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ABSTRACT 
 

This study aimed to investigate the type of gene action and the relative 
amount of genetic variance components as well as their interaction by locations using 
eight Egyptian cotton varieties. These varieties were: Ashmouni (Giza-19), Giza-70, 
Giza-45, Giza-85, Giza-86 , Giza- 89 (P6), American-Egyptian; Pima-S6 and Creamy 
type of [Bahteem 105 x Giza-67] x [Giza-72 x Delsero]. These varieties and their 15 F1 
hybrids, which produced using 3 x 5 factorial mating designed were evaluated at two 
different locations for some earliness and morphological characters. The obtained 
results could be summarized in the following: 

 The mean squares of genotypes were highly significant for all studied 
earliness and vegetative traits which included first fruiting node, days to first flower, 
days to first opening boll, earliness index, number of fruiting branches per plant and 
plant height. Also, the locations and genotypes by location interaction mean square 
were highly significant for these traits. These results indicated the presence of real 
differences between these genotypes for these traits and gave also different 
performances at the different environmental conditions. 
The results showed that the means of F1 hybrids were decreased towards earliness 
over their mid-parents with respect to first fruiting node, days to first flower and days 
to first opining boll. Thus, negative heterosis values  over mid-parents were observed 
for these traits.  

The results revealed that additive effects play a major role in the expression 
of studied traits, while dominance effects had a minor role. Genetic parameters by 
location interactions also revealed that the magnitude of non-additive by locations 

interaction (2
DL) were positive and larger in magnitude than their corresponding 

values of additive by locations interaction  (2
AL) for all studied earliness and 

vegetative traits except for first fruiting node. These results suggested that additive 
effects were more stable over the environments than non-additive effects with respect 
to most of  studied earliness and vegetative traits. The importance of additive genetic 

variance  (2
A) over the dominance genetic variance  (2

D) was verified once again by 
the dominance degree ratio, which was less than one for first fruiting node, number of 
fruiting branches per plant and plant height or equal zero for days to first flower, days 
to first opening boll and earliness index.  

It could be concluded that the investigated traits are mainly controlled by 
additive genetic variance, while non-additive and its interactions with epigenetic 
factors play a minor role in the inheritance of these traits. Thus, the selection program 
could be a proper tool to produce earlier genotypes. 
 

INTRODUCTION 
 

Although Egyptian cotton is famous for its advantage as  extra fine 
long staple cotton varieties, earliness in cotton is needed to harvest the crop 
during periods of more favorable weather. It also help in reducing water 
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requirements, escaping from diseases and insects injury. On the other hand, 
genotypes by environment interactions usually hamper selection of such 
genotype, due to the failure of genotype to show the same characteristics in 
different environmental conditions. Since, environmental factors are usually in 
continuous state of changing, the partitioning of genotypes and their 
interaction with environment variances to its components in plant breeding is 
a matter of major importance. In this respect, some investigators studied the 
nature of gene action for earliness in cotton, among them Kosba et al (1991), 
Al-Kaddoussi and Eissa (1994), Gomaa and Shaheen (1995) Kosba et al 
(1999). They indicated that both additive and non additive gene action were 
important in the expression of days to first flower, first fruiting  node  and 
earliness index traits. They also revealed that additive genetic variance was 
predominated over dominance genetic variance in the inheritance of these 
traits. In addition, El-Helw (1990) and Hendawy (1994-a) found that the GCA 
as well as SCA variances and their interaction with environments were highly 
significant for plant height and number of fruiting branches per plant. 
Although, additive genetic variance plays a major role in the inheritance of 
plant height, non additive genetic variance was predominated in the case of 
number of fruiting branches per plant. 

Therefore, this investigation aimed to determine the genetic variance 
components and their interactions with two different environments for 
earliness and some morphological traits. 
 

MATERIALS AND METHODS 
 

This investigation was carried out at two different locations during two 
successive seasons. These locations were: Sakha Experimental Station at  
Kafer El-Sheikh and El-Serw Experimental Station at Domitta. The genetic 
material used in the present investigation included eight cotton varieties 
belonging to Gossypium barbadense L. These varieties were Ashmouni; 
Giza-19 (P1), Giza-70 (P2), Giza-45(P3), Giza-85 (P4), Giza-86 (P5), Giza- 
89 (P6), American-Egyptian; Pima-S6 (P7) and Creamy type of [Bahteem 105 
x Giza-67] x [Giza-72 x Delsero] (P8). The seeds of these varieties were 
obtained from Cotton Breedig Section, Cotton Research Institute, Agriculture 
Research Center, Giza, Egypt. In the growing season of 1998, selfed seeds 
of these parental varieties were sown at Sakha Agriculture Station and single 
crosses between the eight parents were made according to Factorial Mating 
Design. In this respect, the three varieties (Ashmouni; Giza-19, Giza-70 and 
Giza-45) were used as male parents. Whereas, Giza-85, Giza 86, Giza-89, 
Pima-S6 and Creamy type were used as female parents in order to obtain 15 
F1 hybrids. In the second growing season of 1999, eight parental varieties 
and their 15 F1 hybrids were evaluated in a field trial experiments at Sakha 
and El-Serw Experimental Stations in a randomized complete blocks design 
with four replications at each location. Each block was consisted of 23 plots. 
Each plot was represented by one row 4 m. long and 60 cm. wide. Hills were 
20 cm apart to insure 20 hills per row. At the seedling stage, hills were 
thinned to keep a constant stand of two plants per hill. Land preparation, 
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fertilizer applications and other culture practices were applied in at the  proper 
time as recommended for cotton crop. 

Data were recorded on ten guarded randomly chosen plants per plot 
for all entries at each location on the following traits: First fruiting node (FFN), 
days to first flower (DFF), days to first opening boll (DFOB), earliness index  
(EI), number of fruiting branches per plant (NFB/P) and plant height (PH).  
 From the data combined over both locations, the combined analyses of 
variances were conducted for all studied traits as outlined by Singh and 
Chaudhary (1979). The mean squares of genotypes, locations and genotypes 
by locations interaction for studied traits were tested for significance 
according to the regular “F” test. 

The amount of heterosis was determined as the percentage deviation 
of the F1 hybrids over the average of the mid-parents (M.P) or above the 
better-parent (B.P). To detect significance of heterosis, differences were 
measured by the least significant difference values (L.S.D) at 0.05 and 0.01 
levels of probability as suggested by Steel and Torrie (1960).  
An analysis of variance utilizing the F1 hybrids was mad according to the 
analysis of variance of 3 x 5 factorial mating design as outlined by Comstock 
and Robinson (1952) and defined as design II, with a modification for 
combined data over both locations. The form of the analysis and the 
expectation of mean squares are presented in Table 1. Then, the estimates 
of the different variance components were calculated for each studied trait. 
Subsequently, these estimates could be expressed in terms of covariance 
among the two types of relatives in a factorial mating design according to 
Cockerham (1963). General combining ability variance is equivalent to the 
covariance among half sibs (HS), and specific combining ability variance is 
equivalent to the covariance among full sibs (FS) minus twice the covariance 
of half sibs. 
Since, the covariance of half sibs (HS) estimates: 
 
 

 ن الاصلم                
 
 
 
 
 
 
the covariance of full sibs (FS) estimates: 
 

 ن الاصلم              
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Where, if the inbreeding coefficient of the paternal  (Fm) and maternal (Ff) 
lines assumed to having the same inbreeding coefficient equal to one. 
Therefore, the genetic parameters could be estimated as following: 

22
m = 2 CovHS(m) = VA + 

2

1
 VAA +  …;  22

f = 2 CovHS(f) = VA +  
2

1
 VAA + 

… 

2
m + 2

f  = CovHS(m) + CovHS(f) = VA + 
2

1
 VAA + ……..  

2
mf = CovFS -   [CovHS(m) + CovHS(f)] = VD + VAD + VDD +  ………. 

 
Table 1: Form of the analysis of variance and expectation of mean 

squares of a factorial mating design from the data 
combined over locations 

S.O.V Df MS EMS 

Locations (Loc) L – 1   

Rep./Loc. L(r-1)   

Crosses mf –  1 Mc 2
e + + r2

cl + rL2
c 

Males (M) m – 1 Mm 2
e+ r2

mfl + rL2
mf + rf2

ml + rfL2
m 

Females (F) f – 1 Mf 2
e+ r2

mfl + rL2
mf+ rm2

fl + rml2
f 

M  x  F (m-1)(f-1) Mmf 2
e+ r2

mfl + rL2
mf 

Crosses x Loc. (mf-1)(L- 1) Mcl 2
e+ r2

cl 

M  x Loc. (m-1)(L-1) Mml 2
e + r2

mfl + rf2
ml 

F  x Loc. (f-1)(L-1) Mfl 2
e + r2

mfl + rm2
fl 

M x F x Loc. (m-1)(f-1)(L-1) Mmfl 2
e + r2

mfl 

Error L(r-1)(mf-1) Me 2
e 

 
  Where: 
L, r, m, f and c: are number of locations, replications, male parents, female 

parents and crosses, respectively. 2
e , 2

m , 2
f , 2

mf , 2
ml , 2

fl and 2
mfl are 

error , males, females, males x females, male x locations, female x locations 
and males x females x locations variances, respectively. 

In addition, estimates of heritabilities in both broad and narrow sense 
were caculated as follows: 
Heritaiblity in broad sense (h2

b): 

 h2
b = 

e +  +  + 

 + 
2

flm
2

fl
2

ml
2

mf
2

f
2

m
2

mf
2

f
2

m
2




 

Heritaiblity in narrow sense (h2n): 

 (h2
n) = 

e +  +  + 

 + 
2

flm
2

fl
2

ml
2

mf
2

f
2

m
2

f
2

m
2
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RESULTS AND DISCUSSION 
 

An analysis of variance of the eight parental varieties and their 15 
F1’s hybrids were made from the data combined over the two locations and 
the obtained results for studied earliness and vegetative traits are presented 
in Table 2. The mean squares of genotypes were highly significant for all 
studied earliness and vegetative traits; first fruiting node (FFN), days to first 
flower (DFF), days to first opening boll (DFOB), earliness index (EI), number 
of fruiting branches per plant (NFB/P) and plant height (PH). In addition, the 
locations and genotypes by locations interaction mean square were highly 
significant for these traits. These results indicated the presence of real 
differences between these genotypes for all earliness and vegetative traits. 
Therefore, comparison tests between genotypic means could be made. 
Furthermore, these genotypes gave different performance at different 
environments. 
 
Table 2: Combined analysis of variance and mean squares for 

earliness and vegetative traits for the parents and F1’s 
hybrids obtained from the combined data over the two 
locations. 

S.O.V. d.F. FFN  DFF DOFB EI NFB/P PH 

Locations 

Reps/lac. 

Genotypes 

Geno. X Loca. 

Error 

1 

6 

22 

22 

132 

1.800** 

0.023 

3.882** 

0.210** 

0.026 

28.883** 

0.574 

18.611** 

2.459** 

0.249 

75.546** 

0.503 

44.636** 

18.460** 

0.433 

3590.191** 

7.321 

463.740** 

137.956** 

7.438 

995.333** 

1.896 

16.626** 

4.544** 

0.285 

106036.807** 

0.484 

712.266** 

111.984** 

0.587 

** Significant at 1% level. 

    
The means of eight parents and their 15 F1 hybrids at the two 

locations of Sakha (L1), El-Serw (L2) and the combined data over two 
locations were determined for the previous traits and the results are 
presented in Table 3. The means showed that there was no specific parent, 
which was superior or inferior for all studied traits. However, the variety Giza-
89 (P6) was the earlier parent with respect to first fruiting node (FFN) at the 
two locations and from combined data over both locations. The creamy type 
[Bahteem 105 x Giza-67] x [Giza-72 x Delsero] (P8) was the earlier parent for 
days to first flower (DFF), days to first opening boll (DFOB.) and earliness 
index (EI) with the means of (71.95, 73.15 and 72.55 days), (122.33, 122.05 
and 122.19 days) and (80.05, 87.16 and 83.61days) at first, second locations 
and combined data over both locations, respectively. In contrast, the variety  
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Giza-45 (P3) was the latest parent for most of earliness traits at the two 
locations and from the combined data over both locations. Concerning 
vegetative traits the variety Giza-45 (P3) was the tallest parent at the first 
location (Sakha) and from the combined data over both locations with the 
mean of 161.50 and 137.20 c.m, respectively. Also, it was the best parent for 
number of fruiting branches per plant (NFB/P) at the first, second location and 
their combined data with the means of 24.6, 18.95 and 21.78, respectively. 
The means of the most F1’s hybrids were fluctuated between their parental 
varieties for most of earliness and vegetative traits at each location. These F1 
hybrids gave different performance over different locations. Therefore, the 
means from the combined data would present precise information concerning 
the F1 hybrids. Generally, the means showed that most of F1 hybrids 
exceeded their parents, which were involved in the hybridization in most of 
earliness and vegetative traits. It also appeared that the best F1 hybrids was 
resulted from crosses involving the best parents. Similarly, the poorest F1 
hybrid for most of earliness and vegetative traits was also resulted from 
crosses combining the inferior two parents. The earliest F1 hybrid for first 
fruiting node (FFN) was (P1 x P6) with the mean of 5.75 node. While, the 
earliest F1 hybrids for days to first flower (DFF), days to first opening boll 
(DFOB) and earliness index (EI) were (P1 x P7), (P3 x P8) and (P1 x P4), 
respectively. The tallest F1 hybrid was (P3 x P5) with the mean of 132.70 cm. 
Whereas, the shortest F1 hybrid was (P1 x P7) with the mean of 114.15 cm. 
However, the higher number of fruiting branches was observed in the F1 
hybrid (P3 x P4) with the mean of 20.18. 

The amounts of heterosis over the mid-parents (M.P) and better 
parent (B.P) for studied traits were obtained from the data at Sakha (L1) and 
El-Serw (L2) locations as well as from the combined data over them and the 
results are presented in Table 4. Regarding earliness traits, the results 
showed that the means of F1 hybrids were decreased towards earliness over 
the mid-parents (M.P) for the first fruiting node, days to first flower and days 
to first opening boll. Therefore, there were significant negative heterosis 
values over mid-parents (M.P) for first fruiting node (FFN) and days to first 
flower (DFF) at Sakha (L1) location, while it was undesirable positive and 
significant for these two traits at El-Serw (L2) location. In the case of days to 
first opening boll  (DFOB) the same trend was observed at both locations, 
which the heterosis estimates were desirable negative and highly significant 
with values of -0.492 and -1.102 at Sakha (L1) and El-Serw (L2), respectively. 
It was undesirable negative for earliness index (E.I) at both locations. 
Concerning vegetative traits the means of F1 hybrid were significantly 
exceeded their mid-parents for number of fruiting branches per plant (NFB/P) 
at the first location (L1). Thus, the amount of heterosis over mid-parents was 
highly significant  with value of (4.291). However, the results indicated the 
amount of heterosis over mid-parents was positive and highly significant at 
both location for plant height (P.H) with values of 3.17 and 2.53 at Sakha (L1) 
and El-Serw (L2), respectively. On the other hand, the calculated values of 
heterosis versus the better parent (B.P) were highly significant and not of 
economical importance for all studied earliness and vegetative traits at two 
locations and from combined data. The absence of heterosis over the better- 
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parent (B.P) was expected, since the varieties used in this investigation are 
closely related cotton varieties. These results are in agreement with many 
authors, such as El-Kilany and Mazar (1985); El-Harony (1988), Hendawy et 
al (1989), Kosba et al (1991), Gomma and Shaheen (1995), Khalil and 
Khattab (1997), Amer (1998) and Kosba et al (1999).  

Mating design were generally developed to partition genetic variance 
into its components. In factorial mating design, the total genetic variance is 
divided into males, females and males by females interaction components. 
The first two portions of variance, i.e., male  and female are an estimation of 
additive genetic variance while the latter portion males by females component 
is an estimation of non-additive genetic variance including dominance. The 
magnitudes of additive genetic variance relatively to non-additive genetic 
variances have an important implication to determine the breeding program 
which could be followed. Generally, when additive genetic variance is 
significant and higher in magnitude than those of non-additive genetic 
variance would indicate its importance in the inheritance of studied traits. 
Therefore, the breeding program should be directed to develop elite lines 
through selection from the segregation of the promising F1 hybrids. Later on, 
these new lines would be utilized in the production of superior hybrids.  

Combined analysis of variance of 3 x 5 factorial mating design from 
the combined data over both locations was made for the studied earliness 
and vegetative traits. The mean squares were obtained and the results are 
presented in Table 5. The results showed that mean squares of males and 
females were highly significant and larger in magnitude than the 
corresponding values of males by females interaction for all studied earliness 
and vegetative traits. This results indicates the predominance of additive 
genetic variance in the inheritance of these traits. Furthermore, locations, 
males by locations, females by locations and males by females by locations 
interactions mean squares were highly significant in most of traits. This 
finding cleared that the behavior of this genetic materials varied with different 
environmental conditions. 
 

Table 5: Combined analysis of variance and mean squares of 3 x 5 
factorial mating design for earliness and vegetative traits 
from the combined data over the two locations. 

 d.F. M.S. 

S.O.V.  FFN DFF DFOB EI NFB/P PH 

Locations (L) 1 0.507** 15.123** 30.000** 2465.499** 790.533** 71282.250** 

Rep/Loca. 6 0.011 0.403 0.381 13.303 1.076** 0.486 

Crosses (C) 14 2.678** 9.118** 22.960** 341.42** 6.407** 317.862** 

  Males (M) 2 5.324** 7.706** 12.112** 462.373** 30.441** 691.246** 

  Females (F) 4 5.412** 24.773** 64.339** 802.716** 2.126** 412.802** 

  M x F 8 0.651** 1.645** 4.984** 80.536** 2.541** 177.048** 

C x L 14 0.1899** 1.777** 9.432** 141.027** 2.515 80.236** 

  M x L 2 0.462** 0.647* 6.357** 136.357** 0.421 2.032 

  F x L 4 0.247** 2.300** 11.211** 183.140** 3.723** 145.493** 

  M x F x L 8 0.093** 1.798** 9.312** 121.138** 2.435** 67.159** 

Error  84 0.029 0.171 0.458 10.129 0.289 0.706 

* Significant at 5% level ** Significant at 1% level. 
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To understand the nature of gene action, the estimates of genetic 
parameters were calculated from the combined data over both locations. The 
obtained results are shown in Table 6. Calculation of genetic parameters from 
combined analysis over both locations would present more accurate results 
after the elimination of the confounded effects on genetic parameters by 
location interactions. The results showed that the additive genetic variance  

(2
A) were positive and larger in magnitude than those of non-additive genetic 

variance for all studied earliness and vegetative traits. Furthermore, non-

additive genetic variance  (2
D) was negative in cases of days to first flower 

(DFF), days to first opening boll (DFOB) and earliness index (EI), which 
considered equal zero. These results indicated that additive effects play a 
major role in the expression of these traits, while dominance effects had a 
minor role, especially, in the cases of  first fruiting node (FFN), number of 
fruiting branches per plant (NFB/P) and plant height (PH). In addition, this 
finding may explain the absence of heterosis in most of these traits, 
especially over better parent. Genetic parameters by locations interactions 
also revealed that the magnitude of non-additive by locations interaction 

(2
DL) were positive and larger than the corresponding values of additive by 

locations interaction  (2
AL) for all earliness and vegetative traits except for 

first fruiting node (FFN). These results suggests the additive effects are more 
stable over the environments than non-additive effects with respect to all 
studied earliness and vegetative traits except first fruiting node (FFN). 
 
Table 6:Estimation of genetic parameters and their standard error from 

the combined data over both locations for earliness and 
vegetative traits. 

Genetic parameters FFN DFF DFOB EI NF B/P pH 

2M + S.E. 
0.147 

±0.0947 
0.204 
±0.139 

0.1205 
±0.264 

8.250 
±8.675 

0.897 
±0.539 

19.09 
±12.40 

2F + S.E. 
0.199 
±0.131 

0.984 
±0.0600 

2.361 
±1.582 

25.181 
±19.98 

0.0173 
±0.122 

13.851 
±11.106 

2A = 2  M + 2  F 0.346 1.188 2.480 33.431 0.910 32.941 

2D = 2 M.F 
+ S.E. 

0.069 
±0.0367 

0.00 
±0.136 

0.00 
±0.590 

0.00 
±8.138 

0.0133 
±0.196 

13.736 
±10.593 

2
AL 0.031 0.0418 0.158 5.926 0.107 6.528 

2
DL 0.016 0.406 2.213 27.752 0.536 16.613 

2e 0.00725 0.042 0.1145 2.532 0.0722 0.176 

D.d = 




2

2

D

A
 0.446 0.00 0.00 0.00 0.121 0.645 

h2 b % 
+ S.E 

88.42 
±1.372 

70.84 
±0.649 

49.845 
±0.368 

48.00 
±0.083 

59.31 
±0.546 

69.94 
±0.1023 

(h2
n) % 

+ S.E. 
73.71 
±1.250 

70.84 
±0.649 

49.84 
±0.368 

48.00 
±0.083 

51.74 
±0.542 

49.35 
±0.0859 
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The estimated value of heritability also confirmed the previously 
mentioned results. Broad sense heritability  (h2

b) estimates were close or 
equal to narrow sense heritability  (h2

n) for all studied earliness and 
vegetative traits. These results were obtained because some traits showed 

negative estimates of dominance effects  (2
D), which represented by zero. 

The highest narrow sense heritability estimates were observed in the cases 
of first fruiting node and days to first flower with values of 73.71% and 
70.84%, respectively. Other traits showed low estimates of heritability either 
in broad or in narrow sense. It should be indicated that these traits were 
highly influenced by ecological conditions. Therefore, the low estimates of 
heritability in narrow sense were ranged from 48% to 51.74% for earliness 
index (EI) and number of fruiting branches per plant (NFB/P), respectively. 

 The importance of additive genetic variance  (2
A) over the 

dominance genetic variance  (2
D) was verified once again by the dominance 

degree ratio (D.d), which was less than one for first fruiting node (FFN), 
number of fruiting branches per plant (NFB/P) and plant height (PH) or equal 
zero for days to first flower (DFF), days to first opening boll (DFOB.) and 
earliness index. These results were in accordance with Zaitoon et al(1982), 
Rady and Gomma (1983), Kosba et al (1991), Tomar and Singh (1992), 
Hendawy (1994-b), Gomma and Shaheen (1995), Khalil and Khattab (1997), 
Hassan and Awaad (1997), El-Feki et al (1998) and Kosba et al (1999). 
Depending on the above results, it could be concluded that the investigated 
traits are mainly controlled by additive genetic variance, while non-additive 
and its interactions with epigenetic factors play a minor role in the inheritance 
of these traits. Thus, the selection program is a proper to produce superior 
genotypes with respect to earliness and vegetative traits.  
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ية فى القطن تحت الظروف البيئيةة الفعل الجينى للتبكير وبعض الصفات المورفولوج
 المختلفة

 ى* زكريا محمد الديسـط  على ماهر محمد العـدل*، ممدوح محمد عبد المقصـود*، 
 و محمد عبد الفتاح أبو اليزيد**

 جامعة المنصورة . –كلية الزراعة  -قسم الوراثة   * 
 مركز البحوث الزراعية . –** معهد بحوث القطن 

 
ع ىتن ادراوذراسذ  هدذ ا ادذع مةراذ  اداةذل ادوتقذع  هكسذتن  لذل مذن ادهاذىتن ادذ را ع  ادهاذهذه  اد               

ت اةض ادصاى دله اخل اتن ادهرالتب اد را ت   ادظر ا اداتئت  ادع مل قىه  دمةظن ادصاىت ادمهةلك  اىدهالتر 
 حتز  – 70وتز   –( 19ادخضرت   هدك اإسهخ ان  مىقت  أصقىا من ادكطن ادمصرى  هع الأشم قع )وتز  

 15 ادطراز ادلرتمع. هذه  الأصذقىا اىاضذىا  ادذع  6اتمى س  – 89وتز   - 86وتز   – 85وتز   – 45
ر ىت ادهالتذهوتن قىهو  اتقدمى تإسهخ ان قظىن ادهزا ج ادةىملع هن هكتمدى اع مقطكهتن مخهلاهتن علع أسذىس صذا

 من هه  اد راس  هع لمى تلع: اةض ادصاىت ادخضرت   لىقت أهن ادقهىئج ادمهحصل علتدى 
رع  مرى، مه سط مراةىت ادهرالتب اد را ت  لىقت عىدت  ادمةق ت  دلل من ادصاىت ادهىدت : أ ل عك ة هحمل ا

 ل ل قاذىت  طذع   الأتىن دظد ر أ ل زهرة، ع   الأتىن دهاهح أ ل د زة،  دتل ادهالتر، ع   الأارع اد مرت  دلذ
د را تذ  امه سذط ادمراةذىت دلذل مذن ادم ااذع  ادهذ اخل اتقدذى  اذتن ادهرالتذب ادقاىت. اىاضىا  ادع هدذك لىقذت 

 اد را تذ  ادم ر س  عىدع ادمةق ت  دده  ادصاىت ممى تشتر ادع أن هقىك إخهلااذىت مةق تذ   اذتن هذه  ادهرالتذب
 ت .اىت ادخضر أتضى هه  ادهرالتب هةطع هةاترا مخهلاى مع ادظر ا اداتئت  ادمخهلا  اتمى تهةلق اىدهالتر  ادص

، ع هل تقدذى أ ضحت ادقهىئج أتضى أن اددون لىقت أل ر هالترا مكىرق  امه سط الآاىء ادهع  خلذت اذ           
 زة.  دهدكخىص  اع حىد  أ ل عك ة هحمل ارع  مرى ، ع   الأتىن دهاهح أ ل زهرة   ع   الأتىن دهاهح أ ل د 

 لىقت اتن ا ة اددوتن سىدا .
 تقمذى اداةذلادقهىئج أن اداةل ادوتقع ادمضتا تلةب اد  ر ادرئتسع اع هةاتر هذه  ادصذاىت، ا أشىرت           

دكتن ااتم  من  ادوتقع ادستى ى ده   ر  ىق ى.  هاتن أتضى أن ه اخل ادم ااع مع اداةل ادستى ى لىن م واى  أل ر
اىهذذى مذذع الأ ذذر ادمضذذتا أل ذذر   ادمكىالذذ  مذذن ادهذذ اخل اذذتن اداةذذل ادوتقذذع ااضذذىاع  ادم ااذذع ممذذى تشذذتر ادذذع أن

 سذ . ادظر ا اداتئت  ادمخهلا  عقه مذن اداةذل ادوتقذع ادسذتى ى اذع صذاىت ادهالتذر  ادصذاىت ادخضذرت  ادم ر
دصذحتح اذع ا أملن هألت  هه  ادحكتك  اهك تر اتن  رو  ادستى ة دلصاىت ادمخهلاذ   ادهذع لىقذت أاذل مذن اد احذ  

ىدذ  عذ   حمرت  دلل قاىت   ط ل ادقاىت اتقمى لىقت مسى ت  دلصذار اذع حىد  أ ل عك ة  مرت ، ع   ألأارع اد 
ل همتذ  اداةذأالأتىن دهاهح أ ل زهرة  ع   الأتىن دهاهح أ ل د زة اىاضىا  ادذع صذا  مةىمذل ادهالتذر ممذى ت لذ  

 ادمضتا عن اداةل ادستى ى اع هه  ادصاىت.
ادوتقتذ   أن هه  ادصذاىت محل مذ  رئتسذتىاىدة امل  من هه  ادقهىئج ادهع ساق ااشىرة إدتدى تملن أن قسهخلص

  ر   تلةذب ادذهات الأ ر ادمضتا اتقمى ادة امل هات الأ ر ادوتقع ادستى ى  اده اخل اتقذه  اذتن ادة امذل اداتئتذ
  أل ذر اد ىق ى اع ه رتث م ل هه  ادصاىت،  دهدك تل ن ارقىمج ااقهخىب ه  ادماضل اقهذىج هرالتذب  را تذ

 هالترا. 
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Table 3: The mean performances of parents and F1’s hybrids generations for studied traits at 
each locations and from combined data over both locations. 

Genotypes 
FFN  DFF DOFB EI NFB/P PH 

L1 L2 Comb L1 L2 Comb L1 L2 Comb L1 L2 Comb L1 L2 Comb. L1 L2 Comb 
Ashmouni (M) (1) 
Giza (70) (M) (2) 
Giza (45) (M) (3) 
Giza (85) (F) (4) 
Giza (86) (F) (5) 
Giza (89) (F) (6) 
Pima S6 (F) (7) 
Cr. Ty. (Baht. 105 x G.67) x  
(G.72 x Dels.) (F) (8) 

6.35 
6.50 
8.50 
5.97 
7.20 
5.47 
6.13 
6.20 

6.100 
6.48 
7.80 
5.55 
7.40 
5.36 
5.80 
5.38 

6.23 
6.94 
8.15 
5.76 
7.30 
5.43 
5.96 
5.79 

73.95 
75.53 
77.70 
74.00 
76.45 
75.33 
72.68 
71.95 

75.38 
76.55 
78.70 
73.55 
79.90 
73.90 
74.03 
73.15 

74.66 
76.04 
78.20 
73.78 
78.18 
74.62 
73.35 
72.55 

125.15 
124.70 
126.45 
124.95 
127.53 
126.28 
124.48 
122.33 

125.70 
126.30 
136.00 
123.25 
134.80 
123.65 
124.37 
122.05 

125.43 
125.50 
131.23 
124.10 
131.16 
124.96 
124.43 
122.19 

59.21 
53.52 
52.07 
64.66 
54.41 
70.84 
80.71 
80.05 

66.89 
80.93 
57.61 
73.56 
63.10 
76.53 
77.04 
87.16 

63.05 
67.22 
54.84 
69.11 
58.75 
73.69 
78.88 
83.61 

20.73 
21.65 
24.60 
20.20 
18.78 
20.35 
13.85 
20.50 

17.05 
15.90 
18.95 
17.00 
16.05 
16.35 
13.60 
15.75 

18.89 
18.78 
21.78 
18.60 
17.541 
18.35 
13.73 
18.13 

151.30 
144.75 
161.50 
130.65 
149.45 
142.25 
119.85 
147.05 

106.7 
88.0 

112.90 
99.75 
114.90 
94.60 
64.50 
92.3 

129.03 
116.38 
137.20 
115.20 
132.18 
118.43 
92.18 
119.68 

 1 x 4 
 1 x 5 
 1 x 6 
F1 1 x 7 

 1 x 8 
 2 x 4 
 2 x 5 
 2 x 6 
 2 x 7 
 2 x 8 
 3 x 4 
 3 x 5 
 3 x 6 
 3 x 7 
 3 x 8 

6.43 
6.73 
5.98 
6.13 
6.10 
6.13 
7.13 
6.03 
6.10 
6.00 
6.90 
7.98 
6.13 
7.18 
6.20 

6.03 
6.10 
5.53 
6.30 
5.68 
6.08 
7.10 
6.03 
6.48 
6.13 
6.35 
7.88 
5.90 
7.10 
6.50 

6.23 
9.41 
5.75 
6.21 
5.89 
6.10 
7.11 
6.03 
6.29 
6.06 
6.63 
7.93 
6.01 
7.14 
6.35 

73.08 
74.38 
75.00 
73.15 
72.70 
73.93 
75.88 
75.43 
73.60 
72.60 
74.38 
75.45 
74.80 
72.85 
72.63 

73.30 
76.68 
74.15 
72.63 
73.93 
76.35 
76.10 
75.20 
74.80 
73.88 
75.40 
75.60 
75.00 
73.85 
73.63 

73.19 
75.53 
74.58 
72.89 
73.32 
75.14 
75.99 
75.31 
74.20 
73.24 
74.89 
75.53 
74.90 
73.35 
73.13 

124.00 
124.90 
127.10 
122.75 
123.20 
124.03 
128.55 
127.78 
124.18 
123.55 
124.20 
124.45 
124.00 
123.25 
123.30 

125.05 
130.50 
125.70 
125.15 
123.00 
128.15 
128.60 
125.45 
123.68 
122.60 
125.05 
126.25 
126.85 
125.45 
122.75 

124.53 
127.70 
126.40 
123.95 
123.10 
126.09 
128.58 
126.61 
123.93 
123.08 
124.63 
125.35 
125.43 
124.35 
123.03 

71.98 
65.83 
62.18 
59.81 
71.02 
66.69 
51.52 
57.02 
65.88 
66.06 
58.11 
59.01 
62.74 
63.80 
67.91 

83.54 
61.54 
79.23 
69.88 
82.43 
81.07 
89.73 
63.88 
52.75 
76.39 
80.55 
69.89 
69.98 
73.57 
81.13 

77.76 
63.69 
70.70 
64.84 
76.72 
73.89 
55.62 
60.45 
59.32 
71.22 
69.33 
64.45 
66.36 
68.69 
74.52 

21.05 
20.40 
20.50 
20.75 
20.58 
21.30 
20.40 
19.95 
20.10 
19.75 
23.55 
20.15 
21.70 
21.30 
22.65 

14.90 
15.70 
17.60 
15.05 
15.23 
14.90 
14.75 
14.60 
14.70 
15.75 
16.80 
17.15 
15.90 
16.55 
17.55 

17.97 
18.05 
19.05 
17.90 
17.90 
18.10 
17.58 
17.28 
17.40 
17.75 
20.18 
18.65 
18.80 
18.93 
20.10 

145.60 
149.40 
152.63 
143.10 
153.05 
134.55 
142.35 
146.65 
147.45 
146.00 
149.60 
151.95 
155.25 
143.55 
157.45 

101.00 
102.15 
104.65 
85.20 
104.5 
95.7 
93.5 
105.4 
94.8 
84.6 
100.8 
113.5 
104.3 
91.40 
105.8 

123.30 
125.78 
128.64 
114.15 
128.78 
115.13 
117.95 
126.03 
121.13 
115.33 
125.20 
132.70 
129.78 
117.48 
131.65 

 L.S.D. 0.05 
 0.01 

0.066 
0.088 

0.074 
0.099 

0.225 
0.298 

0.241 
0.321 

0.192 
0.256 

0.641 
0.914 

0.283 
0.376 

0.297 
0.395 

0.923 
1.220 

0.499 
0.655 

1.60 
2.145 

1.194 
1.588 

0.261 
0.348 

0.202 
0.268 

0.796 
1.053 

0.397 
0.528 

0.259 
0.345 

1.065 
1.408 
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Table 4: Amount of heterosis (H%) versus mid-parents (M.P) and better parent (B.P.) for earliness and vegetative 
traits at each location and from the combined data over both locations. 

Traits FFN  DFF DFOB EI NFB/P pH 

Locations  L1 L2 Comb. L1 L2 Comb. L1 L2 Comb. L1 L2 Comb. L1 L2 Comb. L1 L2 Comb. 

M.P. 

B.P. 

F1 

6.541 

5.475 

6.473 

6.24 

5.38 

6.34 

6.387 

5.425 

6.408 

74.697 

71.950 

73.988 

75.64 

73.15 

74.69 

75.170 

72.550 

74.343 

125.23 

122.33 

124.62 

127.02 

122.05 

125.62 

126.13 

122.19 

125.12 

64.43 

80.71 

63.31 

72.85 

87.16 

72.37 

68.642 

83.602 

67.836 

20.08 

24.60 

20.94 

16.33 

18.95 

15.81 

18.193 

21.775 

18.375 

143.35 

161.50 

147.90 

96.72 

114.90 

99.16 

120.031 

137.20 

123.532 

H% (M.P) 

H% (B.P) 

-1.039* 

18.228** 

1.748** 

18.009** 

0.328 

18.110** 

-0.949** 

2.833** 

1.322** 

2.105** 

-1.100* 

2.471** 

-0.492** 

1.872** 

-1.102** 

2.920** 

-0.800* 

2.395** 

-1.74** 

-21.57** 

-0.659 

-16.96** 

-1.173 

-18.857** 

4.291** 

-14.87** 

-3.202** 

-16.58** 

1.000 

-15.614** 

3.177** 

-8.417** 

2.531** 

-13.69** 

2.916** 

-9.962** 

L.S.D.0.01 

        0.05 

0.06 

0.088 

0.0745 

0.0992 

0.225 

0.298 

0.241 

0.321 

0.192 

0.256 

0.691 

0.914 

0.283 

0.376 

0.292 

0.395 

0.923 

1.220 

0.499 

0.665 

1.60 

2.45 

1.194 

1.588 

0.261 

0.348 

0.202 

0.268 

0.796 

1.052 

0.397 

0.528 

0.259 

0.345 

1.065 

1.408 

* Significant at 0.05 level. ** Significant   at 0.01 level.  
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