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ABSTRACT 
 
 Ten exotic cytoplasmic male sterile lines (C.M.S.) and two restorer lines viz 
local 162 as tall variety and NES 2412 as a shorts dual purpose variety were grown at 
Al-Azhar Univ. Assiut Exp. Farm in 1998 season.  The ten C.M.S. lines were top 
crossed with the two restorer to develop 20 top crosses [ten with local 162 and ten 
with NES 2412].  These top crosses with the two restorer lines and the two check 
varieties [Giza 15 and Dorado] were evaluated in completely randomized block 
design with 4 replications in two locations at Assiut and Sohag Governorates in 1999 
season.  The characters studied included i.e., plant height, days to 50% blooming, 
panicle width, panicle length, 1000-grain weight and grain yield.  Analysis of variance 
detected highly significant differences among genotypes for all studied traits.  
Generally, the 20 F1 hybrids involving NES 2412 and Local 162 showed wide range of 
heterosis with negative and positive values of the studied traits. 
 Estimates of variance components revealed that significant G.C.A. and 
S.C.A. for most studied traits indicating that both additive and non-additive genetic 
variances were important for the inheritance of these traits but, for days to 50% 
blooming and panicle width, non additive variance play a major role for the 
inheritance of these traits.  General and specific combining ability effects of the 
parental lines for the studied traits as well as the best combiner with the lines for the 
studied traits were discussed. 

 

INTRODUCTION 
 

 In Egypt, grain sorghum (Sorghum bicolor (L.) Moench) is the fourth 
major cereal crop after wheat, maize and rice.  The cultivated area is about 
335 thousand feddans producing 705 thousand tons with an average of 2.1 
tons/feddan (Agric. Economic Year Book, 1995).  Most of these areas are 
concentrated in Upper Egypt at Assiut and Sohag Governorates. 
 The development of hybrids in Egypt is still dependent on exotic 
cytoplasmic male sterile and restorer lines from U.S.A. or ICRISAT.  Such 
lines have to evaluated for adaptation and agronomic before testing their 
combining ability and heterotic response.   Based on testes of general and 
specific combining abilities, good combiner lines which can contribute to 
hybrid vigour are identified. 
 Several studies on grain sorghum have been carried out over the 
world.  Since the discovery of cytoplasmic male sterility in grain sorghum by 
Stephense and Holland in 1954.  In Egypt, interest in hybrid sorghum only 
began in the 1980 when cytoplasmic male sterile lines were introduced from 
the U.S.A. 
 Cytoplasmic male sterile lines (C.M.S.), their maintainers and fertility 
restorer lines of grain sorghum were studied by many workers i.e., Fayed 
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(1975), Spivakov (1980), Patel et al. (1983), Hugar and Goud (1986), 
Dabholkar and Sarode (1988) and Manickam and Das (1994). 
 Estimates the general and specific combining ability effects and 
identify the parental lines of the best hybrids have been studied in grain 
sorghum by several investigators, i.e., Ali et al. (1981), Gao (1984), Berenji 
(1988), Patel et al. (1990) and Sakhare et al. (1992).  Mahmoud (1997) study 
thirty exotic cytoplasmic male sterility lines (C.M.S.) and two restorer lines.  
He found that highly significant differences among all genotypes for studied 
traits i.e., plant height, panicle length, panicle wids, 1000-grain weight and 
grain yield/fed.  The additive genetic variance were important for all studied 
traits except for yield where the non-additive variance play a major role in the 
inheritance of this trait. 
 The main objectives of this study is to estimate the general and 
specific combining ability effects, determine the heterosis as a best criterian 
for producing hybrids and identify the parental lines of the best hybrids among 
ten introduced cytoplasmic male sterile (C.M.S.) lines and fertility restorer 
lines NES 2412 and Local 162 of grain sorghum. 

 

MATERIALS AND METHODS 
 

 Ten introduced cytoplasmic male sterile (C.M.S.) lines (A-lines) 
numbered from A-1 to A-10 and two fertility restorer R-lines (NES 2412 and 
Local 162) of grain sorghum were grown at Assiut Univ. Exp. Farm in 1998 
season. These lines were obtained from the corn and Sorghum Research 
Section, Agri. Research Center, Ministry of Agriculture.  The origin and the 
code number of these lines are presented in Table 1. The ten C.M.S. lines 
were top crossed with the restorers NES 2412 and Local 162 to develop.  Ten 
top crosses with the two restorers (NES 2412 and Local 162) and the two 
check varieties (Giza 15 and Dorado) were evaluated in completely 
randomized block design with 4 replications in two locations at Assiut and 
Sohag Governorates in 1999 season.  Plot size was one row with 5 meters 
long and 70 cm apart.  Sowing was done in hills spaced 20 cm thinning was 
done to two plants per hill after three weeks from sowing at both locations.  
Cultural practices followed the recommendations for growing grain sorghum 
production in Egypt in both locations. 
 The following agronomic traits were measured on a random sample 
of ten guarded plants in each plot: 
1 - Plant height (cm): measured from soil surface to the top of the panicle. 
2 - Days to 50% flowering: number of days from sowing date until 50% of 

the plants showed their heads. 
3 - Panicle width (cm): the maximum width of the panicle. 
4 - Panicle length (cm): was estimated as an average of ten panicles from 

the lowest panicle branch to the tip of the panicle. 
5 - 1000-grain weight (grams): one thousand kernel were counted, 

weighted and recorded in grams. 
6 - Grain yield (ardab/feddan): ten guarded plants were harvested, over air 

dried, threshed and grains was cleaned and weighted.  Average grain 
weight per panicle was calculated and used to estimate grain yield per 
feddan according to the following equation: 
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Table 1:  Origin and code number of the parental genotypes. 
Male sterile C.M.S. lines Origin Code No. 

ICSA-3 India AL1 
ICSA-4 “ AL2 
ICSA-5 “ AL3 
ICSA-6 “ AL4 
ICSA-7 “ AL5 
ICSA-8 “ AL6 
ICSA-9 “ AL7 
ICSA-10 “ AL8 
ICSA-13 “ AL9 
ICSA-16 “ AL10 
Restorer lines:   
NES 2412 From the ear East sorghum nursery 

through Dr. L.R. House of the Ford 
Foundation Organization in 1972 

RL1 

Local 162 Was selected by Sorghum Section, A.R.C. RL2 

 
               
                    Average grain yield/plant x No. of stant/plot x 4200 m2 

Grain yield (ardab/fed.) =   
                            (Plot area)2 x 1000 x 140 

  
Estimates of general combining ability effects for the parents and 

testers, and specific combining ability effects for hybrids were estimated 
according to Singh and Chaudhry 1977 as follows: 
Estimation of general combining ability effects  
- General combining ability females (g.c.a.f) 
 
   Xi..   X... 
 g.c.a.f =           - 
             mrL  fmrL 
were: m = No. of males tester 
 f  = No. of female (lines) 
 r  = No. of replications 
 L = No. of locations 
 
General combining ability males (g.c.a.m) 
 
   X.J..     X... 
 g.c.a.m   =   
                                       frL    fmrL 
 
Estimation of specific combining ability effect: 
 
   Xij..   Xi...  XJ..  X... 
S.C.A. (Sij) =     -    -     + 
    rL  rLm  rLf  rLfm 
 Estimation of variance components for general and specific 
combining ability were calculated according to Cockerham, 1956. 
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 Heterosis percentage was expressed as the percentage increase of 
the F1 performance over test parents, as described by Bhatt, 1971. 

 

RESULTS AND DISCUSSION 
 
 The combined analysis over two locations revealed highly significant 
differences among all genotypes for all studied traits Table 2. The interactions 
between the genotypes and locations were highly significant for days to 50% 
blooming, panicle width and grain yield and significant only for 1000 grain 
weight.  On the other hand, the interaction between genotypes and location 
was insignificant for plant height.  The combined average for ten crosses and 
the two restorer lines (NES 2412 and Local 162)  and  the  two  check  
varieties  (Giza 15 and Dorado) are presented in Table 3.  The mean of ten 
crosses were exceeded significantly restorer line NES 2412 and check variety 
Dorado for studied traits i.e., plant height, panicle length, panicle width and 
grain yield.  Also, the mean of ten crosses were earlier than both restorer line 
Local 162 and check variety Giza 15. 
 

 

Table 2: Combined mean squares for the analysis of variance of 

genotypes for the studied traits over two locations. 

Source of 

Variance 
d.f 

Mean of squares 

Plant 

height 

(cm) 

Days to 

5% 

blooming 

Panicle 

width 

(cm) 

Panicle 

length 

(cm) 

1000-grain 

weight  

(g) 

Grain 

yield 

ard/fed. 

Location (L) 1 12152.55** 319.95** 0.01 17.05** 75.3** 224.05** 
Resp/location 6 44.80 3.55 1.99 0.35 0.30 0.25 
Genotypes (G) 23 70.10** 30.10** 60.90** 97.55** 1.20** 25.6** 
L x G 23 19.60 3.15** 3.05** 4.44** 0.21* 3.00** 
Error 138 20.95 0.65 0.60 0.95 0.11 0.55 

*, ** Significantly at 0.05 and 0.01 probability levels, respectively. 
 

 Most hybrids had significantly smaller panicle width and less 1000-
grain weight than both restorer (Local 162) and check variety Giza 15.  
Otherwise all hybrids had significantly longer panicle length than tester Local 
162, but had significantly shorter panicle length than check variety Giza 15. 
 Mean heterosis over two locations is summarized in Table 4.  
Heterosis among the 10 hybrids involving Local 162 restorer line and the 10 
cytoplasmic male sterile lines showed that most hybrids had negative 
heterosis for all the studied traits except panicle length, which positive and 
highly significant heterosis was obtained for panicle length trait. 
 With respect to the crosses involving NES 2412 tester, the heterosis 
was positive and significant for plant height, panicle width, panicle length and 
grain yield.  On the other hand the heterosis for days to 50% blooming and 
1000-grain weight was negatively and significant.  Generally the F1 crosses 
showed wide range of heterosis with negative and positive values for most 
studied traits.  Such results are in agreement with those obtained by Mostafa 
(1979), Niu et al. (1985), France et al. (1986) and Mahmode (1997). 
 The magnitude of the heterosis depend on the nature and magnitude 
of cross-pollinated and level of inbreeding coefficients.  The heteosis for the 
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crosses among open pollinated varieties of cross pollinated crops without 
inbreeding coefficient is less than that among lines with inbreeding coefficient 
equal one (breed true).  However, in sorghum the hybrid vigor would vary 
greatly from cross to another depending on the genetical differences between 
the two parental lines.  Many investigations have shown that hybrid vigor in 
sorghum is not high enough to encourage hybrid production like maize.  
However, in recent years several other investigators have shown that hybrid 
vigor could be utilized efficiently in hybrid production particularly, after the 
discovery of cytoplasmic male sterile lines and developing a wide range of 
genetical variation among cytoplasmic male sterile lines and restorer lines. 
 

Table 3: Mean performance of F1 crosses, testers and check varieties 

over two locations for the studied traits. 

Male 

(RL) 
Female 

(C.M.S.) 

Traits 

Plant 

height 

(cm) 

Days to 

50% 

blooming 

Panicle 

width 

(cm) 

Panicle 

length 

(cm) 

1000-grain 

weight  

(g) 

Grain 

yield 

ard/fed 

 AL-1 220.27 64.33 6.61 31.28 29.70 22.61 
 AL-2 199.20 66.10 6.17 28.67 27.40 21.96 
 AL-3 197.23 65.90 6.44 30.17 28.00 26.26 
 AL-4 211.10 65.40 6.45 32.00 29.77 23.17 

N.E.S.  AL-5 201.40 65.27 6.34 31.39 28.87 21.86 
2412 AL-6 187.77 65.67 6.28 29.11 30.63 24.04 

 AL-7 213.07 64.93 5.50 30.50 27.60 23.11 
 AL-8 198.86 65.33 6.06 30.17 30.10 21.95 
 AL-9 198.07 65.17 6.11 29.56 29.80 24.65 
 AL-10 213.33 64.43 6.39 29.39 29.17 24.95 

Mean 204.03 65.25 6.23 30.22 29.10 23.46 

 AL-1 289.43 58.30 6.61 22.78 38.33 24.27 
 AL-2 273.90 59.17 6.94 20.39 37.90 25.61 
 AL-3 280.27 59.93 6.67 20.78 38.93 26.25 
 AL-4 287.80 59.90 6.89 22.78 39.57 22.74 

Local AL-5 295.83 59.13 7.00 22.00 38.77 22.83 
162 AL-6 281.40 60.57 6.94 21.78 40.07 24.55 

 AL-7 286.93 59.60 7.17 22.55 38.80 22.67 
 AL-8 291.93 60.07 6.70 21.22 38.43 26.48 
 AL-9 293.33 59.57 6.72 21.39 38.67 25.97 
 AL-10 293.60 60.47 6.84 23.50 37.93 25.06 

Mean 287.44 59.67 6.85 21.92 38.74 24.64 

Testers:        
Local 162  292.60 61.30 7.50 17.80 44.50 25.80 
NES 2412  146.00 70.50 5.40 20.60 37.00 15.25 

Checks:        
Giza 15  327.90 63.60 8.40 25.70 50.70 32.00 
Dorado  152.00 65.20 5.40 27.00 27.00 20.50 

L.S.D.05  7.42 1.31 1.26 1.58 0.54 1.20 

 
 Estimates of variance components for general and specific combining 
ability and their interactions with locations are presented in Table 5.  Data 
indicated that variance component for males were positive and significant for 
all the studied traits, while variance component among females were positive 
and significant for plant height, panicle length, 1000-grain weight and grain 
yield, but were negative and insignificant for days to 50% blooming and 
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panicle width.  The variance components among full sibs 2 sca were positive 
and significant for all studied traits except 1000-grain weight.  Average of the 
variance of half sibs for both parents were positive and significant for all traits 
except days to 50% blooming and panicle width. 
 

Table 4: Mean heterosis of F1 top crosses as a percentage of the test 

parents for the studied traits over two locations. 

Male 

(A.L.) 
Female 

(C.M.S.) 

Traits 

Plant  

Height 

 (cm) 

Days to 

50% 

blooming 

Panicle 

width 

(cm) 

Panicle 

length 

(cm) 

1000-grain 

weight  

(g) 

Grain 

yield 

ard/fed 

 AL-1 50.87** -8.75** 22.41** 51.83** -19.73** 48.26** 
 AL-2 36.44** -6.24** 14.26** 39.17** -25.95** 44.00** 
 AL-3 35.09** -6.52** 19.26** 46.46** -24.32** 72.20** 

With AL-4 44.59** -7.23** 19.44** 55.34** -19.54** 51.93** 
N.E.S.  AL-5 37.94** -7.42** 17.41** 52.38** -21.97** 43.34** 
2412 AL-6 28.61** -6.85** 16.30** 41.31** -17.22** 57.64** 

 AL-7 45.94** -7.90** 1.85 48.06** -25.40** 51.54** 
 AL-8 36.21** -7.33** 12.22 46.45** -18.65** 43.93** 
 AL-9 35.66** -7.56** 13.15* 43.49** -19.46** 61.64** 
 AL-10 46.12** -8.61** 18.33** 42.67** -21.16** 63.61** 

 AL-1 -1.08 -4.89** -11.87 27.98** -13.86** -5.93** 
 AL-2 -6.39 -3.47** -7.47 14.55** -14.83** -0.74 
 AL-3 -4.21 -2.23 -11.07 16.74** -12.52** 1.74 

With AL-4 -1.64 -2.28* -8.13 27.98** -11.08** -11.86** 
Local AL-5 1.10 -3.54** -6.67 23.59** -12.88** -11.51** 
162 AL-6 -3.82 -1.19 -7.47 22.36** -9.95** -4.84** 

 AL-7 -1.94 -2.77* -4.40 26.68** -12.81** -12.13** 
 AL-8 -0.23 -2.01 -10.67 19.21** -13.64** 2.63 
 AL-9 0.25 -2.82* -10.40 20.17** -13.10** 0.66 
 AL-10 0.34 1.35 -8.80 32.02** -14.76** -2.87 

Test parents:       
NES 2412 146.00 70.50 5.40 20.60 37.00 15.25 
Local 162 292.60 61.30 7.50 17.80 44.50 25.80 

 
 The significant estimate of both g.c.a. and s.c.a. variances for most 
studied traits indicated that both additive and non-additive genetic variances 
were important for the inheritance of these traits, but for days to 50% 
blooming and panicle width, non-additive variance play a major role for the 
inheritance of these traits.  With respect to 1000-grain weight, the additive 
variance was more important in the inheritance of this trait.  These findings 
are in line with those obtained by Beil and Atkins, 1967; Chaudhary et al. 
(1983) and Mahmoud, 1997.  Hugar et al. (1986) reported that additive gene 
action was important for all vegetative characters except, plant height.  Non-
additive gene action was important for days to maturity and plant height.  Both 
additive and non-additive gene action were important for days to 50% 
flowering and 1000-grain weight. 
 General combining ability effects of the parental lines for the studied 
traits are presented in Table 6.   The C.M.S. lines No. 1, 2, 7, 9 and 10 had 
significant and positive general combining ability effects for grain yield and 
one or more of other studied traits.  For the testers, general combining ability 
effects of NES 2412 was negative and significant for all the studied traits, but 
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positive for Local 162.  Generally, the Line 1 could be considered good 
general combiner for plant height, days to 50% blooming, panicle length and 
grain yield and Line 2 for days to 50% blooming, panicle width and grain yield, 
and Line 6 for panicle length and 1000-grain yield and Line 7 for days to 50% 
blooming, panicle width and grain yield and Line 10 for days to 50% blooming, 
1000 grain weight and grain yield.  Similar results were obtained by Mostafa, 
1979; Sahib et al., 1986 and Mahmod, 1997 as they could differential the best 
combining lines for grain sorghum through line x tester or diallel analysis and 
find the better combiners to be utilized in hybrid production. 
 

Table 5: Estimates of variance components for general and specific 

combining ability and their interactions with locations. 

Source of variance 

Traits 

Plant 

height 

(cm) 

Days to 

50% 

blooming 

Panicle 

width  

(cm) 

Panicle 

length 

(cm) 

1000-grain 

weight  

(g) 

Grain 

yield 

ard/fed 

2 g.c.a.m 1737.05* 7.68* 0.10* 17.10* 22.92* 0.26* 

2 g.c.a.f 19.32* -0.08 -0.02 0.22* 0.95* 1.20* 

2 g.c.a. 126.82* 0.40 -0.02 1.28* 2.32* 1.14* 

2 s.c.a. 72.30* 0.18* 0.07* 0.54* 0.13 1.24* 

2 g.c.a./ 2 s.c.a. 0.88 1.11 - 1.17 9.36 0.46 

2 g.c.a.mxL 0.16* 0.03 0.04 0.39* -0.07 0.01 

2 g.c.a.fxL 0.30 -0.06 0.01 0.10 -0.55 0.40* 

2 g.c.a. x L. 0.29 -0.05 0.01 0.12* -0.51 0.37 

2 s.c.a. x L -1.22 0.06 0.02 0.52* 1.83* 0.48* 

2 g.c.a.xL x s.c.a. xL - - 0.17 0.12 - 0.39 

* Significant at 0.05 probability level. 
 

Table 6: Estimates of general combining ability effects of ten C.M.S. 

lines and two testers for the studied traits. 
 

Cross 

Plant 

height 

(cm) 

Days to 

50% 

blooming 

Panicle 

width 

(cm) 

Panicle 

length 

(cm) 

1000-grain 

weight  

(g) 

Grain 

yield 

ard/fed 

AL-1 0.78 3.01** 0.05 1.50** 0.30* 2.30** 
AL-2 0.50 6.18** 0.30* 0.19 -3.39** 1.52** 
AL-3 -2.12 3.25** -0.10 0.60 0.15 0.40 
AL-4 0.54 -7.20** 0.07 -1.95** 0.21 -3.10** 
AL-5 0.12 3.76** -0.26 0.23 0.68 0.39 
AL-6 -1.90 -4.50** -0.09 1.02** 1.03** -1.44** 
AL-7 0.05 2.30** 0.47** 0.19 0.21 1.80** 
AL-8 -0.71 4.83** 0.18 0.18 -0.33 -2.20** 
AL-9 -1.50 -0.50 0.23 -0.65* 0.68 1.40** 
AL-10 0.20 5.20** -0.34* 0.52 1.10 1.77** 

Testers:       
NES 2412 2.80** -20.71** -2.15** -2.70** -0.31* -0.63* 
Local 162 -2.77 21.60** 2.17** 2.40** 0.31* 0.60* 
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 Specific combining ability effects in Table 6 showed that the restorer 
line NES 2412 was good combiner with the lines 1, 3, 5 and 9 for grain yield.  
These lines with Local 162 were negative and poor specific combining ability 
effects. While Local 162 had good specific combining ability effects with line 7 
for grain yield. 
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      لحبوب ل                                                                   القدرة العامة والخاصة على الائتلاف للمحصول ومكوناته فى الذرة الرفيعة 
 فرغلى جلال يونس ، خلف عبد المجيد العارف

 جامعة الازهر بأسيوط -كلية الزراعة 
 

                       ستتودك بىعه ك تتر ل ستتب دو                                                      استتدم ف  تته اتترا ا  شاستتلا  متتش ستتبها عستتدكش     تت    تتف ر تتش   
          كىش تا اترا   -                       قصتوش ا ست ق ائت اه ا  تش    NES 2412             طكول ا س ق ،      261                         ععو دو   لمصك لا اع  عحله 

                                                                                             الآ  ء كالأع  ا  ه عىش لا  لولا ا ىشا لا ج ععلا الأىاش  أسوكط كدف د جو  ا عمتش ستبها قعوت  عتس ا ستب دو  
 NES         ك متتش  عتتس      261                       قعوتت   ع  متتش  عتتس ا عحلتته                                                  ا ععوت دو   لمصتتك لا كئتتدذ  تت  ر تتل  تت    متتشك  اجوئت   

        ك كشا ك     21                                                                                   [ كدف د ووف ارا ا  ج  ا  عولا كا سب دو  ا ععو دو   لمصك لا كصئفو  قو سوو  اعت    جوتىا   2412
                                       ع ششاا  ته عحت  ظده يستوكط كستكا    ته عكستف    4                                                  (  ه دجش لا عصععلا  ئظ ف قط   ا   عللا ا عمكااولا   ه 

                  كطكل ك ش  ا  ئ ول   -      دىاوش    %  15                          ك    الأو ف ع  ا ىشا لا حده   -       ئ  ا                    كق   شسا صف ا طكل ا      2111
                              ككى  الأ ف ح لا كعحصكل ا ح كب .  -

                                                                                     كقتت  يك تتت ا دحلوتتل ا عمتتدشل ي  ائتت ل امدب تت ا ععئكوتتلا  تتو  ا دشا وتتب ا كشااوتتلا ا عمدلفتتلا  جعوتتس  
                  ع ت   عكجتب كالآمتش                                                       عت  يظ تشا ا  جت  ا  عوتلا ا عمتشو  عت   كاستس عت  قتك  ا  جتو     -                ا صف ا ا ع شكسلا 

       ئتا                                                                                           س  ب  لصتف ا ا ع شكستلا . كقت  يك تحا ا ئدت اذ يو ت   ي   تل عت  ا  ت ش  ا ع عتلا كا م صتلا  لته ا دت  ف
   ظتف                                                                                         ععئكولا  ععظف ا صف ا ا ع شكسلا كي   تل عت  ا دتأاوش ا ع توف كا  وتش ع توف دعد تش ا عتلا  ته دتكاش  عع

                                          اعولا  ته دتكاش  صتفلا  تش  ا  تكى ك ت   الأوت ف عت                                            وئع      ا د  و  ا كشااه ا  وش ع وف ي اش ي    -       ا صف ا 
     ش وتتلا                                                                       دىاوتتش .   عتت  ئكقمتتا ا  تت ش   لتته ا دتت  ف  تتو  الآ تت ء كالأع تت ا كي  تتل ا  جتت  ا ف   %  15            ا ىشا تتلا حدتته 
               ا ئ دجلا عئ   .
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Table 7: Estimates of specific combining ability effects of the crosses with NES 2412 and Local 162 for the studied 

traits. 

Lines 
Plant height (cm) Days to 50% blooming Panicle width (cm) Panicle length (cm) 1000-grain weight (g) Grain yield ard/fed 

NES 2412 Local 162 NES 2412 Local 162 NES 2412 Local 162 NES 2412 Local 162 NES 2412 Local 162 NES 2412 Local 162 

A-1 -0.68 0.65 2.02** -2.03** -0.09 0.08 0.17 -0.15 -0.30 0.28 1.10* -1.12* 

A-2 1.32 -0.80 -2.40** 2.80** 0.80** -0.80** 0.25 -0.21 -1.20* 1.30* 0.45 0.46 

A-3 -0.39 0.17 -2.50** 2.40** 0.33 -0.30 -1.40** 1.43** 0.40 -0.35 1.40** -1.43** 

A-4 0.49 -0.43 3.60** -3.50** 0.40* -0.43* 0.25 -0.20 1.50** -1.45** 0.80 -0.79 

A-5 -0.76 0.35 7.15** -7.20** -0.25 0.20 -1.00 1.10 0.35 -0.40 1.50** -1.30 

A-6 0.16 -0.15 3.50** -3.40** -0.17 0.17 0.16 -0.15 -0.20 0.19 0.75 -0.70 

A-7 -0.22 0.20 5.30** -5.20** 0.12 -0.12 1.40** -1.40** 1.60** -1.55** -1.11* 1.10* 

A-8 0.20 -0.19 1.45 -1.40 0.16 -0.16 0.33 -0.33 2.10** 2.05** 0.20 -0.21 

A-9 0.43 -0.40 3.35** -3.35** -0.13 0.12 -0.40 0.35 -0.78 0.75 1.70* -0.75* 

A-10 -0.35 0.32 9.40** -9.20** -0.09 -0.08 0.13 -0.10 2.20** 2.10** 0.44 -0.40 

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

 


