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ABSTRACT 

 

The present investigation was carried out to study the effects of irradiation by using gamma ray with dose 10 kr on the mean 

performance and variation as well as the heterosis, potence ratio, inbreeding depression and heritability for the cross between two parents 

Giza 92 and Giza 93 where either both the parents were treated by irradiation or one parent with addition the cross between two 

untreated parents was used as control. To obtain the M1, M2 and M3 with addition F1 and F2 the trials were conducted during 2015, 2016 

and 2017 seasons at Sakha Station. The results indicated that the treatment with irradiation decreased the mean performance for yield and 

its component traits and increased the variability traits. Moreover the crossing between both treated parent or one treated parent increased 

variability for yield and its component comparing with the crossing alone. Positive coefficient of skewness were found for seed and lint 

cotton yield, boll weight and lint percentage while negative coefficient of skewness for fiber quality, moment coefficient of kurtosis were 

less than 3 for all traits in M1, M2 and M3 for most of populations. The results of skewness curves suggested that Giza 93 irradiation and 

its crosses had response to selection for seed and lint cotton yield. The effect of irradiation for heterosis, inbreeding depression and 

heritability for seed and lint cotton yield and lint percentage were higher than the effects of boll weight and quality fiber. 
 

INTRODUCTION 
 

Useful variability is an essential demand for plant 

breeder to practice effective selection that leads to crop 

improvement. Among used the different breeding methods 

used, hybridization and mutation induction have been used 

as an important tools to increase existing variability and to 

create additional variability for qualitative and quantitative 

traits in cotton. Hybridization is a mean of reorganizing 

genes from the parents involved in the cross in a new genetic 

matrix. Moreover, the contents of the chromosomes may 

change due to genetic recombination (Fasoulas, 1988). Most 

of the Egyptian cotton varieties were produced by using 

various forms of the pedigree-selection method following 

hybridization with the aim of combining characters from two 

or more parents into a single line or lines. Inducing 

mutations have been successfully used in field crops to 

create genetic and phenotypic variations not previously 

observed. Incorporating the induced mutations into breeding 

programs may improve targeted traits more rapidly than 

traditional breeding techniques (Herring et al., 2004 and 

Lowery et al., 2007).   

Much work have been done on the Egyptian cotton 

using gamma (γ) rays as a tool combined with hybridization 

to induce genetic variability in the genetic pool and to create 

useful mutations could be used in the breeding programs. 

Results of these studies proved that γ rays shifted means 

away from those of the control for cotton cultivars and their 

hybrids and significantly increased the phenotypic and 

genotypic variations (Okaz,1978; El-Gharbawi et al., 1984; 

Raafat and Haikal, 1986 and Raafat, 1995). 

In addition, many recent studies on the Egyptian 

cotton indicated the effectiveness of both hybridization and 

mutagen treatment each alone in inducing genetic variability 

in the studied materials with respect of the measured traits, 

moreover, treating cotton cultivars with mutagenic agents 

alone or followed by hybridization between the treated 

cultivars proved to be more effective in inducing variability 

in the different attributes as compared to hybridization alone 

(Amer, 2004; Orabi, 2008 and Amer et al., 2016).   

The main objective of this study was to investigate 

effectiveness of irradiation to induce variability as well as 

the effect of heterosis, inbreeding depression, potence ratio 

and heritability by two recommended tools in this respect 

which are hybridization and mutagenic agents either one 

parent or both parents and combined with the other tool.  

MATERIALS AND METHODS 
 

The present study was conducted through three 

successful seasons (2015 - 2017) at Sakha Experimental 

Farm, A.R.C, Kafr El-Sheikh Governorate, Egypt. The 

materials used in this study comprised two Egyptian cotton 

varieties (Giza 92 and Giza 93) belonging to Gossypium 

barbadense L. Selfed seeds of both varieties were obtained 

by Cotton Breeding Department, Cotton Resarch Institute, 

Agric. Res. Center (A.R.C), Giza, Egypt. 

Pure seeds of both varieties were divided into two 

parts the first part was untreated and used as control while 

the second part was irradiated by 10 kr. dose of gamma (γ) 

rays at the rate of 2.96 rad/second emitted from cobalt-60 

(Co60) gamma cell 3500 source which is located at the 

Middle Eastern Regional Radioisotopes Center for the Arab 

Countries, Dokki, Giza, Egypt. The irradiated parts were 

divided to two parts the first part was sown as following  

The first season (2015):  

Population 1: Giza 92 irradiated seeds that produced 

treated plants represented the female parent and at 

flowering time pollinated by Giza 93 treated plants to 

produce F1M2 seeds of hybrid 1. 

Population 2: Giza 92 untreated seeds that produced 

untreated plants represented the female parent and at 

flowering time pollinated by Giza 93 treated plants to 

produce F1M2 seeds of hybrid 2. 

Population 3: Giza 92 irradiated seeds that produced 

treated plants represented the female parent and at 

flowering time pollinated by Giza 93 untreated plants to 

produce F1M2 seeds of hybrid 3. 

Population 4: Giza 92 untreated seeds that produced 

plants represented the female parent and at flowering time 

pollinated by Giza 93 untreated plants to produce F1 seeds 

of hybrid 4 (Control hybrid seeds). 

The second Season (2016):- 

The hybrid seeds were divided to two parts the first 

were sown in second season to obtain M3 for crosses 1, 2, 3 

as well as F2 of cross 4 

The third Season (2017):- 

The all seeds of 12 population (P1 treated (M1), P2 

treated (M2), P1 untreated, P2 untreated as well as and F1 

(M2), F2 (M3), F1 and F2 of four crosses) were sown in third 

season. Populations were distributed in a randomized 

complete blocks design with three replications. Each plot 

consisted of four rows 4m long, spaced 65 cm between 
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rows and 40 cm between hills, with one plant left per hill. 

Data were recorded on 20 guarded plants for each plot for 

the studied traits and harvested as individual plants.  

All cultural practices were applied as followed in 

the ordinary cotton cultures at Sakha Experimental Farm. 

Characters studied:- 

1- Boll weight (gm), measured as average of 10 normally 

matured bolls.  

2- Seed cotton yield per plant (gm). 

3- Lint yield per plant (gm). 

4- Lint percentage, obtain by the formula: 

Lint% = 100 x (lint cotton yield per plant/ seed cotton 

yield per plant).             

5- Fiber span length (mm): it was determined by the digital 

fibrograph.                                                                                           

6- Fiber fineness: it was expressed as micronaire reading. 

7- Fiber strength: it was measured by the pressley 

instrument at zero inch gauge length and expressed as 

pressley index.   

8- Uniformity ratio (U.R): determined as follows: U.R = 

Mean length / U.H.M. 

Statistical procedures:-  

Heterosis Percent:- Heterosis is expressed as the percent 

increase in the mean of the F1 hybrid above the average of 

the two parents (M.P) or above the better parent (B.P). 

Therefore, it was measured for the studied traits in M1 and 

M2 generations from the formula:            

Heterosis from the mid-parent     

H (M.P) % = 
.PM

.PM - F1 x 100 

Heterosis from the better-parent  

H (B.P) % = 
.PB

 .PB - F1 x 100 

Potence ratio (P): Degree of dominance h1 and h2 for the 

studied characters in the F1 and F2 were calculated using 

the potence ratios according to Romero and Frey (1973) as 

follows:  

h1 = 
.PM-.PH

 .PM - F1



           h2 = 
.PM.PH

 .P)M  - (F x2 2





 

Where: P.M = mid parent value.  

               

HP = higher parent value 

Inbreeding depression percent: It enlarges the difference 

between F1 and F2 and is calculated for all the studied 

characters in the M2 using the formula: 

Inbreeding depression (I.D %) = ( 21

__

FF  / 1

__

F ) x 100 

In the M1 and M2 generations, data were statistically 

analyzed according to the regular analysis of variance of a 

factorial arrangement in a randomized complete blocks 

design as outlined by Snedecor and Cochran (1982). 

The least significant difference (L.S.D) was 

calculated to test the significance of differences between 

populations as follows: 

L.S.D = t 0.05 x Sd 
Where,  
t is the tabulated t at 5% level at the error degrees of freedom. 

Sd is the standard error calculated for each type of comparisons as 

follows: 

Heritability estimates: 

a. Heritability in broad sense (h
2
b) : 
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 (Allard, 1960) 

Where:    
VE is the environmental variance calculated as the average variance of 

P1, P2 and F1,  

V F2 is the total phenotypic variance in F2. 

Moment coefficient of skewness:     
3

2

3

)M(

M
M.C.S

 

Where:  

M3 = 

n

)x x( 3 
                 M2 = 

n

)x x( 2 
 

The values of M.C.S take each of positive, negative 

and zero values.  

5) Moment coefficient of kurtosis: 
2

2

4

)(

M
M.C.K

M
  

Where:   M2 = 

n

)x x( 2 
   M4 = 

n

)x x( 4 
                                      

Kurtosis provides a measurement about the 

extremities (i.e. tails) of the distribution of data, and 

therefore provides an indication of the presence of outliers. 

A normal distribution has kurtosis = 3 is called mesokurtic. 

Distribution with kurtosis < 3 is called platykurtic. 

Compared to a normal distribution, its tails are shorter and 

thinner, and often its central peak is lower and broader. A 

distribution with kurtosis >3 is called leptokurtic. Compared 

to a normal distribution, its tails are longer and fatter, and 

often its central peak is higher and sharper (Pearson 1905). 
 

RESULTS AND DISCUSSION 
 

The analysis of variance of 12 genotypes are results 

in Table (1), the results indicated that the mean squares of 

genotypes were significant different for all traits. The 

results suggested that the all genotypes were different. 
 

Table 1. The analysis of variance mean squares for yield and fiber properties. 

Source df 
Boll  

weight 

Seed cotton 
yield/plant 

Lint cotton 
yield/plant 

Lint 
 % 

Fiber length 
(mm) 

Micronaire 
value 

Fiber 
strength 

Uniformity 
index 

Replications 2 0.053* 389.3 72.01* 0.638 0.660 0.076* 0.037 7.854 
Genotypes 11 0.089** 6476.7** 776.02** 5.540** 1.820** 0.195** 0.274** 28.750** 
Error 22 0.014 148.45 17.56 0.07 0.426 0.019 0.080 8.419 
*,** Significant at 0.05 and 0.01 levels of probability, respectively.  
 

I. The performance and its variances: 

The mean performance for all population was shown 

in Table (2). For boll weight the results in Table (2) showed 

that the boll weight of four parents had insignificant effects 

with irradiation treatment comparing unirradiated parent. 

As well as the hybrids between the different parents 

in two generation exhibited the same trend except for two 

generation of cross [P2 x P3 cross (3)] had significant 

negative effects for boll weight comparing with its parents 

the two generation of cross between untreated parent. 

With regard the seed cotton yield, the results in 

Table (2) show that the irradiation treatment affected by 

decreasing the seed cotton yield for two parents. The effect 

of G.92 was insignificant while the effect of G.93 was 
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significant. While the M2 (F1
,
s) exhibited increasing for 

cotton seed yield comparing with the F1
,
s of P2 x P4 cross 

(4) with significant values indicated the vigor’s heterosis 

are affected with irradiation by increasing value   

For M3 (F2
,
s) of two crosses P1 x P4 cross (2) and P2 

x P3 cross (3) exhibiting insignificant effect values. The 

first F2 had insignificant increasing while the second F2 had 

insignificant decreasing while F2 of P1 x P4 cross (2) had 

significant increasing comparing with that F2 of P2 x P4 

cross (4) of control. These results were in harmony with 

those obtained by Amer et al 2016. 

Considering the lint yield, the results in Table (2) 

illustrated the parents affected with irradiation and 

exhibited significant decrease values comparing with its 

untreated parent. The M2 (F1
,
s) of three crosses of [P1 x P3 

cross (1), P1 x P4 cross (2) and P2 x P3 cross (3)] exhibited 

significant increase as comparing to the M2 (F1) of P2 x P4 

cross (4) of control. The M3 (F2
,
s) of three previous crosses 

only one  M3 (F2) of cross P1 x P4 cross (2) exhibited 

significant increase comparing by F2 of control cross , 

while the other two of M3 (F2
,
s) hybrid exhibited 

insignificant values of increase or decrease. The Table (2) 

showed that the irradiation parents had significant 

decreasing comparing with the cross between untreated 

parents. With respect the lint percentage while F1
,
s 

exhibited significant decrease comparing with F1 of cross 

control except M2 (F1) of cross P1 x P4 cross (2) exhibited 

insignificant increase., while M3 (F2
,
s) exhibited significant 

decrease value comparing with F2 of cross between 

untreated parents.  

For fiber length the results in Table (2) illustrated that 

the fiber length of parent were increased by irradiation with 

significant values of same time the M2 (F1
,
s) were increased 

for fiber length comparing the F1 (control) between untreated 

parents with significant values, on the other hand the M3 (F2) 

exhibited insignificant  increase values for comparing F2 

control cross between untreated parent.   

Considering the fiber strength the results in Table 

(2) suggested that fiber strength did not affect with 

significant values for all population with irradiation. For 

uniformity ratio the results showed the same trend of fiber 

strength. With regard the micronaire values exhibited the 

same trend with insignificant effects for all population 

except for G.93 irradiated these results suggested that the 

irradiation don’t affect for fiber quality at the dose 10 kr.  

The data in Table (2) show that the variances of 

parents for boll weight were insignificant and the effects of 

the irradiation were insignificant for M1 G.93 irradiated 

comparing with untreated parents. With regard the variance 

of M2 (F1) for boll weight the data showed that these 

variances affected with insignificant values comparing 

with F1 of control cross. On other hand the variance of F2 

had insignificant increasing comparing with the variance of 

F2 of cross between untreated parents except the M3 (F2) of 

P2 x P3 cross (3) exhibited significant affect for variance.  

For seed cotton yield/plant, lint cotton yield/plant and 

lint % the data in Table (2) show that the irradiation affected 

with significant increasing variance for G.92 comparing with 

its untreated while the variety M1 G.93 show insignificant 

effects of variance comparing its untreated. 
 

Table 2. Mean performance and variance of parents, F1, F2 generations in four crosses for all studied traits 

SOV, Genetic 

parameters 

 Boll weight Seed cotton yield/plant Lint cotton yield/plant Lint % 

 Mean Variance Mean Variance Mean Variance Mean Variance 

G. 92 treated  M1  (P1)  3.0± 0.066 0.11 148.8± 7.021 1232.35 56.0± 2.951 217.74 37.4± 0.346 2.99 
G.92 untreated     (P2)  3.0± 0.034 0.02 167.7± 4.690 461.97 64.0± 1.816 69.22 38.1± 0.104 0.23 
G. 93 treated   M1 (P3)  2.9± 0.031 0.02 107.4± 4.299 461.97 39.5± 1.664 69.22 36.8± 0.095 0.23 
G.93 untreated     (P4)  3.1± 0.051 0.07 148.5± 4.386 480.90 55.8±1.725 74.35 37.5± 0.088 0.19 

P1 x P3 

(1) 
M2 F1 3.0± 0.139 0.17 246.0± 14.01 1765.58 85.7± 5.188 242.22 34.8± 0.570 2.92 
M3 F2 2.9± 0.065 0.18 132.6± 7.995 2684.32 45.6± 2.723 311.40 34.4± 0.293 3.61 

P1 x P4 

(2) 
M2 F1 3.2± 0.082 0.04 237.1± 13.40 1077.30 83.7± 4.832 140.08 35.3± 0.775 3.60 
M3 F2 2.9± 0.054 0.12 150.7± 7.600 2426.11 52.3± 2.752 318.09 34.6± 0.323 4.38 

P2 x P3 

(3) 
M2 F1 2.8± 0.114 0.16 207.6± 23.81 6800.45 72.3± 8.303 827.26 34.8± 0.294 1.04 
M3 F2 2.7± 0.048 0.10 113.6± 8.051 2722.45 39.4± 2.920 358.17 34.4± 0.311 4.05 

P2 x P4 

(4) 
F1 3.3± 0.077 0.07 181.1± 5.574 372.80 63.7± 1.984 47.26 35.2± 0.277 0.92 
F2 3.1± 0.060 0.15 118.2± 5.841 1433.16 41.7± 2.198 203.00 35.2± 0.221 2.06 

SOV, Genetic 
parameters 

 Fiber length (mm) Micronaire value Fiber strength Uniformity index 

 Mean Variance Mean Variance Mean Variance Mean Variance 

G. 92 treated  M1  (P1)  
36.0±0.202 1.02 3.6±0.051 0.07 11.0±0.105 0.27 88.1±0.124 0.38 

G.92 untreated   (P2) 
 

34.7±0.149 0.46 3.8±0.035 0.02 11.1±0.094 0.19 88.1±0.108 0.25 
G. 93 treated   M1 (P3)  

36.3±0.136 0.46 3.5±0.032 0.02 10.9±0.086 0.19 87.8±0.099 0.25 
G.93 untreated     (P4)  

34.2±0.126 0.40 3.0±0.035 0.03 11.9±0.059 0.09 88.4±0.150 0.56 

P1 x P3 

(1) 
M2 F1 37.5±0.367 1.21 3.3±0.081 0.06 11.5±0.148 0.20 87.3±0.807 5.86 
M3 F2 36.0±0.179 1.34 3.1±0.063 0.17 11.2±0.075 0.24 87.8±0.105 0.46 

P1 x P4 

(2) 
M2 F1 36.5±0.740 3.28 3.5±0.143 0.12 11.2±0.194 0.23 88.7±0.224 0.30 
M3 F2 35.8±0.214 1.93 3.2±0.059 0.15 11.5±0.067 0.19 87.8±0.161 1.09 

P2 x P3 

(3) 
M2 F1 37.1±0.394 1.86 3.2±0.081 0.08 11.4±0.149 0.27 88.3±0.200 0.48 
M3 F2 35.5±0.236 2.34 3.1±0.039 0.06 10.8±0.324 4.40 87.2±0.202 1.71 

P2 x P4 

(4) 
F1 35.3±0.115 0.16 3.3±0.076 0.07 11.3±0.111 0.15 87.4±0.122 0.18 
F2 35.4±0.178 1.33 3.0±0.053 0.12 11.2±0.079 0.26 87.3±0.282 3.34 

 
 

With regarding the effects of irradiation on M2 F1
,s
 

and M3 F2
,s
 the data in Table (2) show signification 

variation increasing comparing with F1
,s
 and F2

,s
 cross 

between untreated of parent for seed lint yield and lint 
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percentage. These results were in harmony with those 

obtained by Amer 2004, Orabi 2008 and Amer et al., 2016. 

With respect of fiber quality, the data in Table (2) 

showed that the variance of M1 G.92 was increased 

comparing with its untreated for all traits of fiber while the 

M1 G.93 exhibited insignificant increasing for variance 

with the irradiation. 

With regarding the variance of M2 F1
,s
 for fiber 

length and uniformity ratio were increased with significant 

values comparing with F1 of control cross, While the M3 F2 

were affected with insignificant values. On other hand the 

variance of Micronaire values and Fiber strength were 

affected by irradiation by different values comparing the 

control. 

For testing the normality of variance curves of two 

generation of four crosses as well as its parents, two 

numerical measures of shape were used to give more 

precise evaluation which was skewness and kurtosis. 

Skewness measure the lock of symmetry of 

distribute on around the mean. The skewness for normal is 

zero and any symmetric data have skewness were zero. 

Negative values for skewness indicated that data are skewed 

left while positive values of skewness indicted that the data 

are skewed right. The data in Table (3) indicated that the 

curve of boll weight and lint % were normality and skewed 

to right direction for most populations while the curve of 

seed and lint cotton yields were normality except for M1 

G.93 treated and M2 F1 for P1 x P4 cross (2) as well as M3 F2 

for two crosses P1 x P3 cross (1) and P2 x P3 cross (3).  

The Curves of fiber traits were normality for most 

properties except for fiber length in G.93 untreated (P4) 

population and M2 F1 in two crosses [P1 x P4 cross (2) and 

P2 x P3 cross (3)]; for uniformity index for M2 F1 for two 

crosses [P1 x P4 cross (2) and P2 x P3 cross (3)] and M3 F2 

for cross P1 x P4 cross (2) as well as for micronaire value in 

G.93 untreated and M2F1 of P1 x P3 cross (1). 

The results of the moment of Skeweness and 

Kurtosis suggested that its tails are longer and fatter and its 

peak is higher and sharper as well as its peaks were 

skewered for right direction. Kurtosis provides 

measurements about the extremities of distribution of data 

and therefore provides an indication of presence of outliers 

normal distribution has kurtosis coefficient equal 3 (three) is 

called mesokurtic distribution with kurtosis less < 3 is called 

platy kurtic comparing with normal curve it tails are shorter 

and trimmer and often its central peak is lower and brooder 

on other hand kurtosis >3 is called leptokurtic compared to 

normal distribution, its tails are longer and fatter and often its 

control peak is higher and sharper Pearson (1905) except for 

F2 for seed and lint yields as well as G.93 treated and fiber 

strength for F2 in P2 x P3 cross (3). 

The kurtosis coefficient moments of kurtosis were 

presented in Table (4) showed that moments of kurtosis 

were less than 3 for all variances of all generation except 

untreated G.93 for variance of both weight as well M3F2 

variances of seed cotton yield/plant, lint cotton yield/plant, 

fiber length, uniformity index and fiber strength for crosses 

P1xP3 cross (1), P1xP4 cross (2), and P2 x P3 cross (3) 

respectively. So these shapes of curves were leptokurtic its 

trials are longer and falter and central peak is higher and 

sharper. These results are in partially agreements with 

those obtained by Orabi (2008).    
  

Table 3. The moment coefficient of skewness for parents, F1, F2 generations in four crosses for all studied traits 
SOV, Genetic 
parameters 

Boll  
weight 

Seed cotton 
yield/plant 

Lint cotton 
yield/plant 

Lint  
% 

Fiber  
length (mm) 

Micronaire 
value 

Fiber 
strength 

Uniformity 
index 

S.E 
skeweness 

G. 92 treated  M1  (P1) 0.126 0.357 0.425 0.509 -0.209 0.872 0.694 -0.498 0.464 
G.92 untreated     (P2) 0.141 -0.017 -0.029 -0.102 -0.139 -0.839 -0.247 0.055 0.501 
G. 93 treated   M1 (P3) -0.091 2.695* 3.097* 0.967* 0.430 -0.829 0.543 -0.860 0.464 
G.93 untreated     (P4) 0.681 0.315 0.317 0.814 1.173* 1.451* -0.086 -0.129 0.464 

P1 x P3 

(1) 
M2 F1 -0.504 1.681* 1.032 1.826 -1.461* 0.981 -0.632 -1.481 0.717 
M3 F2 0.383 2.066* 1.962* 0.444 -0.061 -0.083 0.124 0.256 0.365 

P1 x P4 

(2) 
M2 F1 0.083 1.321* -0.251* 0.019 -0.962* -1.805* 0.043 0.800* 0.083 
M3 F2 -0.578 0.297 0.226 0.662 -0.177 0.227 -0.579 -0.903* 0.365 

P2 x P3 

(3) 
M2 F1 -0.725 0.153 0.097 -0.916 -1.926* -0.844 -0.678 -1.602* 0.637 
M3 F2 0.316 0.751* 0.742* 0.189 0.472 -0.582 -3.979 -0.098 0.365 

P2 x P4 

(4) 
F1 1.170 -1.358 -0.939 0.463 0.307 -0.036 0.923 -0.674 0.637 
F2 0.645 0.325 0.630 0.231 -0.187 0.155 -0.084 -3.175 0.365 

*, Significance of difference the zero   
 

Table 4. The moment coefficient of Kurtosis for parents, F1, F2 generations in four crosses for all studied traits 

SOV, Genetic 

parameters 

Boll 

weight 

Seed cotton 

yield/plant 

Lint cotton 

yield/plant 

Lint  

% 

Fiber  

length(mm) 

Micronaire 

value 

Fiber 

strength 

Uniformity 

 index 

S.E 

kurtosis 

G.92 treated M1   (P1) -0.877 -1.594 -1.413 -1.023 -0.150 0.609 -0.755 0.032 0.902 

G.92 untreated     (P2) -0.900 -1.508 -1.601 -1.384 -1.068 -0.115 -1.411 -1.105 0.972 

G.93 treated M1  (P3) -0.578 11.602* 13.280* 0.107 -0.709 0.367 0.428 -0.084 0.902 

G.93 untreated     (P4) 3.467 -1.784 -1.844 0.047 3.005 2.374 -1.193 -0.983 0.902 

P1 x P3 

(1) 

M2 F1 -0.378 2.394* -0.740* 2.979 0.396 1.869 -0.102 0.481 1.400 

M3 F2 0.105 6.916 6.585 -0.252 -0.257 -1.184 -0.996 0.121 0.717 

P1 x P4 

(2) 

M2 F1 -2.030 2.883 1.312 -0.829 0.164 3.354 -1.788 0.148 1.741 

M3 F2 -0.036 -0.514 -0.839 0.613 0.437 0.398 0.095 0.180 0.717 

P2 x P3 

(3) 

M2 F1 0.957 -0.713 -0.874 0.756 4.883 0.848 -0.424 4.302 1.232 

M3 F2 -0.192 -0.234 -0.367 -0.563 -0.930 0.092 15.827* -1.213 0.717 

P2 x P4 

(4) 

F1 1.983 1.122 0.181 0.026 -1.074 -0.891 -0.666 0.189 1.232 

F2 0.135 0.095 0.773 0.002 -0.636 -0.678 -1.133 14.745* 0.717 
*, Significance of differe 
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II. The effect of irradiation on heterosis, inbreeding 

depression, potence ratio and heritability:  

With respect of heterosis, inbreeding depression, 

potence ratio and heritability were presented in Table (5).  

With concerning the effects of irradiation on heterosis, the 

data in Table (5) illustrated that the control cross exhibited 

significant heterosis of boll weight over mid-parent and 

better- parent , while the other crosses exhibited 

insignificant heterosis except the P2 x P3 cross (3) that 

exhibited negative significant heterosis relative to better 

parent. With regard the seed and lint cotton yields Table 

(5) showed that the all crosses between P1 x P3 cross (1), P1 

x P4 cross (2) and P2 x P3 cross (3) exhibited highly 

significant heterotic effects; while the control P2 x P4 cross 

(4) exhibited significant value of heterotic effect. For lint 

percentage, the data showed that all crosses exhibited 

negative highly significant. Also the effects of irradiation 

were not obvious illustrated for heterosis of lint percentage.  

With concerning fiber quality, the effect of 

irradiation on its heterosis were not significant except for 

fiber length in crosses between treated parents which 

exhibited significant heterosis over mid-parent, while the 

cross between untreated parents exhibited insignificant 

heterosis, as well as negative significant heterosis for 

micronaire value which were exhibited by the cross P1 x P3 

(1) and P2 x P3 cross (3) over mid- parent and better- 

parent. With regard to fiber strength only cross P1 x P3 

cross (1) exhibited significant heterosis over mid-parent 

and P1 x P4 cross (2) exhibited negative significant 

heterosis over better- parent. 
 

Table 5. The heterosis over the mid parents (M.P), better-parent (B.P), Inbreeding depression (I.D), potence ratio 

and heritability (h
2
b %) for yield and fiber characters. 

Characters 
 
Genotypes 

Boll weight Seed cotton yield/plant 

Heterosis potence ratio 
I.D h2b % 

Heterosis potence ratio 
I.D h2b % 

M.P B.P F1 F2 M.P B.P F1 F2 
P1 x  P3 (1) 1.69 0.00 1.00 -2.00 3.33 41.52 92.04** 65.32** 5.70 0.43 46.10** 57.04 
P1 x  P4 (2) 4.92 3.23 3.00 -3.00 9.38** 41.37 59.50** 59.34** 589.67 13.67 36.44** 61.66 
P2 x  P3 (3) -5.08 -6.67* -3.00 -5.00 3.57 30.49 50.93** 23.79** 2.32 -0.79 45.28** 5.42 
P2 x  P4 (4) 8.20* 6.45* 5.00 1.00 6.06* 64.92 14.55* 7.99 2.40 -4.16 34.73** 69.40 
LSD 0.05 0.17 0.20 

  
0.20 

 
17.83 20.59 

  
20.59 

 
LSD 0.01 0.24 0.27 

  
0.27 

 
24.30 28.05 

  
28.05 

 
Characters 
 
Genotypes 

Lint cotton yield/plant Lint % 
Heterosis potence ratio 

I.D h2b % 
Heterosis potence ratio 

I.D h2b % 
M.P B.P F1 F2 M.P B.P F1 F2 

P1 x  P3 (1) 79.48** 53.0** 4.60 -0.52 46.8** 43.35 -6.20** -6.95** -7.67 -18.00 1.15 43.41 
P1 x  P4 (2) 49.73** 49.6** 278.00 -36.0 37.5** 54.71 -5.74** -5.87** -43.00 -57.00 1.98* 48.38 
P2 x  P3 (3) 39.71** 12.97** 1.68 -1.01 45.5** 10.13 -7.08** -8.66** -4.08 -4.69 1.15 87.74 
P2 x  P4 (4) 6.34* -0.47 0.93 -4.44 34.5** 68.67 -6.88** -7.61** -8.67 -8.67 0.00 78.31 
LSD 0.05 6.13 7.08   7.08 

 
0.39 0.45   0.45 

 
LSD 0.01 8.36 9.65   9.65 

 
0.53 0.61   0.61 

 
Characters 
 
Genotypes 

Fiber length (mm) Micronaire value 
Heterosis potence ratio 

I.D h2b % 
Heterosis potence ratio 

I.D h2b % 
M.P B.P F1 F2 M.P B.P F1 F2 

P1 x  P3 (1) 3.73** 3.31** 9.00 -2.00 4.00* 33.22 -7.04* -5.71 5.00 18.00 6.06 70.12 
P1 x  P4 (2) 3.99** 1.39 1.56 0.78 1.92 18.71 6.06 16.67 -0.67 0.33 8.57* 50.01 
P2 x  P3 (3) 4.51** 2.20 2.00 0.00 4.31* 60.37 -12.33** -8.57* 3.00 3.67 3.13 33.42 
P2 x  P4 (4) 2.47 1.73 3.40 3.80 -0.28 74.34 -2.94 10.00* 0.25 1.00 9.09* 65.32 
LSD 0.05 0.96 1.10   1.10 

 
0.20 0.23   0.23  

LSD 0.01 1.30 1.50   1.50 
 

0.27 0.32   0.32  
Characters 
 
Genotypes 

Fiber strength Uniformity index 
Heterosis potence ratio 

I.D h2b % 
Heterosis potence ratio 

I.D h2b % 
M.P B.P F1 F2 M.P B.P F1 F2 

P1 x  P3 (1) 5.02* 4.55** 11.00 10.00 2.61 7.56 -0.74 -0.91 -4.33 -2.00 -0.57 0.00 
P1 x  P4 (2) -2.18 -5.88** -0.56 0.11 -2.68 0.00 0.51 0.34 3.00 -3.00 1.01 61.79 
P2 x  P3 (3) 3.64 2.70 4.00 -2.00 5.26* 95.16 0.40 0.23 2.33 -5.00 1.25 81.03 
P2 x  P4 (4) -1.74 -5.04* -0.50 -0.75 0.88 46.18 -0.96 -1.13 -5.67 -6.33 0.11 90.11 
LSD 0.05 0.41 0.48   0.48  4.25 4.90   4.90  
LSD 0.01 0.56 0.65   0.65  5.79 6.68   6.68  
* and ** significant at 0.05 and 0.01, respectively 
 

For potence ratio, the data in Table (5) showed that 

the potence ratio in all crosses were positive more than the 

unity for seed cotton yield, lint yield and lint percentage. 

These results due to the presence of the dominance effect 

controlled the genetic system. These results agreed with the 

presence heterosis. The potence ratio or fiber qualities were 

shown in Table (5). The data indicated that the potence 

ratio were higher than unity for two generations except for 

fiber length in P2 x P3 cross (3), micronaire value in P1 x P4 

cross (2) and fiber strength in two generations of P2 x P4  

cross (4). 

Concerning the inbreeding depression, the data in 

Table (5) showed that all traits exhibited inbreeding 

depression values were positive in all crosses except for 

fiber length in P2 x P4 cross (4), uniformity index in P1 x  

P3 cross (1) , and fiber strength in P1 x P4 cross (2).  

These results were in harmony with the reduction 

mean of F2 for most studied traits in all crosses. These 

results were in harmony with those obtained by El-Hoseiny 

(2013). 

With respect to the heritability values, the data in 

Table (5) showed relatively moderate (exceeded 30%) for 

boll weight in the crosses which its parents were treated 

with irradiation while the crosses of untreated parents 

exhibited high values of heritability. 

For seed cotton yield, the all crosses exhibited high 

values of heritability except for the P2 x P3 cross (3) that 

exhibited low value of heritability, while the lint yield 
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exhibited moderate value in P1 x P3 cross (1) and high 

values in two crosses P1 x P4 cross (2) and P2 x P4 cross (4), 

while the cross P2 x P3 cross (3) exhibited low value of 

heritability. 

The lint percentage heritability values were 

moderate in two cross P1 x P3 cross (1), P1 x P4 cross (2) 

and high value in two crosses P2 x P3 cross (3) and P2 x P4 

cross (4). These results were in harmony with those 

obtained by Amer et al (2016)  

With respect of fiber quality, the data in Table (5) 

indicated that these traits exhibited high values of 

heritability except for fiber length in P1 x P3 cross (1) it was 

moderate and in P1 x P4 cross (2) was low, while the two 

crosses P1 x P3 cross (1) and P1 x P4 cross (2) exhibited low 

values of heritability for uniformity index and fiber length 

respectively. Also the cross P2 x P3 cross (3) exhibited 

moderate heritability values for micronaire value. From 

these results it may be concluded that the irradiation with 

10 kr did not affect in the heritability values. 
 

CONCLUSION 
 

It may concluded  that the dose of 10kr for gamma 

rays active effect to induce the changes for genetic 

variation.   
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 لهجين من القطن المصري األول والثانً والثالث ا علً االجيال الطفريتمتأثير اشعت جا
 حسن امين الحسينً  

 مصر –الجيزة   –مركز البحىث الزراعيت   –معهد بحىث القطن 
 

ٔصفاث انضْش ٔانشؼش صٕل يحيٍ ٔانًخٕسط نصفاث ٔصٌ انهٕصة ٔاد ػهٗ انخباسكيهٕ  ػششة  نذساست حاريش اشؼت جايا بجشػتا انبحذ ْزٖ اجش

،  29جيضِ  ٍ بيٍ صُفيٍينٓجانٕساريت  انكفاءة –االَحذاس انٕسارٗ  –انسيادة  دسجت ٍ ٔيالالث انٕساريت ْٔٗ قٕة انٓجذػهٗ ان نٗ حاريش االشؼتاانجٕدة باالضافت 

ذ االبٕيٍ ٔحٓجيُّ يغ االب االخش انغيش يشغ ٔبزنك يكٌٕ نذيُا اسبؼت كيهٕ ساد أ بذٌٔ االشؼاع نكهيًٓا أحشؼيغ اح 01ٔرنك بؼذ يؼايهخًٓا باشؼت جايا  29جيضِ 

 -4 .االب انزاَٗ انًشغ × االب االٔل غيش انًشغ -9. االب انزاَٗ غيش انًشغ × االب االٔل يشغ -9 . االب انزاَٗ يشغ× االب االٔل يشغ  -0ْجٍ كا االحٗ:

 9102، 9102، 9102ٔاجشيج انخجشبت فٗ يحطت انبحٕد انضساػيت بسخا فٗ انًٕاسى انضساػيت  , خشٔل (االب انزاَٗ غيش انًشغ ) كُ× االب االٔل غيش انًشغ 

فٗ حجشبت قطاػاث  9102  نذفٗ انًٕسى انزاارُٗ ػششة ػشيشة رى صساػت انؼشائش ٔػذدْا  األٔل ٔانزاَٗ ٔانزانذت انزالرت نطفشئرنك نهحصٕل ػهٗ االجيال ا

نهًحصٕل ٔيكَٕاحّ بيًُا صادث انخبايُاث انٕساريت  حارشث انًخٕسطاث بانُقص -0ٔكاَج اْى انُخائج انًخحصم ػهيٓا : .كايهت ػشٕائيت راث رالرت يكشساث 

 -9نطفشٖ االٔل اا يذل ػهٗ فاػهيت االَخخاب فٗ انجيم يً  َٗانزا انجيم انطفشٖاػهٗ يٍ انخبايٍ فٗ  نذانجيهيٍ انطفشييٍ األٔل ٔانزاكاٌ انخبايٍ فٗ  -9.باالشؼاع 

حاث فٗ انُصف كاَج قيى يؼايم االنخٕاء انؼضيٗ يٕجبت ٔرنك فٗ صفاث يحصٕل انقطٍ انضْش ٔانشؼش ٔٔصٌ انهٕصِ ٔحصافٗ انحهيج يًا يم ػهٗ اٌ يؼظى انُبا

يا ػذا يحصٕل انقطٍ انضْش ٔانشؼشنهصُف األٔل ٔانزاَٗ ٔانزانذ جيال انطفشيت نجًيغ انصفاث فٗ اال 9كاٌ يؼايم انخفهطح اقم يٍ  -4االيسش يٍ انًُحُٗ 

غيش يؼايم( فٗ صفخٗ انطٕل  29جـ × يؼايم  29ٔكزنك انجيم االٔل انطفشٖ  نهٓجيٍ )جـ  ( انًؼايم29جـ ×  29انزاَٗ )جـ يؼايم ٔانجيم  29جيضة 

قيى يؼايم االنخٕاء انٗ اٌ حشيش  -2خٕسط انؼاو انُسبٗ ٔبانخانٗ فاٌ االَخخاب سيكٌٕ يجذيا فٗ ْزِ انحانت يؼظى انقيى غيش يخجًؼت حٕل انًفاٌ ٔبانخانٗ ٔاالَخظاو، 

يًا يذل ػهٗ اٌ االسخجابّ نالَخخاب حؤدٖ انٗ انخحسيٍ فٗ صفاث انًحصٕل ٔ ًكٍ انخحسيٍ فيٓا باالَخخاب يانًؼايم باالشؼاع ْٔجُّ  29انصُف جيضِ 

ال يٍ انخاريش فٗ صفت ٔصٌ ريت نصفاث انًحصٕل انضْش ٔانشؼش ٔحصافٗ  انحهيج اػا هخشبيت انذاخهيت ٔانكفاءة انٕسنانٓجيٍ ٔاالَحذاس صيادة قٕة  -2يكَٕاحّ. 

    خغيشاث فٗ انخبايٍ انٕسارٗ. ان يُشط فٗ احذاد نٓا دٔسكيهٕ ساد يٍ اشؼت جايا  01كاَج انجشػت  -2انهٕصِ.


