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ABSTRACT: The present study was carried out at the farm of the Rice Research and
Training Center, Sakha Agriculture Research Station, Kafr EI-Sheikh, Egypt during 2011, 2012
and 2013 rice growing seasons. Three rice varieties viz. Sakha 105, Sakha 102 and Giza 178
were used. Dry seeds of the above maintained rice varieties were treated with different doses of
gamma rays (100 — 200 — 300 and 400 Gy) for raising M; generation. M; plants were
established in the 2011 season to be grow as M, generation in 2012 season and the selected
mutants have been advanced to M; generation in 2013 rice growing season. The results of the
selected Mz mutants indicated that there are significant variations between the mutants and
their parents for plant height, grain yield as well as drought tolerance. It could be concluded that
mutation technique have shown to be very useful in rice improvement, especially for characters
controlled by closely linked™ genes that are difficult to break by gene recombination. Using
irradiation by gamma ray exhibited different genetic variability such as semi-dwarf, early
heading and high grain yield. The induced genetic variability was more important as it can be
used directly in rice breeding program through selection or by hybridization with the commercial
cultivars.
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INTRODUCTION

Rice (Oryza sativa L.) is grown on 0.60

of grain filling resulting in serious yield
losses such as Sakha 102,Sakha 105

million hectares in Egypt which is about 20%
of the total cultivated area in the summer
season. All the area are cultivated by
different japonica, indica and japonica
/indica rice varieties which are highly
acceptable to the rice farmers. The average
grain yield is about 4.0 tones/feddan which
mean almost 10.0 t/ha (TTP, 2013).
Continuous efforts are needed by the plant
breeders to increase or evolve the high
yielding varieties of rice to meet the local as
well as export requirements. Significant
achievements have been made in
developing new rice varieties which possess
desirable characters. Gamma rays can be
used to enhance the rate of genetic
variability = because the  spontaneous
mutation rate is very slow which previously
has prevented breeders from using them in
plant breeding programs (Jan et al.2013).
However, the major drawbacks of these
local varieties are that they grow tall and
consequently lodge on fertile soil at the time

slender grain yield and Giza 178 that it grow
very well under both normal and salinity
conditions but it has indica grain type or
indica short grain shape .The use of induced
mutation has been considered as an
appropriate  method for developing short
statured mutants for Sakha 102, high yield
for Sakha 105 and excellent grain shape for
Giza 178 accompanied by high yield. The
results with regard to vyield and its
components of the above mentioned
varieties are discussed in this paper.

MATERIALS AND METHODS

The present investigation was carried out
at the Farm of Rice Research and Training
Center (RRTC), Sakha Agriculture Research
Station, Kafr El-Sheikh, Egypt, during 2011,
2012 and 2013 rice growing seasons to
improve some characters in Sakha 105,
Sakha 102 and Giza 178. In 2011 season
the treated seeds of the three varieties were
directly sown after treatments in germination
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plastic plates in order to raise M; plants.
Seeds of three rice varieties Sakha 105,
Sakha 102 and Giza 178 were treated with
100, 200, 300and 400 Gy of gamma rays
from Co®® source at the National Center for
Radiation Research and Technology, Nasr
City, Cairo, Egypt .

In 2012 season, the M, generation was
planted in the field in randomized complete
block design with three replications, each
replicate had 30 rows per treatment and all
the recommended agronomic practices were
done during the growing season. Selection
was carried out in M, generation which was
raised from the seeds of the first formed
panicle of each plant in each treatment.

In 2013 season Mj; generation was
raised under normal condition to confirm the
mutated traits selected from M, generation.
These mutants were tested also under water
stress conditions, to select the best
performance under shortage of irrigation
water.

The seedlings were transplanted at a
distance of 20x20 cm between rows and hills
with only seedling per hill. The fertilizer was
applied at the rate of 69 kg N/fed. in the form
of urea and 100 kg/fed. Superphosphate.
The yield and its components were recorded
after flowering except days to heading which
was recorded at 50% flowering and data
were analyzed following Gomez and Gomez
(1984). Genetic parameters were computed
according to formula suggested by Burton
(1952).

RESULTES AND DISCUSSION

The analysis of variance for growth
characters viz. plant height (cm), days to
heading (day), productive tillers plant'1 are
presented in Table 1, 3 and 5, respectively.

For the changes in heading date as show
in (Table 1), heading was delayed in all the
studied varieties, Sakha 105, Sakha 102
and Giza 178 with 300 and 400 Gy by about
6-10 days, 3-5 days and 5-6 days for the
three varieties, respectively.

While, low delay in heading was detected
with 100 and 200 Gy by about 1-4days, 2-3
days and 3-5 days for the studied varieties,
Sakha 105, Sakha 102 and Giza 178,

respectively. The highest delay in heading
was detected for 400 Gy treatment in all the
varieties studied, while the lowest mean
values was observed in 300Gy treatment.
The most affected varieties by gamma rays
were Sakha 105 and Giza 178, Gomma et
al.,, (1995) and Shadakashi et al. (2001)

Genetic parameters for days to heading
are shows in Table 2. Significant increase in
genotypic variance by irradiation were
obtained for all varieties studied. Genetic
coefficient of variability values were
increased by irradiation for all varieties and
ranged from 2.16 to 3.44 %.

Estimates of heritability percentage in
broad sense were moderate to high and the
values ranged for 78.47 to 90.33 %. These
results agreed with those obtained by Uttam
et al. (2005).

The expected genetic advance values in
irradiated  populations indicating  the
possibility of selecting earliness of 3.75 days
in the variety Sakha 102 and 6.82 in Sakha
105. Lee et al. (2003) and Uddin et al.
(2007) indicated similar results.

For plant height (Table 3), plant height
mean values were reduced by increasing the
doses of gamma rays in all the varieties
studied. Significant differences were found
in plant height between the treatments and
control. This indicating that the varieties
affected by the different doses of gamma
rays. The most effective treatment in plant
height was 400 Gy for Sakha 105, Sakha
102 and Giza 178. The results indicated
that, the most affected variety by gamma
rays doses was Sakha 102 (-16 cm)
followed by Giza 178 (-12 cm), the lowest
reduction in plant height was detected in
Sakha 105.The same results had been
reported by Gomma et al., (1995), Labrada
et al.,(2001) and EI-Degwy (2013).

In order to assess the breeding value of
the characters studied genetic parameters of
a few yield contributing traits were computed
(Table 4). Significant increases in genotypic
variance by irradiation were obtained for all
varieties studied. Genetic coefficient of
variability values were increased by
irradiation for all varieties and ranged from
3.41 to 4.23%.
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Table 1: Means, minimum and maximum of unmber days to heading as affected by the
different doses of gamma rays for the studied varieties in M, generation.

Cultivars Dose Cont. 100 200 300 400 L.S.D0.05 | L.S.D 0.01

X 95.95| 97.40 | 99.90 | 102.3 105.6

Sakha 105 [Minimum|93.20 | 94.00 | 95.90 | 97.00 | 100.0 1.87 2.48

Maximum| 96.10 | 100.0 | 102.0 | 104.0 107.1

X 94.79 | 95.93 | 97.65 | 98.03 | 99.87

Sakha 102 [Minimum|93.59 | 93.00 | 94.00 | 95.00 | 96.00 1.73 2.30

Maximum| 95.75 | 97.00 | 99.00 | 100.0 | 101.0

X 104.00| 106.50 | 108.60 | 109.80 | 110.13

Giza 178 | Minimum |103.00| 104.00 | 105.00 | 108.00 | 109.00 1.32 1.76

Maximum|105.00( 108.00 | 109.00 | 113.00 | 114.00

X : The mean of the characters;
L.S.D 0.05: Least significant difference at 0.05 level;
L.S.D 0.01: Least significant difference at 0.01 level.

Table 2: Genetic parameters of days to heading of the studied rice varieties in M,
irradiated populations compared with the control.

Populations Trait GV PV PCV% | GCV% h’b Gs Gs%
Control 0.11 | 0.61 0.81 0.35 18.03 | 0.29 0.30

Sakha 105
Irrad. 12.14 | 13.44 | 3.62 3.44 90.33 | 6.82 6.74
Control 0.01 | 0.07 0.28 0.11 1429 | 0.07 0.08

Sakha 102
Irrad. 423 | 5.39 2.37 2.10 78.47 | 3.75 3.83
Control 0.10 | 0.50 0.68 0.30 20.00 | 0.29 0.28

Giza 178

Irrad. 5.50 | 6.17 2.28 2.16 89.14 | 4.56 4.20

GV: genetic variance; PV: Phenotgpic variance; PCV%: Phenotypic coefficient of variability; GCV%:
Genetic coefficient of variability; H",: Broad sense heritability

Gs: the expected genetic advance; Gs%: the expected genetic advance percentage.

Irrad. : Irradiation.
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Table 3: Means, minimum and maximum of plant height as affected by the different
doses of gamma rays for the studied varieties in M, generation.

Cultivars Dose | Cont. 100 200 300 400 L.S.D 0.05 | L.S.D 0.01
X 96.78 | 94.20 | 93.81 | 91.19 | 90.73
Sakha 105 [Minimum| 95.54 | 90.00 | 89.00 | 88.50 | 87.50 1.27 2.15
Maximum| 97.32 [ 98.00 | 97.00 | 97.45 | 96.50
X 110.1 | 101.6 | 96.72 | 94.18 | 93.59
Sakha 102 |Minimum| 108.4 | 98.00 | 92.50 | 91.50 | 89.50 1.39 2.07
Maximum| 111.5 | 105.0 | 100.0 | 101.0 | 99.00
X 100.1| 97.90 | 92.15 | 91.96 | 88.37
Giza 178 |Minimum|98.52 | 94.00 | 88.00 | 87.50 | 84.50 221 3.75
Maximum| 101.4 [ 100.0 | 95.50 | 95.00 | 94.00

X : The mean of the characters;
L.S.D 0.05: Least significant difference at 0.05 level;
L.S.D 0.01: Least significant difference at 0.01 level.

Table 4: Genetic parameters of plant height of the studied rice varieties in M, irradiated
populations compared with the control.

Cultivars Traits GV PV PCV% GCV% h%b Gs Gs%
Control 0.08 0.48 0.72 0.29 16.67 | 0.24 | 0.25

Sakha 105
Irrad. 9.93 11.93 3.73 3.41 83.24 | 5.92 | 6.40
Control 0.18 1.17 0.98 0.38 15.05 | 0.33 | 0.30

Sakha 102
Irrad. 15.48 | 18.82 4.49 4.08 8225 | 7.35 | 7.62
Control 0.08 0.68 0.82 0.28 11.42 | 0.19 | 0.19

Giza 178

Irrad. 15.31 | 19.68 4.79 4.23 7779 | 711 | 7.68

GV: genetic variance; PV: Phenotgpic variance; PCV%: Phenotypic coefficient of variability; GCV%:
Genetic coefficient of variability; H ,: Broad sense heritability
Gs: the expected genetic advance; Gs%: the expected genetic advance percentage.
Irrad. : Irradiation.

Estimates of heritability percentage in
broad sense were high by irradiation and
amounted from 77.79 for the variety Gizal78
to 83.24 for the variety Sakha 105. These

results indicated that selecting short stature
plants would be possible
populations, as shown by Lee et al. (2003)
and Uddin et al. (2007).

in irradiated
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The expected genetic advance under
selection for shorter plants as percent of the
means (Gs %) were increased by irradiation
and ranged from 5.92 to 7.35, Shereen et al.
(2009).

The productive tillers plant® character
(Table 5) was reduced by increasing the
doses of gamma rays in all the varieties
studied. Significant differences were found
in productive tillers plant® between the
treatments and control. This indicating that
the varieties affected by the different doses
of gamma rays, Sarawagi and Soni, 1993
and Uddin et al., 2007 which obtained the
similar results. The most effective treatment
for this trait was 300 Gy for the varieties
Sakha 105, Sakha 102, while 100 Gy for
Giza 178. The results indicated that, the
most affected varieties by gamma rays
doses were Sakha 102 (+4 tiller) followed by

Sakha 105 (+3 tiller), the lowest reduction in
the productive tillers plant™ was detected in
Giza 178, Lee et al. (2003) obtained similar
results .

Genetic parameters for productive tillers
plant® are presented in Table (6). Significant
increases in  genotypic variance by
irradiation were obtained for all the varieties
studied. Genetic coefficient of variability
values were increased by irradiation and
ranged from 8.59 to 9.75%, Gomma et al.,
(1995) and Basak and Ganguli, (1996).

Estimates of heritability percentage in
broad sense were high by irradiation and
amounted from 72.27 % for the variety
Gizal78 to 80.17 %for Sakha 105. These
results indicated that selecting short stature
plants would be possible in irradiated
population, Shereen et al. (2009) came to
similar results.

Table 5: Means, minimum and maximum of number of productive tillers/plant as affected

by the different doses of gamma rays for the studied varieties in M, generation.
Cultivars Dose | Cont. 100 200 300 400 L.S.D0.05 | L.S.D0.01
X 2251 | 23.24 | 24.06 | 25.33 | 26.01
Sakha 105 [Minimum| 18.25 | 19.50 | 21.50 | 22.50 | 23.59 0.70 1.06
Maximum| 23.65 | 26.20 | 27.00 | 28.00 | 29.00
X 20.59 | 21.17 | 23.60 | 24.30 | 25.10
Sakha 102 |Minimum| 18.50 | 19.00 | 20.50 | 21.00 | 22.50 1.10 1.43
Maximum| 21.45 | 24.00 | 26.00 | 27.50 29.00
X 25.58 | 24.46 | 23.63 | 22.58 21.78
Giza 178 [Minimum|22.42 | 20.50 | 19.50 | 19.10 18.00 1.00 1.16
Maximum| 26.60 | 26.00 | 25.00 | 24.00 23.00

X : The mean of the characters;
L.S.D 0.05: Least significant difference at 0.05 level;
L.S.D 0.01: Least significant difference at 0.01 level.
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Table 6: Genetic parameters of number of productive tillers/plant of the studied rice
varieties in M, irradiated populations compared with the control.

Cultivars Traits GV PV PCV% | GCV% h%b Gs Gs%
Control 0.03 0.26 2.25 0.73 10.39 0.11 0.48

Sakha 105
Irrad. 4.49 5.60 9.59 8.59 80.17 3.91 15.84
Control 0.05 0.41 3.12 1.12 12.90 0.17 0.83

Sakha 102
Irrad. 5.27 7.06 11.28 9.75 74.63 4.08 17.35
Control 0.08 0.53 2.85 1.13 15.63 0.24 0.92

Giza 178

Irrad. 4.07 5.63 10.26 8.73 72.27 3.53 15.28

GV: genetic variance; PV: Phenotgpic variance; PCV%: Phenotypic coefficient of variability; GCV%:
Genetic coefficient of variability; H",: Broad sense heritability

Gs: the expected genetic advance; Gs%: the expected genetic advance percentage.

Irrad. : Irradiation.

Significant increase in the expected gain
from selection were obtained for this
character by irradiation.

Data presented in Tables (7 and 11)
showed that the mutagenic treatments did
not cause changes in 100-grain weight.
Therefore, all treatments and nearly the
same value of 100-grain weight and the
range of variability for irradiated plants were
similar to that of the control of all the
varieties studied. The last finding agreed
with that obtained by Mohamed et al, 2006
obtained similar results. Grain yield was
significantly affected by gamma rays
treatments. The non-treated plants recorded
significantly higher grain yield than the
treated plants. However, the differences
among the four treatments were not
significant. The measurements of range of
variability in the treated plants were higher
than those of the control. Similar findings
were reported by EI-Degwy (2013).

Genetic parameters for grain yield (g)
plant " as presented in Table (8). Significant
increases in  genotypic variance by
irradiation were obtained for all the varieties
studied. Genetic coefficient of variability
values were increased by irradiation for all
and ranged from 5.20 to 5.57%.

Estimates of heritability percentage in
broad sense were high for grain yield by
irradiation and amounted from 56.35 % for
the variety Sakha 105 to 47.22 % for the
variety Giza 178. These results indicated
that selecting short stature plants would be
possible in irradiated populations. (Uddin et
al. 2007).

The expected gains from selection as
percent of the mean (Gs %) were increased
in irradiated populations and ranged from
7.37 % to 8.46 %.Similar results were found
by El-Degwy IS. (2013).

Significant  increases in  genotypic
variance for 100 grain weight (Table 12) by
irradiation were obtained for all varieties
studied. Genetic coefficient of variability
values were increased by irradiation for all
and ranged from 9.64 to 23.13%.

Estimates of heritability percentage in
broad sense were high by irradiation and
ranged from 77.86 % for the variety Sakha
102 to 58.55 % for the variety Sakha 105,
indicating the possibility of selection short
plants in the next generation to improve this
trait in Giza 178 particularly, Lee et al.
(2003), also reported high heritability
estimates for another varieties.
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The expected genetic advance from
selection as percent of the mean (Gs %)
were increased in irradiated populations and
ranged from 17.53 % to 40.21%. Similar
results were found by El-Degwy (2013).

The effect of gamma ray doses on grain
yield and its components characters for the
studied varieties (Sakha 105, Sakha 102
and Giza 178) are presented in Tables (7
and 11). The sterility percentage (Table 9)
was increased by increasing the doses of
gamma rays in all the varieties studied
Mehetre et al., (1996) indicated the similar
results . Significant differences were found
between the treatments and control for
sterility percentage. This indicate that the
varieties affected severing by the different
doses of gamma rays. The most effective
treatment in the sterility percentage was 300
Gy for all the varieties studied (Sakha 105,
Sakha 102 and Giza 178).

Significant  increases in  genotypic
variance by irradiation were obtained for all

the varieties studied as shown by, Basak
and Ganguli, (1996). The values of genetic
coefficient of variability values were
increased by irradiation and ranged from
22.68 to 28.07%.

Heritability percentage values in broad
sense were high by irradiation (Table 10).
Moderate to high Hb % values were
obtained for this trait and ranged from 76.39
% for the variety Sakha 102 to 89.82 % for
the variety Gizal78. Similar results were
obtained by El-Degwy (2013).

It could be concluded that mutation
technigue have shown to be very useful in
rice improvement, especially for the
characters controlled by closely linked genes
that are difficult to break by gene
recombination. Using irradiation by gamma
ray exhibited different genetic variability
such as semi-dwarf plants, early heading
and high grain yield. The induced genetic
variability was more important as it can be
used directly in rice breeding program
through selection or by hybridization
programe with the commercial cultivars.

Table 7: Means, minimum and maximum of grain yield per plant as affected by the

different doses of gamma rays for the studied varieties in M, generation.

Cultivars Dose | Cont. 100 200 300 400 L.S.D0.05 | L.S.D 0.01
X 41.85| 43.54 | 45.18 | 46.37 | 46.54
Sakha 105 [Minimum| 40.63 | 40.90 | 42.20 | 44.80 | 43.60 1.20 2.10
Maximum| 42.35 | 44.80 | 47.00 | 49.50 | 49.30
X 40.52 | 40.81 | 42.89 | 43.37 | 44.91
Sakha 102 [Minimum| 39.25 | 39.93 | 41.70 | 42.33 | 43.47 1.34 2.18
Maximum| 41.55 | 44.26 | 45.48 | 46.86 | 47.78
X 4742 | 46.19 | 43.08 | 42.64 | 41.67
Giza 178 |Minimum | 46.25 | 42.05 | 40.16 | 40.31 | 40.33 1.43 2.25
Maximum| 48.33 | 48.54 | 47.58 | 46..82 | 45.42

X : The mean of the characters;
L.S.D 0.05: Least significant difference at 0.05 level;
L.S.D 0.01: Least significant difference at 0.01 level.
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Table 8: Genetic parameters of grain yield of the studied rice varieties in M, irradiated
populations compared with the control.

Cultivars Traits GV PV PCV% | GCV% h%b Gs Gs%
Control 0.04 0.45 1.60 0.46 8.21 0.11 0.27

Sakha 105
Irrad. 5.87 | 10.42 7.11 5.34 56.35 3.75 8.25
Control 0.07 0.57 1.86 0.64 11.76 0.18 0.45

Sakha 102
Irrad. 5.73 | 10.53 7.55 5.57 54.43 3.64 8.46
Control 0.05 0.44 1.40 0.49 12.03 0.17 0.35

Giza 178

Irrad. 5.10 10.8 7.57 5.20 47.22 3.20 7.37

GV: genetic variance; PV: Phenotgpic variance; PCV%: Phenotypic coefficient of variability; GCV%:
Genetic coefficient of variability; H",: Broad sense heritability
Gs: the expected genetic advance; Gs%: the expected genetic advance percentage.
Irrad. : Irradiation.

Table 9: Mean, minimum and maximum of sterility percentage as affected by different
doses of gamma rays for the studied varieties in M, generation.

Cultivars Dose | Cont. 100 200 300 400 L.S.D0.05 | L.S.D 0.01

X 5.56 6.47 6.65 8.22 10.47

Sakha 105 [Minimum| 4.10 | 4.56 5.17 6.01 7.56 1.59 211
Maximum| 7.45 8.83 9.81 11.19 13.92
X 4.82 6.89 8.98 9.59 10.28

Sakha 102 |Minimum| 4.05 5.15 5.58 6.39 9.38 1.83 2.43
Maximum| 6.42 9.88 10.19 | 11.53 12.58
X 8.52 9.82 12.01 | 14.30 18.51

Giza 178 |Minimum| 6.45 7.31 9.16 11.10 | 1257 1.78 2.36
Maximum| 9.30 | 12.45 | 14.01 | 16.72 19.63

X : The mean of the characters;
L.S.D 0.05: Least significant difference at 0.05 level;
L.S.D 0.01: Least significant difference at 0.01 level.
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Table 10: Genetic parameters of sterility percentage of the studied rice varieties in M,
irradiated populations compared with the control.

Cultivars Traits GV PV PCV% | GCV% h%b Gs Gs%
Control 0.01 0.2 8.04 1.80 5.00 0.5 0.83

Sakha 105
Irrad. 4.98 5.95 30.69 28.07 | 83.68 | 4.21 52.90
Control 0.02 0.32 11.74 2.93 6.25 0.07 1.51

Sakha 102
Irrad. 4.11 5.38 25.95 22.68 | 76.39 | 3.65 40.83
Control 0.03 0.29 6.32 2.03 10.34 | 0.11 1.35

Giza 178

Irrad. 10.85 | 12.08 | 25.44 2411 | 89.82 | 6.43 47.08

GV: genetic variance; PV: Phenotgpic variance; PCV%: Phenotypic coefficient of variability; GCV%:
Genetic coefficient of variability; H",: Broad sense heritability
Gs: the expected genetic advance; Gs%: the expected genetic advance percentage.
Irrad. : Irradiation.

Table 11: Means, minimum and maximum of 100-grain weight (g) as affected by different

doses of gamma rays for the studied varieties in M, generation.

Cultivars Dose | Cont. 100 200 300 400 L.S.D0.05 | L.S.D0.01

X 2.81 2.80 2.84 2.85 2.90

Sakha 105 |Minimum| 2.79 2.77 2.79 2.82 2.87 0.13 0.18
Maximum| 2.85 2.85 2.90 2.95 2.98
X 2.70 2.70 2.70 2.75 2.85

Sakha 102 |Minimum| 2.67 2.65 2.64 2.69 281 0.24 0.32
Maximum| 2.77 2.76 2.75 2.80 2.92
X 2.24 2.20 2.18 2.15 2.05

Giza 178 |Minimum| 2.20 2.18 2.10 2.10 2.00 0.12 0.16
Maximum| 2.26 2.24 221 2.18 2.10

X : The mean of the characters;
L.S.D 0.05: Least significant difference at 0.05 level;
L.S.D 0.01: Least significant difference at 0.01 level.
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Table 12: Genetic parameters of 100-grain weight of the studied rice varieties in M,
irradiated populations compared with the control.

Cultivars Traits GV PV PCV% | GCV% h%b Gs Gs%
Control 0.03 | 0.33 20.44 6.16 9.09 0.11 3.83

Sakha 105
Irrad. 0.29 | 0.50 24.80 18.98 58.55 | 0.85 29.91
Control 0.01 | 0.06 9.32 4.28 21.05 | 0.11 4.04

Sakha 102
Irrad. 0.07 | 0.09 10.93 9.64 77.86 | 0.48 17.53
Control 0.05 | 0.34 26.03 9.98 14.71 | 0.18 7.89

Giza 178

Irrad. 0.24 | 0.34 27.41 23.13 71.21 | 0.86 | 40.21

GV: genetic variance; PV: Phenotgpic variance; PCV%: Phenotypic coefficient of variability; GCV%:
Genetic coefficient of variability; H",: Broad sense heritability
Gs: the expected genetic advance; Gs%: the expected genetic advance percentage.

Irrad. : Irradiation.

REFERENCES

Basak, A. K. and P. K. Ganguli (1996).
Variability and correlation studies of yield
and yield components in induced plant

type  mutations of rice. Indian
agriculturalist 40(3): 171-181.
Burton, G. W. (1952). Quantitative

inheritance in grasses. Proc. 6" Int.

Grossid conger. 1:277-283.

Duncan, D. B. (1955). Multiple F-test.
Biometrics 11:1-41.
El-Degwy, I.S. (2013). Mutation induced

genetic variability in rice (Oryza sativa
L.). Advanced in international jornal of
agriculture and crop sciences,
IJACS/2013/5-23/2789-2794.

Gomaa, M. E., A. A. El-Hissewy, A. B.
Khattab and A. A. Abd-Allah (1995).
Days to heading and plant height of rice
(Oryza sativa L) affected by gamma rays.
Menofiya J. Agric. Res. 20(2):409-421.

Gomez, K. A. and A. A. Gomez (1984).
Statistical procedures for agricultural
research. 2nd ed. Jhon Willy Sons, New
York, U.S.A. pp. 680.

Jan, S., T. Parween, T.0O. Siddigi and
Mahmooduzzafar (2013). Effect of
gamma radiation on morphological,

biochemical, and physiological aspects of
plants and plant products. NRC
Research Press 20: 17-39.

Labrada, P., M.M. Wert and A.G. Cepro
(2001). Radio-sensitivity of rice variety
Perla Centro. Agricola 28(2):5-8.

Lee, I.S., D.S. Kim, Y.P. Lim, K.S. Lee, H.S.
Song and Y.l. Lee (2003). Generation
and performance evaluation of salt
tolerant mutants in rice. SABRAO
J.Breed.Genet. 35:93-102.

Mehetre, S. S., A. P. Patil, R. C. Mahajan
and B. R. Shinde (1996). Variability,
heritability, character association and
genetic divergence studies in M2
generation of gamma irradiation up land
paddy. Crop Research Hisar 12(2): 155-
161.

Mohamed, O., B. N. Mohd, 1. Alias, S.
Azlan, H. Abdul-Rahim, M. Z. Abdullah,
O. Othman, L. Hadzim, A. Saad, H. I
Habibuddun and F. Golam (2006).
Development of improved rice varieties
through use of induced mutation in
Malaysia. Plant Mutation Report 1(1): 27-
33.

Saragawa, A.K. and D.K. Soni (1993).
Induced genetic variability in M1 and M2
population of rice (Oryza sativa L.).
Advances in plant sciences 6(1): 24-33.

Shadakshari, G. Y., H. Chandrappa, S. R.
Kulkami and E.H. Shashidhar (2001).
Induction of beneficial mutants. Indian



Mutation breeding for reduced short stature, high grain yield under .............

Journal of Genetics and Plant Breeding Uddin, I., H. Rashid, N. Khan, F. Perveen,
61(3): 274-276. T.H. Tai and K. Tanaka (2007). Selection
Shereen, A., R. Ansari, S. Mumtaz, H. R. of promising salt tolerant rice mutants
Bughio, S. M. Mujtab, M. U. Shirazi and derived from cultivar drew and their
M. A. Khan (2009). Impact of gamma antioxidant enzymes activity under salt
irradiation induced changes on growth stress. SABRAO J.Breed.Genet., 39:89-
and physiological responses of rice under 98.
saline conditions. Pak. J. Bot., 41: 2487- Uttam, C., C. P. Katoch and K. Vijay (2005).
2495, Variability studies in some
TTP, Rice Research and Training Center, macromutations induced by EMS and
Egypt, (2013). gamma rays in Basmati rice T-23. Annals

of Biology.21 (2): 137-141.

Jaaly ladl Jpanally il bl o Jguanll cufjilal) anialy Ayl
S B Al algay) dig b

¢ O A0 gaia pudlae « dlae adlae dlae O gglain saal ,az
(Y)gl.hi Jile aaal

A drals — el 48 ()
el Sl 3$e = afiadl Jualadl dgre = 51 s )
‘fua.“ gdlall

~gel) IS L e )3l Gipad) Aana = 3531 b capailly Cipadl 30 Ao je Al s3a cyal
s aas Y1 (e ilial 2D 5dy (et a3 i YOOT a YO e el sl BIA yaaa
Yoo cghan Yo cghan Voo o Lals Aadl e cilega Axg)l (I IVA o3 ¢ VY LoV 0
AU sl (2 I daall il . YV Jall e Jpnanll j5dll el delyy o5 glun 40 ¢ glun
e dsandls eyl S g)sahall diad) o lilall Juadl las) @i gyabal) (SE i) e Jgeaall
S g5l Jall (pe 4piinall il Gl e legle Jeaniall milill iy . GG gyl Jaall iy
il Jsda 8 Lae Ll Gy Lein dysine calddial Lgy oS 4l bl (gypalall Joall & ey Al
o) oS Lala Aandl pladinly chilal) caaiad oy (Sl leal) Jead o ipady Gipall Jganay
Lead Sty A liall 8 dals 551 Jsaanad agsil) Cilaal e 026 3 Y1 Aalil (s 8 aadiiay
Glils s ahdhll Slaiul oSy parad) s Glindl G b 4Bl juS camall ey (i 0 5S)
Sl sadl Jsaana g lanly soSall ¢ @lall Joda (& b Fie dnsepe Glina Leie a5 4lle 485
Glial) ae cpagdl) o QAT DA e 5pilie 51 A5 el A 4alil clyalal) Gl aladiud oS
Ac ) yial) 4y il

Al ey Jpanal) ¢ 3 ¥ ccuhalall ccaliall Jaad clala Al allall <)

V)



Hendawy, et al.,

VY



