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I . IN TRO DUC TION

Winged bean (Psophocarpus tetragonoIobus (L.)J is 

an under exploited nutritious legume with a great many

positive attributes. The winged bean is highly productive in

tropical environments and is an excellent source of protein.

Hie winged bean produces an array of econonom 1 c a 1 1 y important 

products including pods, seeds, tuberous roots and animal 

fodder. Virtually all organs are edible and generally

multiple organs are consumed. (Haq, 1982, NAS, 1975). Seeds 

of this crop is nutritionally equivalent to soyabean.

The report of National Academy of Sciences in 1975

on the potential of the winged bean as a protein and oil crop

generated interest among the agriculturalists throughout the 

world. Inspite of its importance little attention has been

paid to improve the genetic potential of the crop. Now also

several wild characters exist in most of the winged bean 

accessions and only very little variability in maturity and 

other characteristics are available. It is obvious that for 

effective crop improvement a diverse genepool with genetic 

variability is necessary to select better plant type which



will make winged bean a successful crop. An intensive search 

for such plant types should be needed, otherwise mutagenesis 

can be adopted. (Chomechalow, eĵ  a_L. 1982). The inherent

low genetic variability caused by long periods of cultivation 

as a backyard crop and perpetuated by se 1 f-po 1 1 1 nat ion have 

imposed 1 imitations on the use of conventional plant breeding 

me 1 hods for the crop improvement. In winged bean, being a 

self pollinated crop induced mutation technique can be 

successfully employed as in many other crops including pulses 

to create and expand the g e n e t i c  v a r i a b i l i t y  that is 

d i f f e r e n t  from the kind o b t a i n a b l e  t h r o u g h  gene 

recombination. Mutation breeding refers to induction of 

mulat ion with mutagens at suitable doses. Since the induced 

changes occur randomly in desired and undesired direction the 

treated material has to be screened and the mutation yield 

has to be assessed. Hence in the present investigation an 

attempt was made to assess the effect of two mutagens, gamma 

rays and EMS in M2 generation of winged bean.



REVIEW OF LITERATURE
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TT. REVTEV OF LI TER A T U R E

Mutation research in the past years has added 

valuable information on various aspects of mutation breeding. 

Hence a review of literature, is p r e s e n t e d ,  on some 

important studies of mutation research.

Since the discovery of Muller (1927) in Drosophila 

and Stadler (1928) in plants that ionizing radiations can 

induce hereditary changes (mutation), there by increasing the 

rate of mutation many times than that exists in nature, we 

are no longer limited to the store of natural mutations only, 

for crop improvement, that occur at a very slow rate. Among 

the first researchers who used mutagenesis strictly for plant 

breeding. Freisleben and Lein (1942) succeeded in obtaining 

mildew resistance in Haisa barley following a treatment, with 

X- r a y s . A chemical substance, p~p dichloro ethyl sulfide 

(mustard gas) was first used for mutation induction by 

Aur>*lmch and Robson ( 1946). After these initial discoveries 

it was found that all ionizing r a d i a t i o n s  and also 

u l t r a v i o l e t  rays, were c a p a b l e  of inducing mutati o n s .  

Similarly a wide range, of chemical substances was soon found
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t > i ;iu s e mutation. The p a r t i c u l a r  c h a r a c t e r i s t i c s  of 

radiation have been described in rad 1o -b 1o 1 o g 1 c a 1 literature 

by Baeq and Alexander (1961) and Casarett (1968) and the 

types of special interest of crop improvement by Ahnstroem 

(1977). literature on alkylating agents and its effects has 

been revi e w e d  by L o v e l e s s  (1966) and Freeze (1971). 

Mutagenic, chemicals of potential use for crop improvement 

were described by Heslot (1977). Now the main emphasis is on 

gathering experiences with established mutagens regarding 

treatment procedures for a wide range of plant species such 

as leguminous and oil seed crops, vegetables, tropical fruits 

and I uber crops. (Donini, 1977, Micke 1984 and Donlnl et a 1 . 

1984 ) .

INDUCED MUTATIONS IN THF. M 2 GENERATION.

From the analysis of induced barley mutants Schloz 

and Lehman (1958: 1959; 1961; 1962 ) and Gustaf sson (1963)

showed that properties such as productivity, earliness,

I . i d g i n g resistance, protein formation and quality were 

c o n d i t i o n e d  by n u m e r o u s  genes and the m u t a t i o n s  of 

qualitative or of the quantitative type can be employed to 

improve on these characters.



Frow practical point of view the p h e n o t y p e s  of 

mutations can be divided into macro a rid micro mutations 

(Gaul. 1961). Macro mutations can easily be recognized on a

s i n g l e  plant and can easily be selected in the M 2 , hut 

m i c romu t a t i ons can only be detected in a group of plants by 

s-tat ist 1 ca 1 methods. The procedure with m i oromutat l ons used 

by Gaul (1965) was to select at random the M2 plants which 

appeared to be non-mu t.a t ed and at least as vigorous as normal 

p I ant s

A c c o r d i n g  t o  G a n g u 1 i ( 1 9 9 3  ) t h e  s u c c e s s f u l  

u t i l i z a t i o n  o f  i n d u c e d  mu t at .  i o n s  a s  a m e t h o d  o f  p l a n t  

breeding is dependent on v a r i o u s  fa c t o r s  like c h o i c e  of 

p a r e n t s ,  c h a r a c t e r s  t o  be  i m p r o v e d ,  t h e  t y p e  o f  mu t a g e n  and 

i t s  d o s e s  u s e d ,  e x p e r i m e n t a l  p r o c e d u r e s  c h o s e n  a n d  t h e  

e f f i c i e n c y  o f  d e t e c t i o n  o f  m u t a t i o n s .

P u b l i s h e d  w o r k s  on m u t a g e n e s i s  in w i n g e d  b e a n  i s  

s c a r c e .  He nc e  1 i t e r a t e r e  r e l a t e d  t o  t h e  s t u d y  in m a j o r  p u l s e

c r o p s  a r c  a l s o  b r i e f l y  r e v i e w e d  u n d e r  t h e  f o l l o w i n g  s e c t i o n s .
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2.1 Chlorophyll mut ations

Gustaf aaon (15147) reported that oh 1 orophy 1 1 mutants 

in the M2 generation would provide a good guide line for 

estimating efficient mutagen treatments and leafspots or

leaf s t r e a k s  o c c u r r i n g  after m u t a g e n  tre a t m e n t  would 

apparently be dose dependent. The occurrence of chlorophyll 

deficient mutant might be attributed to change in gene or a 

set of genes in recessive forms in Mj generation and exposed 

111 M2 generation onwards (Gottsohalk and Wolff, 1983). Sh 1 k 

(1991) reported after studying cytogenetic, physiological and 

biochemical characteristics of chlorophyll mutations that the 

chlorophyll mutants were cyto 1 o g 1 c a 1 1 y unstable with a high 

frequency of structural chromosome rearrangement and with a 

reduced rate of photosynthesis.

Frequency

Among the three methods of estimating chlorophyll 

mutation frequency, viz., 1 ) mutations per 1 0 0 M| plants. 2 ) 

Mutations per 100 Mj inflorescences and 3) Mutations per 100 

M2 plants, the last method gave good approximation of the 

frequency of chlorophyll mutations and it was proportional to



the initial rate of mutation and was independent of variation

in progency size and size of the mutated sector (Gaul, I960,

hi 1 x t e_t aj_. 196 3, Blixt, 1966). Yankulov e_t a 1 . (19 7 9)

studied sensitivity of gamma rays and EMS on bean. They 

related Mj generation survival to frequency of Mg chlorophyll 

mutations and found that there was an inverse relationship 

for the two m u t a g e n s  b e t w e e n  p e r c e n t a g e  survival and 

percentage chlorophyll mutations and a direct correlation 

b e t ween dose and p e r c e n t a g e  of c h l o r o p h y l l  mutati o n s .  

Va r ad a n y an (19 7 6 ) found no c o r r e l a t i o n  b e t w e e n  the 

frequencies of chlorophyll mutations and morphological 

mutations m  french bean following EMS and DMS treatments. 

Venkateswaral u e_t aj_ . (198 0) observed that chlorophyll

mutation rate showed linearity at low to medium doses, 

saturation and erratic behaviour at high doses of the 

mutagens and on comparing the frequencies, it was found 

that gamma rays followed by EMS and then HA was the order in

inducing chlorophyll mutations. A sample seed lot obtained

from Mj plant survivals of a treatment, corresponding to 

three times the number of initially treated seeds proved to 

be effective for high chlorophyll mutation frequency and 

other mutants obtained in Mg population (Tulman Neto 1990)



s

Spec t  r u id

Chlorophyll mutations were classified into various 

groups by G u s t a f s s o n  ( 1 940 ) and B 1 1 x t (1961). The 

d i f f e r e n t i a l  mode of chemical m u t a g e n s  with regard to 

appearance of chlorophyll mutation was reported by Ehrenberg 

et a 1 (1962 ). Tn mungbean Santos (1969 ) reported that there

were differences in mutation spectrum among mutagenic agents 

and that there might be differences in mutation spectrum 

between the different, gamma ray dose levels. Rukmanski 

<1972) found that the spectrum induced by gamma rays was 

wider than that induced by chemical mutagens. Vishnoi and 

G u p t a ( 1  9 8 0) a s s e s s e d  the c h l o r o p h y l l  c o n t e n t  of the 

chlorophyll mutants which was in the order of viridalba, 

chlorina, striata, viridis, alboxantha, xantha and albina, 

Sin ha and Himanshu (19 84) reported the effect of various 

dosages of gamma irradiation on chlorophyll metabolism in 

greengram and other species of vigna, such physiological 

variability resulting in chlorophyll deficient mutants. 

Tur i sh e h e v a e_t a 1 . (1987) d e s c r i b e d  the s t r u c t u r e  and

function of chloroplasts in chlorophyll mutants. In chlorina 

type, lamelllar system was irregular in structure, differing 

in this respect from that found in e. hloroplast of parent



I inos One mutant, showed a 25% lower content of ribosomes and 

also lower chlorophyll content and reduced photosynthetic

;n't n i t  y

Frequency of mu lti ple  chlorophyll muta tions

The range of mutations was lower at higher doses 

of gamma rays e v e n t h o u g h  high f r e q u e n c y  was o b t a i n e d  

(M e k handz hlev and Vassi leva, 1975). Similarly the greatest 

range of mutations was obtained using low concentration of 

f-MS and F.r. Packa i raj (1988) reported that the frequency of 

plants segregating for two or more mutations decreased 

with dose.

Segregation ratio

Meono (1975) observed that the segregation ratios 

of chlorophyll mutations obtained by gamma irradiation were 

always lower than expected Mended lan segregation ratio. 

Manjn ( 1981 ) reported that the s e g r e g a t i o n  ratios of 

chlorophyll mutations didnot have any dose dependence with 

gamma irradiation, while with F. M S treatment she reported 

definite dose relationship.
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Winged bean

Kfisavan and Khan (1978) treated two genotypes, UPS- 

91 and UPS-122 with both gamma rays and EMS. In case of 

gamma rays ED 50 was found to be between 15 - 20 kR and doses 

over 30 kR reduced germination drastically in Mj . Twenty per 

rent height reduction was reported in a treatment with of

0.05% of EMS. Many chlorophyll mutations were also reported.

Armachevilo and Bernardo (1981) observed yellowish 

variegation and leaf streaking in winged bean as an effect 

of treatment with EMS and Oo*^ gamma irradiation.

V e e r e s h  and S i v a s a n k a r  (1986) i d e n t i f i e d  the 

spectrum of chlorophyll mutations in Mg after gamma ray 

irradiation (10-30 kR) including five types of chlorophyll 

mu t a tions, viz., a 1bina, xantha, ch 1 orina, viridis and a 1 bo- 

xantha. Chlorina was the most frequent type followed by 

x a n t h a .

B 1ackgram

.Tana (1964) i d e n t i f i e d  chi o r o - x a n t h a  ,

c h 1oroylridis , viridis, albo-xantha and chlorina types in 

blackgram. Maximum chlorophyll mutation frequency was 

observed in 60kR gamma ray treatment.
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A wide .spectrum of chlorophyll mutations, albma, 

chlorina, xantha, viridis and alboviridis was obtained and 

maximum frequency was recovered in 60kR gamma ray iRamaswamy,

1 9 t ft ) . It was also reported that the specificity for the 

mutants and mutagen was evident in higher doses only, a 1 b 1 na 

being specific for gamma rays and xantha and viridis for F.MS .

Kundu and Singh ( I 982a ) reported that at LD 50 

dose of gamma rays (50kR) the frequency of chlorophyll 

mutations was highest in the M 2 generations. The chlorophyll

mutation f requency was highest by Mj plant basis followed by

Mj (luster basis while it. was lowest in M2 seedling basis. 

Three types, a 1 b 1 n a , chlorina and alboviridis types were 

found in Type 9 and UPU-2 of blackgram after gamma ray 

irradiation. Viridis type was found only in Type 9 at higher 

dose (5 0 k R ) .

Tn ADT-3 and Vamban-1 blackgram varieties, when

subjected to gamma irradiation at the doses of 20-1OOkR and

FMS treatments o f 20-70mM, multiple chlorophyll mutants like 

a 1 b 1 11a , chlorina, viridis and a 1 bomacu 1 a t a were reported 

Albina 0 0 cured at low frequency, but higher proportion of 

chlorina was produced by both the mutagens 111 both the
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varieties. Next to chlorina, xantha mutants were found to he 

frequent after gamma i r r a d i a t i o n  in the v a r i e t y  A D T - 3 

(Vaniarajan e_t . 1993 ).

Cowpea

Louis and Kadambavanasundaram (1973) identified 

chlorophyll mutant, viridis in gamma irradiated M2 seedlings. 

Albina was found in low frequency in 2 0 kR gamma ray dose.

Large number of mutations was reported in the M 2 , 

eventhough not a single chlorophyll mutant in Mj could be 

spotted by Narasinghan and Kumar, 1976. Treatment with EMS 

p r o d u c e d  albina, xantha, c h l o r i n a  and striata, while 

treatment with MMS produced albina, xantha and chlorina 

types.

r’a 1 an 1 swamy e_t aj_ ■ (1978) isolated chlorophyll

mut ,1 1 0 ns in cowpea after gamma irradiation. The spectrum 

suggested the occurrence of four types, of which viridis was 

the most frequent. Albina and chlorina were observed only at 

higher doses, while xantha appeared at intermediate doses.



Chlorophyll mutation frequency increased with 

increasing mutagen dose in cowpea (Sunny and Gopimony 1984).

Thirugunakumar (1988) identified albina, viridis 

chlorina and xantha types in the treatments with gamma rays 

and FMS separately and in combination. Albina was seen only 

in higher doses of gamma ray treatment.

Green,gram

Daliiya (1973 ) identified four types of chlorophyll 

mutations, viz, xantha, albina, viridis and maculata with 

gamma irradiation in greengram, of which maculata appeared 

less frequently.

Rathnaswamy e_t a_l_. (1978) reported that, among the

four types isolated chlorina and viridis were more than albina

and xantha.

Grover and Vlr k (1984) observed a spectrum of 

chlorophyll mutations including xantha, chlorina, maculata, 

viridis, and x a n t h a - o h l o r i n a .  M a x i m u m  f r e q u e n c y  of
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chlorophyll mutants was seen in MNNG treated plants. xantha 

types were more frequent m  X-ray irradiated treatments and 

eh 1 in ina in chemical treatments.

Kami in e_t a 1 . (1988) r e p o r t e d  four types of

chlorophyll mutations, albina, xantha, viridis and striata in 

^ 2 generation of gamma irradiation in mungbean. The higher 

dose level of 20kR to 25kR induced comparatively wider 

spectrum of chlorophyll mutants. Among the total of 1859 

seedling mutants observed 15.91% were albina, 11.7% xantha, 

18% viridis and 9.5% striata types.

Redgram

V e n k a t e s w a  r a 1 u e_t̂ a . (19 7 8 ) u n d er took

rad i osensi t i vi ty s t udies and found that f r e q u e n c y  was 

relatively low in all treatments when seven varieties of 

early, medium and late maturity groups were exposed to 5-40 

KR Cob,) gamma rays. Among the three types of chlorophyll 

mutations observed xantha was the most frequent and chlorina 

t he 1 <'as t .

Following treatments with gamma rays, EMS and NMU 

separately five types of chlorophyll mutations appeared in M2

14



gene ra t. 1 o n . The occurrence of chlorina was more followed by 

viridis, xantha, tigrina and albina. The rate of chlorophyll 

mutation in M2 generation was associated with the increase in 

the dosage of the chemical mutagens tChaturvedi e_t aj_- 1982).

B r e n d a  11987) repor t e d  d i f f e r e n t  s p e c t r u m  of 

chlorophyll mutations including xantha, chlorina, viridis, 

maculata, viridalba and alboviridis.

Gram

A t h w a 1 (19 8 3) identified lethal and sublethal

mutations of variable chlorophyll deficiency after x-ray 

1 r rad 1 a t 1 o n .

2.2 Viable mutatio ns

A (.'cording to Gaul (1961) the p h e n o t y p e s  of 

mutations can be recognised and divided into macro and micro 

mutations. During the* past two decades, r e s e a r c h  in 

mutagenesis had expanded rapidly and large number of mutants 

in pulses with favourable characters were isolated.

V?
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2.2.1. Macro nutations

Viable maoromutants recovered in various studies 

included leaf mutants, tall mutants, dwarf mutants, flower 

mutants, high y i e l d i n g  and early m a t u r i n g  types etc. 

According to Gott.sehalk and Wolff (1983 ) tall and bushy 

mutants represent the alternation in shoot system, the early 

maturing mutants in flowering and fruiting time and the leaf 

mutants in the number, size, shape and location of leaves.

Winged bean

Karikari (1981) found significant reduction in 

vegetative parts, seed yield and tuber yield when the seeds 

of genotypes were treated with 15 and 20kR gamma rays. The 

report also shows that by making use of irradiation bushy 

type plants requiring shorter staking could be developed.

Jugran e_t a_j_. (1986 ) isolated three dwarf variants

( lie i ght <98 cm. ) in M 2 , of which only' one flowered and set 

seeds, from the gamma irradiated population of seventeen 

cult 1 vars .



Savithramma (.1987 ) found that 0.6% EMS was optimum 

for inducing mutations based on four characters in the 

genotypes SL. - 8 6 and Mysore local . M 2 mutants isolated 

included dwarf with compressed internodes bushy, early and 

determinate types.

Veeresh and Sivasankar (1987) identified eleven 

early mutants in the M2 generation from seeds exposed to 

gamma rays, which matured 27-34 days earlier than control 

plants and which had similar yield potential.

B 1 ackgram

Tallmutant (Jana 1963), dwarf insensitive mutants 

(Rao e_t a_l. 1975 a) in X-ray irradiated population and dwarf

mutants (Ignaeimuthu and Babu, 1988) and dwarf early maturing

mutants (Sinha, 1988) in gamma ray irradiated population 

were reported as growth habit mutants.

l.eaf mutants reported include crinkled leaf, waxy 

leaf, narrow leaf and uni foliate leaf in X ray and F.MS 

treated population (Rao and Jana 1976) and u n 1 f o 1 1 a t, e , 

bifoliate and tetrafoliate types in sodium azide treated 

popu 1 at 1 on (. Khan , 1987a).



Farly flowering (Bandyopadhyay land Bose, 1980) and

early m a t u r i n g  (Khan 1988a) types were isolated after 

mutagenic treatments.

Bhadra and Jain (1988) isolated black seeded, bold 

seeded and shrunken seeded types after F.MS and gamma ray 

treatment in T9 and S - 1 varieties.

Amo n g  pod v a riants, m u t a n t s  with d i f f e r e n t  

pod 1engths (Bhamburkar and B h a 11 a 1 987, Khan 1988a) and 

mutants with different number of pods per cluster (Khan 

1987a) w e n a reported in black gram.

A large number of viable mutants of plant height, 

maturity, pod number, seed size and sterility and other 

morphological variations were isolated in the M2 generation 

after F.MS and gamma rays treatments (Vanniarajan ejt a_L. 1993)

Cowpea

(howdhari (1983) isolated a bold seeded mutant with 

dwarf stature, early duration, increased pod and seed yield 

per plant following irradiation of seeds with 40kR gamma 

rays .

i0
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M u t a t i o n s  involving c h a n g e s  in plant height, 

cotyledon abnormalities, stem and leaf modifications, pod 

modifications and seed colour variation were noticed by 

T h 1 rugunakumar ( 1986)

Greeng ram

Seth e_t a_l_. ( 1983 ) reported that the use of low

radiation doses (5,10 and 20 kR gamma rays) was effective in 

inducing earl l ness. Among a few m u t a n t s  isol a t e d  for 

earl i ness in M2 generation by Pawar e_t aj_. ( 1984 ) one of them

gave higher yield. Following mutagenesis with gamma rays and 

F.MS eight mutants for seed weight, pod weight and number of 

seeds per pod were isolated by Khan (1986)

Sumanggono (1987) isolated tall, determinate and 

semidwarf plant types and variants with large, erect, slender 

glaborous and cream coloured pods in M 2 generation after 

gamma irradiation (0.1 - 0.4 k Gy) of mungbean c v . manyar.

Mu 1 t 1 racemose inflorescence mutant isolated in var 

7 44, induced by recurrent, gamma irradiation by Singh e_t a 1 . 

(1988) was found to be higher yielder than the parent.
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A wide range of mutants affecting leaf morphology, 

plant habit, maturity and fertility were isolated in M2 after 

treatment, with gamma rays, EMS and hydrazine hydrate in 

mungbean var G-65 and PS-t6 (Khan 1989).

K u 1 k a r n 1 e_t aĵ  ■ (1990) identified high yielding

types in M 2 after gamma ray irradiation and EMS treatment of 

varieties PTM 51 and Pusa baisakhi and reported that some of 

the selections produced M^ progenies which out.yielried the 

control .

The m u t a t i o n  s p e c t r u m  was o b s e r v e d  for plant 

m o r p h o l o g y  and yield c h a r a c t e r s  such as plant height, 

branching pattern, leaf morphology, venation, pigmentation, 

p e d u n c l e  length, pod c h a r a c t e r s  and g r a i n  yield in M 2 

generation. These induced mutations were related to the 

studies on mutagenesis in greengram c v . T44 with gamma rays

(5-40 kR), EMS (0.01-0.05m), combination treatments (5-40 kR 

gamma doses fol lowed by 0.02m EMS) and recurrent doses of 

gamma rays (5-40 kR gamma rays accompanied by respective 

gamma doses in the following generation (Singh and Y a d a v ,

1991 ) .
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Redgram

A number of m o r p h o l o g i c a l  flower v a r i a n t s  

i Chat urvodi and Sliarma 1978 a, 197 8 b) and inflorescence 

v a r i a n t s ( V e n k a t e s w a r a 1 u e_t a 1 . 1978) in EMS treated

population were isolated. Rao e_t a,!. (1975b) reported that

in eultivars S-5 and S - 8  of pigeonpea after treatment with 

gamma rays induced mutations were found to be effective in 

generating variability for the improvement of plant type. 

From variety S-5, early maturing with improved plant type 

suitable for multiple cropping and from variety S-8 , medium 

tall, highly compact but not clustered and tall mutants were 

iso I a t cd .

A wide range of mutants were obtained of which 

mutants with different forms of reduced stature and habit 

w e r e  most common in pigeonpea after gamma irradiation

(Rao, 1984).

Bha 1 1 a (1989) reported the effect of gamma rays, 

F.MS and magnetic fields on two early maturing eultivars of 

pigeonpea and observed. Several mutants of plant height, 

seed and pod characters and yield



B h a t 1 a e t a 1 . (1991) isolated large seeded

pigeonpea mutant contributing to higher yield.

Chiokpea

Kharkwal (1983) noticed forty five different types 

of morphological mutations affecting all plant parts after 

treating two desi (0130, H214) and culinary (1.345, C104

Kabuli) types with gamma rays (40,50, 60kR) fast neutrons 

(0.5, 1,1.5 kR) NMU (0.01,0.02%) and EMS (0.1, 0.2%).

Haq e_t el\_. (1989) identified very early flowering

photoperiod insensitive induced mutant from 20 kR gamma ray 

l r radia tion.

Mutant line CM 1918 selected after exposure of a 

b 1 l g ti t susceptible variety to 10 k R gamma radiation, was 

reported to be semi-erect_maturing two weeks earlier and 

moderately resistant, to blight. (Hassan and Khan 1991).

2.2.2 Micro mutations

The mutational changes which can be isolated and 

fixed only through the adoption of biometrical procedure in a
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group of plants are called as micro mutations (Gaul 1961, 

Swaminathan, 1964). Gregory (1965) reported that the number 

of plus and minus mutations in the polygenic system was equal 

and it is the magnitude of the phenotypic effects which is 

influenced by mutation. Increased variability for all 

characters was reported by Dahiya (1973) in greengram.

Rajput ( 1974) treated the seeds of greengram c v . 

6601 with gamma ray doses ranging from 10-40 kR and observed 

that in the M 2 generation the change in the mean values of 

treated material for all the phenotypic traits occurred 

towards either positive or negative direction except for mean 

pod 1 eng t h .

Significant changes in the mean values of a large 

number of economically useful characters were noticed due to 

the mutagenic effect of Ethylene lmine and Diethyl sulphate 

vapour in pea (Agarkova e_t a_L. 1976).

M a 1e 1 0 hydrazide (MH) and gamma rays individually 

and in combination produced a large number of macro and micro 

mutation in greengram (Grover and Tejpal 1980).
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Tn blackgram, it was observed that the mean values 

of quantitative characters didnot change except for plant 

height 1 n EMS treated material but the variability had 

increased for all the characters. In gamma irradiated 

population mean values for number of seeds per pod and seed 

size didnot change in M 2 and M^ generations, however the 

variability had increased. The mean values of pods per plant 

and yield per plant had shifted in a positive direction 

(Kundu and Singh 1982b).

Khan (1983) studied mutations in greengram to 

explore the possibility of inducing micro mutations in 

quantitative characters after treating with hydrazine 

h y drate and gamma rays i n d i v i d u a l l y  and in c o m b i n e d  

treatments. The report showed that the mean value of treated 

populations shifted towards the positive direction for days 

to maturity and plant yield in M 2 generation and the co

efficient of variability increased for these characters 

indicating the effectiveness of mutagenic treatments in 

inducing polygenic mutations. Increase as well as decrease 

in mean values of several yield characters were reported in 

greengram by Khan (1986, 1987b, 1988b).
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Neutron irradiation (6-15 J/kg) of bean seeds 

increased the range of variations for seed yield per plant, 

1 0 0 0 seed weight, pod length, pods/plant, plant shape co- 

eff irient and branch number in the M2 (Kozera ejt a_L • 1986).

Chary and Bha1 1 a ( 1988) reported that 0.3% EMS was 

effective in increasing the number of branches and pods per 

plant in pigeon pea.

2.3 Mut ag en ic Eff ici en cy and Effec t i v e n e s s

The usefulness of any mutagen in plant breeding 

depends not on the mutagenic effectiveness, the relation of 

mutagenic frequency to dose blit on mutagenic efficiency also, 

the production of desirable changes free from association 

with undesirable changes (Konzak e_t a_l_. 1965).

Effectiveness means the rate of mutation induction 

as dependent upon the mutagenic dose and efficiency refers to 

the mutation rate in relation to biological effects, usually 

a measure of damage (Ni lan e_t aj_ • 1965).



Mutagenic effectiveness and efficiency of gamma 

rays, EMS and hydrazine hydrate in greengram was studied and 

found that mutagenic effect 1 veness and mutagenic efficiency 

were highest at lower doses of mutagens (Khan and Hashim

1978).

Nadarajan and R a m almgam (1982) reported that gamma 

ray, were more effective and efficient than DES in inducing 

chlorophyll and viable mutations when estimated on the basis 

of lethality and DES was more efficient on injury basis.

Combined treatment of gamma rays and EMS produced 

higher m u t a t i o n  rate and e f f i c i e n c y  than individual 

treatments in greengram (Bahl and Gupta 1982).

Var i e t a l X m u t a g e n  i n t e r a c t i o n s  have also been 

reported in different pulse crops. Kharkwal (1983) reported 

the sensitivity of two types, desi and culinary types of 

chickpea to the treatment with four mutagens, namely gamma 

rays, fast neutrons, NMU and F.MS , desitypes being more 

resistant to mutagens.

Tn greengram effective doses were 40 kR for X-rays 

(18-60 kR.) and 2 x 10*^ n cm^/s for thermal neutrons (10-60 x 

lO1  ̂ n cm^/s) (Song e_t aj_. 1988).
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Mut. a gen ic e f f ec t, 1 veness and efficiency of gamma 

rays at 20, 40 and 60 kR, magnetic fields at 3000, 4000 and

5000 Gy, Sodium azide at 1 x 103 , 2 x 103 and 3 x 103M and

a combination of treatments were studied in cluster bean by 

Badani and Bha1 1 a (1992). They found that the higher levels 

of each treatment were more efficient in inducing mutations 

and sodium azide was the most, efficient mutagen.



MATERIALS AND METHODS



III. MAT E R I A L S  A N D  ME TH ODS

The present investigation on "Mutagenicity of 

gammarays and EMS on winged bean (Psophocarpus tet.ragono 1 obus 

(L. >)' was conducted in the Department of Plant breeding and 

Genetics, College of Agriculture, Vellayani during the year

1992-1994 .

A. MA TERIALS

This study formed a continuation of a concluded 

project in the D e p a r t m e n t  of Plant b r e e d i n g  na m e l y  

Morphological effect of gamma rays and EMS on winged bean 

( Psophocar pus t e t. ragono 1 obus (I..))". Seeds of PT-62, variety 

of winged bean received from the i n s t r u c t i o n a l  farm, 

vellayani was s e l e c t e d  as the source m a t e r i a l  for the 

induction of mutatlonswith gamma rays and EMS in the previous 

study. Dry seeds of uniform size (12% moisture) were treated 

with five doses of gamma rays viz. , 100, 200, 300, 400 and

500 Gray units and five doses of EMS viz. , 40, 80, 120, 160

and 200 Millimoles for a period of ' 6 ’ hours and t h o M j 

generation was studied by my predecessor.
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Seeds collected individually from the surviving 

plants in the first, generation ( M ̂ ) constituted the seed 

material for the present study (Mg generation). Since none 

of treatments in 500 gray units germinated in generation, 

the Mg generation studies didnot include the plants from that 

treatment. Each treatment in gamma rays and EMS, was 

represented by twenty Mj plants selected at random and each 

M^ plant by maximum of fourty seeds. Wherever the number of 

Mj plants which reached to maturity was limited, all the M| 

plants were carried forward to Mg. The details regarding the 

number of Mj plants carried forward to Mg and the number of 

seeds in each dose of the mutagens are given in table I.

B. METHODS

The Mg generation was raised as Mj plant progenies 

dur i n g  S e p t e m b e r  1993 to M a r c h  1994. Seeds c o l l e c t e d  

individually from each Mj plant were selected at random and 

were sown as a progeny row in the Mg at, a spacing of 75cm 

between rows and 50cm between plants in non-replicated 

progeny row trial. Different progeny rows of a particular 

dose were sown continuously as a single line of 20M length 

After every such ten 1 ines there was a control 1 1 mi which was
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Tab 1 e Details of progenies studied

Treatments Number of M
plant s car r 1 ed 
to M0

Number of seeds 
earrled to Mo

Control 20 400

Gamma rays

1 0 0 gray units 2 0 615

200 20 404

300 12 24 9

400 ' 3 60

EMS

40 mi 1 1imoles 17 332

80 • 18 357

1 20 18 364

160 1 2 262

2 0 0 1 1 280



raised from the seeds of untreated plants. The cultural,

manurial and plant protection measures were done as per the 

pa c k a g e  of part ices r e c o m m e n d a t i o n s  of the Kerala 

Agricultural University.

Observations made are detailed below

3.1. CHLOROPHYLL MUTATIONS

Plants in each progeny row were observed from 

germination to spot out chlorophyll deficient mutants. All 

the seed)ings which exhibited deviations from the normal ones 

by colour differences or by the presence of white spots, 

streaks or patches on leaves were considered as chlorophyll 

mutants.

3.1.1. Mutation Frequency

The number of Mg progeny rows showing segregation 

were noted to find out the mutation frequency. Total number 

of normal seedlings and mutants were also counted from both 

segregating and non-segregating progeny rows. The mutation 

frequency was calculated as the number of mutants per 100 Mg 

rows and 1 0 0 Mg p 1 ants has l s .



3.1.2. Spect rum

O b s e r v e d  c h l o r o p h y l l  m u t a n t s  were c l a s s i f i e d  

according to the system proposed by Gustafsson (1940) and 

followed by Brenda (1987). Different types of chlorophyll 

mutation observed in each progeny row were scored separately 

to find out the spectrum of different types of mutants. 

Relative per cent of each type of mutations was calculated.

3.1.3 Single and mu lt ip le chlorophyll m u t a t i o n  frequency

The number of M 2 progeny rows segregating for 

single and two or more m u t a t i o n a l  ev e n t s  were c o unted 

separetely for the segregating progeny rows in each dose. 

Frequency of single or multiple mutations was calculated as 

ratio of the number of segregating progeny rows for single or 

multiple mutations to total number of segregating rows and 

expressed in percentage.

3.1 .4 . S e g r e g a t 1 on rat 1 o

In segregating M 2 progeny rows, the number of 

mutants and normal seedlings were counted separately to



calculate the segregation ratio. Segregation ratio was 

expressed as the per cent number of mutants to total number

of seedlings in segregating rows of a treatment.

3.2. VIABL E M U TATIO NS

3.2.1. Ma cro nutations

All available plant progenies were observed through 

out their life period. Any plant w h i c h  e x h i b i t e d  

morphological deviation from the normal one with special 

emphasis on plant height, duration, branching pattern, 

floral, pod and seed characters were marked as a viable macro 

mutants. Individual visual scoring method was done to

identify the viable mutants of such types.

3.2.1.1. Mu tat i o n  frequency

The number of Mg progeny rows showing segregation 

for viable mutants and the number of viable mutants in each 

treatment were noted. The frequency was estimated by the

same method used in case of chlorophyll mutations.



3.2.1.2. Spectrum and segregation ratio

The number of particular type of mutations in each 

treatment wos counted separately to find the spectrum of 

mutat ion in each dose. The number of mutants and normal 

seedlings were counted separately to find the segregation 

rat io. Spectrum and segregation ratio were expressed as that 

in chlorophyll mutations.

3.2.2. Micro mutation s

Apart from visual scoring fifteen plants were

se let'led randomly in each line of particular treatment, and

observations on height at 43 and 7 5 days after sowing, days 

to flower, number of pods at first, harvest, pod length,

number of seeds per pod and 1 0 0 seed weight were noted.

Height

The height of the plant was measured from the base 

of the main shoot to the tip of leaf bud on 45 and 75 day 

after sowing.



Days to flower

Number of days from sowing to flowering was taken 

as days to flower.

Number of pods per plant

The number of pods per plant at first, harvest was

noted.

Pod length

Length of first harvested fruits of each plant was 

noted and average length was estimated.

Number of seeds per pod

Number of seeds per pod in each plant was noted and 

the mean was calculated.

100 seed weight

Weight of 100 seeds in each plant was taken as 100 

seed we ight.



Frequency distribution of variants and comparison of moan

performance.

Plant progenies were categorised into three groups, 

negative variants, control group and positive variants for 

seven characters based on the control performance. Mean 

values of the c h a r a c t e r s  in d i f f e r e n t  t r e a t m e n t s  were 

compared with control by applying s tudont, ’ rl tes t ,

3.3. ESTIMATION OF MUTAGENIC EFFICIENCY AND MUIAGTNIC 

EFFECTIVENESS

M u t a g e n i c  e f f i c i e n c y  and e f f e c t i v e n e s s  were 

estimated using the formula proposed by Kon/ak et al. 

in both physical and chemical mutagens.

Mu I,agen j c effecti veness

ME x 100 ME x 10n

K e x t

we r e  ME = M u t a t i o n  f r e q u e n c y

K -  rr r ad  i a t  i o n  uni  i s  ( fc. * 3  >

c  = Co no e nI  ra t i  on ( % )

t = t i me  ( h r )



5/

M u t agenic efficiency

MF x 100 MF x 100 MF x 100
-----------  or   or -----------

L I  S

L = Percentag e of lethality on the basis of
survival reduction.

I = Perce ntage of injury on seedling height
reduct i o n .

S = Perc entage of seed sterility.

3.4. Isolation of viable m u t atio ns

Individual plant harvest was done  to easily isolate 

the macro mutants. Ten plants looking normal were selected 

in the segregat ing rows to study m icro mut a t i o n s  in .
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I V . RESULTS

The m u t a g e n i c i t y  of g a m m a  ray and EMS tr ea t m e n t s  on 

wi nged be an in the M 2  g e n e r a t i o n  was st ud i e d  and the results 

are p r e s e n t e d  below:

T he h i g h e s t  d o s e  of g a m m a  r a y  e x p o s u r e  viz .  5 0 0  

G ray  units a p p e a r e d  lethal in Mj g e n e r a t i o n  si nce  no Mj

plant, could survive.

4.1 CHL0R0PHYIL MUTATIONS

A total nu mbe r of 1574 M 2  seed 1 i n g s w e r e  ex amined 

f r o m  t h e  d a t e  o f , g e r m i n a t i o n  to s p o t  o u t  c h l o r o p h y l l  

mutat i o n s .

4.1.1. Mutation frequency

The effect of d i f f e r e n t  e x p o s u r e s  of g a m m a  rays on 

c h l o r o p h y l l  m u t a t i o n  f r e q u e n c y  o n  M g  p r o g e n y  r o w  a n d  Mg 

s eed ling basis are p r e s e n t e d  in T a b l e  2.

The chl or ophyl l m u t a t i o n  f r e q u e n c y  on Mg pr ogeny 

r o w  b a s i s  r a n g e d  f r o m  3 3 . 3 3  to 4 2 . 1 1  p e r  c e n t .  T h e



Table 2. Frequency of chlorophyll mutants (gamma rays)

Treatments 
(Gray units)

Number of Number of 
M 2  progeny- Mg seedlings 
rows scored 
scored

Chlorophyll mutatation frequency

Mg progeny row basis Mg seedling basis

No. of segre- % 
gating rows

No. of 
mutants

%

0 (Control) 9 90 0 0 0 0

100 20 280 7 35.00 12 4.29

200 19 149 8 42.11 10 6.71

300 12 79 4 33.33 5 6.33

400 3 34 1 33.33 2 5.88

Table 3. Frequency of chlorophyll mutants (EMS)

Treatments 
(Mil 1imoles)

Number of Nimnber of Chlorophyll mutatation frequency
rig p* Ujj ui xy 2 ” * 1 1 y
rows scored Mg progeny row basis Mg seedling basis
suureu

No. of 
gating

segre- % 
rows

No. of 
mutants

%

0 (Control) 9 90 0 0 0 0

40 17 208 4 23.53 7 3.37

80 18 169 5 27.78 6 3.55

120 17 221 6 35.29 10 4.52

160 12 124 5 41.67 7 5.65

200 11 130 4 36.36 6 4.62



Ad

chlor oph yll m u t a t i o n  f r e q u e n c y  sh owed an increase from 35 to

42.11 per cent w hen  the dose  incre ased from 100 to 200 G r a y  

units and a bo ve w h i c h  it d e c r e a s e d  to 33 .33 per cent at 300 

and 400 Gr a y  units.

The f r e qu ency of ch lor ophyl l m u t a t i o n  e s t i m a t e d  on 

M 2  se edling  basis ranged from 4.29 to 6.71 per cent. The 

m u t a t i o n  fre q u e n c y  show ed an increase from 4.29 to 6.71 per

cent w hen the dose increa sed  from 100 to 200 G r a y  units and

a fte r which, the fre q u e n c y  d e c r e a s e d  wi t h  i n cre as ing do ses of 

ga mma ray exp o s u r e s  upto 400 G r a y  units.

Th e  f r e q u e n c y  of c h l o r o p h y 11 m u t a t i o n s  on M g  

p r o g e n y  row and Mg s e e d l i n g  basis w e r e  m a x i m u m  at the same 

d o s e  (.200 G r a y  u n i t s ) .

The effect of d i f f e r e n t  c o n c e n t r a t i o n s  of EMS on

the chlor ophyl l m u t a t i o n  fre q u e n c y  are  d e p i c t e d  in T able  3.

The chlorophyll m u t a t i o n  f r e q u e n c y  on Mg pr ogen y 

ro w basis had a range from 23.53 to 41.67 per cent. The

fre qu en cy increased w it h increase in dose, re ac he d ma xi m u m

(41.67 per cent) at 160 m i l l i m o l e s  an d t h e r e a f t e r  d e c r e a s e d

to 36.36 per cent at 200 m M .



The range of chl or op hyll m u t a t i o n  f r e q u e n c y  on M 2  

s e e d l i n g  b a s i s  w a s  f r o m  3 . 3 7  to 5 . 6 5  p e r  c e n t .  T h e  

chlorophyll m u t a t i o n  fre q u e n c y  increased w ith the increase in 

c o n c e n t r a t i o n  u p t o  1 6 0 m M  ( 5 . 6 5  p e r  c e n t )  f o l l o w i n g  a

redu ction  at 200 m M .

T h e  f r e q u e n c y  of c h l o r o p h y l l  m u t a t i o n s  o n  M 2  

p r o g e n y  row and Mg s e e dling  ba sis  was m a x i m u m  at the same 

dose; ( 160 m M ) .

By c o m p a r i n g  g am ma  rays and EM S on the basis of 

c h l o r o p h y l l  m u t a t i o n  f r e q u e n c y  it w a s  f o u n d  t h a t  m a x i m u m  

f r e q u e n c i e s  w e r e  r e c o r d e d  at th e  s a m e  d o s e  for b o t h  the 

mu ta ge ns on Mg p r o g e n y  row and  Mg s e e d l i n g  b as es and the the 

h igh est was for g a m m a  rays, viz. at 200 G r a y  u ni ts (Fig. 1).

4.1.2 S p e c t r u m

D i f f e r e n t  t y p e s  of c h l o r o p h y l 1 m u t a n t s  o b s e r v e d  

during the pe r i o d  from g e r m i n a t i o n  to sixth leaf stage were 

c l a s s i f i e d  as xantha (yellow), c h l o r i n a  ( y e l l o w i s h  green), 

v ir idis (light green); white  streaked, (White streaks on the 

leaves), m a c u l a t a  (ir reg ul ar pa tches of c hlor op hyll d e f ici en t

4*
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Table 4. Spectrum of chlorophyll mutations (gamma rays)

Treatments Number of Relative per cent
(Gray units) chlorophyll --------------------------------------------------------

mutants , Xantha Chlorina Viridis White Maculata Viridalba
streaked

100 12 - - 25 25 25 25

200 10 10 50 20 20 -

300 5 20 40 20 20 -

400 2 50 50

Table 5. Spectrum of chlorophyll mutations (EMS)

Treatments Number of Relative per cent
(Millimoles) chlorophyll --------------------------------------------------------

mutants Xantha Chlorina Viridis White Maculata Viridalba
streaked

4 0 7 — 2 8 . 5 7 2 8 . 5 7 1 4 . 2 9 1 4 . 2 9 1 4 . 2 9

8 0 6 3 3 . 3 3 1 6 . 6 7 3 3 . 3 3 1 6 . 2 9 - -

1 2 0 1 0 2 0 . 0 0 4 0 . 0 0 1 0 . 0 0 2 0 . 0 0 1 0 . 0 0 -

1 6 0 7 4 2 . 8 6 4 2 . 8 6 - 1 4 . 2 9 - -

2 0 0 6 6 6 . 6 7 1 6 . 6 7 1 6 . 6 7 — _



h igh er doses at an in cre asing  rate (10, 20, 50) wit h  increase

in dose. C h l o r i n a  type was al s o  seen in the three higher  

d ose s but not ha v i n g  any dos e  dep en dence, the m a x i m u m  (50 per 

cent) be ing  at 200 and 400 G r a y  u ni ts and m i n i m u m  (20 per 

cent) at 300 Gra y units. V i r i d i s  and w hi te  s t r ea ked types 

w e r e  se e n  w i t h  the s am e f r e q u e n c y  in e a c h  d o s e ,  a n d  no t 

h a v i n g  any direct  dose dependence.  M a c u l a t a  and v i r i d a l b a  

types were present only in the lowest dose. D i f f e r e n t  types 

except xa nth a did not show any do s e  d e p e n d e n t  change.

T h e  e f f e c t  of d i f f e r e n t  t y p e s  of c h l o r o p h y l l  

m u t a t i o n s  i n d u c e d  b y  d i f f e r e n t  c o n c e n t r a t i o n s  of E M S  a r e  

p r e s e n t e d  in the T able 5.

Si x d i f f e r e n t  t y p e s  i d e n t i f i e d  w e r e  n o t  o c c u r e d  

together in any of the five do ses of EMS. Five types viz. 

chlorina, viridis, w hite streaked, m a c u l a t a  and v o r o d a l b a  

t y p e s  w e r e  s e e n  in 40 mM, fo u r  t y p e s  ( x a n t h a ,  c h l o r i n a ,  

vi ri d i s  and wh ite streak ed) in 80 m M , five types (xantha, 

chlorina, viridis, wh ite stre a k e d  and m a c u l a t a )  in 120 mM and 

three types (xantha, c h l o r i n a  and w hite streaked) in 160 and 

200 mM of EMS. C h l o r i n a  type e x h i b i t e d  hi gh est p r o p o r t i o n  in 

three doses, but alo ng  w i t h  v i r i d i s  and xa n t h a  in 40 and 160



4C-

mM respectively. Xa n t h a  type showed hi gh es t p r o p o r t i o n  in 80 

mM with vi ri di s and in 200 m M . In total xa n t h a  and c h l o r i n a  

a p p e a r e d  a s  t h e  m o s t  f r e q u e n t  t y p e s  in E M S  t r e a t e d  

p o p u 1 at i o n .

T h e  r e l a t i v e  p e r  c e n t  of d i f f e r e n t  t y p e s  of 

chlorophyll m u t a t i o n s  varie d wit h  dos e  of EMS. X a n t h a  type 

occured in all the four hig he r doses w i t h  m a x i m u m  (66.67 per 

cent) in the hig hest dose (200 mM). C h l o r i n a  type was seen 

in all the five doses and showed an initial d e c r e a s e  followed 

by increases in rel ative per cent upto 160 mM w i t h  m a x i m u m
Inf r eque nc y 160 mM and m i n i m u m  in two d oses (80 mM and 200 m M ) . 

Vi ri d i s  type was havi ng  hi ghest  r e l a t i v e  per cent in 80 mM 

and lowest in 120 m M . W hite st reaked  type was al so seen in

all the five doses ha ving m a x i m u m  o c c u r e n c e  in 120 mM and

m i n i m u m  in 40 and 160 m M . M a c u l a t a  type was presen t in 40 

and 120 mM wh er e a s  v i r i d a l b a  in 40 mM of EMS. No ne of the 

d i f f e r e n t  c h l o r o p h y l l  m u t a t i o n s  s h o w e d  a n y  d i r e c t  d o s e  

d e p e n d e n c e .

On c o m p a r i s o n  of the ef fe c t s  of two mutage ns, it

was found that c h l o r i n a  type was the most frequent type in

case of gamma rays, xant ha al so in EMS and h e n c e  in total, 

c h l o r i n a  a p p e a r e d  as  t h e  m o s t  f r e q u e n t  o n e  ( F i g .  2).
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D i f f e r e n t  c h l o r o p h y l l  m u t a t i o n s  d i d  n o t  s h o w  a n y  d i r e c t  

r e l a t i o n s h i p  with dose except xa ntha in g a m m a  rays. Ho we v e r  

it was found that xantha type was c o n f i n e d  to hi g h e r  doses 

wi th h igh f r eq uency (Fig. 3 and Fig. 4).

4.1.3 Singl e and m u l t i p l e  chlorop hy ll m u t a t i o n  f r e q u e n c y

T he effect of d i f f e r e n t  e x p o s u r e s  of g a m m a  rays on 

singl e and m u l t i p l e  chl or ophyl l m u t a t i o n s  are  d e p i c t e d  in 

T able 6.

T h e  r e l a t i v e  per  ce n t  of p r o g e n y  r o w s  s h o w i n g  

s e g r e g a t i o n  for a sin gle type of m u t a t i o n  was m i n i m u m  at the 

lowest do se and then showed hi g h e r  values except in 400 Gra y  

u n i t s .  S i m i l a r l y  t h e  r e l a t i v e  p e r  c e n t  of m u l t i p l e  

chl orophyll mu t a t i o n s  exh i b i t e d  c o r r e s p o n d i n g  chang e in the 

rev erse d i r e c t i o n  of si ngle m u t a t i o n  frequency.

In respect of m u l t i p l e  muta tions , the c o m p o s i t i o n  

was e i t h e r  v i r i d i s  and v i r i d a l b a  or m a c u l a t a  a n d  w h i t e  

strea ked  types in 100 G r a y  units, c h l o r i n a  and xa n t h a  types in 

200 Gr a y  units, c h l o r i n a  and w hi te  s t r e a k e d  types in 300 Gra y 

units and C h l o r i n a  and xa nth a in 400 G r a y  units. C h l o r i n a
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Table 6. Frequency and Relative per cent of M 2  progeny rows segreating for 
single and multiple chlorophyll mutations (Gajtima rays)

Treatments 
(Mi 11imoles)

Number
1

of chlorophyll 
mutants

Plant progenies 
for mutation of

segregating

Segregating Mutants Frequency Relative %
rows

1 type 2 types 1 type 2 types

too 7 12 3 4 42.85 57.14

200 8 10 6 2 75.00 25.00

300 4 5 3 1 75.00 25.00

400 1 2 r 1 ChOO 100-00

Table 7. Frequency and Relative per cent 
single and multiple chlorophyllf

of M2  progeny rows 
mutations (EMS)

segreating for

Treatments 
(Mi 11imoles)

Number of chlorophyll 
mutants

Plant progenies 
for mutation of

segregating

Segregat i ng Mutants Frequency Relative %
I uws

1 type 2 types 1 type 2 types

40 4 6 2 2 50.00 50.00

80 5 6 4 1 80.00 20.00

120 6 10 5 1 83.33 16.67

160 5 7 4 1 80.00 20.00

200 4 6 4 0 100-00 (hoo

4



an d  x a n t h a  c o m b i n a t i o n  w a s  th e  m o s t  f r e q u e n t  a m o n g  o t h e r  

types (Fig. 5).

The effect of d i f f e r e n t  c o n c e n t r a t i o n s  of EMS on 

single and m u l t i p l e  chlor ophyl l m u t a t i o n s  are p r e s e n t e d  in 

Table 7.

The re la tive per cent of p r o g e n y  rows for m u l t i p l e 

c h l o r o p h y l l  m u t a t i o n s  d e c r e a s e d  w i t h  a n  i n c r e a s e  in d o s e  

e x c e p t  at 160 m M  at w h i c h  a s l i g h t  i n c r e a s e  w a s  n o t i c e d ,  

w h e r e a s  f r e q u e n c y  of p r o g e n y  r o w s  f o r  s i n g l e  c h l o r o p h y l l  

m u t a t i o n  i n c r e a s e d  w i t h  d e c r e a s e  in m u l t i p l e  c h l o r o p h y l l  

f r e q u e n c y .

The c o m p o s i t i o n  of m u l t i p l e  ch l o r o p h y l l  m u t a t i o n s  

w a s  e i t h e r  v i r i d i s  a n d  c h l o r i n a  o r  w h i t e  s t r e a k e d  a n d  

m a c u l a t a  types in 40 mM c h l o r i n a  and xa n t h a  types in 80 mM, 

white streake d and m a c u l a t a  types in 120 mM  and c h l o r i n a  and 

w hit e st re a k e d  in 160 mM w hite str eaked and m a c u l a t a  type was 

more frequent in EMS treate d p o p u l a t i o n  (Fig 6.).

A c o m p a r i s o n  of the effe c t s  of two m u t a g e n s  showed 

that hi gher rate of m u l t i p l e  c h l o r op hy ll m u t a t i o n  f r eq ue ncy
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was at 400 G r a y  units of gamma, rays and 40 mM of EMS but the 

r e s u l t  o b t a i n e d  in 4 0 0  G r a y  u n i t s  of g a m m a  r a y s  w a s  not 

a b s o l u t e  since there was o n l y  one s e g r e g a t i n g  row. A v o i d i n g 

the e f f e c t  of 40 0  G r a y  u n i t s  t h e  h i g h e r  r a t e  of m u l t i p l e  

chlorophyll m u t a t i o n  was o b s e r v e d  at lowest d o s e s  of bo t h  the 

mutagens. The c o m p o s i t i o n  of m u l t i p l e  c h l o r ophyll  m u t a t i o n s  

d i f f e r e d  in two mutagens.

4.1.4 Segregation ratio

The effect of d i f f e r e n t  e x p o s u r e s  of g a m m a  rays on 

s e g r e g a t i o n  ratio are p r e s e n t e d  in T a b l e  8.

The mea n s e g r e g a t i o n  per cent ranged from 6.9 (400 

G r a y  units) to 14.93 (200 G r a y  units). It was ha v i n g  an

initial increase at the lower doses, r e a c h e d  m a x i m u m  at 200 

Gr a y  un its and th er e a f t e r  d e c r e a s e d  as the d ose increased. 

The s e g r e g a t i o n  per cent in all the p r o g e n y  rows was less 

than 25 per cent and the m a x i m u m  f r e q u e n c y  of Mg p r o g e n y  rows 

w i t h  c h l o r o p h y l l  m u t a t i o n s  w a s  r e c o r d e d  fo r  t h o s e  w i t h  

s e g r e g a t i o n  per cent b e t w e e n  10 and 14.

The effect of d i f f e r e n t  c o n c e n t r a t i o n s  of EMS on 

s e g r e g a t i o n  per cent of ch lorophyll m u t a t i o n s  are g i v e n  in 

Table 9.



Table 8. Segregation per cent of chlorophyll mutations in the Mg generation 
(gamma rays)

Treatments 
(Gray units)

Mean
Segregat ion 

Per cent

Relative 
mutat ion

Frequency of Mg rows with chlorophyll

< 5
Segregation percentage of 

5 - 9 10 - 14 15 - 19 20 - 24 _> 25

100 12.77 - 2 1 3 1 -

200 14.93 - - 5 - 3 -

300 11.36 - 1 3 - - -

400 6.9 — 1 — — —. —

Table 9. Segregation per cent of chlorophyll mutations in the Mg generation 
(EMS)

Treatments 
(Mi 11imoles)

Mean
Segregation
Ratio

Relative
mutation

Frequency of Mg rows with chlorophyll

< 5
Segregation percentage of 

5 - 9 10 - 14 15 - 19 20 - 24 >. 25

40 10.14 1 1 1 - 1 -

80 12.77 - 1 2 - 1 1

120 8.85 1 2 3 - - -

160 13.21 - - 3 1 1 -

200 9.23 - 2 2 - - -



The m e a n  s e g r e g a t i o n  per cent ra n g e d  from 8.85 (120 

mM) to 13.21 (160 mM) and was not h a v i n g  a n y  di re ct d ose-

d e p e n d e n c e . The me an s e g r e g a t i o n  per cent in all the p r o g e n y  

rows did not ex c e e d  25 per cent and  the m a x i m u m  f r e q u e n c y  of 

M 2  p r o g e n y  rows with chlorop hy ll m u t a t i o n s  was r e c o r d e d  for 

those w i t h  s e g r e g a t i o n  per cent b e t w e e e n  10 and 14.

4.2 V i a b l e  m u t a t i o n s

4.2.1 M a c r o m u t a t i o n s

A total of 1496 M 2  pl a n t s  from d i f f e r e n t  tr ea t m e n t s  

of g amma rays and EMS we re e x a m i n e d  th ro u g h  out their life 

period for any d e v i a t i o n  from the normal one.

4.2.1.1 Mutation frequency

The effect of d i f f e r e n t  e x p o s u r e s  of g a m m a  rays on 

the vi a b l e  m u t a t i o n  fr e q u e n c y  are p r e s e n t e d  in T a b l e  10.

T h e  v i a b l e  m u t a t i o n  f r e q u e n c y  o n  M 2  p r o g e n y  r o w  

basis ranged from 21.05 to 33.33 per cent. T h e  fr e q u e n c y  

d e c r e a s e d  to m i n i m u m  in 200 G r a y  units, there a fter increased 

u p t o  4 0 0  G r a y  u n i t s  a n d  wa s m a x i m u m  ( 3 3 . 3 3 )  at 4 0 0  G r a y  

units. H e n c e  the f r e q u e n c y  d i d  n o t  s h o w  a n y  d i r e c t - d o s e  

d e p e n d e n c e



Table 10. Frequency of viable mutants (Gamma rays)

Number of 
progeny rc 
scored

*2 Number of 
Mg plants 
scored

Viable mutation f requency

Treatments Mg progeny row basis Mg plant basis

*

Segregating 
Rows (No.)

% Number of 
mutants

%

Control (0) 9 90 - - - -

100 Gy 20 250 6 30.00 11 4.4

200 Gy 19 145 4 21.05 6 4.13

300 Gy 12 72 3 25.00 3 4.16

400 Gy 3 32 1 33.33 1 3.13

Table 11. Frequency of viable mutants
t

(EMS)

Number of *2 Number of 
Mg plants 
scored

Viable mutation f requency

Treatments
piugciiy ruwa
scored Mg progeny row basis Mg plant basis

Segregating 
Rows (No.)

% Number of 
mutants

%

Control (0) 9 90 - - - -

40 mM 17 203 3 17.65 5 2.47

80 mM 18 162 4 22.22 4 2.47

120 mM 17 212 3 17.65 5 2.36

160 mM 12 120 4 33.33 4 3.33

200 d*1 11 120 4 36.36 4 3.33



The vi a b l e  m u t a t i o n  f r e q u e n c y  e s t i m a t e d  on M 2  plant 

basis had a range from 3.13 to 4.4 per cent. It was not 

ha ving an y di rec t dose d e p e n d e n c e  but the m a x i m u m  fre q u e n c y 

at the lowest do se ( 1 0 0  G r a y  units)  and the m i n i m u m  at the 

highes t dose. (400 G r a y  units).

The effect of di f f e r e n t  c o n c e n t r a t i o n s  of EMS on 

vi able m u t a t i o n  f r e q u e n c y  is p r e s e n t e d  in T a b l e  11.

T h e  v i a b l e  m u t a t i o n  f r e q u e n c y  on M 2  p r o g e n y  r o w  

b a s i s  r a n g e d  f r o m  17 .65 to 3 6 . 3 6  p e r  c e n t .  It s h o w e d  a n  

increase with dose in all the ca ses ex cept in 120 m M . The 

m a x i m u m  fr e q u e n c y  was at 200 mM  and m i n i m u m  at 40 and 120 m M .

T h e  v i a b l e  m u t a t i o n  f r e q u e n c y  o n  M 2  p l a n t  b a s i s  

ranged from 2.36 to 3.33 per cent. It sh owed an er rat ic  

b e havi ou r with dose.

On c o m p a r i s o n  of the f r e q u e n c i e s  of two mutagens, 

Gamma rays had hi g h e r  fr e q u e n c i e s  on M 2  pl ant  basis than EMS.

4.2.1 Spectrum and Segregation ratio

The d i f f e r e n t  types of v i a b l e  m u t a t i o n s  obser ved 

i n c l u d e d  m u t a t i o n s  w i t h  leaf c h a r a c t e r s  s u c h  a s  s i z e  of



le a v e s  ( P l a t e  5), n u m b e r  of l e a f l e t s  ( t r i f o l i a t e  leaf w a s  

rep la ce d by increa sed nu mb er of 1e a f 1e t s : p 1 ate 6), tex ture of 

leaves (thick and s o f t i p l a t e  7) stem colou r m u t a t i o n s  (plate 

8), pod length m u t a t i o n  (plate 9), seed size m u t a t i o n s  (plate 

10) and seed colour mutations. (Plate 11).

The spe ct r u m  of mut ations, s e g r e g a t i o n  ratio and 

the r e l a t i v e  per ce n t  of v i a b l e  m u t a t i o n s  in g a m m a  r a y  

treated p o p u l a t i o n  are p r e s e n t e d  in T a b l e  12.

Leaf nutations

L eaf m u t a n t s  of two typ e s ,  v i z ,  s m a l l  s i z e d  a n d  

t h i c k - s o f t  t e x t u r e d  leaf t y p e s  in 3 0 0  a n d  100 G r a y  u n i t s  

r e s p e c t i v e l y  we re o b s e r v e d  in g amma ray i r radiat ed  p o p u l a t i o n  

w it h a m ea n s e g r e g a t i o n  per cent of 9.09. R e d u c t i o n  in the 

normal size of the leaves ca used small sized leaf mutants. 

But thi s a b n o r m a l i t y  or m u t a t i o n  a p p e a r e d  o n l y  at i n i t i a l  

stages. Plant with thick and soft leaves was found as leaf 

texture mu tant in 100 G r a y  units.

Stem colour mutations

Six stem colour m u t a t i o n s  (three in 100 G r a y  units, 

two in 200 G r a y  units and one in 300 G r a y  units) o b t ai ne d



Table I2. Spectrun and segregation per cent of different viable nutations (Ganna rays)

Spectrun of 
nutations

Nunber of nutants (segregation per cent) Relative 
per cent

Dose (gray units)
100 200 300 400 Total

leaf
Snail sized, - - 1 0.14) .
Thick and soft 1 (12.5) - - -
Total 1 (12.5) - 1 0.14) - 2 (9.09) 7.41

Sten colour
Brownish green 1 (6.6))? 1 (12.5) - -

tight green 1 (6.6)) 1 (ID.0)a 1 (8.33 )a
1 (5. i  0 )c

Total 3 (8.5)) 2 01.11) 1 (8.33) - 6 (9.23) 22.22
Pod length
Sna il 1 1 (5.88) - .

1 (5.0) - - -
- - 3 (5.))) 11.11

targe - 1 (6.61)
Total 2 (5.41) 1 (6.6))
Seed size
Bold 1 (6.6)) 1 (b.6))b - -

I 00.8)Stall 1 (5.88) 1 (10.0) 1 0.14) 1 (3.45)long 1 (5.0) - - •
Total 3 (5. )6) 3 (8.5J) 1 0.14) 1 (3.45) 8 (6.15) 29.63
Seed colourDark brown K6.6))a i (b.6))D - ■

Yellowish brown l(5.00)c - - -
Greenish brown 1 0.69) - - -

1 (6.6)), - - -
Vhite 1 (6.6)) 1 (I0.0)a 1 (8.33 )a -
Total 5 0.94) 2 (8.00) 1 (8.33) - 8 (8.00) 29.65Associatednutations 3 2 1 - 6
Total nutants II 02.5) 6 03.95) 3( (9.68) 1 (3.45) 21 (10.5)

a,b,c associated nutations (nutant with change in two characters)



were ha v i n g  hi gh est m e a n  s e g r e g a t i o n  per cent of 9.23. P l a n t  

w i t h  b r o w n i s h  g r e e n  a n d  light g r e e n  c o l o u r e d  s t e m s  w e r e  

o b s e r v e d  as mutants, but these v a r i a t i o n s  we r e  a s s o c i a t e d  

w ith  seed colour v a r i a t i o n s  also.

Pod length mutations

Small (two in 100 G r a y  units) and large (one in 200 

G ray units) sized pod mu ta n t s  w i t h  a m e a n  s e g r e g a t i o n  ratio 

of 5.77 were observed.

Seed size mutations

A total of eight m u t a n t s  o b s e r v e d  include d b o l d ( o n e  

in 100 G ray units $nd two in 200 G r a y  units), small (one from 

e a c h  d o s e )  an d  long (o ne in 100 G r a y  u n i t s )  s e e d  t y p e s .  

T hese seed size muta n t s  showed a m e a n  s e g r e g a t i o n  per cent of 

6.15.

Seed colour mutations

Four types r e c o g n i z e d  wer e  d a r k  b r o w n  (one each in 

100 and 200 G r a y  units), y e l l o w i s h  b r o w n  (one in 100 Gra y  

units), g r e e n i s h  b rown (two in 100 G r a y  uni ts) and w h i t e  (one 

each in 100, 200 and 300 G r a y  units). A total of eight seed



colour m u t a t i o n s  were seen wi t h  a m e a n  s e g r e g a t i o n  ratio of

8.0 per cent. Out of this five w ere a s s o c i a t e d  w i t h  stem 

colour m u t a t i o n s  and one w i t h  seed size mu tation. All the 

t h r e e  w h i t e  s e e d e d  t y p e s  h a d  l i g h t  g r e e n  s t e m  a n d  w h i t e  

f 1o w e r .

A total of t w e n t y  o n e  p l a n t s  w e r e  r e c o g n i s e d  as 

muta n t s  w h i c h  e x h i b i t e d  v i s i b l e  v a r i a t i o n  from the normal 

ones w ith  respect to m o r p h o l o g i c a l  c h a r a c t e r s  and a m o n g  them 

six had s i m u l t a n e o u s  chang e in two c ha ra cters, e s p e c i a l l y  in 

s t e m  a n d  s e e d  c o l o u r  v a r i a t i o n s .  A m o n g  t h e  d i f f e r e n t  

m u t a t i o n s ,  s e e d  s i z e  a n d  s e e d  c o l o u r  m u t a t i o n s  w e r e  m o r e  

f r e q u e n t ,  e a c h  w i t h  a r e l a t i v e  p e r  c e n t  of 2 9 . 6 3 .  S t e m  

c o l o u r ,  p o d  l e n g t h  a n d  l e a f  m u t a n t s  c o n s t i t u t e d  l o w e r  

p r o p o r t i o n s  of 22.22, 11.11 and 7.41 per cent re spe ctive ly.

The spectrum, s e g r e g a t i o n  per cent and r e l a t i v e  per 

cent of vi a b l e  m u t a t i o n s  rec orded in EMS treat ed  p o p u l a t i o n  

were g i v e n  in T a b l e  13.

Leaf mutations:

Leaf m u t a t i o n s  included small sized, t e t r a f o l i a t e  

and thick-soft, leaves. T e t r a f o l i a t e  type is c h a r a c t e r i s e d  by 

four leaflets instead of three. Four leaf m u t a t i o n s  ha v i n g  a



Table 13. Spectral and segregation per cent of different viable »u tat Ion (CMS)

Spectrui of ((tuber of autants (segregation per cent) Relative
lutations Oose ( l i l l i  loles) per cent

48 80 120 108 200 Total (1)

leaf
Stall sized 
Tetra foliate 
Thick and soft

1 (4.55) 
1 (4.55)

- 1 (4.55>a 1 (5.56)

Total 2 (4.55) - 1 (4.55) - 1 (5.56) 4 (406) 13.T9
Stei colour
Brownish green 
light green - - 1 (3.85)b

1 (IQ.0)a 1 (5.0 )a
Total - - 1 (3.85) 1 (10.0) 1 (5.0) 3 (5.36) 10.34

Pod length
Stall
Total - - 1 (3.13) 

1 (3.13)
- - 1 (3.13) 3.45

Seed size 
flat 
Bold Stall

1 (6.6T)3
1 (4.55)
1 (4.4))

1 (12.5) 
) (4.25) I (4.55)a

1 (8.33)) (5,56)
1 do.or

1 0 . 14)b

long - - 1 (3.85) - 1 0.69)
Total 3 (8.11) 2 (8.33) 2 (4.14) 3 0.5) 2 0.41) 12 (6.25) 41.38

Seed colour 
Dark brown fellowish brown Greenish brown 
Vhite TotalAssociatednatations

1 (4.6))a 
1 (4.4))

1

1 0.14)

1 (8.33)2 0.49)

1 (3.13)
1 (3.85)b2 (3.45)
2

1 (I0.8)a1 (8.33)

2 (9.09)
>1

1 (5.0)a.1 0.14)°
2 (5.88)

2
9 (5.81) 31.03

Total autants 5 (8.4)) 4 (8.08) 5 (4.25) 4 0.69) 4 (6.15) 22 0.19)

a,b - Associated nutations dutant with change in 2 characters) 
* - Rutant vith change in three characters



and 200 m i l l i m o l e s  of EMS.

St em co lo ur mutations:

T h r e e  s t e m  c o l o u r  m u t a t i o n s  of t w o  t y p e s ,  vi z, 

b r o w n i s h  g r e e n  and light g r e e n  were recorded. It was ha ving  

a m e a n  s e g r e g a t i o n  r a t i o  of 5 . 3 6  p e r  c e n t .  All of  t h e s e  

m u t a t i o n s  were a s s o c i a t e d  w i t h  seed c o l o u r  v a r i a t i o n *  and one 

a mo ng  them was ha v i n g  seed size v a r i a t i o n  al*b.

Pod length mu tat ion s:

M e a n  s e g r e g a t i o n  per cent <5f 3.13 was o b s e r v e d  for 

the only one small type of m u t a t i o n  (in 120 m M ) .

S e e d s i z e  mutation s:

F o u r  c a t e g o r i e s  i d e n t i f i e d  w e r e  f l a t  ( o n e  in 40 

mM) , bo ld (one in 80 mM) , small (two at 40 n M , one in 80), 

120 and 200 m M  and three in 160 mM and long (one eac h  in 120 

and 200 mM) types. T w e l v e  seed size m u t a t i o n s  were re corde d 

in all c o n c e n t r a t i o n s  of EMS w i t h  a m e a n  s e g r e g a t i o n  ratio of 

6.25 per cent. Am ong these, four m u t a t i o n s  were a s s o c i a t e d

mean segregation per cent of 4.76 were observed in 40, 120



w i t h o t h e r  v a r i a t i o n s  a l s o ,  v i z .  t w o  w i t h  s e e d  c o l o u r  

va ri ations (in 40 and 200 m M ) , one w i t h  leaf m u t a t i o n  (in 120 

mM) and one with seed and stem co l o u r  m u t a t i o n s  (in 160 m M ) .

Seed co lo ur mut ations:

Nine seed colou r m u t a t i o n s  included  d a r k  b r o w n  (one 

each in 80 and 160 m M ) , y e l l o w i s h  b r o w n  (one each in 120, 160 

and 200 mM) g r e e n i s h  b rown (one in 200 mM) and w hite (one 

each in 40, 80 and 120 mM) c o l o u r e d  types. F iv e of them were 

a s s o c i a t e d  with ot her m u t a t i o n s  also, of w h i c h  two w i t h  stem 

c o l o u r  v a r i a t i o n  (in 120 a n d  16 0 m M ) ,  t w o  w i t h  s e e d  s i z e  

var i a t i o n  (in 40 and 200 mM) and one w i t h  seed size and stem 

colour v a r i a t i o n s  (in 160 mM) . A m e a n  s e g r e g a t i o n  per cent 

of 5.81 was record ed for seed co lou r va riations.

T w e n t y  two pl a n t s  wit h  d i s t i n c t  chan g e s  from the 

normal one were identi fie d as mutants, w h i l e  five of them 

e x h i b i t e d  c h a n g e s  in t w o  c h a r a c t e r s  a n d  o n e ,  in t h r e e  

c h a r a c t e r s .  Al l t h e  t h r e e  s t e m  c o l o u r  m u t a n t s  s h o w e d  

v a r i a t i o n  in seed colour also, but not the same colour change 

and one such mutant e x h i b i t e d  small seed size also. In two 

mutants, seed size v a r i a t i o n  was a s s o c i a t e d  wi t h  seed colour 

v a r i a t i o n  and in a n o t h e r  seed size mu ta nt leaf size was also

( h -
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reduced. A m o n g  d i f f e r e n t  t y p e s  s e e d  s i z e  m u t a n t s  w e r e  

o b s e r v e d  as the m o s t  f r e q u e n t  ( 4 1 . 3 8 % )  f o l l o w e d  b y  s e e d  

colour m u t a t i o n s  (31.03%).

Yield p a r a m e t e r s  of pod length, sed size muta n t s  

and control plants are g i v e n  in table 14.

G r o w t h  habit of p o d l e n g t h  and seed size m u t a n t s  did 

not ch an ge and all other yi eld c h a r a c t e r s  of them re mai n e d  

u na l t e r e d  except the nu mber of seeds per pod in pod length 

mu tan ts and 100 seed weight in seed size mutants.

4 .2. 2 Mi cr o m u t a t i o n s :

Fi ft ee n pl an ts were se lected from ea c h  line of a 

p a r t i c u l a r  t r e a t m e n t  a n d  t h e  d a t a  w e r e  r e c o r d e d .  T h e  

d i s t r i b u t i o n  an d  m e a n  p e r f o r m a n c e  of p l a n t s  at d i f f e r e n t  

levels of g a m m a  rays and EMS ar e g i v e n  in tables. 15-21.

Height at 45 days at e r  so w i n g  (Table  15)

The n e g a t i v e  v a r i a n t s  showed an  i n cr easing trend 

w h i l e  p o s i t i v e  v a r i a n t s  s h o w e d  a d e c r e a s i n g  t r e n d  w i t h  a n  

increase in dose s of g amma rays. But in case of EMS both the 

va riant s showed an er ra t i c  b e h a v i o u r  wi th doses, h o w e v e r  the



Table 14. Yield parameters of podlength and seedsize mutants

PL
(cm)

Gamma 
NPF 

(No. )

rays
NS
(No. )

SW PL
(cm)

EMS
NPF 
(No. )

NS
(No . )

SW
ig)

POD LENGTH mutants

Smal1 i 12 8 6 29.4 iii 10 5 5 32.1
i i 11 6 5 25.9

Large i 24 6 12 31.5 - - - -

SEED SIZE mutants

Flat i 19 7 9 22.9*

Bold i 18.2 8 8 39.2 iv 20. 3 6 9 42.8
i i 22.1 7 10 38.5

iii 21.5 8 9 44.6

Smal1 i 19 7 11 17.6 v 20 7 11 17.9
i i 16 9 9 15.2 vi 21 7 13 17.3

iii 22 , 8 14 12.2 vii 19 6 10 14.7
iv 21 5 12 12.4 viii 20 5 11 17.3*

ix 19 4 12 12.9

x 18 6 10 15.6

xi 20 7 9 17.0*

xii 21 5 10 16.4*

Long i 21 6 9 36.1 ii 21 5 9 33.7

iii 20 6 9 34.5

CONTROL 18.99 6.23 9.24 30.99 18. 99 6.23 9. 24 30.99

PL - Pod length (cm)
NPF - Number of pods at first harvest
NS - Number of seeds per pod
SW - 100 seed weight (g)
* - Associated with other changes also



Table 15. Effect on mutagens on height at 45 DAS

Frequency Distribution %
Treatments Range ----------------------------- Mean (SE) Shift in ' t'

(cm) Negative Control Positive (cm) Mean (cm) 
variants variants variants

Control 52-63

Gamma rays

100 Gy 32-65

200 Gy 20-64

300 Gy 21-62

400 Gy 20-59

EMS
40 nM 39-64

80 mM 36-64

120 mM 37-63

160 mM 28-64

200 mM 24-63

25.33 62.00 12.67

63.82 23.80 12.38

71.11 26.67 2.22

93.33 6.67 0.00

31.85 52.59 15.56

20.00 56.19 23.81

40.IX) 45.33 6.67

38.89 50.00 11.11

56.67 36.67 6.67

59.23 (1.08)

57.23 (5.22) -2.00 <1

48.73 (12.55) -11.0 <1

47.96 (11.86) -11.27 <1

92.4 (11.4) -16.83 1.47

57.23 (7.05) -2.00 <1

57.64 (5.17) -1.54 <1

55.37 (6.49) -3.86 <1

55.39 (7.06) -3.84 <1

51.58 (9.57) -7.65 <1

Y k ' u - ' <  -  ■ L  f  S  t.‘



highest, f r e qu en cy of ne gat i v e  v a r i a n t s  and lowest of p o s i t i v e  

v a r i a n t s  were at the hi ghest  dose (200 m M ) .

On c o m p a r i s o n  w ith  control it is seen that the mea n

s hi fted in the n e g a t i v e  d i r e c t i o n  w i t h  r e s p e o t ^ a l 1 the doses

of ga mma rays and EMS. Shift in m e a n  was hig he r in case of 

ga mma  rays than EMS, but none of the t r e a t m e n t s  either  in 

g amm a rays or EMS ex h i b i t e d  s i g n i f i c a n t  dif fe re nce.

ii. Height at 75 days after sowing (Table 16)

In g a m m a  r a y  t r e a t e d  p o p u l a t i o n  t h e  n e g a t i v e  

v a r i a n t s  showed an incr ea sing trend and p o s i t i v e  v a r ia nt s 

showed  rev erse trend wi t h  increase indose. In case of EMS, 

n e g at iv e and p o s i t i v e  v a r i a n t s  did not sh o w  an y linear dose- 

d e p e n d e n c e . Hi ghest f r e q u e n c y  of n e g a t i v e  v a r i a n t s  was at the 

highes t dose in two mutagens.

The m e a n  shifted in the n e g a t i v e  d i r e c t i o n  except 

in 100 G r a y  units of g am ma  rays (0.39 cm) and 80 mM of EMS 

(0.27 cm). Shift in mean was hi gh er in g a m m a  rays compare d 

to E M S  a n d  n o n e  of the t r e a t m e n t s  e x h i b i t e d  s i g n i f i c a n t  

d i f f e r e n c e .

7C:



Table 16. Effect of mutagens on height at 75 DAS

Frequency Distribution (%)
Treatments R a n g e -------------------------------- Mean (SE) Shift in .'t'

(cm) Negative Control Positive (cm) mean
variants variants variants (cm)

Control 102 190 - 171 - 2 (3 J1) -

Gamma rays / -

100 Gy 151--192 14 00 67 33 18 67 171.59 (7.71) +0.39 <1

200' Gy 61-■195 50. 47 22. 86 26 67 147.28 (35 37) -23 92 <1

300 Gy 72--180 73 33 24 45 2 22 149.2 (32 .26) -22 00 <1

400' Gy 77-■162 92. 26 7. 74 0 00 133.47 (27 .28) -37 47 1.36

EMS

40 mM 142--188 36 30 39 26 24 44 168.04 (1 .035) -3 16 <1

80 mM 133--188 20 95 50 48 28 57 171.47 (9 .95) +0 27 <1

120 mM 125--184 29 33 57 33 13 33 166.38 (12.61) -4 82 < 1

160 mM 125--187 30 00 55 56 14 44 167.55 (10.35) -3 65 <1

200 mM 92--182 55 00 36 67 8 33 156.84 (20.62) -14 36 < 1

c o n t r o l  VcJ ' t  -  b - -- ^ > M t - a n  s .  t



Days to flower (Table 17)

The n e g a t i v e  v a r i a n t s  show ed  d e c r e a s e  w i t h  increase 

in dose and p o s i t i v e  v a r ia nts had no s uc h trend w ith doses in 

case of two mutagens. P o s itiv e v a r i a n t s  e x h i b i t e d  highest 

f r e ue ncy than n e g a t i v e  v a r i a n t s  except at the lowest do se of 

g amm a r a y s .

T h e  m e a n  s h i f t e d  in the p o s i t i v e  d i r e c t i o n  viz. 

towards lateness except in 100 G r a y  u n i t s  of g a m m a  rays and 

40 mM of EMS. But this p o s i t i v e  shift in mea n  was marginal, 

w it h a m i n i m u m  of 2.1 days and a m a x i m u m  of 3.68 days in 

ga mma  ray ex p o s u r e s  and a m i n i m u m  of 0.91 days and a m a x i m u m  

of 3.56 days in EMS treatment.f

Pod length (Table 18)

The n e g ati ve  and p o s i t i v e  v a r i a n t s  did not exhibit 

a n y  u n i d i r e c t i o n a l  c h a n g e  w i t h  d o s e .  N e g a t i v e  v a r i a n t s  

r eco rded highe r f r e q u e n c i e s  than p o s i t i v e  variants.

C o m p a r i s o n  of the m e a n  p e r f o r m a n c e  of pl a n t s  showed 

that the me a n  chan g e d  in the n e g a t i v e  d i r e c t i o n  in d i ff erent 

tr eatments of g a m m a  rays and EMS. The shift in m e a n  was
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Table 17. Effect of mutagens on days to flower

Treatments Range
(cm)

Frequency Distribution (%)
Mean
(SE)
days

Shift 
in mean 
days

,'t
Negative
variants

Control
variants

Positive
variants

Control 65-82 - - - 77.28 (1.6189)

Gamma rays

100 Gy 63-90 7.33 90.67 2.00 76.29 (5.21) -0.96 <

200 Gy 64-92 5.71 70.48 23.51 79.35 (6.5) 2.10 <

300 Gy 66-89 2.22 75.56 22.22 79.4 (5.42) 2.15 <

400 Gy 72.94 0.00 80.0 20.0 80.93 (4.99) 3.68 <

EMS
f

40 mM 66.90 3.70 91.11 5.19 76.21 (3.56) -1.04 <

80 mM 66.88 0.00 93.33 6.67 78.16 (4.24) 0.91 <

120 mM 67.90 0.00 89.33 10.67 79.67 (4.07) 2.42 <

160 mM 68.98 0.00 93.33 6.67 78.91 (4.12) 1.66 <

200 mM 71.91 0.00 83.33 16.67 83.81 (3.69) 3.56 <

C C r ? ' < C  '. S •.«.« ' V - .  t  <. .V A k  '-I
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Table 18. Effect of mutagens on pod length

Treatments
Range
(cm)

Frequency distribution % 
Negative Control Positive 
variants group variants

Mean (SE) 
(cm)

Shift 
in Mean 
(cm)

V

Control 16-22 - - - 18.99 (0.62) - -

Gammarays

100 Gy 11-24 36.64 46.36 17.33 18.07 (2.43) -0.91 <1

200 Gy 12-22 32.00 60.00 8.00 18.89 (1.99) -0.10 <1

300 Gy 14-22 40.00 46.67 13.33 17.40 (2.24) -1.59 <1

400 Gy 15-21 42.22 48.88 8.88 18.00 (1.73) -0.99 <1

EMS

40 mM 14-22 20.00 56.19 23.81 18.68 (2.16) -0.31 <1

80 hM 14-21 20.95 50.48 28.57 18.82 (1.85) -0.17 <1

120 mM 10-21 36.30 39.26 24.44 17.89 (1.92) -1.10 <1

160 mM 14-22 40.00 45.33 14.67 18.36 (2.75) -0.63 <1

200 mM 14-22 50.47 22.86 26.67 18.45 (1.85) -0.54 <1

! -1, . 1  !Vl T- i  t  -C >  fvieiJ- ’ »•



m a x i m u m  (1.59 cm) at 300 G r a y  u ni ts of g a m m a  rays and 120 mM 

of E M S  ( 1 . 1 1  c m ) .  N o n e  of  t h e  t r e a t m e n t s  e x h i b i t e d  

s ig nifican t change.

Number of pods per plant (Table 19)

B o t h  p o s i t i v e  and n e g a t i v e  v a r i a n t s  did not show 

c o n t i n u o u s  i n c r e a s e  or d e c r e a s e  w i t h  i n c r e a s e  in d o s e  of 

ga mma  rays a n d  EMS. N e g a t i v e  v a r i a n t s  h a d  h i g h e r  f r e q u e n c y  

th a n  p o s i t i v e  v a r i a n t s  in all th e  t r e a t m e n t s  of t h e  t w o  

m u t a g e n s .

The mean sh ifted  in the n e g a t i v e  d i r e c t i o n  in all 

the t r ea tm en ts of b o t h ,the mutage ns. The  m a x i m u m  n e g a t i v e  

shifts of 2.43 and 2.23 were re co r d e d  at 400 G r a y  units  of

g am ma  rays and 120 mM of EMS. Shift in m e a n  did not v a r y  too

m uch  in bo th cases, but a sig ni f i c a n t  r e d u c t i o n  was noti c e d  

in 400 G r a y  un its  of ga mma rays.

Number of seeds per pod (Table 20)

N e g a t i v e  v a r i a n t s  d i d  n o t  e x h i b i t  a n y  r e g u l a r

change in g am ma ray and EMS treatments. P o s i t i v e  v a r i a n t s

s h o w e d  a s i m i l a r  b e h a v i o u r  in c a s e  of g a m m a  r a y s ,  b u t  a 

d e c r e a s i n g  t r e n d  w i t h  i n c r e a s e  in d o s e  of EMS. N e g a t i v e

~T<p
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Table 19. Effect of mutagens on number of pods per plant (first harvest)

Treatments Frequency of 
Range Negative 
(no.) variants

distribution (%) 
Control Positive 
group variants

Mean (SE) 
(no.)

Shift 
in Mean 
(no. )

't

Control 5-10 - - - 6.23 (0.74) - -

Gammarays

100 Gy 2-10 36.64 46.00 17.33 5.74 (1.71) -0.49 <1

200 Gy 1-12 23.80 55.24 20.96 5.42 (2.39) -0.81 <1

300 Gy 2-11 42.22 48.88 8.88 4.78 (1.45) -1.45 <1

400 Gy 2-6 40.00 46.67 13.33 3.8 (0.55) -2.43 2.02

EMS

40 mM 2-10 26.67 52.59 20.74 5.66 (1.61) -0.57 <1

00 0 1 2-10 23.81 59.05 17. 14 5.01 (1.54) -1.22 <1

120 mM 2-7 32.00 60.00 8.00 4.0 (1.24) -2.23 1.54

160 mM 1-8 23.33 64.45 12.22 4.3 (1.04) -1..92 1.47

200 mM 2-7 23.33 61 .67 15.00 4.2 (0.87) -2.03 1.78

Cc'< ’0 i \ - ’ U 1 ■r i y i i .  . . . i '  :>< I.. $ ^ 1'!. Yi.
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Table 20. Effect on mutagens on number of seeds per pod

Frequency distribution (%)
Treatments Negative Control Positive Mean (SE) Shift 't

Range 
(no.)

variant* group variants (no. ) in Mean 
(no. )

Control 6-12 - - - 9.24 (0.419) - -

Gammarays

100 Gy 6-12 30.66 49.33 20.00 8.85 (0.74) -0.39 <1

200 Gy 5-12 47.62 30.47 21.91 8.51 (1.02) -0.73 <1

300 Gy 5-14 46.67 48.89 4.41 8.33 (1.42) -0.91 <1

400 Gy 7-12 73.33 26.67 0.00 9 (0.577) -0.24 <1

EMS

40 mM 6-13 31.85 48.15 20.00 8.99 (0.69) -0.25 <1

80 mM 5-12 46.66 41.90 11.43 9.11 (1.62) -O.ll <1

120 mM 5-11 70.66 26.67 2.67 8.64 (1.00) -0.60 <1

160 mM 5-12 58.89 40,00 1.11 8.57 (0.94) -0.67 <1

200 mM 5-12 53.33 46.67 0.00 8.75 (0.99) "0.49 <1

CC r?Cs'lI -'p ̂ ̂  p -  L < > : ' / • <  • . »> t S l l



va ri an ts oc oured at a higher f r e q u e n c y  c o m par ed  to p o s it iv e 

variants. Hig h e s t  f r equ en cy of n e g a t i v e  v a r i a n t s  was at the 

highest dose in case of g a m m a  rays.

The mean  sh ifted in the n e g a t i v e  d i r e c t i o n  in all 

the tre atme nt s o f . g a m m a  rays and EMS. The m a x i m u m  n e g a t i v e  

shift was 0.91 and 0.67 at 300 G r a y  u ni ts  of g a m m a  rays and 

1 6 0  m M  of  E M S  r e s p e c t i v e l y .  T h e  t r e a t m e n t s  w e r e  n o t  

s i g n i f i c a n t 1y di f f e r e n t  from the control.

100 seed weight (Table 21)

N e g a t i v e  and p o s i t i v e  v a r i a n t s  in two m u t a g e n s  did 

not h a v e  a n y  d i r e c t  d o s e - d e p e n d e n c e . N e g a t i v e  v a r i a n t s  

re cor ded higher f r e q u e n c y  c o m p a r e d  to positive variants

T h e  m e a n  s h i f t e d  in the n e g a t i v e  d i r e c t i o n  b y  a 

m a x i m u m  of 3.18 and 2.98 gm in 400 G r a y  u n i t s  of g a m m a  rays 

a n d  2 0 0  m M  of E M S .  T h e  t r e a t m e n t s  w i t h  s i g n i f i c a n t  

d i f f e r e n c e s  were not recorded.

4.3 Mutagenic effectiveness and mutagenic efficiency

T h e  m u t a g e n i c  e f f e c t i v e n e s s  a n d  e f f i c i e n c y  of 

d i f f e r e n t  d o s e s  of g a m m a  r a y s  in i n d u c i n g  c h l o r o p h y l l  

mu t a t i o n s  are g iv en  in Tab le  22.
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Table 21. Effect of mutagens on 100 Seed weight

Frequency distribution (%) 
Treatments Range Negative Control Positive 

(gm) variants group variants
Mean (SE) Shift 
(gm) in Mean

(gm)

Control 25.4-34.5 30.99 (1.026)

Gammarays

100 Gy 17.6-39.2 39.33 54.0 6.67 30.31 (3.14) -0.68

200' Gy 15.2-44.6 50.47 43.8 5.71 30.36(3.1) -0.63

300 Gy 12.2-33.3 48.89 46.67 4.44 28.49 (3.16) -2.5

400 Gy 12.4-33.3 ,33.33 60.00 6.67 27.81 (4.83) -3.18

EMS

40 mM 17.3-36.6 32.59 62.22 5.19 29.71 (2.93) -3.18

80 mM 14.7-42.8 25.71 65.71 8.57 29.36 (3.10) -1.63

120 mM 17.3-36 34.66 62.67 2.67 29.65 (3.03) -1.34

160 mM 12.9-34 37.78 58.89 3.33 28.38 (3.13) -2.61

200 mM 16.4-34.8 35.00 58.33 6.67 28.01 (2.87) -2.98

<1

<1

<1

<1

<1

<1

<1

<1

1.03
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Table 22. MUTAGENIC fFFECTIVEMESS AND MUTAGENIC EFFICIENCV (Ga»»a rays)

Treatnents Chlorophyll Relative percentage Mutagenic Mutagenic efficiency
(Gray units) nutation ............................................ effective............................................

frequency lethality Injury Sterility ness lethality Injury Sterility 
1 1 X I I I t X

100 A,29 10.11 3.38 13.33 62.9 68.03 126.92 32.18
200 (.11 2.68 18.51 13.33 33.55 269.96 36.13 58.33
300 6.33 8.B6 19.03 23.33 21.10 11.63 33.26 21.13
600 5.88 5.88 28.61 26.61 16.10 99.96 21.69 22.86

Table 23. MUTAGENIC EFFECTIVENESS AND MUTAGENIC EFFICIENCV (EMS)

Chlorophyll Relative percentage Mutagenic Mutagenic efficiency
Treatnents eutation ............................................  effective............................................
(Millinoles) frequency lethality Injury Sterility ness lethality Injury Sterility 

I X X X  X X X X

60 3.31 2.60 3.38 16.61 112.33 168.26 99.78 28.51
BO 3.55 6.16 2.6 16.6) 59.16 85.10 136.53 21.29

120 6.52 6.01 6.5 23.3) 51.22 118.99 69.56 69.53
160 5.65 3.33 6.68 28.00 61.08 169.(6 81.19 28.25
208 6.62 1.69 12.92 20.00 38.88 60.06 35.16 23.18
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It is s e e n  t h a t  t h e  p e r c e n t a g e  of i n j u r y  a n d  

st e r i l t i y  had a linear r e l a t i o n s h i p  wit h  dose, but p e r c e n t a g e  

of lethal ity was incons is tant wit h  dose. At first, lethal ity 

d e c r e a s e d  from 10.71 (100 G r a y  units) to 2.68 ' (200 Gray

units), from wher.e it showed an  i n c re ase at 300 G r a y  units

and the re af ter a g a i n  it dec reased.

M u t a g e n i c  e f f e c t i v e n e s  sh ow ed a d e c r e a s i n g  trend

with increase in dose. The m i n i m u m  (14.7) was at 400 Gr ay  

units and m a x i m u m  (42.9) at 100 G r a y  units.

M u t a g e n i c  e f f i c i e n c i e s  on l e t hality  and s t e r i l i t y

basis first increase d and be c o m e  m a x i m u m  at 200 G r a y  units 

an d t h e r e a f t e r  it d e c r e a s e d  v i z ,  m u t a g e n i c  e f f i c i e n c y  on  

lethality or s t e r i l i t y  basis did not h ave a n y  di rect dose- 

depen den ce. But e f f i c i e n c y  on the b as is  of injury showed  an 

inverse do se rel ationship.

The d ata p e r t a i n i n g  to the m u t a g e n i c  e f f e c t i v e n e s s  

and e f f i c i e n c y  of dif f e r e n t  c o n c e n t r a t i o n s  of EMS in inducing 

chlorophyll m u t a t i o n s  are g i v e n  in T ab le 23.

The lethal ity  and injury p e r c e n t a g e s  we re mini m u m  

(2.403, 2.6) at 40 and 80 mM and m a x i m u m  (7.69 , 12.92) at 

200 mM. The s t e r i l i t y  p e r c e n t a g e  was m i n i m u m  (16.67) at 40



and 80 mM and m a x i m u m  (23.37) at 120 m M . T h e s e  three did not

h a v e  a n y  d i r e c t  d o s e - d e p e n d e n c e , a n d  s h o w e d  a n  e r r a t i c

be h a v i o u r  with dose.

M u t a g e r x i c  e f f e c t i v e n e s s  w a s  f o u n d  to b e  h i g h  

(112.33) at the lowest dose of EMS (40 mM) and it sh owed an 

inverse r e l a t i o n s h i p  with dose.

M u t a g e n i c  e f f i c i e n y  of EMS was seen to be high at

160, 80 and 120 mM  r e s p e c t i v e l y  on t h e  b a i s  of l e t h a l i t y

injury and sterility. M u t a g e n i c  e f f i c i e n y  on the ba sis  of 

lethali ty first dec reased, t her ea fter in c r e a s e d  with increase 

in dose except at 200 m M . M u t a g e n i c  e f f i c i e n c y  on injury 

basis did not ex hib it any stab le  r e s p o n s e  wi t h  dose. The 

e f f i c i e n c y  on the basis of s t e r i l i t y  i n cr eased w i t h  increase 

in doses upto 120 mM and a bove w h i c h  it sh o w e d  a d e c r e a s i n g  

t r e n d .



Plate 1 - Spectrum of chlorophyll mutations

Plate 2 - S p e c t r u m  of chlorop hyll m u t a t i o n s
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Plate 3 - Xantha seedling

Plate 4 - V a r i a t i o n  in chloro ph yll co ntent 
of c hlo ro phyll m u t a n t  an d  normal 
plant
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Plate 5 - Variation in the size of leaf

Plate 6 - V a r i a t i o n  in the n u m b e r  of leaflets
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Plate 7 - Variation in the texture of leaves

Plate 8 - Variation in the colour of vines
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Plate 9 - Variation in the length of pod

Plate 10 - Variation in the size of the seeds

1 N o f c r v i A L  7~. t r v \ t ) L L  Z .  FU ( \T  4  U w G j  ? - f rC> t-V



P la U - io



Plate 11 - Variation in the colour of the seeds 
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A m o n g  legumes, m u t a t i o n  t e c h n i q u e  has m o r e  

profitably been exploited as an effective supplementary tool 

in genetic improvement in major pulse crops. In winged bean, 

nutritionally very important but an undei— exploited pulse 

crop, mutation induction can create v a r i a b i l i t y  and thus 

allows to exploit the high potentials of this crop. Various 

types of mutagens are now being used to create variability by 

inducing useful mutations in crop plants. Different doses of 

gamma exposures and different c o n c e n t r a t i o n s  of EMS were 

tried and reported to be effective in various pulse crops by 

several w o r k e r s .  In the p r e s e n t  s t u d y  also, m u t a t i o n  

induction was done with well established and most commonly 

used mutagens, viz., gamma rays and EMS ( M i eke eta) ,1 987 ) . 

A 1 though the frequency of valuable m u t a t i o n s  are less and 

most of the mutations are deleterious in nature, one can 

isolate the mutants suitable for modern agricultural systems 

by a p p l y i n g  a p p r o p r i a t e  s e l e c t i o n  t e c h n i q u e s .  The 

segregation and visual selection of easily identifiable 

characters can be made efficiently which often is the prime 

basis for selecting macro mutants. Hence to obtain maximum 

output of beneficial mutations it is necessary to assess the

V. DISCUSSION



mutation rate. The present study as a c o n t i n u a t i o n  of a 

departmental project . i.o i ta t iaied with the obj e c t i v e  of 

finding out the mutagenicity of gamma rays and EMS in the M 2 

generation of winged bean.

The handling of mutagen treated material is a very 

important aspect in mutation breeding research. The after 

effects of mutation in the M 2 generation are determined by 

the mode of action of mutagens and interactions of many 

factors in an organism. The proportion of mutated plants to 

normal ones namely, the mutation rate can be computed on the 

basis of number of mutations per 100 Mj plants (Gustafsson, 

1940) or spikes (Stadler, 1928) and the number of mutants per
r

100 Mg plants (Gaul, 1960). Gaul (1960) concluded that the 

mutation rate per 1 0 0 Mg plants provides the best index as it 

is proportional to the initial mutation rate. The output of 

m u t a t i o n s  are q u a n t i t a t i v e l y  e x p r e s s e d  by the rate of 

mutations and qualitatively by the spectrum of mutations. 

According to Gustafsson (1947) chlorophyll mutations are more 

frequent and can easily be recognised. Gaul ( 1964), Nilan e_t 

a 1 . ( 1965) and Kawai ( 1 969) suggested that a cholorophyll

test in the Mg would provide a good guide line for assessing 

the effective mutagen treatments. But the success of a



m u t a g e n  t r e a t m e n t  d e p e n d s  u p o n  its a b i l i t y  to c r e a t e  

diverse, but useful mutants capable of producing viable 

seeds. So an estimate of viable mutations is essential for 

all p r a c t i c a l  m u t a t i o n  studi e s .  I n d u c e d  m u t a t i o n s  in 

polygenes occur towards positive or negative direction or 

towards both. of the two*Konzak e_t al_. (.1965) proposed the

the mutagenic efficiency and m u t a g e n i c  e f f e c t i v e n e s s  in 

relation to chlorophyll mutation frequency which determine 

the usefulness of any mutation breeding programme. Hence the 

parameters;frequency and spectrum of chlorophyll and viable 

mutations including both positive and negative mutations, 

mutagenic effectiveness and mutagenic efficiency are capable 

of giving satisfactory answers to the problems contained in 

the objective of the study. The results o b t a i n e d  are 

discussed under the following sections.

5.1. Cholorophyll mutations

5.1.1. Frequency

In the present study chlorophyll m u t a t i o n s  were 

classified on M 2 progeny row and M 2 seedling basis. The 

chlorophyll mutation frequency estimated on M 2 progeny row

• T J



and M 2 seedling basis showed a similar varying pattern with 

dose. The chlorophyll mutation frequency increased at the 

lower doses and decreased at higher doses. This pattern of 

change in frequency in relation to dose was same not only for 

gamma rays but also ‘for EMS. Similar results have been 

reported by Khan C1981) in greengram, Rangaswamy (1989) in 

cowpea and Vanniarajan ejb a_l_. ( 1993) in blackgram. This

indicates the elimination of mutations at the higher doses 

ei t h e r  for g a m m a  ray i r r a d i a t i o n  or EMS t r e a t m e n t s  as 

reported by Singh e_t aj_. (1989) in lentil. Saturation or 

decrease in induced mutation f r e quency due to more lethal 

m u t a t i o n s  b e y o n d  a p a r t i c u l a r  d o s e  was r e p o r t e d  by 

Swaminathan (1961).

An insight into the chlorophyll mutation frequency 

revealed that the lower doses of gamma rays and higher doses 

of EMS are equally effective when the frequency is considered 

on M 2 progeny row basis. But based on M 2 seedling basis

which is more important, it was found that the frequency of

chlorophyll mutations was more for gamma ray exposures. In 

general, the frequency and its range were high for gamma 

rays. T h i s  was in a g r e e m e n t  w i t h  the r e s u l t s  of

Venkateswara 1 u e_t a_J_. (1980) and Brenda ( 1987) in pigeon pea.

C\ -»



In the present investigation a fairly wide spectrum%

of chlorophyll mutations was identified including xantha, 

chlorina, viridis, viridalba, white streaked and maculata 

types as reported earlier by previous investi g a t o r s  in 

legumes. I Jana ( 1964), Ramaswamy ( 1973), Kundu and Singh 

( 1982a) and Vanniarajan e_t aj_. (1993) in blackgram; Louis and 

Kadambavana Sundaram (1973), Narasinhan and Kumar (1976) and 

Thi rugunakumar ( 1986) in cowpea; Ratnaswamy e_t a_L. (1978), 

Grover and Virk ( 1984) and Kamini et̂  ad. (1988) in greengram; 

Chaturvedi e_t aj_. ( 1982), Nadarajan ejt aj_. (1982) and Brenda

(1987) in pigeon pea; Manju (1981) in horsegram and Singh 

e_t a_l_. (1989) in lentil J. Similar types were also observed

in winged bean by Veeresh and Sivasankar (1986) after gamma 

ray exposure and Savithramma (1987) after EMS treatment. 

Leaf s t r e a k i n g  was a l s o  r e p o r t e d  in w i n g e d  b e a n  by 

Armachevilo and Bernardo (1981) after gamma rays and EMS 

treatments.

5.1.2. Spectrum

In the present study none of the treatments either 

in gamma rays or EMS exhibited all the six cholorophyll 

mutations. Chlorina type was maximum followed by viridis and 

white streaked in gamma ray exposures where as chlorina and



xantha types were maximum in EMS treatments.. Considering the 

effects of two mutagens in general it was seen that chlorina 

appeared as the most frequent one. Higher p r o p o r t i o n  of 

chlorina was earlier reported by Veeresh and Sivasankarl1986) 

after gamma ray exposures in winged bean and Vanniarajan e_t 

a 1 . ( 1993) after gamma rays and EMS treatments in blackgram.

The reason for the appearance of greater number of chlorina 

might be attributed to the involvement of polygenes in 

chlorophyll mutations according to Gaul (1964).

Different chlorophyll m u t a t i o n s  except xantha 

showed inconsistant behaviour with doses of both the mutagens 

and o c c u r r e d  r a n d o m l y .  S u c h  an e r r a t i c  b e h a v i o u r  of 

different chlorophyll mutations in relation to dose was also 

reported by Brenda ,(1987) in redgram after gamma ray and EMS 

treatments. Xantha type occurred with maximum frequency at 

the highest dose. This was in agreement with the results of 

Packairaj ( 1988) in cowpea. Nadarajan e_t al_. ( 1985) reported 

that sensitivity depended upon its genetic architecture and 

the mutagens employed as suggested earlier by B1ixt (1968).

5.1.3. S i n g l e  and  m u l t i p l e  ch loro p h y l l  m u t a t i o n  f r e q u e n c y

Isolation of two or more chlorophyll mutations from 

a segregating M2 progeny row has been referred as multiple

' 'A



mutations. In the case of highest dose of. gamma rays only 

one progeny row was found s e g r e g a t i n g  for chlorophyll

mutations and hence the effect of that particular dose could 

not be considered absolute inspite of the occurrence of high 

multiple mutation frequency. Hence the effect avoiding the 

highest dose (400 Gray units of gamma rays) revealed, in 

general, that the higher proportion of multiple chlorophyll 

mutations was at the lower doses and lower proportion at the 

higher doses of both the mutagens. D e c r e a s e  in multiple 

chlorophyll mutation frequency with increase in dose was 

f o l l o w e d  by a p r o g r e s s i v e  i n c r e a s e  in s i n g l e  m u t a t i o n  

frequency. This indicates that mutagenic action tended to 

become more specific at higher doses as reported by Ramaswamy 

(1973) in blackgram. Similar trend in m u l t i p l e / s i n g l e  

chlorophyll mutation frequency was reported by Packai raj

(1988) and Rangaswamy (1989) in cowpea. The low survival or 

germination rate at higher doses in the previous generation 

study might be due to this specific action leading to more 

frequent lethal mutations at higher doses as reported by 

Swaminathan (1964). The avoidance of mut a t i o n s  as lethal 

ones might be one of the reasons for low chlorophyl 1 

mutation frequency at higher doses in •



In the present investigation/segregation ratios of 

chlorophyll mutants did not show any dose-dependence either 

for gamma irradiation or EMS treatment. Such a behaviour was 

reported by Brenda (1987) in pigeonpea and Packairaj (1988) 

and Rangaswamy (1989) in cowpea after gamma ray and EMS 

treatments. It was seen that most of the mutants recorded 

segregation per cent in between 10 and 14 and always less 

than 25 except in 80 mM of EMS (25%). The lower range of 

segregation ratio was noticed for chlorophyll mutations by 

Rangaswamy (1989) in cowpea following gamma ray exposures and 

EMS treatments. Moh and Alan (1964) from their study on 

Phaseo1 us v u 1 gar i s concluded that induced genetic changes 

with low transmission frequency were probably associated with 

minute chromosomal aberrations like deletions which affected 

gene transmission. This might be one of the reasons for not 

obtaining the excepted mendelian segregation ratio of 0.25. 

Other reasons as explained by S w a m i n a t h a n  (1961) might be 

smallness of mutated sector involving more number of initial 

cells due to diplontic selection.

5.1.4. Segregation ratio



5.2. VIABLE MUTATIONS

5.2.1. Macromutations

5.2.1.1. Frequency

Mutation frequencies on m 2 p r o geny row or plant 

basis did not show any direct dose d e p e n d e n c e  either for 

gamma rays or EMS, but the frequency on M 2 plant basis 

decreased at the higher doses of gamma rays. The mutagenic 

effect at higher doses might become drastic in nature leading 

to more lethal mutations due to the dose dependent influence 

on metabolism, genetic changes, cytological disturbances and 

growth (Khanna, 1991). This might be one of the reasons for 

reducing frequency at higher doses. Similar results were 

also reported by Veeresh and Sivasankar (1987) after gamma 

ray irradiation and Savithramma (1987) after EMS treatments 

in w i n g e d  bean. An i n c o n s i s t e n t  b e h a v i o u r  of v i a b l e  

mutations in relation to dose was reported by Brenda (1987) 

after gamma ray and EMS treatments in red gram. In case of 

EMS, the decrease in frequency at higher doses was not 

pronounced. Among the two mutagens, gamma rays showed higher 

values at three lower doses than any of the concentrations of 

EMS tried. This was in agreement with the results of 

previous generation study by Reeja (1993) that the mutagenic 

effects on several characters were less pronounced for EMS 

especially in lower doses.



In the present study many morphol o g i c a l  mutants 

were produced by gamma ray exposures and EMS treatments with 

respect to leaf, stem, pod and seed characters. However 

their genetic control and inheritance was not known- Two 

types of leaf mutants viz. , sma 1 1 sized and thick-soft 

textured from both gamma ray and EMS treated population and 

another type with a few tetra foliate leaves from EMS treated 

p o p u l a t i o n  were isolated. S u c h  leaf m u t a n t s  w i t h  

modification in the size, texture and number were reported by 

Kesavan and Khan (1970) and Veeresh and Sivasankar (1986) in 

winged bean, Borikar e_t elL- ( 1983) in cowpea, Pu 1 ivarthy and 

Mary ( 1 987) in blackgram, S a t h y a n a r a y a n a  e_t a 1 . ( 1989) in

b l a c k g r a m  and g r e e n g r a m  and S i n g h  an d  Y a d a v  (1991) in 

greengram. Stem colour mutations noticed included light 

green, and dark brownish green coloured types. Most of them 

were associated with seed colour mutations also. Variations 

in stem col our were reported by Rangaswamy ( 1989) in oowpea 

after gamma ray and EMS treatments. Mutations affecting 

pigmentation might cause associated colour changes in stem 

and seed. Such mutations affecting anthocyanin pigmentation 

were r e p o r t e d  in stem, p e t i o l e  and seed and an

5.2.t.2. Spectrum



anthooyanini ess mutant was isolated by .Jana and Rao ( 1974) 

in blackgram after X-ray irradiation. Pod length mutants 

(small types), seed size mutants including bold, small and 

long types and seed colour mutants like dark brown, yellowish 

brown, green brown and white coloured types were noticed in 

both mutagen treated plants. In addition to these mutants, 

pod length mutant with long pods from gamma ray treated 

plants and seed size mutant with flat seeds from EMS treated 

plants were also isolated. Distinct changes in pod length 

and seed size were reported by Bhadra and Jain (1986) after 

gamma ray and EMS treatments ; Bhalla and Bhamburkar (1987) 

after gamma ray and Hydrazine treatments in blackgram, Singh 

and Agarwal (1986) after gamma ray, NMU and EMS treatments in 

cluster bean and Sumanggono (1987) and .Singh and Yadav (1991) 

gamma ray treatment in greengram. Seed coat colour mutations 

following mutagenic treatment with gamma rayfwere reported by 

Thirugunakumar (1986) in cowpea, Bhamburkar and Bhalla ( 1987) 

in blackgram and Singh and Yadav (1991) in green gram. 

AC c c iding to Gunkel and S p a r r o w  (1961) some of these 

morphological variations might be attributed to chromosome 

breakage, disrupted auxin synthesis and transport, disruption 

of mineral metabolism and accumulation of free aminoaoids.
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Genetic variability created using physical and 

c h e m i c a l  m u t a g e n s  has b e c o m e  the most p o t e n t  line of 

approach. Khan (1988c) reported that practical role of 

induced mutations in crop improvement of pulse crops can best 

be assessed on the basis of quantitative characters. Gregory 

(1965) hypothesised that normal looking plants of mutagen 

treated population may be variously mutated with large number 

of small changes and these mutations there by increase the 

scope of selection of economically important characters.

In the present study almost all the treatments

of two mutagens showed both positive and negative variants 

for characters like height at 45 and 75 days after sowing, 

pod length, number of pods at first harvest, number of seeds 

per pod and 100 seed weight. But in case of character, days 

to flower all the treatments except the lowest doses produced 

only positive variants viz, the character changed towards 

lateness. A general conclusion drawn from earlier studies 

c l e a r l y  d e m o n s t r a t e s  that m u t a t i o n  can c r e a t e  g e n e t i c  

variation in any direction or either of the two. Lower 

frequency of negative variants was obse r v e d  at two lower

5.2.2. Micro mutations



doses for all characters except 1 0 0  seed weight (gamma rays), 

pod length (EMS) and days to flower. S i m i l a r l y  h i g h  

frequencies of positive variants were also recorded at two 

lower doses for all characters except 100 seed weight (EMS) 

and days to flower (EMS) indicating less injury in lower 

doses.

A comparison of treatments with control showed that 

the mean performance of plants in dif f e r e n t  treatments 

shifted for the seven characters studied. A negative shift 

was exhibited for the characters like height at 45 and 75 

days after sowing, pod length, pod number, seed numberandlOO
T

seed weight. H o w e v e r  the r a n g e  of v a r i a n t s  c h a n g e d  

bidirectionally for all these characters. Even though higher 

frequency of positive variants was at the lower doses a 

negative shift was noticed because the n e g a t i v e  variants 

exceeded the positive variants even in the lower doses. A 

reduction in plant height as a result of mutagenic treatments 

has been reported by several workers. Kundu and Singh 

(1982b), after gamma irradiation reported reduction in plant 

height in blackgram. Sumabai (1989) observed that reduction 

of vine length was maximum for higher exposures of gamma rays 

in sweet potato. Negative shift was noticed by Palaniswamy



(1975) for mean values of characters like number of pods per 

plant, pod length, number of seeds per pod and 1 0 0  seed 

weight in cowpea after gamma rays and EMS treatments. All 

the treatments changed the days to flower towards lateness 

and positive shift in mean was recorded in two lower doses 

for height at 75 days after sowing. Khan (1983), after gamma 

ray and hydrazine hydrate treatments, reported that the mean 

v a l u e s  of the t r e a t e d  p o p u l a t i o n  s h i f t e d  in p o s i t i v e  

direction for days to flower in greengram. Increased plant 

height after mutagenic treatment was reported by Kamannavan 

( 1985) in Chi 11i .

Tn the present study, the mean p e r f o r m a n c e  was 

found rm./imuwi for higher exposures or treatments and

maximum for the control and lower doses. Nadarajan (1983) 

reported that the' mean values of all characters were lower 

thah that in control except for days to flower in which an 

increase in mean was observed. Maximum shift at higher doses 

was also reported by Khan (1988b) in greengram and Sumabai

(1989) in Sweet potato. Reduction in growth and yield 

characters at higher doses of mutagen treated material was 

a t t r i b u t e d  to a b n o r m a l  cyto logical b e h a v i o u r  due to 

chromosomal damage and miotic inhibition (Sparrow e_t a I .



(1952). Delayed flowering and reduced number of pods at 

first h a r v e s t  at h i g h e r  d o s e s  m i g h t  be due to lower 

metabolic activities in the vegetative phase. Positive shift 

for height at 75 days after sowing might be resulting from the 

stimulatory effect of the mutagens or less inhibition at 

lower doses and also due to the recovery of mutants as cited 

by Khanna (1991).

5.3. Mutagenic effectiveness and mutagenic efficiency

By estimating the effectiveness and efficiency the 

potency of a mutagen can well be assessed. Konzak e_t a 1 .

(1965) proposed mutagenic effectiveness which means the rate 

of mutation induction as dependent upon the mutagenic dose 

and mutagenic efficiency which refers to mutagenic rate in 

relation to various biological effects, usually a measure of 

d a m a g e . Since the c h i orophy11 m u t a t i o n s  were parallel to 

other mutations chlorophyll mutation frequency was taken into 

consideration for estimating effectiveness and efficiency as 

suggesPfed by Kawai ( 1969).

In the present study in both the mutagens the 

treatment with lowest dose was more eff e c t i v e  in inducing 

chlorophyll mutations. Similar results were reported by



Brenda (1987) after mutagenic treatment with gamma rays and 

EMS in redgram and Veeresh and Sivasankar (1986) after gamma 

ray t r e a t m e n t  in w i n g e d  bean. The m a x i m u m  m u t a g e n i c  

effectiveness at the lower doses might be due to the absence 

of corresponding increase in the m u t a t i o n  rate with dose. 

Ehrenberg et. a 1 . (1962) emphasised that at higher doses,

mutation rate is lower than expected and the dose-rate of 

mutation curves may deviate from linearity.

According to Gaul e_t a_L. ( 1972) the effectiveness 

of a mutagen was more of theoretical importance than of any 

immediate practical implications. Efficiency was estimated 

based on the biological damages such as % lethality, % injury 

and % sterility.

In the present study lethality p e r c e n t r a g e  with 

re s p e c t  t.o b o t h  the m u t a g e n s  did not h a v e  any linear 

relationship with doses. Tnjury and sterility percentages 

showed direct dose relationship with doses of gamma rays, 

where as in EMS no such an increasing trend was observed. 

The mutagenic efficiency of gamma rays on the basis of 

lethality and sterility did not exhibit any direct dose 

dependence, but. on the basis of injury, inverse relationship
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with dose was observed. In case of EMS the mutagenic

efficiency on the basis of lethality, injury and sterility

percentages did not have any stable resp o n s e  with dose.

Considering the efficiency of gamma rays and EMS, it was

found that among various exposures of gamma rays, 200 Gray
*

units was the most efficient one on the basis of lethality 

and sterility and 100 Gray units on the basis of injury. 

Among different concentrations of EMS the maximum values for 

efficiency on the basis of lethality, injury and sterility 

percentages were recorded at 160, 80 and 120 mM respectively. 

Higher efficiency was observed at lower doses of gamma rays 

and middle doses of EMS. High efficiency at lower doses were 

reported by Veeresh and Sivasankar (1986) in winged bean and 

Brenda (1987) in redgram. The greater efficiency at the lower 

d o ses  m i ght be due to r e d u c e d  l e t h a l i t y ,  in j u r y  and 

sterility. To obtain high effici e n c y  at higher doses, 

mutagenic effect may greatly surpass other damage effects in 

the cells and toxic effects as s u g gested by Gaul et al 

( 1972) .

In the present investigation among the doses tried 

for g a m m a r a y s ,  lower d o s e s  tried w e r e  m o r e  c a p a b l e  of 

inducing chlorophyll and viable mutations and also were found
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as the most effective and efficient ones, where as in EMS 

mutagenic effects as chlorophyll and viable mutations were 

more frequent only in higher doses and middle or higher doses 

were appeared as the most efficient ones. Since lower doses 

v i z . , 1 0 0  and 2 0 0  gray units were found as the the most

effective and efficient ones the dose range around this can 

be tried ii? futOre mutation breeding studies in this crop 

and recurrent irradiation techniques has to be tried to 

overcome lethal effects. The desirable variations isolated, 

if heritable, can be selected and util i z e d  to evolve new 

varieties with added advantages. Long poded and bold seeded 

mutants isolated mostly from the lower doses with less ill 

effects needed to be tested for other yield characters in the 

subsequent generations. Eventhough no bushy or dwarf types 

could be spotted out, the mutants with small seed size, low 

1 0 0 seed weight and more number of seeds provide scope for 

further selection pP new plant types. Shift in mean values 

for growth and yield characters indicate the micromutations 

and emphasis the possibility of micromutational selections in 

further generations.





V I . SUMMARY 
#

gammarays and EMS in the Mg g e n e r a t i o n  of winged bean

IPsophocarpus tetragonolobus (L.)J was carried out at the
*

D e p a r t m e n t  of pla n t  b r e e d i n g ,  C o l l e g e  of A g r i c u l t u r e ,  

Vellayani. Seeds collected individually from Mj plants which 

were i n i t i a l l y  s u b j e c t e d  to four d o s e s  of g a m m a  rays 

(100, 200, 300 and 400 Gray units) and five doses of EMS (40, 

80, 1 2 0 , 160 and 2 0 0 millimoles) were sown in non-replicated

p r o g e n y  row trial to r a i s e  the Mg g e n e r a t i o n .  The 

mutagenicity of gamma rays and EMS was studied based on 

chlorophyll and viable mutations. All the seedlings which 

e x h i b i t e d  d e v i a t i o n s  from the normal ones by c o l o u r  

differences or by the presence of white patches on the leaves 

were considered as chlorophyll mutants and the plants which 

exhibited deviations from the normal ones for morphological 

characters were isolated as viable mutants. Observations 

were recorded on height at 45 and 75 days after sowing, days 

to flower, pod 1 engt.h y number of pods per plant at first, 

harvest, number of seeds per pod and 100 seed weight. The 

chlorophyll and viable mutants were classified on Mg progeny 

row and Mg seedling basis.

A r e s e a r c h  p r o g r a m m e  on the m u t a g e n i c i t y  of



The chlorophyll and viable mutants were expressed 

quantitatively by frequency and qualitatively by spectrum. 

The frequency distribution, range and mean performance of 

p l a n t s  in e a c h  t r e a t m e n t  w e r e  e s t i m a t e d .  T h e  r e s u l t s  

obtained are summarised as below

Quantitative analysis of chlorophyll m u t ations 

showed that mutation frequencies estimated on Mg progeny row 

and Mg seedling basis recorded an increase at the lower dose 

and a decrease at the higher doses of gamma rays. In case of 

EMS, the frequencies increased upto 160MM and above which it 

showed a decrease. The frequencies were m a x i m u m  at a 

particular dose of both mutagens, e v e n t h o u g h  chlorophyll 

mutations' were classified on Mg progeny row and Mg seedling 

basis. Among the different doses tried maximum frequency was 

at 200 Gray units of gamma rays and 1 60mM of EMS. In 

general, it was found that, the frequency and its range of 

chlorophyll mutations was high for gamma rays.

When chlorophyll mutations were q u a l i t a t i v e l y  

analysed, a fairly large spectrum including xantha, chlorina,
W‘L$

viridis, white streaked, maculata and virida 1 ba „ identified



for gamma rays and EMS, however none of treatments of two 

m u t a g e n s  p r o d u c e d  six types t o g e t h e r .  A m o n g  the six 

chlorophyll mutations, chlorina appeared as the most frequent 

in both the mutagens and xantha showed a direct relationship 

with d o s e .

In case of EMS, a clear evidence for the decrease 

in multiple mutation frequency in relation to increase dose 

was observed.

Most of the chlorophyll mutants segregated at a 

ratio in between 10 and 14 per cent or less than 25 per cent.

Quantitative analysis of viable mutations showed 

that in both the mutagens the maximum frequency on Mg plant 

basis wasn't higher doses, however the frequency didnot

show any direct dose-dependence.

Twenty one viable mutants with respect to various 

morphological characters of leaf, stem, pod and seed were 

isolated from gamma ray treated p o p u l a t i o n  and twenty tuio 

from EMS treated population.
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A negative shift was noticed for the characters 

like height at 45 and 75 days after sowing, pod length, pod 

number, seed number and 1 0 0  seed weight and a positive shift 

for days to flower. Even in the lower doses, nega t i v e  

variants exceeded positive variants and hence a negative 

shift was noticed for the characters. However the range of 

characters widened in both direction in lower doses.

The reduction in mean performance was found to be 

minimum for higher doses and maximum for control and lower 

doses.

Among the various doses, 100 Gray units of gamma 

rays and 40raM of EMS were identified as the most effective 

doses.

In case of g a m m a  rays, 100 G r a y  u n i t s  was 

i d e n t i f i e d  as the most e f f i c i e n t  d o s e  w h e n  m u t a g e n i c  

efficiency is estimated on the basis of injury, but 200 Gray 

units appeared as the most efficient one on the basis of 

l e t h a l i t y  or s t e r i l i t y .  T h e  lower two d o s e s  can be 

considered as the most efficient ones. But in EMS mutagenic 

efficiency was maximum at 120,160 and 80 mM respectively on 

the basis of sterility, lethality and injury basis.
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ABSTRACT

A study on mutagenicity of gamma rays and EMS in 

the M 2 generation of winged bean IPhophocarpus tetragonolobus 

(L.)J was carried out in non-r ep 1 i ca t ed p r o g e n y  row trial 

with seeds collected individualy from M| plants which were 

initially treated with four doses of gammarays (100, 200, 300 

and 400 Gy units) and five doses of EMS (40, 80, 120, 160 and

200 mM) . Observations on chlorophyll and viable mutations 

and other characters like height at 45 DAS and 75 DAS, days 

to flower, pod length, pod number, seed number and 100 seed 

weight were recorded. The chlorophyll and viable mutations 

were quantitatively expressed by frequency and qualitatively 

by spectrum. The frequency distribution, range and mean 

performance of plants in each treatment were estimated.

Quantitative analysis of chlorophyll m u tations 

showed that mutation • frequencies recorded an increase at the 

lower d o s e s  and a d e c r e a s e  at the h i g h e r  doses. The 

frequencies were maximum at the same dose for both the 

mutagens viz. , at 200 Gy units of gamma rays and 160 mM of 

EMS. Among the two mutagens, high frequencies were noticed 

for g a m m a  r a y s .



Quantitative analyais of chlorophyll mutations identified six 

types for both the mutagens viz., xantha, chlorina, viridis, 

maculata, viridalba and white streaked types. But none of 

the treatments produced six types together. Among the 

different types, chlorina appeared as the most frequent one. 

In case of EMS, the decrease in multiple mutation frequency 

with increase in dose was clearly observed. The segregation 

per cent of most of the chlorophyll mutants was in between 10 

and 14.

Quantitative analysis of viable mutations revealed 

that maximum frequency on M2 plant basis wasn't.^ the higher 

doses for both the mutagens. Twenty one viable mutants with
T

change in characters of leaf, stem, pod and seed were 

isolated from gamma ray treated p o p u l a t i o n  and twenty two 

from EMS treated population.

A negative shift in mean was noticed for all the 

c h a r a c t e r s  e x c e p t  d a y s  to f l o w e r  d u e to m o r e  n e g a t i v e  

variants than positive variants even in the lower doses. The 

mean performance of plants was found to be minimum for higher 

doses and maximum for control and lower doses.



Mutagenic effectiveness was found to be high in 

lower doses viz., 100 Gy units of gamma rays and 40mM of EMS.

The efficient doses of gamma rays identified on the basis of 

injury and lethality or sterility were 100 Gy units and 200 

Gy units respectively.* In EMS the efficiency on the basis of 

sterility, lethality and injury was maximum at 120, 160 and

80 mM respectively.  ̂ C  C


