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INTRODUCTION *■
~K

Mutation breeding, aa a tool for altering the 
genetic structure of the population and also as a means 
to step up the level of expression of yield and other 
economic attributes, besides providing newer and additional 
gene pools, hss played a significant role in crop 
improvement work. Breeding techniques have, as their 
objective, maximisation of crop production both qualitative 
and quantitative. Breeding behaviour of individual crop 
with its inherent genetic structure, decides the realisation 
of the breeder's objective. The extent of natural varia­
bility, if low, limits the scope of crop improvement by the 
conventional breeding techniques. In this respect, mutation, 
as a means of artificially creating variability, comes to 
the aid of the plant geneticists.

The term mutation was introduced by De-Vries in 
1900. The discovery of the possibility of enhancing the 
mutation frequency through radiation treatments in 
Drosophlls melanogsster by Muller in 1927 followed by the 
demonstration of tha effectiveness of radiation in crop 
plants such ss maise and barley by fltedler in 1926, led many
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plant scientists to adopt mutagenesis In crop improvement 
efforts• With the advent of thla method, the genotype 
and phenotype of living organisms are under human control 
and can be changed at times according to the needs.
Soon after the discovery of physical mutagens, a rapid 
effort was made in the identification of a wide array of 
potent chemical mutagens. The attractive potential and 
relative ease of application of chemical muteg.ns have 
caused an unprecedented surge of interest in the artificial 
induction of mutations with those agents. Ionising 
radiations liko X-rays, gamma rays and fast neutrons still 
remain the most potent tools for inducing variability.
Among the chemical mutagens tested widely, ethyl methane 
sulphonate (LM3) seems to possess many properties favourable 
to high mutagonic effectiveness as well as high mutagenic 
efficiency.

The legume seeds or pulses, sometimea termed 
'grain legumes', are second only to the cereals as a 
source of human food and provide the much needed protoins

i
to our predominantly vegetarian population. Following the 
recent advances in the enhanced production of cereals in 
our country, pulses have also been receiving more and more 
attention. One of tha main raasons for tha stagnation In
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in pula* production in our country# and more ao in our 
stste# ia the non-availability of suitable varieties 
possessing high yielding potential both in terms of grain 
yield and protein content as well as earliness and 
synchronised flowering. Further, natural variability in the 
germplasm is found to be a limiting factor to evolve 
varieties of superior performance. In view of the limited 
aoount of variability which is presently available in 
pulses in general ani in red gram in particular, it is 
considered essential to undertake methods for inducing new 
genetic variability in this crop.

Red gram is probably a native of Africa where 
it ia often found naturalised. This is one of the mo3t 
important among pulses from the point of view of per capita 
consuir.ption. India is tho largest producer accounting 
for about 1.8 million tonnes. It is the second most 
important pulse in India, being grown on an ares of 
2.5 million hectares. It is an excellent source of protein 
(22.3%) snd starch (40%). Present yield level, which is 
very low, could marginally be improved and stabilised 
through scientific crop management. Eventhough it is 
widely cultivated, its importance es e rich source of 
protein and vitamins hss not been fully recognised.
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Long duration of many of the existing cultivara 
and their photosensitivity are some of the bad aspects 
which require immediate attention. In order to overcome 
these problems, the plant must be restructured both 
morphologically and physiologically.

The present work was, therefore, undertaken for 
fulfilling the following objectivesj

1. To investigate the effects produced by gamma 
rays and EMS in the generation of red gram.

2. To study tha chlorophyll mutation such as 
frequency, spectrum, effectiveness and efficiency of 
different doses of gamma rays and EME in the generation.

3. To isolate the different types of viable 
mutrnts produced with reference to growth habit such as 
stature, brrnching hnblt, duraticn ntc. ln the generation.

The results obtoined are presented, dincuaaed 
and valid conclusions drawn in the following pages.
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REVIEW OF LITERATURE

In recent years, induced mutagenesis has 
become one of the potent tools ln the hands of the plant 
breeders to restructure the crop plants according to 
the needs of Agriculture. With his pioneering work, 
Oustafsson, as early as in 1947, established a very useful 
and sound basis for mutation breeding. Refinement of 
technique in the later period and some of the notable and 
spectacular achievements have given confidence and 
encouragement to this line of research in plsnt breeding.

Induced mutagenesis Vies become handy not only 
in the detection of mutants but also direct utilization 
of mutants isolated as well as in employing these mutants 
as useful parents in the recombination brooding. NC. 4X 
in groundnut (Gregory, 1955); Arun© in castor (Kulkarni, 
I960); MCU-7 in cotton (Narayanan 1973) and Co-3
in red gram (Sheriff «[£ Bis.-# 1977) are aomt of the economic 
mutants that are now under large scale cultivation.

Mutations in general

X-ray was the first radiation to be applied to 
cells and ahroaoaoMf. Rubsequently the Install a tion of
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cobalt and cesium sources made gamma rays also available. 
Horlacher and Killough (1931) observed that in cotton 
X-rayed seeds gave reduced germination and a number of 
dwarf plants were produced. There also resulted various 
abnormalities of the cotyledons. Kraievol (1934) in a study 
of the influence of Increasing doses of X-ray on seed 
production and on the meiotic processes in peer and vetch, 
arrived at the conclusion that with increasing dosage, 
meiotic irregularities become more pronounced, and the 
seed production foil proportionately. KrajevoJ (1935) 
reported that X-ray treatment of young seedlings of a 
pureline of Plsum sativum produced a number of abnormalities 
in the resulting plants.

In addition to several ionizing radiations, a 
number of chemical mutagens rlco produced mutations in 
plants v’n^n applied singly, combined with other chemicals 
end ln succession or simultaneously with radiation 
(ihrenberg ££ 1961; Konsak al., 1965).

Chemical rnutr7en'*fils was tried by dchi**niann (1912) 
witn some encouraging results. The experiments of 
Auarbach and Robson (1947) with Drosophila using sulphur 
and nitrogen muatarda brought to light the usefulness of 
chamleels for the induction of mutations. Freese (1963)
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classified chemical mutagens aa baas analogue substitutes, 
dyes, acids, metals and alkylating agents. In higher 
plants, the last group has proved to be very effective.
The relatively low toxic and high genetic effects of EMS 
(an alkylating agent) (Gaul, 1961) and its high mutagenic 
effactiveness as well as efficiency in higher plants 
(Konzak at aK, 1965) led to its enhanced practical 
application.

I. Mutations in the generation
1. Chlorophyll mutations

(a) Frequency

Among the throe methods of estimating chlorophyll 
mutation fre uoncy, viz., (1) mutations per 100 plent3 ,
(2) mutations per 100 spikes or inflorescences and (3)
mutations per 100 plants, tho la3 t method was found 
to be the boat index aa it was proportional to the initial 
rata of mutetion and was Independent of variation in progeny 
siza and size of mutated sector (Gaul, 1960; Blixt, 1966)1*

Cantor and Brown (1941) in their studies on field 
bean uaing X-rays, observed that 67% of the mutant types 
showed chlorophyll abnormalities. Gottschalk and Schelbe 
(I960) obtained three X-ray induced chlorophyll variants in
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gjffiB upon X-irradiation of dry seeds with
doses of 5#000 to 15,000 r. Athwal (1963) observed 
several kinds of mutations in the X2 generation of Clear, 
but the most frequent were those affecting chlorophyll 
development• Blixt et al. (1963) conducted studies on 
induced mutations in pear and th>=y reported that scoring 
mutations in the X2 gave a good approximation of the 
frequency of chlorophyll mutations. Akhun - zade and 
Hvostova (1966) observed the greatest number and range of 
chlorophyll mutations after treatment with EMS and the 
least after neutrons in pea. They found that there was a 
correlation between chlorophyll and morphological mutation 
fre u-ncies. Thu fre uancy of chlorophyll mutations 
recoverable in a mutngnic experiment formed a good 
indication of the effectivanoas _nd efficiency of mutagenic 
treatment (Monti, 1968). Oworup and Gill (i960) observed 
both viable and lethal chlorophyll mutations in French 
bean in all the treatments of X-rayo. Bankowsko and Rymsa 
(1969) reported that following treatment of dry seeds 
of Fhsseolus vulgaris L. with four doses of gamma rays, 
a number of chlorophyll mutants were isolated. Vlk and 
Kupec (1970) observed that when seeds of the generation 
of peee after chronic gamma irradiation were stored for 
four years at constant temperature end humidity, the



frequency of chlorophyll mutation* was found to be 0.74 to
11.6 par cent. These values did not differ greatly from 
those obtained immediately after irradiation, i.e. 2 to 14 
per cent. Vassileva end Mekhendzhiev (1971) in their 
experiment with 11 varieties of pea, found varietal 
differences in response to the dose inducing highest 
frequency of chlorophyll mutations. Debeley and Ptashenechuk 
(1973) observed a number of chlorophyll mutants in the M 0 
plants of Vlcia aotiva after treatment with various doses 
of gamma rays and chemicJ. mu teg ns in which the number of 
chlorophyll mutations was higher in th*'; progenies from the 
lower inflorescence. Ghosh ot al. (1973) showed that the 
frequency of chloro-hyll nut'tien? induced by gamma 
irradiation in pea was linearly r hf.od to dose. 
liliava-Stancvc (1Q 3) showed that in French bean the 
mutation fro uoncy vas higher in treatments with EKS than 
in tnose with fast noutron3 and nMS mostly induced 
chlorophyll mutations. Alikhen and Va-rasvamy (1974) found 
that in red gram subjected to gnmmo irradiation end CMS 
traatment, tĥ i chlorophyll mutrtions ware maximum at 
24 krad and 70 mM treatments respoctivaly. Hussein and 
Abdalla (1974) reported that in Vlcia faba L. chlorophyll 
mutation fra uency was directly proportional to tha EMS 
concentration applied, while the combined treatment of
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EMS and ganaa rays doubled the frequency obtained with 
£MS alone. Uhlik and Romer (1974) treated V l d o  f aba 
with neutrons and obtained chlorophyll mutations in
6.6 par C9nt of segr gating M 2 progenies, at the rate of 
0.67 mutants per 100 seeds from plants. Levy end Ashri
(1975) observed that in Arachis hypoqaes, iJ43 induced 
chlorophyll mutations most frequently end plant size 
mutation next. Mekhcndzhiev end Veasil-vr (1975) in their 
studios with Piaum sativum, observed that neutrons gave a 
greater fre uency and wider rang"' of mutations than gcnrna 
rays. The higher the gemma r y don:, the greater was the 
f recucncy of rrutctic ns but t;i lower was the renge. In 
cowpea, Narasinghoni and ihjjnor (lh76) obt In^d c large 
number of chlorophyll iaut- nt3 in th i i-h following U-13 end

A

MHJ treatments. Nerkar (1^76) she -jd tiat th'r* was an 
incroaao in the frequency of chlorophyll r.ut ti ns with an 
increase in the dosage of gt rrnr r ys in Lathyrua sativus, 
but with LKU the, mutation ire u ncy was considerably 
reduced as the dosage incroaao’. Varedenyon (1976) found 
no correlation between tnc fro uencioa of chlorophyll 
mutations and morphological nutations in French bean 
following 61 and DM5 treatments. Vnsailevn anti Mekhandshiev
(1976) in their studies with peas, reported that highest 
mutation frequency was obtained using bM3 and the lowest
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with DES. The greatest range of mutations was obtained 
using low concentrations of EMS and £1. Agarkova and 
Yakovlev (1977) reported that in Phaseolus vulgaris with 
certain doses and concentrations, the percentage of 
mutations induced by combined treatment with gamma rays 
and ethyleneimine was greater than tho sum of the mutations 
induced by separate treatment. However, the range of 
mutations induced was narrower. Chekalin (1977) observed 
that tho tot£l fre.uoncy of chlorophyll mutations was 
0,012 per cent with LiEU in Lathyrus sntlvus and a high 
correlation was found between the fro-mancy of chlorophyll 
mutations and t'm t of economically useful mutatir ns. 
Krishnaawami et â l- (1977) report-id ttv.t the maximum 
occurrence of chlorophyll rr.utotl ns was noticed in 80 krrd 
doae X-rcys and g.unmo rcya in graen gram, Kulkerni and
Shivasankar (1970) obs rved that in horae gram, the 
frequency of chlorophyll mutations Increased with increasing 
concentrations of .-ME up to 1,2 per cent and then decreased.
In the generation of seeds treated with gamma r^ys 
there wss an increase in fre uoncy as the* dose increased 
from 5 to 15 krod followed by a decrease. Oubrrmenian (1979) 
observed in Vlgna unquiculata sub sp cylindrics, various

chlorophyll mutants at the seedling stage in the
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Venkateswarlu al. (1980) observed that ln pigeon pea, 
the chlorophyll mutation rate shoved linearity at low 
to medium doses, saturation and erratic behaviour at 
higher doses of the mutagen. Gamma rays followed by CMS 
and then by HA was the order in tho magnitude of the 
frequency of chlorophyll mutations in the M 2« Yankulov 
et al. (1980) reported that gemma irradiation end CMS 
treatment of Fronch been resulted in a direct correlation 
between dose end percent* go o£ chlorophyll nut^nts in the 
Hj• ^rmacheulo end Bernardo (19H1), in vinged bean, 
reported thet chlorophyll i„ut>. tiens occurred as yellowish 
emergent seedlings with tr tm nts end yellow
variegations end loaf 3troaking easociatsd with leaf 
deformations with irradiation. Khan (19F1) reported that 
in raungboan the mutation rates were* highest in tho 
combination troatrn nto of LI1J and hydrasine (UZ) with 
gamma reys. Moahkin at ill. (1901) observed in soybean 
treated with different chemical mutagens that th’3 highest 
frequency and widest range of mutations were obtained 
with N-nitroso M-ethyl urea (HLU). Chaturvedi al.(19B2) 
reported that treatment of presoakudl seeds of CaJanus csjsn
with 0*03 par cent N-nitroso-N-m*thyl urea (KMU), resulted 
in the highest rate of chlorophyll mutation on the basis 
of mutated Hj families and plants.
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(b) Spectrum

Zannone (1965) reported that the spectrum of 
chlorophyll mutation was wider in Vicla aatlve with EMS, 
shoving 11 different types (alboxenthe, xanthalba, xantha, 
xanthaviridis, viridis, variegate, alboraarginatn, lutescens, 
light green, green and alboviridis) followed by X-rays 
with eight types and El with five types. Zoz et al,(1965) 
in their studies on experimental mutations in pen observed 
that El and its two derivatives produced similar 
mutation spectra but the Nj-U spectrum v/as different in 
several aspects. Akhun-zede and Hvostova (1966) shoved 
that EMS produced a relatively high proportion of xantha 
mutants end Ll-a high proportion of chlorina, in peas. 
Shrrma (1966)? conducted mutation studies in Pisum sativum 
employing some physical end chomio1 mutagens and observed 
that of all the chemical mutagens, MlU produced the widest 
spectrum of mutants exhibiting six mutant types, not 
ordinarily produced by gamma rays, fast neutrons or other 
chemicals. J>jdits (1967) obtained albina and xantha 
mutant* showing increased phenotypic variability in pess 
treated with EMS or X-rays. In pea, Popova (1968) found 
that NEU gave s wider mutation spectrum than NMU• Sidorova 
(I960) showed that UKfl and NEU Induced wider mutation 
spectra compared to that by gamma raya in pea. In French
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baan, S w a m p  and Gill (1968) observed that the chlorophyll 
mutants were generally yellow or yellowish green In 
colour, following X-ray treatment, and a few were of 
chlorina types. Mekhandzhiev (1969) reported that the 
combined action of ganir.a roya and diethyl sulphate gave a 
greatly increased spectrum of chlorophyll mutations in the 

of garden peas. In mungboan Santos (1969) reported that 
there were differences in mutctiun spectrum among mutagenic 
agents and that th^rc might be cliff runcos in mutation 
spectrum betv.oan the different gairjrc ray dcGe levels end/or 
the different ty^es of hort tr^ctm-nt. Pukmanski (1972), 
in a study of the spectrum of chlorophyll mutations ir 
French been, found that the spectrum in ’’ucod by gamma rays 
was wider then that induced by chrmic.1 muteg ns, xrntha 
mutants b ing tho most common end vario-meculotr the least. 
Dahiya (1973) reported that with gamn a irradiation in 
mung bean, the chlorophyll rr.ut tier, spectrum was confined 
to four typos, albino, xnntho, viridia end mrculate and 
thars was a conspicuous absence of tigrinn, chi rina and 
striata typaa. Illi^va-Stenava (1^73) found that tha 
mutrtion spactrn from treatments with and fast neutrons
ware narrow ln French bean. Louis and Kadrmbavanasundarwn 
(1973) raportad the occurr^nca of albino, xantha and 
viridia mutants in oowpea by gamma irradiation. In paa,
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D u  and Kumar (1974) observed four chlorophyll mutant 
types induced by gamma rays which had light yellow, 
light green, white spotted and orange-yellow spotted 
leaves# Hussein and Abdalla (1974) reported that only EKS 
and gamma rays induced viridis, xantha and albina
mutations in the M 2 of Viclo faba L. lyyanger and
Subramanion (1974) obtained elbino and xanthophyll mutants 
in Fhaseolus following 10 to 40 kred gamma radiation- 
IThlik an 1 homer (1974) found that v.ith thermal neutrons,
most of th- mu tents in Vlcla fi'ja v;cra of xantho-viridis
type and viridis rrut^nts r cr.ly o low 0 p r c nt.
Apparao and Jena (1975) obtained chlorophyll r.utar.ts auch 
as viridis, chlorotico, chlorlna-torminslis, chloxina- 
viroscrns end elbc-vir aeons ir: Unnsccluc rr.unqo with X-rnys, 

tmrtr nt or both. Meono (1975) obtain cl five type of 
mutant, rill lethal, vis., albino, cream, yellow, yellow-green 
^nd ligh t graor. ir Khaoeolus vulg> ria L. by gamma 
irrrdi^tlon. In cow poo, ticrtf oinghani and Kumar (1976) observed 
that treatment with £M3 rasuited in albino, xantho, chlorina 
and striata mutants and triatm^nt with MUS resulted in 
albino, xantha and chlorina mutants. Rekhmetulla and 
Oostimskii (1976) reported that in pea, tho spectrum of 
mutation was wider in traatm.»nts with QMS thun with gamma 
rays. Marker (1976) observed a widsr spectrum of chlorophyll
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■utations such aa albina# xanthe, albo-virescens# x an tha 
▼irescens# chlorina# chlorina-viroscens# chlorotica and 
chlorotica-virescena in Lathyrua aativus following gamma 
ray and EMS treatments. Vardanyan (1976) obtained viridis# 
xantha, xantha-viridis and striata types in French bean 
following El and DK3 treatments. In Lathyrus sqtivus ,  

Chekalin (1977) obtained chlorophyll mutations vrith chemical 
mutagens and g.amir.a r'ys# the rent fr' i-K-nt of which was 
chloroviridis# follow '-1 by chlorine, atrovir ne, lutea# 
albina, xor.th , terminalio# moc.ilct*’ # re r elrr t  o .1 

elbolutoa. V-rkatoswarl : _yt : 1 . (1P7C) irr-Vi t d pig~on 
pea v.lth g-jTarF rays -bt in 1 vlr.l-b e, chlori-n and
xanth.D mut' nts# with yartha ocr ;r”in1'' rroet fro vntly and 
chlorina the least. Grover an ̂ 7 4*?anl (lr,'7f>) r"1* or tod th. t 
when . f Pnasool u o pur ug v:r • tr^it d v i th raleic
hydrrzld:* an 1 gnnrne r'ys s-1 rr-t~l'r cn-'5 J ̂  combination, 
the rrutPtJon B.e**ctrum van four-’’ to he vldo^t following 
male-ic hydrszido tre. tm^rt. 'ichkrr (I97n) reported that
with ch rric'l mitngens and gr-mrr r ~yn# 16 differ nt types 
of chlorophyll mutanta wore induced In soybean, of which# 
the most fregnant war* xrntho# luteac«na and xorttho- 
tarminalis# Koaara and Roasbo (19P0) observed tb*t in 
Phssaolus vulgaris L. troeted with frat neutrons, chlorophyll
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■utsnts of the type® chlorotica, xantha, epicalia, 
costetc, msculata and narglnata were obtainad.
SubraRanian (I960) observed eight types of chlorophyll 
nutation in the of Vlqna upon gemma irradiation.
More were produced by high than by low radiation dose and 
■ore ware albina than any other type. Varma et al. (1980) 
observed chlorophyll mutants cf th. type albina, xantha, 
chlorina and viridia, the lost tv;o being most fre uent 
in Vigna marina, following gamr.a irra'iation V nkatoawarlu 
et al. (i960) observed that in pigeon pes the spectrum 
for gamma rays was xcntha ^viridis chlorine, while for 
LMS and HA it was viridi3 chlorine ^ xantha. Vishnoi 
and Gupta (i960) reports tu.t in Vi cl a. f - b a  L. the 
chlorophyll mutation fr ; u ?ncy in th*' Mn was highest for

f.

xantha and lowest for strirte, rnd more rutatinns worn 
caused by chcmict la t n m  by gamr o rays. Tho chlorophyll 
content of tne mutants was in th following decreasing 
order of viridelba e- chlorina • xanthoalbo >■ striata r> 
viridis >  slboxantha xantha albino. Manju Uofll) in 
hors# gram obtained a wide chlorophyll mutation spectrum 
which included albina, xsntha, chlorina, viridia, maculate, 
alboviridla and vlridalba. Al-Rubeai (1982) observed that 
when seeds of F h w o l u i  y u l w l t  L were treated with five
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difftnnt acute ganna radiation doses, tha frequency of 
albino, xantha and viridis chlorophyll mutations in the 
1*2 was broadly dependent on dose, etleast upto 7 kR.
Kundu and Singh (1962) reported that in black gram 
Irradiated with 10 to 50 kR gamma rays, albinc, chlorine 
and alboviridis types of chlorophyll mutoticna ware found,

(c) Segregation ratio

Patil m d  Bora (1^61) notice! the occurrence
of c m  x an th r tnd on- vir :,c . t rut nt in gruundnut after 
X-irra^ieticn. Th.: C'-.jr y tier, r tic of tVu- vir-scont tyre 
was not clear. The j tic r -i.-t--f fror. 1:1 tc 15:1 indicating 
that the develor rr .r t of c ‘iloro- hyll ir: ,ro m!nut \;ask. a.

possibly c'ntrollcd by r. re tb.rv n locus. blixt (1966) a 
studied tli? scgr g tior of rn *1 M o i  r.ut nt ir. „ cr.s in the 

g^rurrtlcn In tire 3c-d: * r - La 'hit' ct tyl 'ono could 
ho distinguished from til'-’ green. Ir ir.ung bean, S^mtos (1969) 
found th”' fr« vricy cf mutants in rows aegr ting for 
xanths, chlorine an” albino mut. nta to bo 5.4, 7,3 and
4.0 per c n t  re^prrtiv~ly. Our (1^7^) rctoit’n that in
black gram following g-'-jrrra rnd n^utxrn irradirtiens, 
different chlorophyll rrut. nts eppaurcd in the generation 
at fre uencie* ranging from <3.2 to 16,1 par c^nt with an
average of f.l per c*nt. Uhlik (1971) reported that in
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Lens 9»culenta« the highest percentage of segregating
progenies in chlorophyll mutants end chimeras was 22.0

12 . 2in doses of 1.6 end 2.0 x 10 ncm of thermol neutrons.
The greatest proportion of progenies segregating into
virldls mutants only was 10 per cent at a do3e of

12 —21.6 x 10 ncm ; the maximum percentage of other types 
of mutants was much lower. In Fhascolus vulg^ rls L.
Meono (1975) observed that the segregation ratios of 
chlorophyll mutants obtained by gamma irradiation were 
always lower then expected for iienl^licn segreg tien. 
Vardanyan (1976) found tnat cn imiccl mutagen troatm nts 
with LI and DM5 in Fr ncn he an g.'vo viable striata nut; nts 
w.'iich segregated in the 3:1 r^tio. 3ingn ot si. (1979) 
reported that in grc^n gram trc-’t d with gamma rays, 
chlorophyll mutants of tnr albino, xantha and chlorina types 
segregated in tn^ ratio 1 mut. nti 15 normal, indicating 
control by two rec~»saiv > g> nca. In horse gram, Monju C1 P1) 
reporter! that the segregation ratios for chlorophyll 
mutations did not have any door-dnp ndence with grnvrs 
irredietlon, while with LMQ treatment, there was a definite 
dose-relationship.

2m Viable mutations
Rosen end Von (1942) ln their stu lies i f mutation 

in Pisum sativum employing X-rays, observed that plants
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from the irradiated seeds were somewhat smaller with 
tha germination percentage, tho number of seeds per pod 
end the number of plants that flowered to be in inverse 
proportion to the dose. Down end Anderson (1956) obtained 
an early bush mutant of agronomic U3e in beans upon 
X~irradicti^n• Zecharias (1956) observed a numc-'r cf 
mutants of economic import ncc of soybeans after treatment 
wl 1 1  X -rays. Tney i:. eluded pl.ntc met-ring up to three 
weeks earlier, seeds gc-rmin. tir. j ot lev. t-m.perc tur s end 
resistant to frost and pi. rits v.it:i cbr.se fcllsg^ 
protecting the flowsrs on' so obi : to c t a lergj number 
of pods ev^n under un ‘ vour-bls climatic conditions. 
Lacprcc.it (1950) -bt ir.rd a fruticcss X-i cy root nt in 
t 1 sum w .1 ch had .or; cv r^g -f 10 st ms per whilst
normal pi. nt3 had only 3 or 4. .1 ensi :k (3959) in pe« n
tr^rt d witii neutrons oi>tr. inod r.ubnts of th " typr , bushy, 
with 3ev rsl s-iort, email leaved branches criming frcm the 
base of thn plant Prl. doonou (1961) in >'r neb bear treated 
with ionising r diations obtained utrnts v ltd 
morphological aberrations, dwarf end t 11 forma, errly 
and late types end forms with Increased ylol i, :rot in 
contant end disaese resistance, Teodoradze (1961), 
obtained mutants in soybean characterised by improved
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aarliness and yield and in phaseolus mutants with 
8 to 10 daya earliness and 20 to 31 per cent more produ­
ctivity. The viable mutations observed by Athwal (1963) 
in Cicer using X-rays were designated as flat stemmed, 
simple leaved, bushy narrow leaved, small leaved, bold and
steriles. Jana (1964) observed in the of Phoseolua 
mungo L. after treatment with X-rays, mutants of interest 
for breeding purposes v"ich i.eluded forms with a compact 
bush-type growth habit an'- forms vita improved ecrliness 
or h i g m r  productivity. Moh end Alan (1964) obtain'd a
dwarf bean mutant in thv after tr atm nt of seed with

137 -a 2000 r ganma ray dose from Cs source. Sobolev (1966)
isolated pea plants ir tn^ M 9, which shoved changes in
height, earliness, shape of 1 . ve.s .end stipules, leaf
colour, seed size, shape m l  colour when trrrt d  with hi,
DM3 and L-3. 3ilvn and Marinho (1^67) observed o large
number of rorpholoyic- 1 abnormalities in garra..a irradiated
French bean, with th^ fre u nt occurrence of two or more
of them in the sums pi nt. flwrrup end Gill (i960) obtained
mutants in French bean with increase in nund ?r and sise
of pods, number of sa ds per pod, seed yield and 100 seed
weight after X-rey treatment. Pipie (1969)^'reported that
in peea kMJ induced e greater fre uency of mutations end
■ore varied morphologicsi end physiological mutations then
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DCS. In groundnut, Sanjeeviah et el. (1969) observed 
abnormal and dwarf plants in varying fre^u nciea under 
different dosages. Such mutants wore more frequent in the 
case of gamma irradiation at higher levels than with 
X-rays indicating that the locus or loci concerned were 
more sensitive to gonna rcyo. Bankowska and Rymsza (1970) 
obtained some dwarf mutants with supernumerary leaflets 
in Phaseolus vulgaris following gamma irradiation.
Jarsnowski (19"0) report'd that in pea treated witv* gamre 
rey3 , 2.3 per cent of the population comprised of detectable 
mutants, which included dwarf and aiges Forms end vr.rinti ns 
in leaf and flower form. oochanski (1970) obtained mutants 
with short stems and ohort interno'es, tall hebit and early 
or late maturity in Pi sum s a tl vum usinc, X-end gamma rrys.
A true breeding mutant induced by gemma r<ys was obtained 
by Dhatt et X - (1972) in green gram, which matured earlier, 
was shorter, had longer pods and larger seeds th n the 
parents. Kalinina (1972) obtained s’ oit imit.nts in pea 
with various mutagenic treatments, which wcr : classed as 
compact, dwarf or fesciated. Ohoah ejt fO;.. (1973) in pea 
obtained viable mutants affected by maturation period, 
aaed typa and pod numbar which were of practical value.
Louis and Kadambavanaaundaram (1975) obtained in cowpaa.
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■ mutant devoid of anthocyanin in all part*, in tha 
generation of 40 krad gamma irradiation. They could also 
obtain a mutant with whits seeds in 20 kred gamma ray 
treatment. Pande and Seth (1975) isolated s^ven early 
flowering mutants with fleshy pods following treatment 
of dry seeds of Phasoolus vulgaris with EMS and MMS.
The Maximum frequency of mutations was obtained with 
0.3 per cant EMS. Procad (1976) obtained 10 mutants with 
s higher number of pcd3 per plrnt than the parent in the 

generation of gre~n gr.:m aft->r tr^atn?nt of b«? de with
0.2 per cant or 0.3 per c nt M - ’. Isesi and Bhusto (1977) 
obtainad toll, compact, high-yielding and ^rect mutants 
in French hoLin upon grim a irr.rr1iti( n . In gro°n gram, 
Krishnaavoni at rjL. (1977) found dwrrf mutants et a high
frequency in 60 kri-’d of X-rays arid 100 krrd of gamma rays.
Leaf mutants occurred In pogulftion from X-irrndieted 
seeds and gr in colour irnitmt van o served in gemma rny
treatment only, v/n̂ ro the grain colour charged from groon
to yellow. Sheriff et aJL. (1977) obtained mrny mutants 
with terminal clusters of pods In red grrm treated with 
SMS. Two mutant* shoved determinate growth,coupled 
with profuse pod bearing habit. Zelenskaya nnd Pomogalbo 
(If77) detected e mutant In Viola sativ* with vigorous
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growth and large leaves ln by 2.5 fared gamma irradiation. 
Kulkami and Shiva sank ax (1978) isolated two types of 
macromutations (dwarfness and testa colour) in horse gram 
after gamma ray treatment. Herker end Mote (1978) observed 
that the highest £re:uency of viable mutants in the 
of Bengal great (Clcer arietlnum L.) was obtained from the 
20 kR treatment of which the leaf 3ize and shape mutants 
were the most coireion. Abdul Shakoor et el. (1979) observed 
four early dwarf, determinate, synchronously maturing 
mutants in the M ^ of mungbean following treatment with 
gonna r-ys. Grover end T-'jpaul (1°79) rer ortod that then 
S3eds of rhaseolus aureus vere treated with maleic 
hydraside and gamma reys sopor- tely «'nd in combination, thn 
mutation obt« Ine.1 , off ̂ ctri height, stem diem^t'r, l^ef 
morphology and chlorophyll content. Krishneswemi and 
Rflthinam (19f0) observed thrt in gra^n gr>m th" fre unncy 
of viable rrutetlcna Increased with mutagen doso. Cf-'S ond 
gatwro r y combined trentm nta resulted ln th" Increase in 
fr* /uoncy of viable mutrnts. Among the viable mut. nts, 
thosa affecting maturity and height predominated. Singh 

«i. (1980) reported in munybean that grnsra irradiation 
of dry seeds resulted ln the increase of clusters per 
plant and pods per pirnt. Manju (1981) in horse gram
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obtained viable mutants with respect to growth habit# 
leaf siss and shape and time of flowering upon gemma 
ray treatment while EMS induced changes in growth habit 
and leaf size and shepe. Mashkin et al. (1981) in soybean# 
treated with different chemical mutegsns obtained many 
useful mutant forms with high insertion of the lovest pods,
many pods per plent and a short growth period. Al-Rubeai
(1982) in Pheacolua vulqcris L. treated with five different 
acute gerarna irra.liation doses# o s^rv?d morphological 
mutant forms designated dwarf, stiff stem, shiny srrell 
1 :af# narrow leaf and green giant. Chowdhury (1963) 
obtained a bold s e e d e d  dwarf nut nt in the M n of cowpoa

I.

following irradiation of dry sards with 40 kR gemma rays. 
The mutant was SO per c^nt shorter than th j parent, but 
had increased v- luoa for peda per riant, seeds 7 or plant,
109 send weight and ocod yield with an earlier maturity
period of 10 to 1? days. Shivasankor (19P3) obtained 
mutants with c buahy hnhit end varying degrees if ccrliness 
in winged b^an following exposure to 10 to 15 kr d grmins 
rays* The plant1? produced 5 to 6 pods vith 5 to 6 sends 
each. Rso and R^ddy (19*4) in pigeon pea treated vith 
different doses end concentrations of different mutagens, 
obtained promising mutants with reduced stature# profuse 
branching# prolific pod clusters and bold seeded pods.
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Vssudevan et al. (1984) obtained two non-twining, erect 
and two semi erect mutants in the of Viqna unqulculata (L) 
Walp following 20 krad gamma irradiation of the seeds.
Negate and Baaselt (1985) discovered seven plants with a 
dwarf mutant phenotype in the following treatment of the 
Phaseolus vulgaris V;ith 10 kR g m n a  rays.

With reelect tc lc?cf alterations, Gunckcl and 
Sparrow (1961) r ̂  crt d th«.t l^cf chncrr r.litics v.ere 
coreronly obsorvd at tor irradiation cni o r y nrortly tho 
youngest lerf exhibited th- higneEt fro uency of lerf 
alteration. In cowpnc. following irrc !i tier, with nrmrra rays 
and neutrons, Constantin Lev (1 ̂ 6d) jbs'-Tvnd that many
of the trifoliate? I vos hrd ono or tvo lrt*?r 1 loaf lots 
miasing. Cidorovc ot cl. (3967) in the gon^r?tion of
pec obt^inad plants with v. riotis ns in the length rnd shape 
of leaflets. Sworup and Gill (l'̂ CP), following X-rny 
treatment In French been, observed lerf rrut. nta of varying 
types v ith crumpled l^av^e, very sm^ll leaves rpd large 
sized leaves. Th«y also observed a surcuius mutant in 
21 krad treatment, whore the growth of tho pi nt ceased 
after two cotyledonary leaves were formedr end a seed coat 
colour mutant. Kaeprayk (1970) detected mut*ti< ns with 
changes in leaf width, flower colour, seed colour, seed site
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and shape ln broad bean following gonna irradiation.
Saini at al. (1974) obtained dwarf plants in Phaaeolua 
aureus treated with 50 krad gamma rays which had smaller 
leaves# stipules# flowers and anthers. In soybean#
Singh et al. (1974) obtained narrow# crinkled and curved 
leaved mutants by gamma irradiation. Four new leaf 
mutants - crinkled loaf# waxy leaf, narrow leaf and 
unifoliate were observed by Appareo and Jena (1976) 
following treatment of black gram with X-reys and EM3.
In ccvpea# Narasinghani and Kumar (1976) observed leaf 
mutations with EM3 and 23.3 tr 'atmontn# which included 
those with leaflets of varying size an'-'1 shape of leaf bl~do 
and with altered loaf apex. Chcturvedl and Sharma (197P b) 
obtained three mutrnts in the of rod gram after I--MS 
treatment# all with n molified leaflet shape. Kesavan 
and Khan (1978) noted mutrnts for loaf colour# I n f  shape, 
reduced int^znodes m l  oorly flowering in winged bran 
treated with g~mnic rays and EM3. Oharmc (1^78) o’ served 
in th* generation of lentil# leaf mutrtb no with changes 
in leaf# rachio and leaflet width eft^r tr^ntm'nt with 
ganra rays or N-nitro N-mrathyl urea. Sharma and Sharma
(1979)b'iaolatad ln th* M 2 generation of lentil treated 
with 10 krad gamma rays# a mutant with crinkled leavea 
which ahow«d twiating# folding# ahrinking of leaves and
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irregular serrations on the leaf margins* Varman et si.
(1980) observed mutations in habit# leaf type, leaf sise# 
leaf shape and growth period# in Vigna marina following 
g s n a  ray and CMS treatments.

Considering the floral mutants, Deohmukh and 
Phirke (1962) obtained plants with larger flowers and 
seeds and flattened pods In Caj anus cajan after treatment

*- t Siiwith chemic>_l niutag ns. Chandola (1965) obtained a flcrcl 
nutcnt follow ing neutron treatment, with cnc normal and 
one abnormal flower born^ at each anil in pea. 3idorova 
et .el. (1967) in the M 2 goneration cf pea obtained plrnts 
with v rlotions in the colour of corolla an 1 sieo and 
number of se^ds. Hudy and Leznaja (i960) abt:.ired a 
productive white flowered pi. nt in Vlcla a-~tlva following 
t.1 treatment. In cowpea subjected to X-roy tro* trr.ent# 
Poklo (1972) detected a white flower'd mutant. Hussein 
and Diaouki (1976) obtninod 26 tooto and flower colour 
mutants in tnn of Phasoolua vulg. rls L. aft-^r four 
gsnwna ray *nd two LflS trcatmnts of tho sends of five 
varieties. Chaturvedi and Ohorma (l97Bn) reported that 
U4S was more efficient than NMU in inducing floral 
mutations ln rod gram where ell the mutrnts lacked 
pepiloneceoue corolla dues to an alteration ln aestivation



or to an increase in petal number. Sharrna and Sharraa 
(1979)t?; observed that in lentil, seed coat colour mutants 
were induced with 0.01 per cent N-nitroso-N-raethyl urea 
at a frequency of 0.3 per cent among plants, whereas 
gsmna Irradiation in 10 kR doses produced only one seed 
colour mutant in a single M 2 generation of 1885 individuals. 
Tagoki and Hiraiwa (1900) obtained a number of mutants 
with changes in the colour of the seed coat •:nd hilum in 
the g >ner tion following rr.ut gcnic trcrfcn^nt of seed 
of soybean. Kazanshi et. > 1. (19E4; ofot' ined white so >ded 
mutants in the M cf French be>n •ft ;r treatment vith 10 
end 15 kR ĝ .mir.a r-y doses.

3. Mut genic effectiveness and effici.ency

Mut-genic off ctiv^nejj^. indicated tlv: relationship 
of effect of doaa (uhrenbjrg, 196G) . Konz^k et ■-1. (196 5) 
calculated the u.ut/ganic off ' ctivonosa os the ratio of 
mutation fra uoncy to dose. They wore of opinion thot 
the usefulness of any mutagen in plont breeding depended 
not only on its mutagenic effectiveness but also on its 
mutagenic efficiency. efficient ruitcgeneais referred to 
tha production of desirable ch^-nges fres from association 
with undesirabla changes and they defined efficiency ss 
mutations par damage. Monti (1968) noticed that in pea,
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after BBS and X-ray treatments, the proportion of 
chlorophyll to morphological mutations was 2el and came 
to th* conclusion that the frequency of chlorophyll 
mutations recoverable in a mutagenic experiment might be 
taken as a good indication of the effectiveness and 
afficlency of the mutagenic treatin'nts. Gaul et el. (1972) 
defined efficiency ss the ratio of chlorophyll mutatiens 
to biological damage? whero the criteria for measuring 
damage were lethality, injury and otarility or chromosome 
mutations.

Makarova (1965) shoved that In Pi.^um sativum 
£1 end its derivatives bed a similar nut; genic activity 
but KMU was twice us effective in inducing mufticno.
Zannone (1965) reported thi t ln Vicia sat.Ayr, comprxison 
of tha extant of chlorophyll mutation* emphasised the 
greater mutagenic efficiency of chemicals compared to 
X-rays and within chomLeals CMS was rroro affective then Cl. 
Shervia (1966 )b» conducted mutation studies in Pi sum sativum 
employing soma physical and chemical mutogena nnd observed 
that irradiation with gamma raya provad th<s least 
affactive. Hovavar, tha proportion of useful mutants 
produced was highest with this mutagen, tho next bast being 
neutrons. Maslov and Btapanova (1967) treated pas saads



with g a m a  rays and several chemical mutagens and found 
that the moat effective mutag ns ware KKS and El.
Carspkln end Cerapkina (1969) reported that high 
intensity gemma rays was less effective than low intensity 
radiation for inducing all types of chrorr.oscanel aberrations 
in pea, probably because the use of ganrra ray3 at high dose 
resulted in a lowering of the "effective dose". Fipie (l°69<)i 
reported that in peas uKS was more off ctive then DJ in 
inducing a range of mutation typos. Sharma (1969) reported 
teat in covpea, on tho basi3 of mutation fre u ncy in the 
Mj# and LMS showod almost e ucl of£cctivuness and KMU
was abeut twice as effective (1 G .2 por ĉ int mutations). 
Borejko (197C) treated soybean with v. rious chemical 
mutagens of vhich bMU an 1 were found to bo tho most
effective. Ivannikov at .al.. (1970) in chickpea observed
the grenteat mutagenic effect after tr otrr nt with 
ethyl^neimine. In mungo, Soriano and Bnuln (l°70) found 
that tho mutagenic efficiency was higher for font neutrons 
than gamma roys. Gerasimenko et a^. (1971) observed that 
gamma rays were more effective then LI or t̂‘3 in inducing 
imitations in the black Russian variety of brord bean.
In pea, Tarasankov (1973) observed thrt fast neutrons and 
gas«na rays vara loss effective in inrlucing mutntiona than 
MMU, MEU, EX, D23 and EMS and similar results were obtained
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by Sobchuk (1973) in pea. Constantin et al. (1974) 
reported that in soybean, fast neutrons and EMS wore the 
■oat efficient inducers of chlorophyll deficienciea and 
morphological mutants compared to gemma reys and DSS. In 
1976, iJarkar observed that EMS and NMU were more officiant 
then radiations in producing chlorophyll mutants in 
Lathyrus sativus and similar results were also obtained 
by Akhun-asda (1977) in pos. Chaturvedi and Singh (1976) 
observed that dimethyl sulphoxida enhanced the effectiveness 
of £2iS as indicated by the fre u?ncy and spoctruir; of 
cnlorophyll and viable rr.ut tic no induced ln the of 
Vlgna radiato. Birhmcn and Gup te ( i 960) treated dry 
seeds of green grcm with 30 - 70 kR gamma r«ys. Data cn 
lethality nnd sterility in M- and chlorophyll rrutcticn 
fra uancy in the in 'lie t- d that f 1«t« g -r.ic effcctiv ness 
and efficiency wore groatest at 30 kR. Konern end Roesko 
(1960) obaerv'd that in lhasdoluo vulgaris L. treated \ ith 
feat neutrons, mutagenic efficiency vas highest et 17J/kg 
radiation end mutagenic off«ctlvennsa was highest ©t 6 
and 17 J/kg. Khan (1961) rsported that in mung Vv«©n, tha 
mutation rates were highest in tha combinnti.cn treatments 
of EM-S and hydresine (HZ) with grmms rays. (Jnmme r©ys 
caused most seedling Injury and seed sterility, while HZ 
produced most lethal a. Madarajan and Rumallngem (1902)



found that of the two mutagenic agents tested on 
rad gram, gamma raya were more effective than diethyl- 
sulphate In inducing both chlorophyll and viable 
mutations whan estimated cn the basis of lethality. 
Diethylsulphato was more efficient than gemma fays in 
inducing both types of mutation when estimated on an 
injury basis. Rao end Reddy (1983) reported that in 
pig?on pee the mutant types differed from verities and 
treatments of the mutagens, gemma r^ys being the most 
effective aivl hydrazine - the least. Filippetti end 
Marzaro (1984) tre t -d dry soeda of Vlcia f riba L. with 
different doses of gemma r*'ys and i-MJ, and fcund that 
the mutagenic effect of LMo was 2 to 3 times greater 
tr*«n that cf gemma raya.
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MATERIALS AND METHODS

The investigations reported heroin on the 
"Biological effects of gamma rays end EM3 in the Mj 
generation of red grem (Cajanua cajan L.) '* were undertaken 
in tha Department of Agricultural Botany, College of 
Horticulture, Vollanikkera during the period 1964-'86.

A. Materials

1hi3 study foim cl a cciitinucticn of a project 
already in progress in tha Dspertr'.nt of i'.gricultural 
Botany. Pure seeds of JA-1 v> riety of r^d gr:m r- c'ived 
from t'f Director, bchool of C-netlcs, Toiril I.’cdu /.grfcul- 
turel University, Coimbator ■, were sufcj ct cl tc five loses 
of gamma r<ys vie., 10, 2*, 30, 40 Lml 50 k r d 3 end five 
dose* of vie., 0.3, 0.4, 0.5, 0.6 and 0.7 percent g^s
for a period of six hours 'rid th:? gnn^rrtion was studied 
■urlng 1903-'65 by my predocesaor.

3««da g ther«d from plants formed th 
material for raising the generation. Ir tho case of 
gamma rays, 35 plants sel^ct^d nt random per doss ware 
carried Forward to th** generation and 50 seeds from 
eaah M^ plant formed a progony row in tho . In the case 
of EM«i, since the number of plants which reached to
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maturity was limited, all the planta were carried 
forward to each Mj plant being represented in the 
by 50 seeds. The details regarding the number of M. plants.* X
that reached to maturity in each dose of the two mutagsns, 
number of plants that were carried forward to 
number of seeds per plant used for raising an progeny 
row etc. era given in Table 1 below.

Table 1. Details of progenies stu lied

He. of seeds Totf^l Ho. 
per plant of seeds
carried to p^r dose

M carried
2 to M 2

Ho.of plants
Treatment H0cchcd to Carried 

maturity to

Osama raya
10 kreda 137 35 50 1750
20 105 35 50 1750
30 133 35 50 1750
40 70 35 50 1750
50 77 3 5 50 1750
£H3
0.3 per c*?nt 25 25 50 1250
0.4 0 0 50 400
0.5 6 6 50 300
0.6 5 5 50 250
0.7 — - — —
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B. H«thod«

The generation wee raised as plant 
progenies during July 1985 to February 1986.

The seeds collected from plants selected at 
random were used to raise the M 2 generation and 50 seeds 
from each plant forming progeny row in the M 2, were 
sown adopting a spacing of 1 m between rows and 50 an 
between plants in o row. Untreated controls were repeated 
after every twenty progeny rows. The layout of the 
experiment we3 non-ropllcated progeny rows.

The cultural, menuricl cr.d pl.nt ..rot'Ctirn 
measures were done as per the Package of Practices 
RecoacTcndr.ticr.s 198? of the Kerala ^.gricnl turd University. 
Tha following observeticr.3 v/cr* made in the gen ration.

1. Chlorophyll mutations

The seedlings wer^ ax nlned from tie 3rd day 
of sowing up to tho 20 th day to score the chlorophyll 
deficient seedlings* Tho mutation fro uencieo on 
progeny row (M^ plant) basis weru astimetad as the number 
of progenies segregating for mutants per 100 progeny rows. 
The total number of mutanta end n rmal seedlings were
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counted from both segregating and non-segregating
s

families to compute the mutation frequency per 100 M ^ 
seedlings.

The different types of chlorophyll mutants were 
scored separately for epical citing the spectrum or relative 
percentage of different types of mutants. The spectrum 
of tfilorophyll mut- nta was classified as albina (chlorophyll 
deficient whits), Xantha (yellow), viridis (li ht grep'n 
leaves), chlorina (yellow g r  .i lecvcs), ipnculctr- 
(irregular p etch03 of chlcru riyll deficient sr>otj on the 
lsavea), «. lbovirxdiu (grnrn iu th • yrcxincl r i-gicn of the 
leaf and white et tho dist-.l end), f?rd viridelba (vhito 
in the proxinc-1 regie.r. of the ler.f ani gr̂ <~-n at the distal 
snd) . In tha segregating families, th :■ number cf 
mutants and number of normal plants v.crc counted to calculate 
the segregation ratio, I.e., pore ntegc of mutunts to the 
total nuvr-rjer ef pl.nta in tha family.

2. Visbli nutations.

Thirtyfive progenies per dose of gamme rays end 
sll the svsilabls progsnisa of LM3 were scored for viable 
mutations. All the plants in each progeny were periodically 
examined for morphological devieti r.s frorr normal progenies 
snd wars classified into segregating snd non-segregating.
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Observations were continued upto harvest stage of the 
crop to score viable mutants. They were scored as the
number of mutations per 100 M ^ progeny rows. The viable
mutants were also described in detail with respect to the
deviations from the normal ones, with special reference
to duration, stature, branching pattern, floral characters,
pod and seed characters.

Utilising the data thu3 collected, mutagenic 
affcctivjness and efficiency were calculated using the 
formulae suggested by Konzak et el. (1965).

3• Estimation of muti genic -;ff ctlvenoss and efficiency

The formulae auggcotod by Konzak rt el_. (1965) 
for estimating the effectiveness end efficiency of both 
physical and chcmic-1 rn.utng-n3 v/ere follows.

Mutagenic effectiveness ■ M x 100
krad or c x t

Mutagenic efficincy ■ H x 100, M x 100, M x 100
L I S

where M ■» Mutation freuency on M2 progeny row baaia.
t - tim* of chemical rrutrg-n tx~atm^nt in hears
c «■ concentration of ch«mic*l mutagen in ml per cent



I* ■» Percentage of lethality on the bas±8 of
survival reduction.

I ■ Percentage of injury or seedling height
reduction.

3 ■ Percentage of pollen sterility

Seeds from all th:? viable mutants were separately 
collected for confirmation in From the non-segregating
progeny rows, seeds of 25 plants selected at random were 
separately collected for the study of micromutaticr.s in 
the next generation.
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r e s u l t s

Results of observations on the "Biological 
effects of gamna rays end EMS in the M 2 generation of 
red gras*" based on the study conduct'd during 1964-*86 
are presented in this chapter.

The five concentrations of EI1S trln-d in the present 
investigation appeared to be slightly on the higher side, 
a3 indicated by th'- comparatively fov/ _ l. nts vhich 
raacned to maturity, producing very fev. aeT’da for raising 
the H 2 genoruti. n. The: highest dos:> of hJ trif d here 
viz., 0.7 per cent ’•, eared to be lethal, since no plant 
could produce os ds for studying the lir. r. from this 
conein tr < j tio n .

Tha data collected on the fro uency, spectrum and 
segregation ratio of chlorophyll mut tiann, viable 
mutations, mutagenic effectiveness and efficiency in respect 
of ths dif ferent dosan of gemma rays nnd lMS wore subjected 
to suitable analyses and tho mean values ar© presented in 
Tablsa 2 to 11.
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1. Chlorophyll nutation*
(•) Frequency

The data on the frequency of chlorophyll mutants 
Induced by different closes of gamma rays, after calculating 
the frequencies on the progeny row end seedling basis
are given in Table 2.

(TABLL 2)

The results presented in the afccv: table have 
■hovn tho following: Tho froqu ncies estimated on Mj
progeny row besls hove i cr ^ 3  d -’hen th dose i^cre^sed 
from 10 krads to 20 hr- dr. /V.v in it Is 1 ound to increase 
from 20 to 30 kr da aft r \ hich th • fr v ricy is seen to b- 
decrecsing with incr ralng doses of th nut. g n from 
30 to 40 and from 40 to 50 kr«dg.

Tha fr°Tur-ncy of chloro hyll mut< tiens estimated 
on saddling basis has also shown an almost similcr 
trend. Tho fre u^nciaa ara found to decrease from 10 to 
20 kr**ds after which it is seen to increase from 20 to 40 
krads following a reduction in the fra unncy from 40 to 
90 krads.



Table 2. frequency of chlorophyll mutations in the generation (geeit reya)

Dose 
(in krads)

M2 Progany row beais M2 ssedling basis

Ho.of « 2 progeny rovs No. of 
mutants
per 100 M„t
progeny
rows

Ho.Of M 
seed­
lings 
scored

No.of 
mutants

No.of mutants 
per 100 M2
seedlingsScored Segregating

Control 9 0 0.00 357 0 0.00
10 35 29 62.e6 1042 155 14.66
20 35 24 60.57 1411 99 7.02
30 35 32 91.43 1306 283 21.67
40 35 30 85.71 1289 309 23.97
50 35 29 82.06 1418 224 15.80
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The date on the frequency of chlorophyll mutations 
induced by different doses of EMS are given in Table 3.

(TABLE 3)

As indicated by the results presented in the above 
table# the mutation frequencies calculated on progeny 
row basis have shown an increase from the dose 0.3 to 0.4 
per cent after which it is found to be decreasing rapidly 
to 0.5 per cent from where th^ fro .u ncy is found to 
increase eg- in to 0.6 per cent concertrc tien of 1H:S.

The changing pattern of the fre u^ncies of chlorophyll 
mutations estimated on M 2 seedling basis is observed to be 
tha Seme as seen above. From the dose 0.3 per cent of the 
mutagen# tho frequency is seen to 3hoot up rcpi^ly to
0.4 per cent of tna mutagen from where n steep fell io scon 
to the next dose viz., 0.5 per c nt nfter which a slight 
increase of the fro urncy to th next dose in observed.

A comparison of the two mutagens viz., gamma rays 
and EMS based on the fre u^-ncy of chlorophyll mutations in 
the M 2 generation has reveel d the following. The distri­
bution pattern of the frequencies in respect of both the 
mutagens elthar on Mj progeny rows or on saedllng basis



Table 3. Frequency of chlorophyll mutations in the generation (EMS)

D o u  
(in X)

progeny row boais M 2 seedling basis

Mo.of M 2 progeny row3 Kj .of 
__ mutinta

per 100 ^2
progeny
rows

Nc.of
seed­
lings
scored

No.of 
sm tents

Mo.of 
mutants 
per 100 Mg
seedlingsScored Segregating

Control 2 0 0.00 72 0 0.00
0.3 25 14 56.00 505 89 17.62
0.4 8 5 62.50 75 29 36.67
0.5 6 1 16.67 10 1 10.00
0.4 5 4 80.00 45 6 17.78



is almost, the same. In either case, the frequencies 
do not seesi to have any dose dependence of the mutagen, 
either physical or chemical.

(b) Spectrum

The data pertaining to tho spectrum of chlorophyll 
mutations induced by gemma rays are giv n in Teblo 4.

(TABLE 4)

□iff eront types or chlorophyll rut nt3 v.ere oet- incd 
whicn ware classified as xuntiu, chlorine, viridis, 
maculate, albcviridis er. vir.Lltlbe (k’lato 1). Th’.' relative
p»rc:n tcgeo cf t'r.2 li Ff < r'r.t typ-T cf cb loronbyl 1 rut; nts 
at eech of tor dos-jc of tr_ T-utcg r r: giv n in thtable. 
The fro Uf ncics o r the differ nt typ-p chlorophyll 'rutr nts 
arc found to v r y  v̂ ith th ' 11 f for rih 'c.neo of th" rr.utrg n 
and are not shov/ing any dose dep^ndenc". Viridis mutants 
are found in ell tho doses of th - nutegen, the? maximum b^ing 
in 40 krads and the minimum in 20 krnds. Mnculnta types 
ere found to occur in all the doses vith the exception of 
10 krads, the maximum occurring in 20 krads and minimum in 
40 krads of ths mutagen. Chlorina types occur in 1 0, 20 and 
40 kred doses of the mutagen, tha rrsximum being in 10 krads 
end minimum in 40 krads. Alboviridis and viridalba types



Table 4. Spectrum of chlorophyll mutations (gamma rays)

Dose Total Relative percentage
(1b  krads) ™  U  •  U l i

mutants Albina X an tha Viridis Chlorina Maculata Albovi-
rldls

Vlrldalba

Control 0 . . . . .

10 155 - - 96.13 3.87 -
r -

20 99 - 3.03 58.59 3.03 35.35 - -
30 283 - 1.77 77.39 - 20.85 - -

40 309 - - 97.09 0.32 1.94 0.32 0.32
50 224 94.20 5.80

CT5



1. Normal
2. Maculate
3. Viridia
4. Viridolba
5. Alboviridla
6. Xantha
7. Chlorina

Plate 1. Chlorophyll mutation spectrum

— waa All
xcerieti1 • Normal

2t
3 J Mutanta
4 J
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constitute a very smell percentage and are found only 
in 40 krad dose of the mutagen. Xantha mutants are seen
in 20 and 30 krad doses# following a decreasing pattern.
Albina types are totally absent.

Data on the spectrum of chlorophyll mutations 
in duced by are given in Table 5.

(TA3LL 5)

The conclusicr.3 obt< incd from th^ above t'ble 
are th-j following: Only thre ' types of rutrnts ere
observed ea a vrhol f rc;r th - -’if- r nt 3ce>bg of tho

Albino, x-'nth , chlcrin. an 1 viridalba types 

arc cornel tely absent. Viri l i o  m -»t■ rta £ir-a seen in all 

the doses of th.- nrjt-..y n, th fr u^ncy of vhich shrws a 

direct dose relationship ut. to 0.5 por c^nt of i-J'.S and 

ti ,*r̂ aft~r remaining Cunatf nt. Kwcul t. types occur 

only in 0.3 p?r c?nt dose and alboviridis in 0.4 p**r cent 

dose of LM3.

A comparison of ganr a m y s  and LM3 based on the 
relative t;src*ntfg®fl of th? differ nt tyt rb of chlorophyll 
mutants is attempted hare* It is seen that gamma rays 
hsve produced a wider mutation spectrum than EMS. Viridla



Table 5. Spectrum of chlorophyll mutations (EMS)

Do m Total Relative percentage
(in %) No .of 

mutants Albina X an tha Viridis Chlorine Maculate Albovi-
ridia

Viri-
dalbs

Control 0 . .

0.3 89 - — 86.52 - 13.48 - -
0.4 29 - - 96.55 - - -
0.5 1 - - 100.00 - - - -
0.6 8 100.00

GO
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typas are found to occur most frequently In all the 
doses of gansna rays and LMS, the frequencies being dose 
dependent in the latter esse to some extent.

(c) Segregation ratio

The observations on the sogregttion ratio of 
chlorophyll mutants obtained by gcrar.a irradiation are 
presented in Table 6.

(TABLE 6)
J

Gcgr gution ratios estimated es the percentages 
of the number of chlorophyll nutrnto to th ■ total number 
of plcnt3 in th'- segr g ting M 2 prcg-ny rows in each 
dose of thr mutng' n, do not show any d ’finite dose 
relationship. There is a sudden fall in th^ ratio from 
10 krads to 20 krads from where it rises to 30 krads end 
reaches o maximum 1 40 kr. do and th n t nds to decrease

st 50 krndo

The dsta on th - segregation ratio of chlorophyll 
mutants obtained from th- differ nt doses cf LKO are 
given in Table 7.

(TABLE 7)



Table 6* Segregation ratio of chlorophyll mutants in the
generation (gamma rays)

Ho.of Segregation
mutants ratio

Control 0 0 0.00
10 865 155 17.92
20 940 99 10.53
30 1188 283 23.82
40 1122 309 27.54
50 1176 224 19.05

Total Uo.of 
plants scored

(In krada) An ■e«r®9etlngM 2 progeny rows
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Table 7« Segregation ratio of chlorophyll mutants in the
generation (EMS)

Dose 
(in %)

Total N o .of 
plants scored in 
segregating M_ 
progeny rows

No. o f  
mutrnts

Segregation
ratio

Control 0 0 0.00
0.3 441 09 20.18
0.4 75 29 38.67
0.5 5 1 20.00

•o 44 8 ie.18
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Segregation ratio* are estimated ln the same 
■tanner as that in gemma ray treatment* Here too the 
ratios do not show any dose dependence. The maximum 
ratio is met with at 0.4 per cent EM3 treatment. There 
is a rise in the segregation ratio from 0.3 to 0.4 per cent 
from where it starts decreasing and reaches to a minimum 
at 0.6 per cent of EI1S.

comparison of tho two mutag ns vie., gemme rays 
and EMS v.ith rosL', ’Ct to the segr gation r:tio3 of 
chlorophyll rr.utcnts in the generation roveals that, the 
ratio3 Jo net ^how any dose r luticnship* in either case 
of tho ir.utcg ns.

2. Viable n.utr tlons

Rec;lt3 of observations on th fro u ncy of viable 
mutations obtain ad by g.rnrru irrr Uation err giv n in 

Tabli 6.
(TABLE 8)

The viebl ' mutation fre u^ncy estimated as the 
numb or of .nutations per 100 M 2 progeny rows is found to 
show » direct doss dependence upto 40 krads from where 
it is seen to decrease to 50 kr*ds.
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Table 8. Frequency of viable mutations in the M,
generation (gamma rays)

No.of M progeny rows No.of mutations
Doaa  --------------------- Per 100 M 2

(in kreda) Scored Segreg£iting progeny rows

Control 9 0 0.00
10 35 3 e.57
20 35 11 31.43
30 35 15 42.06
40 35 16 4 c • 71
50 35 13 37.14



The 5A-1 variety of pigeon pea selected for the 
study is a woody, perennial shrub, 1 to 4 m tall, but is 
generally grown as an annual crop. Many deviations from 
the normal growth pattern of the plant were observed in 
the M 2 population of gamma ray treatment. The different 
types of viablo mutrnts produced by gemma irra ietion were 
with respect to growth habit, leaf size and shape. Leaf 
variations such as alterations in tho number and size of 
leaflets were noticed. Those leaves lacked one or two 
lateral leaflets thereby ap: ~«?.ring as bifoliate or 
unifoliote leaves insteed of tn-1 normal trifoliate loaf 
(Plata 2). The dwarf mutants possessing short stature end 
the profuse branching capacity gave th ir. a bushy appeeranc 
thereby deviating from the normal 3A-1 plant. The total 
numb r of leaves tJrr branch in these mutants VB3 n> rmel, 
but hod a jrach shorter int rnode than that of normal 
plants (Plates 3 and 4). A small leaved mutant obtained 
with 40 krsd gumma ray treatment hod a sparse branching 
habit (Plate 5). Dark green leaved mutant with reduced 
height and very few branches was obtained ln 50 krad 
treatment of gamma raya (Plate 6). Mutants with round 
laavas having blunt snda ware alao observed in 20 krad 
gamma ray traotment (Plat^ 7).



Plato 3. SA.l Variety of plgeon-pea^Norraal plant.



I
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Plate 4. Dwarf bushy mutant (gamma ray 50 kred)





Plat* 5

Plata 6

Sparsely braching ■mall leaved lauttnt 
(gamma rcy 40 krtsd)

Dark green leaved mutant (gonna ray 50 krad)
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The data pertaining to the frequency of viable 
lutatlona obtained by LM3 treatment ere given in Table 9

(TABLE 9)

The njtu tion frequency calculated on progeny 
row basis dos3 not show any definite dose dependence.
The fre uency of viable mut-nta tends to increase at first
from 0.3 to 0.4 per cent, from where it fells to
0.5 p .r c nt and th re ay ir. incr-cseo to 0.6 per cent.

Tho differ nt t- r.«e of viable r.ut r.t3 • ro luced-J » *

Dy tr^etor nt were \ith res; ct to growth habit, time
of flower-ng, 1 of size n° sh-pe ...n 1 seed colour. Mutants 
• lth crln .l'd -t rin.. ry l'-evoo were observed ( lets 8)
A dw rf rnut'.nt with r duc d br nching habit rnd -hort 
Internodes wen ots rv d with 0.5 par cert cf rutrg-n 
trea tor * nt (Tint 9). Wj th resect to th- tin - of flov.oring, 
two early flowering met. nts ware observed in 0.5 p^r cent 
and 0.6 per cent LMG treatment. The former flov^rnd 30 day* 
sarliar and the latter 35 doya eorlier than tho control 
(Plato 10). Mutrnts with variation in seed coat colour 
waa alao oeasrv^d in 0.3 ond 0.4 trartmanta of IMS.
Control had e dark brown aasd coat colour, whila tha
mut> nta poaaaaaad light brown and purple aaad costa (Plata 11)
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Frequency of viable mutations in the M generation (EMS)

Dose 
(in %)

Kg .of M 2 progeny rows Kc.of mute- 
ticna per 100 M 2 
progeny rowsScored Segregating

Control 2 0 0.00
0.3 25 4 16.00
C . 4 8 2 25.00
0.5 6 1 16.67
0.6 5 1 20.00



Plata 7. Round leaved mut-nt (gfjnma ray 20 kr&d)





Plate 8. Modification of the primary leaves
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Plat* Sparsely branching dwarf mutant 0.5%)

Hate 10. Early flowering mutant (EMS 0.5 fc 0.6%)
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plat* 11. Verlr.tion In seed coct colour.
1. Normal (control)
2. EMS - 0.3%
3. EM3 - 0.4%



I

Plata ii
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A comparison of th. *reiuenc?y of wiable mutations 
y g a m s  rays and EHS has revealed the following! 

The distribution pattern of frequencies with respect to
gsssss rays is found to show a dose dependence to certain
extent# where as in the case of LMS no such linearity is
seen

3. Muteigcnic effectlvenaas and efficiency

The mutagenic eff^ctivenoas and efficiency cf the 
different dosea of gonma r yo in inducing chlorophyll 
mutations v,er ■ estirrat d and ore presented ir. Table 10.

(T/3LE 10)

xt is M O T  that t'rvo ycrc-ntcgo of lethality *oos 
n lino. r rr 1 ntionship with ft,.*. At first it

„  fra0 10 to 20 kr. as fron, wh.ro it -how. o -clin,
. Considering th~ injury

trr,r -*ft-=>r osrin it l..cr.«.oo.
. incr-i.slng do.ss of eho rrutng n.

, .torllity p s r c n f g  < .t,r U ity.
,.y. iBc r « . .  P— "t^ S 0< 10J

f.1 1 nW| s decreasing 4<- . f f e c t l v - n e s s  follow*
Hut«<P"lc *“  , lt h», an

stern with th« do*. «
 „ » « « ■ » «



Table 10. Kutcgsnic of£jctivenaas and efficiency (gamma raya)

Do m  
(1b kzadi)

Mo.of 
■utants 
per 100 M_ 
progeny 
rova

Letha­
lity(L)

Injury(I) Sterility 
( '«)

Mutogcnic 
effecti- 
ven^sa 
M x 100 
kred

Mutagenic efficiency

M x 100 L M x 100 M

Control 0.00 0.00 0.00 O.CO oo9o 0.00 10.00 0.00
10 82.86 8.40 5.1C 5.10 820.57 986.39' 1624.65 1624.65
20 68.57 27.90 12.80 9.90 342.86 245.78 530.71 692.64
30 91.43 19.50 1 S. 4 0 15.20 304.76 460.86 496.89 601.50
40 85.71 23.50 24.50 19.10 214.29 364.74 349.85 448.77
50 82.66 4S.70 26.90 24.50 165.71 170.14 308.01 338.19
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naidsring the efficiency of gamma rays on the 
beaia of lethality, injury and sterility, 10 krad
tr .atm .nt is -cund to be the most efficient and 50 krad 
treatment the least.

The data pertaining to the mutagenic effectiveness 
ar.d effici ncy of th^ different doses of LKS in inducing 
chlorophyll mutations ara giv n in Table 11.

11 )

Co*- t I .’or Li.:, th  1 *t i r . l i t y ,  i n ju r y  an 1 s t e r i l i t y  

~ re  - t  <j z, " I -  t \\c. t' »r -tn nr 1 t. -’n 1 to  rc 11 o’, rn

i - c r '  en lr . tt. rn o f  U i t r i b u t i o n  v i t h  incr> -arsing J one ■.

thfi r u t r g  n i .  . th  y  h n v  e d i r e c t  droe» p M'H'.c * .

i.ut y :r.ir. ’fi ctlvenosa e-enu to b? hijh at the

loveot i OOO Lho, ther by shov.inq on inverse relation

ship with dose.

y.utng-nlc efficiency of E.M3 on th- bB9in of 

lethality. injury rnrt .t-rUlty i. found to bn highest 
at the lowest doflo of tno mutegen (0.3*). Th. efficiency 

(olio*. . decreasing P-tt-rn with incree.lng do., upto 

o S n.r cent wherein, it -uddenly -hoot, up et 0.6 per c

f

nt.



Table 11. Mutagenic effectivojnesa and efficiency (JEMS)

Dos a(In %)

Ho. Of 
■utanta 
par 100
progeny “ 
rows

Letha­
lity
(L)

Injury
(I)

Sterility
(S)

Mutagenic 
effecti­
veness 
M x 100 
e x t

Mutagenic efficiency

M x 100 M x 100 jjggiaL 1

Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.3 56.00 IE.30 21.60 13.50 3113.11 306.01 256.86 402.99
0.4 42.50 26.20 32. ec 19.60 2604.17 236.55 190.55 319.99
0.5 16.67 36.60 37.70 25.20 555.67 45.54 44.21 66.14
0.4 80.00 43.30 41.40 34.70 222.22 ie4.76 193.24 230.55

cn
CD
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A comparison of  the two mutagens fo r  th e ir  

e f f e c t i v e n e s s  and e f f i c i e n c y  i s  attempted here. In the 

c a s e  o f  mutagenic e f f e c t i v e n e s s ,  i t  i s  seen that I£MS i s  

more e f f e c t i v e  than gamma rays  in producing chlorophyll  

n a t a t i o n s .  Kith re s p e c t  to e f f i c i e n c y  of the mutagen, 

i t  can be said  th a t  gamma rays have a high r e f f i c i e n c y  

compared to il-'.O a3 judged by the magnitude of l e t h a l i t y ,  

i n j u r y  and 3 t e r i l i t y  c . u 3 .?d by the two mutagens.



L i C U i i L O n



discussion

The success of any breeding programme mainly 
depends on the extent of genetic variability available 
in the breeding population. Induced mutagenesis has been 
recognised as on® of the means by which genetic variability 
CETl ^  created in the population. This variability can 
further be exploited by the broader and superior genotypes 
car. be picked up by adopting suitable selection procedures.

The term mutation van intro ''uced into biology 
by Hugo De-Vries in 1900. Ho suggested the concept of 
inducing artificial mutations aril utilizing them by the 
breeder in hia attenpta on crop imrrovem nt. Hovev r, 
^rtl'icial induction of mutations 03 cn approach in plant 
brae ding weu recognized only of t'L* the classical vorks of 
Kullor (1927) in drosophila and Studler (1920) in barley 
Mil vMo .ueco..fully wnployod X-roy. »nfl in luced
mutation. artlflcl.lly. Th«.n -11.eov.riM of Mull.r and 
g ^ l . r  p,,,d th- way for furth.r mutation br.edlng 
r»».«roh. Following thl., Ou.t.f.cn (1947) vlth hi. 
plon.orlng wort In .°~ .gricultur.l orop. lik. b.rl.y.
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recognized
Utili*0ti0n ° f radlation to induce useful mutetions.

Aroong the various types of redietions, gamma
^rra^ Cl̂ c'n *̂s on0 fch® widely used physical mutagens 
of the present day. Different doses of gamma irradiation, 
ranging from 0 to 100 kreds htve been tried end reported 
to be off ctiva in various pulse crops.

Besides radiationa, e large nurber of other 
chemical substances ore rlso r ported to hrvo rrut-cgeric 
orcaortios ond nave b-son v.idcly used to in luce mutations 
in plants (-hrenborg ot r_l. 1961; Kor.zek et nl., 1965). 
Freeze (1963) classified chemical mutrgens as base analogue 
substitutes/ dyes, acids, metola and alkylating agents, 
m  higher plrnto, the lest group viz., alkylating eg nts 

clolly -S'.S hos ba.n reported to bo very o t t  -ctiV'.
Tno r-lotivoly low toxic and high g-notic of Oct. of .MO 
(«aul. 1961) «nd it. high rr-Jtrgenic ,f(pctivanoaa as wall

aftlci ncy in highor plant. (Kcm..k a£ £i*. 10«5) are 
factors whlcin favour for It. wld.r proctlcl application.

*,d gram 1- important pul., crop of
T_x«. ...ad on par capita conwmption Itpanln.ular India.

tha pulaaa. Sines it contains a feirly -.-v. first among tna p-*
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high amount of protein (22.3X), It can along with other 
P ea very veil bo considered as a protein substitute 
in tha Vegetarian kitchen. Because of the limited amount 
of variability which is proaently available in pulses in 
gimaral and in red grtm in particular# it is considered 
necessary to undertake means of inducing genetic variability 
t.trough induced mutagenesis .

In  the l i g h t  of ths fccta ir. nticned above# the 

choice c f  tne p robl m i3  f u l l y  appropriate end j u s t i f i a b l e .  

Tne in c lu s io n  of gr.mr a r  ya in e 1o3» rmg-^ from 10 to 50 

kreda n-1 L.i.3 in  o do so ronge from 0.3 to 0.7 per cent is  

a lso  j u s t i f i e d  aa sup. o r t  d by i :  formation gr.th r  d from

a l l i e d  p u l 3e crops.

Tun proa •'nt stu }y# a continuation of an ongoing 

1 r e j e c t  in  the department, v . u  W - n  up v i t h  the o b je ctive  

of f i n - ’ln g  r u t  the b l o l o . i c .1 affects of qrmro roys and 

m e  in tho M 2 generation of red gram. These b io lo g ie s !  

e f f e c t .  , ro lucel in tha M, and l e t  r generation, are
d .te n a in e d  by the ■**. of action of the , uta.,ens an, t h .

„* n m v  factors in the organism subjected to interaction of many
.. Among the various parameters amployodmutagen tr«atmant. *"""9 cn 

. th.a. biological affacts of mutagen, in th. Mj i„ M.auring thasa
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generation, chlorophyll mutations including frequency,
■P truxi and segregation retio ere reported to have been 

•ly employed for asaeasing the effectiveness of 

■utagenic treatmenta in higher plenta (Gaul, 1964; Nilen 
~  1965; Kawai, 1969)* From the utility point of
view, tha success of a mutagen treetnv nt depends upon its 

ability to throw apparently different, but useful segregente 

capable of producing viable seeds, thereby enabling their 

maintenance, in the progeny. An estimate of viable 

mrutr tlons 13 capable of giving a correct picture in the 

magnitude of such abnormal segr^g^nts. Accor.ling to Konzak 

(1965), rutagcnic effectiv ness gives a measure of gene 

mutations in r- latior tc. dose and rrutcgenic efficiency 

provides an estimate of the bioloeic 1 off 'Cts such as 

1 teality, injury end sterility. Ag such th- par-met rs 

viz.. chlorophyll nutations ircl-rllng fro u ncy, spctr'im 

and tion retie, viable rutrtiona, rr.utfg nic

-ffzctlvano.s nn-1 efficiency ate. ob.erved In the pr-a-nt 

inva.tlgction nra c-’pablo of giving .ati.fretrry -navar. 

to tho problam* contained in tho objective. nf tha .turfy.

Th. ra.ults obt-inad In tha pra.-nt .turfy with
.ranc. to th. affact of th. rutagan. vl... g«*"« ray. 
» «  .r. di~u...d in th. following lina. .o .. to drr

.a .nrf rallabla conclu.lon..

w
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Chlorophyll mutations

(•) Frocucncyi xho mutations produced in th® 
and subsocuent generations axe determined as a result 

of the mode of action of tha rrutagons and also of 
interaction of many associated factors in the organism 
subjected to mutagen troatrr. nt. In higher plants it has 
boon reported that chlorophyll m u ta tio n s  give e corr c t  

estimate for tha effoctivenasa of rrutegsn tree tm  nts 
(Gaul, 1964; Milan _rt £1., 1965 end Kavai, 1 9 6 9 ) .  According 
to Gaul (1964) c.ilorophyll r u t .  tiens form the most 
fre /uent g en 3 n .u tc tio n 3  vhich can be clearly r  co g n ised  

and classified rnd tn-iy ccn also bo s tu d ie d  in a limited 
s ece  under semi-controlled green  house ccn " 'i t ie n s  and they 
t rovida a rapid information since the  s e e d lin g s  ©lone need
b * reisod.

In the present investigation, chlorophyll 
mutants v, « 3  classified ©s the number of mutants per 100 M 2 
progeny rovi end the number of mutants per 100 M 2 ssadlings,

for both , » •  r. y» an-1 ^ :s- 111 co'e- vi* "  th8
fr- uancl*a -Btiiretfd on Mj progeny row b u t *  anrt on Mj
, „ a n n ,  baai.. th* pattern of ch«ng. In th, fr*((u«ncy in 
r.lation to d o M  waa th. a««. not only for g a _ a  r*y. but



•1*0 for EM3. In C U t  of nutegen(> the

frequency did not appear to exhibit any relationship with
*a r̂lg.l). Such erratic behaviour of the fraruencias 

in relation to doae of the ir.utogen has earlier been 
reported by Voredonyan (1976) in French been# Kulkarni 
end Shivasankar (1976) in Horse gram end Venkatearwerlu 

(1980) in pigeon pae.

In the present investigation, a comparison of
ter tvo rruteg,:no, ĝ iT̂ ra rays end EKS regarding their
e f f i c i e n c y  in  in  h ir in g  c h lc r o e h y l l  r e t  t i e r s  c nnot be

considered to be absolute bee-una cf the lirit°d nu-ber ol
M, progeny revs es veil as K seedlings scored un hr 2 v ^
trettrr nt in co-rrperison \ ith the seme under crnvo ruy 
treatr nt. ilov. ver, barring the above discrepancy, based 
on the results ou in ad it has be'r. found that genr-e ray 
is roi of ici nt in inducing chlorophyll rutotiens «s 
compered to ^3, air.ee the differ nt doses tf gemma r. ys 

yirldsd higher frs u-nclss not only on tha basis of 
rog-ny rows but also on Kj aaa-Uiogs. Th».n results 

ars in sgr*sr-nt with that of Vsnkatesworlu et fii.(l«8C) 
in plgaon pm*. Hovovsr, tha rsm.lt. obtains* in this

s. with those of Zsnnon- (1065) Instudy dc not «grn» *itn
A.hIin and Hvostova (1966) in pas,Viclft M t i Y A* AHhun-ssO# an

m2  p
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Ulieva-Stan?va (1973) In French bean and Manju (1981) 
in Horse gram. These disparities observed in the present 
case require further confirmation.

(b) Spectrumi In the present investigation# 
the spectrum of chlorophyll mutants obtained included 
x an the# viridis, chlorine, nuculcta, albeviridis and 
viridulbij. Tnis is in agreement with the results of 
..-revi^uo invcatiyetors v.ho heve reported a fairly wide 
3koctrun of chlorophyll mutetions in the leguminous crops 
(Akhun-zcdo on 1 -ivostovr, 1966; Sidorov.-3.# 1968; Sverup 
a - d Gili, 1968; Ruki.-unskl, 1972; Dchiyo, 1973; Illlcva- 
Gtoniv , 1973; Iyynngnr end 3ubrrmcninr., 1Q74; Ar oreo
r. -1 Jana, 1975; Worker, 1976; Vrrfdenyen, 1976; Ch-kclin, 
1977/ V^r.kct -jsworlu et el., 1970; Gichk <\ r, 1°79 rnd

rttnju, 1981).

Xq j albino mut. nts v.r»rp strikingly absent in 
all t n  doses of gemma roya and fci:3. Xsnthr mutants w,ro, 
howsv.r. pr-.ent in 20 and 30 krai, of gam.™ rry. but 
•b.wnt in ail th, do... of IHO. Virldl. war. observed
in all th’ do... of g'mr. r«y» end nlao LMJ, it. 
*r(.,u*,ei« showing an -w-tlc behaviour with r , f « . n c

th, e l w  do... of « « - •  r*y* ****• Hov"ver'
wlrldi. mutant. w « .  found to incra... .long with »
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Cr* concentration of EMS. Chlorine and
■ culata mutants were observed in three and four out 
of the five doses of gamma rays tried, having no relation­
ship with dose. In th*? case of EMS, chlorine types were 
totally absent in all the doses while meculata was 
realised in the lowest concentration. Alboviridis and 
viridelbci mut^-nts could be obs ?rved in only 40 krad dose 
of gcircnc r«~ya vhilo in the case cf EMS, alboviridis could 
be shotted in one out of th? four doses of the nutrgcn 
with viridalba ty^as occurring in none of  the doses 
(* id. 2 cad 3).

In gc?nircl grjnma r^ys in ̂ ucofl 3 widor spectrum 
of chlorophyll mufnta, with six tyres, comp^r^d to EMS 
viart only three types could I?0 seen. Similar results 
r .girding th? anility of g.rrcr.E r-.ys to induce a wider 
spectrum of chlorophyll mutants hav- been reported by 
Rukmanski (1072), in French benn. Lack of sufficient 
population under LMU treatment might perhaps o*- th® reason 
for th- nDirff* op.ctrum of chlorophyll mutants reall..<1

n-ra. Hcrs-v-r, thia needs c o n flnrrtlrn .

(c) ratio* In th. pr.aent
lnv.atly.tlon, ..ymy.tion ratio, of chloro, hyll . u t . f  

....... h ™  ho., d.p.nd.no., .Ith.r for g * m .  irr..U.tion
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treatm ent. Manju (19 81)  had obtained sim ilar  

horse gram in case of gentry ir r a d ia tio n .  

However, in  caae of EH3 treatment, she had reported a

t  r e la t i o n s h i p  v.ith dosa. A comparison of the two 

baaed on the values of segregation r a t io s  i s  not 

attempted here, since i t  cannot give any v a lid  and raliabl 

i n i c m a t i c n ,  because of the difference in population s iz e  

under tho two rutag?n treatments.

2 .  V ia b l  e rrutctlons

The v ia b le  nutation fre  uency v,ea estimated 

r 3 the nunb r of - utc tiono per 10h M p r c g ~ n y  rov.s 

V ia b le  ut«.nts ,.ro :uci.i by gf mire rays shewed a d i r r c t  dcse 

depend-nc'j ur to 40 hr.-ds frcm where i t  decreased to 50 

kr -da. In the case of -MS, th- viable  mutation f r  r u-ncy  

did  not i n r v  any l in e a r  relatio n sh ip  with dose. With 

r n a ;  ->ct to g a srx  i r r o l l n t l o n .  th is  re su lt  ol.tsin-d i s  in

p w tial a g r - w - n t  with thus, obtoin.d by Kriohnnsvsnl end

v . wh*»r<? the fre  uency OfPetblnem (19P0) in gra-n  g r . " .  wn.r

Viabla mutetion* Incr-a.-d vith r-tog^n doao. Hovevsr 
„ « ! «  Obtoin^d in tbs pr..«nt study did not sgr.s

findings of Tavosr (1965) *» c« tnln c* " * ls *nd with tĥ * finding* o*
Hsnlu ( 1 9 8 1 )  in  h o r s .  g r ~ -
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The different types of viable mutents produced 
by gamma i r r a d i a t i o n  were with respect to growth habit, 
leaf size and shape, while EMS induced changes in growth 
heb-t# time of flowering, l e a f  s ize  and shape and seed 
colour. Recovery of various v ia b le  mutants has been 

reported by Athwal ( 19 6 3 ) ,  Athwal et a l .  (1970) in C ic e r ;  

Pipie (1969)i* and Kalinina (1'j72) in pea# Benkovska and 

Rymsza (1970) in Fhaaeolua vulq. r l s , Bhott et el.. (1972)#  

3 a i n i  e t  al^. ( 1 9 7 4 ) ,  end Kriahneswari e t  el.. (1977) in 

gre *n gram, Conntrntin and Lov-  ̂ ( l r*64), Louis and 

KedambavLnc o undcrem (1975)  and I.; rrslngheni and Kuir.ar (1976)  

In cov-pee, K s; vrn «' n ’ Khen (1976) in winged bean, K ulkrm i  

and 3r iv. sF.nkar ( 1 Q7S) in horse gr^m/ Sharma end Sharma 

( 1 9 7 9 )i  in 1 n t i l  and Kazanzhi et a l . (19S 4) in French boon.

In the u r ° s r'n t  study, rrrny deviations from the 

normal grov.tb pott in c f  tha plants K-ra oboorvad in tha 

M2 p o p u la tio n ,  of gemn. r a y .  an- 1>1B t r - r b r  nts.  T h i .

It cludad bushy» rv-lucrd br nchlnn. d v ' r f ,  m i l  lnnvrd,

rt.-rt groan lnn v.d, round l«ovrd nnd varying s*o<1 coloured
« w„rn r^nort^d by Prlndaencut S u c h  rrutrnt types wer r \ v* j

(1961)« Koh «nd M a n  (1964) in French bean, S«,j.*vl.h
rt jl. ( « M )  ^ouhdnut, J«.nov.*i (1970) snd
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•nski (1970) in p**t Benkowaka and Rymsas (1970),
Panda and Seth (1975) and Al-Rubaei (1982) in Phaseolus 
vulgaris L.

3oroc? o f  the dwarf mutants found in the M2 

p op u lation  possessed short stature and profuse branching 

cc  P c i t y  g iv in g  them a bushy ep.earance. I t  might be 

p o s s i b l e  th at in such plan ts  the main shoot apex might hove 

a top_ ed growth and d i f f e r e n t ia t io n  very e a rly  in the 

ontogeny while the a x i l l a r y  buds might have carried  on 

fu rth  r  growth as suggested by Jo3hua and Roo (1072) . 

Moreover, the number and length of intsrnodes in such 

in d i v i d u a l s  war'1 a lso  reduced. Dv.crf nutnnts with reduced 

br nching h a b it  vore also observed. Sanjeeviah a t  a l . (1969) 
observed v a ryin g  fr e  u -n c ic s  of dwarf plants in groundnut, 

under d i / f e r  nt dc. aag^a ' f  radiations but such mutants 

w«r« ivot'1 fro  u nt Kith grime rryn thrn Kith X -rc y s .  

i n l i c ' t l n g  th-it ttv> locuo or lo c i  concorncd ware more 

s s n s l t i v n  to g « n  » my™ than to othar m e n t i o n s .  Athwsl 

e t  s±.. ( 1 9 7 3 )  obssrvnd short stature^ rutants in Clco£ using 

gsmr.s r a y s  whicn shows* profuso branching. Mutants v ith  

r o un* i s s v o .  K»r» s lso  * . t - c t , d  in th .  population un*.r  

p r.s -tn t  stu d y, *>ch - u t . n t  t y p .s  showing v s r i . t i c n

t- l.sf .h-P- -  *  ■°b0l",r (1,66>' J“r*n0," ,‘1
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(1970) In p.a, Qrovar and Tejpeul (1979) In Pheaeolu# 
juraua and Manju (1981) in horae gram.

Viable mutants with changes in loaf morphology 
were noticed in the present study, both under gemma ray 
and LK3 treatments. Loaf variations such as alteration 
in the number and siso of leaflets, were noticed. These 

leaves lacked ono or tv;c lateral leaflets, thereby ap; earing 
as bifoliate cr unifolii tc lorve3 instead of the normal 
trifoliate lepf. Gunckol and Sparrow (1961) reported 
that leaf abnormal!tlo3 were ccrrronly observed eft~r 

irradiation and g;.j or ntly tne ycung-st leaf .-xnibitr'd the 

highest fre uency of leaf alteration. In cow. ca following 

irrn'leticn with gamma r-'yo and neutrons, Ccnstentir. and 

Lov^ (1964) oharved that many of the trifoliate leaves 

hod one or two l&ter-l lecfl ts miceing. Plants with 

crinkled , rimary loav a wr.'rr oinerved in the population v;ith 

both met-q-n tr-r.trcnts. Smell lervrd mut. nts with sparse 
branching h-bit v.-r- el«o ob. ln-1 in th- ^r-s-nt *tu<iy. 

3w*r'ip *n-3 GUI (176P) obn-rv-'l l-.-f rut ntn chovlrg

crumpled v-ry *«.ll •*« 1 " ^  m
rr„noh b.pn, following * - r ' V  MirLlar l..f nuitent.
w.ra ob.-rv.-1 in otn.r l.gunlnous crop, nine, nuoh •* In

W ii nnh mt *1. (1974) i In bl*ck grw* by Appsrao soybean by Singh AS ***
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*nd Jana ^976) and in green gram by Kriahnaswemi et al.
(1977). A dark green leaved mutant with reduced height 
and very few branches was obtained in 50 kred treatment 
of ganroa raya. Similar mutants for loaf colour and leaf 
shape were obtained by Kesavan and Khan (1978) in Winged bean.

Early flowering mutants wore observed in 
treatments with EMS. Among the two observed, one flowered 
30 days aerlier and the othor 35 days errlicr then the 
control. Such early flowering mutants were also observed 
by 3obolev (1966) in pea and by Bhatt et el. (1972) in 
green gram.

K t< n ts  v i t h  v, r iu t io n  in  seed c o a t  c o lo u r  were 

ob t« ln **d  w ith  -M-* tr^ a tiii n t s .  C o n tro l n«*d a dark  brown 

a-aed c o a t  c c U u r ,  v h i l *  the  r u ta i.ts  possessed  l i g h t  brown

nd p u rp le  seed  c o a t s .  The r e s u l t s  o b ta in e d  by Sh am e  end

Shorma (1979)- In ljntiL, riagnkl m.d Hiroiwe (1900) in
. „ vi „i (iot-4) in French been are insoybean end JCasanshi al. U'r*/

support of th. f ln rU n g o  -C the p re s e n t  etudy.

Hut.qenlc .jfectlyw».g..jnJ, «f£iol?I!3£

Kon..* ii- (1965) ProP0,,r’ th" term •ffectlv*ne”  
. M .w r . of gnn. TUt.tion. in relation to do., .nd
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•fficiency .. eatlmata of biological .ff.ct. induced 
such aa lethality, injury and sterility. To obteln high 
efficiency, the cr.utegenic effect must greatly surpass 
other damaging effects in the cells such as chromosomal 
aberrations and toxic effects. Geul et al. (1972) was 
of the opinion thct the effectiveneas cf e mutegen v?as of 
tnaorctical importance but did not have any imrrediote 
practical implication, while for practiced purposes the aim 
was to get high efficiency.

The eft ctiver.o-ss end efficiency of mutagenic 
agents dep end on th r not iro and ch. r. ct ?r iatics of tha 
erg -ni sm as a whole, as vrolL as on the specific proi crtios 
of the tisau- treated, in addition to the [iro.erties of the 
mut-yjenic ^ rnt. The or oteot -frici ncy in r.uuticn 
uxporim^nts Jo;, rids not only on the selection of a mutrgun
with chnr.ct-rlsticn suited to the biological material but
also or, appro,.* 1st* tract* nt regime <Kon.a* ct al•. 196*) 
Efficient troatir.nt* ar* ...sntis! for occnanlcrl use of
B,„t.g*n. .. . tool for dir.ot to. r o v ^ n t  or ror th. 
induction of crtnin chang-s In ualltativ- and ousntitativ.

its.
Osul (1964) -*ploy«* chlorophyll station, for 

lno th. .ff.ctiv.n.ss and sfUetonc, of .ut.g.nlo
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t r e a t m e n t s  i n  h i g h e r  p l a n t s .  K e v a i  ( 1969) s t a t e d  t h a t  

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

e s t i m a t i n g  t h e  e f f e c t i v e n e s s  and e f . i c i e n c y ,  on t h e  

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

frequencies parallel to that of chlorophyll mutations.

An important aim of mutation breeding research 
is to increase the efficiency of induction of genetic 
changes. Increased efficiency may be expressed in tvo ways 
(Mien ot fel., 1965) viz. 1) as higher ratios cf mutations 
to chromosome aberrations or to surviving plants where 
beneficial nutations are soughtj and 2) as higher ratios of 
chrome some aberrations to surviving plants whore those 
aberrations arc* to bo used in various ways in plant brooding.

In the pros- nt invostig- tion of^octiveness was 
maximum ot th j lowest doses of both th * nutcg no, thereby 
showing an inverse relationship with doss. Konzok ot si 
(1965) obtained similar results in the barlsy.

T h e  i r u t s g » n i c  e f r i c i o n e y  wsa d e t - r i r i n e d  t a k i n g  

i n t o  c o n « l d « r * t l o n  t h .  b i o l o g i c a l  p u o M t o r a  ouch . .

l e t h s l l t y ,  i n j u r y  and a f r l l i t y .  T h .  F - r c - n t . g .  o f  l . t h . U t y  

„ l d  n o t  h . . .  .  l l n . * r  r , l . t l o „ . h l p  w i t h  t h ,  d o . . .  o f  « _ r a

„ y .  ah.r. «  *" «*• « «• “  •hcwed * fll” Ct
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relationship with do a* t 4* nJury and sterility percentages
to both the mutagens showed a definite dose 

relationship (Fig.4 ).

nsidering the efficiency of gamma rrys and 
fc-.o on tho basis of lethality, injury and sterility, it
was found that among tho v;ri_us doses cf genre r:ys 
employed, 1C krad trertm nt was the most cfficint end 
50 kr.:d tro. tmont - th- lo.rst. Among i:KS treatments, 0.3 
*'9r cent was round to bo the most eficient. The -?f "ici ,ncy 
-oli'-v ed a d^cr *1 sing •:ttMrn with th? Increasing dose 
u to 0.5 or c ?nt from which, it suddenly i crouse d at
0.6 or cont. The of icioncy wgg nirhnr et lc> or.t doses cf 
both th ~ : jt-.g^na, Kunzak nt. oJL. (196 ~) reported highor 
.nitag nlc ' ffici ncy in berley c.t low dosos .-rd it 
dccrnasnl f n the do a? Ancr eased. Tho reason for rooter 
n f lcL nry at low doses of mut- g 'no oonmod t<. be role tod 
to tr.r feet tout lethality, injury end sterility increased 
with do a a st a rrto foster then thn ocrurroncR cf rotations.

In tha pr**s°nt study, *M3 was found to be more 
•ff.ctlv, tnfn g*"-' m y *  In rro lucing chlorophyll rrutrtli n. 
With to .ffici'’ncy of th. irutrg»n. grnr.a rcy. h.d ■
high.r .ffiol-ney th«n fcM3 .. Ju.ig-d by th. m.gnitu*. of 
lethality, injury «n<1 atarllity c.ua.d by th. two -umg.n..
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SUMMARY

Studies ware undertaken on the biological 
effects of five doses of gamma rays (1 0 , 20, 30, 40 and 
50 kreda) and LM3 (0.3, 0.4, 0.5, 0.6 and 0.7 per cent) 
on SA-1 variety of red gram, in the M2 generation.
The five concentration of EKS included in the present 
investigation yielded comparatively few plants that 
reacned to maturity, resulting ir. the production of very 
ffev seeds for raising the M 2 generation. The highest dose 
of lMJ viz., 0.7 per cent proved to be lethal, since no 
Pi ant could produce soads for studying the lines 
repres nting this concentration. The effectiveness and 
efficiency of different doses of t b *  two rut:gens in 
in uciny chiorot hyll mutations including th ""ir fregu ncy, 
spectrum end segregation r« tio and also the differ nt types 
of viable r it tions were determined and the following
conclusions have b^en drown.

Tha pattern of change in the frequency of
chlorophyll irutotlona ..tlMtrt on H2 progeny row b..l. 
w d  Mj ...dling b«l«. 1" r.l.tlon to do... w.. found to b.
aiirilar for both « « * •  r-y. and M S .  In era. of both th.
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tagens, the frequency did not appear to exhibit any
dose relationship.

The spectrum of chlorophyll mutants obtained 
included xenthu, virl&is, chlorina, m«culeto# alboviridis 
and viridalba. The Ere uency of different types of 
chlorophyll nutcnta varied with diff r n t  do3eu of the 
mut_g2n v.ith no vi3ibl<3 dcse relationship.

GcjTiiTiCi rays induced n vider -pectrurr. of chlorophyll 
rrutvnts of six ty as v.hila produced only three types.

The s.-yr r> tios cf chlcrc_.hyll rrutc nts
'lid . „ w chcV/ •' rr dear- rln .-r/'cncr' either for gemne irradiation
or for -f'S tr '-•rit3 .

Tne f U f ? n q r of viable n.ut nto ejfirr t'd on 
ldG M rog «ny r w  basis incr> ased along v.ith the dose cf 
? a r , r,.y, up to « 0 kr. -Is "Ctor vhich it docrnn3,d. In the 
ca« 9 of * * - i . the frequencies did not show nny relationship

with dose.
Both g ram a r-ys nn-l i lia pro hiee-1 vlobls <™t. nts

in aro*th hohlt. leff site en'1 shops, involving changes in grc
 ̂ s-vsi. £rs induced changes in time of flowering 

In s<Witloh *° thl"'
and s««d colour.
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The mutagenic efffectiveness in inducing 
chlorophyll mutations was the highest at the lowest dose 
and lowest at the highest dose of both the mutagens, 
t* - re by showing an in v e r s e  r e la t io n s h ip  w ith  dose.

Mutagenic e f f i c i e n c y  o f  gamr.a ra y s  on th e  b a s is  

of l e t h a l i t y ,  i n j u r y  and s t e i l l i t y  was h ig h e s t  a t  th e  

lo w e s t  10 k ra d  dose and lo w e s t  a t  the h ig h e s t  50 k rad  dose, 

t h e r e b y  show ing  an in v e r s e  r e la t io n s h ip  w ith  dose. In  th e  

Cr 9 a o f  EMS, 0 .3  p e r c ° n t  v as th e  meat a£ r i c i : n t ,  the  

2 f  i c i e n c y  b e in g  d ec reased  c e r r -• s, cn l in g ly  along  ̂ i t h  tho

in c r e r  so in  th e  cone jp .t rc t lo n  o l tne n. i t :  g :-r. ’J k to

3 .5  p ~ r c e n t  o l  th e  n ’tag^n . l t : r  v.iiicn i t  suddenly in c r  • aed

Ea.3 p ro ve d  to  be r, o r :  e f f e c t i v e  than g. rrura ra y s

in  io Ju c im i c h lc r o ,  h y l 1 p u to t l  n3 . Huwovc-r. g . . r. ys

v , c r .  n o r  f g c t l v , .  tnon a 0 j u * g ^  by tho n u - g n ltu f

f  i o t n u U t y .  I n j u r y  -m  u f . r i l i t i  c . - u ^  by the two

rr.u t e  g *5 n •
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a b s t r a c t

studies reported herein were undert 
in the Department of Agricultural Botany, College of 
Horticulture, Vellanikkeru, during the period 1964-'e6.

Seeds of the generation cf SA-1 variety of 
red grain (CuJ_enua ca j : n L.) which were initially subjected 
to induced mutagenesis using five doses of gemma rays 
(10, 20, 30, 40 and 50 kr' d) and five doses of EMS (0.3,
0.4, 0.5, 0.6 and 0.7 tm r  cunt) wore node use of to raise 
the generation and tlv-ir biological effects were studied.

It was observed that in the chlorophyll mutation 
fr-* uency sstiroted on M 2 orogeny rov basis and M 2 

ae^dlir.g basis, the p a t te rn  - f  change in the fre uancy in 
relation to dose was found to be the same not only for 
gewra ray* but also for EM3. In cose of both the rrutrgen. 
th. fre u*ncy not a p , to .Khiblt any rfo.e r.latlen.hlp

Th. spectrum of chlorophyll mutrnts obtained,
j i jt i m  .hi nrlnPi mecu 1 etn, elboviridii included x«ur.th«, viridLs, chlorine,

— _ » .„annv of the different type* of .nd elrldalbe. Th. fr»' u.ney or tn.



chlorophyll mutant* was found to very with the different 
doses of both the mute gens and did not show any dose 
relationship in majority of the cases. In general, gemma 
r<-,y3 induced a wider spectrum of chlorophyll rrutents with 
•lx types compered to EMS where only three types could 
be seen.

The segregation ratios of chlorophyll mutants 
did not show any dose dependence either for gemma 
irradiation or for LMS treatment.

Tne viable mutation fro uency was estimated on 
100 progeny row basis. Viable rrutants produced by grtnre 
ff,yg showed e dooo dependence upto 40 krads from where it 
decreased to 50 kr. ds. In tne ci-ae cf EM3, the fre uencios 
did not show any doso r°l- tionship.

The di 'fVr nt ty; es of viable muonta , ro uiced 
by irraUntlcn warn with raspoct to growth habit,
l.sf »1*« an-1 sn.-po. while tia lnflucaa changes in growth

,  n , v . r l r . o ,  lo o f  s i r *  f'h'1 shape an'l s .e d  habit, tiira of f If,waring,

colour.
I- .ffactlven.ss In in hieing chlorophyllThs mutaganic »ff»cavsi.

Hlnh .t th. low.st « h  of both th. mutrgan. BUtation. w.. high at tn. r



• 10 Xr^d of ganvna r■ ys and 0*3 per cent U U
treatment, thereby showing an inverse relationship vith 
dose.

Considering tho efficiency of ganrre r^ys and 
EM.3 on the basis of lethality, injury and sterility,
10 krad of genera royn end 0.3 per cent EK3 was four.'8 ts. 
tho moat efficient, showing that the efficiency vaa 
highest et the lo w e s t  lo ses  o f  both  tna  i .it y-r.s.

The n ra t'.gon ic  e f f e c t iv e n e s s  cf Zl-'.J vaa fc-sii 

be h ig h e r  then t h a t  o f  gemrre r -yo in  ■ ro  'u c in g  c ^ lc r c  ’ 

m u te t i '- n a . fa ith  res, n e t  of eft i c i c n c y  cr t  _ —  w

g fprr. n r'ys hi o highoi efficiency t.sn — *- ss 
by tho magnitude of 1 tnr*litj, injury _r i   -

by ti »o two ii u tt gona


