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ABSTRACT 
 

This research was planned to estimate the general and specific combining 
ability effects of Egyption lines to be evaluated in the rice breeding program. Fifteen 
hybrids were produced from a partial diallel crosses mating design among six lines, 
according to Griffing's1956 method 2 model 2. The six parents and their 15 F1 S were 
grown in a randomized complete block design with three replications at RRTC farm, 
Sakha kafr EL-sheikh , Egypt . Data were collected on 11 traits including agronomic, 
yield and its components, panicle traits and floral traits. Both GCA and SCA were 
found to be significant for all the studied traits except anther width and panicle length. 
This indicates the importance of both additive and non-additive genetic variances in 
determining the inheritance of most of these studied traits. The GCA/SCA ratio shows 
the importance of additive genetic variance in the inheritance of most traits studied .  
 

INTRODUCTION  
 

Rice is an important food crop, as it is a primary food source for more 
than half of the world’s population.  However, the population of rice 
consumers is continuing to increase and the demand for rice is also going up 
due to improved living standards, particularly in Africa.  Hybrid rice has 
proven to be an effective and economic way to increase rice production 
output. It is estimated to obtain about 15-20% higher yield just by growing 
hybrids instead of the common varieties (Virmani et al.,1993). Hybrid rice is 
successfully cultivated in China and gives more than 30% yield advantage 
over conventional rice varieties. This technology has enabled China to 
increase its rice production by nearly 200 milion tons from 1976 to 1991 
(Yuan,1994). 
           Combining ability is a measure of gene action of both additive and 
non-additive genetic variation. The general combining ability (GCA) effects 
largely involve additive gene effects, whereas, specific combining ability 
(SCA) represents only non-additive gene action including dominance. The 
presence of non-additive genetic variance offers scope for exploration of 
heterosis (Yadav et al., 1999). To develop hybrid rice with higher yield, better 
grain quality and multi-resistance, it would be very important to breed CMS 
lines with good combining ability. 

 

MATERIALS AND METHODS 
 

A Partial diallel crosses mating design was carried out among six rice 
genotypes (Table 1)  To obtain 15 F1 crosses. These genotypes included four 
introduced maintainers; IR58025B, Pusa 3B and 6B and  the two Egyptian 
restorers; Giza 178R and Giza 5121R. All the 21 genotypes (15 F1 hybrids 
and their six parents) were raised in a randomized complete block design of 
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three replications with spacing of 20 cm rows and 20 cm between plants 
during the summer season 2008 at Rice Research and Training Center 
(RRTC) ,Sakha ,Kafr El-sheikh, Egypt . The recommended cultural practices 
were followed. Data were recorded on ten to twenty five randomly plants 
taken from all replications and the mean values were used for statistical 
analysis. Combining ability analyses were carried out according to method 
2(model 2) of Griffing (1956). The observations were recorded for 11 
quantitative traits viz, agronomic traits (days to heading and plant height), 
yield and its component traits (grain yield plant

-1
, 1000-grain weight (g), filled 

grain panicle
-1

  and spikelets fertility) panicle traits (panicle length and panicle 
weight) and floral traits (anther length and anther width).  
 
Table 1. Parentage, origin and salient features of the parental , restorer 

and maintainer lines used for the study. 
No Genotype Origin Parantage Salient features 

 
 
 
1 

 
 
 
Giza 178R 

 
Egypt (Indica-
Japonica 
type) 

 
 
Giza 175/Miliang49 

Early maturing, short stature, 
short grain, good grain quality 
and good restorer for CMS lines 
and high yielder. 

 
 
 
2 

 
 
 
GZ5121-R 

 
 
 
Egypt 
(Indica type) 

 
 
GZ1368S-5-
4/LA110//Milyang49 

Medium maturing, semi dwarf, 
short grain, good grain quality 
and good restorer for CMS lines 
and high yielder. 

3 IR58025B IRRI 
IR48483A/8*PUSA167-120-
3-2/PUSA167-120-3-2 

Indica type, late maturing 
,maintainer for the CMS line 
IR58025A line ,extra long grain 
,low amylase content and strong 
aroma 

4 IR69625B 
IRRI 
 
 

____ 
 

 Indica type, med .early maturing, 
maintainer for the CMS line 
IR69625A, med grain type and 
med. amaylose content 

5 BUSA 3B 
Egypt 
-IRRI 

 
IR58025B/Pusa Basmati 1 
 
 

Indica type, late maturing, 
maintainer for CMs line Busa 3A, 
Extra long grain type, aromatic 
and high amaylose content  

6 BUSA 6B 
Egypt 
-IRRI 

 
 
IR58025B/Pusa Basmati 2 

Indica type, late maturing, 
maintainer for CMs line Busa 6A, 
Extra long grain type, aromatic 
and high amaylose content 

 

RESULTS AND DISCUSSION 
 
The magnitude of genotypic variations and analysis of variance: 

In the growing season of 2008, all genotypes were evaluated to 
determine the magnitude of genotypic variations among each other. The 
genotypes included 21 entries (six  parents and 15 F1half diallel crosses 
excluding the reciprocal crosses). 

The analyses of variances were made on the all studied traits viz., 
agronomic  yield and its components, panicle and floret traits and results are 
presents in Table (2). This data also  presentes the partitioning of the total 
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variance among genotypes into general combining ability (GCA) and specific 
combining ability (SCA) for the studied traits. 
      All genotypes were also subjected to statistical analysis of variance for 
five yield and its components traits, two panicle traits and floral traits.  The 
results are also presented in Table (2). 

The results of analysis of variances revealed the presence highly 
significant differences among the 21 genotypes of all traits  except for anthers 
width. similar results were previously obtained by Awd-Allah(2006),El-Diasty 
et al. (2008), Abd El-Hadi et al. (2009) and Bagheri and Jelodar (2010) and 
Reda(2011). 
Mean Performance: 

The mean performance of  the six parental lines and their 15 cross 
combinations for the eleven studied traits are presented in Table(3). The 
mean performance of the studied traits varied from cross combination to 
another. For days to heading, the FI mean value of four crosses were 
towards the lower parents (early flowering parents), while one cross only 
tended to the higher parents (late flowering parents ).  The mean of the rest 
(10 crosses) were intermediate between the two parents involved. 
         With respect to plant height, the desirable mean values towards short 
stature were found in four crosses. Complete to overdominance was 
observed in most crosses towards the taller parents, higher productive tillers 
plants 

-1
, heavier 1000- grain weight, higher filled grain panicle 

-1
, higher rate 

of spikelet fertility, higher grain yield plant
-1

, longer panicle, heavier panicle 
weight and longer anther. 
         Some crosses combinations exhibited dominance effect towards the 
lower parents viz, for spikelet (three crosses), and for anther width (two 
crosses). 
          However, the rest of the hybrid combinations showed intermediate 
mean values between the parents involved for all studied characters. 
Analysis of combining ability variances: 
     Statistical analysis was done using method 2, Model   2 of Griffing 
(1956). 
         Table (2) revealed highly significant differences for the mean square 
values of general combining ability (GCA) and specific combining ability 
(SCA) for days to heading , plant height , panicles plant

-1
, grain yield plant

-1
, 

1000- grain weight (gm), panicle weight(gm), field grains panicles
-1

 , spikelet 
fertility % and anther length traits . This indicates the importance of both 
additive and non –additive genetic variance in determining the inheritance of 
most studied traits. 
      The relative importance of each gene was determined using  GCA 
/SCA. The GCA/SCA ratios were found to be in favour  of additive genetic 
variance in the inheritance of most traits. This indicates the importance of 
additive genetic variance. therefore, it could be concluded that selection 
procedures based on the accumulation of additive effect would be successful 
in improving traits with cytoplasmic male sterile lines and restoring ability 
gene

'
s transfer.  
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         Similar results were obtained by El Mowafi et al. (2005), Abd-El Hadi 
and El Mowafi (2005), Abd-El Hadi et al. (2009), El-Diasty et al. (2008) 
bagheri and Jelodar (2011), Rahimi et al. (2010) and Saidaiah et al (2010). 
Estimation of general combining ability effect: 
         Table (4) illustrates the magnitude of GCA effects for the six parents. 
The restorer variety Giza 178R is the best combiner for days to heading, 
plant height, grain yield plant

-1
 and panicle length. The restorer line GZ 

5121R is the best combiner for panicle weight and anther width traits. The 
line IR 69625B is the best combiner for days to heading, 1000-grain weight, 
spikelet fertility% and anther width. While, IR 58025B is the best combiner for 
panicles plant

-1
, filled grains panicle

-1
 , panicle length and panicle weight traits 

. The line Pusa 3B is the best combiner for panicle and anther length, while 
line Pusa 6B is the best combiner for plant height and anther traits. 
Estimation of specific combining ability effects (SCA): 
        The results presented in Table( 5), indicate that the traits depend not 
only on GCA but also on the SCA.  
         The SCA effects were important for the crosses GZ 5121R × Pusa 6B 
for days to heading, GZ 5121R × IR 58025 B for days to heading and filled 
grains panicle

 -1
,Giza 178R × IR 58025B for plant height and 1000-grain 

weight, Giza 178R × IR 69625B for grain yield plant
-1

 and 1000-grain weight , 
Giza 178R × Pusa 3B ,and Giza  178R × Pusa 6B for panicle length and 
1000-grain weight, GZ 5121R × IR 69625B for grain yield plant

-1
,panicles 

plant  
-1 

,panicles plant
-1

 and1000-grain weight , IR 58025 B × Pusa 3B for 
panicles plant

-1 
and anther length , IR 58025B × Pusa 6B for grain  yield plant 

-1
 , panicles plant

-1
,panicle weight ,filled grains panicle 

-1 
spikelet fertility % 

and anther width and Pusa 3B × Pusa 6B for grain yield plant
-1

. All these 
crosses showed highly significant values of SCA effects. 
        The data in Table (5) indicated that among 15 cross combinations, GZ 
5121R × IR 58025 B × Pusa 6B were the best specific combinations for grain 
yield plant

-1
 which is the most important trait. 



J. Agric. Chem. and Biotechn., Mansoura Univ. Vol. 3 (5), May, 2012 

 149 

4



El–Adl, A. M. et al. 

 150 

5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



J. Agric. Chem. and Biotechn., Mansoura Univ. Vol. 3 (5): 143 -152, 2012 

REFERENCES 
 
Abd  El-Hadi ,A.H.,H..F. El Mowafi and O.A. El- Badawy(2009). combining 

ability and genetic variance components of a diallel crosses among 
restorer lines of rice (Oryza sativa,L.).J. Agric . Sci. Mansoura Univ. , 
34(3):1527 . 1539.   

Abd El-Hadi, A. H. and H.F. El- Mowafi ( 2005). Combining ability analysis of 
the maintainer and restorer lines for cytoplasmic male sterility (CMS) 
system of hybrid rice . Egypt  . J.Agric.Res., 83(5A):183-196. 

Awad-Allah, M.A. ( 2006). Application of  genetic    engineering tools on   rice  
genome. M.Sc. Thesis , Fac. of Agric., El-Azhar  Univ., Egypt .  

Bagheri N., and N.B. Jeloder(2010). Heterosis  and              combining ability 
analysis for yield and related –                yield traits  in hybrid rice 
.International Journal Of Biology .2(2):222-231.                   

El-Diasty, Z. M.; H. F. El-Mowafi; M. S. Hamada and R. M. Abdallah (2008). 
Genetic studies on photo-thermo-  sensitive genic male sterility 
(P/TGMS) and its utilization in rice breeding. J. Agric. Sci., Mansoura 
Univ., 33(5):  3391- 3404  . 

El-Mowafi, H.F.; A.O. Bastawisi; M.I. Abo-Youssef and F.U. Zaman (2005). 
Exploitation of rice heterosis under Egyptian conditions. Egypt. J. Agric. 
Res. 389 (5A): 143-166. 

Griffing, B. (1956) Concept of general and specific combining ability in 
relation to diallel crossing system. Austr. J. Bio. Sci ; 9 : 463-498. 

Rahimi , M. ; B. Rabiei ; H. Samizadeh  and A. Kafi Ghasem   ( 2010). 
Combining ability and heterosis in rice (Oryza sativa L.) Cultivars. J. 
Agr. Sci. Tech., Iran, Vol., 12: 223-231. 

Reda,A.M.(2011). Genetic studies on hybrid rice .Ph .D thesis , Fac. of Agric., 
El-Azhar Univ., Egypt . 

Saidaiah ,P., S .S .Kumar and M.S. Ramesha(2010). Combining ability 
studies for development of new hybrids In rice over environments . 
Journal Of Agricultural Science ,2 (2):225-233.  

Virmani, S.S., Prasad MN,Kumar J.(1993).Breaking the yield barrier of rice 
through exploitation of heterosis. In : Murlidharank ,siddiq EA, editors. 
New frontiers in rice research. Hyderabad (India):Directorate of Rice 
Research. P76-85. 

Yadav, L.S.; D.M. Maurya; S.P. Giri and S.B. Singh (1999). Combining ability 
analysis for yield and its components in hybrid rice. Oryza. 36: 3, 208-
210 . 

Yuan, L.P., (1994).Increasing yield potential in rice by exploitation of 
heterosis In :S.S.,Virmani (ed.),Hybrid rice technology :new 
developments and future prospects, Manila (Philippines),International  
Rice Research Institute.pp:1-6.  



J. Agric. Chem. and Biotechn., Mansoura Univ. Vol. 3 (5): 143 -152, 2012 

 القدرة علي الائتلاف في بعض هجن الأرز الهجين.
يااه  عبادالههد     2مماد  فتا ا الما افي ، 1زكرياه ممماد الدييا ي ، 1علي ماههر العاد 

 .1مبيه
 جهمعة الماص رة ،مصر. –كلية الزراعة  –قيم ال راثة  -1
 مصر .  –كفر الشيخ  –يخه  –مركز البم ث   التدريب في الأرز  -2

      

 

نتمم خ سة ممر هجمما من نمم  ةممف تونمم ف نسممس لاتام  مم ف  مم   مم    ةممف   ا   تممإ     
 لث ن ر ، لنةتذخ  لث ني ح ث تة   1591  تسلاإ في  لتحل ل  لإحس ئي لوذه  لتنا ر طا قر نا فنج 

 ا هر  لآ  ء ت لن ل   تل في تنا ر قط ه   ك ةلر  لعجت ئ ر ةمف ثم ث ةكماا    ة اهمر ةاكم  
 كفا  لج خ  -  ا    س   ل حتث ت  لتلاا ب في

سممفر تجممةل  لسممف    لحقل ممر ت سممف    لةحسممتل ت ل ممن لر  11أسممذ   ل   نمم   هلممي 
 ت لسف    ل ما ر  

تلقلا أظوا   ل   ن   ةعنت مر كمل ةمف ت م  ف  لقملااا  لع ةمر ت  لس سمر هلمي   ئمت س لكمل 
  لسف   ة هلا  سفر هاض  لةتك ت سفر طتل  ل ن لر  

 ر كل ةف  لفعل  لتنة عمي ت  لفعمل  ل م  لام للنم ف فمي تا ثمر ةعظمإ  تضح ةف  لنت ئج أمة
 لسف    تلقلا ت  ف ةف  لن  ر   ف ت   ف  لقملااا  لع ةمر ت  لس سمر هلمي   ئمت س أف  لت م  ف  لمتا ثي 

  لتنة عي له  للاتا   مإ في تا ثر ةعظإ  لسف    لةلاات ر   
 

 قهم بتمكيم البمث

 
 
 
 

 جهمعة الماص رة –كلية الزراعة  زايد خليفة عبد المقص دأ.د / 
 كفر الشيخ –يخه  –مركز بم ث الأرز  ممم د رمزى شريفأ.د / 
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Table 2 . Estimates of the mean square of ordinary analysis and combining ability analyses for all the studied traits. 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

s.o.v d.f 

 
Agronomic 
character 

 
Yield and its component 

Panicle character Floral Trait 

 
Days to 
heading 
(days) 

 
Plant 
height 
(cm) 

 
Panicles 
plant

-1
 

 
1000-grain 

weight 
(g) 

 
Filled grains 

panicle
-1
 

Spikelet 
fertility 

% 

Grain yield 
plant

-1
 (g) 

 

 
Panicle 
length 
(cm) 

Panicle 
Weight 

(g) 

Anther 
length 

Anther 
width 

Reps 2 0.39 1.67 0.45 0.29 52.81 96715 2.96 0.78 0.018 0.0011 0.0029** 

Genotypes 20 69.94** 61.73** 17.95** 6.61** 1664.04** **156195  17.95** 8.94** 1.369** 0.1356** 0.0034 

GCA 5 73.20** 27.44** 20.21** 5.80** **1211631  **76577  20.21** 6.95  0.294** 0.1305** 0.0041** 

SCA 15 6.68** 18.29** 1.24 1.0** 302.50** **96117  1.24 1.66**  0.510** 0.0168** 0.0002 

Error 40 1.27 2.90 0.66 0.17 21631 16535 0.66 0.35  0.054 0.0057 0.0004 

GCA/SCA ratio 1.66 0.20 4.20 0.76 76997 76372 4.20 0.63  0.070 1.4028 0.057 
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Table 3. Mean performance for all studied traits: 

Genotype 

Agronomic 
character 

Yield and its component Panicle characters Floral Traits 

Days to 
heading 
(days) 

Plant 
height 
(cm) 

Panicles 
plant

-1
 

1000-
grain 

weight 
(g) 

Filled 
grains 

panicle
-1
 

Spikelet 
fertility 

% 

Grain 
yield 

plant
-1
 

(g) 

Panicle 
length 
(cm) 

Panicle 
Weight 

(g) 

Anther 
length 

Anther 
width 

Parents:            
Giza 178R 101.53 51617 32617 31657 175637 51651 25 37 32632 2617 1697 7655 
GZ 5121R 108.30 52637 35617 31677 157617 53653 22617 31677 2615 1692 7655 
IR 69625B 55622 172617 37697 37653 129657 57695 25659 32672 2611 1675 7655 
IR 58025B 111617 179657 31677 32635 155677 51657 27637 39612 2615 1677 7627 
Pusa 3B 117697 173677 17677 32622 177617 59627 35615 35612 3671 3677 7657 
Pusa 6B 177697 59672 37677 32627 172677 51632 21655 33672 2671 3675 7629 
Hybrid combinations:            
Giza 178R × GZ 5121R 179697 171612 39697 35657 153657 59615 55635 35657 5625 1659 7651 
Giza 178R ×IR 69625B 55652 177657 33657 31657 155677 53691 55677 31672 5655 1657 7653 
Giza 178R ×IR58025B 171677 55657 35652 35652 319677 53652 27655 31657 5625 1657 7627 
Giza 178R × Pusa 3B 179692 177697 37652 35612 151637 51695 21671 37657 5 :. 3612 7651 
Giza 178R × Pusa 6B 175617 179657 33657 39617 155657 57677 57691 31627 5617 3672 7625 
GZ 5121R ×IR 69625B 177617 177617 39672 35621 195637 55657 51615 33632 5627 1675 7655 
GZ 5121R ×IR58025B 179657 175637 31637 35652 317627 52671 27651 35 17 9619 1677 7625 
GZ 5121R × Pusa 3B 175617 177637 31672 39675 152692 57615 35612 32652 9673 1651 7655 
GZ 5121R × Pusa 6B 177652 171652 33677 39612 155627 55679 25679 32617 5655 1675 7653 
IR 69625B ×IR58025B 175657 175657 32677 39629 175677 51693 21612 39697 2659 1651 7625 
IR 69625B  × Pusa 3B 171677 171632 37617 39657 172677 52629 35617 39697 5679 3611 7653 
IR 69625B  × Pusa 6B 172617 177672 33622 39613  155622 53657 25615 32657 5612 3675 7625 
IR 58025B  × Pusa 3B 117652 171677 35697 35655 315697 59 77 31697 31617 9615 3615 7625 
IR 58025B  × Pusa 6B 117657 171677 39617 35615 335652 55671 53615 31637 9673 3617 7627 
Pusa 3B×Pusa6B 177637 179677 15657 35617 152697 53657 37651 39657 2651 3635 7625 
LSD 0.05   1625 7615 5633 5615 2617 7657 7625 76135 76722 
0.01   1675 7653 13622 9617 5635 1627 7691 76111 76755 
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Table 4: Estimates of GCA effects for all studied traits: 

Parent 

Agronomic 
character 

Yield and its component Panicle character Floral Trait 

Days to 
heading 
(days) 

Plant 
height 
(cm) 

Panicles 
plant

-1
 

1000-
grain 

weight 

Filled 
grains 

panicle
-1

 

Spikelet 
fertility 

% 

Grain 
yield 

plant
-1

 (g) 
 

Panicle 
length 
(cm) 

Panicle 
Weight 

(g) 

Anther 
length 

Anther 
width 

Giza 178R -2.326* 76575-  76351 *76777-  96715 76377-  **56221  76157 76759 76719-  76775 

GZ 5121R 1 81<-  16595-  16211 76177 *176192-  76713 76327-  **16977-  76157 **76117-  76721 

IR 69625B **26352-  16175 76915-  **16531  **156515-  16919 76529 76255-  76325-  76737-  76712 

IR 58025B **56755  16595 **36755  76935-  **176591  76555-  36512-  76533 76321 76755-  76731-  

Pusa 3B *36255  16539 **36533-  76253-  76191 76713 **96212-  76717 76157-  **76157  76771-  

Pusa 6B 76359-  36735-  76717-  76553-  96991 16759-  26155 76275-  76755-  76137 76731-  

SD 1651 36513 1625 7615 5633 5615 2617 7657 7625 76135 76722 

*,**significant at 0.05 and 0.01 levels, respectively. 
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Table 5: Estimates of SCA effect for all studied traits. 

Hybrid 

Agronomic 
character 

Yield and its component 
Panicle 

character 
Floral Trait 

Days to 
heading 
(days) 

Plant 
height 
(cm) 

Panicles 
plant

-1
 

1000-grain 
weight 

Filled 
grains 

panicle
-1

 

Spikelet 
fertility 

% 

Grain 
yield 

plant
-1

 (g) 
 

Panicle 
length 
(Cm) 

Panicle 
Weight 

(g) 

Anther 
length 

Anther 
width 

Giza 178R × GZ 5121R 
                  ×IR 69625B 
                  ×IR58025B 
                  × Pusa 3B 
                  × Pusa 6B 
GZ 5121R ×IR 69625B 
                  ×IR58025B 
                  × Pusa 3B 
                  × Pusa 6B 
IR 69625B ×IR58025B 
                  × Pusa 3B 
                  × Pusa 6B 
IR 58025B  × Pusa 3B 
                   
                     × Pusa 6B 
Pusa 3B×Pusa6B 

**36597  
16171-  
16579-  
76125-  
76135 
16771-  

**26557-  
**36715-  
**56391-  

76711 
76511 
16735 

**56157  
76315-  
16715-  
1651 

16252 
**56555  
**56321-  
*26221  
**97959  

36377-  
**17152  
**56152  

36115 
*26755  

76755 
16555-  
76515-  
16553-  
16593 
3651 

76595 
76359 
76591-  
76257-  
76251 

**16557  
76753-  
76179-  
76591-  
76717-  
76957 
76175 

**16535  
*16275  

76755 
16255 

76197-  
**16755  
**16175  
*76725  
**16215  
**16323  

76271-  
76155-  
76751-  
76932-  
76379-  

*76573-  
*76517  

76311 
76915 
7615 

**136559  
**136113  

16937 
76535 
36751 
36171-  

**35 3:.  
76575 
56251 
16557-  
96795 

**116151  
**156555  
**196511  

36327 
5633 

26357 
16255-  
16535 
16939-  
16375-  
76551 
16575 
36139-  
26912-  
16951-  
16515-  
76317-  
36719 
26595 
76151 
5615 

*56122  
**76791  

76215 
16152 
26715-  

**16557  
76753-  
76179-  
76591-  
76717-  
76957 
76175 

**1 29;  
*16275  

76755 
1625 

76127 
*16195  

76179 
**16557  
**16575  

76555-  
76135 
76775 
76535 
76517 
76913 
76797-  
76757-  

*16722  
76551 
76577 

76737-  
**76912  

76712-  
76275 

**76913  
76177 

**76995  
**76579  

76322 
76375-  
76315 
76272 

**76575  
**76735  

76712-  
7625 

**76175  
76775 
76773-  
76177 
76717 
76795 
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*,** significant at 0.05 and 0.01 levels, respectively. 

 
 


