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Abstract 

 

Six bread wheat genotypes and their 15 F1 

crosses were evaluated under two nitrogen fer-

tilization levels (40 and 80 kg N/fed) to esti-

mate combining ability for days to heading, 

plant height, spike length, number of 

spikes/plant, kernels number/spike, weight of 

100-kernels and grain yield/plant during 

2018/19 season. Results revealed that signifi-

cant nitrogen levels (N) mean squares were de-

tected for all studied characters. Mean squares 

due to genotypes (G), parents and crosses for 

the studied characters were significant at both 

nitrogen levels and their combined analyses. 

Also, G x N interaction was highly significant 

for the studied characters. The general and spe-

cific combining ability variances were found 

to be significant for all studied characters at 

both-N-levels and their combined analyses. 

GCA/SCA ratios were less than unity for all 

studied characters at both N-levels and their 

combined data. The behavior of gene action 

varied from nitrogen level to another where the 

interactions of GCA and SCA with nitrogen 

levels were significant for most studied char-

acters. Sakha 93 was identified as the most 

useful source for increasing favorable alleles 

for grain yield/plant, kernels number/spike and 

weight of 100-kernels under N-stress condi-

tions, while Giza 168 was the best combiner 

for earliness at the two N levels. Cross combi-

nations; Sakha 93 x Sids 12 and Sakha 93 x 

Misr 1 gave the best SCA effects for grain 

yield/plant under N-stress conditions. Signifi-

cant positive correlations were detected be-

tween means of parents and F1 crosses with 

their GCA and SCA effects for most studied 

characters under the two nitrogen levels, re-

spectively. 

 

Keywords: Bread wheat; Combining ability; 

Gene action; Nitrogen stress 

 

1 Introduction 

 

Bread wheat is one of the most important 

crops in Egypt. The local production covers 

less than half of the local consumption. In-

creasing wheat productivity is a nation target 

in Egypt to reduce the gap between wheat pro-

duction and consumption. The production of 

wheat can be increased by increasing the agri-

cultural area or by increasing yield productiv-

ity per unit area. Currently, it is difficult to in-

crease the agricultural area of wheat due to 

competition with other winter crops as well as 

restricted reclaimed lands and water shortage. 

Therefore, the alternative strategic solution is 

use high yielding cultivars characterized by 

tolerance against environmental stresses, espe-

cially soil nitrogen deficit, which affect the 
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production of wheat.  Applying nitrogen ferti-

lization is the most important cultural practices 

to maximize wheat productivity through im-

proving vegetative growth and enhancing ker-

nel set. The needs of new wheat genotypes to 

high doses of nitrogen fertilizer became im-

portant to express full yield potential. To de-

crease the cultivation costs the breeders should 

develop new wheat genotypes with high toler-

ance to nitrogen deficiency to avoid the effect 

of nitrogen to the land and atmosphere pollu-

tion and other components of the ecosystem 

(Bouwman et al 2002). Nowadays, many  

efforts are done through genetic improvement 

to maximize the productivity of wheat. To es-

tablish an effective breeding program, enough 

information about the components of genetic 

variance and their interactions with nitrogen 

applications must know by the breeder. Diallel 

analysis is an attempt to divide the total varia-

tion into genetic and environmental variations 

and to subdivide genetic variation into its ad-

ditive and non-additive genetic components. 

These estimates can then be used to draw con-

clusions about the genetic systems controlling 

grain yield and the other important characters 

as well as the best breeding strategy to be used 

to improve them. Several researchers found 

that the additive gene action was important in 

the inheritance of grain yield (Motawea 2017), 

plant height (Nathan and Moubarak 2016) and 

number of spikes/plant (Kamaluddin et al 

2007). On the other hand, other investigators 

mentioned that the non-additive genetic effects 

played the important role in the inheritance of 

grain yield (Farooq et al 2019; El-Said 2018; 

Ayoob 2020) and spike length (El-Hosary et al 

2012; Kutlu and Sirel 2019).  

Therefore, the present study aimed to esti-

mate general and specific combining abilities 

and their interactions with different nitrogen 

fertilization levels for seven studied characters 

and to determine the promising parents and 

crosses under low and recommended nitrogen 

treatments in a six parental half diallel set of 

wheat crosses. 

2 Materials and Methods 

 

Six bread wheat genotypes namely; Giza 

168, Sakha 93, Sids 12, Misr 1, Cham 4 and 

Line 36 were chosen on the basis of their di-

versity in some agronomic characters and ni-

trogen stress tolerance to achieve this investi-

gation (Table 1). Seeds of the four local culti-

vars; Giza 168, Sakha 93, Sids 12 and Misr 1 

were provided from Wheat Res. Dept., Field 

Crops Res. Inst., ARC, Giza, Egypt. Whereas, 

the cultivar Cham 4 was introduced from Syria 

and the promising Line 36 was developed by 

(El-Marakby et al 1994) through the breeding 

program at the Agronomy Dept., Fac. of 

Agric., Ain Shams Univ., Egypt. This study 

was conducted during three successive grow-

ing seasons of 2016/17, 2017/18 and 2018/19. 

In 2016/17 growing season, a half diallel set of 

crosses among the six parents was done at the 

experimental farm of the Fac. of Agric., Ain 

Shams Univ., at Shoubra El-Kheima, Kalubia 

Governorate, Egypt, to obtain the seeds of F1 

crosses. In 2017/18 season, the half diallel 

cross set was again done to increase quantity 

of F1 seeds. In 2018/19 season, seeds of parents 

and their 15 Fl crosses were sown on 1st De-

cember 2018 in the Agric. Res. Stat., Fac. of 

Agric., Ain Shams Univ., at Shalakan, Kalubia 

Governorate, in two separate and adjacent field 

experiments representing two different nitro-

gen fertilization levels; 80 kg N/fed (recom-

mended level) and 40 kg N/fed (low level). 

Each experiment was included the 15 F1’s and 

their respective parents (21 entries) and de-

signed in a complete randomized block with 

three replications. The preceding summer crop 

was sweet corn. Each experimental plot con-

sisted of two rows for each genotype. Row was 

2 m in length and 30 cm width, seeds were 

spaced at 10 cm within rows and one plant was 

left per hill. Nitrogen fertilizer was added in 

the form of Urea (46.5% N). The amount of 

each dose was divided into two parts; the first 

part (1/3) was immediately applied before the 

first irrigation, while the second one (2/3) was 
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Table 1. Name, pedigree and origin of six wheat genotypes used in the present study 

 

Name Pedigree Origin 

Cham 4 Flk's'-Hork CM39816-1S-1AP-0AP Syria 

Giza 168 MRL/Buc//Seri CM93046-8M-0Y-0M-2Y-0B Egypt 

Line 36 Giza155XMD689IB/Chere"S"Tolba94. Egypt 

Sakha 93 S92 / TR 810328 S 8871-1S-2S-1S-0S Egypt 

Sids 12 

Buc//7C/ALD/5/MAYA74/ON//1160.1473// 

BB/GLL/4/CHAT”S”/6/MAYAVUL//CMH74A. 

6304/*SX    SD70964-SD-1SD-1SD-0SD 

Egypt 

Misr 1 

OASIS/SKAUZ//4*BCN/3/2* 

PASTORCMSSOOYO1881T050 

M30Y030M030WGY33MS 

Egypt 

 

 
applied before the second irrigation. Other cul-

tural practices were followed as usually rec-

ommended for the ordinary wheat fields in the 

region of the experiment. Data were taken ran-

domly on 10 individual guarded plants for the 

following characters; days to heading, plant 

height (cm), spike length (cm), number of 

spikes/plant, kernels number/spike, weight of 

100-kernels (g) and grain yield/plant (g). 

The ordinary analysis of variance for single 

and combined data was firstly performed to 

test the significance of observed differences 

between genotypes for each studied trait on the 

mean plant basis according to (Gomez and 

Gomez 1984). The combined analyses were 

based on the homogeneity of error test. The 

analysis of variance for combining ability was 

estimated using (Griffing’s 1956) method 2 

and model 1. Rank correlation coefficients 

were estimated between performance of par-

ents and their GCA effects and between per-

formance of F1 crosses and their SCA effects 

under each nitrogen level. 

 
3 Results and Discussion 

 
3.1 Analysis of variance  

 
Mean squares for grain yield and some ag-

ronomic characters of the 21 wheat genotypes 

at each nitrogen fertilization level and com-

bined analyses are illustrated in (Table 2). The 

results showed that mean squares due to nitro-

gen fertilization levels for all characters were 

significant, suggesting that these characters are 

influenced by different nitrogen fertilization 

levels. Moreover, significant differences were 

detected between each of genotypes, parents 

and crosses for all studied characters at both 

nitrogen levels and combined analyses, indi-

cating sufficient variability existed in these 

genotypes, which could be exploited in wheat 

breeding programs for improving grain yield 

and its related characters especially under ni-

trogen stressed conditions. These findings are 

in agreement with those obtained by (Al-Nag-

gar et al 2015a; Saleh and Mohamed 2016; Al-

Naggar et al 2017a), who found significant 

genotypes and nitrogen fertilization treatments 

mean squares for grain yield and one or more 

of its components in wheat. In addition, inter-

actions of genotypes with nitrogen treatments 

were significant for the studied characters, re-

flecting that the performance of genotypes 

were inconsistent in their responses to nitrogen 

treatments. Such result indicated the im-

portance of testing these genotypes under sev-

eral environments for better evaluation of gen-

otypic performance. Similar findings were 

mentioned by (Saleh and Mohamed 2016;  

Mosanaei et al 2017). 
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Mean squares due to parents vs. crosses 

were significant for all studied characters at 

both nitrogen levels, indicating that average 

heterosis overall crosses was pronounced for 

the studied characters under such environ-

ments. Interaction of genotypes x N-levels was 

highly significant for all studied characters, 

suggesting that the genotypes responded in a 

different way from one environment to an-

other. Moreover, interaction of parents vs. 

crosses with N levels was significant for most 

studied characters, suggesting that heterosis 

differed from nitrogen level to another.  

 

3.2 Estimates of combining ability 

 

Partitioning sum of squares of genotypes 

into general and specific combining abilities 

for the studied characters under recommended- 

and N-stress conditions are illustrated in (Ta-

ble 2). Significant mean squares due to general 

and specific combining abilities were detected 

for all studied characters in both environments. 

Therefore, it seemed that both additive and 

non-additive genetic effects were operative for 

these characters. These results are in coinci-

dence with those findings of (Haridy and Abd 

El-Zaher 2015). Ratios of GCA/SCA vari-

ances for the all studied characters were less 

than unity at both nitrogen levels. Such result 

indicates that inheritance of these traits was 

mainly controlled by non-additive gene effects 

under such conditions of nitrogen fertilization. 

These results are supported findings of 

(Motawea 2017; Farooq et al 2019; Kutlu and 

Sirel 2019). Mean squares for interactions of 

either GCA or SCA with nitrogen levels were 

highly significant for the all studied characters 

except of GCA x N levels for grain yield/plant, 

revealing the existence of sensitivity of both 

types of gene action to variation in nitrogen 

treatments. Such results indicate that nitrogen 

fertilization is considered as an effective factor 

for declaring GCA and SCA variances for 

these characters. Thus, the breeder should uti-

lize the appropriate breeding method under 

each environment for developing desirable 

wheat genotypes. These findings are in har-

mony with those obtained by (El-Hosary et al 

2012; Saleh and Mohamed 2016). GCA x 

N/GCA ratios were higher than SCA x N/SCA 

for days to heading, No. of spikes/plant, No. of 

kernels/spike and weight of 100-kernels, indi-

cating higher sensitivity of additive gene ef-

fects to nitrogen levels than that of non-addi-

tive ones for these characters.  

 

3.3 Combining ability effects 

 

3.3.1 General combining ability effects 

 

Effects of general combining ability (ĝi) for 

individual parental genotypes in each trait un-

der two nitrogen levels are given in (Table 3). 

Since, negative general combining ability ef-

fects were important for days to heading and 

the most desirable GCA effects were observed 

for cv. Giza 168 under two-N levels and cv. 

Sids 12 under N-stress conditions. These par-

ents accumulated favorable alleles for earli-

ness, which considered as best general com-

biners for breeding earlier genotypes under 

such conditions. While, cv. Misr 1 at two ni-

trogen levels and Line 36 under N-stress con-

ditions proved to be poor combiners, which at-

tained positive general combining ability ef-

fectstowards lateness.      

Regarding plant height, cv. Sakha 93 under 

two N treatments, cv. Misr 1 under recom-

mended N level and cv. Giza 168 under N-

stress conditions had significant positive GCA 

effects, which appeared to be best combiners 

for developing taller genotypes under such en-

vironments. On contrast, significant negative 

GCA effects were detected in introduced cv. 

Cham 4 under two N levels and cv. Sids 12 un-

der N-stress conditions, indicating that these 

parents behaved as good combiners for devel-

oping shorter genotypes under such environ-

ments. Concerning number of spikes/plant, 

cvs.; Sakha 93, Sids 12 and Misr 1 under rec-

ommended N level as well as cv. Cham 4 and 

Line 36 under N stress conditions had signifi-

cant positive GCA effects, which were the best  
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Table 3. General combining ability effects (ĝi) estimates of the six parents for the studied characters under 

recommended(N1) and low(N2) nitrogen fertilization levels 

 

Parents 
Days to heading 

Plant height 

(cm) 

Spike length 

(cm) 

No. of 

spikes/plant 

N1
 N2 N1 N2 N1 N2 N1 N2 

Cham 4 0.03 -0.01 -0.56** -0.69** -0.39** 0.09 -0.08 0.45** 

Giza 168 -0.60** -0.72** 0.02 0.34** 0.31** 0.10 -0.09 -0.35** 

Line 36 -0.18 0.69** -0.11 0.19 0.16 0.03 -0.73** 0.46** 

Sakha 93 -0.06 -0.14 0.36** 0.78** 0.12 -0.15* 0.26** -0.38** 

Sids 12 0.15 -0.64** -0.06 -0.59** 0.15 0.14* 0.51** -0.13** 

Misr 1 0.65** 0.82** 0.35** -0.02 -0.34** -0.21** 0.13* -0.05 

L.S.D.0.05(gi) 0.22 0.39 0.12 0.19 0.17 0.13 0.13 0.09 

0.01 (gi)   0.30 0.52 0.16 0.25 0.23 0.18 0.17 0.13 

0.05 (gi-gj) 0.34 0.61 0.19 0.29 0.26 0.20 0.20 0.15 

0.01 (gi-gj) 0.46 0.81 0.26 0.39 0.35 0.27 0.26 0.20 

    

 

 

 

 

 

Table 3. Cont. 

 

Parents 
No. of kernels/spike 

100-kernel weight 

(g) 

Grain yield/plant 

(g) 

N1
 N2 N1 N2 N1 N2 

Cham 4 1.73** 0.24 -0.06 -0.04** -0.01 -0.04 

Giza 168 -0.18 0.70** 0.07* 0.03** 0.00 -0.10 

Line 36 -0.10 0.69** -0.05 0.04** -0.05 0.14* 

Sakha 93 -0.99** 1.88** 0.02 0.06** -0.06 0.45** 

Sids 12 0.52 -1.73** -0.03 -0.05** 0.41* -0.12* 

Misr 1 -0.99** -1.77** 0.04 -0.03** -0.29 -0.33** 

L.S.D. 0.05 (gi) 0.59 0.43 0.06 0.02 0.11 0.36 

0.01 (gi) 0.79 0.57 0.09 0.03 0.15 0.48 

0.05 (gi-gj) 0.91 0.66 0.02 0.11 0.17 0.67 

0.01 (gi-gj) 1.22 0.89 0.03 0.14 0.90 0.23 

* and** denote significant at 0.05 and 0.01 levels of probability, respectively.* 
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among the parental set as progenitors in breed-

ing programs to improve this character under 

such conditions. On the contrary, Line 36 un-

der recommended N level and cvs.; Giza 168, 

Sakha 93 and Sids 12 under N-stress condi-

tions, were the worse combiners for this char-

acter. In continuous, spike length revealed that, 

cv. Giza 168 under recommended nitrogen 

treatment and cv. Sids 12 under N-stress con-

ditions seemed to be the best combiners, as 

they exhibited significant positive (ĝi) esti-

mates, indicating great value of such parents as 

promising progenitors for high expression of 

this character. Whereas, cv. Misr 1 under two 

N levels, cv. Cham 4 under recommended ni-

trogen level and cv. Sakha 93 under N-stress 

conditions were considered poor combiners. 

For number of kernels/spike, cv. Cham 4 under 

recommended N level and parents; Sakha 93, 

Giza 168 and Line 36 under N-stress condi-

tions had significant and positive GCA effects. 

Whereas cv. Misr 1 under two nitrogen levels, 

cv. Sakha 93 under recommended N level and 

cv. Sids 12 under N-stress conditions gave 

negative (ĝi) estimates. Promising general 

combiners for 100-kernel weight were cv. Giza 

168 under both N levels as well as cv. Sakha 

93 and the Line 36 under N-stress conditions 

as they exhibited significant and positive GCA 

effects. While, significant negative (ĝi) values 

were observed in cvs.; Cham 4, Sids 12 and 

Misr 1 under N-stress conditions for this char-

acter. Regarding grain yield/plant, cv. Sids 12 

under recommended N treatment as well as cv. 

Sakha 93 and Line 36 under N-stress condi-

tions showed significant and positive GCA ef-

fects, which indicated their superiority as 

promising progenitors for high yielding abil-

ity. On the other hand, cvs.; Sids 12 and Misr 

1 under N-stress conditions were poor combin-

ers for this character as shown from their sig-

nificant and negative GCA effects. 

      In light of previous results, it could be con-

cluded that cv. Sakha 93 was best combiner for 

grain yield and most related characters under 

N-stress conditions, which had favorable al-

leles, thus improvement of grain yield can be 

achieved by its use in breeding program. On 

the other hand, the parents, which showed high 

(ĝi) estimates for one or more of yield compo-

nents may not necessarily had high (ĝi) esti-

mates for grain yield.   

        Correlations between performance of par-

ents and their (ĝi) values under low N level 

were significant positive for all studied charac-

ters except spike length trait (Table 5), reveal-

ing that performance ofparents reflects their 

behavior in cross combinations. 

 

3.3.2 Specific combining ability effects 

 

Results for specific combining ability ef-

fects (ŝij) presented in Table 4 indicated that 

four crosses; Cham 4 x Sakha 93, Cham 4 x 

Misr 1, Line 36 x Sakha 93 and Sakha 93 x 

Misr 1 under two N levels as well as the four 

crosses; Cham 4 x Giza 168, Cham 4 x Line 

36, Giza 168 x Line 36 and Giza 168 x Sakha 

93 under recommended N level and two 

crosses; Line 36 x Sids 12 and Sids 12 x Misr 

1 under N stress conditions had significant 

negative (ŝij) values for days to heading, to-

wards earliness. Therefore, the abovemen-

tioned crosses were of great importance in 

wheat breeding programs for improvement this 

trait. On the other hand, four crosses; Cham 4 

x Sids 12, Giza 168 x Sids 12, Giza 168 x Misr 

1 and Line 36 x Misr 1 at both N levels as well 

as cross Line 36 x Sids 12 under recommended 

N level and cross Sakha 93 x Sids 12 under 

low-N conditions showed significant positive 

SCA effects for days to heading, towards late-

ness under such conditions. Plant height 

showed significant positive (ŝij) values in five 

crosscombinations; Cham 4 x Giza 168, Cham 

4 x Sids 12, Line 36 x Sids 12, Sakha 93 x Sids 

12 and Sakha 93 x Misr 1 at both N levels and 

seven crosses; Cham 4 x Sakha 93, Cham 4 x 

Misr 1, Giza 168 x Line 36, Giza 168 x Sids 

12, Giza 168 x Misr 1, Line 36 x Sakha 93 and 

sids 12 x Misr 1 under recommended N level. 

While, significant negative (ŝij) estimates were 

observed in three crosses; Cham 4 x Sakha 93, 

Giza 168 x Sids 12 and Line 36 x Sakha 93 for 

this trait under N-stress conditions. Regarding 

number of spikes/plant, seven crosses; Cham 4 

x Line 36, Cham 4 x Sakha 93, Cham 4 x Sids 

12, Giza 168 x Sids 12, Giza 168 x Misr 1, Line 
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36 x Sakha 93 and Sids 12 x Misr 1 at both N 

levels, five crosses; Cham 4 x Giza 168, Cham 

4 x Misr 1, Giza 168 x Line 36, Giza 168 x 

Sakha 93 and Line 36 x Sids 12 under recom-

mended N level and cross Sakha 93 x Sids 12 

under N-stress conditions gave significant pos-

itive (ŝij) values. Whereas, Line 36 x Misr 1 

cross at both N levels, two crosses; Sakha 93 x 

Sids 12 and Sakha 93 x Misr 1 under recom-

mended N level and four crosses; Cham 4 x 

Giza 168, Cham 4 x Misr 1, Giza 168 x Sakha 

93 and Line 36 x Sids 12 under N-stress con-

ditions gave significant negative (ŝij) estimates. 

Spike length revealed significant positive (ŝij) 

values in three crosses; Cham 4x Giza 168, 

Cham 4 x Misr 1 and Giza 168 x Misr 1 at both 

N levels, five crosses; Cham 4 x Sids 12, Giza 

168 x Line 36, Line 36 x Sids 12, Line 36 x 

Misr 1 and Sakha 93 x Misr 1 under recom-

mended N level and four crosses; Cham 4 x 

Line 36, Cham 4 x Sakha 93, Line 36 x Sakha 

93 and Sids 12 x Misr 1 under N-stress condi-

tions. On the other hand, significant negative 

(ŝij) estimates were obtained in two crosses; 

Cham 4 x Line 36 and Giza 168x Sids 12 under 

recommended N level and four crosses; Cham 

4 x Sids 12, Giza 168 x Line 36, Giza 168 x 

Sakha 93 and Sakha 93 x Sids 12 under N-

stress conditions. Therefore, these crosses are 

considered as poor F1-cross combinations for 

this trait. Regarding number of kernels/spike, 

four crosses; Cham 4 x Misr 1, Giza 168 x Line 

36, Giza 168 x Sids 12 and Sakha 93 x Sids 12 

at both N levels, three crosses; Cham 4 x Sakha 

93, Giza 168 x Sakha 93 and Line 36 x Sakha 

93 under recommended N level and six 

crosses; Cham 4 x Giza 168, Cham 4 x Line 

36, Cham 4 x Sids 12, Giza 168 x Misr 1, 

Sakha 93 x Misr 1 and Sids 12 x Misr 1 under 

N-stress conditions expressed significant posi-

tive (ŝij) values, which were considered as 

good F1-cross combinations for this trait under 

such conditions. On the other hand, significant 

negative (ŝij) estimates were registered in five 

crosses; Cham 4 x Giza 168, Cham 4 x Sids 12, 

Giza 168 x Misr 1, Line 36 x Sids 12 and Sids 

12 x Misr 1 under recommended N level and 

three crosses; Cham 4 x Sakha 93, Giza 168 x 

Sakha 93 and Line 36 x Misr 1 under N-stress 

conditions for this trait. With respect to 100-

kernel weight, wheat cross Cham 4 x Giza 168 

under two N levels, Giza 168 x Misr 1 under 

recommended N level and seven crosses; 

Cham 4 x Line 36, Cham 4 x Sids 12, Giza 168 

x Sids 12, Line 36 x Sakha 93, Sakha 93 x Sids 

12, Sakha 93 x Misr 1 and Sids 12 x Misr 1 

under N-stress conditions showed significant 

positive (ŝij) estimates. However, significant 

negative (ŝij) values were recorded in Line 36 

x Misr 1 at both N levels, three crosses; Giza 

168 x Line 36, Line 36 x Sakha 93 and Sakha 

93 x Sids 12 under recommended N level and 

two crosses; Cham 4 x Sakha 93 and Giza 168 

x Sakha 93 under N-stress conditions. Grain 

yield/plant showed significant desirable (ŝij) 

estimates in Cham 4 x Sids 12, Cham 4 x Misr 

1, Giza 168 x Sids 12, Giza 168 x Misr 1 and 

Line 36 x Misr 1 under both N levels as well 

as two crosses; Giza 168 x Sakha 93 and Line 

36 x Sakha 93 under recommended N level and 

seven crosses; Cham 4 x Giza 168, Cham4 x 

Line 36, Giza 168 x line 36, Line 36 x Sids 12, 

Sakha 93 x Sids 12, Sakha 93 x Misr 1 and Sids 

12 x Misr 1 under N-stress conditions for in-

creasing grain yield. On the contrary, signifi-

cant negative (ŝij) values were observed in Line 

36 x Sids 12, Sakha 93 x Misr 1 and Sids 12 x 

Misr 1 under recommended N level and three 

crosses; Cham 4 x Sakha 93, Giza 168 x Sakha 

93 and Line 36 x Sakha 93 under N-stress con-

ditions. From above mentioned results, it could 

be concluded that the highest specific cross 

combinations for grain yield under N-stress 

conditions were Cham 4 x Giza 168and Sids 

12 x Misr 1. In such cross combinations, desir-

able transgressive segregants could be ex-

pected in subsequent segregating generations. 

Therefore, these crosses are valuable in wheat 

breeding programs for improving grain yield 

under low N level. Such results were in coin-

cidence with those obtained by (Al-Naggar et 

al 2017b; El-Said 2018). 
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Table 4. Specific combining ability effects (ŝij) estimates of the studied characters for 15 F1crosses at rec-

ommended (N1) and low (N2) nitrogen fertilization levels      

 

 

Crosses 

  

Days to heading  
Plant height 

(cm) 
Spike length (cm) No. of spikes/plant 

N1 N2 N1 N2 N1 N2 N1 N2 

Cham 4 x Giza 168 -0.30* -0.23 0.38** 1.83** 1.15** 0.48** 0.35** -0.94** 

Cham 4 x Line 36 -0.72** -0.32 0.09 0.10 -0.37** 0.65** 2.05** 1.06** 

Cham 4 x Sakha 93 -0.85** -1.82** 0.52** -1.36** -0.13 1.02** 1.46** 0.52** 

Cham 4 x Sids 12 0.95** 1.68** 1.30** 0.32* 0.33** -0.53** 1.60** 1.03** 

Cham 4 x Misr 1 -1.89** -1.44** 1.41** 0.07 1.04** 0.72** 1.00** -0.89** 

Giza 168 x Line 36 -1.10** -0.27 1.22** -0.06 0.60** -0.27** 0.56** -0.01 

Giza 168 x Sakha 93 -0.55** -0.11 -0.01 0.22 -0.10 -1.18** 1.47** -0.88** 

Giza 168 x Sids 12 1.24** 0.73** 1.08** -0.80** -0.39** 0.12 1.33** 1.53** 

Giza 168 x Misr 1 2.07** 2.27** 1.37** -0.16 1.11** 0.18* 0.40** 0.80** 

Line 36 x Sakha 93 -1.64** -1.19** 1.56** -0.32* -0.17 0.71** 0.67** 0.46** 

Line 36 x Sids 12 0.82** -1.02** 0.41** 0.29* 1.06** -0.08 1.00** -0.78** 

Line 36 x Misr 1 1.65** 0.85** 0.09 0.03 0.25* 0.12 -0.57** -0.23** 

Sakha 93 x Sids 12 0.03 0.81** 0.65** 1.21** 0.14 -1.01** -2.06** 0.94** 

Sakha 93 x Misr 1 -1.47** -0.98** 1.11** 0.54** 1.12** 0.17 -0.55** 0.03 

Sids 12 x Misr 1 -0.01 -1.48** 0.62** -0.06 0.19 0.41** 0.86** 1.39** 

L.S.D. 5% 0.29 0.51 0.16 0.24 0.22 0.17 0.16 0.12 

L.S.D. 1% 0.39 0.68 0.21 0.33 0.30 0.23 0.22 0.17 

 

 

 

 

Table 4.Cont. 

  

Crosses No. of kernels/spike  100-kernel weight (g) Grain yield/plant (g) 

  N1 N2 N1 N2 N1 N2 

Cham 4 x Giza 168 -2.98** 5.21** 0.12** 0.23** 0.26 2.43** 

Cham 4 x Line 36 -0.29 2.83** -0.04 0.05** 0.15 1.02** 

Cham 4 x Sakha 93 4.74** -1.08** -0.02 -0.16** 0.24 -0.50** 

Cham 4 x Sids 12 -1.67** 2.44** -0.02 0.05** 0.88** 0.75** 

Cham 4 x Misr 1 18.95** 1.23** -0.07 -0.01 0.93** 0.49** 

Giza 168 x Line 36 4.23** 1.09** -0.13** 0.02 0.29 1.54** 

Giza 168 x Sakha 93 1.90** -3.74** 0.01 -0.14** 0.53* -0.38** 

Giza 168 x Sids 12 2.03** 2.19** -0.02 0.08** 0.60* 0.82** 

Giza 168 x Misr 1 -6.41** 1.07** 0.10* -0.03 0.66** 0.75** 

Line 36 x Sakha 93 2.15** -0.16 -0.09* 0.04* 1.28** -0.63** 

Line 36 x Sids 12 -4.31** 0.53 0.07 -0.02 -1.18** 0.28** 

Line 36 x Misr 1 0.72 -1.29** -0.09* -0.13** 0.51* 0.41** 

Sakha 93 x Sids 12 4.36** 5.27** -0.11* 0.08** 0.45 1.48** 

Sakha 93 x Misr 1 -0.12 3.09** -0.06 0.12** -1.26** 0.66** 

Sids 12 x Misr 1 -1.93** 1.13** 0.05 0.06** -0.71** 2.23** 

L.S.D. 5% 0.77 0.56 0.08 0.03 0.47 0.15 

L.S.D. 1% 1.03 0.75 0.11 0.04 0.63 0.19 

* and ** indicate significant at 0.05 and 0.01 probability levels, respectively* 
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Table 5. Correlation coefficients between parental means (Xp) and their GCA effects as well as between F1 

means (XF1) and SCA effectsfor studied characters under recommended (N1) and low (N2) nitrogen levels 

  

Traits 
X͞p vs. GCA effects X͞F1 vs. SCA effects 

N1 N2 N1 N2 

1- Days to heading  0.314 0.886* 0.839** 0.714** 

2- Plant height (cm) 0.029 0.943** 0.668** 0.575* 

3- Spike length (cm) 0.600 0.771 0.643** 0.886** 

4- Number of spikes/plant 0.657 0.829* 0.864** 0.914** 

5- Number of kernels/spike 0.086 0.886* 0.764** 0.721** 

6- 100-kernel weight (g) 0.714 1.000** 0.586* 0.811** 

7- Grain yield/plant (g) 0.143 0.943** 0.839** 0.946** 

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

 

 

 

 

      It is worthy to note that parents with high 

(ĝi) estimates not necessary to have also 

crosses with high (ŝij) ones. In thecase of cross-

combinations; Cham 4 x Sakha 93, Giza 168 x 

Sakha 93 and Line 36 x Sakha 93 for grain 

yield/plant involving parents with high (ĝi) es-

timates (Sakha 93), gave comparatively very 

low (ŝij) ones. In this respect, (Motawea 2017; 

Shrief et al 2017) found that low values of (ŝij) 

might be attributed to some internal cancella-

tion of favorable factors or to genetic similarity 

of the involved parents. On contrast, both par-

ents of crosses; Cham 4 x Line 36 and Giza 168 

x Line 36 for grain yield plant-1, Giza 168 x 

Sids 12, Sakha 93 x Sids 12 and Sids 12 x Misr 

1 for 100-kernel weight and Giza 168 x Sakha 

93, Line 36 x Sakha 93 and Sakha 93 x Sids 12 

for number of kernels/spike, had low (ĝi) esti-

mates, but gave comparatively high (ŝij) esti-

mates for such characters, which attributed to 

high genetic diversity among the parents. Sim-

ilar results were registered by (Farooq et al 

2019). 

As shown in (Table 5), significant positive 

correlation coefficients were detected between 

crosses performance and their (ŝij) estimates 

for all characters at both nitrogen treatments. 

This result indicates that high specific combi-

nations were also high performing crosses; 

consequently the good F1 crosses could be 

identified from their performance. In this re-

spect, (Al-Naggar et al 2015b) reported that ei-

ther (ŝij) estimates or their performance can be 

used to select the best crosses. Moreover, the 

existence of significant correlations between 

parental means and their (ĝi) estimates as well 

as crosses means and their (ŝij) estimates for 

most traits may serve as useful tools for iden-

tifying potential parents and crosses at an early 

stage of the breeding program based on their 

phenotypic expression under the two nitrogen 

levels.  
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 ز  ــــــــــــــــالموجـ

 
تركيب وراثى من القمح    21أجرى هذا البحث لتقييم  

هجين ناتج من دائرة تهجينات    15أباء و  6اشتملت على  
والتجارب   البحوث  بمحطة  العكسية  الهجن  استبعاد  مع 

بشلقان   شمس  عين  زراعة  لكلية  محافظة    –الزراعية 
تم تقييم الآباء والهجن    2018/19القليوبية. فى موسم  

  80من التسميد النيتروجينى هما    الناتجة تحت مستويين
كجم نيتروجين/ فدان. نفذت كل معاملة تسميد فى   40و

تجربة منفصلة فى تصميم قطاعات كاملة العشوائية فى  
لمحصول   التآلف  على  القدرة  لدراسة  مكررات  ثلاث 
تحليل   نتائج  المساهمة. وقد اظهرت  الحبوب والصفات 

كيب الوراثية وبين التباين وجود اختلافات معنوية بين الترا
لجميع   بينهما  والتفاعل  النيتروجيني  التسميد  مستويي 
العامة   القدرة  مربعات  مجموع  متوسط  وكان  الصفات. 
والخاصة على الائتلاف معنوية لكل الصفات مما يشير 
الى أهمية كل من الفعل الجيني المضيف وغير المضيف  

قدرة  فى وراثة هذه الصفات. وكانت النسبة بين تبايني ال
العامة الى القدرة الخاصة على الائتلاف أقل من الوحدة  
لمعظم الصفات، في دلالة علي ان الفعل الجيني غير  
المضيف يمثل الجزء الاكبر من التباين الوراثى لجميع 

الصفات مما يوضح امكانية الانتخاب للصفات المرغوبة  
خلال الاجيال المتأخرة. كانت تأثيرات التفاعل بين كل 
والتسميد   الائتلاف  علي  والخاصة  العامة  القدرة  من 
الى  يشير  مما  الصفات،  لمعظم  معنوية  النيتروجيني 
التسميد  لمعاملات  الوراثية  التأثيرات  تلك  حساسية 

أفضل القيم لصفات   93الصنف سخا    النيتروجيني. سجل
سنبلة   الحبوب/  وعدد  الفردى  النبات  حبوب  محصول 

حبة تحت ظروف الاجهاد النيتروجيني    100ووزن ال  
وكذلك لصفة ارتفاع النبات تحت مستويي التسميد، بينما 

الصنف جيزة   للقدرة    168أظهر  المرغوبة  القيم  أفضل 
حت المستوى  العامة على الائتلاف لصفة طول السنبلة ت

النيتروجيني الموصي به وكذلك لصفة عدد الايام حتي  
كان   و  النيتروجيني.  التسميد  مستويي  تحت  الطرد 

  1مصر  x 93، سخا   12سدس  x 93الهجينان سخا 
النيتروجيني  الاجهاد  ظروف  تحت  الهجن  أفضل  هما 
لصفة   الائتلاف  علي  الخاصة  القدرة  لتأثيرات  بالنسبة 

النبات   حبوب  نتائج محصول  أظهرت  وقد  الفردى. 
الارتباط  امكانية استخدام متوسط السلوك للاباء والهجن  
الائتلاف  على  والخاصة  العامة  قدرتهما  على  كمؤشر 

 لمعظم الصفات.
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