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Abstract

In the present study, a laboratory experiment was conducted to study the gene
action and estimate general (GCA) and specific (SCA) combining ability of
seedling traits in a half diallel cross of bread wheat. Eight bread wheat genotypes
and their Fi hybrids were evaluated under drought stress induced by the treatment
with Polyethylene Glycol-6000. The studied traits were shoot length (SHL), root
length (ROL), number of lateral roots (NOR), fresh weight of seedling (FRW) and
dry weight of seedling (DRW). Highly significant (P<0.01) differences were
observed among studied genotypes for all seedling traits under drought stress
conditions. Highly significant (P<0.01) mean squares due to GCA and SCA effects
were observed for all seedling traits, indicating the importance of both additive and
non-additive gene actions. Obviously, GCA mean squares were larger in
magnitude than that of SCA, indicating the importance role of the additive gene
action in the inheritance of the studied traits. Compared to their parents, F hybrids
produced longer roots under drought stress conditions, indicating the presence of
heterosis. The regression analysis indicated a partial adequacy of an additive-
dominance model for ROL, NOR, FRW and DRW, while non adequate model was
observed for SHL. Based on GCA effects, the parental genotypes Pi, P> and P3
were the best general combiners for most studied traits under drought stress
conditions. The highest desirable SCA effects were obtained from the crosses
P1xP3, P1xPs, P1xPs, P2xPs and P>xP7 for most studied traits, indicating their
usefulness as best promising combinations under drought stress conditions.
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Introduction

Drought affects crop plants in different stages of plant development (Hossain
etal.,2012). Moreover, Effects of drought stress differ according to several factors
including genotype, environmental conditions, and genotype by environment
interaction (Hoffman et al., 2009). The tolerance to drought stress is considered as
a complex trait controlled by polygenes with a high-level of genotype-by-
environment interaction (Cooper et al., 2006).

Development of wheat genotypes tolerant to drought stress is restricted by
several factors including the lack of effective selection criteria (El-Rawy and
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Hassan, 2014 a,b). Several drought tolerance traits, including various
morphological and physiological traits have been long used for the identification
of tolerant genotypes evaluated under drought stress conditions (Drikvand ef al.,
2012; El-Rawy and Hassan, 2021). In this regard, using morphological and
physiological traits as indirect selection criteria could be useful to increase yield-
based selection procedures in wheat breeding programs (Lonbani and Arzani,
2011).

Polyethylene glycol has long been used to simulate drought stress as an
osmotic agent reducing the water potential in vitro (El-Rawy and Hassan, 2014a).
Furthermore, the identification of wheat genotypes tolerant to drought or water
stress has long been practiced using PEG in vitro (Ahmad et al., 2013). Thus,
various growth parameters at seedling stage such as shoot length, root length,
number of lateral roots and fresh weight of seedling and dry weight of seedling
have been successfully used as indirect selection criteria for drought tolerance
(Baloch et al., 2012).

Objectives of the present study were 1) to study the genetic system
controlling seedling traits of bread wheat in a half diallel cross evaluated under
drought stress induced by PEG, 2) to estimate general and specific combining
ability for the studied traits as measures of additive and non-additive gene effects,
respectively, 3) to identify the best promising genotypes under drought stress
conditions to be used as parents in wheat breeding programs.

Materials and Methods
Plant materials

The initial plant materials used in the study consisted of eight genotypes of
bread wheat (Triticum aestivum L.) (Table 1). The field experiments were
conducted at the experimental Farm of Faculty of Agriculture, Assiut University,
Egypt. In 2020/2021 winter season, the eight genotypes were grown in the fields
and crossed in a half diallel design to produce 28 F; hybrids.

Table 1. Names and pedigree of eight bread wheat genotypes used in the study

Code Name Pedigree Origin
P1 Line-1 Advanced inbred line developed at Assiut University Egypt
P2 Line-2 Advanced inbred line developed at Assiut University Egypt
P3 Line-3 Advanced inbred line developed at Assiut University Egypt
P4 Gemmiza-9 ALD'S/HUAC'S//CMH74.630/5X Egypt
P5 Sids-14 BOW "S"/VEE"S"//BOW"S"/TSI/3/BANI SEWEF 1 Egypt
P6 CHAM-8 Kauz (CM67458) Syria
P7 L.1x15 Advanced inbred line developed at Assiut University Egypt
P8 Misr-2 SKAUZ/BAV 92 Egypt
PEG treatment

The eight parental genotypes and their 28 F; hybrids (36 genotypes) were
subjected to a laboratory experiment to study the gene action as well as to estimate
general combining ability (GCA) and specific combining ability (SCA) of different
seedling traits under drought stress induced by Polyethylene Glycol-6000 (PEG).
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Drought stress was induced by the treatment with 15% PEG (w/v) in the soil. The
seedlings were harvested after 10 days. The studied seedling traits were shoot
length (SHL), root length (ROL), number of lateral roots (NOR), Fresh weight of
seedling (FRW) and Dry weight of seedling (DRW).

Statistical analyses

To test the significance of differences due to genotypes as well as GCA and
SCA effects of seedling traits under drought stress induced by 15% PEG, the
phenotypic data of the seedling traits studied under drought stress were subjected
to an analysis of variance. The diallel analysis was performed following Hayman
(1954 a,b), Jones (1965) and Mather and Jinks (1971).

Results

Means of the studied genotypes for different seedling traits evaluated under
control and drought stress conditions are presented in Table 2. The result showed
that the parental genotypes and their hybrids showed different responses to drought
stress simulated by the treatment with PEG. On average, Fi hybrids produced
longer roots compared to their parents under drought stress conditions, indicating
the presence of heterosis. Due to drought stress simulated by 15% PEG, overall
means of SHL, FRW and DRW were decreased by 12.6, 81.8 and 80.0% for
parental genotypes, and by 22.6, 83.9 and 75.0% for F; hybrids, respectively. In
contrast, ROL was increased by 17.8 and 38.5% for parental genotypes and F
hybrids, respectively. Interestingly, drought stress increased NOR by 4.7% overall
parental genotypes, while a reduction of 9.7% was observed overall F; hybrids
(Fig. 1).

Table 2. Mean performance of studied genotypes for different seedling traits studied
under control and drought stress simulated by Polyethylene Glycol-6000 (15%
PEG-6000)

Parental genotypes F1 hybrids LSD LSD
Mean Min Max Mean Min Max (0.05) (0.01)
SHL Control 15.13  11.24 17.52 1038 6.47 1413 286  3.79
(cm) Drought 13.23 1193 1596 803 409 1273 2.60 345
ROL Control 10.02 8.83 1228 884 538 12.77 354 4.0
(cm) Drought 11.80 10.27 13.09 1224 847 1659 279  3.70
Control 3382295 3.60 228 197 320 0.59 1.25

Traits Environment

NOR h ousht 354 252 440 206 164 245 044 058

F(lgv Contol 055 042 071 031 017 046 015 0.19
Drought  0.10 007 0.2 005 002 007 002 003

D(lgv Control 010 005 012 004 002 005 002 003

Drought 0.02 0.02 0.03 0.01 0.004 0.01 0.005 0.01

SHL: Shoot length, ROL: Root length, NOR: No. of lateral roots, FRW: Fresh weight of the seedling and
DRW: Dry weight of the seedling.
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Figure 1. The percentage of reduction (above the x-axis) and increment (below the x-
axis) resulted in seedling traits due to drought stress induced by 15% PEG.
SHL: Shoot length, ROL: Root length, NOR: No. of lateral roots, FRW: Fresh
weight of the seedling and DRW: Dry weight of the seedling.

Highly significant differences (P<0.01) among parental genotypes and their
Fi’s were observed for all traits evaluated under drought stress conditions. The
mean squares due to GCA and SCA effects were also highly significant (P<0.01)
for all studied seedling traits, with the mean squares of GCA being much higher
compared to mean squares of SCA (Table 3).

Table 3. The diallel analysis of variance under drought stress simulated by 15%

PEG
Traits SHL ROL NOR FRW DRW
S.0.V. d.f Mean squares
Replicates 2 1.48 2.80 0.09 0.0006 0.00002
Genotypes 35 29.16** 15.04** 1.50%* 0.0021** 0.00010**
GCA 7 121.69%** 52.73%* 5.99%* 0.0086** 0.00050**
SCA 28 6.02%* 5.91%* 0.38%* 0.0005** 0.00004**
Error 70 2.54 2.93 0.07 0.0002 0.00001

SHL: Shoot length, ROL: Root length, NOR: No. of lateral roots, FRW: Fresh weight of the seedling and
DRW: Dry weight of the seedling. * and **: significant differences at P<0.05 and P<0.01, respectively.

The regression analysis for seedling traits evaluated under drought stress
induced by 15% PEG is presented in Table 4. The results showed a partial
adequacy of an additive-dominance model for ROL (b= 0.36+£0.07), NOR (b=
0.64+0.03), FRW (b= 0.57+0.10) and DRW (b= 0.57+0.15). However, a non-
adequate additive-dominance model was observed for SHL (b= 0.14%0.11).
Highly significant mean squares (P<0.01) due to the (Wr+Vr) values were
observed for SHL and ROL, indicating the existence of a significant dominance
variance. Highly significant mean squares (P<0.01) due to the (Wr-Vr) values were
also observed for SHL and NOR, indicating epistasis.
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Table 4. The Joint regression analysis and mean squares due to (Wr+Vr) and (Wr-
Vr) values for different seedling traits studied under drought stress simulated
by 15% PEG

Joint regression Test for Test for Mean squares of Mean squares of Fitness of

Traits ) +se) b=0 b=1  (Wr+Vr) (Wr — Vr) the model
SHL  0.1420.11 119 7.54%%  40.25% 13.82% Non adequate
ROL  036£0.07  536™ -955%% 2045 12.81%%  Partial adequacy
NOR 0.64+0.03 21.55%% _]12.32%* 0.54 0.03 Partial adequacy
FRW  057:0.10  5.64%% -420%% 0000038 0.0000025  Partial adequacy
DRW 0574015  3.66** -280**  0.00000081 0.00000029  Partial adequacy

SHL: Shoot length, ROL: Root length, NOR: No. of lateral roots, FRW: Fresh weight of the seedling and DRW: Dry
weight of the seedling. * and **: significant differences at P<0.05 and P<0.01, respectively.

The Wr/Vr relationships under 15% PEG (Fig. 2) indicated an
overdominance for SHL, NOR and FRW, whereas a partial dominance for ROL.
The P1 possessed the most dominant alleles for SHL. In addition, P1 possessed the
most dominant alleles for ROL and DRW. Whereas P4, P5 and P3 possessed the
most recessive alleles for ROL. The P4 possessed the most dominant alleles for
FRW, and P3 possessed the most recessive alleles. The P4, P2 and P3 possessed
the most dominant alleles for NOR, whereas P8 possessed the most recessive
alleles.

The highest positive GCA effects for SHL was found in the parental genotype
P1 (3.67) followed by P3 (1.41) and P2 (1.33). In addition, P2 possessed the
highest positive GCA effect for ROL (2.19) followed by P3 (1.40). Furthermore,
P1 possessed the highest GCA values for NOR (1.10), FRW (0.04) and DRW
(0.01) (Table 5).

Table 5. The GCA effects of parental genotypes for different seedling traits studied
under drought stress simulated by 15% PEG

Traits
Genotypes
SHL ROL NOR FRW DRW
P1 3.667** 0.113 1.098** 0.039** 0.010%*
P2 1.328** 2.186** -0.155%* 0.006** 0.001**
P3 1.412%* 1.404** -0.224%** 0.002** 0.001**
P4 0.218** 0.636** -0.232%* -0.007** -0.002**
PS5 -1.303** -0.548** -0.115%* -0.013** -0.002%**
P6 -1.802%* -1.253** -0.075** -0.008** -0.003**
P7 -1.704%* -1.412%* -0.154%* -0.009** -0.003**
P8 -1.815%* -1.127%* -0.143** -0.009** -0.002%*
SD (GD 0.0741 0.0856 0.0021 0.0003** 0.0001**

GCA: General combining ability, SHL: Shoot length, ROL: Root length, NOR: No. of lateral roots, FRW:
Fresh weight of the seedling and DRW: Dry weight of the seedling. * and **: significant differences at
P<0.05 and P<0.01, respectively.

As for F; hybrids, high and positive SCA effects were observed for SHL in
the crosses P2xP7 (2.86), P1xP6 (1.78), P1xP8 (1.76) and P1xP3 (1.70). The cross
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P2xP5 showed greater SCA (2.15) for ROL followed by P2xP7 (1.64). Meantime,
desirable SCA were found for NOR in the crosses P1xP8 (1.06) followed by
P1xP6 (0.71) and P1xP7 (0.34). Moreover, greater positive SCA values were
found in the cross P1xP6 for FRW (0.03) and DRW (0.006) (Table 6).

Table 6. The SCA effects of the F1 hybrids for different seedling traits studied under
drought stress induced by 15% PEG

Traits

Genotypes SHL ROL NOR FRW DRW
P1X P2 0.472 2.637%* -0.662%* -0.003 0.001
P1X P3 1.698* -1.387% 20.043% 0.017** 0.003%*
P1 X P4 20.820 0.121 20.735%* 20.011% 0.001
P1 X P5 0.376 _1.458% 0.165%* -0.016%* 20.002*
P1X P6 1.780%% 20.326 0.708%* 0.026** 0.006%*
P1 X P7 0.797 0.888 0.337** 0.010% 0.005%*
P1X P8 1.755* 0.343 1.059%* 0.015%* 0.006%*
P2 X P3 20.469 0.151 -0.006 -0.017%* 20.003%*
P2 X P4 -1.498* 1.613% 20.065%* 0.001 0.002*
P2 X P5 1.116 2.15% 0.335%* 0.016%* 0.002*
P2 X P6 20.412 0.129 0.112%* 0.001 0.001
P2 X P7 2.863%* 1.641% 0.190%* 0.010* 0.002*
P2 X P8 0.634 1.496 -0.088%* 0.010% 0.001
P3 X P4 20.079 0.395 0.137%* 0.012* 0.001
P3 X P5 20.619 0.765 0.121%* -0.007 0.003%*
P3 X P6 20.891 20.199 0.047% -0.007 0.001
P3 X P7 20314 -0.284 20.008 0.001 -0.001
P3 X P8 20.773 -0.095 -0.374%* -0.005 20.003%*
P4 X P5 0.866 20.110 0.128%* -0.019%* 20.004%*
P4 X P6 1332 0.426 0.122%* 0.014%* 0.001
P4 X P7 -1.807%* 22.609%* 0.001 -0.005 -0.001
P4 X P8 -1.734* -1.819% 20.011 20.011%* 20.001
P5 X P6 20.716 -0.975 20.195%* 0.001 -0.001
P5 X P7 0.607 0.522 0.117%* 0.012 0.001
P5 X P8 20.095 20378 -0.128%* 0.008 -0.001
P6 X P7 21,595 21,020 20.157%* 20.010% 20.002*
P6 X P8 -1.260% -0.798 -0.168** -0.009 20.002*
P7 X P8 20.261 20.153 -0.089%* -0.003 0.001
SD (S1J) 0.6959 0.8042 0.0197 0.005 0.001

SCA: Specific combining ability, SHL: Shoot length, ROL: Root length, NOR: No. of lateral roots, FRW:
Fresh weight of the seedling and DRW: Dry weight of the seedling. * and **: significant differences at
P<0.05 and P<0.01, respectively.
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Figure 2. The Wr/Vr graphs of SHL: Shoot length, ROL: Root length, NOR:
No. of lateral roots, FRW: Fresh weight of the seedling and DRW: Dry
weight of the seedling.

Discussion

Seedling traits of the studied genotypes were affected differently due to
drought stress conditions induced by using PEG. These findings agree with other
investigations obtained by Singh ef al. (2008) and Ahmad et al. (2013) in wheat.
Evidently, drought stress induced by 15% PEG decreased SHL, FRW and DRW.
In accordance, it has been reported that the treatment with PEG significantly
reduced different growth parameters in wheat at seedling stage (Ahmad et al.,
2013). The reduction resulted in shoot length may be due to the impediment of the
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cell division and elongation (Khakwani et al., 2011). In contrast, ROL was
increased due to drought stress induced by PEG. Similar results were found in
wheat by Decuseara and Nedelea (2012) and El-Rawy and Hassan (2014a).
Moreover, Khakwani et al. (2011) demonstrated that some genotypes increased
ROL with 15% PEG to reach deeper water in the soil.

Furthermore, abundant genetic variation was detected in the present study
among the studied genotypes for all seedling traits. Thus, wheat genotypes that
showed different responses to drought could serve as important sources to study
the adaptive responses of plants to drought stress conditions (Bhargava and
Sawant, 2013). Furthermore, the genotypic variation detected among different
genotypes in response to the PEG treatment could be useful for the selection of
desirable wheat genotypes at the seedling stage (El-Rawy and Hassan, 2014a).

The highly significant GCA and SCA estimates observed for all seedling
traits evaluated under drought stress induced by 15% PEG indicated that both
additive as well as non-additive gene actions are involved in the inheritance of the
studied traits. Obviously, GCA mean squares were larger in magnitude than that
of SCA, suggesting that the additive gene effects play a major role in the observed
variation of these traits, and thus selection in early segregating generations could
be effective to develop desirable wheat genotypes. These results are in accordance
with the results obtained by Awan et al. (2011) and Ashadusjaman et al. (2012).

Compared to their parents, Fi hybrids produced longer roots under drought
stress induced by 15% PEG, indicating the presence of heterosis. A partial
adequacy of an additive-dominance model was found for ROL, NOR, FRW and
DRW, while non adequate model was observed for SHL. Based on GCA effects,
the parental genotypes P1, P2 and P3 were the best general combiners for most
seedling traits under drought stress conditions. The highest desirable SCA effects
were obtained from the crosses P1xP3, P1xP6, P1xP8&, P2xP5 and P2xP7 for most
studied traits, indicating their usefulness as best crosses under drought stress
conditions. These findings suggested that these genotypes possessed drought
tolerance genes. Therefore, the use of these genotypes could be efficient for
improving the drought tolerance in wheat. Furthermore, several investigations
reported that growth parameters at seedling traits could be successfully used as
selection criteria under drought stress conditions in wheat (Rebetzke et al., 2007,
Bayoumi et al., 2008; Awan et al., 2011; Datta et al., 2011; Baloch et al., 2012).

In conclusion, abundant genetic diversity was found in the present study
among the studied genotypes. The additive gene action played the major role in
the observed variation of all studied seedling traits, and thus phenotypic selection
at early segregating generations may lead to effective identification of desirable
wheat genotypes. Three parental genotypes and five crosses were identified as the
most tolerant genotypes at seedling stage, suggesting their advantages as beneficial
genetic resources for improving the drought tolerance in wheat.

Assiut J. Agric. Sci. 54 (4) 2023 (123-133) 130



Genetic Analysis of Seedling Traits in Wheat ...

References

Ahmad, M., Shabbir, G., Minhas, N.M., Shah, M.K.N. (2013). Identification of drought
tolerant wheat genotypes based on seedling traits. Sarhad J. Agric. 29: 21-27.

Ashadusjaman, M., Shamsuddoha, M., Alam, M.J., Begum, M.O. (2012). Combining
ability and gene action for different root characters in spring wheat. J. Environ. Sci.
Nat. Resour. 5: 73-76.

Awan, S.I., Ahmed, M.S., Farooq, J., Ahmad, S.D., Ilyas, M., Shah, A.H., Khan, M.F.,
Ali, S., Hasan, L. (2011). Genetic model analysis on seedling and maturity traits in
wheat under rainfed conditions. Front. Agric. Chin. 5: 486-496.

Baloch, M.J., Dunwell, J., Khakwani, A.A., Dennett, M., Jatoi, W.A., Channa, S.A.
(2012). Assessment of wheat cultivars for drought tolerance via osmotic stress
imposed at early seedling growth stages. J. Agric. Res. 50: 299-310.

Bayoumi, T.Y., Eid, M.H., Metwali, E.M. (2008). Application of physiological and
biochemical indices as a screening technique for drought tolerance in wheat
genotypes. Afr. J. Biotechnol. 7: 2341-2352.

Bhargava, S., Sawant, K. (2013). Drought stress adaptation: metabolic adjustment and
regulation of gene Expression. Plant Breed. 132: 21-32.

Cooper, M., van Eeuwijk, F., Chapman, S.C., Podlich, D.W., Loeffler, C. (2006).
Genotype-by-environment interactions under water-limited conditions. In JM
Ribaut, ed, Drought Adaptation in Cereals, Haworth, NY, pp 51-96.

Datta, J.K., Mondal, T., Banerjee, A., Mondal, N.K. (2011). Assessment of drought
tolerance of selected wheat cultivars under laboratory condition. J. Agric. Technol.
7: 383-393.

Decuseara, C., Nedelea, G. (2012). The effect of genotype and water stress on root growth
in some alfalfa varieties. J. Hortic. For. Biotechnol. 16: 149-152.

Drikvand, R., Doosty, B., Hosseinpour, T. (2012). Response of rainfed wheat genotypes
to drought stress using drought tolerance indices. J. Agric. Sci. 4: 126-131.

El-Rawy, M.A. and Hassan, M.I. (2021). Assessment of genetic diversity in durum and
bread wheat genotypes based on drought tolerance and SSR markers. Plant
Breeding and Biotechnology 9(2):89-103.

El-Rawy, M.A. and Hassan, M.I. (2014a). A diallel analysis of drought tolerance indices
at seedling stage in bread wheat (7riticum aestivum L.). Plant Breeding and
Biotechnology 2(3): 276-288.

El-Rawy, M.A. and Hassan, M.1. (2014b). Effectiveness of drought tolerance indices to
identify tolerant genotypes in bread wheat (Triticum aestivum L.). Journal of Crop
Science and Biotechnology 17(4): 255-266.

Hayman, B.I. (1954a). The analysis of variance of diallel tables. Biometrics 10: 235-244.
Hayman, B.I. (1954b). The theory and analysis of diallel crosses. Genetics 39: 789-809.

Hoffman, M.T., Carrick, P.J., Gillson, L., West, A.G. (2009). Drought, climate change
and vegetation response in the succulent karoo, South Africa. S. Aftr. J. Sci. 105:54—
60.

Assiut J. Agric. Sci. 54 (4) 2023 (123-133) 131



Ahmed et al., 2023

Hossain, A., Teixeira da Silva, J.A., Lozovskaya, M.V., Zvolinsky, V.P. (2012). High
temperature combined with drought affect rainfed spring wheat and barley in South-
Eastern Russia: 1. Phenology and growth. Saudi J. Biol. Sci. 19: 473—487.

IM, DePauw, R.M., Townley-Smith, T.F. (1992). Evaluation of methods for
quantification of drought tolerance in wheat. Crop Sci. 32: 728-732.

Jones, R.M. (1965). Analysis of variance of the half diallel table. Heredity 20: 117-121.

Khakwani, A.A., Dennett, M.D., Munir, M. (2011). Early growth response of six wheat
varieties under artificial osmotic stress condition. Pak. J. Agric. Sci. 48: 118-123.

Lonbani, M., Arzani, A. (2011). Morpho-physiological traits associated with terminal
drought stress tolerance in triticale and wheat. Agron. Res. 9: 315-329.

Mather, K., Jinks, J.L. (1971). Biometrical Genetics, 2nd ed. Chapman and Hall Limited,
London.

Rebetzke, G.J., Richards, R.A., Fettell, N.A., Long, M., Condon, A.G., Forrester, R.I,
Botwright, T.L. (2007). Genotypic increases in coleoptile length improves stand
establishment, vigour and grain yield of deep-sown wheat. Field Crop Res. 100: 10-
23.

Singh, G.P., Chaudhary, H.B., Rajbir, Y., Tripathi, S. (2008). Genetic analysis of
moisture stress tolerance in segregating populations of bread wheat (7. aestivum
L.). Ind. J. Agric. Sci. 78: 848-852.

Assiut J. Agric. Sci. 54 (4) 2023 (123-133) 132



Genetic Analysis of Seedling Traits in Wheat ...

J.m.“@éuﬁuw\ gl cig bt B Al clial ) ¢l Jalast)
dala L) (g 98 Sl (5 910 3 grad) gl 3 gana (Gaun dana A ) daaa cdea) S dea) L

e o gl Gaala ey 3 IS ) )

oailal)
Aalal) 3 08l yadi g ) Jadll Al jad Alanae Ay e g el dilall Al jall
Al api a1 3A) el (e (5 i Chal (g (8 Bl el Gty e dalall
83y Aalaall o aalill liall gl cand Ul dan una G5 —die 5 Al s A8 5 ok
A8l okl o Tas A siee (358 cadaa g 5 palll Gl g cada 1) 55l 5 A 3N 5aa))
Alad) 8 a8l Aaanl 5l lay yall o e o CilS il Sga) sk it il e
) Jadll (e JS O (e Lee ccli il aead Tan 4 gine DY) e 4 alall
oy all Jas sie af il A g o) ciliall 431 55 8 50 ) S Capaall ye 5 Capaaall
Lae eyl Je 4 alal) 5 o8l daal ) olls e 5l Sy e dalall 5 a8l daa) )l
a;;asi“a@_‘,\_ﬂ@?u)mg e all A 5 (A il ) Jadll Jj;a?&i A YIRS
Ol e s oy A 8 lee ccalaadl (o yla cand Johal 1) g3 J oW daadl Cpa
Dsdallsae 5 i) sk clinal Al 5ol A8lia) 23 said 43 5 daiDle A jlasa¥) Jilas
A3y sl J sk diial 23 gaill daidle ade Jas gl aa A 66 _alall Galadl g cada )1 ) sl 4 3Ll
WY il Py s Py s Py Al dll okl el iy e ddlall 3l e lalaie
3ol Ay g ye <l il Jazadl e Jganll &5 Galiald) Cag ks ciad ilaall aliead LDl
phzal PyxP; 5 PyxPs 5 P1xPg 5 P1xPg 5 P1xP3 Oaed) (o G30Y) e 4 alil)
OB e il s Caliad) Cag yla canisac ) gl culid gil) JadlS Lgiala ) ey Lea il
Caliall Jaad il lade 58 OF OSa A i el (8 48 siall 4805l okl elli ) o)

Assiut J. Agric. Sci. 54 (4) 2023 (123-133) 133



