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ABSTRACT 

Seven white parental lines were planted at Minia University 

Education Farm, EL-Minia, Gov., Egypt in the summer seasons of 

2334 and 2335. At flowering time, all possible combinations 

crossing among the seven parents were made (excluding 

reciprocal) to produce hybrid seeds of 25 single crosses. In 

addition, the parental lines were maintained by selfing. In 2336 

summer season; the 25 single crosses with their parental inbred 

lines were evaluated, for 237 pollen shedding, 237 silking, 

protandrous interval, grain yield per plant (gm) and 533-kernel 

weight (gm). Randomized complete block design (RCBD) with 

three replications was used. General and specific combining ability 

effects were calculated according to Griffing’s, method 2 model 5, 

(5623). Mean squares of both GCA and SCA were significant and 

highly significant for all studied traits expect SCA for 533-kernel 

weight. The results pointed to the role of both additive and non-
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additive effects in the inheritance of the studied traits, and the 

largest part of the total genetic variance was due to non-additive 

gene action. 
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INTRODUCTION 

Maize (Zea mays L.) is one of the major cereal crops, and its 

production is increasing gradually in Egypt. Continuous improvement 

of yielding ability of maize hybrids is the main goal of the breeding 

programs to meet the demands of maize consumption. 

Several breeding procedures have been established to increase 

grain yields of maize populations and their hybrids. However, to 

choose the best hybrid combinations a large number of chosen inbred 

lines are crossed. Diallel crossing programs have been applied to 

achieve this goal by providing a systematic approach for the detection 

of suitable parents and crosses for the investigated characters. 

Combining ability describes the breeding values of parental lines 

to produce hybrids, the term of general combining ability (GCA) 

designates the average performance of a line in hybrid combinations, 

and the term of specific combining ability (SCA) defines those cases 

in which certain combinations do relatively better or worse than would 

be expected on the basis of the average performance of the lines 

involved. 

The variance due to general combining ability (GCA) is usually 

considered to be an indicator of the extent of additive type of gene 

action, whereas specific combining ability (SCA) is taken as the 

measure of non-additive type of gene actions in hybrid production. 

 Sughroue and Hallauer (7886) concluded that the diallel mating 

design should only be used to estimate genetic parameters when 

parents of the diallel have been randomly selected from a population 

in linkage equilibrium. 

Significant GCA and SCA effects were estimated by El-Hosary 

and Sedhom (7881) for grain yield, tasseling date, silking date and 

some agronomic traits. Mathur and Bhatnagar (7884) indicated that 

combining ability analysis play a major role for additive gene effects 

for number of days to 419 tasseling and silking.  
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Dubey et al. (1117), Mahto and Ganguli (1112) and Abdel-

Moneam et al. (1118) stated that additive gene action was important 

than non-additive in the inheritance of days to tasseling, days to 

silking, plant height and grain yield. 

The present investigation, therefore, was designed  to evaluate 

17 maize single crosses and their parents, estimate their general and 

specific combining ability effects, and recognize the good combiner 

inbred lines for each trait. 

 

MATERIALES AND METHODS 

Seven parental white maize inbred lines developed by Egyptian 

Agriculture Research in Mallawy; namely Inb-747(P7), Inb-74(P1), 

Inb -733(P2), Inb -762(P3), Inb -63(P4), Inb -711(P5), Inb -711(P6) 

were used. In the summer seasons of 1116 and 1117, the seven white 

parental lines were planted at Educational Farm, Faculty of 

Agriculture, EL-Minia University. At flowering time, all possible 

cross combinations among the seven parents were made (excluding 

reciprocal) to produce the hybrid seeds of the 17 single crosses. In 

addition the parental lines were maintained by selfing. 
In 1118 summer season, the 17 single crosses with their parental 

lines were evaluated. Randomized complete block design (RCBD) 

with three replications was used. Plot size was one row, 3 meters long 

and 61 cm apart. Planting was in hills spaced 21 cm; two kernels per 

hill, seedlings were thinned to one plant/hill three weeks after sowing 

(before first irrigation). Phosphorus fertilizer was added at rate of 7454 

kg P1O4 / fed in the form of calcium super-phosphate during land 

preparation. Nitrogen fertilization was applied at a rate of 711 kg / fed 

in two equal before the first and second irrigation. Irrigation, pest, 
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weed control, and other agriculture practices were carried out as 

recommended. 

Five traits: days to 419 pollen shedding, days to 419 silking and 

protandrous interval were recorded on plot mean basis while data 

related to grain yield/plant (gm) and 711-kernel weight (gm) were 

recorded on ten guarded plants of each row. 

Mean data of each plot were used for analysis of variance. The 

combining ability analysis was carried out following Method1 Model-

7 of Griffing (7845). 

L.S.D
\ 
values were use to compare means according to El-Rawai 

and Khalafala (7871). 

RESULTS AND DISCUSSION 

The analysis of variance revealed the presence of significant 

amount of variability among the parents and hybrids for all studied 

traits (Table7). These results are in harmony with those reported by 

Abd EL-Satter et al (7888), Jyoti et al (1118) and Imtiaz et al (1118).  

 Partitioning mean square of genotypes into general (GCA) and 

specific (SCA) combining abilities for studied traits is presented in 

Table 7. The mean square of GCA includes the additive genetic 

portion, while SCA represents the non-additive genetic portion of the 

total variance. 
 

Table 5: Mean squares from ordinary analysis and combining 

ability of the parents and their F5 crosses for days to 

237 pollen shedding, days to 237 silking, protandrous 

interval, grain yield per plant (gm) and 533-kernel 

weight (gm). 
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S.O.V. 

 

 

Days to 

515 

pollen 

shedding 

Days to 

515 

silking 

Protandrous 

interval 

Grain 

yield per 

plant (gm) 

611-

kerenl 

weight 

(gm) 

Rep. 2 61.54* 62.12 1.311 6721.16** 226.1** 

Genotypes 27 21.63** 55.32** 63.12** 5511.65** 21.31** 

Parents (P) 6 31.31** 36.66** 61.66** 641.14 27.13** 

Crosses (C) 21 1.141** 31.17** 1.123** 2241.61** 25.35** 

P vs. C 6 371.4** 654.6** 37.42** 
611646.3*

* 
661.6** 

GCA 6 41.63** 17.61** 24.21** 3222.31** 61.11** 

SCA 26 24.56** 46.24** 1.711** 6265.31** 67.12** 

Error 54 2.466 5.241 6.153 611.11 7.255 

∑gi
2
 ∕ ∑sij

2 
 1.16 1.17 1.11 1.12 1.21 

 

*, ** Significant and highly significant at 4 % and 79, respectively. 

 

Mean squares of both GCA and SCA were significant and highly 

significant for all studied traits expect SCA for 711-grian weight. 

These results pointed to the role of both additive and non-additive 

effects in the inheritance of these traits. Mean squares of parents vs. 

crosses was highly significant for all the studied traits indicating that 

the large portion of the genetic variance in this population could be 

ascribed to non-additive effects of genes. 

To reveal the nature of genetic variance, which has the greater 

role, ∑gi
1
/∑sij

1
, was computed. The ratio less than unity indicating 

that the largest part of the total genetic variance associated with these 

traits was due to non-additive gene action confirming the highly 

significant mean squares of parents vs. crosses. The importance of 

non-additive effects of genes on the expression of yield and other 

studied traits was reported by Dubey et al. (1117), Mahto and Ganguli 

(1112) and Abdel-Moneam et al (1118). 

The results indicated that the inbred line P4 was the earliest, 

which had 44527 days to 419 pollen shedding. This line (P4) also had 



 

Combining ability of some maize inbred lines 

-616- 

 
the highest grain yield per plant, 28571 gm. For F7’s crosses, the 

most desirable cross for grain yield per plant was the hybrid (P3XP4) 

which had 744523 gm (Table 1). 

Estimates of GCA effects (gi) for parental genotypes (Table 2) 

revealed that four parental lines viz. P7, P3, P4 and P6 had good GCA 

effects for days to 419 pollen shedding. P2, P3 and P6 had good GCA 

effects for days to 419 silking and protandrous interval. The parental 

lines P3 and P4 had good combiners for grain yield per plant. With 

respect to 711-kernel weight P7 and P2 were observed to be good 

combiners. These lines can be utilized in further breeding programme. 

Estimates of SCA effects (Sij) for F7 crosses are presented in 

Table 2. Some hybrids showed negative and significant SCA effects 

for days to 419 pollen shedding; (P7XP1), (P7XP2), (P7XP4), (P1XP2), 

(P1XP3), (P1XP6), (P2XP5), (P3XP5), (P3XP6) and (P4XP5). Seven best 

crosses with negative and significant SCA effects for days to 419 

silking; (P7XP2), (P7XP4), (P1XP3), (P1XP6), (P2XP5), (P3XP5) and 

(P4XP5). Only five hybrids showed negative and significant SCA 

effects for protandrous interval; (P2XP5), (P3XP4), (P3XP5), (P4XP5) 

and (P4XP6). Most of these crosses involved one or two parents of 

good GCA effects, so they might be exploited for breeding high earlier 

hybrids. 

Table 2: Mean performance of the parents and their F5 crosses 

for days to 237 pollen shedding, days to 237 silking, 

protandrous interval, grain yield per plant (gm) and 

533-kernel weight (gm). 
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533-

kernel 

weight 

(gm) 

Grain yield 

per plant 

(gm) 

Protandrous 

interval 

Days to 

237 

silking 

Days to 

237 pollen 

shedding 

Genotypes 

 

25.23 24.35 1.56 35.23 23.04 5. Inb-525 (P5) 

22.06 23.22 2.42 36.35 30.53 2. Inb-52   (P2) 
21.46 55.25 0.56 31.20 35.31 0. Inb-511 (P0) 
23.53 23.43 0.32 33.44 24.52 1. Inb-540 (P1) 
23.13 06.52 53.51 33.22 22.05 2. Inb-41   (P2) 
56.34 05.63 3.14 34.46 35.05 3. Inb-532 (P3) 
22.16 21.35 1.32 35.22 23.53 4. Inb-523 (P4) 
24.43 46.51 1.63 26.03 21.23 5. P5XP2 

23.64 500.22 0.25 20.42 23.11 2. P5XP0 

22.22 521.52 0.23 24.52 20.52 0. P5XP1 

26.20 513.10 1.33 21.62 23.25 1. P5XP2 

03.44 65.50 2.52 32.31 23.55 2. P5XP3 

23.32 552.26 0.51 24.55 20.63 3. P5XP4 

25.22 555.53 1.62 33.13 22.12 4. P2XP0 

23.15 532.45 0.51 24.31 20.53 5. P2XP1 

20.12 46.53 3.42 35.01 21.35 6. P2XP2 

25.42 12.64 53.55 35.15 25.26 53. P2XP3 

22.54 535.25 1.55 25.54 20.66 55. P2XP4 

22.22 535.32 0.50 24.32 20.22 52. P0XP1 

25.63 516.11 1.33 24.51 20.50 50. P0XP2 

03.50 52.64 2.12 23.12 21.33 51. P0XP3 

22.31 522.53 2.56 24.20 21.30 52. P0XP4 

21.64 522.01 2.55 22.31 22.53 53. P1XP2 

22.43 534.11 5.54 22.20 20.03 54. P1XP3 

20.03 520.16 2.55 22.33 22.22 55. P1XP4 

22.33 43.50 0.54 23.34 20.23 56. P2XP3 

20.64 502.52 2.50 25.03 22.14 23. P2XP4 
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22.35 533.64 0.22 26.05 22.43 25. P3XP4 

22.25 23.63 2.300 31.15 25.50 Mean parents 

2.32 53.34 0.22 2.15 0.53 L.S.D
\
 3.32 

22.01 535.24 1.360 25.31 20.60 Mean crosses 

0.32 23.04 5.55 0.03 2.23 L.S.D
\
 3.32 
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Table 0: GCA and SCA effects of the parents and their F5 

crosses for days to 237 pollen shedding, days to 237 

silking, Protandrous interval, grain yield per plant 

(gm) and 533-kernel weight (gm). 
533-kernel 

weight 
(gm) 

Grain 
yield per 

plant 
(gm) 

Protandrous 
interval 

Days to 

237 

silking 

Days to 

237 

pollen 
shedding 

Genotypes 
 

2.560** 1.135 -3.322 -5.342 
** -5.333** 5. Inb-525 (P5) 

-5.343** 
-53.252** 5.533** 0.313 

** 5.524** 2. Inb-52   (P2) 
5.531** 0.622 -3.566** -3.456 

** 3.563* 0. Inb-511 (P0) 
-5.335** 3.623** 

-5.552** 
-2.324** 

-3.603** 1. Inb-540 (P1) 
-3.323 55.202** 5.521** 

-3.513 
-5.233** 2. Inb-41   (P2) 

-3.236 -51.655** 3.133** 5.502** 5.052** 3. Inb-532 (P3) 
-3.132* 1.225 -3.452** 

-3.552** 
-3.543* 4. Inb-523 (P4) 

5.523 2.412 -3.333 
-2.235 

-5.411** 5. P5XP2 

-5.404 03.355** 
-3.255 

-1.502** 
-0.504** 2. P5XP0 

-3.303 21.250** 
-3.345 3.332 3.360 0. P5XP1 

2.306 03.242**
 -3.654 

-0.142* 
-2.215** 1. P5XP2 

0.106 25.501** 3.603 5.324 3.431 2. P5XP3 

-3.125 55.112** 3.532 3.525 3.315 3. P5XP4 

-2.625 02.644** 3.235 
-5.240 

-5.423** 4. P2XP0 

-3.513 20.633** 
-3.362 

-2.666* 
-2.250** 5. P2XP1 

3.163 -0.032 -3.312 
-5.253 

-5.513 6. P2XP2 

-5.322 -51.313* 1.343** 0.616** 
-3.532 53. P2XP3 

3.015 22.522** 
-3.420 

-0.304** 
-2.511** 55. P2XP4 

5.360 5.636 5.030** 3.553 
-3.560 52. P0XP1 

0.506 13.535** 
-3.430 

-5.315 
-3.633 50. P0XP2 

1.225* 5.450 -5.320** 
-1.016** 

-2.405** 51. P0XP3 

3.255 23.543** 3.322 
-3.255 

-3.204 52. P0XP4 
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2.313 16.353** 

-5.330** 
-2.131 

-3.534 53. P1XP2 

-3.325 24.232** 
-5.623** 

-1.565** 
-2.225** 54. P1XP3 

3.526 20.530** 3.532 
-5.311 

-5.535** 55. P1XP4 

3.352 -50.300* 
-2.562** 

-1.342** 
-5.452** 56. P2XP3 

-3.533 25.215** 
-2.324** 

-3.052 5.412** 23. P2XP4 

5.324 20.234** 
-3.343 

-5.256 
-3.333 25. P3XP4 

3.203 2.252 3.332 3.534 3.344 Gi 

5.615 3.254 3.221 5.153 3.316 Sij 

3.204 0.504 3.512 3.056 3.546 Gi-Gj 

1.266 53.521 5.524 0.555 5.102 Sij-Sik 

0.432 53.520 5.350 2.422 5.220 Sij-Skl 

*, ** Significant and highly significant at 4 % and 79, respectively. 

Most crosses had positive and highly significant values of SCA 

effects for grain yield per plant. For 711-kernel weight, all of crosses 

had insignificant values of SCA effects except one hybrid (P2XP5) 

which had positive and significant values of SCA effects. 

It is of interest to note that most of the crosses selected on the 

basis of significant SCA effects for earliness and yield also had high 

mean performance (Tables 1 and 2). 

 
CONCLUSION 

The results of the combining ability pointed to the role of both 

additive and non-additive effects in the inheritance of the studied 

traits. The largest part of the total genetic variance was due to non-

additive gene action. 

The results indicated that the inbred line P4 was the earliest, 

which had 44527 days to 419 pollen shedding, while it was the latest 

for protandrous interval (71573 days). At the same time this line P4 

had the highest grain yield per plant (28571 gm). 
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The parental lines P2, P3 and P6 were the earliest for days to 419 

silking and protandrous interval, while the parental line P7 gave the 

heaviest 711-kernel weight. 

For F7’s crosses, the most desirable cross for grain yield per 

plant was the hybrid (P3XP4) which had 744523 gm. The hybrids 

(P7XP2) and (P4XP5) were the best cross for days to 419 pollen 

shedding, days to 419 silking and protandrous interval. 

Estimates of GCA effects (gi) for parental inbred lines in each 

trait were computed. The parental lines P3 and P4 seemed to be good 

combiners for grain yield per plant. These results suggest that hybrids 

involving these lines in multiple crossing programs are expected to 

have high yielding ability. 

Estimates of SCA effects (sij) in the 17 crosses showed that 

fifteen crosses gave significantly positive SCA effects for grain yield 

per plant. Three of them namely (P7XP2), (P2XP4) and (P3XP4) gave 

the highest yield 722514, 738533 and 744523 gm, respectively. 
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 الأداء والقدرة علي التآلف لبعض سلالات الذرة الشامية وهجن الجيل الأول

 
 * , د. عبد العظيم أحمد إسماعيل** *, شكري عبد السلام مقدم إيمان محمد طو 

 و محمود منصور عبد المجيد*

 جامعة المنيا –كمية الزراعة  –قسم المحاصيل  * 
 سيوطجامعة أ –كمية الزراعة  –قسم المحاصيل  ** 

 

 تمت زراعة سبع سلالات من الذرة الشامية البيضاء في الموسم 
جامعة المنيا. وتم عمل كل -بكمية الزراعة بالمزرعة التعميمية 2335 , 2334الصيفي

التيجينات الممكنة بين السبع آباء )بدون اليجن العكسية( في أثناء وقت التزىير لمحصول 
ىجين فردي. وفي نفس الوقت تم عمل التمقيح الذاتي الصناعي لمسبع آباء وفي  25عمي 

سبع سلالات في تجربة ىجين المتحصل عمييم وال 25تمت زراعة الـ 2336الموسم الصيفي 
حقمية وكان التصميم المستخدم ىو قطاعات كاممة العشوائية في ثلاث مكررات. وقد تم دراسة 

%من حبوب المقاح وعدد الأيام حتي 23عدد من الصفات النباتية وىي عدد الأيام حتي نثر 
د % من حبوب المقاح وعد23% من الحريرة و الفرق بين عدد الأيام حتي نثر 23ظيور 

% من الحريرة بالإضافة إلي صفة محصول الحبوب لمنبات وصفة وزن 23الأيام حتي ظيور 
حبة وتم حساب تحميل التباين وتم تقسيم التباين إلي قدرة عامة وقدرة خاصة عمي  533الـ

الموديل الأول. وتبين من تحميل التباين أن -الثانية 5623الائتلاف باستخدام طريقة جريفنج 
مة عمي التآلف كانت معنوية في كل الصفات وكذلك القدرة الخاصة عمي التآلف القدرة العا
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حبة. وىذه النتائج تشير الي أىمية التأثير  533كانت معنوية لكل الصفات ما عدا وزن الـ

 الإضافي والغير إضافي لمصفات المدروسة. 
% 23 يوم حتي 22.05كانت الابكر حيث أعطت  2أشارت النتائج الي أن السلالة 

  2 × 1كما أن اليجين  جرام(. 06.52نثر حبوب لقاح كما أنيا الأعمي محصولا لمنبات )
 جرام. 522.01من أفضل اليجن لمحصول الحبوب في النبات حيث أعطي 


