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EFFECT OF COMBINED MUTAGENIC TREATMENTS ON SENSITIVITY
AND MUTATION FREQUENCY IN RICE

V. GOPINATHAN NAIR

College of Agriculture, Vellayani, Kerala

Combination of mutagenic treatments is one of the methods employed for
the enhancement of mutagenic efficiency. This approach makes use of the fact
that various physical and chemical mutagens induce different spectra of muta-
tions. Thus, combined treatments with radiations and chemical mutagens will
increase the mutation frequency and enlarge the mutation spectrum. The pre-
sent study was undertaken to examine the possibility of enhancing the induc-
tion of mutations in rice through combined mutagenic treatments.

Materials and Methods
Seeds of the rice variety C 0.29 were subjected to two sets of com-

bination treatments with radiations (fast neutrons and gamma rays) and nitro-
somethyl urea (NMH).

i) Fast neutrons + NMH:— Three doses of fast neutrons, viz. 705,
968, and 1170rad and four doses of NMH, viz. 0.97, 1.94, 2.91 and 3.88 mM
were employed in all the 12 possible combinations. Neutron irradiation was
done with the Standard Neutron Irradiation Facility at the ASTRA reactor of
the International Atomic Energy Agency, Vienna.

ii) Gamm rays -j-NMH:— Three doses of gamma rays viz. 10, 20 and
30 krad and two doses of NMH, viz. 0.48 and 0.97 mM were employed in all
the 6 possible combinations. Gamma irradiation was done by using the gam-
ma cell at the I. A. R.. I., New Delhi.

Irradiated seeds were soaked in distilled water for 16 hours and treated
with NMH by keeping immersed in aqueous solution of the mutagen for
eight hours. They were sown in three replications. Survival counts and height
measurements of seedlings were made on the 30th day. The M2 generation
was raised on M t ear progeny basis. Chlorophyll mutations were scored on
M, ear and M,, plant basis and frequencies calculated. The segregation ratio
of mutants was estimated in each dose combination as the percentage of
mutants in mutated ears.

Results and Discussion

The data on survival and seedling height in the M, generation, chlo-
rophyll mutation frequencies estimated as number of mutations per 100 M,
ears and as number of mutants per 100 M 2 plants, and segregation ratio of
mutants in the M, generation are presented in Table 1. The M I and M., data
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Table 1

M, effects and M2 chlorophyll mutations in combination treatments

of radiations and NMH.

Mutagen

Radiation
dose (rad)

1. Fast neutrons

Control
705
968

1170

—
705
„
,,
> F

968

"
n

1170

•'
> p

• •

II. Gamma rays

Control
10.000
20,000
30,000

—
10.000

20,000

30 000

M^ effects
(% of control)

NMH
dose
(mM)

+NMH

—
—
0.97
1.94

2.91
3.88
0.97
1.94
2.9i
3.88
0.97
1.94
2.91
3.88
0.97
1.94
2.91
3.88

NMH

—

—
0.48
0.97
0.48
0.97
0.48
0.97
0.48
0.97

Seedling
survival

(30th day)

100
100
98
98
96
80
60
48
93
71
54
43
91
64
61
45
94
61
53
44

100
98
99
99
94
91
94
90
90
88
91
86

Seedling
height
(30th day)

100
95
93
92
90
80
72
69
85
78
69
64
78
74
67
62
77
70
66
6!

100
92
88
83
88
83
84
79
80
78
77
70

chlorophyll mutations

Mutations
per 100
M, ears

0
9.5
9.9

11.1
9.2

10.6
12.7
14.0
8.6

13.6
17.5
26.0
34.2
17.4
19.5
18.8
11.4
18.0
18.3
26.0

0
6.2
7.3
9.2
5.8
8.S
2.8
3.9
5.7
7.5
8.2

12.5

Mutants
per 100
M2 plants

0
0.96
1.05
1.07
0.92
1.31
1.34
1.50

0.87
2.37
3.57
3.91
2.35
3.57
3.15
3.23
1.22
2.94
3.06
3.94

0
0.64
1.30
1.31

0.52
090
0.35
0.62
0.34
3.53
1.54
2.87

Segregation
ratio (%)

0
11.0
10.4
8.5

13.9
13.6
12.6
13.0
12.6
19.8
20.7
17.4
16.4
19.2
18.3
19.6
12.6
16.0
18.9
160

0
110
10.2
11.8
8.5

12.8
16.5
16.5
4.6

38.3
13.2
18.9
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are tabulated in a two way table to assess the interaction effects of the two
mutagens in the combined treatments and presented in Table 2. Expected
values estimated for the combined treatments on the basis of additive effects
are also given in this table.

The percentages of survival and seedling height in either of the
combination treatments did not differ considerably from values expected on
the basis of additive effects (Table 2-i & ii). Soriano (1968) found that ethyl
methane sulphonate when applied after irradiation of rice seeds with fast
neutrons did not affect seedling height and fertility. Prasad (1968) observed
that NMH in combination with gamma rays acted effectively in wheat, while
such synergism was not observed in the case of gamma rays and ethyl methane
sulphonate.

Chlorophyll mutation frequencies in the M2 generation of combination
treatments estimated as number of mutations per 100 M j ears were not higher
than those expected from simple additive effects of the mutagens (Table 2-iii).
But the frequency when estimated as number of mutants per 100 M, plants
revealed a different picture. The mutant frequencies were higher in combination
treatments than the sum of frequencies in single treatments. Such positive
synergistic effect of mutagens on mutant frequencies was more pronounced at
combinations of higher doses of fast neutrons and NMH (table 2-iv). Thus the
higher dose combinations of fast neutrons and NMH were more effective than
single treatments in respect of mutant frequency. Aastveit (1968) and Sharma
and Swaminathan (1970) in combination treatments of gramma rays and EMS in
barley observed similar synergistic effects of mutagens on mutant frequencies.

The percentages of mutants in mutated ears (segregation ratio) in com-
bination treatments were higher than those in single treatments (table 2-v).
The ratios at the higher dose combinations were considerably high indicat ing a
strong positive synergistic effect. This high segregation ratio was responsible
for the higher mutant frequencies in combinations of higher doses of fast
neutrons and NMH. The increase in segregation ra;io reflects a corresponding
increase in the size of the mutated sector.

The synergistic effects in combination treatments of mutagens are ex-
plained in several ways. Scarascia - Mugnozza (1969) has stated that if one
mutagen sensitises previously protected sites to the second mutagen, more than
additive effects can be expected from sequential application of mutagens. Acc-
ording to Sharma and Swaminathan (1970), inactivation of repair enzymes by
the second mutagen will increase the chances of potential mutational lesions
induced by the first mutagen to get fixed. Bhatia (1970) has stated that radiations
induce changes in the properties of biological membranes and this will enhance
the penetration of the chemical mutagen when it is given after irradiation,
leading to synergistic effects.
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Table 2

Interaction effects of radiations and NMH in combination treatments in
relation to M, damage and M2 chlorophyll mutations

Radiation doses (rad) „

1

(i) Survival
Fast neutrons

Control

705

968

1170

Gamma rays

Control

30,000

20,000

30,003

(ii) Height of

Fast neutrons

Control

705

968

1170

Camilla rays

Control

10.000

20,000

30,000

2

of seedlings -30th day

100
100

98

98

100

98

99

99

seedlings - 30th day (%

100
95

93

02

100
92

88

83

0.48

3

NMH doses (mM)

0.97 1.94

4 5

2.91

6

3.88

7

(% of control)

—

—

—

94
94

(92)

90
(93)

91
(93)

of control)

~

=•

—

88
84

(81)

SO
(77)

77
(73)

96
93

(96)

91
(93)

94
(93)

91
90

(89)

88
(90)

86
(90)

90
85

(86)

78
(84)

77
(83)

83
79

(76)

78
(73)

70
(69)

80
71

(80)

64
(78)

61
(78)

—

—

80
78

(7(0

74
(74)

70
(74)

. —

60
54

(60)

61
(59)

53
(59)

—

—

72
69

(68)

67
(67)

66
(66)

—

48
43

(48)

45
(47)

44

(47)

—

—

—

69
64

(66)

62
(64)

61
(64)

—
—

—
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Table 2 (Continued)

1
(Hi) Mutations per 100 M

Fast neutrons

Control

705

968

1170

Gamma rays

Control

JO.COO

20,000

30,000

(iv) Mutants per 100 M 3

Fa tt neut'ons

Control

705

968

1170

Camilla rays

Control
10,000

20,000

30,000

2

i ears

0

9.5

9.9

11.1

0
6.2

7.3

9.2

plants

0

0.96

1.05

1.07

0
0.64

1.30

1.31

3

—

..

5.8
2.8

(120)

5.7
(13.1)

8.2
(15.0)

—

_.

0.52

0.35
(1.16)
0.34

(1.82)
1.54

(1.83)

4

9.2

8.6
(18.7)

14.2
(19.1)
11.4

(20.3)

8.8
3.9

(15.0)

7.5
(16.1)
12.5
(18.0)

0.92

0.87
(1.88)

2.35
(1.97)
1.22

(1.99)

0.90

0.62
(1.54)

3.53
(2.20)

2.87
(2.21)

5

10.6

13.6
(20.1)

17.4
(205)

18.0
(217)

~

—

—

1.31

2.37
(2.27)

3.57
(2.36)

2.94
(2.38)

—
—
—
—

6

12.7

17.5
(22.2)
19.5

(22.6)
18.3

(23.8)

—

1.34
3.57

(2.30)
3.15

(2.39)
3.06

(2.41)

=

—
—

•
-

7

14.0

26.0
(23.5)

18.8
(23.9)
26.0

(25.1)

~

—

1.50

3.91
(2.46)

3.23
(2.55)

3.94
(2.57)

...-,

—
•

=

.(v) Percentage of mutants in mutated ears (segregation ratio)

Fast neutrons
Control 0 13.9 13.6 12.6 13.0

705 11.0 126 19.8 20.7 17.4
%8 10.4 16.4 19.2 18.3 !9.6
H70 8.5 12.6 16.0 18.9 16.0
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Table 2 (Continued)

1
Gamma rays

10,000

20.POO

30,000

2

0

11.0

10.2

11.8

3

8.5

16.5

4.6

13.2

4 5 6

12.8

16.5

38.3

18.9

7

—

—

—

—

Expected values For the combined treatments on the basis of additive effects are given in
brackets below the observed values.

Summary

Puce seeds were subjected to two sets of combination treatments of
radiations and NMH. The effects of mutagenic treatments in the MI and M2

generations were recorded and discussed. Mutation frequencies estimated as
number of mutations per 100 M , ears were not higher than the values expected
on the basis of additive effects. When estimated as number of mutants per
]00 M plants, the frequencies revealed more than additive effects. The
synergistic effect on mutant frequencies was due to increase in the segregation
ratio of mutants. This effect was more pronounced at the higher dose com-
binations of fast neutrons and NMH.
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