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ABSTRACT 

        Eight genotypes cultivars of rice were crossed to obtain 15 F1 

crosses, through line x tester mating design was employed for this 

purpose. The experiment was carried out using line x tester mating 

design, during 2021 and 2022 rice growing seasons at the experimental 

farm of Sakha Research Station, Sakha, Kafr El-Sheikh, Egypt. Both 

GCA and SCA variances were found to be significant or highly 

significant for all studied traits.  The estimates of GCA effects indicated 

that, the parent IR 12 G 3222 was a good general combiner for root 

length, number of roots/plant, and flag leaf area under both conditions. 

In addition, GZ 1368 was a good combiner for root volume under both 

conditions. While the line IR 69432 was a good combiner for root/shoot 

ratio under water deficit condition.  The line 11 L 236 for chlorophyll 

content, number of filled grains/panicle, grain yield/plant and the tester 

Giza 178 for relative water content and grain yield/plant were good 

combiners under both conditions. On the other hand, the cross 

combinations, IR 69432 X GZ 1368 was found to be the best specific 

combinations for root length, number of roots/plant, root volume and 

root/shoot ratio under two conditions. The cross combination, IR 12 G 

3213 X Giza 178  was the best specific combinations for relative water 

content, flag leaf area and chlorophyll content under both conditions . 

The cross combination, IR 12 G 3222 X Giza 178 was the best specific 
combination for 1000-grain weight and fertility % under both conditions.  

In addition, the cross combination, IR 69432 X GZ 1368 under normal 

and IR 69432 X Nerica 7 under water deficit were the best specific 
combinations for grain yield/plant. On the other hand, the crosses, IR 

69432 X GZ 1368, IR 6500-127 X Nerica 7, IR 12 G 3222 X GZ 1368, 11 

L 236 X GZ 1368 and11 L 236 X Nerica 7 exhibited highly significant 

positive estimates of heterosis as a deviation from mid and better parent 

for most of the studied traits under normal and water deficit condition.  
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Conclusively, from these results it could be concluded that IR 12 

G 3222, GZ 1368, 11 L 236 and Giza 178 were the best general 

combiners and the crosses IR 69432 × GZ 1368 and IR12G3222 × 

GZ1368 were the best crosses for estimates of SCA and heterosis 

effects relative to the mid- and better- parents for most of the studied 

traits under water deficit and normal conditions.  

Key words: Rice, root traits, physiological characters, combining ability, 

heterosis.  

 

INTRODUCTION 

Rice (Oryza sativa L.) is staple of more than 3.5 billion people to obtain 

20% of their daily calorie intake. Water is essential for growth and 

development of rice plants (Yang 2012 and Ghoneim 2020). More than 75% of 

the world rice is produced under continuous flooding practices (Van et al. 

2001). Rice production area in Egypt changes yearly based on the available 

irrigation water and occupies about 20% with the total production of 5.5 million 

tons. About one-third of total cultivated area is exposed to water shortage 

annually in Egypt (Abdallah et al. 2016). Hence, irrigation water is the most 

limiting factor for expanding rice cultivation area in Egypt Hassan et al., (2023) 

and Shehab et al., (2023).  

Drought, like many other environmental stresses, has adverse effects on 

crop yield. Low water availability is one of the major causes for crop yield 

reductions affecting the majority of the farmed regions around the world. As 

water resources for agronomic uses become more limiting, the development of 

drought-tolerant lines becomes increasingly more important Daher (2018) and 

Shehab et al., (2023). 

Environmental stresses, such as water deficit and temperature rises are 

major factors limiting plant growth and productivity. Yield insurance can only 

be attained depending on the processes determining plant development and its 

responses to stress. Among the crops, rice as a semi aquatic crop, is probably 

more susceptible to drought stress than most other plant species. The shortage 

of irrigation water is one of the major obstacles for increasing rice production 

not only in Egypt but also in the worldwide AbdAllah et al., (2013) and Sakran 

et al., (2022).  

The success of a plant breeding program greatly depends on right 

choice of parents for hybridization and the gene action of different economic 

traits. Combining ability analysis provides such information so as to frame the 

breeding program effectively. The Line x tester analysis gives reliable 

information about the nature and magnitude of gene action and combining 
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ability effects present in the genetic materials. Dhillon. (1975) pointed out that 

the combining ability gives useful information on the choice of parents in terms 

of expected performance of the hybrids and their progenies. The line x tester 

analysis method is used to breed both self and cross-pollinated plants and to 

estimate favorable parents and crosses, and their general and specific 

combining abilities (Kempthorne, 1957). 

Therefore, the aim of this study estimate combining ability and heterosis 

for some traits of root and yield characters of some rice genotypes under 

normal and water deficit conditions. 

MATERIALS AND METHODS 

The experiment was carried out using line x tester mating design, during 

2021 and 2022 rice growing seasons at the Experimental Farm of Sakha 

Research Station, Sakha, Kafr El-Sheikh, Egypt. The experimental material of 

the present study comprised five lines, namely, IR 69432, IR 6500-127, IR 12 

G 3222, IR 12 G 3213 and 11 L 236 and three testers namely, Gz 1368-S-5-4,  

Nerica 7 and Giza 178, which provided from the pure genetic stock of the Rice 

Research Section, Field Crops Research Institute, Agricultural Research Center, 

Egypt. In 2021, the five lines and three testers were grown at RRTC farm in 

three successive dates of planting with ten days intervals in order to overcome 

the differences in flowering time between parents. At flowering time, 

hybridization between the parents was done; 30 days old seedlings of each 

parent were individually transplanted in the permanent field in seven rows 

following the technique proposed by Jodon (1938) to produce their F1 using 

line x tester mating design. 

 In 2022 season, seeds of the line x tester F1 Hybrids and their parents 

were sown in dry seedbed. After thirty days from sowing, seedlings of each F1 

hybrids and their parents were evaluated in two separate irrigation experiments, 

the first experiment (normal condition) was irrigated every 4 days (6000 m
3 

/fed), and the plots of this experiment were kept saturated with water from 

transplanting up to 2 weeks before harvesting. However, the second experiment 

(water stress condition) was irrigated every 10 days (3800 m
3
/fed) according to 

Gaballa (2021). The two experiments were designed in randomized complete 

blocks with three replications. Each replicate comprised of 5 rows of each 

parents and 3 rows for F1 hybrids. The row was 5 m long and 20x20 cm was 

maintained between rows and seedlings. Recommended cultural practices were 

followed for the two conditions. For root measurements, 20 rice plants from 

each F1 hybrids and their parents were grown in plastic bag, one plant/bag. The 

bag was 20 cm in diameter and 0.5 m in height with holes on the top and down 
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two sides. Bags were placed with water deficit treated basin. The studied traits, 

root length (cm), number of roots/plant, root volume (cm
3
) and root/soot ratio, 

chlorophyll content, number of panicles/plant, number of filled grains/ panicle, 

fertility percentage (%), 1000-grain weight (g) and grain yield/plant (g) were 

scored according to IRRI (1996). Relative water content % (R.W.C): It was 

determined by the method of Barrs and Weatherly (1962). Flag leaf area (cm
2
): 

It was measured at the flowering stage following the manual method proposed 

by Yoshida et al. (1962).  

Combining ability analysis was done using line x tester. The variances 

for general combining ability and specific combining ability were tested against 

their respective error variances derived from ANOVA reduced to mean level. 

Significance test for GCA and SCA effects were performed using T-test. The 

following variance components were estimated based on the expectations of 

mean squares according to Kempthorne (1957). Heterosis was estimated 

according to Folconer and Mackay (1996). Furthermore, appropriate L. S. D. 

values were calculated to test the significance of heterotic effects according to 

the formula suggested by Wynne et al. (1970). 

RESULTS AND DISCUSSION 

Analysis of variance 

The mean square estimates of root, yield and its components and some 

physiological traits, i.e. root length, number of roots/plant, root volume, 

root/shoot ratio, flag leaf area, chlorophyll content, relative water content, 

number of panicles/plant, number of filled grains/panicle, 1000-grain weight 

(g), fertility percentage and grain yield/plant (g), under water deficit and normal 

irrigation conditions are presented in Table (1). Significant and highly 

significant mean square estimates were recorded for genotypes, parents, crosses 

and the interaction among them for all these traits under both water deficit and 

normal conditions, except root/shoot ratio under both conditions for all sources 

of variance, chlorophyll content and relative water content under water deficit 

and 1000-grain weight under normal condition for parents vs. crosses which 

were insignificant. These results agree with those obtained by Saleem et al., 

(2010), El-Hity et al., (2015), Daher (2018), Abdelaty et al., (2022) and Hassan 

et al., (2023).  Estimates of both general (GCA) and specific combining ability 

(SCA) variances were found to be highly significant for all root traits, yield and 

its components and some physiological traits under both water deficit and 

normal irrigation conditions, except root/shoot ratio under both conditions and 

root length for testers under water deficit condition which were insignificant, 

indicating the importance of additive and non-additive genetic variances in 

determining the inheritance of these studied traits. Similar results were obtained  
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previously by Rahimi et al., (2010), El-Hity et al., (2015), Daher (2018) and 

Devi et al., (2018) and Sakran et al. (2022).  

Mean performance of parents and their F1 generation  

         Table (2) shows that the highest mean values of root length and root 

volume were recorded by parent IR 69432 under water deficit and normal 

conditions. Moreover, Giza 178 gave the highest mean values for number of 

roots/plant under both conditions. On the other hand, the highest mean values of 

root length were recorded by cross, IR 69432 X GZ 1368 (23.3, 29.4 cm) under 

water deficit and normal conditions, respectively.  

On the other hand, the results showed that the cross namely, IR 12 G 

3222 X Giza 178 (225 and 330 roots) under water deficit and normal 

conditions, respectively recorded the highest mean values of number of 

roots/plant. While, the cross, IR 69432 X GZ 1368 under water deficit and 

the cross IR 69432 X GZ 1368 under normal condition gave the highest 

mean values for root volume trait.  Concerning to root/shoot ratio, the 

highest mean values were detected by the genotype Nerica 7 under both 

conditions. The results also revealed that the F1 hybrid, IR 69432 X GZ 

1368 exhibited the highest mean values (1.50 and 1.46) for root/shoot ratio 

under water deficit and normal conditions, respectively. For flag leaf area, 

Table (2) shows that the variety, IR 6500-127 recorded the highest mean 

values under water deficit and normal conditions, respectively.  

On the other hand, the highest mean values were recorded by cross, 

IR 6500-127 X Nerica 7 under both conditions. In the case of, chlorophyll 

content data in Table (2) exhibited that  among parents IR 6500-127 and 

IR 69432 scored the highest mean values under water deficit and normal 

conditions (47.1 and 41.5 SPAD), respectively. Among hybrids 11 L 236 X 

Nerica 7 under water deficit and normal conditions scored the highest 

mean values for this trait.  For relative water content, among parents the 

highest mean values under water deficit and normal conditions were 

obtained by Nerica 7 and Giza 178. On the other side, among hybrids IR 

69432 X Giza 178 recorded the highest mean values under both conditions 

for this trait. On the other hand, the crosses, IR 12 G 3213 X Nerica 7 

under water stress, and IR 12 G 3222 X Nerica 7  

under normal conditions exhibited the highest mean values for number of 

filled grains/panicle.        

The cross, IR 6500-127 X Nerica 7 exhibited the highest mean values 

for 1000-grain weight (27.2 g, and 29.1 g) under water deficit and normal 

conditions, respectively. While, the crosses, IR 6500-127 X GZ 1368 under  

water  deficit  and 11 L 236 X GZ 1368,  under normal conditions gave the  
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 Table (2): Mean performance of the eight parents and their F1 generation for 

root characteristics, some physiological traits, yield and yield 

components traits under   water deficit and normal conditions 

Crosses 

Root Length 

(cm) 

Number of 

 roots/plant 

Root volume 

(cm
3
 ) 

Root /shoot  

ratio 

N D N D N D N D 

IR 69432 X GZ 1368 29.4 23.3 220 100 100.0 43 1.46 1.05 

IR 69432 X Nerica 7 18.0 17.7 182 120 30.0 23 0.79 0.25 

IR 69432 X Giza 178 21.9 18.0 140 90 30.3 15 0.85 0.15 

IR 6500-127 X GZ 1368 25.7 13.1 150 95 51.0 32 0.85 0.23 

IR 6500-127 X Nerica 7 20.2 18.6 240 130 31.3 15 0.68 0.62 

IR 6500-127 X Giza 178 24.1 20.5 150 100 40.0 29 0.46 0.31 

IR 12 G 3222 X GZ 1368 29.1 18.8 192 120 75.0 61 0.60 0.24 

IR 12 G 3222 X Nerica 7 29.1 21.1 150 115 25.0 17 0.70 0.59 

IR 12 G 3222 X Giza 178 22.9 22.2 330 225 37.0 20 0.63 0.30 

IR 12 G 3213 X GZ 1368 26.1 22.4 190 120 67.0 35 1.60 0.24 

IR 12 G 3213 X Nerica 7 29.0 18.4 190 140 60.0 34 0.79 0.40 

IR 12 G 3213 X Giza 178 20.2 17.2 270 190 31.0 19 0.79 0.18 

11 L 236 X GZ 1368 19.2 16.0 160 99 45.0 35 0.31 0.26 

11 L 236 X Nerica 7 28.0 17.4 150 136 70.0 46 0.71 0.26 

11 L 236 X Giza 178 24.6 19.0 240 130 29.0 17 0.82 0.22 

IR 69432 27.2 21.5 160 90 50.0 24 0.26 0.42 

IR 6500-127 21.2 15.0 160 48 28.0 16 0.31 0.28 

IR 12 G 3222 24.5 16.0 98 52 37.0 20 0.21 0.31 

IR 12 G 3213 22.4 20.2 112 60 26.0 20 0.04 0.31 

11 L 236 26.9 21.2 100 35 30.0 13 0.21 0.12 

GZ 1368 23.8 18.2 80 65 40.0 21 0.51 0.21 

Nerica 7 27.1 19.5 64 38 30.0 13 0.81 0.45 

Giza 178 25.2 19.8 235 165 36.0 22 0.89 0.23 

LS D at  0.05 

         at  0.01 

1.02 1.08 2.38 2.00 2.66 2.57 0.52 0.35 

1.37 1.44 3.18 2.67 3.55 3.43 0.69 0.46 

               *and ** significant at 0.05 and 0.01 probability levels, respectively. 
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     Table (2): Cont. 

Crosses 

Flag leaf 

area, (cm
2
 ) 

Chlorophyll 

content (SPAD) 

Relative water 

Content 

No. of panicle 

/plant 

N D N D N D N D 

IR 69432 X GZ 1368 47.1 25.5 48.6 37.3 73.9 41.2 27 11 

IR 69432 X Nerica 7 51.6 16.8 44.0 42.2 60.4 56.1 19 17 

IR 69432 X Giza 178 26.7 23.3 48.3 36.8 88.7 97.2 29 17 

IR 6500-127 X GZ 1368 37.7 31.0 46.1 31.6 86.4 66.7 23 11 

IR 6500-127 X Nerica 7 57.8 34.8 43.3 40.7 50.5 73.2 26 12 

IR 6500-127 X Giza 178 26.8 17.6 47.9 39.1 43.3 63.2 30 14 

IR 12 G 3222 X GZ 1368 53.9 33.3 43.0 40.9 75.0 75.2 28 16 

IR 12 G 3222 X Nerica 7 40.3 32.2 42.3 35.4 70.1 68.4 20 11 

IR 12 G 3222 X Giza 178 27.8 19.7 44.9 38.6 70.2 61.4 33 16 

IR 12 G 3213 X GZ 1368 42.7 24.6 43.5 41.9 61.3 60.4 23 19 

IR 12 G 3213 X Nerica 7 37.5 29.7 39.3 33.1 73.7 63.9 22 12 

IR 12 G 3213 X Giza 178 30.2 24.9 47.4 36.6 75.3 72.2 31 17 

11 L 236 X GZ 1368 39.1 20.9 42.4 41.2 64.9 89.0 24 16 

11 L 236 X Nerica 7 40.3 18.1 50.1 42.8 43.9 66.4 29 12 

11 L 236 X Giza 178 36.3 26.8 48.6 34.3 73.5 70.0 28 15 

IR 69432 45.3 29.6 47.1 39.8 77.6 42.9 17 11 

IR 6500-127 54.8 31.8 45.5 41.5 80.3 67.8 11 10 

IR 12 G 3222 33.4 30.5 39.9 36.6 53.4 70.1 16 14 

IR 12 G 3213 46.7 22.4 46.2 39.5 68.8 66.4 21 14 

11 L 236 51.8 22.0 40.2 38.2 62.5 71.3 17 14 

GZ 1368 30.3 28.9 37.1 30.1 74.7 47.0 21 13 

Nerica 7 44.9 17.7 43.8 36.4 91.1 86.1 13 11 

Giza 178 46.3 37.9 42.9 41.1 81.2 97.3 23 16 

LS D at  0.05 

         at  0.01 

0.44 1.31 2.12 2.14 1.54 1.45 2.01 2.42 

0.58 1.76 2.83 2.87 2.05 1.93 2.68 3.24 

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

  

 

 



 

 

 

 

 

 

42                                                     DAHER et al. 

 

 

      Table (2): Cont. 

Crosses 

1000-grain 

Weight, (g) 

No. of filled 

 grains/ panicle 

fertility 

(%) 

Grain yield 

 /plant, (g) 

N D N D N D N D 

IR 69432 X GZ 1368 25.0 19.7 184 139 92.7 89.1 51.4 30.8 

IR 69432 X Nerica 7 22.0 20.0 163 133 91.3 87.4 45.3 35.3 

IR 69432 X Giza 178 28.0 19.1 157 128 86.8 74.2 55.0 39.8 

IR 6500-127 X GZ 1368 28.0 19.8 185 139 92.1 90.2 49.5 30.8 

IR 6500-127 X Nerica 7 29.1 27.2 208 125 90.6 81.2 47.2 33.3 

IR 6500-127 X Giza 178 28.4 20.8 200 182 89.6 70.9 55.3 39.2 

IR 12 G 3222 X GZ 1368 23.0 19.2 171 120 86.8 68.7 48.0 38.4 

IR 12 G 3222 X Nerica 7 25.0 20.2 245 210 90.5 84.8 56.1 20.0 

IR 12 G 3222 X Giza 178 28.9 24.8 154 130 93.5 87.0 57.7 39.6 

IR 12 G 3213 X GZ 1368 23.0 20.2 171 164 92.8 90.0 47.9 42.0 

IR 12 G 3213 X Nerica 7 22.0 18.2 274 208 88.2 80.1 56.8 21.7 

IR 12 G 3213 X Giza 178 26.0 22.2 170 150 91.5 83.8 57.4 40.0 

11 L 236 X GZ 1368 22.0 19.2 245 188 97.1 87.5 53.0 44.5 

11 L 236 X Nerica 7 27.0 23.2 223 170 94.1 86.0 59.4 32.5 

11 L 236 X Giza 178 25.0 21.2 148 131 93.9 85.9 57.3 37.0 

IR 69432 26.0 19.0 212 168 91.5 89.1 41.0 21.5 

IR 6500-127 28.5 24.2 203 122 91.7 76.2 31.0 17.0 

IR 12 G 3222 27.0 24.0 237 219 93.7 91.8 43.5 31.0 

IR 12 G 3213 24.0 22.8 280 210 91.6 91.6 45.2 29.3 

11 L 236 23.0 21.8 245 188 90.2 75.5 42.6 27.1 

GZ 1368 22.0 19.8 174 113 93.5 86.1 38.7 18.7 

Nerica 7 26.0 23.8 135 88 85.0 81.6 26.3 14.9 

Giza 178 21.0 19.8 185 135 88.2 84.6 45.0 31.3 

LS D at  0.05 

         at  0.01 

1.00 2.26 4.37 4.07 2.37 1.87 2.67 2.87 

1.34 3.02 5.84 5.45 3.17 2.50 3.57 3.83 

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

lowest mean values of sterility %. Regarding to grain yield/plant, the 

variety, IR 12 G 3213 recorded the highest mean values under normal 

condition. While, the variety Giza 178 gave the highest mean values of 

grain yield under water deficit condition. 

 On the other hand, the highest mean values were recorded by cross, 

11 L 236 X GZ 1368 under water deficit condition and 11 L 236 X GZ 

1368 under normal condition. 
 

General and specific combining ability effects: 
Table (3) shows that the estimates of GCA effects indicated that the 

parent IR 12 G 3222 was a good combiner for root length, number of 

roots/plant and flag leaf area under both conditions. The parent GZ 1368 was a 

good combiner for root volume under both conditions. Moreover, the parent, IR  
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12 G 3213 was a good combiner for root/shoot ratio under normal condition 

and IR 69432 was a good combiner for root/shoot ratio under water deficit 

conditions. The parent IR 69116 was a good general combiner for chlorophyll 

content under normal condition.  

11 L 236 under both conditions was found to be good combiners for 

chlorophyll content. Moreover, Giza 178 under both conditions was the best 

general combiner for relative water content. While, the tester Giza 178 was the 

best general combiner for number of panicles/plant. In addition, IR 6500-127 

was the best general combiner for 1000-grain weight under both conditions and 

11 L 236 rice line was a good general combiner for increasing number of filled 

grains/panicle and fertility % under both conditions. While, the genotypes 11 L 

236 and Giza 178 were the best general combiners for grain yield/plant under 

water deficit and normal conditions. Generally, IR 12 G 3222, GZ 1368, 11 L 

236 and Giza 178 were the best ones, since it possessed significant and 

desirable GCA effects for most of the studied traits under water deficit and 

normal conditions. 

The estimates of specific combining ability of fifteen crosses for root, 

physiological and grain yield characters are presented in Table (4). Highly 

significant positive estimates of specific combining ability effects were recorded 

in six crosses under water deficit and seven crosses under normal conditions for 

root length. The highest positive values were estimated for the cross, IR 69432 X 

GZ 1368 under both conditions. Highly significant and positive estimates of 

specific combining ability effects were detected for seven crosses under water 

deficit and six crosses under normal conditions for number of roots/plant. highly 

significant positive estimates of specific combining ability effects were detected 

for five crosses under water deficit and six crosses under normal conditions for 

root volume, The highest positive value was estimated for the crosses IR 69432 X 

GZ 1368, IR 6500-127 X Giza 178, IR 12 G 3222 X GZ 1368, IR 12 G 3213 X 

Nerica 7 and 11 L 236 X Nerica 7 under both conditions. Significant and highly 

significant positive estimates of specific combining ability effects were detected 

for two crosses under water deficit and normal conditions for root/shoot ratio. 

Generally, the highest positive value was estimated by the cross IR 69432 X GZ 

1368 for all root traits under both condition.  

Highly significant positive estimates of specific combining ability effects 

were detected for nine and seven crosses for flag leaf area under water deficit 

and normal conditions, respectively. The estimates of SCA showed that 

significant and highly significant positive (SCA) values were recorded in three 

crosses under normal condition for chlorophyll content and eight crosses under 

water deficit condition showed highly significant positive estimates of (SCA) 

effects for this trait. Significant and highly significant positive estimates of  
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specific combining ability were inventoried for seven crosses under water 

deficit and six crosses under normal conditions for relative water content. 

 Generally, the best hybrid combinations was IR 12 G 3213 X Giza 178 

for flag leaf area, chlorophyll content and relative water content under both 

conditions. Highly significant positive estimates of specific combining ability 

effects were recorded in 2 crosses under water deficit and 3 crosses under 

normal conditions for number of panicles/plant, The highest positive values 

were estimated for the crosses, IR 69432 X Nerica 7 and IR 12 G 3213 X GZ 

1368 under both conditions. The cross combination IR 12 G 3222 X Giza 178 

exhibited that highly significant and positive estimates of specific combining 

ability effects for 1000-grain weight and fertility % under both conditions. 

Highly significant and positive estimates of specific combining ability effects 

were detected for 6 crosses under water deficit and 6 crosses under normal 

condition for number of filled grains/panicle. Moreover, IR 69432 X GZ 1368 

under normal condition and IR 69432 X Nerica 7 under water stress condition 

were the best cross combination for grain yield /plant. Significant and highly 

significant positive estimates of specific combining ability effects were 

recorded in six, five crosses for grain yield/plant under water deficit and normal 

conditions, respectively, the highest positive values were estimated for the 

crosses, IR 69432 X Nerica 7 under water deficit condition and IR 69432 X GZ 

1368 under normal condition. 

The results revealed that there is a preponderance of non-additive gene 

action for root and some vegetative characters in the hybrids resulted in high 

amount of vigor in F1, selection can be postponed to later generation. These 

findings were in agreement with those of Gaballah (2009), El-Naem (2010), El-

Hity et al., (2015), Abo-Zeid (2016), Ghazy (2017) and Daher (2018). 
 

Estimates of heterosis 

A large number of crosses exhibited high estimates of heterosis in a 

desirable direction for different traits under study. The estimates of mid-parent 

and better parent heterosis for different traits are presented in Table (5). A 

greater magnitude of heterosis when it measured as a deviation from mid-

parent and better parent was observed in IR 69432 X GZ 1368, IR 12 G 3222 X 

GZ 1368, IR 12 G 3222 X Nerica.7, and IR 12 G 3213 X GZ 1368 rice crosses 

for root length and number of roots/plant under both conditions. The 

availability of sufficient hybrid vigor in several crosses in respect of root length 

and number of roots/plant suggests that a hybrid breeding program could 

profitably be undertaken in rice under normal and water deficit conditions.  The 

crosses IR 69432 X GZ 1368, IR 6500-127 X GZ 1368, IR 6500-127 X Giza 

178, IR 12 G 3222 X GZ 1368, IR 12 G 3213 X GZ 1368, IR 12 G 3213 X  
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Nerica 7, 11 L 236 X GZ 1368 and 11 L 236 X Nerica 7 under normal and 

water deficit conditions recorded highly significant mid and better parent 

heterosis in a desirable direction for root volume trait. Approximately, high 

estimated values of mid and better parent heterosis were reported in IR 69432 X 

GZ 1368 exhibited significant and highly significant and positive estimates of 

heterosis for root/shoot ratio under both conditions.  

On the other hand, among 15 crosses, two crosses recorded significant 

positive mid and better parent heterosis for flag leaf area under both conditions. 

Moreover, significant and highly significant and positive estimates of mid and 

better parent heterosis were observed for chlorophyll content in the crosses IR 

12 G 3222 X GZ 1368, 11 L 236 X GZ 1368 and 11 L 236 X Nerica 7 under 

both conditions. The cross IR 12 G 3222 X GZ 1368 under both conditions 

exhibited significant and highly significant positive heterosis of flag leaf area 

and chlorophyll content measured as a deviation from mid-parent and better 

parent. These results were in harmony with that observed by Abd El-Lattef and 

Mady (2009), El-Naem (2010), El-Gamal (2013), El-Naem (2014), Ghazy 

(2017) and Daher (2018). On the other hand, the cross IR 12 G 3222 X GZ 

1368 exhibited significant and highly significant heterosis in a desirable 

direction for relative water content, number of panicles/plant and grain 

yield/plant measured as a deviation from mid-parent and better parent under 

both conditions.         

On the other hand, among 15 crosses, only one cross recorded significant 

positive mid and better parent heterosis for number of filled grains/plant and 

only one cross recorded significant positive mid and better parent heterosis for 

fertility % under both conditions. Very few crosses recorded significant 

positive either mid or better heterosis for 1000-grain weight, while, the most of 

other remaining crosses recorded highly significant magnitude of mid and 

better heterosis in negative direction for such trait. Similar results were reported 

by several scientists like, El Abd et al., (2003), EL-Keredy et al., (2003), Chitra 

et al., (2006), Saravanan et al., (2006), El Abd et al., (2007), Ganapathy and 

Ganesh (2008) and Amudha, et al., (2010). 

Conclusively, from these results it could be concluded that IR 12 G 

3222, GZ 1368, 11 L 236 and Giza 178 were the best general combiners and 

the crosses IR 69432 × GZ 1368 and IR12G3222 x GZ1368 were the best 

crosses for estimates of SCA and heterosis effects relative to the mid- and 

better- parents for most of the studied traits under water deficit and normal 

conditions.  
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 لبعض صفاث الجذر َقُة الٍجيه ئخلافالإالقدرة علّ دراساث علّ 

الظزَف  رس ححجفّ الأَالمحصُل لبعض الخزاكيب الُراثيت 

المياي قصوظزَف الطبيعيت َ  

 
 

  مزيم طلعج َيصا َإيمان عبدربً عيسّصبزِ علّ الىاعم،  حسيىّ محمد ضاٌز،ال  

حبصيم انحقهيخ –قسى ثحوس الاسص ــش –يشكض انجحوس انضساعيخ –يعهذ ثحوس انً  يصـ

 
 

ارنممف  ممي رنشثممخ  انكشممب  xانسممةنخ رممى انزهنمميٍ ثمميٍ  ًبَيممخ رشاكيممت اسا يممخ ثُ ممبو 

يصش ارنف خةل يواسى  –كفش انشيخ  – سخب حطخ ثحوسنًاقيًذ  ي انًضسعخ انجحثيخ 

 نف نهزشاكيمممتآانقمممذسح عهمممي انزممم دساسمممخ ارنمممف ثهمممذ  0200 –  0202 صساعمممخ ا سص

صممفبد رًممذ انذساسممخ عهممي ثعممل صممفبد اننممزس اانوسا يممخ انًسممزخذيخ  ممي انذساسممخ  

   انًيبِ قصظشا  َ ان شا  انطجيعيخ ا رحذانًحصول ايكوَبرّ 

انقممذسح انعبيممخ اانقممذسح انخبصممخ عهممي انزممآنف كبَممذ رجبيُممبد  أَضحححج الىخححائ  أن   

رؤ يشاد انقمذسح انعبيمخ عهمي  أاضحذ  نًذساسخننًيع انصفبد ا يعُويخ اعبنيخ انًعُويخ

عمذد  طمول اننمزس  نصمفبد ضمم ا ثمب  أ كمبٌ 2000ي جم 20س اى ا الاة أٌ الإئزة 

  انًيمبِقمص ظمشا  َ ان مشا  انطجيعيمخ ا رحمذاننزاس نكم َجبد ايسبحخ اسقخ انعهمى 

أ ضممم ا ثممب  نصممفخ حنممى اننممزس رحممذ كممة  2231جممي صد  كممبٌ ا ة ضممة عممٍ رنممف 

انُسممجخ  ا ضمم ا ثممب  قمذسح عبيممخ نصمفخ 33420انجيئزميٍ   مي حمميٍ كبَمذ انسممةنخ  ى اس 

ثيًُب   كة ان ش يٍ رحذنهًنًوع اننزسى إني انًنًوع انخضشى  نهوصٌ اننب  انًئويخ

نصمممفبد يحزممموى ف نم ا ثمممب  قمممذسح عبيمممخ عهمممي انزمممآأ ضممم 023إل 22كبَمممذ انسمممةنخ 

خصمموثخ ايحصممول نهانكهوسا يممم  عممذد انحجمموة انًًزهئممخ عهممي انُمموسح  انُسممجخ انًئويممخ 

 رحذ كة انجيئزيٍ  انُجبد انفشدى

ا ضمم انزشاكيمت  2231جمي صد  x 33420ٍ أى أس يانهن كبٌ ضة" عٍ رنف   

حنى اننمزس   عذد اننزاس نكم َجبد س طول اننز خانوسا يخ قذسح خبصخ عهي انزبنف نصف

اظهشد انُزمبئ    رحذ كة انجيئزيٍ َسجّ انوصٌ اننب  نهًنًوع اننزسى اني انخضشى ا

م انزشاكيممت انوسا يممّ قممذسِ ا ضمم كممبٌ 271جيممضح  x 2022جممي  20أى أس ٍ ياٌ انهنمم

يحزمموى  خ انوسقممّ انعهممى يسممبح  انًحزمموى انًممبئي نممةاسا  بدهممي انزممبنف نصممفخبصممّ ع

   ضمة صفخ انُسجخ انًئويمخ نهخصموثخ رحمذ كمة انجيئزميٍ اانكهوسا يم  اصٌ الا  حجخ 
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رحمذ  2231جمي صد  x 33420انزشاكيمت انوسا ةمخ أى أس عٍ رنف ااضحذ انُزبئ  اٌ 

 ضمم كبَمذ أرحذ ظشا  َذسح انًيمبِ  7َيشيكب   x 33420أى أس  ان شا  انطجيعيخ ا

   يحصول انُجبد انفشدى نصفخ عهي انزبنف انزشاكيت انوسا يّ قذسِ خبصّ 

-3022  أى أس 2231جمي صد  x 33420أى أس  هنٍان أنايضا  الىخائ أظٍزث    

207 x  2000جممي  20   أى أس 7َيشيكممب x   023إل 22  2231جممي صد x   جممي صد

ا ممي الارنممبِ انًشلمموة نقمموح  د يعُويممّ عبنيممخاظهممش  7َيشيكممب  x 023إل  22 ا2231

نكثيممش يممٍ ف عُممذ قيبسممهب كمم َحشا  عممٍ قمميى يزوسممظ الاثممويٍ اا ضممم الاثممويٍ ارنممانهنمميٍ 

 انصفبد انًذساسخ رحذ ان شا  انطجيعيخ اظشا  َقص انًيبح 

إل  22ا 2231  جي صد 2000جي  20ى اس  ا ثب   أٌيًب سجق َسزُز    الخُصيت:

ذسسخ أ ضم ا ثب  قذسح عبيخ عهي انزآنف نغبنجيخ انصفبد انً 271جيضح ا  023

جي  20ا أى أس  2231جي صد  x 33420أى أس انهنٍ  اأٌرحذ كة انجيئزيٍ  

2000 x   نزقذيشاد انقذسح انخبصخ عهي  أ ضم انزشاكيت انوسا يخ 2231جي صد

 نجعلقوح انهنيٍ عُذ قيبسهب كبَحشا  عٍ يزوسظ ا ثويٍ اا ة ا  ضم انزآنف ا

 . انصفبد انًذساسخ رحذ كة انجيئزيٍ

 


