over (M.P) was
highly significant positive value but it was
absent for (B.P) and (C.H). Various results
found by Al-Araby (2004), Bairagi et al.
(2002), Mule et al. (2012) Al-Araby et al.
(2019) and Abd Rabou. (2020) in cucumber for
these traits.

Concerning weight of total yield, Table
(6) show that 4 genotypes, had highly
significant positive values of heterosis over
(M.P), ranging from 5.09 % for the genotype
P1 x Ps to 21.18 % for the genotype P3 x Po.
The presence of heterosis was over-dominance
in 13 crosses, but it was partial in 6 genotypes
and only one was complete dominance. In this
concern, Abd-Rabou and Zaid (2013) and
Kumar et al. (2017) on cucumber estimated
over dominance in  most  genotypes.
Concerning heterosis over (B.H), no cross-
had highly significant positive value,
Regarding heterosis based on (C.H) 7 crosses
showed highly significant positive values,
ranged from 2.45% to 10.78% reflected by
crosses P4 x Pg and P, x Pg. The average

heterosis over (M.P), (B.P) and (C.H) had
negative values. This is in agreement with
Kumbhar et al. (2005), Sudhakar et al. (2005)
Hanchinamani and Patil (2009), Araina et al.
(2013), Kaur and Dhall (2017), Thakur et al.
(2017), Abd Rabou et al. (2019) and Al-Araby
et al. (2019) on cucumber.

As regard of total yield number Table
(6) presented that five cross had significant or
highly significant positive values of heterosis
over (M.P). The genotypes P1 x Pg and Ps x Pg
had large and low value respectively. The
presence of heterosis was over-dominance in
most crosses and partial in 6 crosses. The same
results obtained by Abd-Rabou and Zaid (2013)
and Kumar et al. (2017) on cucumber.
Regarding heterosis over the better parent,
only one cross P1 x Pg had highly significant
positive value 17.80 %. It means that the
previous cross-had total number of fruit
more than the better parent. The average
heterosis over (M.P), (B.P) and (C.H) was
absent.

Table (6). Percentage of Heterosis over mid-parents (M.P.), better parent (B.P.), check hybrid (C.H.) and potence ratio (p) of 20
crosses for total yield weight and number traits of Cucumber evaluated during winter season of 2024-2025.

total yield weight %

total yield number

Crosses

M.p B.p CH p M.p B.p CH P
P1 x Ps 5.09** -4.73** 3.68** 0.50 -32.05** -32.70** -25.54** -32.94
P Py -4.19%* -7.21%* 0.98 -1.30 -29.83%*%  -35.78*%*  -14.44** -3.22
Py« Pg -6.40** -8.23** 3.92** -3.18 8.85** -4.29%* 39.61** 0.64
P1x Po -11.14%* -29.05%* -22.79%* -0.44 36.81** 17.80** 30.33** 2.28
P, « Ps 0.22 -15.69** 9.31** 0.338 2.18 -7.50** 23.84** 0.21
P,y P7 -8.15%* -17.96%* 6.37** 0511  -32.97**  -33.13**  -10.48** -133.55
P, « Pg -8.78** -14.56** 10.78** -1.779 -27.01** -30.01** 2.10 -6.30
Py x Pg -26.95** -45.18** -28.92%* 0770  -27.26%*  -41.92*%*  -22.25** -1.08
Psx Ps -10.97** -15.80** -16.42** -1.92 -31.18**  -3359**  -22,50** -8.57
Psx P -19.37%* -20.43%* -18.87%* 1429  -27.20%%  -31.81%*  -9.14** -4.13
P3 x Pg -25.72%* -30.30%* -21.08** -3.92 -20.45%*%  -28.40%* 4.44%* -1.84
Ps x Po 21.19%* 0.25 -0.49 1.00 13.10%* -4.74%* 11.17** 0.70
P4 x Ps 9.30** 1.18 5.15%* 1.167 -4.60** -5.14%* 4,12%* -7.96
Py x P7 -19.52** -20.28** -17.16** -21.338 -16.73** -24.06** 1.17 -1.73
P4« Pg -5.64** -9.52%* 2.45%* -1.321 -7.01%*  -18.52**  18.86** -0.50
P4y Pg -29.46** -42.69** -40.44*%*  -1.278 -9.36**  -21.70%*  -14.05** -0.59
Ps « Ps -10.70** -15.56** -16.18** -1.88 -19.92*%*  -2054**%  -13,77** -25.62
Ps « P7 -40.32** -41.11%* -39.95** -28.98 -42.29** -48.00** -30.72** -3.85
Ps « Pg -8.88** -14.50** -3.19** -1.36 16.69** 1.07 47.44** 1.08
Ps « Po 9.85** -9.14** -9.80** 0.47 6.78** -6.68** -0.30 0.47
Average -9.53** -18.03** -0.63** -12.18*%*  -20.48** 0.99
*, ** significant at 0.05 and 0.01 levels of probability, respectively.
Concerning heterosis over the check respectively. Various results obtained in

hybrid, eight crosses had positive heterotic
effects. It ranged from 4.44% to 47.44%
reflected by genotypes P3 x Pg and Ps x Psg,

(48)

cucumber by Al-Araby (2004), Yadav et al
(2007), Hanchinamani and Patil (2009),
Kushwaha et al. (2011), Airina et al. (2013),
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Tiwari and Singh (2016), Kumar et al. (2017),
Thakur et al. (2017) Abd Rabou et al. (2020)
and Nahla A. EL-Magawry and Nasef (2024)
significant differences among all genotypes
for all traits presented in Table (7). Means
square for both GCA and SCA were highly

significant for most of traits under study;
(gca / sca ratio) indicated that, both additive
and non-additive gene effect in the
inheritance of all experiment traits.

Table (7). The analysis of variance and mean squares of the factorial mating design (line x tester
analysis) for all traits in Cucumber during winter season of (2024-2025).

Genotvpe df Average fruit  Average fruit Early yield  Early yield Total yield Total yield
yp weight length weight number weight number
Reps 2 1.40 1.21 93.11 0.079 0.002 0.97
Treatment 28 756.89** 17.03** 121023** 18.91** 1.39** 275.59**
PARENTS 8 149.87** 6.34** 265713** 33.88** 1.52%* 213.63**
Crosses 19 1024.1** 22.43** 63022.8** 13.25** 1.25** 273.75**
Par.vs. crosses 1 535.6** 0.09** 65504** 6.63** 2.86** 806.27**
Lines 4 626.3** 25.69** 44908** 3.06** 1.04** 43.44**
Testers 3 2252.5** 3.39** 57238** 6.65** 2.07** 670.03**
Line x Tester 12 849.6** 26.1** 70506** 18.30** 1.12%* 251.5**
Error 56 1.38 0.71 91111.2 1.33 0.002 0.58 _
Total 86 21272.9 519.68 3899873.6 604.4 39.09 7750.4 _
G.CA. 5.09 0.107 302.79 0.27 0.0038 0.65
S.CA. _ 282.74 8.46 9841.9 6.43 0.375 83.66 _
GCA/SCA 0.018 0.012 0.030 0.041 0.01 0.007

** = significant at 0.01, probability levels.

The analysis of variance for combining.

In all traits (gca/sca ratio) low than one,
means that the dominance genes more effect
than additive genes, to enhance these traits we
would be make hybridization or crossing
between parents. In this concern Al-Araby
(2004), Dogra and Kanwar (2011), Airina
(2013), Malav et al. (2018), Abd Rabou et al.
(2019), Al-Araby et al. (2019), Ene et al. (2019),
Abd Rabou et al. (2020) and Nahla A. EL-
Magawry and Nasef (2024) found same results.
Meanwhile, Al-Araby (2004), Moushumi and
Sirohi (2010), Dogra and Kanwar (2011), Al-
Araby et al. (2019) and Abd Rabou et al.(2020)
reported that (gca / sca ratio) more than one in
some traits.

Combining ability:

Table (8) presented that, four parents Py,
P,, P¢ and P; could be considered excellent
combiners for average weight of fruit, the tester
Cu2e was the best parent for GCA effects. For
average length of fruit, P, P, and P; cultivars
were the best combiners. The line Cul4 and
tester Cu2e were excellent combiners for weight
of early yield, whereas the line Cul6 and tester
Cu8e were good combiners for number of early
yield. Regading weight of total yield P31, Py, P
and Pg cultivars could be considered as good
combiners, while 3 parents P;, P, and Pg
cultivars were the best combiner with highly

(49)

significant positive value for number of total
yield. In this concern, different results reported
for effects of (GCA) in all traits by Yadav et al.
(2007), Dogra and Kanwar (2011), Golabadi et
al. (2015), El-Eslamboly and Mohamed (2018),
Ene et al. (2019), Al-Araby et al. (2019), Abd
Rabou et al. (2020) , EI-Remaly et al. (2021)

and Nahla A. EL-Magawry and Nasef (2024).
Regarding SCA effects, Table (9) showed
that ten genotypes had significant or highly
significant positive values of SCA effects for
average weight of fruit, whereas, five genotypes
exhibited highly significant values of SCA
effects for average length of fruit, suggesting
that, these crosses had tallest fruits than the other
crosses. Furthermore, the genotypes viz., Py « P+,
P, x Pg, Pz x Pg and Ps , Pg had significant or
highly significant positive values for early yield
weight, indicated that the previous genotypes
had earlier yield than the other crosses, while 5
genotypes Viz., Py x Pg, P2 x Ps, P4 x Pg, Ps x P7
and Ps x Pg had significant or highly significant
positive values of SCA effects for early yield
number. Concerning total yield weight, nine
crosses had highly significant value, whereas 10
genotypes had highly significant positive values.
In this concern, many investigation presented
desirable effect of SCA Singh and Sharma
(2006), Kushwaha et al. (2011), Airina (2013),
Naik et al. (2018). Al-Araby et al. (2019), Ene
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et al. (2019) Abd Rabou et al. (2020) and summer squash and El-Tahawey et al. (2015) on
Nahla A. EL-Magawry and Nasef (2024), as pumpkin.

well as, Al-Araby (2010), EI-Adl et al. (2014) on

Table (8). Estimates of general combining ability effects of all traits for the parents of
cucumber during the winter season of (2024-2025).

Average fruit ~ Average fruit Early yield Early yield Total yield Total yield

Genotype weight. length. weight. number weight. number.
Lines
Py 5.52** 1.62** -0.03 -0.24 0.25** 2.82%*
P, 9.27** 0.87** 95.80** 0.27 0.37** -1.17+*
Ps -1.32** 0.37 -40.12 -0.53 -0.19** -2.17**
Py -6.90** -2.13** 8.47 0.74* -0.12** 0.66**
Ps -6.57** -0.72** -64.12* -0.24 -0.31** -0.14
SE gcs 0.314 0.245 27.81 0.337 0.012 0.197
Testers
Ps 13.93** --0.15 54.13* -0.48 0.28** -3.38**
P, 6.60** 0.58* 43.67 -0.11 -0.17** -5.95**
Psg -9.27** -0.55* -79.13** -0.37 0.34** 9.34**
Pg -11.27** 0.12 -18.67 0.97** -0.44** -0.01
SE gca 0.281 0.219 24.87 0.302 0.011 0.177

*, ** significant at 0.05 and 0.01 levels, of probability, respectively.
Table (9). Estimates of specific combining ability effects of all studied traits for 20 F1 crosses of
cucumber during winter season of (2024-2025).

Crosses Average fruit  Average fruit Early yield Early yield Total yield Total yield
weight. length. weight. number weight. number
P1x PsP1« 25.15** 2.65** 42.70 -1.21 0.02 10.97**
P; 12.48** 2.58** 148.50* 0.26 0.35** -3.57**
P1x PgP1x -12.65** -3.95%* -217.70** -2.18** -0.03 4.61**
Py -24.98** -1.28* 26.50 3.13** -0.34** 9.93**
P, « Pe Pa -26.60** -4.60** 40.87 2.59** 0.13 ** 14.46**
P; 9.40** 3.33** -178.33** -2.35** 0.45** 2.14%*
P, « PgPs 15.60** 0.80 148.47* 0.41 0.13** -7.68**
Pg 1.60* 0.47 -11.00 -0.65 -0.71%* -8.91**
P3 « Ps P3 « 2.32** 3.57** -63.88 -0.75 -0.37** -4.66**
P; -7.68** -3.50** -52.08 0.06 -0.02 3.73**
P3 « PgP3 « -4.82** -0.03 -36.95 0.04 -0.61** -5.66**
Pg 10.18** -0.03 152.92** 0.66 1.00** 6.60**
P4« Ps P4 1.57* -1.60** -84.13 -1.35 0.45** 4.07**
P, -9.10** -2.00** -17.00 0.49 -0.02 5.37**
P4« Pg P4y 10.77** 2.80** -7.53 -1.07 0.27** -2.24%*
Py -3.23** 0.80 108.67 1.93** -0.70** -7.20%*
Ps  Pg Ps -2.43%* -0.02 64.45 0.72 -0.23** -2.90**
P; -5.10** -0.42 98.92 1.54* -0.76** -71.67%*
Ps « Pg Ps -8.90** 0.38 113.72* 2.81** 0.24%* 10.97**
Pg 16.43** 0.05 -277.08** -5.06** 0.75** -0.41
SE sca 0.629 0.491 55.63 0.675 0.025 0.395
*, ** significant at 0.05 and 0.01 levels, of probability, respectively.
The proportional contribution for average fruit weight per plant, early yield
The value of contribution for lines ranged number, total yield weight and number with
from 3.34% for total yield number to 24.11% for values (34.73%,7.93%, 25.97% and 38.65% )
average fruit length. Whereas, the contribution respectively.

value for testers excuded contribution of lines

(50)
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Table (10). Percentage of Proportional contribution (%) for lines, testers and lines x testers relative
to total variations for all traits of Cucumber during winter season (2024 —2025).

. Genotypes
Traits Line % Tester % Line x tester %
Average fruit weight 12.87 34.73 52.40
Average fruit length 24.11 2.39 73.50
Early yield weight 15 14.34 70.66
Early yield number 4.87 7.93 87.20
Total yield weight 17.42 25.97 56.60
Total yield number 3.34 38.65 58.01

The contribution of L X T interactions for
different traits ranged from 52.40% for average
fruit weight to 87.20% for number of early yield,
it also recorded greater proportion for studied
traits than both lines and testers. From these
results, we suggested that, the higher
contribution of L x T interactions than the
individual contribution of lines and testers due to
the interaction between lines and testers for the
previous traits Table 10. As regard of
proportional  contribution  various  results
obtained by Hanchinamani (2006), Sharma
(2010), Dogra and Kanwar (2011), Golabadi et
al. (2012) and Al-Araby et al. (2019) on
cucumber.

CONCLUSIONS:

This experiment estimated the heterosis and
combining ability for nine inbreed lines crossed
in 5 x 4 Line x Tester design, genetic variability
was found between genotypes. It could be

concluded that, the lines Cul2, Cul4, and the
tester Cu2e, were the best parents for most traits.
P4 and P9 were a promising parent inbred line
due to high early yield number. The cross P3 x
P9 has a big value of SCA effects for total yield,
the cross P4 x P7 had the best heterotic and
superiority values for weight and number of
early yield over (B.P), since, the genotype P1 x
P9 had great values over (C.H) for early yield
number, in addition to the crosses P2 x Ps and Ps
x Pg were superiority over (C.H) for total weight
and number of fruits respectively.
ACKNOWLEDGMENT:

The authors wish to thank Dr. Soliman
Omran, professor at Horticulture Research
Institute, Agricultural Research Center, Giza,
Egypt and appreciate his recommendations for
this study.

REFERENCES

Abd Rabou, A.M., Abo El-Wafa, A.M. and
EL-Magawry, N.A. (2020). Genetic
studies and evaluation of some
cucumber genotypes for cucumber
mosaic virus (CMV) resistance and
some other traits. Egypt. J. Plant Breed,
24 (4): 743-779.

Abd Rabou, A.M., Gharib, A. H. M and
Barghout, M. E. (2019). Breeding
cucumber (Cucumis sativus L.) for
spotted spider mite (Tetranychus
urticae) resistance. Annals of Agric.
Sci., Moshtohor, 57(4): 1-14.

Abd-Rabou, A. M. and Zaid, N. A. (2013).
Development of high quality cucumber
inbred lines and their hybrids for

(51)

resistance to powdery mildew disease.
Egypt J. Pl. Breed, 17:15-33.

Ahmed, M., Hamid, A. and Akbar, Z.
(2004). Growth and yield performance
of six cucumber (Cucumis sativus L.)
cultivars under agro-climatic conditions
of Rawalakot, Azad Jammu and
Kashmir. International Journal of
Agriculture and Biology, 6(2): 396-399.

Airina, C. K., Pradeepkumar, T., George, T.
Sadhankumar, E P. G. and Krishnan, S.
(2013). Heterosis breeding exploiting
gynoecy in cucumber (Cucumis sativus
L.). J. Tropical Agric, 51: 144-48.

Al-Araby, A. A. (2004). Breeding studies on
cucumber crop (Cucumis sativus L.).



Horticulture Research Journal, 3 (5), 43 :54 - June 2025, ISSN 2974/4474

Wiy,
P

| Q\-:‘,; ),

S taro

M.Sc. Thesis, Fac. of Agric., Tanta, Univ.,
Egypt.

Al-Araby, A. A. (2010). Breeding studies
estimation of heterosis, combining
ability and heritability in intervarietal
crosses of summer squash (Cucurbita
pepo L.). Ph. D. Thesis, Fac. of Agric.,
Tanta. Univ.

Al-Araby, A. A., Ahmed, M.E. Omran,
S.A. and Aboshanady, A.M. (2019).
Heterosis and combining ability in
cucumber (Cucumis sativus L.) using
line x tester analysis. Egypt. J. Plant
Breed, 23(6):1169— 1194.

Allard, R. W. (1960). Principles of Plant
Breeding. John Wiley and Sons. Inc.,
New York.

Bairagi, S. K., Singh, D. K. and Ram, H. H.
(2002). Studies on heterosis for yield
attributes in cucumber (Cucumis sativus
L.). Veg. Sci., 29:75-77.

Bairagi, S. K., Ram, H. H., Singh, D. K.
and Maurya, S. K. (2005). Exploitation
of hybrid vigour for vyield and
attributing traits in cucumber. Indian J.
Hort., 62:41-45.

Brar, J. S. and Sukhija, B. S. (1977). Hybrid
vigour in intervarietal crosses in
watermelon [Citrullus lanatus (Thunb.)
Mansf.]. Ind. J. Hort., 34 (3) 277-283.

Cochran, W. G. and G. M. Cox (1957).
Experimental Designs. 2nd ed., John
Willey and Sons, New York.

Dogra, B. S. and Kanwar, M. S. (2011).
Exploitation of combining ability in
cucumber (Cucumis sativus L.). Res. J.
Agric. Sci. 2(1): 55-59.

Duncan, B. D. (1955). Multiple range and
multiple F test. Biometrics. 11: 1-42.
El-Adl, A. M., Abd El-Hadi, A. H. Horeya
M. F and Abdein, M. A. (2014).
Heterosis, Heritability and Combining
Abilities for some Earliness traits in
Squash (Cucurbita pepo, L.). Alex. Sci.

EX. J., 35(3): 203-214.

(52)

El-Eslamboly, A. and Mohamed, G. (2018).
Potentiality of producing high-yielding
greenhouses cucumber F1 is by
estimating some genetic parameters.
Egypt. J. App. Sci., 33 (12): 536-551.

El-Remaly, E.B., Abd El-Hakim, H.I.,
Smuda, S.S. and Abedelmaksoud, T.G.
(2021). Breeding new  pickling
cucumber hybrids: A. Morphological
characterization and genetic studies.
Egypt. J. Agric. Res., 99 (4): 464-474.

El-Tahawey, M. A. F. A., Kandeel, A. M.
Youssef, S. M. S. and Abd EI-Salam,
M. M. M. (2015). Heterosis, potence
ratio, combining ability and correlation
of some economic traits in diallel
crosses of pumpkins. Egypt J. Pl
Breed., 19: 419-439.

Ene, C.O., Ogbonna, P.E., Agbo, C.U. and
Chukwudi, U.P. (2019). Heterosis and
combining  ability in  cucumber
(Cucumis sativus L.). Information
processing in agriculture, 6: 150-157.

Golabadi M., P. Golkar, and A. Eghtedary
(2012). Assessment of genetic variation
in cucumber (Cucumis sativus L.)
genotypes. Euro J. Exp. Bio., (2):826—
831.

Golabadi, M., Golkar, P. and Eghtedary, A.
(2015). Combining ability analysis of
fruit yield and morphological traits in
greenhouse cucumber (Cucumis sativus
L.). Can. J. Plant Sci., 95: 377-385.

Gopalakrishnan, TR. (2007). Vegetable
crops. In: Peter KV, Swaminathan MS,
editors. Horticulture science series — 4.
India: New India Publishing Agency; p.
103.

Hanchinamani, C. N. (2006). Genetic
variability, divergence, heterosis and
combining ability studies in cucumber
(Cucumis sativus L.). Ph. D. Thesis,
Fac. of Agric., Dharwad. Univ., India.

Hanchinamani, E. N. and Patil, M.G.
(2009).  Heterosis in  cucumber



Horticulture Research Journal, 3 (5), 43 :54 - June 2025, ISSN 2974/4474

Wiy,
P

| Q\-:‘,; ),

S taro

(Cucumis sativus L.). Asian J. Horti., 4: 21-
24.

Jat, G.S., Behera, T.K., Lata, S. and Kumar,
S. (2021). Classical genetics and
traditional  breeding in  cucumber
(Cucumis sativus L.). In: (Edr. Haiping
Wang) Cucumber economic values and
its cultivation and breeding. DOI:
10.5772/intechopen.97593.

Kaur, K and Dhall, R.K. (2017). Heterosis
and combining ability for yield and
yield attributes in cucumber (Cucumis
sativus L.). SABRAO J. Breed. Genet,
49 (1): 94-103.

Kempthorne, O. (1957). An Introduction to
Genetic Statistics. John Wiley and Sons,
New York.

Kumar, S., Kumar, R. and Dogra, R.K.
(2018). Heterotic potential, potence
ratio, combining ability and genetic
control of seed vigour traits for yield
improvement in cucumber (Cucumis
sativus). Indian J. Agric. Sci., 88 (5):
771-778.

Kumar, S., Kumar, R. Kumar, D.,Gautam,
N., Singh, N., Parkash, C., Dhiman,
M. R. and Shukla, Y. R. (2017).
Heterotic potential, potence ratio,
combining ability and genetic control of
yield and its contributing traits in
cucumber (Cucumis sativus L.). New
Zealand J. Crop and Horticultural
Science, 45 (3):175-190.

Kumbhar, H.C., Dumbre, A. D. and Patil,
H. E. (2005). Heterosis and combining
ability studies in cucumber (Cucumis
sativus L.). Journal of Maharashtra
Agricultural Universities, 30:272-275.

Kushwaha, M., Yadav, L. B. and Maurya,
R. P. (2011). Heterobeltiosis and
combining  ability in  cucumber
(Cucumis sativus L.) under mid hilly
area of Uttrakhand. Progress Agr.,
11:103-107.

Malav, N., Yadav, M. |. and Maurya, I. B.
(2018). Heterosis and combining ability

(53)

in cucumber (Cucumis sativus L.). Int.
J. of Chem. Studies, 6(3): 457-460.

Moradipour, F., Olfati, J. A. Hamidoghli,
Y. Sabouri, A. and Zahedi, B. (2016).
General and specific combining ability
and heterosis for yield in cucumber
fresh market lines. Int. J. of Veg. Sci.,
23: 285-293.

Moushumi, S. and Sirohi, P.S. (2010).
Combining ability analysis for yield and
its contributing characters in cucumber.
Indian J. Hort., 64: 4. http:// ovidsp.tx.
ovid.com.

Mule, P. N., Khandelwal, V. Lodam, V. A.
Shinde, D. A. Patil, P. P. and Patil, A.
B. (2012). Heterosis and combining
ability in cucumber (Cucumis sativus
L.) Madras Agric. J., 99 (7-9): 420-423.

EL-Magawry, N. A and Nasef, I. N.
(2024). Heterosis and combining ability
in cucumber under  greenhouse
conditions. Horticulture Research
Journal, 2 (4): 73-84.

Naik, P.R., Adivappar, N., Srinivasa, V.,
Gangaprasad, S. and Herle, S.P (2018).
Combining ability studies in cucumber
(Cucumis sativus L.). Int. J. Pure App.
Biosci., 6 (2): 1389-1393.

Sharma, M. (2010). Gene action and
heterosis studies involving gynoecious
lines in cucumber (Cucumis sativus L.)
[Ph.D. thesis]. Palampur: Chaudhary
Sarwan Kumar Himachal Pradesh
Krishi Vishvavidyalaya; 192p.

Sharma, S., Kumar, R. and Sharma, H. R.
(2017).  Studies on  variability,
heritability and genetic gain in
cucumber (Cucumis sativus L.). Indian
Journal of Ecology, 44(6):829-833.

Singh, Y. and Sharma, S. (2006).
Combining ability through line x tester
analysis in cucumber (Cucumis sativus
L.). Crop Res. Hissar, 31:110-115.

Staub, J. and Bacher, J. (1997). Cucumber as
a processed vegetable. In, D.S. Smith,
J.N. Cash, W. Nip, and Y.H. Huli, eds.,



Wiy,
P,

* ‘o’
Horticulture Research Journal, 3 (5), 43 :54 - June 2025, ISSN 2974/4474 . (\ 2 e

K“«w..,y
Processing  Vegetables, Science and earliness and vegetative traits in
Technology V. Technomic Publishing Cucumber (Cucumis sativus L.). J.
Co., Inc. Lancaster, PA., pp. 129-193. Appl. & Nat. Sci., 8(2): 999-1005.
Sudhakar, P., Singh, B., Major, S. and Wehner, T. (1989). Breeding for improved
Mathura, R. (2005). Heterosis in yield in cucumber. Plant Breeding
cucumber  (Cucumis  sativus  L.). Reviews, 6:323-359.
Vegetable Science, 32:143-145. Wigan, L. G. (1944). Balance and potence in
Thakur, M., Kumar, R. and Kumar, S. natural populations. J. Genetet., 46:150-
(2017). Estimation of heterosis for 160.
earliness and yield contributing traits in Yadav, J. R., Singh, S. P., Prihar, N.S.
cucumber  (Cucumis  sativus  L.). Yadav, J. K. Mishra, G.,, Kumar, S.
International Quarterly Journal of Life and Yadav, A. (2007). Combining
Sciences, 12 (2):1189-1194. ability for yield and its contributing
Tiwari, R. and Singh, D. K. (2016). Study characters in cucumber (Cucumis
of heterosis and combining ability for sativus L.). Progress Agr., 7:116-118.
o padlal)

Bagall g b il JLAl) b Jgaanal) o Cuagd BBy Aal) Jadl) il
J:u.d\ JL&JL’JL@ 403.ALA LSJ:‘AM chMJgi uél.,m e 45 A.AA\

Gae 3l smdll S g0 — Oofandl 3 gy dgaaiy slanll 5 gl Ly undl) i gy and
YO Ayl ae Ll 5l ye LA e VDL Asad G gl 5 jean (& juadll Jualae aaf (e fasd 5 jlall asy
Y Ol U ALYl Cpnd 20 go bl Anaill Aol &3 agin (pab 20 Y CLESH )AL 45y )k o Al
i Ay e 8 Sadly SSI J geanall il Sy Ay el Cliall aydi a1 i jlaall axaiul o3 Rafal F1 ksl
Usilaey L dilaie 8 4in ) de ) 3ally 4] piad) ALalS e Unl aparaly )y Sa D0 3 4Dl o saall iy ko
il @ jedal oLV Yl Gl e 55080 5 cuagll 568 (bl @lld g <2024/2025 (6 5l s sall DA adll i€
i€y Ayl claall JSU 4 gies il Lagia Aailll gl s oLy YSLL Galdll cplal) ey e Jasia o
Jsmanall (s Adeal eV QY I A don e 4y sine dad Cidacl y A 5éia Py Py 5 Py« P75 Py« Pg el
ALl il J geanall KU ()50 A A e OO A das e 4 5ina A Py Pp Cned) el ety ¢ jSuall
5 CUL4GE il Laiy ¢ jSaall J gemnall ¢ 550 Al Gl e dle ddle 3,08 ild CU2e LS ,CUL4
alall 5l dpilly ¢ granall JSH ()55l Adial Ay @l e dale 3,08 Juadl CUTe s CU2e—iLis) sCU1L2
o el Py x Py Ps x Pooaells S8l Jsemndll il o el Py PoPy x Py 0nell kel il e
S J sanall

(54)



