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ABSTRACT 

 
Four cultivars of rice namely; sakha 101, Giza 178, Giza 172 and IR28 used in this study within two season 

"2009 and 2010" to study the genetic behavior of  sterility and fertility traits in rice using half diallel analysis. 
Heterosis over better-parent combining ability effects and correlation coefficient were estimated for plant 
height, heading date, 1000-grain weight, sterility % and grain yield/plant and the densitometric analysis of 
specific -PCR products of rice using KM2 primer which indicates for the high level of fertility and SR primer 
which indicates for the low period of heading date in addition to make total soluble proteins formation in rice, 
and the best genotypes were sakha101,Giza178,IR28,Sakha101xGiza178 and Giza178 x IR28 for the other of 
genetic parameters. 
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Introduction 

 
Rice is a very important crop for the entire world populations. This crop' constitutes one of the major stable 

foods in the developing countries population Egypt today is a major rice producer according to IRRI 
(International Rice Research Institute). 

Rice cultivation is well-suited to countries and regions with low labor costs and high rainfall, as it is labor-
intensive to cultivate and requires ample water. Rice can be grown practically anywhere, even on a steep hill or 
mountain. Although its parent species are native to Asia and certain parts of Africa, centuries of trade and 
exportation have made it commonplace in many cultures worldwide. 

The traditional method for cultivating rice is flooding the fields while, or after, setting the young seedlings. 
This simple method requires sound planning and servicing of the water damming and channeling, but reduces 
the growth of less robust weed and pest plants that have no submerged growth state, and deters vermin. While 
flooding is not mandatory for the cultivation of rice, all other methods of irrigation require higher effort in weed 
and pest control during growth periods and a different approach for fertilizing the soil.The name wild rice is 
usually used for species of the grass genus Zizania, both wild and domesticated, although the term may also be 
used for primitive or uncultivated varieties of Oryza. 

New development  of molecular markers linkes to such traits offer new opportunity of  breeding for high 
grain yield such as, saving time for selection, since we handle the genetic material itself  to screening the best 
cultivars of fertility under Egyptian conditions. 
 
Materials and Methods 

 
The present study was carried out of the farm of Mansoura city, Dakahlya Governorates, Egypt and the 

genetic and cytology department of (National Research Center), during 2009 and 2010 seasons . 
Four rice parents namely; Sakha 101, Giza 172, Giza 178 and IR 28 were grown in three planting dates with 

ten days interval in order to overcome the differences in flowering time between plants to make a hybridization 
in  15october 2009 to 15 december2009 . 

All genotypes "parents in addition to their crosses" were grown in season 2010 (half of  june) to( half of 
November) in a randomized complete block design and the package of all other recommendations of rice 
planting was followed in the same season. the pedigree of rice varieties used in the half diallel analysis is shown 
in table 1. 
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Table 1: the pedigree of rice varieties used in The half dialle analysis. 
Genotypes  Subspecies  Shape Grain  pedigree Duration 
Sakha 101 J Short Giza 176/Milyange 140 
Giza 172 J Short Giza 171/G2471/IR 18 135 
Giza 178 I/J Short Giza 175/Milyang 49 135 
IR 28 I Long IR173-12-7-1/Suwean 3471/IR 263-15-

8 
150 

I: Indica, J: Jabonica,  
 
Studied Traits: 

 
Thirty plants were taken from the parents and F1 crosses at random from each replicate to determine all 

traits. 
1. Heading date (days): It was determined as the number of days from sowing to the date of the first 

panicle exertion. 
2. Plant height (cm): Length of the main calm was measured from the soil surface to the tip of the main 

panicle at maturity. 
3. 1000-grain weight (g): It was recorded at the weight of 1000-random filled grains per plant. 
4. Sterility %: It was calculated as a ratio of number sterility spikelets to the total number of spikelet's 

per panicle. 
5. Grain yield/plant (g): was recorded as the weight of grain yield of each individual plant and adjusted 

to 14% moisture content. 
 

Statistical analysis: 
 
At first, the data were analyzed by using the ordinary analysis of variance to test the significance of 

differences among all genotypes. If the genotypes mean squares were found to be significant, there was a need 
to proceed for further analysis; i.e., Griffing (1965) model l, method 2.Replicated measurements of total model l 
and method 2 were subjected to analysis of variance and comparison of means with the least significant 
difference test(LSD).IRRI(2005). 
 
Phenotypic correlations coefficient: 

 
It was performed to the method of Horst (1963) and Rummel (1970). 

 
Molecular genetic studies:  
 
SDS-protein electrophoresis: 

 
SDS -Polyacrelamide gel electrophoresis (SDS-PAGE) analysis was performed for water soluble proteins 

according to Laemmli (1970) and modifies by Studier (1973). 
 
Specific-PCR Protocol: 

 
Amplifications reactions were used according to Williams et al. ,(1990) and the method of Sharma et al., 

(2003).The primers used in this study are listed in table 2. 
DNA From these parents was extracted using CTAB method by Sharma et aI., (2003).The polymerase chair 

reaction was performed in atotal volume of thermal conditions were 5mI for 94c followed by 35cycles. 
 
Total seed proteins: 

 
Total proteins were extracted from seeds of the parental lines of indifidual F1 Seeds of all hybrids. Seeds 

were hulled manually and their grounned to afire powder using amortar and pestle. Total proteins were extracted 
from each genotype with 1ml of sodium dodecyl sulfate (SDS).After the gels had been stained with coomassie 
Blue and destained with a50% methanol and 10%glacial acetic acid mixture. 
 
Table 2: The sequences o KM2 and SR Primers. 

Primer mames Sequences 
Km2: Reverse  

Forward 
5\ -GCCTTAACATGGACCATTGC-3\ 
5\ -ATTCCGCAATTACCTTCCGA-3\ 

SR: Reverse  
Forward  

5\ - CCGGAATCCTTAAGGCCTGC-3\ 
5\ -ACCCTTGGCCAAGGTTCCGT-3\ 
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Results and Discussion 
 
1. Variation and Interaction: 

 
Mean squares of the ordinary analysis for all traits studies are showed in Table 3. Mean squares of the 

genotypes were found to be highly significant for all traits studies indicating overall differences among these 
populations. Both Gneral Combining Ability and Specific Combining Ability effects were found to be highly 
significant also for all traits studied and observed the importance of both additive and non-additive genetic 
variances in determining the importance of these traits. Similar results were reported by El-Refaee (2002) and 
El-Mouhamady (2009). 
 
2. Mean Performance: 

 
The genotypes mean values for all characters studied are presented in Table 4. 
For heading date, the earlier plants were showed from the genotypes; Sakha 101, Giza 178XIR28 and the 

mean values were ranged from 93.74 to 145.70 day. 
Regarding to plant height, the parents, Sakha 101, Giza 172 in addition to the crosses; Sakha 101 X Giza 

178, Giza 172 X Giza 178 and Giza 178 X IR 28 recorded the lowest values for plant height. These results were 
in agreement with those obtained by Weerakoon et al., (2008). 

Concerning 1000-grain weight, the most desirable mean values were obtained from the genotypes, Sakha 
101, Giza 172, Sakha 101 X Giza 178 and Sakha 101 X IR 28. 

With respect to sterility %, the lowest values of this trait was observed in the genotypes; Sakha 101, IR 28, 
Sakha 101 X Giza 178, Sakha 101 X IR28 andGiza 178 X IR 28, This indicates that, these genotypes were 
highly fertility and suited for the best for grain yield . Similar results were reported by El-Said (2007) and El-
Mouhamady (2009). 

For grain yield / plant, the highest mean performance were showed from the genotypes; Sakha 101, Giza 
178, IR 28. Sakha 101 X Giza 178 and Giza 178 X IR 28. These results were in conformity with those reported 
by Zhang etal., (2007), Weerakoon et al., (2008) and E1-Mouhamady (2009). 
 
Table 3: Mean Squares estimates of ordinary analysis for some traits in rice. 

S.O.V D.F Heading date 
(days) 

Plant height (cm) 1000-grain 
weight (g) 

Sterility % Grain yield / 
plant (g) 

Genotypes  9 321.70** 144.18** 53.71** 106.12** 200.73** 
Parents  3 187.50** 360.17** 277.18** 538.02** 184.28** 
Crosses  5 460.28** 177.18** 214.63** 142.13** 50.12** 
p. Vs. crosses 1 722.18** 139.13** 873.18** 240.53** 60.94** 
Error  18 0.37 0.88 0.46 0.57 0.27 
GCA 3 63.72** 78.40** 192.18** 30.92* 57.13** 
SCA  6 167.18** 132.07** 84.19** 78.34** 84.63** 
GCA/SCA  0.28 0.41 0.76 0.39 1.03 
Error  18 0.34 0.62 0.24 0.54 0.68 

*: significant at 0.05**:significant at 0.01 
 
Table 4: The mean performance of some traits 

                        Traits  
Genotypes  

Heading date 
(days) 

Plant height 
(cm) 

1000-grain 
weight (g) 

Sterility % Grain yield / 
plant (g) 

Sakha 101 101.78 93.64 29.34 4.73 50.36 
Giza 172 135.03 94.11 24.50 28.73 31.02 
Giza 178 110.32 105.67 20.76 13.78 53.94 
IR 28 126.39 102.37 17.63 10.82 43.42 
Sakha 101 × Giza 172 116.73 96.37 21.53 17.83 26.19 
Sakha 101 × Giza 178 93.74 91.07 26.40 7.88 57.81 
Sakha 101 × IR 28 115.63 95.30 25.39 6.34 45.20 
Giza 172 × Giza 178 145.70 90.11 18.67 10.54 40.35 
Giza 172 × IR 28 97.63 114.47 20.07 13.00 28.03 
Giza 178 × IR 28 107.82 100.80 23.92 5.34 49.36 
LSD at 0.05 1.04 1.60 0.64 1.29 0.89 
LSD at 0.01 1.42 2.20 0.88 1.77 1.22 

 
3. Heterosis over better parent: 
 

The Data in Table 5 revealed that, the crosses; Sakha 101 X Giza 178, Giza 172 X IR 28 and Giza 178 X IR 
28 for heading date; the crosses; sakha 101 X Giza 178, Giza 172 X Giza 178 and Giza 178 X IR28 for plant 
height and  sterility % were highly significant and negative of  heterosis over better parent, while, highly 
significant and positive of heterosis over better parent were observed from the genotypes; Giza 178 X IR 28 and 



20 
Res. J. Agric. & Biol. Sci., 9(1): 17-26, 2013 

Sakha 101 X Giza 178 for 1000-grain weight and Grain yield/plant, respectively. These findings were in 
conformity with that reported by Sedeek (2006), Zhang et a1 .,(2007) and El-Mouhamady (2009). 

These results indicated that,non additive gene action played an importante role to control these traits and 
were found be useful for SCA effects in rice. 

 
Table 5: Percentages of heterosis over-better parent (B.6) for some traits. 

Crosses Heading date 
(days) 

Plant height (cm) 1000-grain 
weight (g) 

Sterility % Grain yield / 
plant (g) 

Sakha 101 × Giza 172 14.88** 2.97** -26.61** 276.95** -47.99 
Sakha 101 × Giza 178 -7.89** -2.74** -10.02** 66.59** 7.17** 
Sakha 101 × IR28 13.60** 1.77* -13.46** 34.03 -10.24** 
Giza 172 × Giza 178 32.07** -4.25** -23.79** -23.51** -25.19** 
Giza 172 × IR28 -22.75** 21.63** -18.08** 20.14** -35.44** 
Giza 178 × IR28 -2.26 -1.53 15.22** -50.674** -84.90** 
LSD at 0.05 1.04 1.60 0.64 1.29 0.89 
LSD at 0.05 1.42 2.20 0.88 1.77 1.22 

*: significant at 5%. 
**: significant at 1% 

 
4. Combining ability: 
 
General combining ability effects: 

 
Estimates of the GCA effects of individual parental lines for all traits studies are presented in table 6. The 

varieties Sakha 101 and Giza 178 showed significant and highly signiciant and negative values of GCA effects 
for heading date and the cultivar Giza178 only for sterility% Showed the same results respectively, while, the 
parents; Giza 172, Giza 178 and IR 28 for plant height; sakha 101, Giza 178 and IR 28 for 1000-grain weight 
and all parents for grain yield/plant were significant and highly significant with positive values of GCA effects 
respectively. It is clear that these varieties were found to be the best combiners for these traits and indicating 
that additive X additive types of gene action were of greater importance in the inheritance of these characters. 
Similar results were obtained by Ahmed (2004), Bindu  and Shashildhar(2006) and El-Mouhamady (2009). 

 
Specific combining ability effects: 

 
SCA effects for the parental combinations are shown in Table 7. The crosses Sakha 101 X Giza 178, Giza 

172 X Giza 178 and Giza 178 X IR 28 for heading date, Sakha 101 X Giza 172, Sakha 101 X IR 28, Giza 172 X 
Giza 178 and Giza 178 X IR 28 for plant height and the two crosses Sakha 101 X Giza 178 and Giza 178 X IR 
28 for sterility % showed significant and highly significant negatively of SCA effects, on the other hand, 
significant and highly significant and positive values of SCA effects were obtained from the crosses; Sakha 101 
X Giza 178, Sakha 101 X IR 28, Giza 172 X IR 28 and Giza 178 X IR 28 for 1000-grain weight and all crosses 
except sakha 101 X Giza 172 for grain yield/plant, respectively. These results indicated to the importance of 
both additive and non-additive variances in the expression of these traits. Similar results were showed by Aidy 
(2006) and Weerakoon et al. (2008). 

It was obvious in Table 7 that the most of crosses with high SCA effects involved diverse parents. The 
superior F'shaving SCA effects are expected to produce desirable transgressive segregates, provides that the 
desirable complementary genes and epistatic effects are coupled in the same direction to maximize these traits in 
view. 
 
5. Correlation coefficients among all traits: 

 
The results in Table 8 revealed that, highly significant positively of correlations coefficients were found 

between grain yield/plant and 1000-grain weight, while, highly significant and negatively of correlations 
coefficients were found between plant height and of each of heading date and sterility %. These results were in 
agreement with those reported by Rana (1986), Aidy et a1. (1992), Jana et a1. (2000) and El-Mouhamady 
(2009). 
 
Table 6: Estimates of GCA effects for all parents studied of rice 

parents Heading date 
(days) 

Plant height (cm) 1000-grain 
weight (g) 

Sterility % Grain yield / 
plant (g) 

Sakha 101  -18.32** -0.532 7.329** -0.027 1.626** 
 Giza 172 0.832** 1.462** -11.301** 1.213** 8.217** 

Giza 178 -1.021 3.142** 1.421** -0.816** 1.514** 
IR 28 8.311** 1.613** 0.918** 0.021 7.032** 
LSD at 0.05 (gi) 0.748 0.648 0.372 0.236 0.443 
LSD at 0.01 (gi) 1.116 1.329 0.871 0.719 1.039 

*: significant at 0.05. 
**: significant at 0.01. 
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Table 7: Percentages of specific combining ability effects for some traits. 

Crosses Heading date 
(days) 

Plant height (cm) 1000-grain 
weight (g) 

Sterility % Grain yield / 
plant (g) 

Sakha 101 × Giza 172 -0.514 -7.140** -0.039 -0.139 -0.249 
Sakha 101 × Giza 178 -0.841* 5.132** 17.148** -11.132** 5.113** 
Sakha 101 × IR28 1.772** -4.177** 5.324** 6.359** 3.078** 
Giza 172 × Giza 178 -3.112** -8.664** -0.112 4.376** 1.843** 
Giza 172 × IR28 0.037 1.772* 0.892** 2.797** 7.134** 
Giza 178 × IR28 -4.116** -2.433 2.178** -4.188** 4.027** 
LSD at 0.05 0.614 1.413 0.327 0.219 0.372 
LSD at 0.05 1.328 2.122 0.718 0.549 1.012 

*: significant at 5%.**: significant at 1% 
 
Table 8: Phenotypic correlation coefficients between all traits studied of rice. 

Traits 
 

Plant height 
(cm) 

Heading date 
(days) 

1000-grain 
weight (g) 

Sterility % Grain yield / 
plant (g) 

Plant height (cm) 1 0.472** -0.607** 0.468** -0.558** 
Heading date (day)  1 -0.217** 0.536** -0.280** 
1000-grain weight (g)   1 -0.312** 0.608** 
Sterility %    - -0.477** 
Grain yield/plant (g)     1 

*: significant at 0.05 
**: significant at 0.01 

 
6. Total soluble proteins (TSP): 

 
Total soluble proteins using four cultivars of rice were showed in Fig. 1 and Table 9. SDS-PAGE analysis 

of water soluble protein fractions were used to compare four genotypes of rice namely, Sakha 101, Giza 172, 
Giza 178 and IR 28. The results revealed that the bands number 1,2, 3, 7 and 8 with molecular weight of 270, 
185, 100, 35 and 30 kDa were observed in all genotypes, thus, these bands were common bands in these 
cultivars, However" the bands number 4, 5, 6 and 9 were showed in the four cultivars except Giza 178 for the 
first band with molecular weight of 85 kDa, Giza 172 for the second band with molecular weight of 70 kDa, and 
the band number 9 with molecular weight of 20 kDa, on the other hand the band number 6 with molecular 
weight of 50 kDa were not observed in the cultivar Sakha 101, respectively. So, this appearance may be referred 
to the synthesis of specific protein bands linked with classification of these cultivars of rice. Similar results were 
reported by Shinozaki and Shinozaki (2007) and EI-Mouhamady (2009). 
 
Table 9: The Densitometric profile for water soluble protein profiles of some cultivars of rice. 

No. of Band Molecular weight (kda) Sakha 101 Giza 172 Giza 178 IR 28 
1 270 1 1 1 1 
2 185 1 1 1 1 
3 100 1 1 1 1 
4 85 1 1 0 1 
5 70 1 0 1 1 
6 52 0 1 1 1 
7 35 1 1 1 1 
8 30 1 1 1 1 
9 20 1 0 1 1 
Total of band  8 7 8 9 

 
Fig. 1: The densitometric analysis of profile protein on some genotypes of rice 



22 
Res. J. Agric. & Biol. Sci., 9(1): 17-26, 2013 

7. Specific - PCR - markers: 
 
The results in Fig. (2) revealed that the band number 3 with molecular weight of 1000 bp was appeared in 

the parents Sakha 101, Giza 178 and IR 28, while, the band number 6 with molecular weight of 600 bp was 
appeared in Giza 172 only, which, indicate that these bands were specific marker for high level of fertility in 
these parents of rice using Km2primer, specially Sakha 101, Giza178 and IR 28. 

 
 

Fig. 2: The densitometric analysis of specific PCR for cultivars of rice using km2 primer 
 
The band number 1 with molecular weight of 2000 bp was observed in the parents Sakha 101 and Giza 178, 

while, the bands number 2 and 3 with molecular weights of 1700 and 1500 bp were appeared in the cultivars of 
Giza 172 and IR 28, respectively, using SR primer as index for number of days to flowering (Fig. 3). These 
results indicated that the band number I with molecular weight of 2000 bp was specific band in the cultivar 
Sakha 101 and Giza 178 for the lowest number of days to flowering, so, the total period of maturity was lower 
than the other cultivars and due to increasing the grain yield in these two parents (Sakha 101 and Giza 178). 
Similar results were reported by Sardesai et al., (2002) and El-Said (2007). 

 
Fig. 3: The densitometric analysis of specific PCR for cultivars of rice using SR primer 
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The results in Figes(4 and 5),showed that the highest levels of heading date and plant height due to 
decreasing the percentages of grain yield,so the relationship between grain yield and each of heading date  and 
plant height were negatively and the best genotypes of these relationships  were Giza 178,Sakha101 x Giza 178 
and Giza 178 x IR 28 which were highly yielding, respectively. 

 

 
 

Fig. 4: Effect of heading date on the percentages  of grain yield. 

 
 

Fig. 5: Effect of  plant height  on the percentages of grain yield. 
 

The results in Fig(6),indicated that increasing the mean values of 1000-grain yield due to increasing the 
mean values of grain yield and the relationship between two traits was positively.the greatest genotypes of this 
case were  Sakha 101, Giza 178,Sakha101 x Giza 178 and Giza 178 x IR 28, respectively. 
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Fig. 6: Effect of   1000-grain weight  on the percentages  of grain yield. 
 
While the results in Fig(7), showed that the relationship between sterility% and grain yield was negatively  

which decreasing sterility% due to increasing grain yield specially, Sakha 101, Giza 178,Sakha101 x Giza 178 
and Giza 178 x IR 28,Sakha101 x IR28 and Giza 172 × Giza 178, respectively.finally, the results In Fig(8), 
showed that increasing all traits due to decreasing grain yield  except 1000-grain yield. 

 
 

Fig. 7: Effect of   sterility %  on the percentages  of grain yield. 
 

Finally, it can be concluded that the average percent age of heterosis as a deviation from better-parent were 
highly significant positive or negative in all studies crosses specially sakha 101 x Giza 178 which was positive 
for grain yield, sterility % and Giza 178 x IR 28 for 1000 grain weight   in the present investigation while, it was 
differed from character to character and from cross to another. Also, the results indicated that the 1000-grain 
weight was the man contributing factor to heterosis in grain yield, It could be concluded  from the previous 
results that sakha 101,Giza 178,IR 28,sakha 101 x Giza 178 and Giza 178 x IR28  were the best  genotypes  and 
showed highest estimates of heterosis, GCA and SCA effects, respectively. which indicated that the non additive 
gene action was played an importance role for the iheritance of these traits and improving the ability of Egyptian 
cultivars of rice for high yielding linked to the lowest level of maturity and decreasinig the period of 
irrigation,so,this stage helps to keepwith the water and the large area for another cultivars specially Wheat,maize 
and cotton. 
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Fig. 8:The relationships between all traits studied. 
 

 
Conclusions: 
 

1- The most desirable mean performance for all genotypes studied were obtained from sakha 101, Giza 
178, IR 28, sakha 101 X Giza 178, sakha 101 X IR 28 and Giza 178 X IR 28. 

2- From the previous results, it could be concluded that the best crosses for heterosis over better parent, 
combining ability and correlation coefficient were sakha 101 X Giza 178, Giza 172 X IR 28 and Giza 178 X IR 
28. 

3- The SDS-PAGE of water soluble protein and specific - PCR makers were used to Identify and classify 
the genetic bevavior between the studied genotypes, namely, Sakha 101,Giza172, Giza 178 and IR 28 using 
Km2 primer which indicates a high level of fertility and SR primary which indicates the number of days to 
flowering. 
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