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ABSTRACT 
 
The present investigation was carried out at the Farm of the Rice Research 

and Training Center, Sakha, Kafr El Sheikh Egypt during rice growing seasons 2006 
and 2007. Dry seeds of the four rice varieties namely; Sakha 101, Sakha 102, Sakha 
104, and Egyptian Yasmine were irradiated with 100, 200 and 400 Gy gamma rays. 
The seeds of the different treatments in addition to the parental varieties (as control) 
were grown and transplanted individually in a randomized complete block design with 
three replications for each treatments along with the control to study the response of 
different rice varieties to different doses of Gamma rays for some agronomic 
characters, grain yield and its components and  to select some useful mutants 
carrying desirable characters from different populations in M2 generation such as 
earliness, short stature, resistance to blast, and high yielding ability. The results of the 
M1 generation indicated that in general, germination percentage decreased and the 
reduction was significant for the Sakha 101cv, while number of days to heading, plant 
height and panicle length  were decreased by increasing the doses of Gamma rays for 
most of the studied varieties. On the other hand, the mean values of number of 
panicles per plant were increased by increasing the dose of gamma rays for the 
Sakha 101, Sakha 102 cvs. The spikelet sterility increased with the increase in the 
dose of gamma rays for all studied varieties and therefore, grain yield per plant was 
decreased.  In the M2 generation, increasing the dose of gamma rays decreased 
germination %, and plant height for the two rice varieties; Sakha 102, and Egyptian 
Jasmine. The mean values of number of panicles per plant were increased for the 
Sakha 101, 102 and Sakha 104 cvs, while it decreased with Egyptian Yasmine. One 
hundred grain weight was decreased for Sakha 102, Sakha 104 and Egyptian 
Yasmine, while the Sakha101variety was not affected by gamma rays for this trait. 
Panicle length and chlorophyll content was increased by the dose of gamma rays for 
the three varieties; Sakha 101, Sakha 104, and Egyptian Yasmine. Sterility %  was 
increased and the highest increase was observed for the indica rice variety Egyptian 
Jasmine and therefore, grain yield per plant was decreased for these varieties. Wide 
ranges of variability were detected in M2 irradiated populations of all varieties for most 
of the characters studied comparing with the controls, indicating the possibility of 
selecting mutants with desirable traits to be tested in subsequent generations. The 
genetic parameters of studied characters for both control and M2 irradiated 
populations of all varieties indicated that, in most cases, there were considerable 
increases by irradiation for both phenotypic and genotypic variances, genetic 
coefficient of variation, heritability as well as expected genetic advance.  
Keywords: Rice, Yield traits, Genetic variability, Heritability. 
 

INTRODUCTION 
 

Rice is not only the most important food crop but a model plant that 
has attracted broad interests in basic and applied research. The publication 
of the draft rice genome (Patnaik et al ., 2006; Li et al ., 2005;  and Chemma 
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and Atta,2003) presents exciting opportunities to assign function to each of 
the estimated 5000 genes, many of which are potentially useful for 
improvement of rice as well as other cereals. To achieve this goal, diverse 
genetic resources including germplasm, near isogenic lines, mapping and 
mutant populations held and developed by rice growing countries are 
important to the identification of genetic variation utilized for trait 
improvement. Ionizing radiation mutagenesis has been routinely used to 
create genetic variability for breeding research and genetic studies. More 
than crop varieties were released by the end of the last century using 
irradiation mutagenesis; among them 434 are rice varieties were developed 
(Wang,1991).  Induced mutagenesis, with the discovery of an array of 
radiation mutagens and improved treatments methods, offers a possibility for 
the induction of desired changes in various attributes, which can be exploited 
as such or through recombination breeding. Previous reports on rice suggest 
that micro- mutational approach might prove effective in improving complex 
quantitative traits like yield, maturity, height, etc. The idea of producing 
artificial mutations and utilizing them for breeding cultivars plants was 
indicated as early as 1901, and the first induced mutations in rice were 
achieved by Icchijima, 1934 by the use of X-rays. The induction of mutations 
for factors which govern the heredity of quantitative characters is a promising 
tool for creating new genotypes. It is an established fact that mutagen, 
besides causing changes in major genes, also induce mutations at loci 
governing the quantitative characters. These micro-mutations can be 
detected in the form of increased variance M2 generation. Since most of the 
economic traits show polygenic inheritance, more information on the 
induction of genetic variability in them through mutations is needed.  In Egypt, 
mutation breeding method was started for rice in 1960 by Serry and 
Masooad, when they used X-rays and gamma rays for treating the old rice 
cvs, Arabi, Nahda and Agami M.1. There are many kinds of ionizing radiation, 
namely X-rays, gamma rays, protons, neutrons, alpha and beta particles. 
However, gamma rays are widely employed for mutation studies as they have 
shorter wavelength and possess more energy per photon than X-rays and 
penetrate deeply into the tissue.  The new rice varieties Sakha 101, Sakha 
102, Sakha 104, and Egyptian Jasmine are a popular varieties virtue of its 
early to moderate maturing and higher yield, but now some of them having 
some defects such as susceptibility to blast, late maturity, also their cooking 
quality has some defects, keeping in view the drawbacks of these varieties, a 
study was undertaken to explore the possibility of improving them with 
respect to these defects through quantitative mutational approaches. So, the 
present study was undertaken in order to analysis the influence of gamma 
rays on mean values and variance of some quantitative characters of rice in 
the M2 generation and also to explore the possibilities of isolating desirable 
phenotypic mutants for their utilizing directly or indirectly cross breeding 
programs for the quick improvement the defects of these cultivars.  
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MATERIALS AND METHODS 
 

Four varieties of rice were used in the present study, namely, Sakha 
101, Sakha 102, Sakha 104, and Egyptian Jasmine. These varieties were 
obtained from the genetic stock of the Rice Research Section, Field Crop 
Research Institute, Agricultural Research Center, Egypt.  The Present study 
was carried out at the Farm of the Rice Research & Training Center (RRTC), 
Sakha, Kafr El-Sheikh, Egypt, during 2006 and 2007rice growing seasons 
with different doses of gamma rays. Samples of 250 of high quality and 
purified dry seeds of uniform size from each variety (stabilized at 13% 
moisture level) were irradiated in the Co60 source at the National Center for 
Radiation Research and Technology, Nasr city, Cairo, Egypt. The doses 
administered were 100, 200 and 400 Gy and dry unirradiated seeds were used 
as control.  In 2006 season seeds of the above mentioned four rice varieties, 
were treated by different doses of gamma irradiation along with their 
respective controls. All the seeds of all varieties were directly sown after 
treatments in germination plastic plates in order to raise M1 plants.        
Germination percentage was recorded at 15 days after sowing. After thirty 
days from sowing, seedlings were transplanted (one seedling/hill) in the 
experimental plots. Distances between plants and rows was 20cm apart, 
respectively, were maintained. Fertilizers were applied as recommended rate 
and time of application. Weeds were chemically controlled by applying 2 liters  
of Saturn/Feddan four days after transplanting. To avoid out-crossing, first 
three panicles in each of the 50 randomly selected plants in each treatment 
were bagged at the time of panicles emergence. At the time of maturity, the 
seeds were harvested from the three bagged tillers, as well as unpaged 
tillers, separately from each individual plant.  In 2007 season, the M2 
generation was raised in a randomized complete block design with three 
replications. The seeds from the main tillers in each of the 50 selected plants 
were planted in nursery beds. Thirty days old seedlings were transplanted in 
a well prepared field. Progeny of the selected plants in each treatment was 
transplanted in a progeny row trial, with three replications, with spacing 20 x 
20 cm. Each replication had 50 rows per treatment. The population was 
carefully screened in the nursery beds for chlorophyll mutations and the 
identification and classification of chlorophyll was done as proposed by 
Gustafsson, 1947. Viable mutation in M2 progeny was examined periodically 
through the entire growth period for visible mutations affecting various 
morphological attributes. In order to study the magnitude and nature of 
induced polygenic variability in M2 generation, observations on various 
quantitative traits i.; germination percentage chlorophyll mutation, days to 
heading (days), plant height (cm), number of panicles/ plant, sterility 
percentage , one hundred grain weight (g), grain yield/ plant (g)   were 
recorded on all the plants in each treatment. The data obtained were 
subjected to the statistical analysis to estimate means and standard error 
(Duncan, D. B. (1955). For comparing the mean values and variance within 
and between families, the analysis of variance was done for each character 
of each variety to estimate genotypic and phenotypic variances, genotype 
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coefficient of variation (GCV), heritability (h2),  genetic advance,  genetic 
advance of main(GS%), separately as suggested by Panse and Sukhatme, 
1957.  
 

RESULTS AND DISCUSSION 
 

M1 generation:  
For M1 generation gamma rays treatments in general affected 

significantly the germination percentage in all the studied varieties, Table (1).  
Germination percentage in general was decreased by increasing the dose of 
gamma radiation in all the tested varieties, and the highest germination 
percentage was recorded at 100 Gy in Egyptian Yasmine (93.0%), while the 
lowest percentage was observed at 400 Gy treatments for Sakha 
101(51.66%).  Sabbour et al. (1993); and Chemma et al., (2003) found a 
decrease in germination percentage with increasing the dose in M1 
generation.  

The results indicated that gamma rays caused earliness in all the 
studied varieties with different effects according to the variety and its 
background, these results were in close agreement with that obtained by 
Sanjeev (2000); Shadakshari et al. (2001); Kumar (2005); Do et al. (2006), 
Le, x.T (2006). Plant height at maturity was decreased significantly for all 
varieties studied by increasing the dose of gamma rays (Table,1). Significant 
differences were obtained between the untreated and all treatments in all 
varieties studied and among treatments itself for all varieties except for Sakha 
101. The most affected variety was Sakha 104 (23 cm) at 400Gy. The lowest 
reduction in plant height was found to be 7 cm for the rice variety Jasmine. 
The same results were obtained by Sanjeev (2000); Shadakshari et al. 
(2001); Kumar (2005); Do et al. (2006); Mohamed et al. (2006); Le, x. T 
(2006).  

Number of panicles/plant,(Table 1) was increased with gamma rays 
treatments and the cases of significant increases were found in the varieties ; 
Sakha 101 at 200 and 400 Gy; Sakha 102 at 400 Gy; Sakha 104 and 
Egyptian Yasmine  at100Gy. These findings indicated that these varieties are 
more sensitive to higher doses of gamma rays. The maximum increase in 
number of panicles/plant was found for the variety Egyptian Yasmine (26.86 
panicles) ,and this could be reflected on the yield for the respective treatment, 
while the lowest increase was observed for the variety Sakha 101 (22.06 
panicles). It could be concluded that the most effective dose of gamma rays 
was 400 Gy for this character in most of the varieties studied and this could 
be attribute to varietal genetic differences. Similar results were reported by 
Gomma et al. (1995a) and Abdul-Majeed (1997).   

Sterility percentage was significantly increased by increasing the 
dose of gamma rays in all studied varieties (Table 1). The highest sterility 
percentage was recorded at 400 Gy treatment followed by 200 Gy. The most 
affected varieties were Sakha 102 (55.99%) and Sakha 101 (54.28%), 
respectively. The most effective treatment in all varieties was 400 Gy, while 
the lowest increase in sterility percentage was detected at 100 Gy treatments. 
The pervious results reported that the decrease in seed fertility or the 
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increase in sterility percentage with gamma rays was mainly due to 
chromosomal aberrations in the mitotic division and mitotic of the pollen 
formation stage Sarawagi and Soni (1993); Gomma et al. (1995b) Meheter et 
al. (1996), Mohankumar (1998)and Chemma et al. (2003) also reported the 
same findings. 

Grain yield per plant was decreased with the increasing gamma rays 
doses in all the varieties. The lowest value of grain yield per plant was 
recorded at 400 Gy in all the studied varieties, while the lowest decrease in 
grain yield per plant was detected at 100 Gy. The decreasing trend in grain 
yield per plant may be attributed to the increasing in sterility percentage 
(Table, 1). Similar results were reported by El-Shouny et al. (1991); Katoch et 
al. (1992) and Sarawagi and Soni (1993) as well as Abd Allah et al. (2002).  

From the foregoing results, it could be concluded that all the 
treatments proved to be effective, as was evident from the tendency of the 
treated genotypes showing decreased germination percentage and increased 
spikelet sterility, among other deleterious effects. Decrease in germination or 
increase in sterility percentage increased with increasing dose of the 
mutagen employed. Such linear dose- event relationship with respect to M1 
indices has been reported in rice by several workers in the past. Comparing 
of the four rice varieties for their relative irradiation sensitivity revealed that in 
general, most of japonica rice varieties were more sensitive to mutagenic 
treatments than indica rice varieties. Differential sensitivity of the genotypes 
to mutagenic treatments has been attributed to various factors including 
genetic differences.  
Generation:  

Regarding to M2 generation, the overall frequency of chlorophyll 
mutations in the M2 of four rice varieties are given in Table (2). The frequency 
of chlorophyll mutations varied from variety to another and between treatment 
to treatment.  In general, gamma ray induced different numbers of chlorophyll 
mutations in all studied varieties. In this regard, irrespective of the indica and 
japonica rice varieties, some varieties were more responsive to certain 
mutagen than the others, while some varieties like Egyptian Jasmine were 
quite sensitive to gamma rays treatment. Thus the mutation frequencies in 
the M2 generation seem to be depend upon genotypic and the selection from 
the data cleared in Table (2). The number of chlorophyll mutations increased 
by increasing gamma rays doses up to 200 Gy where it produced the highest 
number of chlorophyll mutations in all studied varieties as shown in table (2). 
In Table (3) the chlorophyll mutations were divided in two types; i.e. albino 
and partial albino (xantha, viridis and others). With respect to the varieties, 
the maximum frequency of chlorophyll mutations was observed for Egyptian 
Jasmine (72) and Sakha 102 (58). While, the lowest chlorophyll mutations 
was obtained from Sakha 104 (35). These chlorophyll mutations may be 
attributed to chromosomal aberrations. These results have been reported by 
Pillai et al. (1993); Kumar (1998) and Singh and Santhi, (2001).  
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Table (2):  Frequency   of   chlorophyll  mutations  in   M2  generation in     
                studied varieties.  

Variety 
Doses 
(Gy) 

Chlorophyll 
mutants 

Frequency of chlorophyll 
mutants (%) 

Sakha 101 

Cont.  - - 

100 8 19.04 

200 24 57.14 

400 10 23.80 

Sakha 102 

Cont.  - - 

100 18 31.03 

200 32 55.17 

400 8 13.79 

Sakha 104 

Cont.  - - 

100 10 28.57 

200 17 48.57 

400 8 22.95 

Egyptian Yasmine 

Cont.  - - 

100 14 24.59 

200 50 63.93 

400 8 13.11 

 
Table (3): Spectrum of M2 chlorophyll mutations.  

Variety 
Doses 
(Gy) 

Albino Xantha Virdis Others 
Total no. of mutant 

seedlings 

Sakha 101 

Cont.  - - - - - 

100 3 2 1 2 8 

200 10 7 5 2 24 

400 2 3 4 1 10 

Sakha 102 

Cont.  - - - - - 

100 5 4 7 2 18 

200 12 11 6 3 32 

400 2 2 3 1 8 

Sakha 104 

Cont.  - - - - - 

100 4 3 2 1 10 

200 9 3 3 2 17 

400 3 2 2 1 8 

Egyptian 
Jasmine 

Cont.  - - - - - 

100 10 1 1 2 14 

200 25 3 10 12 50 

400 5 - 2 1 8 

 
Regarding chlorophyll content (Table, 4) the results revealed an 

inconsistent trend in mean values by increasing the dose of gamma rays.  On 
the other hand, the average chlorophyll content  was increased significantly 
by increasing the dose of gamma rays for the three japonica rice varieties 
Sakha; also 101, Sakha 102 and Sakha 104. The highest increase of this trait 
was at the treatment 400 Gy.  Within these three varieties, significant 
differences were detected between means of both control and the different 
doses of gamma rays for the variety Sakha 101; between the control and all 
other treatments for the variety Sakha 104, moreover, between the control 
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and all other treatments except 100 Gy for the variety Sakha 102. The 
opposite trends of the first one and the other three varieties indicated that the 
varieties differed in their response to gamma rays regarding this trait.  These 
findings were in agreement with those reported by Wang et al. (1993) and 
Muhamed et al. (2003).  
 

Table (4): Means, and standard error (SE) of chlorophyll content, days   
to heading, plant height, no. of panicle/plant, 100-grain 
weight, sterility % and grin yield/plant as affected by gamma 
rays for the studied varieties in M2 generation. 

Treatment  
                     Character 

Variety 

Sakha 101 Sakha 102 Sakha 104 Egyptian Jasmine 

Chlorophyll cont. 
Control 
100Gy 
200Gy 
400Gy 

 

46.01a 1.99 

48.33b  1.09 

49.24b  0.22 

50.13b  2.64 

 

46.09a 2.43 

46.89a  0.81 

48.82 b 1.76 

48.11b  1.27 

 

46.09a 2.43 

49.71 b 1.73 

50.85b  2.73 

50.74 b 2.25 

 

39.19a 1.61 

39.68 a 1.31 

39.68 a 1.31 

38.67a  4.15 

Days to heading(day) 
Control 
100Gy 
200Gy 
400Gy 

 

109a  0.28 

110a  0.61 

109a  0.53 

109a  1.52 

 

96 b0.44 

103 a0.12 

103 a0.42 

103 a0.47 

 

105a1.67 

104ab1.94 

104ab2.88 

106a0.40 

 

118c1.74 

123a 1.69 

126a2.88 

128a3.42 

Plant height (cm). 
Control 
100Gy 
200Gy 
400Gy  

 

92 a1.75 

95.18 a1.11 

93.10 a 0.11 

90.56 a 1.57 

 

109 a 1.98 

108.6 a7 2.61 

103.32 b 1.78 

88.66 c 1.66 

 

105 a 1.44 

106.66 a  2.51 

102.66a 1.89 

100.33 b 120 

 

120 a1.50 

94.33 c1.60 

94.00c 1.72 

86.33 d1.39 

No. of panicles/plant. 
Control 
100Gy 
200Gy 
400Gy  

 

23.00 a 0.82 

18.34 b 0.18 

21.91 a 0.01 

25.00 c 2.42 

 

20.00 a 1.52 

19.54 b 1.42 

23.00 c 1.45 

20.60  a2.77 

 

22.00 a 1.58 

17.95 b 1.94 

22.66 a 0.81 

17.00 b 2.77 

 

19.00 a 0.76 

14.33 c 1.29 

16.00 b 1.44 

16.00 b 1.64 

100-grain weight(g) 
Control 
100Gy 
200Gy 
400Gy  

 

2.80a  0.009 

2.60 a  0.19 

2.73 a  0.06 

3.00 a 0.006 

 

2.74 a 0.001 

2.71 a0.001 

2.67 a0.001 

2.56 b0.006 

 

2.67 b 0.002 

2.70 ab0.002 

2.79 a0.004 

2.56 c0.002 

 

2.67 a0.004 

2.74 a 0.002 

2.80 a 0.008 

2.39 b 0.007 

Sterility (%) 
Control 
100Gy 
200Gy 
400Gy  

 

7.66 c  0.47 

14.00 b 1.39 

16.00 b 2.29 

25.53 a 2.60 

 

8.33 b 0.20 

9.68 b 0.20 

9.86 b 1.09 

20.36 a 0.44 

 

8.00 b 1.11 

13.65 ab    0.45 

15.28 a 0.63 

18.77 a 0.19 

 

9.35 d 0.01 

15.68 c 2.46 

26.16 b 2.48 

33.59 a  1.17 

Grain yield(g) 
Control 
100Gy 
200Gy 
400Gy  

 

45.00 a1.54 

40.80 b 1.61 

39.16 b 0.17 

48.00 ca 0.87 

 

40.50 a 1.83 

38.33a 0.218 

43.00ab 0.47 

33.00 b 0.77 

 

42.0 a 1.62 

39.33ab 1.39 

44.00a1.54 

33.60c 0.44 

 

33.63a 0.36 

29.26b1.47 

31.5ab1.24 

23.26c1.35 
.  

Variations due to gamma irradiation treatments were not of much 
significance in all the varieties treated except Sakha 102. The heritability 
broad sense estimates were found to be low for treatments with different 
doses of gamma rays in all the varieties studied for this trait. The values 
ranged from 24 to 47% in Sakha 104 and Egyptian Jasmine cvs, respectively. 
The lower values of heritability for this trait were mainly attributed to the lower 
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values of genotypic variance. The genetic advance (GS %) as percent of 
mean by irradiation ranged from 1.86 to 5.51%  for Sakha 104 andSakha 102 
Cvs, respectively.  

Regarding days to heading, the results of the present study (Table, 4) 
show that delay in heading occurred gradually by increasing the doses of 
gamma rays and maximized with 400 Gy for Sakha104 and Egyptian 
Jasmine. This means that the four rice varieties are differ in their radio-
sensitivity, and the variety Egyptian Jasmine are more radio-sensitivity than 
other tested varieties, where, it was the most affected variety for this trait with 
10 days delay in heading. These findings indicated that the differences in 
radio-sensitivity between rice varieties depend largely on the genetic 
constitution and background within a species, beside the physical and 
physiological conditions of irradiated material. 

On the other hand, Chemma et al. (2003) reported that the 
differential radio-sensitivity of indica and japonica sub-species appeared to be 
due to the differences in the physical and chemical nature of husk in addition 
to  some genetic factors.  The same results were found by Sanjeev (2000); 
Shadakshari et al. (2001); Kumar (2005); Do et al. (2006) and Le, (2006).  
Induced variation by gamma rays was not of much significance in the 
varieties Sakha 101, Sakha 102 and Sakha 104. However, in case of 
Egyptian Yasmine induced variations were significantly increased more than 
that of the control, indicating the differential response of genotypes to the 
mutagen used.  Heritability (Hb) estimates were found to be moderate to high 
for treatments in all the studied varieties. This is indicative of the fact that 
irradiation not only induces higher proportion of chromosomal and 
physiological changes but also brings about a high frequency of gene 
mutations. Expected genetic advance was higher than the control .This 
finding can, therefore, also be of considerable values in planning mutations 
experiment with respect to the choice of reliable stage of selection for the 
improvement of earlier plants.  

Concerning plant height, insignificant differences between mean 
values of the control and the treatment 100 Gy were observed for the rice 
varieties Sakha 101, Sakha 102 and Sakha 104(Table, 4). The most affected 
varieties were Egyptian Jasmine, and Sakha 102 which decreased by 33.67, 
and 20.34 cm, respectively. These findings indicated that the differential 
response in the mutagenic effectiveness and efficiency in different varieties 
was mainly attributed to the genetic background of the material under study 
and it plays an important role in the occurrence of the mutations. Similar 
results were found by Sanjeev (2000); Shadakshari et al. (2001); Kumar 
(2005); Do et al. (2006); Mohamed et al (2006) and Le, (2006). Genotypic 
variance (GV) value for all varieties was significantly higher by irradiation than 
the control or untreated seeds (Table, 5). Genetic coefficients of variation 
(GCV %) increased also in irradiated population and ranged from 3.39% for 
Sakha 101 to 11.12% for Egyptian Jasmine. The heritability (Hb) in broad 
sense and genetic advance were comparatively high in the gamma ray-
treated populations than those in the control. The values ranged from 46% for 
Sakha 101 to 95% for Egyptian Jasmine. The expected genetic advances 
upon selection as percents of the mean (GS %) were higher by irradiation 
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and amounted 0.76 for Sakha 102 and 10.65% for Sakha104. Similar results 
were obtained by Gomma et al. (1995a); Meheter et al. (1996) and Uttam et 
al. (2005).  

Number of panicles/plant in the three Japonica varieties; Sakha 101; 
Sakha 102 and Sakha 104 (Table, 5) were increased by using 200 and 400 
Gy. Significant differences were observed between the control and most of 
the treatments on one hand and among the treatments itself for all the 
varieties on the other hand. The highest increase in number of panicles per 
plant was recorded for the variety Sakha 101, while the most affected variety 
was Egyptian Yasmine. These results indicated that the effectiveness of 
gamma rays was found with the increase of the doses of gamma rays with 
either plus or minus effect. Furthermore, the results revealed that the 
varieties responded differently. These results were in disagreement with 
Gomma et al. (1995b).  Mean while, Abdul-Majeed (1997) found that no 
definite trend was evident with regard to such character.  

Genetic coefficients of variation (GCV%) was found to be higher in 
the irradiated populations compared with the controls(Table,5) .These results 
are in agreement with the previous reports in rice that the gamma rays 
induced considerable genetic variation for number of panicles per plant. 
Heritability Estimates (Hb) was increased by irradiation and the highest 
heritability values were found at Egyptian Yasmine (92%). Genetic advance 
as the percentages of the mean (GS%) were increased by irradiation 
comparing with the controls.  

It is clear from Table (4) that one hundred grain weight was 
decreased significantly by increasing the dose of gamma rays up to 400Gy 
for all the studied varieties.  However, there were no differences between the 
control and each 100 and 200 Gy treatments. These results were in 
agreement with those reported by Mohamed et al. (2006).  Significant 
increases in genotypic variance (GV) for this trait were obtained by irradiation 
as compared with the respective control (Table, 5). The genetic coefficients of 
variation (GCV %) values were increased by irradiation and ranged from 
2.70% to 13.69%. Heritability in broad sense values (Hb) were higher in all 
irradiated populations as compared with the original varieties and ranged 
from 74% to 92%. The expected genetic advance (GS %) were also higher by 
irradiation and ranged from 2.79% to 60.86%. These results means that the 
four rice varieties are differ in their radio sensitivity, whereas some of them 
more radio- resistant than the others. Similar results have been reported by 
Bordholi and Taluker (1999); Shanthi and Singh (2001) and Elayaraja et al. 
(2005). 

Differences were significant among the gamma rays treatments for 
the sterility percentage in all varieties studied Table (4). It is worthy to note 
that sterility percentage was increased by increasing the doses of gamma 
ray. The most effective dose was 400 Gy, where this treatment recorded the 
highest sterility percentage in all varieties. Remarkable increase in sterility 
percentage was found in indica rice variety Egyptian Jasmine (24.24%). The 
lowest sterility percentage was obtained from the treatment 100 Gy for all the 
studied varieties .The differential response in the mutagenic effectiveness 
and efficiency in different varieties indicated that the genetic back-ground of 
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the material under study plays an important role in the occurrence of the 
mutations. The same results were obtained by Mohankumar (1998) and 
Chemma et al. (2003).  Genetic coefficient of variation (GCV), were increased 
by irradiation and ranged from 9.93% to 16.66%. Low to high heritability (Hb) 
values were obtained for this trait and ranged from 44% to 89%. The genetic 
advance as percent of means (GS %) values in irradiated populations were 
higher and reached 28.12% for Egyptian Yasmine followed by 26.38% for 
Sakha 102(Table,5). High estimates of genetic parameters for this trait by 
irradiation were found by Meheter and Talukar (1996); Bordholi and Talukar 
(1999) and Elayaraja et al. (2005).  

From Table (4) the data showed that significant differences were 
found among the gamma rays treatments for grain yield per plant for all 
varieties studied in one hand and between the control and the treatments on 
the other hand. The mean values of grain yield per plant decreased 
consistently by increasing the dose of gamma rays in indica rice variety 
Egyptian Yasmine. While, it decreased by increasing the dose of gamma rays 
up to 200 Gy, then increased at 400 Gy for the variety Sakha 101 and it 
decreased for 100 Gy and 400 Gy and then  increased at 200 Gy for the 
varieties Sakha 102 and Sakha 104.   

The most effective treatments were 200 Gy for Sakha 102 and Sakha 
104; 400 Gy for Sakha 101.  The same results were obtained by Sarawagi 
and Soni (1993) and Road (2003).  Genotypic variances (GV) were ranged 
from medium to high among irradiated population, where the values of (GV) 
reached the maximum for Sakha 102 (34.00) while, the minimum value was 
detected for Sakha 104 (11.33).  Genotypic coefficients of variation (GCV %) 
were higher by irradiation and ranged from 7.46% in Sakha 101 to 15.76% in 
Sakha102. Broad sense heritability (Hb) values were ranged from 69% in 
Sakha 104 to79% in Sakha101. Percentages of the expected gain from 
selection (GS %) were higher by irradiation and reached its maximum of 
27.57% for Sakha102, while the minimum value was found to be 13.62% for 
Sakha 101(Table, 5). These results are in agreement with those reported by 
Meheter et al. (1996); Bordholi and Talukar (1999); Kalamani and Sakila 
(2000); Santhi and Singh(2001),Abd Allah.(2002) and Elayaraja et al. (2005).  
 
Table (5): Genetic parameters of chlorophyll content, days to heading, 

plant height, no. of panicle/plant, 100-grain weight, sterility 
% and grain yield/plant of both control and irradiation 
populations in M2 generation. 

                                 Population   
 Character 

PV GV GCV PCV Hb GS GS % 

Chlorophyll content  

 
Sakha 101     

cont. 
Irrad. 

0.02 0.04 0.08 0.05 0.04 0.06 0.09 

1.41** 0.43** 1.39** 2.53** 0.30 0.74 1.59 

                          
Sakha 102      

cont. 
Irrad. 

0.95 0.11 0.73 2.15 0.11 0.22 0.48 

9.84** 3.80** 4.30** 6.92** 0.38 2.49 5.51 

Sakha 104     
cont. 
Irrad. 

0.08 0.03 0.06 0.07 0.02 0.01 0.08 

2.84** 0.70** 1.82** 3.68** 0.24 0.85 1.86 

 Egyptian Jasmine   
cont. 
Irrad. 

0.98 0.10 0.83 2.62 0.10 0.25 0.68 

2.95** 1.40** 3.13** 4.55** 0.47 1.67 4.45 
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Table (5): Continued. 
Days to heading (day) 

Sakha 101     
cont. 
Irrad. 

0.007 0.001 0.02 0.42 0.14 0.02 0.01 

2.12** 1.08** 0.95** 1.33** 0.50 1.49 1.37 

Sakha 102     cont. 
Irrad. 

0.40 0.30 0.56 0.21 0.21 0.51 0.52 

9.64** 8.83** 2.85** 2.98** 0.91 5.82 5.95 

 Sakha 104      cont. 
Irrad. 

0.93 1.05 1.02 1.71 0.35 1.23 1.23 

5.86** 4.49** 2.03** 2.32** 0.76 3.78 3.63 

Egyptian Jasmine  
cont. 
Irrad. 

1.45 1.35 0.92 1.86 0.24 1.15 0.91 

25.66** 17.22** 3.30** 4.03** 0.67 6.99 5.56 

Plant height(cm)         

Sakha 101 cont. 1.45 0.03 0.18 1.25 0.2 0.04 0.04 

 Irrad. 15.31** 9.93** 3.39** 4.21** 0.46 3.70 3.98 

Sakha 102      cont. 2.47 1.02 0.92 1.44 0.41 0.37 0.33 

 Irrad. 105.78** 81.16** 8.99** 10.26** 0.76 16.06 0.76 

Sakha 104     cont. 1.93 0.45 0.60 1.26 0.23 0.65 0.59 

 Irrad. 34.44** 31.16** 5.45** 5.67** 0.91 11.00 10.65 

Egyptian Jasmine cont. 5.03 1.68 1.22 2.11 0.33 1.52 1.43 

 Irrad. 108.21** 103.77** 11.12** 11.36** 0.95 22.22 0.95 

Panicle numbers 

Sakha 101      
cont. 1.00 0.17 1.04 2.96 0.17 0.35 1.73 

Irrad. 2.79** 1.92** 6.68** 8.05** 0.68 2.33 11.23 

Sakha 102      cont. 0.52 0.09 1.47 1.66 0.17 0.07 0.35 

Irrad. 1.20** 0.94* 4.61** 5.21** 0.78 1.76 8.37 

Sakha 104    cont. 0.17 0.17 1.33 1.57 0.17 0.34 1.92 

Irrad. 0.74** 0.64** 4.51** 4.85** 0.86 1.52 8.57 

Egyptian Jasmine cont. 1.59 0.38 2.42 2.00 0.23 0.59 3.27 

 Irrad. 3.08** 2.77** 10.33** 10.67** 0.92 3.28 20.3 

100-grain weight(g) 

Sakha 101     cont. 0.006 0.001 1.10 1.71 0.16 0.02 0.70 

 Irrad. 0.13** 0.12** 13.69** 14.20 0.92 0.68 26.87 

Sakha 102  cont. 0.001 0.002 0.001 0.003 0.002 0.001 0.004 

 Irrad. 0.06** 0.005** 2.70** 3.01 0.80 0.73 2.79 

Sakha 104    cont. 0.001 0.003 0.007 0.009 0.001 0.001 0.009 

 Irrad. 1.00** 0.75** 10.82** 39.52** 0.75* 1.54 60.86 

Egyptian Jasmine cont. 0.001 0.004 0.007 0.006 0.004 0.002 0.004 

 Irrad. 0.12** 0.89** 11.09** 12.87** 0.74 0.52 19.63 

Sterility % 

Sakha 101 cont. 1.05 0.038 1.77 4.31 0.03 0.06 0.57 

 Irrad. 14.68** 7.91** 9.93** 37.84** 0.53 4.18 4.77 

 Sakha 102    cont. 1.10 0.10 3.16 3.48 0.09 0.19 1.09 

 Irrad. 5.39** 4.82** 16.20** 24.39** 0.89 4.25 26.38 

Sakha 104  cont. 1.95 0.002 2.00 6.63 0.08 0.06 0.08 

 Irrad. 12.05** 5.32** 16.20** 24.39** 0.44 3.15 22.13 

Egyptian Jasmine  cont. 2.55 0.23 4.35 6.51 0.09 0.29 2.63 

 Irrad. 26.90** 18.60** 16.66** 20.09** 0.68 7.26 28.12 

Grain yield /plant(g)         

Sakha 101   cont. 1.97 1.03 1.27 0.82 0.38 0.88 2.10 

 Irrad. 17.0** 13.5** 7.46** 8.37** 0.79 6.70 13.62 

Sakha 102 Irrad.  cont. 0.08 0.08 0.04 0.09 0.02 0.06 0.04 

 Irrad. 46.0** 34.0** 15.76** 18.33** 0.73 10.19 27.57 

Sakha 104  cont. 0.70 0.30 0.50 0.65 0.09 0.48 0.17 

 Irrad. 16.26** 11.33** 9.18** 11.00** 0.69 5.72 15.63 

Egyptian Jasmine cont. 0.55 0.93 0.65 0.38 0.05 0.43 0.54 

 Irrad. 42.0** 30.17** 13.75** 16.23** 0.74 9.47 23.74 
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واساا  علصااتت عاليةيا عفااحعا ر عباعةعفاا جديادثياا عوراعت تبتينااراسات عليااحعاثادا عد
عاشع عجتةتع

عوعثةادعشاثتت دعةيساع،عوليادعةثةادعالخباحع،الاختياترثةدعةثةادعأع،علبدالنبحعلبداللهعلبدالله
عالي يف.اشرفعصلاحعلبد

عرالي ع،ساختةري عالبثو عال ةعهدعبثو عالةثتصيلعالثقيي ،عةري عالبثو عوعالتدريبعفحعا ر ،ع
عةصر.ع،ع،عيترعالشيخ

 
 وذلخ مصخر  الدراسة  بمزرعة مركز البحوث و التدريب في الأرز، سخا  ، كرخر الخخي ، هذه اقيمت
ا  ض البخذور الا فخة لأصخ  لأ الأرز، سخالدراسة تم تعخري ه.في هذعلي التوالي  2007و  2006الال موسمي 

مخن   اخراى 400، 200، 100 :الت ليخة  ب لارعخ تللتخعيع  وي سمين المصرى  104،سا   102، سا   101
يخوم تخم  30وبعخد  (مق ر خةالبذور من المع ملات الماتلرخة و الأصخ  لأ الأبويخة عكمع ملخة  .  تم زراعة م اخعة ا

بة لدارسخخة اسخختا  عخخ ت الك ملخخة العخخخوا ية فخخي اخخلاث مكخخررات لكخخل صخخ لأفرديخخ  فخخي تصخخميم الق   خخختل ال ب تخخ ت
، محصخخول الحبخخوب و  الاضخخرية لخخبعض الصخخر ت  ت الماتلرخخة مخخن اخخخعة ا مخخ  عخخاصخخ  لأ الأرز الماتلرخخة للار

قصخر السخ    ،مال التبكيرالا  ي  ال روري ررات المريدة من العخ  ر الماتلرة للايلل بعض ا لا تا بو مكو  تة
 ويخ  للصخ لأ مع تالأ بخ   ارخ ض  سخبةلال اخخ رت  تخ  ا الايخل الأو .لرحة والقدرة المحصولية الع ليةلومة ،المق 
عة ا مخ  و عخدد السخ  بل بزيخ دة ارعخ ت اخخ السخ بلة  خولو  ول ال بخ ت و عدد الأي م لل رد قل بي م  101سا  

بزيخخ دة  عخخدد السخخ  بل لل بخخ ت زادلم قخخيلمتوسخخ  ا د زيخخ دةفيوعلخخي الا  خخب الأاخخر واخخ لمعظخخم الأصخخ  لأ الماتبخخرة.
ع عية ع ت الأخخرايض  بزي دة الا  . سبة العقم ب لس يبلات 102،و سا   101للأص  لأ سا  ارعة اخعة ا م  
خخع عية اخد ان زيخ دة الارعخة الأالاخخع ع  ول الاخ  ي يفي الاوسة و من ام قل المحصول .درلكل الأص  لأ الم

لسخ  بل وي سمن مصري .متوس  القيم لعخدد ا 102ول ال ب ت ت للص رين سا ادت الي  قص في  سبة الأ ب ت و  
وزن الم خة قخل  .بي مخ  قخل للصخ لأ ي سخمين مصخري 104و سخا   102وسخا   101للاصخ  لأ سخا  ب ل ب ت زاد 

ذة ب لمعخ ملات ل خ 101سخا  و ي سمين مصري بي م  لخم تتخرار فخي  104و سا   102حبة قل في الأص  لأ سا  
 101ا  وذلخ  للاصخ  لأ الالااخة سخ محتخوي الكلورفيخل بزيخ دة الارعخة الأخخع عية  و  ول السخ بلة زاد الصرة .
عقخخم زادت بزيخخ دة الارعخخة وك  خخت اعلخخي زيخخ دة ل خخ  للصخخ لأ ي سخخمين لو ي سخخمين مصخخري . سخخبة ا 104وسخخا  

مخخن  ولقخخد لخخوحظ ان ه خخ   مخخدي واسخخعمحصخخول الحبخخوب ب ل بخخ ت لتلخخ  الأصخخ  لأ .  ا ارخخض اخخم مصخخري و مخخنال
 بعضلخخ رخخرات  مخخخيرة الخخي امك  يخخة ا تاخخ بعالابخخ  (  لعخخخ  ر الايخخل الاخخ  ي  مق ر خخة ب لمع ملخخة القيلسخخية التبخخ ين 

 الصر ت المرغوبة فسي الأاي ل الت لية .
لكخل   ي الاخ  الاخع ع  و عخ  ر الايل الاب  لكل من للصر ت المدروسة  الو راايةت  سا خ رت القيا
ع مخل م و لكخل مخن التبخ ين الخورااي و المظ خري  ومع ويه ع ليةزي دات  وادتفي معظم الح لات  ها  الأص  لأ
 .التوريث و التحسين الورااي المتوقع دراةالورااي  والتب ين 
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Table (1): The mean values of germination %, days to heading (days), plant height (Cm), no. of panicles/plant (gm), 
sterility % and grain yield/plant(g) as affected by gamma rays for the rice varieties studied in M1 
generation. 

Variety 
Treatments 

(Gy) 

Germination % 
Days to heading 

(day) 
Plant height (cm) 

No. of panicles 
/plant 

Sterility( %) Grain yield/plant (g) 

Actual 
100% of 
control 

Actual 
100% of 
control 

Actual 
100% of 
control 

Actual 
100% of 
control 

Actual 
100% of 
control 

Actual 
100% of 
control 

Sakha 101 Control 
100 
200 
400 

99.33a 
90.00b 
85.00b 
51.66c 

100.00 
90.00 
85.00 
51.66 

109.00a 
94.66c 

105.00b 
109.00a 

100.00 
86.23 
96.33 
100.00 

94.88a 
88.13b 
84.06b 
85.66b 

100.00 
92.88 
88.59 
90.28 

18.35b 
17.00b 
19.53b 
22.06a 

100.00 
92.64 
106.43 
120.21 

8.00c 
13.31bc 
25.60b 
54.28a 

100.00 
166.37 
320.00 
678.50 

45.00a 
30.05b 
35.00b 
23.66c 

100.00 
66.79 
77.77 
52.57 

Sakha 102 Control 
100 
200 
400 

100.00a 
90.00b 
87.00b 
80.00c 

100.00 
90.00 
87.00 
80.00 

96.00a 
92.00b 
93.00b 
92.00b 

100.00 
95.83 
96.87 
95.83 

109.66a 
106.46ab 
105.00bc 
102.13c 

100.00 
97.08 
95.75 
93.13 

18.03b 
16.93b 
18.40b 
24.73a 

100.00 
93.89 
102.05 
137.16 

8.66d 
26.90c 
42.56b 
55.99a 

100.00 
310.62 
491.45 
646.53 

39.66a 
34.51b 
26.63c 
18.15d 

100.00 
87.01 
67.14 
45.76 

Sakha 104 Control 
100 
200 
400 

100.00a 
90.00b 
90.00b 
70.00c 

100.00 
90.00 
90.00 
70.00 

100.00a 
91.00b 
93.00b 
92.00b 

100.00 
91.000 
93.00 
92.00 

106.00a 
91.93c 
85.00d 
83.00d 

100.00 
86.72 
90.10 
78.30 

19.00a 
20.06a 
17.06b 
17.06b 

100.00 
93.89 
102.05 
137.16 

11.00b 
22.46ab 
34.40ab 
47.48a 

100.00 
204.18 
312.72 
341.63 

43.00a 
30.03b 
27.73b 
20.04c 

100.00 
69.83 
64.48 
46.61 

Egyptian 
Jasmine  

Control 
100 
200 
400 

96.66a 
93.00a 
85.00b 
78.00c 

100.00 
96.21 
87.93 
80.69 

113.33a 
109.00b 
109.00b 
93.00c 

100.00 
96.17 
96.17 
82.30 

90.00a 
93.00b 
91.13b 
86.56c 

100.00 
93.93 
92.05 
86.42s 

22.33b 
26.86a 
19.66b 
20.20b 

100.00 
102.28 
88.04 
90.46 

10.66c 
30.82b 
38.86a 
31.72b 

100.00 
289.11 
364.54 
297.56 

36.66a 
25.66b 
33.78a 
34.30a 

100.00 
69.99 
92.14 
93.56 

Letters M2 


