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Abstract: Thirteen new promising yellow maize inbred lines were top crossed with three inbred lines as testers, i.e., Sd.3, 
Sd.42 and Mallawy.5035 at Sids Agricultural Research Station during 2020 growing season. In the growing season 2021, the 
39 top crosses and two yellow commercial check hybrids; SC.168 and SC.3444 were evaluated in a  yield trail at three 
locations, i.e., Sids, Sakha and Nubaria Agricultural Research Stations. Data were recorded on days to 50% silking emergence 
(DTS day), plant height (PHT cm), ear height (EHT cm), ear position% (Epos%), percentage of plants to late wilt resistant 
(LWR%), grain yield plant-1 (GYP-1) and grain yield (GY ard fed-1). Results showed significant differences between the three 
locations for all studied traits. Mean squares due to genotypes, crosses and their interaction with locations were significant 
for all studied traits except PHT, EHT and LWR% were not significant for C x Loc. Mean squares of lines, testers, line x 
tester and their interaction with locations were significant or highly significant for all studied traits except LWR% for T, L x 
Loc and T x Loc; DTS for T x Loc and PHT and EHT for L x T x Loc. Results showed that, L7 and L10 had good general 
combiner for DTS, PHT, EHT and Epos%  toward earliness, shorter plants, shorter ear heights and lower ear placement also 
L13 had the best combiner for highest GYP-1, GY ard fed-1 and resistant plants to late wilt disease. Eight crosses; L4 x T2, 
L5 x T2, L7 x T1, L8 x T1, L10 x T3, L12 x T3, L13 x T1 and L13 x T2 had positive and significant SCA effects for these 
traits. These crosses could be chosen for development of hybrids to be used by National Maize Breeding Program (NMBP). 
The results were showed that the thirteen inbred lines were placed into three heterotic groups; group1 and 2 consisted of four 
inbred lines in each group, while group 3 included three inbred lines. The method was not able to classify the three inbred 
lines; L3, L11 and L12 in any group. These results could be recommended for NMBP in selecting good parents for making 
hybrids and give breeder the chances for developing high yielding crosses through crossing of this inbred lines belonging to 
other inbred lines from different heterotic groups. 
Key words: Maize, line x tester, late wilt resistant, GCA, SCA, Heterotic groups. 
 

INTRODUCTION 

Maize (Zea mays L.) crop is gaining a great 
importance in terms of area and total production in Egypt, 
notably in the poultry and livestock feeding either as green 
fodder or silage as main component (grain) of dry feed. It's 
also having a variety of uses as a raw material for several 
industries such as starch, fructose, and corn oil. Acreage 
and production of maize have an increasing tendency with 
the introduction of hybrids due to its high yield potential. 
Therefore, efforts required to be made for developing 
hybrids with high yield potential to increase the 
production of maize. Most efficient use of such materials 
would be possible only when adequate information on the 
amount and type of genetic variation and combining 
ability effects in the materials is available. The combining 
ability analysis is a powerful tool for identifying the best 
combiners that can be used in crosses to exploit heterosis 
or accumulate productive genes. It also aids in 
understanding the genetic architecture of various 
characters, allowing a breeder to create an effective 
breeding plant for further improvement of existing 
breeding material. The combining ability analyses are 

widely used in maize breeding programs to determine 
general combining ability (GCA) and specific combining 
ability (SCA) information of maize populations for genetic 
diversity evaluation, inbred line selection, heterotic 
pattern classification, heterosis estimation, and hybrid 
development (Sughroue and Hallauer, 1997; Barata and 
Carena, 2006 and Fan et al., 2008). Information was 
generated using line x tester mating design (Kempthorne's 
1957), which offers trustworthy information on the 
general and specific combining ability impacts of parents 
and their hybrid combinations. Several researchers have 
utilized the design of maize, and it is still being used in 
quantitative genetic studies in maize (Joshi et al., 2002 and 
Sharma et al., 2004). The recent trend even in the 
developing and underdeveloped countries is to go for 
single crosses, as these are the high yielders under most 
favorable environments (Atanaw et al., 2003). On the 
other hand, wherever maize is growing, it is liable to attach 
by various and fungi pathogens, which cause considerable 
losses in the yield (Awad and EL-Ghonemy 2015). Among 
these fungous or diseases, vascular wilt pathogen 
Cephalosporium maydis as a soil borne fungi is the most 
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economical disease of maize in Egypt. This disease was 
the first identified in the early sixties by Samra et al. (1962 
and 1963). It was recorded as single or infected plants in a 
restricted area (Sabet et al. 1962). Later on, it has been 
spread out over all growing areas with variable percentage 
depending on maize genotype and pathogen. The best 
technique to control this disease is through developing 
genetically resistance genotypes. The late wilt disease 
causes severe losses in yield of susceptible maize cultivars 
(Awad and EL-Ghonemy, 2015). So, resistance to late wilt 
disease is one of the most important evaluation tests to 
restriction hybrids in National Maize Breeding Program 
(NMBP) in Egypt. On the other hand, heterotic groups are 
important in hybrid breeding programs, and it has been 
defined as a set of related or unrelated genotypes from the 
same or different sources (Melchinger and Gumber, 1998). 
Heterotic groups using specific and general combining 
abilities (HSGCA) were identified according to Fan et al., 

(2009). This method has proven to be more effective than 
other methods (Legesse et al., 2014). The current 
investigation was undertaken to estimate the general and 
specific combining abilities effects for days to 50% silking 
(DTS day), plant height (PHT cm), ear height EHT cm), 
ear position% (Epos%), resistance to late wilt disease 
(LWR%), grain yield plant-1 (GYP-1) and grain yield (GY 
ard fed-1). In addition, identifying a superior hybrid in 
grain yield and resistance to late wilt disease was 
considering. Also, the classification of the inbred lines into 
heterotic groups using HSGCA method was involved in 
this investigation.  

MATERIALS AND METHODS 
Materials and its sources: Thirteen yellow maize (Zea 
mays L.) inbred lines derived from different sources at 
different Agricultural Research Stations, National Maize 
Research Program. Code, name, and pedigree of these 
materials (lines and testers) are presented in Table (1).   

 
Table (1): Code, name, and pedigree of the plant materials, which used in this investigation 
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L2 Inbred Sd.3 
L3 Inbred Sd.4 
L4 Inbred Sd.6 
L5 Inbred Sd.8 
L6 Inbred Sd.9 
L7 Inbred Sd.11 
L8 Inbred Sd.12 
L9 Inbred Sd.14 
L10 Inbred Sd.18 
L11 Inbred Sd.21 
L12 Inbred Sd.22 
L13 Inbred Sd.23 

Te
st

er
s T1` Sd.3/2015 

T2 Sd.42/2015 
T3 Mallawy.5035 

Experimental sites and growing seasons: In 2020 
season, the thirteen yellow maize inbred lines were top 
crossed with three testers in a line x tester mating design 
at Sids Agric. Res. Sta., National Maize Research 
Program, Benisuief, Egypt. In growing season 2021, the 
resulted 39 crosses along with two yellow check hybrids; 
SC.168 and SC.3444 were evaluated in a yield trail at three 
locations; Sids, Sakha and Nubaria Agric. Res. Stations. 
 
Experimental design and its management: Randomized 
Complete Block Design (RCBD) with three replications 
was used at each location. Plot size was one row, 0.6 m 

long and 0.8 m apart. Seeds were planted in hills evenly at 
25 cm along the row at the rate of two kernels hill-1, 
thinned to one plant hill-1 after 21 days from planting date. 
All other agricultural practices were carried out according 
to standard commercial recommendation for maize 
production in each location at the proper time. 
 
Data recorded: The collected data were days to 50% 
silking date (DTS day), plant height (PHT cm), ear height 
(EHT cm), ear position% (Epos %), late wilt resistant % 
(LWR %), grain yield plant-1 (GYP-1 g) and grain yield 
(GY ard fed-1) 
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adjusted to 15.5% moisture content, one ardab = 140 Kg 
and one feddan = 4200 m2. Late wilt assessments were 
recorded after 40 days of DTS according to El-Shafey et 
al., (1988), as percentage of diseased plants to the total 
Number of plants/replicates as follows: Disease 
incidence (%) = (No. of infected plants/No. of total plants) 
X 100, and the resulting will subtract from one hundred to 
get the percentage of late wilt resistance. 
Statistical analysis: Data were analyzed using general 
linear model (GLM) procedures in SAS (SAS, v 9.3, 
2014). Means for all maize combinations adjusted for 
block effects through sites were analyzed according to 
Snedecor and Cochran (1980). Combining ability analysis 
was performed for traits that showed statistical differences 
among crosses. Kempthorne (1957) was employed to 
determine general and specific combining abilities (GCA 
and SCA) effects and their interaction with locations. 
Heterotic groups: Heterotic groups using specific and 
general combining abilities (HSGCA) method were 
estimated according to Fan et al., (2009) as follows: 
HSGCA = Cross mean Xij – Tester means Xi = GCA + 
SCA  
Where, Xij = mean yield of the cross between ith tester and 
jth line and Xi = mean yield of the ith tester. 
 

RESULTS AND DISCUSSION 
Analysis of variances:  Analysis of variances for seven 
studied traits; viz DTS days, PHT cm, EHT cm, Epos%, 

LWR%, GYP-1 and GY ard fed-1 of 41 crosses combined 
a cross through three locations; Sids, Sakha and Nubaria 
Agric. Res. Stations are presented in Table 2. Results 
showed that highly significant differences among the three 
locations for all studied traits, indicating that the three 
locations different from each other in their environmental 
conditions under this study. Mean squared due to 
Genotypes (G), Crosses (C) and their interaction with 
locations were significant or highly significant for all 
studied traits except PHT, EHT and LWR% were not 
significant for C x Loc. These results indicating that, the 
presence of genetic variation among the plant materials for 
these studied traits. Several researchers were in agreement 
with these results; Mohamed et al., (2020), Ibrahim et al., 
(2021), Raihan et al., (2021), Indu et al., (2022), and Abd 
El-Azeem et al., (2022), Aly (2013) and Badu Apraku et 
al., (2023). Line x testers analysis for the seven studied 
traits of 39 maize crosses combined through three 
locations are shown in Table 3. Results revealed that, lines 
(L), testers (T), (L x T) and their interaction with locations 
were significant or highly significant for all studied traits 
except LWR% for T, L x Loc and T x Loc; DTS for T x 
Loc and PHT and EHT for L x T x Loc. These findings 
results were in harmony with the results detected by 
Mohamed et al., (2020), Mousa et al. (2021), Raihan et al., 
(2021), Subba et al., (2021), Abd El-Azeem et al., (2022) 
and El-Shenawy et al., (2022). 

 
Table (2): Combined analysis of variances for all studied traits of 41 maize crosses through three locations 

*,** significant at 0.05 and 0.01 level of probability, respectively 
DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % 
LWR% = late wilt resistant % GYP (g) = yield plant-1 (gram) GY = grain yield ard. fed-1  

 
Mean performances of 39 crosses and two check 

hybrids (SC.168 and SC.3444) for all studied traits 
combined across three locations are presented in Table 4. 
For DTS days, the crosses ranged from 56.89 for L6 x T2 
to 64.00 days for L2 x T3. The 36 crosses out 39 crosses 
were significant earlier than the earliest check hybrid 
SC.168 (62.00 day), indicating that these crosses may be 
used in developing crosses toward earliness in National 
Maize Breeding Program (NMBP). Regarding, PHT cm, 
the maize crosses ranged from 212.33 for L13 x T3 to 
263.89 cm for L9 x T1 and 7 crosses. Also, out 39 crosses 
were shorter than the shortest check cross SC.168 (229.78 
cm). For EHT cm, the crosses ranged from 109.44 for L7 

x T3 to 167.67 cm for cross L3 x T2. The results were 
showed that, the crosses ranged from 52.94% for L1 x T1 
to 62.01% for L11 x T3 for Epos% trait. The 3 out 39 
crosses were not differed significantly than the lowest ear 
heights SC.3444 (53.75%). Whereas one cross (L7 x T3) 
significant differed from the same check. For percentage 
of resistant plants to late wilt disease (LWR %), 21 out 39 
crosses were 100% resistance to late wilt disease. 
Regarding GYP-1 g, the crosses ranged from 167.74 for L5 
x T3 to 305.39 g for L13 x T1. For GY ard fed-1, the 
crosses ranged from 17.18 for L4 x T1 to 31.83 ard fed-1 
for L12 x T3. Results showed that the 5 crosses; L3 x T1, 
L3 x T2, L12 x T3, L13 x T1 and L13 x T2 (30.20, 31.67, 

sov df DTS 
(days) 

PHT 
(cm) 

EHT 
(cm) Epos% LWR% GYP 

(g) 
GY 

(ard fed-1) 
Locations (Loc.) 2 55.46** 24235.79** 12208.00** 299.77** 263.43** 308658.52** 3763.75** 

Reps/Loc. 6 5.21 1647.45 772.21 21.67 9.71 536.39 8.23 
Genotypes (G) 40 21.13** 1614.43** 969.65** 45.97** 6.21** 11429.30** 142.12** 

Crosses (C) 38 18.61** 1694.36** 1003.80** 45.75** 6.16** 9908.99** 137.89** 
G x Loc 80 2.75** 250.38* 185.65* 19.39** 5.72** 1875.00** 23.28** 
C x Loc. 114 1.86** 171.49 122.53 12.95* 3.77 1112.56** 14.47** 

Pooled error 244 1.183 165.017 130.777 10.173 3.351 572.188 5.468 
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31.83, 31.45 and 31.04 ard fed-1, respectively) did not 
differ significantly than the highest check hybrid SC.3444 
(31.02 ard fed-1). These new crosses may be used in 

developing new crosses of maize toward high yielding 
potential in NMBP in Egypt. 

 
Table (3): Line x tester analysis for all studied traits of 39 maize crosses across three locations 

*,** significant at 0.05 and 0.01 level of probability, respectively 
 
Combining abilities effects:
General combining ability (GCA) effects for thirteen 
inbred lines and three testers for all studied traits 
combined across three locations are shown in Table 5. 
The GCA effects allow identification of superior plants 
that could be used to make and select better crosses for 
direct use or insert these materials in breeding programs 
(Simmonds, 1979). The GCA effect of an inbred is 
important for the improvement of a target trait in a 
population and for the development of hybrids 
(Akinwale et al., 2014). The Results were revealed that 
four lines; L5, L6, L7 and L10 had negative (desirable) 
and significant GCA effects for DTS, PHT and EHT 
toward earliness, shorter plants, and lowest ear heights. 
These lines possessed (-1.838**, --12.160** and -
6.439**), (-1.467**, -8.789** and -5.031**), (-0.467*, 
-13.900** and -14.031**) and (-0.838**, -5.567* and -
7.328**) values, in respectively.  In addition, L8 was 
showed negative and significant GCA effect for PHT 
cm. Three lines; L7, L10 and L12 were showed negative 
(desirable) and significant GCA effects for Epos% 
toward lower ear placement with scored -2.838**, -
1.838** and -2.134** values. L13 appeared the good 
combiner GCA effect for LWR% by 0.821 as value. 
Four lines; L3, L9, L12 and L13 had the best GCA 
effects for GYP-1 and GY ard fed-1. In addition, that, 
three lines; L1, L2 and L11 had the best GCA effects for 
GY ard fed-1. From the previous results, L7 and L10 had 
the good general combiner for DTS, PHT, EHT and 
Epos% toward earliness, shorter plant, lower ear heights 
and lower ear placement toward plants to loading 
resistance and the L13 has the best combiner for highest 

GYP-1, GY ard fed-1 and resistant plant to late wilt 
disease. On the other hand, the best tester for GCA 
effects was T2 for earliness (-0.641**), shorter plant (-
4.111**), lower ear heights (-1.829*) and high grain 
yield (0.565**). Whereas, T3 for shorter plant (-2.291*), 
shorter ear heights (-4.479**) and lower ear placement 
(-1.268**). 

Specific combining ability (SCA) effects of 39 
crosses for all studied traits combined across three 
locations are presented in Table 6. Results revealed that, 
seven crosses; L2 x T1, L2 x T2, L6 x T2, L7 x T3, L9 
x T3, L12 x T3 and L13 x T3 were negative (desirable) 
and significant SCA effects for DTS toward earliness. 
These crosses possessed -1.348**, -1.100**, -0.840*, -
0.738*, -0.849*, -0.701* and -2.219**, respectively. In 
the same respect, three crosses; viz L1 x T1, L4 x T1 and 
L13 x T3 showed negative (desirable) and significant 
SCA effects for PHT and EHT toward shorter plant and 
lower ear heights with recorded (-7.698* and -8.271*), 
(-18.698** and -13.011**) and (-16.821** and -
8.595*), respectively. Cross L8 x T2 was showed 
negative and significant SCA effects for EHT (-
10.652**) and Epos% (-3.561**) traits toward lower ear 
placement. For LWR%, cross L2 x T3 have positive and 
significant SCA effects toward resistant plant of late wilt 
disease (1.140*). However, 13 crosses out 39 crosses 
were scored a positive and significant SCA effects value 
for GYP-1. In addition, results revealed that, 11 crosses 
out 39 crosses were positive and significant or highly 
significant SCA effects for GY ard fed-1.  Between 13 
and 11 crosses, which had SCA effects for both of GYP-

1 and GY ard fed-1, respectively, 
 
 

 

sov df DTS 
(days) 

PHT 
(cm) 

EHT 
(cm) Epos% LWR% GYP 

(g) 
GY 

(ard fed-1) 
Lines (L) 12 26.68** 3486.49** 1778.55** 70.63** 6.48* 12448.74** 187.79** 
Testers (T) 2 78.54** 3693.10** 3696.65** 161.50** 1.41 10383.83** 50.82** 
Lines x Testers 24 9.58** 631.73** 392.02** 23.67** 6.40** 8599.55** 120.20** 
Lines x Loc. 24 3.07** 313.59** 295.63** 23.67** 3.97 1744.19** 22.54** 
Testers x Loc. 4 1.28 549.06** 367.55* 27.20* 1.96 1347.47* 25.49** 
L x T x Loc 48 2.78** 204.73 112.57 16.65** 6.80** 1657.95** 20.98** 
Pooled error 228 1.079 142.403 118.693 10.148 3.253 537.481 5.359 
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Table (4): Mean performances of 39 maize crosses and two yellow check hybrids for all studied traits combined across 
three locations. 

cross DTS 
(days) 

PHT 
(cm) 

EHT 
(cm) Epos% LWR % GYP (g) GY 

(ard fed-1) 

L1 x T1 60.78 230.67 117.22 52.94 95.56 243.73 29.07 
L1 x T2 60.33 226.22 139.00 56.89 99.56 221.71 25.65 
L1 x T3 62.67 239.00 136.67 59.37 100.00 239.51 27.79 
L2 x T1 59.00 242.22 128.33 56.14 96.44 235.09 25.38 
L2 x T2 58.89 230.11 139.67 55.38 100.00 239.37 28.73 
L2 x T3 64.00 239.44 132.22 57.21 100.00 239.87 28.35 
L3x T1 61.00 261.11 132.22 55.70 98.67 267.36 30.20 
L3x T2 60.11 250.22 167.67 60.17 100.00 288.39 31.67 
L3x T3 62.22 252.33 145.56 58.89 100.00 232.85 28.26 
L4x T1 58.89 221.67 127.78 54.94 98.22 168.30 17.48 
L4x T2 58.67 241.00 141.33 56.54 100.00 260.33 28.31 
L4x T3 61.33 239.22 128.33 58.36 100.00 229.66 23.67 
L5 x T1 57.44 231.78 117.78 53.64 96.89 217.62 24.27 
L5 x T2 57.11 218.22 142.22 59.24 99.56 228.55 25.17 
L5 x T3 59.44 216.11 120.56 58.59 99.56 167.74 18.59 
L6 x T1 58.67 235.22 121.67 54.09 97.78 229.00 25.04 
L6 x T2 56.89 223.89 141.44 58.94 100.00 223.68 25.53 
L6 x T3 59.56 217.11 121.67 57.33 100.00 186.01 19.62 
L7 x T1 59.89 225.44 118.33 53.87 96.44 249.97 27.54 
L7 x T2 58.67 217.89 130.00 54.99 100.00 187.76 19.59 
L7 x T3 59.56 217.56 109.44 53.16 100.00 211.63 24.67 
L8 x T1 60.22 237.44 122.78 55.22 96.44 231.88 25.04 
L8 x T2 59.78 214.44 143.44 60.17 100.00 168.28 17.18 
L8 x T3 61.78 217.78 124.89 59.14 100.00 213.62 21.55 
L9 x T1 60.22 263.89 132.22 56.09 97.78 262.50 24.98 
L9 x T2 60.00 238.67 163.67 59.74 100.00 259.72 28.32 
L9 x T3 60.22 246.44 142.22 59.34 100.00 252.17 27.68 
L10 x T1 58.56 225.00 125.00 55.39 96.00 191.42 21.50 
L10 x T2 58.44 224.67 131.78 54.98 99.11 240.78 26.07 
L10 x T3 60.00 236.22 121.11 54.64 99.56 230.08 25.54 
L11 x T1 60.00 245.56 127.22 55.83 96.44 225.23 25.87 
L11 x T2 59.00 224.78 158.00 61.20 100.00 237.26 26.86 
L11 x T3 60.11 233.11 135.00 62.01 100.00 233.57 27.60 
L12 x T1 60.11 260.33 137.22 55.86 98.67 283.66 27.41 
L12 x T2 60.56 246.44 144.67 54.66 100.00 237.37 26.40 
L12 x T3 60.67 248.11 131.11 53.61 100.00 267.82 31.83 
L13 x T1 59.44 247.44 125.00 55.20 99.56 305.39 31.45 
L13 x T2 61.11 234.56 140.56 57.47 100.00 279.99 31.04 
L13 x T3 58.33 212.33 133.33 59.88 100.00 178.05 18.59 
SC 168 62.00 229.78 133.89 58.17 98.22 295.07 30.41 

SC. 3444 63.22 232.56 124.78 53.75 100.00 306.64 31.02 
LSD 0.05 1.00 11.87 10.57 2.95 1.69 22.10 2.16 

0.01 1.32 15.60 13.89 3.87 2.22 29.05 2.84 
*,** significant at 0.05 and 0.01 level of probability, respectively 

DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % 
LWR% = late wilt resistant % GYP (g) = yield plant-1 (gram) GY = grain yield ard. fed-1  

eight crosses; L4 x T2, L5 x T2, L7 x T1, L8 x T1, L10 
x T3, L12 x T3, L13 x T1 and L13 x T2 were positive 
and significant SCA effects for both these traits. These 

crosses could be chosen for development of maize 
hybrids to be used in NMBP.  
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Table (5): General combining ability (GCA) effects of 13 maize inbred lines and three testers for all studied traits 
combined across three locations 

Crosses DTS 
(days) 

PHT 
(cm) 

EHT 
(cm) Epos% LWR % GYP 

(g) 
GY 

(ard fed-1) 

L1 1.422** -2.234 -2.328 -0.442 -0.661* 2.497 1.878** 
L2 0.792** 3.063 0.117 -0.597 -0.217 5.626 1.861** 
L3 1.274** 20.359** 15.191** 1.410* 0.524 30.382** 4.414** 
L4 -0.208 -0.234 -0.809 -0.227 0.376 -13.056** -2.473** 
L5 -1.838** -12.160** -6.439** 0.318 -0.365 -27.848** -2.950** 
L6 -1.467** -8.789** -5.031* -0.053 0.228 -19.588** -2.231** 
L7 -0.467* -13.900** -14.031** -2.838** -0.217 -16.032** -1.695** 
L8 0.755** -10.974** -2.920 1.336* -0.217 -27.893** -4.370** 
L9 0.311 15.470** 12.746** 1.551** 0.228 25.645** 1.362** 
L10 -0.838** -5.567* -7.328** -1.838** -0.809* -11.725** -1.258** 
L11 -0.134 0.285 6.783** 2.840** -0.217 -0.465 1.145** 
L12 0.607** 17.433** 4.376* -2.134** 0.524 30.465** 2.918** 
L13 -0.208 -2.752 -0.328 0.673 0.821* 21.993** 1.400** 

SE gi (L) 0.200 2.297 2.097 0.613 0.347 4.462 0.446 
T1 -0.282** 6.402** 6.308** 1.052** -0.125 6.833** 0.158 
T2 -0.641** -4.111** -1.829* 0.217 0.080 3.914 0.565** 
T3 0.923** -2.291* -4.479** -1.268** 0.046 -10.747** -0.724** 

S.E. gi (T) 0.096 1.103 1.007 0.295 0.167 2.143 0.214 
*,** significant at 0.05 and 0.01 level of probability, respectively 

DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % 

LWR% = late wilt resistant % GYP (g) = yield plant-1 (gram) GY = grain yield ard. fed-1  

The results are in agreement with those obtained with by 
Vasal et al., (1992), Kanagarasu et al., (2010), Aly (2013), 
Yadav et al., (2020) and Ibrahim et al., (2021). 
 

Genetic parameters and contribution of L,T and L x T 

Genetic parameters and their interactions with 
locations, proportional contribution of lines, testers and 
their interactions to total variance in maize combined 
across three locations are illustrated in Table 7. Results 
showed that, the K2GCA was larger than that obtained for 
K2SCA for EHT, Epos% and LWR%, indicating that the 
additive type of gene actions played an important role in 
the inheritance of these traits. These results are harmony 
with those reported by Tessema et al., (2014) and Mousa 
et al., (2021). In contrast, the non-additive gene actions 
played an important role in the inheritance of DTS, PHT, 
GYP-1 and GY ard fed-1. Similar results were revealed by 
Mousa and Aly (2012), Aly (2013), Zeyad et al., (2020), 
Abd El-Azeem et al., (2022) and El-Shenawy et al., 
(2022). The interactions of SCA x location were higher 
than GCA x location for all studied traits, except for EHT 
trait, indicating that the non-additive type of gene action 
was more effected by environmental changes than additive 
type of gene action. These results were supported the 
findings of Mosa (2017), Aly (2013), El-Gazzer et al., 

(2013), Ibrahim et al., (2021), and Mousa et al., (2021). 
The contributions of lines were higher than those of the 
testers for all studied traits, indicating that the line played 
an important role toward the improving of these traits. On 
the other hand, the contribution of line x tester was low for 
most of these traits. These results are in agreement with 
those obtained by Aly and Hassan (2011) and Mousa and 
Aly (2012). 
Heterotic groups 

Heterotic groups estimate based on specific and 
general combining ability effects (HSGCA) for grain yield 
are presented in Table 8. Results showed that the thirteen 
inbred lines of maize were placed into three heterotic 
groups. Group1 (T1 Sd.3) consisted of L2, L4, L9 and 
L10. While group2 (T2 Sd.42) included three inbred lines; 
L1, L7 and L8. Group3 (T3 Mallawy.5035) included L5, 
L6 and L13. According to this results, it can be said that 
this method was not able to classify the three inbred lines; 
L3, L11 and L12 in any group. These results could be 
recommended for NMBP in selecting good parents for 
making hybrids and give the breeder chances for 
developing a high yielding crosses through crossing of this 
inbred lines belonging to other inbred lines from different 
heterotic groups (Legesse et al., 2014 and Fan et al., 
2009). 
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Table (6): Specific combining ability (SCA) effects of maize 39 crosses for all studied traits combined across three 
locations 

Crosses DTS 
(days) 

PHT 
(cm) 

EHT 
(cm) Epos% LWR % GYP (g) GY 

(ard fed-1) 
L1 x T1 -0.199 -7.698* -8.271* -1.574 0.866 1.910 1.405 
L1 x T2 -0.285 -1.630 1.311 0.950 -1.561** -17.186* -2.417** 
L1 x T3 0.484 9.328* 6.960 0.624 0.695 15.275* 1.012 
L2 x T1 -1.348** -1.439 -2.493 -0.629 -0.467 -9.849 -2.264** 
L2 x T2 -1.100** -3.037 -2.356 -0.217 -0.672 -2.660 0.675 
L2 x T3 2.447** 4.476 4.849 0.846 1.140* 12.509 1.589* 
L3x T1 0.171 0.154 -2.456 -1.003 -0.764 -2.342 0.000 
L3x T2 -0.359 -0.222 2.348 1.032 0.365 21.610** 1.062 
L3x T3 0.188 0.068 0.108 -0.028 0.399 -19.268** -1.062 
L4x T1 -0.459 -18.698** -13.011** -1.033 -0.171 -57.967** -5.829** 
L4x T2 -0.322 11.148** 9.903** 1.558 0.513 36.989** 4.585** 
L4x T3 0.781* 7.550 3.108 -0.525 -0.342 20.977** 1.243 
L5 x T1 -0.274 3.339 -2.382 -1.922 1.014 6.146 1.431 
L5 x T2 -0.248 0.296 -2.689 -1.331 0.365 20.000** 1.931* 
L5 x T3 0.521 -3.635 5.071 3.253** -1.379* -26.146** -3.362** 
L6 x T1 0.578 3.413 2.100 0.193 0.422 9.275 1.488 
L6 x T2 -0.840* 2.593 3.348 0.850 0.661 6.869 1.569* 
L6 x T3 0.262 -6.006 -5.447 -1.043 -1.083 -16.144* -3.057** 
L7 x T1 0.801* -1.254 0.877 0.889 -0.023 26.680** 3.446** 
L7 x T2 -0.063 1.704 2.792 0.758 -0.672 -32.608** -4.909** 
L7 x T3 -0.738* -0.450 -3.670 -1.647 0.695 5.928 1.463 
L8 x T1 -0.088 7.821* 10.877** 2.826** -0.912 20.450** 3.623** 
L8 x T2 -0.174 -4.667 -10.652** -3.561** 0.661 -40.227** -4.641** 
L8 x T3 0.262 -3.154 -0.225 0.735 0.251 19.777** 1.018 
L9 x T1 0.356 7.821* 5.766 0.423 -0.467 -2.462 -2.173** 
L9 x T2 0.493 -6.889 -2.097 0.824 0.661 -2.329 0.761 
L9 x T3 -0.849* -0.932 -3.670 -1.247 -0.194 4.791 1.412 
L10 x T1 -0.162 -10.031* -4.493 0.334 0.125 -36.174** -3.031** 
L10 x T2 0.085 0.148 -0.245 -0.076 0.365 16.110* 1.132 
L10 x T3 0.077 9.883* 4.738 -0.258 -0.490 20.064** 1.899* 
L11 x T1 0.578 4.672 2.729 -0.100 -0.467 -13.622 -1.065 
L11 x T2 -0.063 -5.593 -1.578 0.791 0.217 1.322 -0.483 
L11 x T3 -0.516 0.920 -1.151 -0.691 0.251 12.301 1.548* 
L12 x T1 -0.051 2.302 1.915 0.363 0.570 13.873 -1.297 
L12 x T2 0.752* -1.074 0.162 0.198 -0.969 -29.493** -2.715** 
L12 x T3 -0.701* -1.228 -2.077 -0.562 0.399 15.620* 4.013** 
L13 x T1 0.097 9.598* 8.840* 1.234 0.274 44.082** 4.264** 
L13 x T2 2.123** 7.222 -0.245 -1.776 0.068 21.602** 3.450** 
L13 x T3 -2.219** -16.821** -8.595* 0.542 -0.342 -65.683** -7.714** 
SE Sij 0.35 3.98 3.63 1.06 0.601 7.73 0.77 

LSD 0.05 0.68 7.80 7.12 2.08 1.178 15.15 1.51 
0.01 0.89 10.25 9.35 2.74 1.549 19.91 1.99 

*,** significant at 0.05 and 0.01 level of probability, respectively 

DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % 

LWR% = late wilt resistant % GYP (g) = yield plant-1 (gram) GY = grain yield ard. fed1  



28 Aly et al., 2023 

 

Table (7): Genetic parameters and their interactions with locations, proportional contribution of lines, testers, and 
their interaction to total variance in maize combined across three locations for all studied traits 

Genetic parameters DTS 
(days) 

PHT 
(cm) 

EHT 
(cm) Epos% LWR % GYP 

(g) 
GY 

(ard fed-1) 

K2 GCA 0.700 43.868 33.417 1.259 0.014 137.089 1.323 
K2SCA 0.755 47.445 31.050 0.780 -0.044 771.290 11.024 
2 GCA x Loc 0.041 11.096 8.367 0.636 -0.016 40.568 0.773 
2 SCA x Loc 0.533 13.238 -6.069 2.159 1.150 361.920 5.171 
Contribution of Lines 45.283 64.980 55.952 48.750 33.204 39.673 43.005 
Contribution of Tester 22.215 11.472 19.382 18.579 1.207 5.515 1.940 
Contribution of L x T 32.502 23.548 24.665 32.672 65.590 54.812 55.055 

DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % 
LWR% = late wilt resistant % GYP (g) = yield plant-1 (gram) GY = grain yield ard. fed-1  
Table (8): Heterotic groups using specific and general combining ability (HSGCA) for grain yield combined across three 

locations. 

Lines T1 
(Sd.3) 

T2 

(Sd.42) 
T3 

(Mall.5035) 
L1 3.28 -0.54# 2.89 
L2 -0.40# 2.54 3.45 
L3 4.41 5.48 3.35 
L4 -8.30# 2.11 -1.23 
L5 -1.52 -1.02 -6.31# 
L6 -0.74 -0.66 -5.29# 
L7 1.75 -6.60# -0.23 
L8 -0.75 -9.01# -3.35 
L9 -0.81# 2.12 2.77 
L10 -4.29# -0.13 0.64 
L11 0.08 0.66 2.69 
L12 1.62 0.20 6.93 
L13 5.66 4.85 -6.31# 

# means that this inbred line belongs to tester group. 

CONCLUSION 
Results revealed that, most of the studied traits 

were significantly or highly significant combined across 
three locations, indicating that the presence of genetic 
variation among of this plant material. The inbred lines 
L7, L10 and L13 had the good general combiner toward 
the desirable traits, then these lines could be chosen for 
development of maize hybrids to be used in NMBR. Eight 
crosses were positive and significant SCA effects toward 
high yielding ability GYP-1 and GY ard fed-1). 
Classification of the new yellow maize inbred lines and 
put them in different groups it useful and give the breeding 

chance for selecting and making the good hybrids based 
on the different heterotic groups. 
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 جوازتلا ماظن مادختسإب ةيماشلا ةرذلا نم ةديدج ءارفص ةللاس رشع ةثلاث ميسقتو فلاتئلإا ةردق

 عقاوم ةثلاث ربع فاشكلا ىف ةللاسلا

 يسوم دیسلا يوبنلا دمحم لئاو ،میظعلا دبع دمحم يدھملا دمحم ،ىلع نیناسح حلاص قزر
 رصم – ةیعارزلا ثوحبلا زكرم – ةیلقحلا لیصاحملا ثوحب دھعم – ةیماشلا ةرذلا ثوحب مسق

 
 )5035-ىولمو 42-سدس ،3-سدس( ةفاشك تلالاس ةثلاث عم ةیماشلا ةرذلا نم ةدیدج ءارفص ةللاس رشع ةثلاثل ىمقلا نیجھتلا ىرجأ

 نجھلا نم نینثإ عمً ایمقً انیجھ 39 ـلا مییقت مت 2021 ىعارزلا مسوملا ىف .2020 مسوملا ىف سدسب ةیعارزلا ثوحبلا ةطحمب ةیثحبلا ةعرزملاب
 ةیعارزلا ثوحبلا تاطحم يھو عقاوم ةثلاث يف ةیلوصحم براجت يف )3444 – ىدرف نیجھو 168-ىدرف نیجھ( ةنراقم نجھك ءارفصلا ةیراجتلا
 ،زوكلا عافترإ ،تابنلا عافترإ ،ریارحلا نم %50روھظ ىتح مایلأا ددع :تافص ىلع تانایبلا لیجست مت .2021 مسوم للاخ ةیرابونلاو اخس ،سدسب
 بدرلأاب بوبحلا لوصحمو مارجلاب تابنلا لوصحم ،رخأتملا لوبذلا ضرمل تابنلا ةمواقمل ةیوئملا ةبسنلا ،تابنلا ىلع زوكلا عقومل ةیوئملا ةبسنلا
 ةینیجلا زرطلا نم لكل میقلا تاعبرم تناك ثیح ،ةسوردملا تافصلا عیمجل ةثلاثلا عقاوملا نیب ةیونعم تافلاتخا دوجو ىلإ جئاتنلا تراشأ .نادفلل
 لوبذلا ضرمل تابنلا ةمواقمل ةیوئملا ةبسنلاو زوكلا عافترإ ،تابنلا عافترإ تافص ادع ةسوردملا تافصلا لكلً ایونعم عقاوملا عم امھلعافتو نجھلاو
 ةیونعم تناك عقاوملا عم مھلعافتو فاشكلا يف ةللاسلا ،تافاشكلا ،تلالاسلل تانیابتلا میق نأ جئاتنلا تحضوأ .عقاوملا عم نجھلا لعافتل ةبسنلاب رخأتملا
 ددع ةفصو عقاوملا ىف فاشكلاو ةللاسلا ،فاشكلل ةبسنلاب رخأتملا لوبذلا ضرمل ةمواقملا ةفص ادع امیف ،ةسوردملا تافصلا ةفاكل ةیونعملا ةیلاع وأ
 فاشكلاو ةللاسلا لعافتل ةبسنلاب زوكلا عافترإو تابنلا عافترإ تافصو عقاوملا ىف فاشكلل ةبسنلاب ریارحلا روھظ نم %50 روھظ ىتح مایلأا
 ةیوئملا ةبسنلاو زوكلا عافترإ ،تابنلا عافترإ ،ریھزتلا تافصل ةماع فلاتئإ ةردق لضفأ 10 – ةللاسلاو 7 – ةللاس نیتلالاسلا ترھظأ .عقاوملاو
 ةماع ةردق اھكلاتملإ ةیلضفأ 13 – ةللاسلا ترھظأ نیح ىف ،تابنلا ىلع زوكلا عقوم ةیلضفأو تابنلا رصقو ریكبتلا هاجت تابنلا ىلع زوكلا عقومل

 4 – ةللاس( نجھ ىنامث تلكتمإ اضیأ .رخأتملا لوبذلا ضرمل ةمواقملا بناج ىلإ بدرلأاب نادفلا لوصحمو تابنلا لوصحم تافصل فلاتئلإا ىلع
x 5 – ةللاس( ، )2 – ةللاس x 7 – ةللاس( ، )2 – ةللاس x 8 – ةللاس( ، )1 – ةللاس x 10 – ةللاس( ، )1 – ةللاس x 12 – ةللاس( ، )3 – ةللاس 
x 13 – ةللاس( ، )3 – ةللاس x 13 – ةللاس( ، )1 – ةللاس x نادفلا لوصحمو تابنلا لوصحم تافصل فلأتلا ىلع ةصاخ ةردق ، )2 – ةللاس 
 رشع ةثلاثلا میسقت مت ھنأ ىلإ جئاتنلا تحضوأ .تافصلا هذھ نیسحتل ةیماشلا ةرذلا ثوحبل يموقلا جمانربلا يف نجھلا كلت مادختسإ نكمی اذل ، بدرلأاب

 اذھو ،تلالاس ةثلاث ةثلاثلا ةعومجملا تلمش نیح يف ،ةعومجم لكل تلالاس ةعبرأ 2-ةعومجملاو 1-ةعومجملا تلمش ،تاعومجم ةثلاث ىلإ ةللاس
 كلت مادختسا ةیناكمإب ةیصوتلا نكمی ھیلعً اءانبو ،تاعومجم ثلاث ىلإ ةللاس رشع ةثلاثلا میسقت ىلع ةرداق ریغ تناك ةقیرطلا هذھ نأ ىلإ حضوی
 للاخ نم ةیلاع ةیجاتنإ ةردق تاذ حبصتل نجھلا نیسحتل ةصرفلا ىبرملا ءاطعإ مث نمو ةدیج ءابأ باختنلإ ةیماشلا ةرذلا ةیبرت جمانرب ىف تلالاسلا
 .ةفلتخم ةینیجھ تاعومجمل ةعبات ىرخا تلالاس عم ةینیجھلا تاعومجملا كلتل ةعباتلا تلالاسلا نیجھت

 ةینیجھلا تاعومجملا ،رخأتملا لوبذلا ضرمل ةمواقملا ،ةصاخلاو ةماعلا ةیفلاتئلاا ةردقلا ،فاشكلا x ةْللاسلا ،ةللاسلا ،ةرذلا :ةیحاتفملا تاملكلا

 


