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M utagenic  effectiveness is a measure o f  the fre­
quency o f  mutations induced by a unit dose o f  
mutagen. M utagenic  efficiency refers to the p ropor­
tion o f  muta t ions  in relation to other associated 
undesirable biological effects, such as gross ch rom o­
somal aberrations, lethality and sterility, induced by 
the m utagen  in quest ion  (K onzak  et al., 1965). 
Several earlier  studies based on combined applica­
tion o f  physical and chemical mutagens have given 
encouraging  results in different crops (Nerkar, 1977; 
Sharm a and Sharma, 1979; Dixit and Dubey, 1986; 
Reddy and Smith, 1984; Tripathi and Dubey, 1990 
and Ratnam and M adhava  Rao, 1993). The present 
paper  deals  with the effectiveness and efficiency of  
t r e a t m e n t s  w i th  g a m m a  ray s .  E th y l  m e th a n e  
sulphonate (EM S) and Diethyl sulphate (DES) indi­
vidually as well as in combinations, in Lathyrus sativus 
L. var. P-505 (Khesari).

MATERIALS AND METHODS

Dry seeds o f  khesari var. P-505 were exposed to 
15, 25 and 35 Kr o f  gam m a rays at Division o f  G e­
netics, IARI, N ew  Delhi. Some irradiated and some 
fresh seeds were also treated with 0 .125% EM S or 
0 .50% DES for 6 hours. In this way there were 11 
mutagenic treatments and the control, with 100 seeds 
in each treatment. Twenty five seeds from each treat­
ment were sown in sand in large petridishes to study 
the effect o f  different treatments on seed germination

and seedling height. On the 19th day o f  sowing, 
percentage germination and seedling height were 
recorded and compard to the control.

The remaining seeds o f  each treatment and the 
control seeds were sown in field in randomised row 
design to raise the M, generation. Seeds o f  indi­
vidual M , plants were harvested separately and sown 
as M 2 families. Data on survival (%) and seed set (%) 
were recorded in Mj generation and on the frequency 
o f  chloromutat ions in M 2 generation. Efficiency was 
worked out after Konzak et al. (1965) and segrega­
tion ratio was calculated according to the formula 
suggested by D ’Amatoo et al. (1962).

RESULTS AND DISCUSSIOON

Table 1 summerises  the effects o f  mutagen treat­
ments on seed germination, seedling height, survival, 
seed set, mutation frequency and segregation ratio 
for chloromutants and also mutagenic efficiency based 
on injury (MSP/I)  and sterility (MSP/S). Seed germ i­
nation was reduced by all mutagens except the low­
est dose of  gam m a rays, applied individually and in 
combination with EMS. G am m a ray treatments indi­
vidually or in combination with EMS or DES caused 
progressive decrease in germination with increasing 
dose of radiation. Combined  treatments did not show 
any additive effect on seed germination. Progressive 
deciease in seedling height was also recorded with
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Table 1: Muttagenic effectiveness and efficiency of different mutagenic treatments in Linthyrus  sativus

Treatments G erm i­
nation
(%)

Seed­
ling
height
(%)

Survi­
val
(%)

Seed
set
(%)

Control 100.00 100.00 100.00 100.00
Gamma rays 
15Kr 100.00 91.08 87.31 49.64
25 Kr 64.00 81.39 61.91 39.38

35Kr 64.00 50.00 60.33 14.89
EMS 0.125% 96.00 95.35 76.20 71.84
DES 0.50% 84.00 94.96 74.62 73.70

Gamma rays + 
EMS 0.1 25%
1 Kr + EMS 100.00 95.35 69.85 55 19
25Kr + EMS 84.00 69.77 65.09 37.23
35Kr + EMS 80.00 35.27 63.49 19.05

Frequency of chloro­
phyll mutations 
MSP MSD SR(%)

Efficiency

Injury Steri- MSP/
(I) lity (S) I

MSP/
S

MSD/
S

Gamma rays + 
DES 0.50%
15 K r + DES 
25Kr + DES 
35Kr + DES

80.00
76.00
7600

95.35
77.91
40.70

58.89
55.57
54.17

56.10
29.46
12.14

14.54 0.76 5.23 8.92 50.36 1.63 0.29 0.02

28.20 1.26 4.47 18.61 60.62 1 51 0.46 0.02

23.68 1.40 5.91 50.00 85.11 0.47 0.28 0.02

25.00 1.68 6.72 4.65 28.16 5.38 0.89 0.06

14.89 0.98 6.58 5.04 26.30 2.95 0.57 0.04

20.45 1.02 4.99 4.65 44.81 4.40 0.47 0.02

24.39 1.14 4.67 30.23 62.77 0.81 0.39 0.02

25.00 1.67 6.68 64.73 80.95 0.39 0.31 0.02

10.81 0.44 4.07 4.65 43.90 2.32 0.25 0.01

31.43 1.32 4.20 22.09 70.54 1.42 0.44 0.00
29.41 1.62 5.51 59.30 87.86 0.49 0.33 0.02

MSP = Mutation events/100 M 2 progenies 
MSD = Mutation even ts /100 M 2 seedlings 
SR = Segregation ratio (%

I = % seedling height reduction (% of control) 
S = % reduction in seed set (% of control)

increasing dose of  radiation, individually as well as 
in combination with EM S or DEs. Combined appli­
cation of the 35kr dose o f  gam m a rays with EMS or 
DES induced more severe effects on seedling height 
than all other treatments. Plant survival and percent­
age seed set also showed dose dependent  reduction 
following all mutagenic treatments. Combination ot 
higher doses of  gam m a rays with DES or EM S pro­
duced more severe effects on these traits also.

Reduced germination percentage, seedling height, 
plant survival and seed set are com m on effects of 
mutagens in various crops (Blixit et al 1969; Sinha 
and Godward, 1972; Prasad and Das, 1980, Dixit and 
Dubey, 1981 and Kum ar et al ., 1983). Promoting 
effect o f  low doses of  mutagens on germination has 
also been recorded earlier in several crops (Sax, 1963; 
Venkateshwarlu et al., 1978; Vandana and Dubey, 
1988 and Kum ar and Dubey, 1994).

P e r c e n t a g e  o f  f a m i l i e s  s e g r e g a t i n g  for  
ch loromutants  was much higher in the combined 
application o f  25kr gam m a ray dose with DES while 
the number o f  chloromutants  per 100 M 2 seedlings 
shows dose dependent  increase in gam m a ray treat­
ments individually as well as in combination with

DES or EMS. Application o f  EMS induced highest 
number o f  chlorophyll mutations.

Segregation ratio is the ratio between the per­
centage o f  mutated population and the percentage of 
families segregating for mutants, expressed in terms 
of  percentage. It is apparent  from the table that 
chemical mutagens namely EM S or DES individu­
ally induced higher segregation ratios than varying 
doses of  gam m a rays. In the combind  treatments ot 
both EM S and DES, the segregation ratio did not 
attain the level induced by individual applilations 
of the chemical concerned. A dose dependent  in­
crease for segregation ratio was recorded in the gamma 
ray treatments applied individually and in com bina­
tion with EM S or DES. Individual application of 
EMS induced highest segregation ratio. Earlier s tud­
ies of  D ’Amato et al (1962) in wheat,  Kawai and 
Sato (1965) in rice, Nerkar (1976) in Khesari and 
Reddy and Smith (1984) in Sorghum  revealed in­
creasing segregation ratios with increasing dosage of 
physical and chemical mutagens.

A measure of  injury caused by mutagenic treat­
ments was obtained in terms of  percentage reduction 
in seedling height while reduction in seed set per­
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cent served as a measure  o f  induced sterility. Increas­
ing injury was recorded by increasing radation dose, 
individually as well as in combined treatments. From 
among the com bined  treatments of  gam m a rays with 
E M S  and DES, only those treatments involving 25kr 
and  3 5 k r  doses  o f  radiation showed an additive 
effect o f  the two mutagens on injury. Substantial 
am ount  o: steriity was induced by almost all mutagenic 
treatments.

r

Estimate o f  mutagenic  efficiecy varied depend­
ing upon the criteria used for its estimation. Calcu­
lated on the basis o f  seedling injury (MSP/I), the 
efficiency was generally higher compared to that 
based on sterility (MSP/S or MSD/S).  Mutagenic 
efficiecy o f  individual EM S and DES treatmenst, 
according to all three criteria, was several times higher 
in cpmparis ion to most other mutagenic treatments, 
EMS proved to be more effective than DES. Varyng 
gam m a ray doses did not induce any dose dependent 
response with regard to mutagenic efficiency in sepa­
rate or com bined  treatments. No synergestic response 
with regard to muttagenic efficiency was recorded in 
the combined treattments of  the two mutagens. Sharma 
and Sharm a (1979). Dixit  and Dubey (1986) and 
Ratnam and M adhava  Rao (1993) have reported in 
lentil and sun f low er  respectively  that mutagenic  
efficiency increased with increase in radiation dose 
but Gupta  and yashvir  (1975) reported that in foxtail 
millet he effectiveness decreased with the increasing 
doses of  gam m a rays, DES and EMS. However, Nerkar 
(1977) observed that the mutagenic effectiveness was 
higher at lower doses of  EM S and gam m a rays in 
different varieties o f  Lathyrus sativus  L.
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