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Mutation Induced Genetic Variability in Rice
(Oryza sativa L.)
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EEDS of the Egyptian rice cultivar Sakha 105 were treated with

three gamma radiation doses; 15, 20 and 25 Kr to study the effect of
gamma irradiation doses in the process of mutation on the growth, yield
and yield-related characters of sakha 105 rice cultivar as well as to induce
genetic variability for selecting plants with desirable character.

The effect of gamma —rays was observed in M; and M, generation
for all the studied traits except panicle length in M1 and 1000-grain
weight in both generations. The dose of 15 Kr recorded the highest mean
value of heading date and plant height in both generation and number of
panicles/plant in M; generation, this may be due to stimulatory effects of
the low doses of gamma-rays which decrease with the increase of gamma
irradiation dose.

The dose of 20 Kr recorded significantly higher fertility percentage
and number of branches/panicle in M, generation and number of
panicles/plant in M; generation. The dose of 25Kr produced the
highest number of panicles/plant and number of spikelets/panicle in
M, generation with in-significance difference with the control. While,
it produced the lowest mean values for grain yield, number of filled
grains/panicle, heading date and plant height in both generations. All
the mutagenic treatments detected significantly lower grain yield than
the un-treated plants in both generation.

The measurements of variation were, in general, higher in the
treated plants compared with the control. Such estimates were
maximized in case of fertility percentage, number of filled
grains/panicle and grain yield. Among all treatments, the dose of 25Kr
gamma radiation detected the highest variation.

Keywords: Gamma-rays, Genetic variability, Mutation, Rice, Yield and
yield components.

In Egypt, breeding and cultivation of pure line varieties has increased rice
production, but the yield of these varieties is now considered to have reached the
plateau so, efforts to achieve further improvement on their yield potential were
not satisfactory. Gamma- rays have drawn the attention as a rapid method to
improve the qualitative and quantitative characters for many crops. The
possibility of increasing the genetic variability of rice varieties by means of
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ionizing radiation had more consideration from plant breeder point of view. The
most conspicuous effects of irradiation on the transmission of the genetic
materials is its inhibiting action on meiosis (Attia et al., 1982). There are many
kinds of ionizing radiation however, gamma rays are widely employed for
mutation studies as they have shorter wave length and possess more energy per
photon than x-rays and penetrate deep into tissue (Abdallah, 2000). Radio-
sensitivity widely varied not only between different species but also between
different commercial varieties within the same species (Fujii & Matsumura,
1958).

In Egypt, mutation breeding method was started for rice in 1960s by Serry
and Masoud when they subjected the old rice varieties Nahda and Agami to x -
rays & gamma- rays (Serry & Masoud, 1970). Most of gamma-ray irradiation
doses were acute. High doses of radiation cased higher sterility of M; plants.
Low doses of irradiation in some cases stimulated the growth and yield of M,
plants (El-Keredy, 1990). Irradiating seeds with a suitable doses of gamma rays
produces physiological and /or genetical changes in plant tissue which may be
affected the yield of plant (Hammad & EI- Geddawi, 1988).

Induction of mutations for factors which govern the heredity of quantitative
characters a promising tool for creating new genotypes. It is clear that mutagen,
beside causing changes in major genes, induce mutation at loci governing
quantitative characters. These micro-mutations can be detected in the form of
increasing variance of M,- generation.

Many early and semi dwarf rice lines were produced using gamma radiations
treatments (Sanjeev, 2000; Shadakshari et al., 2001 and Bentota, 2006). Other
studies showed that plant height, number of tillers and main panicle length
decreased with increasing gamma radiation treatments up to 35 Kr (Sabbour et al.,
1993). Gamma-rays were more effective for inducing viable mutants (Pillai et al.,
1993). Gupta & Sharma (1994) reported that mutagenic treatments decreased
plant height and number of panicles/plant.

Mutants with higher grain number/ panicle and grain yield than the control
were detected (Deng & Wu, 1990). High percentage of sterility and lower mean
values for yield related traits were observed with increasing the doses of gamma
rays (Sarawaga & Soni, 1993).

The objectives of this investigation were to study the efficiency of gamma
irradiation in the process of mutation in Sakha 105 Egyptian rice cultivar, as well
as, to induce genetic variability for selecting mutants with desirable characters.

Material and Methods

This study was carried out at the Experimental Farm, Faculty of Agriculture,
Kafrelsheikh University, Egypt during the two successive summer seasons of 2011
and 2012. Seeds of the Egyptian rice cultivar Sakha 105 were treated with gamma
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radiation at 15, 20 and /or 25 Kr at the Middle East Regional Radioisotope Center for
Arab Countries at Dokki, Giza. The treated and non-treated seeds (control) were
grown in germination plastic trays in order to raise M; plants. After 30 days the
seedlings were individually transplanted into the permanent field in a complete
randomized block design with four replication. Each experimental plot consisted of
25 rows. Each row was 3 meter long, with spacing of 20 x 20 cm. Cultural practices
were performed as recommended. The seeds from the main, lateral-1 and lateral-2
tillers in each of 50 plants were randomly selected in each treatment for growing M-
generation.

In 2012, the seeds of each of the 50 selected M, plants were grown on pots.
Thirty days old seedlings were transplanted in a well prepared field. Progeny of the
selected plants in each was transplanted in a progeny row trail with three
replications, with spacing of 20 x 20 cm and one seedling per hill. To determine M,
micro-mutation, observations on various quantitative traits were recorded on all the
plants in each treatment.

The following observations were recorded: Days to 50% heading (day), plant
height (cm), panicle length (cm), number of primary branches/panicle, number of
spikelets/panicle, fertility percentage, number of filled rains/panicle, number of
panicles/plant, 12000-grain weight (g) and grain yield (g/plant).

Statistical analysis

M, data were statistically analyzed according to the regular complete randomized
block design, after the mean of each plot was calculated, Duncan’s multiple rang test
was used for the comparison between treatment means (Duncan, 1955).

In M, micro-mutations were statistically analyzed by calculated minimum value,

maximum value, the mean of the treatment (X'), variance (S%), standard error (S.E),
coefficient of variability (C.V.%) and the ratio of coefficient of variation of treatment
and the control.

Results and Discussion

M;-generation

Significant differences among gamma radiation treatments were detected for
most of the studied characters (Tables 1 and 2). Only two characters; panicle
length and 1000-grain weight detected in-significant differences. There was a
gradual decrease for number of days to 50% heading and plant height with the
increase in radiation dose. The first dose of radiation detected significantly
higher mean values. So, low doses of radiations in some cases stimulated the
growth of My plants (El-Keredy, 1990). Similar results were obtained by Labrada
et al. (2001), who found a gradual decrease of plant height and days to heading
with increase of radiation dose. Plant height was decreasing by increasing the
dose of gamma-rays and in-significant differences in plant height were found
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between control and all treatments except the highest dose; 50 Kr, (Gomma et al.,

1995).

TABLE 1. Effect of gamma-ray treatments on the studied growth characters of rice
cultivar "'Sakha 105" in the M,_generation.

No. of No. of
Treatment Dayg to 50% | Plant height [Panicle length| primary spikelets/
heading(day) (cm) (cm) branches/ .
: panicle
panicle
15Kr 94.5a 93.4a 244 10.6b 127.0b
20Kr 90.3bc 87.9b 24 10.9b 117.0b
25Kr 89.0c 86.2b 231 10.7b 122.0b
Control 91.0b 91.1ab 233 12.2a 127.4a
F—Test *x * ns *x *

*** and ns : significant at the 0.05,0.01 level of probability and not significant, respectively.
Means followed by a common letter(s) aren't significantly differed at 0.05 level.

TABLE 2. Effect of gamma-ray treatments on grain yield and yield-related
characters of rice cultivar ""Sakha 105" in the M;_generation.

s . No. of - Lo
Treatment Fertility Ng. of fllle_,\d panicles/ lOOOTgraln Grainyield
(%) grains/panicle plant weight (g/plant)

15Kr 69.9b 88.7b 15.9a 26.4 31.4b
20Kr 34.8¢c 40.0c 16.1a 25.9 14.1c
25Kr 26.2c 31.9¢c 14.3b 25.7 6.3d
Control 95.5a 121.7a 14.4b 26.7 36.2a
F — Test *x *k * ns *x

*** and ns : significant at the 0.05,0.01 level of probability and not significant, respectively.
Means followed by a common letter(s) aren't significantly differed at 0.05 level.

In general, mutagenic treatments decreased the mean values of both number
of spikelets and primary branches/panicle. However, the differences among the
three gamma- rays treatments were not significant and the un-treated plants
(control) detected significantly higher values; 12.2 and 127.4 for the
aforementioned characters, respectively.

Results in Table 2 showed that spikelet fertility and number of filled
grains/panicle decreased as gamma-ray doses increased from 15 to 20 and/or
25Kr. While, the control plants revealed significantly higher mean values for
these traits (95.5 and 121.7, respectively). Previous studies showed that spikelet
fertility decreased with an increasing in gamma-ray doses from 10 to 20, 30, 40,
and/or 50 Kr (Shadakshari et al., 2001). Also, Sasikala & Kalaiyarasi (2010)
reported that seed fertility percentage were decreased with the increase of
gamma radiation doses from 100 up to 350 Gy in linear fashion.
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Significant differences among the mutagenic treatments were detected for
number of panicles/plant. Using a low dose of radiation (15Kr) significantly
exhibited higher mean value (15.9) over all treatments but, the differences
between 15 and 20 Kr were not significant. This may be ensuring that low
doses of radiation in some cases stimulated the growth of M; plants.

There was a gradual decrease of grain yield/plant with the increase of
radiation dose from 15 to 20 and/or 25 Kr. While, the non-treated plants
recorded the highest mean value (36.2 g/plant). Another studies showed
higher percentage of spikelet sterility and lower mean values for yield and
yield-related characters with increasing the doses of gamma-rays (Sarawagia
& Soni, 1993).

M,-generation

The effects of gamma-ray doses on growth yield and yield-related
characters are presented in Tables 3 and 4. All the studied characters were
significantly affected by gamma radiation except of 1000-grain weight. The
mean number of days to 50% heading and plant height at 15 Kr were
significantly higher compared with the other treatments, while, the
differences between 20 and 25 Kr were not significant. The measurements of
variation (range of variability and coefficient of variation) in the treated
plants were higher than those of the control for the above traits as a coefficient of
variability (C.V. %) was greater several times in the treated plants than the
control (Table 3). Another results showed that gamma-ray treatments widened
the range of variability of heading date which could allow to select early mutants
in advanced generations (Gomma et al.,1995). From the above results, it is clear
that gamma-rays was able to create and extent an additional variations in heading
date and plant height of the M,-generation.

Number of primary branches/panicle was significantly higher at the
mutagenic treatments than those of the control plants but, the differences among
the mutagenic treatments were not significant. However the opposite was true for
panicle length, as un-treated plants detected longer panicles than the treated
plants (Table 3). Also, the differences among the three doses of gamma-rays
were not significant. In spite of, the mutagenic treatments recorded significantly
higher number of primary branches/panicle and lower estimates of panicle length
than the control plants, the range of variability for the mutagenic plants was
mostly similar to that of the control. Previous results showed that variations and
the mean values in most of the studied characters was increased by mutagenic
treatments but, it decreased significantly for days to heading (Gupta & Sharma,
1994). There was a gradual decrease for all growth indicators plant height, days
to heading and panicle length with the increase of radiation dose (Labrada et al.,
2001).
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Data presented in Table 3 showed that number of spikelets/panicle was
significantly affected by mutagenic treatments in M,-generation. The mean value
of this trait was increased at the dose of 25 Kr in My-generation. The range of
variability was greater (96.2-159.6) compared with the other two dosage or the
control. The coefficient of variation after treatments with gamma-rays was
folded several times compared with the control. Similar studies showed that
irradiation led to an increase in the coefficient of variability mainly in M,
generation (Amer & EI-Mohands, 1992).

TABLE 3. Effect of gamma-ray treatments on micro-mutation for the studied
growth characters of ""Sakha 105" rice cultivar in the M,_generation.

. C.V. Treat/
= 0,

Characters | Treatment | Min. | Max. X S.E |CVY% Sy cont
15Kr | 750 | 111.0 | 95.0a | 1.24 7.14 9.92
Days to 50% 20Kr | 720 | 1150 | 92.7b | 117 6.94 9.64
heading (day) 25Kr 80.0 [ 120.0 | 92.0b 1.13 6.70 9.30
Control [ 930 | 980 [ 9390 | 0.12 0.72 1.00
15Kr | 770 | 107.0 | 925ab | 1.41 8.38 1.83
Plant height (cm) 20Kr 74.4 103.6 88.4b 1.54 9.51 2.08
25Kr | 684 | 1026 | 89.2b | 1.19 7.29 1.96
Control | 91.0 [ 1024 | 95.8a | 0.83 478 1.00
_ 15Kr 190 | 228 | 206b | 020 5.34 1.60
Panicle length 20Kr 183 | 234 | 2070 | 025 6.67 2.00
(cm) 25Kr 195 | 228 | 21.1b 0.19 4.93 1.48
Control | 212 | 248 | 228a | 013 3.33 1.00
_ 15Kr 82 | 116 |108ab| 013 6.76 1.28
No. of primary 20Kr 94 | 120 |108a| 017 8.8 1.67
branches/panicle | o5k 93 | 120 | 110a | 011 5.64 1.07
Control | 98 | 116 | 1060 | o0.10 5.28 1.00
15Kr | 958 | 1414 |1214b| 036 9.03 2.57
No. of 20Kr | 101.8| 1540 |121.4b| 2.02 9.09 2.58
spikelets/panicle 25Kr | 962 | 1596 | 130.7a| 2.49 10.42 2.96
Control [1286| 1432 |[1359a| 087 352 1.00

Means followed by a common letter(s) aren't significantly differed at 0.05 level..

Min: minimum value
Max: maximum value
C.V.: coefficient of variability
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TABLE 4. Effect of gamma-ray treatments on micro-mutation for yield and yield-
related characters of "*Sakha 105" rice cultivar in the M,._generation.

Characters |Treatment| Min. Max. X S.E |CV.% C.V. Treat/
C.V. cont.

15Kr 71.1 98.7 90.6a 1.40 8.45 6.21

Fertility (%) 20Kr 46.0 97.8 90.5a 1.98 11.97 8.80

25Kr 29.9 96.0 80.5b 316 | 2153 15.83
Control 921 97.8 95.8a 0.24 1.36 1.00

15Kr 83.6 1340 | 1101b | 269 | 13.36 343
20Kr 554 1348 | 109.8b | 296 | 14.78 3.79
25Kr 57.8 1380 | 104.3b | 4.02 | 2113 5.42
Control | 121.0 139.6 130.2a | 0.93 3.90 1.00

No. of filled
grains/ panicle

No. of vanicles | 1< 106 188 1390 | 036 | 14.32 173
-oTp 20Kr 112 176 1400 | 046 | 179 217
plant 25Kr 112 183 | 147ab | 033 | 1244 151
Control 125 17.3 15.5a 0.23 8.26 1.00

1000-grain 15ke | 248 | 300 | 285 | 019 | 372 | 225
. ookr | 237 | 207 | 281 | 020 | 395 | 330
weight (g) o5k | 244 | 301 | 282 | 028 | 454 | 275
Control | 272 | 209 | 284 | o009 | 165 | 100

15kr | 174 | 412 | 296b | 118 | 2186 257
Grain yield 20kr | 176 | 402 | 2880 | 113 | 2146 2.58
(g/plant) 25Kr | 206 | 426 | 3050 | 113 | 268 2.96
Control | 300 | 410 | 359a | 064 | 981 1.00

Means followed by a common letter(s) aren't significantly differed at 0.05 level.

Min: minimum value X : the mean of the characters
Max: maximum value S.E: standard error
C.V.: coefficient of variability

The dose of 25 Kr detected significantly the highest reduction of fertility
percentage (80.5%) and number of filled grains/panicle (57.8) compared with the
other treatments (Table 4). However, the differences among 15, 20 Kr and the
control were not significant for fertility percentage. So, gamma-ray doses had
some stimulatory effects on seed fertility which decreased with increase in
gamma irradiation dose (Chemma et al., 2003). The measurements of variability
in the treated plants were higher than those of the control. The range of
variability was maximized at the highest dose of gamma-rays and ranged from
57.8 to 138 for number of filled grains/panicle. So, the doses of gamma-rays in
the present work were able to induce marked additional variation within their
population.
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The values of number of panicles/plant were higher under 25 Kr and the
control compared with 15 and 20Kr treatments. The variability released after
gamma-rays treatments was greater than that of the control. A great increment
was detected in the range of variability of M,-generation at 25 Kr dosage.
Previous results showed high percentage of spikelet fertility and lower mean
values for yield-related traits with increasing of the doses of gamma-rays
(Sarawaga & Soni, 1993). Increasing the dose of gamma-rays decreased the
mean of number of filled grains/panicle, while, the mean of number of
panicles/plant was increased, the coefficient of variability was increased by
increasing the mutagenic dose for the studied characters, indicating the
possibility of selecting promising mutants in further generations (Gomma et al.,
1995). High coefficients of variability were recorded for number of filled
grains/panicle and number of panicles/plant in M,-generation (Basak & Ganguli,
1996). The highest coefficient of variation was given by sterility percentage
(Mehetre et al., 1996). Previous results showed that radiation could induce both
phenotypic and genotypic changes in rice (Britto et al., 2011).

Data presented in Table 4 showed that the mutagenic treatments did not
change 1000-grain weight. Therefore, all treatments means had nearly the same
value of 1000-grain weight and the range of variability for irradiated plants were
similar to that of the control plants. So, the doses of gamma-rays in the present
work were not able to induce marked variation within their population in 1000-
grain weight. Grain yield was significantly affected by mutagenic treatments.
The non-treated plants recorded significantly higher grain yield than the treated
plants. However, the differences among the three mutagenic treatments were not
significant. The measurements of variation (range of variability and coefficient
of variation) in the treated plants were higher than those of the control. The
coefficient of variability on the treated plants was greater several times than the
control. Similar findings were reported by Mohamed et al. (2006).

From the aforementioned results, 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. Irradiation can be considered an effective source for generating
genetic diversity among plants. Used irradiation by gamma-ray exhibited
different genetic variability such as semi-dwarf, early heading and high yield
plants. The induced genetic variability was more important as it is a basic
perquisite for successful rice breeding program through direct selection or by
hybridization with the commercial cultivars.
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