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ABSTRACT 

 
 Expression of variable degree of spikelet sterility in Indica / Japonica 
inter-subspecific crosses is one of the barriers in the exploitation of higher degree 
of heterosis manifested in such crosses. Two cytoplasmic male sterile (CMS) 
and their maintainer lines (B) one of them was Japonica (Giza177 A and Giza177 
B) and the other was Indica (IR 69625 A and IR 69625 B) were crossed as 
female parents in lines x tester mating design with twenty seven diverse tester 
lines to study their behavior and combining ability for wide compatibility traits 
pollen fertility, spikelet fertility and filled grains panicle). The results indicated that 
the mean squares of genotypes and including parental lines were highly 
significant for all studied WC traits at the two years and their combined data, 
indicating the presence of large variations among them. The interactions of 
genotypes, parents, crosses and parents VS crosses with years were highly 
significant for all studied traits. Combining ability analysis revealed that both 
additive and non-additive gene action contributed in the genetic expression of the 
studied traits. The results also indicated that the tester lines, Giza175, Giza178, 
Giza181, Giza182, IR25571-31, GZ5121, GZ1368, GZ6296-12-1-4, GZ6296-12-
1-2, IR56381-139 and BR1141-28-37 showed high fertilities with Indica CMS line 
(IR69625 A) and their maintainer line IR69625 B in the two years and their 
combined data and were identified as restorer lines. On the other hand, the tester 
lines IR65598-112, Palawan, 02428-p7-1, Pecos and Dular showed high fertility 
with both Indica and Japonica maintainer lines and confirmed as wide 
compatibility (WC) rice varieties. In addition, the tester lines Mars, 02428-p7-1, 
Pecos, Dular and Lambyque showed complete sterile with both of the Indica and 
Japonica CMS lines and defined as a maintainer lines to increas the probability 
of getting new CMS and maintainers lines with the WC gene. 

 
INTRODUCTION 

 
 Rice (Oryza sativa L.) is the second largest crop grown in the world in 
terms of both area and production. It is a major source of calories for more than 
three billion peoples in south East Asia, Africa, and Latin American (Ahmed and 
Siddiq, 1998). Therefore, to meet the demond of continous increasing population, 
development of high yielding hybrid varieties for commercial exploitation of 
heterosis is a major rice breeding objective in several countries (El-Mowafi and 
Abou shousha 2003). However, exploitation of higher degree of heterosis 
manifested in Indica x Japonica inter-subspecific crosses is one of the current 
trends in hybrid rice breeding. However, low seed setting with poor filling of 
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spikelet and obvious transgression of plant height and growth duration are the 
major barriers in the commercial exploitation of heterosis from such crosses 
(Kumar and Chakrabarti, 2000). 
 The success of the hybrid breeding program however, would depend 
upon accessible source material and identification of desirable parental lines and 
their  combinations. these can be achieved by making large number of 
testcrosses and estimation of combining ability of parental lines. However, higher 
heterotic expressions could be due to greater diversity between Indica and 
Japonica germplasm that had largely remained distinct and there has been very 
little gene flow between them. Therefore, it could provide heterotic combinations 
if one of the parents had wide compatible gene (Ikehashi and Araki, 1984). Also 
the Japonica and Indica rice cultivars which used in this study were high yielding 
and widely adapted. Such high yielding and adapted parents might produce large 
proportion of heterotic hybrids for grain yield. 
 Thus, the choice of parents, especially for heterosis breeding should be 
based on the combining ability test and their mean performance (Yaddav and 
Murty, 1966). The present investigation was aimed to study the mean 
performance and combining ability of some Indica and Japonica rice genotypes 
with presence of wide compatibility (WC) and restoring ability traits. 

 

MATERIALS AND METHODS 
 
            This investigation was carried out at the Experimental Farm of Rice 
Research and Training Center (RRTC), Sakha, Kafr El-Sheikh, Egypt, during the 
three successivel growing seasons from 2003 to 2005. The genetic materials 
used in this investigation included two cytoplasmic male sterile (CMS) lines and 
their maintainers (B) lines. The CMS line Giza177A their maintainer and 
Giza177B were used as Japonica lines while, IR69625A and IR69625B, used as 
Indica lines. The aforementioned four female lines were crossed as parents with 
twenty seven male lines selected as testers to produce 108 F1 hybrids seeds 
according to 4 x27 Line x Tester mating design during 2003 growing season. All 
the genotypes were evaluated in a randomized complete blocks design (RCBD) 
experiment with three replications during the second week of May of 2004 and 
2005 seasons.  The observations were recorded on ten plants which were taken 
at random from each test entry in each replication for three WC and restoring 
ability traits i.e. Pollen fertility (%), spikelet fertility (%) and filled grains panicle-1. 
The analysis of variance were made for the single year and their combined data 
according to the analysis of line x tester mating design as outlined by 
Kempthorne, (1957).  

 

      RESULTS AND DISCUSSION 
 

Analysis of variances: 
 The analysis of variance given in Table 1, revealed that highly significant 
differences among 139 genotypes (108 hybrids, 4 lines and 27 testers) tested for 
the studied traits i.e. pollen fertility %, spikelet fertility % and filled grains panicle-1. 
Similarly, the results cleared that the parental lines and hybrid combinations 
showed highly significant differences for all the studied traits at the two years and 
their combined data. These finding indicating the presence of large variations  
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among the genotypes. Parents vs. crosses mean square indicated that the 
average heterosis was significant in all the three studied traits. The mean 
squares of years as well as the interactions of genotypes, parents, crosses and 
parents vs. crosses with years were highly significant for all the studied traits. 
Therefore, it could be also concluded that the evaluation of potentiality of parents 
for the expression of heterosis should necessarily be conducted over a number 
of environmental conditions and that genetic diversity alone would not guarantee 
the expression of heterosis but the suitability of the environmental conditions is 
required. Similar results were obtained by, Ahmed (2004), Awad-Alla (2006) and 
El Mowafi (2006). The analysis of variances for combining ability of each year 
and combined data for all studied traits are presented also in Table 1. General 
combining ability of lines and tester were found to be highly significant for all the 
studied traits at the two years and their combined data. In the same time, the 
mean squares of lines x tester's interaction (SCA) were highly significant for all 
studied traits at the two years and their combined data these findings indicating 
to the importance of additive and non-additive gene action in the genetic 
expression of these traits. The interaction of years with both type of combining 
ability, general combining ability (GCA) of lines and testers and specific 
combining ability(SCA) line x tester were found to be highly significant for all 
studied traits indicating to these parameters are unstable with different 
environmental conditions. These results agree with the results obtained by 
Rangaswamy and Ganesan (1998), El Namaky (2003),El Mowafi and Abou 
Shousha (2003), El Mowafi et al (2005), Hammoud (2004), Awd-allah (2006). 
and El Mowafi (2006). 
Mean performance: 
 Mean performances of the four female parental lines (two CMS and their 
two maintainers) and 27 tester lines as well as their hybrid combinations of line x 
tester for the three WC and restoring ability traits i.e. pollen fertility %, spikelet 
fertility %and filled grains panicle-1 are presented in Tables from 2 to 6. 
Concerning the mean performances for pollen and spikelets fertility %, the CMS 
lines showed complete sterile at the two years and their combined data, while 
their maintainer gave high fertility % of pollen and spikelet and ranged from 90.6 
to 92.73 % and 93 to 93.53 %, respectively (Table 2). However, the mean 
performances of pollen and spikelet fertility of all testers were high and more than 
87.03% and 86.13% for both of WC and R f traits, respectively at the two years 
and their combined data (Table 3). In the same time, the mean performances of 
filled grains panicle-1, illustrated that Giza178, GZ5121 and IR65598-112 gave 
highest mean values over all the testers, while the maintainer line IR69625B 
gave highest mean value for lines. 
           Mean performances of the 108F1 hybrids (Tables 4, 5 and 6) showed 
large differences for the pollen and spikelet fertility% in the two years and their 
combined data. However, the tester lines, Giza175, Giza178, Giza181, Giza182, 
IR25571, GZ5121, GZ1368, GZ6296-12-1-4, GZ6296-12-1-2, IR56381-139 and 
BR1141-28-37 showed high fertilities with both of theIndica CMS line IR69625A 
and their maintainer line IR69625B in the two years and their combined data. 
These results indicated that those testers have restoring ability for the Indica 
CMS lines. Also the results indicated that the genotypes which were identified 
could be used as restorer lines to produce Indica hybrids. The variety Giza178          
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 Table 2:  Mean performances of the lines and testers for the studied     
traits at the two  years Y1, Y2 and their ombined data     

 
was used as restorer line to produce first Egyptian commercial hybrid rice 
(Bastawisi et al 2002). These results were in general agreement with those 
reported by El Mwafi (2003) and Ahmed (2004). On the other hand, the tester 
lines IR65598-112, Palawan, 02428-P7-1, Pecos and Dular gave highest 
fertility% with the Indica and japonica maintainer lines. In the same time, these 
testers showed lowest fertility% with Indica and Japonica CMS lines with respect 
to the results of the two years and their combined data. These results indicated 
that these rice genotypes  may have wide-compatibility genes and could be used 
to overcome the sterility between Indica/ Japonica hybrids Kumar and Virmani 
(1992) and El-Namaky (2003). Furthermore, the tester lines Mars, 02428-P7-1, 
Pecos, Dular and Lambyque showed complete sterile with indica and japonica 
CMS lines. These lines could be used as the maintainer lines and  we can 
transfer the cytoplasmic male sterility (CMS) factor and WC gene to the best 
genotype between theme through recurrent backcrossing, also it could be used 

Filled grains panicle-1 %spikelet fertility % pollen fertility 

        Testers Com Y2 Y1 Com Y2 Y1 Com Y2 Y1 

158.5 156.9 160.1 90.83 89.60 92.07 91.48 95.93 87.03 Giza175 

172.6 170.6 174.6 94.60 94.53 94.67 93.70 94.27 93.13 Giza178 

152.3 148.9 155.8 91.73 91.97 91.50 92.73 93.00 92.47 Giza181 

160.5 163.2 157.8 91.33 91.20 91.47 92.23 92.30 92.17 IR25571-31 

159.8 158.2 161.5 89.83 89.37 90.30 94.27 95.00 93.53 GZ1368-5-5-4 

163.6 161.9 165.3 92.63 91.60 93.67 93.05 92.30 93.80 GZ5121 

 155.9 154.6 157.2 92.08 92.40 91.77 93.37 94.47 92.27 GZ6296-12-1-4 

158.7 159.2 158.2 91.60 91.17 92.03 91.20 92.10 90.30 GZ6296-12-1-2 

163.1 164.3 161.8 88.30 86.13 90.47 92.67 90.87 94.47 IR65598-12 

150.7 138.4 163.1 91.85 90.97 92.73 91.98 92.03 91.93 Drew 

161.3 156.6 165.9 90.07 88.73 91.40 92.50 95.23 89.77 G52 

158.0 162.9 153.0 90.35 91.20 89.50 93.93 94.30 93.57 Katy 

156.5 155.0 158.0 91.63 93.33 89.93 89.90 90.57 89.23 Mars 

149.0 145.0 152.9 91.32 90.67 91.97 91.90 91.17 92.63 Suweon392 

152.4 144.3 160.6 90.80 88.57 93.03 94.47 94.73 94.20 Giza182 

157.1 156.5 157.6 90.97 90.47 91.47 92.22 90.87 93.57 IR56381-139 

151.2 153.8 148.7 92.60 92.60 92.60 92.63 93.57 91.70 Palawan 

154.6 149.7 159.5 90.45 90.70 90.20 90.60 90.13 91.07 O2428-P7-1 

148.3 144.0 152.7 92.23 91.90 92.57 93.48 93.93 93.03 Pecos 

154.5 150.5 158.4 91.60 92.80 90.40 91.15 89.77 92.53 Indian 1 

161.5 161.6 161.5 92.25 94.37 90.13 92.38 93.67 91.10 BR1141-28-37 

155.2 154.7 155.6 92.08 91.77 92.40 93.23 91.80 94.67 Dular 

151.9 149.8 154.1 91.93 93.30 90.57 91.22 90.57 91.87 Indian 2 

154.8 158.6 150.9 91.38 90.13 92.63 93.63 93.70 93.57 IR72080B 

148.1 147.8 148.4 92.08 91.83 92.33 91.68 93.30 90.07 Lambyque 

150.9 149.5 152.3 93.30 93.03 93.57 92.87 92.93 92.80 KBNT 

161.2 162.3 160.0 92.33 92.37 92.30 93.77 94.77 92.77 IET1444 

            Lines 

0.0 0.0 0.0 0.00 0.0 0.00 0.0 0.0 0.0 Giza177A 

159.4 159.0 159.8 93.27 93.0 93.53 92.0 92.8 91.23 Giza177B 

0.0 0.0 0.0 0.00 0.0 0.00 0.0 0.0 0.00 IR69625A 

164.2 164.5 163.9 93.37 93.4 93.30 91.67 90.6 92.73 IR69625B 

14.11 
18.55 

12.29 
16.15 

12.57 
16.52 

5.69 
7.47 

6.48 
8.52 

4.58 
6.02 

5.43 
7.14 

5.29 
6.95 

5.19 
6.82 

LSD               5% 
                      1% 
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to produce the indica / japonica female parents to overcome sterility problem of 
Indica or Japonica restorer lines. However,  the fertility with CMS lines detect for 
restoring ability while the fertility with two maintainer lines (Indica and Japonica) 
indicated to wide compatibility. Also, the fertility with CMS lines and maintainer 
lines from sub-species Indica and Japonica indicated that widely compatible 
restorer line (Tables 4 and 5). Concerning the filled grains panicle-1 (Table 6), the 
results showed that the testers gave lower filled grains panicle-1 and ranged from 
zero to 95.5 with the japonica CMS lines Giza177A at the two years and their 
combined data. Also the results indicted that its is difficult to find restorers to 
japonica cytoplasm male sterile. On the other hand, eleven testers gave high 
number of filled grains with indica CMS line (IR69625A). Furthermore, the 
highest testers were  Giza178, IR25571-31 and GZ5121 gave mean values of 
186.4, 164.7 and 176.3, respectively with IR69625A at combined data. 
Therefore, these testers can be used as a good restorers for the most of CMS 
lines. Also, the results showed that the testers Lambyque, Palawan, Pecos, 
O2428-P7-1 and Dular gave highest mean values with both of the maintainers' 
lines Giza177B and IR69625B. Thus, these genotypes  may have wide 
compatibility gene and could be used to overcome sterility in indica / japonica 
hybrids.                                                                                  .                        
General Combining Ability Effects. 
           Significant differences of GCA effects were observed among the CMS and 
their maintainer lines for all the studied traits at the two years and their combined 
data (Table 7 and 8). The Indica CMS line IR69625A and their maintainer 
IR69625B were the best general combiner among the studied lines for fertility 
percentage as pollen and spikelet fertility, while the maintainer line IR69625B 
was the best general combiner for filled grains panicle-1 (Table 7). The results 
shown in Table 8 revealed that Giza181, Giza178, Giza175, GZ1368-5-5-4 and 
GZ5121 were the best general combiner for pollen and spikelet fertility 
percentage at the two years and their combined data. Regarding the filled grains 
panicle-1, the results illustrated that 14 testers showed negative significant and 
highly significant estimates. On the other hand, 12 testers' revealed positive and 
highly significant estimates for the filled grains panicle-1. The testers GZ1368-5-5-
4, Giza178 and GZ5121gave highest positive values in both of  the two years 
and the combined data (Table 8).  
Specific Combining ability effects. 
     Concerning pollen fertility % the data in Table 9, revealed that the 
combinations Giza177A x Giza182, Giza177A x IR56381-139, IR69625A x 
Giza178, IR69625A x Giza181 and IR69625A x Giza175 were the best 
combinations between testers with Japonica and Indica CMS lines which were 
exhibited highly significant and positive estimates. While, the cross combinations 
Giza177B x Dular, Giza177B x Pecos,  IR69625B x IR72080B and IR69625B x 
Mars were the best between the testers and Japonica and Indica maintainer lines 
which were exhibited highly significant and positive estimate at the two years and 
their combined data.  
              Regarding spikelet fertility% the data in Table 10, revealed that the 
crosses Giza177A x G52, Giza177A x IET1444, Giza177A x Suweon392, 
IR69625A x GZ6296-12-1-2, IR6962A x GZ6296-12-1-4 and IR69625A x 
Giza178 were the best combinations using Japonica and Indica CMS lines, 
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which were exhibited highly significant and positive estimates. In  the same time, 
the crosses Giza177B x Dular, Giza177B x Pecos, Giza177B x Lambyque, 
IR69625B x Mars, IR69625B x IR72080B, IR69625B x Pecos, IR69625B x 
O2428P7-1 and IR69625B x Dular were the best combinations  when their 
testers crossed with Japonica and Indica maintainer lines which were exhibited 
highly significant and positive estimates at the two years and their combined 
data.  
       With respect to the filled grains panicle-1 , the data in Table 11, reveled that 
the crosses Giza177A x KBNT, Giza177A x G52, IR69625A x GZ5121 and 
IR69625A x IR6296-12-1-2 were the best combinations between testers with 
japonica and indica CMS lines which were exhibited highly significant and 
positive estimate at the two years and their combined data.  However, the 
crosses Giza177B x O2428-P7-1, Giza177B x Lambyque, IR69625B x Mars and 
IR69625B x Drew were the best combinations  between testers with japonica 
and indica maintainer lines which were exhibited highly significant and positive 
estimates at the two years and their combined data. 
Genetic parameter: 

           The estimates of genetic parameters i.e., additive genetic variance (2A), 

non-additive genetic variance including dominance (2D), environmental variance 

(2E), genotypic variance (2G), phenotypic variance (2P), broad sense 
heritability (h2

b%), narrow sense heritability (h2
n%), dominance degree(D.d), 

importance of GCA% and SCA% for all studied traits were determined for each 
year and their combined data are presented in Table12. The results indicated 

that the estimates of the additive genetic variance (2A) and the relative 
importance of GCA% for all studied characters were higher than those of non-

additive genetic variance (2D) and relative importance of SCA% at the two 
years and their combined data. These findings indicated that the aforementioned 
characters were largely governed by additive gene action. Furthermore, the 

results also showed that both of the variances due to additive (2A x Y) and non-

additive (2D x Y) by years interaction were positive in all studied traits. These 
finding indicated that these parameter are unstable with different environmental 
conditions. Many authors obtained similar results among them Hammoud (1996); 
Rangaswamy and Ganesan (1998); El-Mowafi and Abou Shousha (2003) and 
El-Mowafi et al. (2005). On the other hand, the importance of the non-additive or 
dominance gene action for the inheritance of the former characters were 
reported by Rogbell and Subbaramanian (1997); Rangswamy and Ganesan 
(1998), Babu and Reddy (2002). 
          Regarding the estimates of heritability in broad (h2

b) and narrow (h2
n) 

sense, the results indicated that the values of h2
b and h2

n were high for all the 
studied characters at the two years and their combined data. These results 
indicated that a major part of the total genotypic variances was additive variance 
for the traits %pollen fertility, and spikelet fertility, as well as  filled grain panicle-1 . 
These results were in agreement with those reported by El-Mowafi (1994); El-
Mowafi and Abou-Shousha(2003), El-Namaky (2003), Ahmed (2004) and Awd-
allah (2006). 
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  وإعادة الخصوبهالتوافق العام  لصفتيم بعض أصناف الأرز يتقي
          علاى عراباى   ،        2             حمد ساعد حماادة ـ ما   ،         1  دل ـ          ى ماارر العا ـ  عل  ،      1  ود ـ            مد عبد المقص ـ      دوح مح ـ  مم

  ( 3 )                      رأفت عبد اللطيف النمكى  و      (     3 )       بسطويسى

                    امعة المنصورة.      ج  -                  وراثة كلية الزراعة        ( قسم ال 1 )
              امعة المنصورة ج  -                                 ( قسم الوراثة كلية الزراعة بدمياط 2 )
                    ركز البحوث الزراعية م  -                         عهد بحوث المحاصيل الحقلية م  -                ( مركز بحوث الأرز 3 )
 

        مصةر  ة     -         فرالشةة   -                                                                  أجرى هذا البحث بالمزرعة  البحيةة  بمر ةز البحةاث االبةفرةا رة  اخرز ب ة ا
      باارة    ال        لصةفب                                                         ا ةا  الدةفم مة  هةذا البحةث هةا بعةةة  باةي البرا ةةا الارايةة        3002    إلة        3002             أعةاا  مة     ي ي
                إعافة ال صاب .    ا        الاا  

                                                             مة   ة  ا الاعة  الةذ رى ال ةةباب زم  اال ة  ا المحارهة  عىةدةا اهةة     ا                        ا ةب ف  رة  هةذا البحةث اي ة
 Giza  ،                              ا ةة لبدا المحارهةة  عىةة   صةةاببدا  Giza 177A      ا ةةة      الةاب                                       ةة لا الاعةة  الةةذ رت ال ةةةباب زم  الةةاراي  

177B،   الاعةة  الةةذ رت ال ةةةباب زم  الةةاراي  الد فةةة         ةة ل  ا                                             IR69625A،   ا ةة لبدا المحارهةة  عىةة   صةةاببدا                              
IR69625B    بر ةةةا ارايةة  مةة  مجةةامة  م بىفةة  ابةة  زراعةة  الدجةة      32          ال شةةام مةة    ×                         بةة  بدجةةة د  ب هةةا  ال ةة ل                                             
                                 ابمةةا فرا ةة  الصةةفاا ا بةةة    ال  ةةب    - (    3002  ،     3002                                     ث م ةةرراا عشةةاافة  رةة  ما ةةمة  مببةةالةة               ااخبةةاف رةة  يةة 

                  ا ا ةا أهة  ال بةاف              رة  ال ة بى                                                                                  المفاة  ل صاب  حباا الىعاح، ال  ب  المفاة  ل صاب  ال  ةب ا، عفف الحبةاا الممبىفة 
          ا ب    

   رة              با ة  الدجة                                       البرا ةةا الارايةة ، الدجة  ااخبةاف، م                                                  أهدر بحىة  البباة  اجاف ا ب راا ما اة  عالة  ل   م -
          الاامة . 

                                                                                  ا  بفاع  البرا ةا الاراية ، اخباف، الدج  م  ال  ة  عال  الما اة  لجمة  الصفاا.  -
  ، IR25571-31 ،  IR56381-139  ،    513       ، جةةةةزة    515       ، جةةةةزة    521      ، جةةةةزة   522                  أع ةةةا ال شةةةاراا جةةةةزة -

GZ1368-5-5-4 ،  GZ6296-12-1-4 ،  GZ6296-12-1-2 ،  BR1141-28-37    صةةاب  عالةةة  مةة                
       اليةا    ا                  ( رة  الاةامة  اخا  IR69625A ،  IR69625B                                               ال   ا الد فة  الاعةم  اال   ا المحاره  عىةدةا  

                                                                      االبحىة  المشبرك بة د  هذه اخص ام عررا عى  أ دا أص ام ماةفة لى صاب . 
                صةةاب  عالةةة  مةة    IR65598-112 ،  Palawan ،  O2428-P7-1 ،  Pecos ،  Dular              أع ةةا ال شةةاراا  -

                                                                                        ال   ا الد فة  االةابا ة  المحاره  عى  ال صاب  هذه اخص ام عررا بأ دا أص ام باار  عا .
                             عةةة  بةةةا  مةةة  ال ةةة  ا الاعةمةةة  هةةةذه  ع  Mars ،  O2428-P7-1 ،  Dular ،  Lambyque              أع ةةةا ال شةةةاراا  -

                                             اخص ام عررا بأ دا أص ام محاره  عى  ال صاب . 
      ةة ل                                                                      ببةةاة  العةةفرة الاامةة  اال اصةة  عىةة  البةةلالم اجةةاف ا ب رةةاا ما اةةة  مةة   ةة   ال                   أهدةةرا  بةةاف  بحىةةة  -

                                                                            اال شام لجمة  صفاا الفرا   ر  الاامة  اخا  االيا   االبحىة  المشبرك بة د . 
  IR56381-139 ا     513   زة     ، جةةGZ1368-5-5-4 ،  GZ5121  ،    515       ، جةةزة    521     جةةزة           البرا ةةا       ـا ا  -

   ،Pecos ،  Dular                                                     عةةفرة الاامةة  عىةة  البةةلالم لصةةف  إعةةافة ال صةةاب . بة مةةا  ةةا                         أرضةة  ال شةةاراا مةة  حةةةث ال
O2428-P7-1 ،  IR65598-112 ،  Palawan ،  Lambyque    أرضةة  ال شةةاراا مةة  حةةةث العةةفرة الاامةة                                   

                                عى  البلالم لصف  الباار  الاا . 
       ى   ةا            ا بال ة ب                                                                               أاضحا ال باف  أهمة  الفاة  الجة ة  المضةةم لجمةة  صةفاا الفرا ة  ماعةفا صةف  عةفف ال ة ةب -

                                                                  الفا  الجة   الغةر مضةم أا ال افف لا فار مد  ر  بارةث هذه الصف . 
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     Table 1: Mean square estimates from line x tester analysis of variance for the studied traits in each years and 
the combined data over both years                                                         

  ** Significant at 1% probability levels                                                                                                                                        

 
 
 
 
 
 
 
 

Filled grains-1 %spikelet fertility % pollen fertility Df 
S .O.V 

 Y2 Y1 Com Y2 Y1 Com Y2 Y1 com sing 

50222.2** - - 278.9** - - 555.0** - - 1  Years (Y) 

226.2** - - 52.6** - - 2.90** - - 4  Reps / Y 

33220.9** .250112 ** 55692.9** 2236.3** 5123.2** 5112.6** 2222.2** 5261.6** 5690.2** 138 521 Genotypes(G) 

9221.3** 2660.2** 2266.1** 5992.2** 996.2** 5002.1** 3020.6** 5022.2** 5051.1** 30  Parent (p) 

262251.6** 322210.5** 350622.2** 92261.2** 29009.2** 22295.1** 599526. ** 21953.9** 50227.5** 1  P.Vs.C 

35922.5** 50220.1** 55226.9** 2262.2** 5625.1** 5232.2** 3922.1** 5222.3** 5232.2** 107  Crosses (C) 

222290.2** 306621.9** 321592.2** 62112.2** 25693.6** 22333.9** 55265.4** 31690** 36625.6** 2  Lines (GCA) 

50561.5** 93.225 ** 2090.0** 5626.9** 121.9** 123.2** 2166.0** 1094.6** 5010.2** 36  Testers(GCA) 

9319.2** 2206.5** 2953.1** 5230.1** 262.9** 223.2** 1190.7** 626.3** 220.5** 21  L x T (SCA) 

522.2** - - 52.9** - - 14.8** - - 138  G  x Y 

69.0** - - 6.66** - - 11.5** - - 20  P  x Y 

1095.1** - - 32.75  - 4.3** - - 1  P.Vs.C  xY 

160.5** - -- 15.14** - - 15.8** - - 107  C x Y 

552.2** - - 52.22** - - 9.3** - - 36  L   x  Y 

5262.1** - - 20.32** - - 76.2** - - 2  T  x  Y 

539.2** - - 52.66** - - 15.6** - - 21  L  x T xY 

22.22 29.0 65.2 53.63 56.25 1.51 11.53 50.93 50.25 223 326 Error 

1.6 2.26 2.2 2.32 1.29 2.29 6.91 6.62 6.62   C.V% 
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Table 3: Mean performances of % pollen fertility-1 for 108 F1 hybrids at the two years Y1 , Y 2  and their combined data 
Maintainer Line CMS Line 

Testers IR69625B Giza177B IR69625A Giza177A 

com Y2 Y1 com Y2 Y1 com Y2 Y1 com Y2 Y1 

89.6 91.6 87.6 51.8 49.8 53.93 83.95 90.0 77.87 27.40 25.6 29.17 Giza175 
89.0 90.8 87.3 47.8 47.9 47.70 85.63 89.8 81.47 30.32 28.7 31.90 Giza178 
88.2 91.1 85.2 52.7 51.1 54.33 86.22 84.3 88.10 30.25 29.1 31.40 Giza181 
86.4 90.5 82.4 54.6 54.0 55.20 80.95 81.7 80.23 24.15 25.3 23.00 IR25571-31 
84.2 89.5 78.9 67.3 64.9 69.80 76.92 83.9 69.97 28.45 25.8 31.13 GZ1368-5-5-4 
84.5 86.9 82.0 57.97 59.8 56.13 81.62 84.6 78.60 29.60 26.7 32.50 GZ5121 
81.4 84.5 78.3 44.48 43.3 45.67 80.57 80.8 80.37 32.83 28.8 36.87 GZ6296-12-1-4 
79.9 81.2 78.7 50.40 48.7 52.13 78.52 82.8 74.23 28.47 29.5 27.40 GZ6296-12-1-2 
77.6 79.0 76.3 75.90 77.1 74.67 35.67 34.1 37.20 25.90 21.6 30.20 IR65598-12 
84.9 87.4 82.4 41.23 39.6 42.90 22.13 20.6 23.63 9.33 11.3 7.40 Drew 
86.6 88.9 84.2 41.60 41.7 41.50 16.17 18.4 13.90 9.97 10.9 9.03 G52 
80.8 82.9 78.7 38.10 36.7 39.50 12.45 12.3 12.57 7.20 10.7 3.70 Katy 
80.9 86.4 75.6 49.15 51.1 47.20 0.02 0.0 0.04 0.02 0.2 0.03 Mars 
77.2 80.7 73.6 52.65 50.8 54.47 11.17 12.1 10.27 7.70 9.0 6.43 Suweon392 
85.9 87.3 84.5 50.88 49.3 52.47 79.72 78.2 81.23 51.83 50.2 53.43 Giza182 
82.4 82.3 82.5 59.85 58.2 61.53 74.48 76.6 72.33 40.07 35.4 44.73 IR56381-139 
74.8 76.7 72.9 79.28 78.3 80.30 14.63 15.5 13.73 10.60 11.0 10.23 Palawan 
73.6 74.1 73.1 80.23 81.2 79.27 0.01 0.0 0.01 0.03 0.01 0.05 O2428-P7-1 
83.6 81.5 85.8 85.47 84.8 86.10 0.02 0.0 0.03 0.03 0.01 0.04 Pecos 
87.1 88.3 85.9 43.03 42.1 43.93 40.70 42.6 38.83 15.43 17.2 13.67 Indian 1 
82.0 85.2 78.8 50.92 49.9 51.97 76.13 80.5 71.77 35.13 34.5 35.73 BR1141-28-37 
76.7 79.8 73.6 83.68 86.8 80.53 0.03 0.01 0.04 0.03 0.0 0.06 Dular 
80.1 78.7 81.5 42.38 41.7 43.03 48.38 49.2 47.57 22.23 25.5 18.97 Indian 2 
86.5 87.4 85.6 56.05 55.3 56.77 0.03 0.0 0.05 0.03 0.0 0.05 IR72080B 
74.5 74.4 74.6 76.97 79.7 74.20 0.02 0.01 0.03 0.02 0.0 0.04 Lambyque 
83.9 83.9 83.8 60.12 58.2 62.07 12.83 14.2 11.50 11.55 12.7 10.43 KBNT 
82.1 83.6 80.0 48.82 50.5 47.10 14.43 14.5 14.33 12.08 12.6 11.53 IET1444 
5.43 
7.14 

5.29 
6.95 

5.19 
6.82 

5.43 
7.14 

5.29 
6.95 

5.19 
6.82 

5.43 
7.14 

5.29 
6.95 

5.19 
6.82 

5.43 
7.14 

5.29 
6.95 

5.19 
6.82 

LSD   5% 
          1% 
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Table 4: Mean performances of % spikelet fertility for 108 F1 hybrids at the two Years Y1, Y 2 and their combined data.  
Maintainer Line CMS Line 

testers IR69625B Giza177B IR69625A Giza177A 

com Y2 Y1 com Y2 Y1 com Y2 Y1 com Y2 Y1 

84.82 83.83 85.80 43.07 46.30 39.83 81.07 79.43 82.70 21.38 21.27 21.50 Giza175 

90.58 88.97 92.20 45.85 43.70 48.00 89.67 88.43 90.90 22.12 23.80 20.43 Giza178 

87.43 87.70 87.17 44.72 45.20 44.23 88.71 89.39 88.03 15.65 14.57 16.73 Giza181 

90.50 90.20 90.80 42.25 41.50 43.00 79.55 70.37 88.73 24.15 24.63 23.67 IR25571-31 

89.25 89.20 89.30 66.68 66.37 67.00 69.15 65.43 72.87 38.47 41.63 35.30 GZ1368-5-5-4 

89.30 90.30 88.30 40.22 39.43 41.00 91.58 91.60 91.57 32.53 35.30 29.77 GZ5121 

87.67 87.20 88.13 34.20 31.33 37.07 87.83 88.30 87.37 21.23 21.23 21.23 GZ6296-12-1-4 

87.60 85.60 89.60 31.67 26.77 36.57 88.73 89.70 87.77 16.60 15.80 17.40 GZ6296-12-1-2 

85.03 85.00 85.07 84.89 82.62 87.17 20.78 20.00 21.57 18.72 19.00 18.43 IR65598-12 

87.20 86.40 88.00 31.58 29.63 33.53 24.30 24.13 24.47 13.18 10.03 16.33 Drew 

89.17 88.60 89.73 36.80 34.37 39.23 24.93 28.10 21.77 24.65 24.40 24.90 G52 

89.67 89.97 89.37 35.53 33.63 37.43 25.72 26.47 24.97 13.45 13.07 13.83 Katy 

85.57 84.40 86.73 28.03 22.30 33.77 0.03 0.03 0.03 0.03 0.03 0.04 Mars 

89.45 88.73 90.17 36.82 28.90 44.73 19.30 19.40 19.20 20.70 21.73 19.67 Suweon392 

84.02 81.73 86.30 41.23 41.93 40.53 83.58 80.03 87.13 19.38 19.20 19.57 Giza182 

86.90 83.83 89.97 29.20 23.63 34.77 82.82 81.57 84.07 17.28 15.33 19.23 IR56381-139 

87.52 87.20 87.83 86.37 84.73 88.00 22.47 23.57 21.37 17.08 18.57 15.60 Palawan 

85.32 84.07 86.57 86.15 86.77 85.53 0.03 0.03 0.02 0.04 0.04 0.03 O2428-P7-1 

87.22 85.33 89.10 91.08 91.13 91.03 0.03 0.05 0.02 0.04 0.07 0.02 Pecos 

87.57 88.07 87.07 32.28 29.67 34.90 26.43 26.40 26.47 12.90 9.80 16.00 Indian 1 

89.73 88.23 91.23 43.48 49.07 37.90 76.85 77.03 76.67 15.68 14.33 17.03 BR1141-28-37 

86.93 85.57 88.30 87.13 85.40 88.87 0.03 0.05 0.02 0.05 0.06 0.03 Dular 

88.67 87.37 89.97 35.65 32.67 38.63 31.53 32.23 30.83 17.18 16.40 17.97 Indian 2 

86.48 84.90 88.07 32.82 29.57 36.07 0.03 0.03 0.03 0.02 0.02 0.02 IR72080B 

81.17 78.83 83.50 83.88 81.97 85.80 0.05 0.05 0.04 0.04 0.04 0.04 Lambyque 

88.05 87.87 88.23 39.50 35.73 43.27 11.83 10.27 13.40 17.27 16.30 18.23 KBNT 

85.62 81.33 89.90 38.48 35.63 41.33 22.22 22.97 21.47 21.20 18.73 23.67 IET1444 

5.69 
7.47 

6.48 
8.52 

4.58 
6.02 

5.69 
7.47 

6.48 
8.52 

4.58 
6.02 

5.69 
7.47 

6.48 
8.52 

4.58 
6.02 

5.69 
7.47 

6.48 
8.52 

4.58 
6.02 

LSD     5%  
            1%   
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Table 5:  Mean performances of number of filled grains panicle-1 for 108 F1 hybrids at the two years Y1 , Y 2  and their 
combined data 

Maintainer Line CMS Line 

testers IR69625B Giza177B IR69625A Giza177A 

com Y2 Y1 com Y2 Y1 com Y2 Y1 com Y2 Y1 

164.9 165.9 163.9 84.8 88.8 80.7 146.6 134.7 158.5 54.8 36.5 73.0 Giza175 

170.5 163.9 177.1 105.6 103.3 107.8 186.4 191.8 181.0 39.2 40.7 37.7 Giza178 

159.1 152.1 166.0 95.9 88.0 103.8 148.8 138.4 159.3 35.8 41.4 30.2 Giza181 

166.9 161.9 171.8 81.2 77.1 85.3 164.7 163.6 165.8 43.4 39.8 46.9 IR25571-31 

163.3 156.1 170.5 132.4 127.4 137.4 134.8 127.7 141.8 86.4 95.5 77.3 GZ1368-5-5-4 

161.6 152.7 170.5 80.7 77.0 84.3 176.3 172.7 179.8 57.1 62.3 51.9 GZ5121 

151.3 141.3 161.2 66.3 57.2 75.4 149.5 143.1 155.8 36.4 34.7 38.1 GZ6296-12-1-4 

152.7 144.6 160.8 61.0 48.6 73.3 157.7 151.9 163.6 30.1 29.2 31.1 GZ6296-12-1-2 

153.9 146.9 160.9 152.8 145.1 160.4 39.9 38.7 41.1 36.0 34.9 37.0 IR65598-12 

179.5 186.8 172.2 66.7 65.3 68.1 45.2 44.4 46.0 26.7 21.6 31.7 Drew 

180.4 184.0 176.9 70.0 65.6 74.5 46.2 50.2 42.2 47.4 47.3 47.6 G52 

162.2 155.5 168.9 69.5 62.8 76.1 45.7 44.6 46.8 25.1 21.5 28.6 Katy 

157.9 150.3 165.6 50.9 37.4 64.3 0.03 0.04 0.01 0.02 0.02 0.03 Mars 

158.6 152.5 164.7 60.8 50.7 70.8 34.2 32.3 36.1 41.5 43.2 39.7 Suweon392 

153.5 138.0 169.1 72.1 64.6 79.5 154.9 145.5 164.3 32.5 30.1 35.0 Giza182 

171.1 170.1 172.0 56.1 44.6 67.6 153.3 145.0 161.5 31.7 27.3 36.1 IR56381-139 

147.1 134.4 159.7 149.0 141.4 156.6 42.0 43.3 40.6 31.8 34.9 28.7 Palawan 

148.0 134.0 161.9 148.4 138.3 158.4 0.01 0.02 0.01 0.01 0.01 0.01 O2428-P7-1 

149.9 143.6 156.2 145.8 137.0 154.5 0.03 0.05 0.01 0.01 0.01 0.01 Pecos 

153.5 146.9 160.0 62.3 57.4 67.2 44.1 41.2 47.0 23.0 16.2 29.8 Indian 1 

159.9 150.7 169.1 72.4 70.5 74.3 137.1 131.9 142.2 32.7 33.2 32.2 BR1141-28-37 

153.1 144.6 161.5 147.8 137.5 158.1 0.02 0.0 0.03 0.02 0.04 0.0 Dular 

159.4 155.8 163.1 70.5 64.1 76.9 58.2 57.5 58.8 36.3 41.7 30.9 Indian 2 

148.9 142.2 155.7 68.5 59.0 77.9 0.05 0.03 0.07 0.04 0.06 0.01 IR72080B 

143.3 132.4 154.2 155.7 155.6 155.8 0.12 0.12 0.11 0.03 0.02 0.04 Lambyque 

158.2 152.8 163.5 75.2 66.5 83.8 21.7 18.6 24.8 35.2 35.6 34.8 KBNT 

155.9 147.5 164.3 75.9 68.0 83.8 37.7 37.1 38.2 37.8 30.5 45.0 IET1444 

14.11 
18.55 

12.3 
16.2 

12.57 
16.52 

14.11 
18.55 

12.3 
16.2 

12.57 
16.52 

14.11 
18.55 

12.3 
16.2 

12.57 
16.52 

14.11 
18.55 

12.3 
16.2 

12.57 
16.52 

LSD     5%  
            1%   
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   Table 6: Estimation of GCA effects (gi) both lines and tester at each year and  their combined data for the studied traits                                                

                       Testers 
pollen fertility%  %spikelet fertility 1-panicleFilled grains  

Y1 Y2 Com Y1 Y2 Com Y1 Y2 Com 
Giza175 9.94** 11.26** 10.60** 7.03** 7.38** 7.21** 24.98** 7.38** 22.87** 
Giza178 10.01** 11.28** 10.64** 10.32** 7.80** 9.06** 31.87** 7.80** 35.53** 
Giza181 11.85** 10.76** 11.31** 7.30** 8.74** 8.02** 20.77** 8.74** 20.00** 
IR25571-31 8.49** 9.85** 9.17** 9.35** 7.75** 8.55** 23.40** 7.75** 24.13** 
GZ1368-5-5-4 10.01** 11.73** 10.87** 11.47** 12.43** 11.95** 37.71** 12.43** 39.32** 
GZ5121 9.77** 10.37** 10.07** 10.17** 12.65** 11.41** 27.61** 12.65** 29.02** 
GZ6296-12-1-4 8.58** 7.46** 8.02** 7.15** 7.74** 7.44** 13.57** 7.74** 10.97** 
GZ6296-12-1-2 7.33** 8.05** 7.69** 6.84** 5.96** 6.40** 13.13** 5.96** 10.48** 
IR65598-12 4.97** 3.21** 4.09** 3.53** 3.97** 3.75** 5.80 3.97 5.74** 
Drew -5.15** -5.05** -5.10** -4.27** -5.28** -4.78** -14.56** -5.28* -10.38** 
G52 -6.42** -8.31** -7.36** -1.89** -0.54 -1.22 -8.76** -0.54 -3.87* 
Katy -8.38** -8.07** -8.22** -3.69** -2.63* -3.16** -13.96** -2.63 -14.29** 
Mars -16.67** -14.91** -15.79** -17.48** -18.19** -17.83** -36.53** -18.19** -37.65** 
Suweon392 -8.04** -6.95** -7.50** -2.41** -3.38** -2.89** -16.24** -3.38 -16.14** 
Giza182 13.32** 11.59** 12.45** 6.93** 6.67** 6.80** 17.90** 6.67** 13.35** 
IR56381-139 11.43** 9.37** 10.40** 7.25** 3.36** 5.30** 15.27** 3.36 13.14** 
Palawan -2.25* -2.26* -2.25** 3.69** 5.28** 4.48** 2.34** 5.28* 2.56 
O2428-P7-1 -10.80** -12.50* -11.65** -11.71** -8.36** -10.03** -13.91** -8.36** -15.77** 
Pecos -8.92** -10.49** -9.70** -7.72** -7.16** -7.44** -16.31** -7.16** -15.92** 
Indian 1 -0.32 0.21 -0.06 -3.88** -4.50** -4.19** -18.03** -4.50* -19.17** 
BR1141-28-37 7.90** 9.30** 8.60** 5.26** 6.95** 6.11** 10.38** 6.95** 10.61** 
Dular -11.86** -10.46** -11.16** -8.42** -8.22** -8.32** -14.13** -8.22** -14.65** 
Indian 2 0.76 0.68 0.72 -1.68* -2.02 -1.85* -11.64** -2.02 -8.81** 
IR72080B -13.42** -14.12** -13.77** -16.88** -17.10** -16.99** -35.61** -17.10** -35.51** 
Lambyque -12.77** -12.96** -12.87** -10.07** -10.19** -10.13** -16.51** -10.19** -15.11** 
KBNT -3.76** -3.98** -3.87** -4.42** -5.44** -4.93** -17.33** -5.44* -17.33** 
IET1444 -5.60** -5.07** -5.33** -1.80* -3.65** -2.72** -11.23** -3.65 -13.09** 
LSD                          5% 
                                 1% 

1.86 
2.47 

1.90 
2.52 

1.38 
1.83 

1.64 
2.18 

2.33 
83.0  

1.44 
1.91 

4.51 
5.98 

4.41 
5.85 

3.58 
4.75 

       lines  
Giza177A -20.75** -21.88** -21.32** -23.03** -22.12** -22.58** -62.80** -56.16** -59.48** 
Giza177B -7.35** -6.27** -6.81** -5.54** -4.98** -5.26** -12.73** -9.63** -11.18** 
IR69625A 6.71** 5.48** 6.09** 2.07** 1.46** 1.76** 4.35** -0.59 1.88** 
IR69625B 21.39** 22.68** 22.04** 26.50** 25.64** 26.07** 71.18** 66.39** 68.79** 

LSD                5%  
                                 1% 

0.72 
0.95 

0.73 
0.97 

0.53 
0.70 

0.63 
0.84 

0.90 
1.19 

0.56 
0.74 

1.74 
.302  

1.70 
2.25 

1.38 
1.83 

* and ** Significant at 5% and 1% levels of  probability, respectively                                        
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       Table 7: Estimation of SCA effects for 108 F1 hybrids at each year and their combined data for %pollen fertility .  

* and ** Significant at 5% and 1% probability levels, respectively 
                                                                 

Maintainer Line CMS Line 
Male parents IR69625A Giza177B IR69625A Giza177A 

com Y2 Y1 com Y2 Y1 com Y2 Y1 com Y2 Y1 
-4.74** -4.78 -4.71* -13.96** 23.12** -12.31** 19.80** 23.12** 16.47** -1.10 -2.74 0.55 Giza175 
-5.06** -5.34 -4.77 -16.30** 22.76** -15.94** 20.69** 22.76** 18.62** 0.67 -0.75 2.09 Giza178 
-6.36** -4.26 -8.46** -14.15** 18.65** -13.98** 20.58** 18.65** 22.51** -0.07 -0.08 -0.06 Giza181 
-5.90** -4.23 -7.57** -10.90** 17.57** -10.05** 18.63** 17.57** 19.68** -1.83 -1.59 -2.06 IR25571-31 
-8.46** -6.96* -9.97** -5.10** 17.38** -2.94 14.33** 17.38** 11.27** -0.76 -3.15 1.63 GZ1368-5-5-4 
-8.48** -7.94** -9.02** -9.89** 19.30** -10.86** 18.22** 19.30** 17.13** 0.15 -2.45 2.75 GZ5121 
-8.74** -6.86* -10.62** -15.58** 19.25** -15.64** 19.48** 19.25** 19.71** 4.84** 3.13 6.56** GZ6296-12-1-4 
-9.56** -10.09** -9.04** -11.84** 20.21** -10.65** 18.42** 20.21** 16.63** 2.98 2.90 3.06 GZ6296-12-1-2 
-7.62** -6.83* -8.41** 7.26** -4.94 5.23** -3.96** -4.94 -2.98 4.32** 2.47 6.16** IR65598-112-98 
6.94** 7.79** 6.08** -4.36** -5.46* -3.59 -3.43* -5.46* -1.40 0.85 2.80 -1.10 Drew 
3.82** -1.21 8.85** -1.90 -3.79 -3.11 -5.56** -3.79 -7.32** 3.63* 5.69* 1.57 G52 
6.97** 7.28** 6.66** -3.11* -8.67** -2.34 -7.59** -8.67** -6.51** 3.73** 5.26 2.20 Katy 

14.92** 17.00** 12.83** 10.88** -21.97** 10.42** -20.15** -21.97** -18.33** -5.65** -6.36* -4.93* Mars 
3.70** 4.54 2.86 4.53** -10.26** 5.82** -9.61** -10.26** -8.96** 1.38 2.48 0.28 Suweon392 
-9.62** -8.74** -10.49** -16.36** 13.23** -16.54** 14.38** 13.23** 15.53** 11.60** 11.71** 11.50** Giza182 

-10.45** -10.61** -10.29** -9.11** 14.44** -9.37** 12.88** 14.44** 11.31** 6.69** 5.01 8.36** IR56381-139 
-3.14* -2.92 -3.36 15.80** -12.06** 16.29** -11.84** -12.06** -11.63** -0.81 -0.33 -1.30 Palawan 
8.19** 5.53* 10.85** 25.89** -24.39** 24.15** -24.29** -24.39** -24.20** -9.79** -8.78** -10.80** O2428-P7-1 
9.92** 8.66** 11.18** 28.05** -26.39** 27.59** -26.24** -26.39** -26.08** -11.73** -10.78** -12.69** Pecos 
3.88** 3.50 4.25* -8.43** 3.01 -7.91** 3.19* 3.01 3.36 1.37 2.44 0.30 Indian 1 
-8.92** -8.31** -9.52** -12.49** 17.15** -11.40** 15.85** 17.15** 14.54** 5.56** 4.74 6.38** BR1141-28-37 
7.00** 7.21** 6.79** 28.07** -26.43** 26.10** -24.78** -26.43** -23.14** -10.28** 7.75** -9.74** Dular 
-2.42 -4.52 -0.32 -9.70** 6.41* -9.75** 6.84** 6.41* 7.27** 5.27** -10.82** 2.80 Indian 2 

17.01** 16.95** 17.07** 12.83** -22.77** 12.69** -22.17** -22.77** -21.58** -7.67** -7.16** -8.18** IR72080B 
7.32** 6.27* 8.38** 24.32** -23.92** 22.68** -23.07** -23.92** -22.23** -8.57** -8.31** -8.83** Lambyque 
4.81** 3.98 5.64** 5.30** -11.42** 6.12** -11.75** -11.42** -12.09** 1.64 2.95 0.33 KBNT 
5.01** 4.89 5.12** 0.23 -10.03** -0.70 -8.81** -10.03** -7.60** 3.57* 3.96 3.18 IET1444 
2.76 
3.66 

5.37 
7.12 

3.72 
4.94 

2.76 
3.66 

5.37 
7.12 

3.72 
4.94 

2.76 
3.66 

5.37 
7.12 

3.72 
4.94 

2.76 
3.66 

5.37 
7.12 

3.72 
4.94 

LSD     5%  
            1%   
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     Table 8: Estimation SCA effects for 108 F1 hybrids at each year and their combined data for % spikelet fertility  

** Significant at 5% and 1% probability levels, respectively 

       

Maintainer Line CMS Line 
Male parents IR69625B Giza177B IR69625A Giza177A 

com Y2 Y1 com Y2 Y1 com Y2 Y1 com Y2 Y1 

-9.46** -9.45** -9.48** -11.12** -8.43** -13.80** 20.86** 18.20** 23.52** -0.28 -0.32 -0.24 Giza175 
-11.18** -15.52** -6.83** -11.37** -10.38** -12.36** 24.38** 24.91** 23.84** -1.82 1.00 -4.64* Giza178 
-7.96** -7.32** -8.60** -11.02** -10.42** -11.63** 24.37** 24.55** 24.19** -5.39** -6.81** -3.97* Giza181 
-5.65** -4.01 -7.30** -12.96** -11.60** -14.31** 18.39** 14.01** 22.77** 0.22 1.61 -1.16 IR25571-31 
-10.23** -9.68** -10.77** -1.93 -1.74 -2.11 6.55** 4.25 8.84** 5.60** 7.17 4.04* GZ1368-5-5-4 
-9.66** -8.83** -10.50** -16.97** -17.68** -16.26** 23.87** 23.06** 24.68** 2.76 3.45 2.07 GZ5121 
-7.17** -6.77** -7.57** -16.63** -17.70** -15.57** 24.57** 25.39** 23.75** -0.77 -0.92 -0.61 GZ6296-12-1-4 
-6.11** -6.24** -5.97** -17.17** -18.75** -15.58** 26.16** 27.88** 24.44** -2.88* -2.88 -2.88 GZ6296-12-1-2 
-5.61** -4.63 -6.59** 18.90** 18.13** 19.67** -14.59** -15.00** -14.17** 1.30 1.50 1.09 IR65598-112-98 
4.62** 5.54* 3.69* -5.96** -5.67* -6.26** -3.77* -2.92 -4.63** 5.12** 3.05 7.19** Drew 
2.84* 2.71 2.98 -6.38** -7.52** -5.24** -6.81** -4.97* -8.64 10.35** 9.79** 10.91** G52 
5.33** 6.33** 4.34* -5.17** -5.85* -4.49** -4.28** -3.92 -4.63** 4.12** 3.44 4.79** Katy 
16.89** 17.88** 15.90** 4.76** 2.43 7.10** -19.49** -18.73** -20.25** -2.17 -1.58 -2.76 Mars 
4.69** 5.54* 3.85* -4.91** -8.07** -1.75 -8.98** -8.02** -9.94** 9.19** 10.55** 7.83** Suweon392 
-9.51** -10.05** -8.97** -11.77** -10.25** -13.29** 21.62** 19.46** 23.79** -0.34 0.85 -1.53 Giza182 
-3.35* -4.88* -1.82 -17.62** -18.23** -17.02** 22.38** 23.83** 20.94** -1.41 -0.73 -2.10 IR56381-139 
-4.43** -4.43 -4.42** 19.33** 18.40** 20.26** -14.17** -13.83** -14.51** -0.73 -0.14 -1.33 Palawan 
8.36** 6.82** 9.91** 28.89** 33.15** 24.64** -27.29** -28.56** -26.02** -9.97** -11.41** -8.53** O2428-P7-1 
7.23** 6.34** 8.12** 35.21** 36.02** 34.40** -29.88** -29.75** -30.00 -12.56** -12.61** -12.51** Pecos 
4.45** 6.27** 2.63 -6.12** -6.42** -5.81** -2.83 -2.19 -3.47* 4.50** 2.34 6.65** Indian 1 
-3.94** -5.07* -2.80 -9.73** -6.29** -13.17** 17.27** 16.95** 17.58** -3.60* -5.59* -1.62 BR1141-28-37 
8.14** 8.19** 8.09** 32.47** 31.91** 33.03** -28.93** -28.55** -29.31** -11.68** 4.82* -11.82** Dular 
3.06* 3.19 2.93 -6.45** -7.11** -5.79** -1.89 -0.90 -2.89 5.29** -11.55** 5.75** Indian 2 

16.32** 16.24** 16.41** 6.94** 6.10* 7.78** -20.26** -19.67** -20.84** -3.01* -2.67 -3.35** IR72080B 
5.31** 4.82* 5.79** 31.76** 31.48** 32.03** -27.19** -26.72** -27.66** -9.87** -9.58** -10.17** Lambyque 
5.51** 6.99** 4.03* -1.10 -1.85 -0.35 -12.97** -13.46** -12.49** 8.56** 8.32** 8.81** KBNT 
1.48 0.03 2.93 -3.87** -3.64 -4.10* -7.10** -5.29* -8.90** 9.49** 8.90** 10.07** IET1444 
2.88 
3.83 

4.65 
6.17 

2.39 
2.26 

2.88 
3.83 

4.65 
6.17 

2.39 
2.26 

2.88 
3.83 

4.65 
6.17 

2.39 
2.26 

2.88 
3.83 

4.65 
6.17 

2.39 
2.26 

LSD     5% 
             1% 
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Maintainer Line CMS Line 

Male parents IR69625A Giza177B IR69625A Giza177A 

com Y2 Y1 com Y2 Y1 com Y2 Y1 com Y2 Y1 

-16.6** -6.98 -22.** -29.9** -17.1** -23.6** 45.0** 37.8** 71.2** -38.3** -13.8** -62.8** Giza175 
-23.7** -27.4** -20.0** -21.7** -21.1** -22.4** 72.2** 76.5** 67.8** -26.7** -28.0** -25.4** Giza178 
-19.6** -19.3** -19.9** -15.8** -16.4** -15.4** 50.1** 43.1** 57.2** -14.6** -7.42 -21.9** Giza181 
-15.9** -15.1** -16.8** -34.7** -32.9** -36.5** 61.9** 62.6** 61.1** -11.2** -14.6** -7.75 IR25571-31 
-34.7** -36.9** -32.4** 1.31 1.33 1.29 16.7** 10.7** 22.8** 16.7** 25.0** 8.38 GZ1368-5-5-4 
-26.1** -29.8** -22.3** -40.1** -38.6** -41.7** 68.5** 66.1** 70.9** -2.31 2.29 -6.92 GZ5121 
-18.4** -19.1** -17.6** -36.4** -36.3** -36.6** 59.8** 58.7** 60.7** -4.96 -3.21 -6.72 GZ6296-12-1-4 
-16.5** -15.3** -17.6** -41.3** -44.4** -38.2** 68.5** 67.9** 69.1** -10.8** -8.24 -13.3** GZ6296-12-1-2 

-10.5** -10.9* -10.1* 55.2** 54.3** 56.2** -44.6** -43.1** -46.0** -0.20 -0.36 -0.05 
IR65598-112-
98 

31.2** 40.9** 21.5** -14.7** -13.7** -15.7** -23.1** -25.5** -20.8** 6.6* -1.75 15.0** Drew 
25.6** 30.8** 20.4** -17.9** -20.6** -15.2** -28.6** -26.9** -30.3** 20.9** 16.7** 25.1** GZ52 
17.8** 18.0** 17.6** -8.0* -7.69 -8.31 -18.7** -16.8** -20.6** 8.9* 6.54 11.3* Katy 
36.9** 36.9** 36.9** -3.26 -8.96* 2.44 -41.0** -37.3** -44.7** 7.3* 9.3* 5.39 Mars 
16.1** 16.5** 15.7** -14.9** -18.4** -11.4** -28.4** -27.7** -29.0** 27.2** 29.7 24.7** Suweon392 
-18.5** -22.9** -14.1** -33.1** -29.4** -36.8** 62.8** 60.6** 65.0** -11.2** -8.28 -14.2** Giza182 
-0.74 6.98 -8.47 -48.8** -51.5** -46.1** 61.4** 57.9** 64.9** -11.9* -13.3** -10.4* IR56381-139 

-14.2** -20.1** -7.91 54.7** 53.5** 55.8** -39.3** -35.6** -43.0** -1.18 2.57 -4.92 Palawan 
5.04 -0.54 10.6* 72.4** 70.8** 73.9** -62.8** -58.4** -67.3** -14.6** -11.9* -17.2** O2428-P7-1 
7.2* 7.04 7.31 69.9** 67.4** 72.4** -62.7** -60.5** -64.9** -14.4** -13.9** -14.8** Peco 

13.9** 15.1** 12.8** -10.3** -7.44 -13.1** -15.4** -14.6** -16.3** 11.6** 6.96 16.6** Indian 1 
-9.4* -12.3** -6.52 -30.0** -25.5** -34.5** 47.7** 45.0** 50.5** -8.3* -7.22 -9.46* BR1141-28-37 
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9.0* 7.64 10.4* 70.7** 67.6** 73.8** -64.0** -60.8** -67.1** -15.7** 18.1** 0.01 Dullar 
9.5** 9.6* 9.5* -12.5** -15.1** -9.9** -11.7** -12.6** -10.9** 14.7** -14.4** 11.26* Indian 2 
25.7** 25.4** 26.0** 12.2** 9.3* 15.1** -43.1** -40.6** -45.6** 5.17 5.88 4.46 IR72080B 
-0.29 -6.06 5.47 79.0** 84.2** 73.9** -63.5** -62.3** -64.7** -15.2** -15.8** -14.6** Lambyque 
16.8** 18.1** 15.6** 0.71 -1.31 2.73 -39.7** -40.1** -39.2** 22.1** 23.4** 20.8** KBNT 
10.3** 10.3* 10.3* -2.78 -2.16 -3.41 -28.0** -24.1** -31.9** 20.5** 15.9** 25.0** IET1444 

5.97 
9.50 

8.82 
11.70 

9.02 
11.96 

5.97 
9.50 

8.82 
11.70 

9.02 
11.96 

5.97 
9.50 

8.82 
11.70 

9.02 
11.96 

5.97 
9.50 

8.82 
11.70 

9.02 
11.96 

LSD     5%  
            1%   
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 panicle-1 
              * and ** Significant at 5% and 1% probability levels, respectively 
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 Table 9: Estimation of SCA effects for 108 F1 hybrids at each year and their combined data for number of field 
grains  panicle       -  1  

     * and ** Significant at 5% and 1% probability levels, respectively   

Maintainer Line CMS Line 

Male parents IR69625A Giza177B IR69625A Giza177A 

com Y2 Y1 com Y2 Y1 com Y2 Y1 com Y2 Y1 

-16.6** -6.98 -22.** -29.9** -17.1** -23.6** 45.0** 37.8** 71.2** -38.3** -13.8** -62.8** Giza175 

-23.7** -27.4** -20.0** -21.7** -21.1** -22.4** 72.2** 76.5** 67.8** -26.7** -28.0** -25.4** Giza178 

-19.6** -19.3** -19.9** -15.8** -16.4** -15.4** 50.1** 43.1** 57.2** -14.6** -7.42 -21.9** Giza181 

-15.9** -15.1** -16.8** -34.7** -32.9** -36.5** 61.9** 62.6** 61.1** -11.2** -14.6** -7.75 IR25571-31 

-34.7** -36.9** -32.4** 1.31 1.33 1.29 16.7** 10.7** 22.8** 16.7** 25.0** 8.38 GZ1368-5-5-4 

-26.1** -29.8** -22.3** -40.1** -38.6** -41.7** 68.5** 66.1** 70.9** -2.31 2.29 -6.92 GZ5121 

-18.4** -19.1** -17.6** -36.4** -36.3** -36.6** 59.8** 58.7** 60.7** -4.96 -3.21 -6.72 GZ6296-12-1-4 

-16.5** -15.3** -17.6** -41.3** -44.4** -38.2** 68.5** 67.9** 69.1** -10.8** -8.24 -13.3** GZ6296-12-1-2 

-10.5** -10.9* -10.1* 55.2** 54.3** 56.2** -44.6** -43.1** -46.0** -0.20 -0.36 -0.05 IR65598-112-98 

31.2** 40.9** 21.5** -14.7** -13.7** -15.7** -23.1** -25.5** -20.8** 6.6* -1.75 15.0** Drew 

25.6** 30.8** 20.4** -17.9** -20.6** -15.2** -28.6** -26.9** -30.3** 20.9** 16.7** 25.1** GZ52 

17.8** 18.0** 17.6** -8.0* -7.69 -8.31 -18.7** -16.8** -20.6** 8.9* 6.54 11.3* Katy 

36.9** 36.9** 36.9** -3.26 -8.96* 2.44 -41.0** -37.3** -44.7** 7.3* 9.3* 5.39 Mars 

16.1** 16.5** 15.7** -14.9** -18.4** -11.4** -28.4** -27.7** -29.0** 27.2** 29.7 24.7** Suweon392 

-18.5** -22.9** -14.1** -33.1** -29.4** -36.8** 62.8** 60.6** 65.0** -11.2** -8.28 -14.2** Giza182 

-0.74 6.98 -8.47 -48.8** -51.5** -46.1** 61.4** 57.9** 64.9** -11.9* -13.3** -10.4* IR56381-139 

-14.2** -20.1** -7.91 54.7** 53.5** 55.8** -39.3** -35.6** -43.0** -1.18 2.57 -4.92 Palawan 

5.04 -0.54 10.6* 72.4** 70.8** 73.9** -62.8** -58.4** -67.3** -14.6** -11.9* -17.2** O2428-P7-1 

7.2* 7.04 7.31 69.9** 67.4** 72.4** -62.7** -60.5** -64.9** -14.4** -13.9** -14.8** Peco 

13.9** 15.1** 12.8** -10.3** -7.44 -13.1** -15.4** -14.6** -16.3** 11.6** 6.96 16.6** Indian 1 

-9.4* -12.3** -6.52 -30.0** -25.5** -34.5** 47.7** 45.0** 50.5** -8.3* -7.22 -9.46* BR1141-28-37 

9.0* 7.64 10.4* 70.7** 67.6** 73.8** -64.0** -60.8** -67.1** -15.7** 18.1** 0.01 Dullar 
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                   Table 10:  Estimates of genetic parameters and heritability in broad and narrow senses for studied traits at the 

                                  two years and their combined data   
                                        

%pollen fertility %spikelet fertility Filled grains panicle 
-1 

Genetic parameters 

and heritability 
Y1 Y2 Comb. Y1 Y2 Comb. Y1 Y2 Comb. 

Additive variance (
2
A) 

dominant variance (
2
D) 


2
A x L 


2
D x L 

Environmental variance (
2
E) 

Genotypic variance (
2
G) 

Phenotypic variance (
2
P) 

Dominance  degree (
2
D/ 

2
A) 

Broad sense heritability (h
2
b%) 

Narrow sense heritability (h
2
n%) 

Relative importance of gca%* 

Relative importance of sca%** 

364.48 

186.53 

- 

- 

10.51 

551.01 

561.52 

0.51 

98.13 

64.94 

66.15 

33.85 

384.54 

208.43 

- 

- 

10.92 

592.97 

603.89 

0.54 

98.2 

63.68 

64.85 

35.15 

374.43 

196.53 

187.29 

99.25 

11.53 

570.96 

582.49 

052 

98.02 

64.28 

65.58 

34.42 

418.79 

254.77 

- 

- 

8.18 

673.56 

681.74 

0.61 

98.8 

61.43 

62.18 

37.82 

389.2 

249.16 

- 

- 

16.41 

638.08 

654.49 

0.65 

97.5 

59.42 

60.95 

39.05 

403.81 

251.36 

202.09 

126.28 

12.62 

655.17 

667.79 

0.62 

98.11 

60.47 

61.63 

38.37 

3018.3 

1617.0 

- 

- 

61.7 

4635.3 

4696.9 

0.54 

98.69 

64.26 

65.11 

34.89 

2552.9 

1482.4 

- 

- 

59.0 

4035.3 

4094.3 

0.58 

98.56 

62.35 

63.26 

36.74 

2778.6 

1535..3 

1396.3 

782.05 

77.7 

4313.9 

4391.6 

0.55 

98.23 

63.27 

64.41 

35.59 

                                 *       Relative importance of gca% = 
2
A/

2
G  

                               * *      Relative importance of sca% = 
2
D/

2
G. 
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