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GENE EFFECTS FOR YIELD AND YIELD 

COMPONENTS IN TWO SOYBEAN CROSSES UNDER 

NORMAL AND DEFFICIT IRRIGATIONS 
F.E. Waly, S.M. Tarek and A.A. Abou Zied 

Food Legume Research Section, Field Crops Research Institute, ARC. 

ABSTRACT 
The present study was conducted at the experimental farm of Itay EL-Baroud 

Agricultural Research Station, ARC during the summer season of 2017 and 2018 to 

determine the gene effects, heritability in broad and narrow sense and genetic advance % 

by using the five populations (P1, P2, F1, F2 and F3) of the two crosses namely; Giza 21 x 

Line 164 and DR101-937 x Line 164. For this purpose the two crosses were grown in two 

experiments under normal irrigation (full number of irrigations) and reduced irrigation 

(half number of irrigations); each experiment was arranged in randomized complete 

block design with three replicates. The results showed that, mean squares due to of the 

two segregating generations F2 and F3 were higher than mean squares of non-

segregating generations (P1, P2 and F1) under normal and reduced irrigation for both 

crosses. Reduced irrigation had negative effects on seed yield and its components in the 

five populations of the cross Giza 21 x Line 164 where the reduced irrigation led to 

increasing number of empty pods/plant and decreasing number of pods/plant. Also, seed 

yield of P1, P2, F1, F2 and F3 were sharply decreased under reduced irrigation. While, 

yield and its components of the cross DR101-937 x Giza 21 were not affected by reduced 

irrigation in all populations, except number of pods and seed yield of P2; these traits 

sharply decreased under reduced irrigation. The C and D scaling test for all traits in the 

two crosses Giza 21 x Line 164 and DR101-937 x Giza 21 showed that at least one or 

both of C or D were found significant in normal and reduced irrigation, indicating the 

presence of non-allelic interaction in the inheritance of all studied traits. In both crosses, 

the additive gene action (d) and epistasis gene action from the type additive x additive (i) 

were significant for most yield traits under normal and reduced irrigations. Finally, the 

significance of dominance gene (h) was absent in all traits under both irrigation 

treatments. The desirable shape of epistasis (complementary) was presented in most traits 

in both crosses. The genetic advance (∆ G) of Giza 21 x Line 164 ranged from 1.66% in 

plant height to 12.99% in main root length under normal irrigation and ranged from 

1.42% in 100-seed weight to 12.71% in seed yield/plant under reduced irrigation. The 

cross DR101-937 x Line 164 exceeded the cross Giza 21 x Line 164 in genetic advance% 

in most trait, where ∆G % of DR101-937 x Line 164 ranged from 3.32% for 100-seed 

weight to 17.03% for seed yield/plant under normal irrigation and ranged from 1.39% for 

100-seed weight to 21.85% for seed yield/plant under reduced irrigation. From the 

previous results it could be clear that pedigree selection in the early segregation 

generations could be an excellent method of these crosses for the breeder view to select 

line of high genetic stability for most studied traits especially seed yield. 

Key words: Soybean, Gene action, Heritability, Genetic advance, Generation means 

analysis, Deficit irrigation 

INTRODUCTION 

Soybean (Glycine max L.) is among the top ten of the most widely 

grown crops, with a world total production in 2017 over 352.6 million tons 

from dry seeds produced from harvested area of about 123.55 million 

hectares, while in Egypt, the harvested area in the same year was about 

15000 ha produced approximately 45000 from dry seeds (FAOSTAT. 
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2017). Among the legumes, soybean is valued for its high (38–45%) protein 

content (Soy Facts 2017) also, soybean seed contains 18–19% oil 

(Livestock's Long Shadow 2016). Soybean is also viewed as an attractive 

crop for the production of biodiesel (Pimentel and Patzek 2008). It also has 

the ability to fix atmospheric nitrogen (Burris and Roberts 1993) and 

therefore requires minimal input of nitrogen fertilizer which often accounts 

for the single largest energy input in agriculture. 

Plants are subjected to a range of abiotic and biotic stresses that 

affect their growth and development. In particular, it is predicted that water 

deficit will continue to be a major abiotic factor affecting global crop yields 

(Sharma and Lavanya 2002). Drought stress has led to a reduction of seed 

yield mainly due to the reduction of seed number. Nevertheless, there were 

only slight reductions in standard germination percentage and seedling axis 

dry weight of the harvested seeds. The authors suggested that drought stress 

affects the seed yield to a larger extend than seed quality. In soybean, 

drought reduces yield by about 40% (Specht et al 1999). Depending on 

hybrid characteristics, soybeans use about 450–700mm of water during the 

growing season (Dogan et al 2007). Plants use various mechanisms to cope 

with drought stress. These may be classified into three groups: drought 

escape, drought avoidance and drought tolerance. Drought escape allows the 

plant to complete its life cycle during the period of sufficient water supply 

before the onset of drought (Heatherly and Elmore 2004). The second 

mechanism, drought avoidance, involves strategies which help the plant 

maintain high water status during periods of stress, either by efficient water 

absorption from roots or by reducing evapotranspiration from aerial parts. 

The third mechanism, drought tolerance, allows the plant to maintain turgor 

and continue metabolism even at low water potential, e.g. by protoplasmic 

tolerance or synthesis of osmoprotectants, osmolytes or compatible solutes 

(Nguyen et al 1997). Significant progress in breeding for drought resistance 

cannot be made unless the stress is imposed year after year to allow direct 

selection for yield. For this reason, a field with poor moisture-holding 

capacity, soil uniformity and a reasonable drought each year is important, 

but is unfortunately very difficult to achieve (Pathan et al 2007). 

The classical breeding design indicated that additive genetic variance 

will be more important than dominance variance in improving the seed 

yield. To exploit the existing genetic variability present in breeding material 

https://en.wikipedia.org/wiki/Protein
https://web.archive.org/web/20170112075924/http:/www.soyatech.com/soy_facts.htm
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for seed yield as efficiently as possible, the breeder would need the basic 

information regarding the inheritance of grain yield and its closely related 

components for devising an efficient selection program. Breeder need 

detailed information about the nature of gene action, heritability and 

predicated genetic gain from yield and its components. These targets could 

be realized by breeding new high yielding, early maturing and drought 

tolerant genotypes in soybean. For genetic improvement of the crop, the 

breeding method to be adopted depends mainly on the nature of gene action 

involved in the expression of quantitative traits. The presence or absence of 

epistasis can be detected by the analysis of generation means using the 

scaling test, which measures epistasis accurately, whether it is 

complimentary or duplicate at the genic level (Bhor et al 2014). Two 

genetic models viz; Cavalli (1952) and Hayman (1958) were simultaneously 

used for determining the nature of gene action involved in the inheritance of 

yield and yield contributing characters. The information regarding gene 

action involved in control of inheritance for yield and yield contributing 

characters through generation mean analysis is of immense use to the plant 

breeder to decide suitable breeding strategy for improvement of these 

characters. 

Therefore, the objectives of this study were to: Determining the 

heritability nature of gene action involved in the inheritance of yield and 

yield components and the appropriate breeding method that will be used to 

select the best genotypes under both normal and reduced irrigations. 

MATERIALS AND METHODS 

The two individual crosses (Giza 21 x line 164) and (DR101-937 x 

Line 164) were selected on the basis of their combining ability for seed 

yield and yield components traits from 15 individual crosses derived by half 

diallel mating design in 2016. In 2017 the parental genotypes, F1 and F2 

were sown to obtain F2 and F3 seeds in addition to the hybridization among 

parents were make once again to obtain sufficient F1 seeds. In 2018, the 

three generations, F1, F2 and F3 in addition to their parents were evaluated 

under normal irrigation and reduced irrigation. Seed of all above generations 

were divided into two divisions and evaluated in two irrigation treatments 

(two experiments), every experiment was arranged in a randomized 

complete block design (RCBD) with three replicates. In the first experiment, 

all generations of the two crosses were evaluated under the normal irrigation 
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with a full irrigation (Irrigate every 15 days). Meanwhile the same 

generations were evaluated under reduced irrigation with 50% irrigation 

(irrigate every 30 days).The plot size was three ridges in the parents, and F1 

and five ridges in F2 and F3. Each ridge was 3m long and 70 cm apart. Seeds 

were planted on both sides of the ridge at 20 cm hill spacing with one seed 

per hill. The wet planting method called (Herati) was used and all the other 

cultural practices were followed as recommended. Each experiment was 

surrounded by a wide border (10 m) to minimize effect of water 

permeability. Ten competitive plants from P1, P2, and F1,  30 plants in F2 

and 50 plants in F3  were randomly selected from each plot to record 

observations on  traits  viz., maturity date (days), number of empty 

pods/plant , plant height (cm), number of pods/plant, main root length (cm), 

100- seed weight (g) and seed yield /plant (g). 

Analysis of components of mean 
I) Mather's Scaling Test: For testing the presence or absence of 

epistasis, scaling test was done following Mather (1949) and 

Hayman and Mather (1955).  In the present investigation, only 

two scales (C and D) were used.  The two different scales and 

the formulae for the computation of its standard error are given 

below: 

I.  Scales: 

C = 4F2-2F1-P1-P2 

and D = 4 F3- 2F2- P1-P2 

Standard error of scales:  
S.E. of C = [16V (F2) + 4V (F1) + V (P1) + V 

(P2)] 
1/2 and S.E. of D = [16V (F3) + 4V (F1) + V 

(P1) + V (P2)]
1/2 

Where: VP1, VP2, VF1, VF2 and VF3 are the variances of P1, P2, F1, F2 and 

F3 populations, respectively.  

The gene effects were estimated by the five parameter model as 

proposed by Hayman (1958). 

The generation mean constitutes different combinations of 

components. 

P1=[m]+[d]+[l], P2=[m]+[d]+[i], F1=[m]+[h]+[l], 

F2=m+1/2[h]+1/4[l], F3=m-1/4[h]+1/16[l] 
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Five parameters are involved in these expressions and five means are 

available for their estimation and the gene effects are estimated as follows 

m = F2, d = 1/2P1-1/2P2, h = 1/16(4F1-12F2-16F3), i = P1-F2+1/2(P1-P2+h)-

1/4l and l = 1/3(16F3-24F2+8F1) 

The variances of these estimates are calculated as below 

Vm =VF2, Vd = 1/4(VP1+VP2), Vh = 1/36(16VF1+144VF2+256VF3), Vi = 

VP1+VP2+1/4 (VP1+P2+Vh) +1/6Vl and Vl=1/9 (256VF3+576VF2+64VF1) 

The standards of these estimates can be found out in the usual way. 

Thus for example 

V (d) = 1/4VP1+VP2 and   

The significance of (d) can be tested by calculating t= (d)/S(d) 

Heritability in broad and narrow sense was calculated according to 

Mather (1949).  Furthermore the predicated genetic advance (∆g) from 

selection was computed according to Johanson et al (1955) using 5% 

selection intensity.  

The genetic gain as percentage of the F2 mean performance (∆g %) 

was computed using the method of Miller et al (1958). 

RESULTS AND DISCUSSION 

Mean squares and mean performance  

Mean squares of the two crosses  

Mean squares and mean performance of the two crosses (Giza 21 x 

Line 164) and (DR101-937 x Line 164) of the five populations under 

normal and reduced irrigations are presented in Table 1. It is clear from data 

that mean squares of the two segregation generations F2 and F3 were higher 

than mean squares of non-segregation generations P1, P2 and F1 under 

normal and reduced irrigations for both crosses. Where F2 gave the largest 

values of mean squares and this finding indicated that F2 had the highest 

number of genetic segregates compared with all other populations. A similar 

result was obtained by Zhu (1992). Also, the presented data showed that F2 

mean squares for number of pods/plant and seed yield /plant in reduced 

irrigation were greater than normal irrigation and this is considered an 

indicator of the high differences among all F2 genetic segregates in their 

tolerance to reduced irrigation. 

Mean performance of the two crosses  

1. Cross Giza 21 x Line 164 mean performance 
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Data in Table 1 showed that P2 was the earliest among all 

populations, it gave the lowest mean values for maturity date it reaches to 

full maturity after 103.60 and 99.94 in normal and reduced irrigations 

respectively. While, P1 was the latest one among all populations with 

averages of 118.23 and 111.80 due to maturity under normal and reduced 

irrigations, respectively. Reduced irrigation had negative effects on seed 

yield and its components in the five populations of (Giza 21 x Line 164) it 

led to increase in number of empty pods/plant from 3.22, 5.61, 4.43, 3.22 

and 3.64 under normal irrigation to 7.42, 10.74, 9.00, 8.95 and 9.32 under 

reduced irrigation for P1, P2, F1, F2 and F3, respectively. While, the reduced 

irrigation led to decrease in number of pods/plant from 79.60, 63.00, 82.43, 

62.11 and 59.17 of P1, P2, F1, F2 and F3 in normal irrigation to 63.44, 48.26, 

76.28, 55.00 and 55.79 in reduced irrigation for the same populations 

respectively. Also, seed yield of P1, P2, F1, F2 and F3 were sharply decreased 

from 36.05, 25.75, 32.52, 26.01 and 24.99 g under normal irrigation to 

24.34, 17.03, 26.95, 20.35 and 20.12 g under reduced irrigation respectively. 

The lowest effect of reduced irrigation was shown in the weight of 100-

seed, while the large effect of reduced irrigation was shown in plant height 

and main root length. The plant heights of P1, P2, F1, F2 and F3 were sharply 

decreased from 106.63, 92.00, 116.63, 104.65 and 106.90 cm in normal 

irrigation to 95.56, 87.38, 107.46, 99.81 and 99.21 cm in reduced irrigation, 

while the main root length of P1, P2, F1, F2 and F3 was increased from 11.97, 

10.18, 16.01, 17.43 and 16.58 cm under normal irrigation to 25.91, 16.93, 

27.29, 22.35 and 21.63 cm under reduced irrigation respectively.   

2. Cross DR101-937 x Line 164 mean performance 

The presented data in table 1 indicate that the average maturity date 

of Cross (DR101-937 x Line 164) five populations were not largely affected 

by reduced irrigation, except in P2 where, the average maturity date was 

104.43 days under normal irrigation and decreased to 99.86 days under 

reduced irrigation. The number of empty pods/plant of P1, P2, F1, F2 and F3 

ranged from 4.36 in P1 to 13.75 in F2 under normal irrigation, while the 

same trait ranged between 4.28 in P1 to 16.16 in F1 under reduced irrigation. 

The average plant height of all populations did not differ largely in the two 

treatments, where it ranged from 89.79 cm in P2 to 124.57 cm in F1 under 

normal irrigation and the same trait ranged from 86.42 cm in P2 to 122.08 

cm in F1 under reduced irrigation. 
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Table 1. Means (x) and variance (S2) for all studied traits in the five 

populations of the two crosses (Giza 21 x Line 164) and 

(DR101-937 x Line 164) under normal (N) and reduced (R) 

irrigation.  

Trait  

Populations 

  P1 P2 F1 F2 F3 

Giza 21 x Line 164 

  N R N R N R N R N R 

Maturity date 

(days) 

X 118.23 111.80 103.60 99.94 113.00 110.32 113.30 107.60 114.70 106.49 

S2 5.70 1.33 29.80 0.55 4.51 0.24 33.38 23.99 13.57 9.83 

No. of empty 

pods/plant  

X 3.22 7.42 5.61 10.74 4.43 9.00 3.22 8.95 3.64 9.32 

S2 5.70 0.83 1.33 0.24 2.31 0.63 4.59 1.84 5.82 0.78 

Plant height 

(cm) 

X 106.63 95.56 92.00 87.38 116.63 107.46 104.65 99.81 106.90 99.21 

S2 15.85 7.67 9.50 5.04 5.82 2.68 86.97 85.67 82.77 3.99 

No. of 

pods/plant 

X 79.60 63.44 63.00 48.26 82.43 76.28 62.11 55.00 59.17 55.79 

S2 7.32 84.30 6.50 15.20 42.33 27.70 180.51 203.47 246.77 137.60 

Main root 

length (cm) 

X 13.22 20.84 11.29 16.93 10.22 16.58 12.35 18.39 11.10 17.89 

S2 9.26 0.83 6.74 0.04 5.70 0.26 4.66 4.11 7.21 3.46 

100- seed 

weight (g) 

X 17.66 16.25 16.88 17.03 15.64 15.03 16.46 16.56 16.80 16.18 

S2 0.23 2.82 0.74 0.06 0.30 0.01 1.94 1.37 1.73 0.61 

Seed yield/ 

plant (g) 

X 36.05 24.34 25.75 17.03 32.52 26.95 26.01 20.35 24.99 20.12 

S2 6.47 24.83 2.59 2.93 9.58 4.42 16.50 45.28 55.43 27.01 

DR101-937 x Line 164 

Maturity date 

(days) 

X 138.91 137.76 104.43 99.86 115.80 111.68 122.76 119.93 121.68 117.98 

S2 0.55 1.33 0.84 0.55 0.72 0.27 208.85 236.22 256.57 303.84 

No. of empty 

pods/plant  

X 4.36 4.28 6.00 10.67 13.50 16.16 11.75 13.77 9.28 8.89 

S2 0.15 0.18 0.49 0.19 1.25 0.58 6.30 5.69 5.34 16.12 

Plant height 

(cm) 

X 94.58 94..18 89.79 86.42 124.57 122.08 101.45 97.05 97.00 96.01 

S2 1.26 1.99 2.18 1.44 0.93 0.56 194.15 240.99 122.67 52.14 

No. of 

pods/plant 

X 67.68 62.21 61.55 47.03 90.37 86.78 99.67 98.95 96.03 97.01 

S2 4.66 11.78 1.29 4.99 3.28 3.66 798.33 827.53 254.89 101.11 

Main root 

length (cm) 

X 11.97 25.91 10.18 16.93 16.01 27.29 17.43 22.35 16.58 21.63 

S2 2.49 0.20 2.19 0.04 1.51 0.38 12.99 22.29 14.04 6.74 

100- seed 

weight (g) 

X 14.18 14.10 16.79 17.03 16.23 16.08 15.76 15.72 15.62 15.29 

S2 0.09 0.03 0.68 0.06 0.21 0.01 2.72 1.22 2.93 2.09 

Seed yield 

/plant (g) 

X 23.79 21.79 24.54 16.69 33.34 30.32 37.16 35.97 36.49 35.99 

S2 0.49 1.18 0.42 0.56 2.92 0.47 154.12 154.74 95.09 26.48 

N = Normal irrigation       R = Reduced irrigation 



 

 

 

 

 

 

 

 

 

 

 

 

 

1532 

The length of main root increased sharply in P1, P2, F1, F2 and F3 

from 11.97, 10.18, 16.01, 17.43 and 16.58 cm in normal irrigation to 25.91, 

16.93, 27.29, 22.35 and 21.63 cm in reduced irrigation, respectively. For 

yield and its components, all populations did not affect by reduced 

irrigation, except P2 where the average number of pods of this parent was 

decreased from 61.55 to 47.03 and seed yield decreased from 24.54 to 16.69 

g in normal and reduced irrigation, respectively. Similar results were 

obtained by Malik et al., (2006). 
A- Scaling test I: 

F-test for non-segregation generations (P1, P2 and F1) are presented 

in Table 2.  

Table 2. Scaling test 1 of the non-segregation generations (P1, P2 and F1) 

for all studied traits of the two crosses Giza 21 x Line 164 and 

DR101-937 x Line 164 under normal (N) and reduced (R) 

irrigation.  

Trait  Cross  
Populations 

S2P1/S2P2 S2P1/S2F1 S2P2/S2F1 

N R N R N R 

Maturity date 

(days) 

Giza 21 x Line 164 NS NS NS * * NS 

DR 101-937 x Line 164 NS NS NS NS NS NS 

No. of empty  

pods/plant  

Giza 21 x Line 164 NS NS NS NS NS NS 

DR 101-937 x Line 164 NS NS NS NS NS NS 

Plant height (cm) 
Giza 21 x Line 164 NS NS NS NS NS NS 

DR 101-937 x Line 164 NS NS NS NS NS NS 

No. of 

pods/plant 

Giza 21 x Line 164 NS * NS NS NS NS 

DR 101-937 x Line 164 NS NS NS NS NS NS 

Main root 

length (cm) 

Giza 21 x Line 164 NS ** NS NS NS NS 

DR 101-937 x Line 164 NS NS NS NS NS NS 

100- seed 

weight (g) 

Giza 21 x Line 164 NS ** NS ** NS * 

DR 101-937 x Line 164 NS NS NS NS NS * 

Seed  

yield /plant (g) 

Giza 21 x Line 164 NS * NS * NS NS 

DR 101-937 x Line 164 NS NS NS NS NS NS 

NS = Not significant. * and ** = Significant at 5% and 1% level of 

probability respectively. N= Normal irrigation R= Reduced irrigation 
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Scaling test II and genetic parameters 

Cross Giza 21 x Line 164 

1. Scaling test II 

The C and D scaling test (Table 3) due to the cross Giza 21 x Line 

164 showed that at least one or both of C or D were found significant for 

maturity date, number of empty pods, number of pods/plant and seed 

yield/plant under normal irrigation and for plant height, number of 

pods/plant, 100-seed weight and seed yield/plant under reduced irrigation. 

In the same line the scale C was highly significant in the cross DR101-937 x 

Line 164 for all studied traits under both irrigation treatments, except for 

maturity date and 100-seed weight, while the scale D was significant for 

number of pods and seed yield per plant under both irrigation treatments in 

addition to main root length under the normal irrigation, indicating the 

presence of non-allelic interaction in the inheritance of all significant traits 

while, The scale (C) refers to the type of genetic interaction dominance x 

dominance, where the scale (D) refers to the type of genetic interaction 

additive x additive. However, some traits in the two crosses showed non-

significant values for both C and D scales in both treatments, indicating the 

absence of non-allelic interacting mode of inheritance of these traits while 

the significant values in other traits in one of C or D or both of them refer to 

the presented non-allelic interacting mode of inheritance of the insignificant 

traits. 

Our results indicated that the significant values in one of C or D or 

both of them refer to the presence of non-allelic interacting mode of 

inheritance of these significant traits. In the same way, Maloo and Nair 

(2005) also found significant at least one or two scales for days to 50 % 

flowering, days to full maturity, yield per plant, number of pods per plant, 

and plant height. 

2. Genetic parameters 
Scaling test II for cross Giza 21 x Line 164 is presented in Table 3. 

The results indicated that the C measure was significant and /or highly 

significant for number of empty pods/plant, number of pods/plant and seed 

yield/plant under normal irrigation and for number of pods/plant and 100-

seed weight under reduced irrigation. These findings refer to the importance 

of epistasis gene action (dominance x dominance) in the inheritance of these 

traits.  
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Table 3. Scaling test II and five parameters for all studied traits of the 

two crosses (Giza 21 x Line 164) and (DR101-937 x Line 164) 

under normal (N) and reduced (R) irrigations.  

Traits Treatment 

Scaling test Genetic parameters 
Epistasis 

type 
C D M D H I l 

Giza 21 x Line 164 

Maturity date 

(days) 

N 5.47 10.43* 
113.30**± 

1.29 

7.33**± 

1.33 

-3.94± 

4.08 

8.57*±4.2

7 

6.67±12.3

2 
Duplicate 

R -1.95 -0.90 
107.60**± 

1.09 

5.95**± 

0.31 

4.73± 

3.44 

12.19**±3

.33 

1.33±10.2

5 
Comp. 

No. of empty 

pods/plant 

N -4.83* -0.87 
3.22**± 

0.48 

-1.24*± 

0.59 

-0.27± 

2.29 

-2.67± 

2.28 

5.33± 

5.88 
Duplicate 

R -0.36 1.25 
8.95**± 

0.30 

-1.65**± 

0.22 

-0.96± 

0.99 

-4.15**± 

1.05 

2.00± 

2.99 
Duplicate 

Plant height 

(cm) 

N -13.29 19.72 
104.65**± 

2.08 

7.34**± 

1.12 

1.97± 

8.76 

-0.73± 

7.78 

43.87*± 

22.84 
Comp. 

R 1.55 
14.28 

** 

99.81**± 

2.07 

4.09**± 

0.79 

6.66± 

4.49 

-1.09± 

5.44 

17.04± 

17.01 
Comp. 

No. of 

pods/plant 

N 
-56.42 

** 
-31.74 

62.11**± 

3.00 

8.33**± 

0.83 

22.83± 

14.67 

28.33*± 

12.19 

32.93±3 

6.60 
Comp. 

R 
-44.09 

** 
1.29 

55.00**± 

3.19 

7.61**± 

2.23 

12.27± 

11.87 

7.06± 

11.61 

60.26*± 

32.88 
Comp. 

Main root 

length (cm) 

N 4.60 -4.78 
12.35**± 

0.48 

1.07± 

0.89 

1.93± 

2.56 

5.97*± 

2.69 

-12.40*± 

6.59 
Duplicate 

R 2.66 -2.97 
18.39**± 

0.45 

1.96**± 

0.21 

0.12± 

1.81 

6.34**± 

1.64 

-7.51± 

4.83 
Duplicate 

100- seed 

weight (g) 

N -0.06 -0.06 
16.46**± 

0.31 

0.43*± 

0.22 

-1.64± 

1.28 

0.89± 

1.15 

0.002± 

3.39 
Duplicate 

R 
2.92 

* 
-1.69 

16.56**± 

0.26 

-0.39± 

0.38 

-0.001± 

0.84 

0.84± 

1.16 

-6.14**± 

2.48 
Comp. 

Seed yield 

/plant (g) 

N 
-22.81 

** 
-13.84 

26.01**± 

1.35 

5.15**± 

0.67 

7.04± 

6.89 

15.72**± 

5.78 

11.96± 

16.97 
Comp. 

R 
-13.88 

* 
-1.61 

20.35**± 

1.51 

3.65**± 

1.18 

5.02± 

5.35 

6.06±5 

.48 

16.36± 

15.09 
Comp. 
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Table 3. Cont.  

Traits 
Treatm

ent 

Scaling test Genetic parameters 
Epistasis 

type 
C D M D H I l 

DR101-937 x Line 164 

Maturity date 

(days) 

N 15.87 -1.93 
122.67**± 

3.23 

17.25**±0

.26 

-1.93± 

15.19 

38.42**± 

12.54 

-23.73± 

37.74 
Comp. 

R 18.59 -5.65 
119.93**± 

3.44 

18.95**±0

.31 

-0.28± 

16.23 

44.77**± 

13.39 

-32.33± 

40.25 
Comp. 

No. of empty 

pods/plant 

N 9.64** 3.34 
11.75**± 

0.65 

-0.82**± 

0.18 

7.69**± 

2.27 

-2.26± 

1.99 

-8.38± 

6.09 
Duplicate 

R 7.82** -7.02 
13.80**± 

0.53 

-3.18**± 

0.14 

14.68**± 

3.56 

-0.42± 

2.75 

-19.76*± 

8.05 
Duplicate 

Plant height 

(cm) 

N -27.80* 0.68 
101.45**± 

3.12 

2.42**± 

0.42 

27.28*± 

11.23 

-0.31± 

10.12 

38.04± 

31.17 
Comp. 

R 
-

36.61** 
9.31 

97.05**± 

3.47 

3.89**± 

0.41 

19.49*± 

9.24 

-4.53± 

9.56 

61.22*± 

30.34 
Comp. 

No. of 

pods/plant 

N 89.21** 
55.76

* 

99.69**± 

6.32 

2.81**± 

0.55 

3.67± 

18.47 

-16.73± 

18.21 

-44.53± 

57.31 
Duplicate 

R 
113.01*

* 

80.92

** 

99.95**± 

6.43 

7.61**± 

0.84 

-2.92± 

15.42 

-19.90± 

16.97 

-42.78± 

54.23 
Comp. 

Main root 

length (cm) 

N 15.42** 9.39* 
17.38**± 

0.81 

0.91± 

0.48 

1.19± 

3.57 

-1.92± 

3.13 

-7.97± 

9.15 
Duplicate 

R -8.04* -1.03 
33.35**± 

1.05 

4.49**± 

0.11 

5.23*± 

3.05 

8.33**± 

3.03 

9.34± 

9.54 
Comp. 

100- seed 

weight (g) 

N -0.45 -0.08 
15.75**± 

0.37 

-1.31**± 

0.19 

0.72± 

1.63 

-2.64*± 

1.39 

0.49± 

4.17 
Comp. 

R -0.42 -1.43 
15.72**± 

0.25 

-1.46**± 

0.07 

1.40± 

1.32 

-2.05*± 

1.06 

-1.35± 

3.14 
Duplicate 

Seed yield 

/plant (g) 

N 33.65** 
23.29

* 

37.16**± 

2.78 

-0.37*± 

0.21 

-0.74± 

9.93 

-10.66± 

8.97 

-13.82± 

27.71 
Comp. 

R 44.75** 
33.54

** 

35.97**± 

2.78 

2.55**± 

0.29 

-3.83± 

7.06 

-9.80± 

7.49 

-14.95± 

23.89 
Comp. 

* and ** = Significant at 5% and 1% level of probability respectively, Comp. 

= complementary 

On the other side, the scale measure D was significant and/or highly 

significant for maturity date under normal irrigation and plant height under 

reduced irrigation and this may refer to the importance of the gene action 

additive x additive in the inheritance of these two traits. The F2 mean values 

(m) of the cross Giza 21 x Line 164 were highly significant for all studied 

traits under normal and reduced irrigations (Table 4).  
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Table 4. Components of variation (D, H and E), broad-sense 

heritability (h2 (b)), narrow-sense heritability (h2 (ns)) and 

genetic advance% (∆G %) for all studied traits of the two 

crosses (Giza 21 x Line 164) and (DR101-937 x Line 164) 

under normal (N) and reduced (R) irrigations. 

Trait  D H E h2 (b) h2 (ns) ∆G % 

Giza 21 x Line 164 

Maturity date (days) 
N 3.41 29.63 -1.62 0.66 0.08 3.52 

R 4.63 552.53 -41.95 0.96 0.17 4.95 

No. of empty 

pods/plant 

N 0.03 2.19 -0.09 0.94 0.29 6.70 

R 5.06 1313.56 -154.12 0.98 0.30 8.16 

Plant height (cm) 
N 0.17 3.24 -0.23 0.80 0.13 1.66 

R 4.52 430.68 -53.04 0.95 0.31 5.91 

No. of pods/plant 
N 24.60 699.89 -38.13 0.86 0.11 4.66 

R 38.73 805.41 -73.22 0.81 0.18 9.61 

Main root length (cm) 
N 6.83 -15.39 3.36 0.46 0.36 12.99 

R 0.35 18.25 -1.58 0.92 0.19 4.36 

100- seed weight (g) 
N 0.38 7.40 -0.59 0.80 0.15 2.64 

R 0.72 3.12 -0.27 0.47 0.10 1.42 

Seed yield /plant (g) 
N 7.06 20.81 8.48 0.57 0.26 8.27 

R 9.15 178.31 -16.89 0.80 0.19 12.71 

DR101-937 x Line 164 

Maturity date (days) 
N 0.69 968.55 -67.95 0.98 0.16 3.79 

R 0.57 1094.77 -76.09 0.99 0.16 4.25 

No. of empty 

pods/plant 

N 0.79 26.57 -2.26 0.88 0.18 7.90 

R 0.39 19.68 0.76 0.93 0.07 2.38 

Plant height (cm) 
N 1.34 964.48 -96.02 0.99 0.25 6.99 

R 1.13 1251.45 -146.01 0.99 0.30 9.98 

No. of pods/plant 
N 3.15 4105.01 -462.15 0.99 0.29 16.90 

R 6.05 4327.28 -520.69 0.99 0.31 18.84 

Main root length (cm) 
N 1.93 51.55 -3.64 0.85 0.14 5.98 

R 0.26 113.92 -12.90 0.99 0.29 12.59 

100- seed weight (g) 
N 0.31 11.33 -0.84 0.89 0.15 3.32 

R 0.03 5.24 -0.24 0.98 0.10 1.39 

Seed yield /plant (g) 
N 1.69 762.24 -76.26 0.98 0.25 17.03 

R 0.67 807.56 -95.65 0.99 0.31 21.85 

N= Normal irrigation       R= Reduced irrigation. 

The additive gene action (d) was significant for all traits under 

normal and reduced irrigations except for main root length in normal 
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irrigation and 100-seed weight in reduced irrigation followed by the 

epistasis gene action from the type additive x additive (i) where it gave 

significant values for maturity date and main root length in both irrigation 

treatments, number of pods/plant and seed yield/plant in normal irrigation 

and plant height under reduced irrigation. According to the significant 

additive (d) and additive x additive (i) gene action, the pedigree method of 

selection will be excellent for selecting the superior genotypes for these 

traits in this cross. These findings are in agreement with Sayad et al (2005). 

While, the dominance x dominance gene action (l) was significant for plant 

height in normal irrigation, 100-seed weight in reduced irrigation, number 

of pods/plant in reduced irrigation and main root length in normal irrigation. 

Finally, the significance of dominance gene (h) was absent in all traits under 

both irrigation treatments. The epitasis type was duplicate for maturity date 

and 100-seed weight in normal irrigation and number of empty pods/plant 

and main root length in both irrigation treatments. This type was undesirable 

in breeding programs but the significant additive x additive non-allelic 

interaction with duplicate epistasis may consider an evidence for the 

possibilities of obtaining transgressive segregates in later generations 

(Ghassemi and Yazdi-Samadi, 1987). While the desirable type of epitasis 

(complementary) was presented in all other traits. These findings may be 

clear evidence about the great role of selection for improvement of these 

traits (Sayad et al 2005 and Datt et al 2011). From the previous results it 

could be clear that pedigree selection in the early segregating generations 

was an excellent breeding program for this cross, where it help the breeder 

in selecting excellent lines with high genetic stability for most should traits, 

especially seed yield.       

Cross DR101-937 x Line 164 

1. Scaling test II: 

Most studied traits in this cross showed significant values for both C 

and D scales or one of them in both treatments, indicating non-allelic 

interacting mode of inheritance for these traits. These findings consider a 

great indicator at the presented non-allelic interacting mode of inheritance of 

these traits. Similar results were obtained by Maloo and Nair (2005). 

2. Genetic parameters: 
Scaling test II for cross DR101-937 x Line 164 is presented in Table 

3. Results indicated that the C measure was significant for number of empty 
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pods/plant, plant height, number of pods/plant, main root length and seed 

yield/plant under normal and reduced irrigation. These findings refer to the 

importance of epistasis gene action (dominance x dominance) in the 

inheritance of these traits. On the other side, the scale measure D was 

significant for number of pods/plant and seed yield/plant in both irrigation 

treatments and main root length in normal irrigation; this may refer to the 

importance of the gene action additive x additive in the inheritance of these 

two traits. The F2 mean values (m) of the cross DR101-937 x Line 164 were 

highly significant for all studied traits under normal and reduced irrigations 

(Table 3). The additive gene action (d) was highly significant for all traits 

under normal and reduced irrigations, except for main root length in normal 

irrigation followed by the epistasis gene action from the type additive x 

additive (i) where it gave significant values for maturity date and 100-seed 

weight in both irrigation treatments and main root length under reduced 

irrigation and these values were exceeded the same additive values (d). Raut 

et al (2002) and Sayad et al (2005) indicated that additive effects could 

facilitate fixation of the combination of genes and therefore, selection for 

traits with the highly significant additive gene would give better response. 

While, the dominance gene action (h) was significant and exceeded all other 

gene actions for No. of empty pods/plant and plant height in both irrigation 

treatments. These refer to non-fixable components of genetic variation, 

reciprocal recurrent selection or bi-parental mating was suggested for 

improving these traits (Sayad et al 2005 and Shinde 2010). Finally, the 

significance of (dominance x dominance) gene (h) was absent in most traits 

under both irrigation treatments. The epistasis types were duplicate for 

number of empty pods/plant in both irrigation treatments, number of 

pods/plant and main root length in normal irrigation and 100-seed weight 

under reduced irrigation. This shape was undesirable in breeding programs. 

While the desirable type of epistasis (complementary) was presented in all 

other traits. From the previous results, it could be clear that pedigree 

selection in the early segregation generations was an excellent method in 

breeding program of this cross where it help the breeder to select excellent 

lines with highly genetic stability for most traits especially seed yield. These 

results suggest the potential for obtaining further improvements for these 

characters by using pedigree selection program.  Similar results were 

obtained by Abd-Allah et al (2008) and Abdel-Nour and Hassan (2009). 
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Components of variation (D, H and E) were computed on the basis 

of additive-dominance model are presented in Table (4). Based on the 

calculation of components of variation, environmental variation (E) 

was found out as the mean of P1. P2 and F1 variances and the values for 

D (additive variation) and H (dominance variation) were estimated from 

the variances of F2 and F3 generations. Having only three parameters (D, 

H and E), a perfect fit of solution was possible and thus neither the 

standard deviation of the estimates or test of the goodness of fit could 

be done. 

The presented data in Table 4 indicated that the dominance 

variances (H) were higher than the additive variances (D) in all traits under 

normal and reduced irrigations for both crosses. The variances of D and H 

were positive for all traits in both crosses under normal and reduced 

irrigations, except for dominance variance (H) of main root length in  Giza 

21 x Line 164 under normal irrigation. 

Heritability in both broad and narrow senses are presented in Table 

4. The higher heritability values in broad sense for cross Giza 21 x Line 164 

were detected for all studied characters under both normal and reduced 

irrigations which ranged from 98% to 66%, except for main root length and 

seed yield/plant under normal irrigation and 100-seed weight under reduced 

irrigation, where the broad sense heritability in these three traits ranged from 

46% to 57%. The higher broad sense heritability may be useful for the 

breeder in these characters. This could be identify and illustrate the 

importance of straight forward phenotypic selection for the improvement of 

these traits. With regard to broad sense heritability for the cross DR101-937 

x Line 164, it is clear that the high broad sense heritability were presented in 

all studied traits under both normal which reduced irrigations and it ranged 

from 99% to 85%. The increase of broad sense heritability in these traits 

considers a clear evidence about the ability of the breeder to use the 

phenotypic selection to select the superior genotypes (Table 4). 

With respect to narrow-sense heritability for Giza 21 x Line 164 

(Table 4), the results indicated that the narrow sense heritability were very 

low in most should traits which ranged from 8% for maturity date to 36% 

for main root length under normal irrigation, while it ranged from 10% for 

100-seed weight to 31% for plant height under reduced irrigation. In the 

same line, the narrow sense heritability for the cross DR101-937 x Line 164 
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were also, very low in all studied traits, which ranged from 14% for main 

root length to 29 % for number of pods/plant under normal irrigation, while 

it ranged from 7% for number of empty pods to 31% for number of 

pods/plant and seed yield/plant under reduced irrigation. The highly 

significant differences in magnitude of both broad and narrow sense in all 

studied characters may consider an evidence for the presence of both 

additive and non-additive gene effects in the inheritance of these characters. 

Also, this difference considers an evidence on a large part of genetic 

variation due to dominance variance. These results are in harmony with 

those obtained by Reddy et al (2001) and Pandini et al (2002). 

Genetic advance % (∆G %) of all studied traits in both crosses under 

normal and reduced irrigations is presented in Table 4. The genetic advance 

% of Giza 21 x Line 164 ranged from 1.66% in plant height to 12.99% in 

main root length under normal irrigation, while genetic advance % in the 

same cross ranged from 1.42% in 100-seed weight to 12.71% in seed 

yield/plant under reduced irrigation. The cross DR101-937 x Line 164 

exceeded the cross Giza 21 x Line 164 in genetic advance% in most studied 

traits where, ∆G % of DR101-937 x Line 164 ranged from 3.32% for 100-

seed weight to 17.03% for seed yield/plant under normal irrigation and 

ranged from 1.39% in 100-seed weight to 21.85% in seed yield/plant under 

reduced irrigation. The percentage of genetic advance was associated with 

narrow sense heritability in all studied traits. Similar results were obtained 

by Reddy et al (2001) and Pandini et al (2002). 
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