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INTRODUCTION

Phe successful exploitation of atomie radiations
and radio mimetic chemicals for induciné alterations in
the base sequence of DNA iz one of the most potent lines
of contemporary breeding research. The success of the
green revolution which is to a certain extent a product
of induced mutations has already proved thap these mutagens
~can be beneficially utilised for tailloring better varicties
of crop plants. Artificially induced variations have been
oxtensively studied and reported in almost all crop plants
especially seed propagated ones. The reports made so far
show that zll morphological and physioiogical characters
within the species boundary and even béyond this can be

induced by mutations,

It is well known that a crop plant can be improved in
productivity, resistance to various stresses and adaptation
to environment, when genetic variability for that particular
trait is available in the considered population or specles.
The process of breeding crop plants has been successful for
a long time because genetic variation already present in
the population has been used and subsequently further

genetic variation made available by crossing plants f£rom



different populations; varieties, species and genera.

In some cases however. furthar praogress through the
classical msthods of breeding becomss more and more
difficult. The possibility offered by mutagenic

agenks ip such situations is of considerable interast.
Larger genctic variation means the possibility of greatsr
responses to gelection and higher chances of improva-
ment. It has been demonstrated and clearly stated_by
many workers including Gregory (1956) and Pate and
Duncan (1963) that rediation is as efficient as hybridi-
sation in supplementing gesnetic variability for
salection. Now it is cloar that under certain situa-
tions induced mutations are the only solution for the

problems faced by the breeders.

study of mutagen sensitivity is a pre-reqguisite for
initiating practical mutatisnlbreeding programmnes in
any crop plant, as thers ls a positive correlation between
sensitivity and yield of positive variants, The sensiti-
vity of seeds to mutagenic treatment is dependent on
various factors including genotype, type of mutagen, the
doses employed and many other mbdifying fzgtors. The
response of <¢ells of highsr plants to physiéal and chemie

cal mutagens is influesnced to varying degrees by numerous



blological, environmental and chemlcal factors as
reported by Kemra and Brunner (197Q}. They further
added that these factors modify the cffectivencss and
efficiency of mutagens in higher plants. <Though it is
not clearly understood why these foctors influence
mutations and chromosoms aberratione, it has bsen
clearly demcnstrated that many of these factors musi
be controlled in mutagen treatment iﬁ order to obtain

rallable, rapeatsble and usually optimum results.

“Chillies-the attractive red condiment, is now a
Lucrative comnercial crop in India. A native of Latin
America, chilli is now cultivated in all parts of the
country eithsr as a major crop oX in homesteads. Today
India is theo lergest producer and consumer of chillies
in the world prosucing about 5.24 lakh tonnes of dried
chillies rcaped f£rom nearly 8 lakh hectares. A majority
of the types groun in India are of medium pungencys. a
number of high yielding varieties have bsen evolved by many
resaearch stations in India. Unfortunately almost all the
varieties released and recommended for cultlvaetion either
for larger scale or for homesteads are highly susceptible
to leaf curl complex in all thae seazonge The lack of

genes responsible for resistance raactions gives a scdpe



for induced alterations in the existing genotype of this

particular c¢rop variety.

The present investigation was taken up as a pralie

minary trial in the broad area of ‘Induction of mutations

for leaf curl comples: resistance in chillies's The

objectives of the present investigation are as followss

ie

2e

Je

bs

o study the effects of gamma rays and BMS In

relation to genic status in chillies.

to apsass the extent of damages created due to
the mutagens based on 1, injury, lethality,

sterility ond other morphological paramoterse.

to £ind ouvt the differentlal response of the
varieties o moQerats doges ©f 2S5 ond ganma

£aySe

go £ind out the madium gensitive varieties under
moderate doses of gamma rays and M5 for detailed
mutational analyals and

to gtudy &the genéral egEfact Of gamma rays on
induced variability in various polygenic traltas

in Mi genexation,
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REVIEW OF LITERATURE

The dlscovery of Muller in 1927 that X-zrays coul?
induce genetic changes in Drosophila marked the begluning
of the era of inducad mutagenesis. The utilisation of
radiation as a tool for inducing varliability in crop
plants was £irst reported by Stadler (1928). After his
publication numercus papscs appeared in the literature
describing the effects of ragiatlcn in plants. In recent
years radiations like Xerays, gamma rays and neutrons
are widely used for induction of mutations. Radlatlons
act at the chromozomal level, causing structural and "
numecical changes as well as spindle abnormalitles or at
the molecular level causing changes in the macrumoclecular

structure of DNA.

Soon after the discovery of the mutagenic effects
of radiation, search was made for cheﬁ;?als that would
produce cytogenetic changes. Auerbach%&gt}?) was the
f£irst to initlate work on chemical muﬁagens during World
War I, With this discovery, worksrs all over ths world
started surveying different chemicals for thelr mutagenic
activity. Awmong the numerous chemicals known, the alkyla-

ting agents have been found t0 be the mogt efficient in



inducing mutaﬁions in a wide range of organisms £rom
bacteria to mamnals (Auerbach. 1961}, Within this group
EMS appears to be more efficient in producing mutations
in several organisms including higher plants (Swami-
nathan gt al. 19262). The mutagenic efficiency of EMS

was demonstrated by Bhrenburg (1969).

tThe effect of elkylating agents and their mechanism
of action in the biological tast system have been ré&iBWed
by Ross (1962); Loveless (1966); Lawley (;973) and Sun
and Singer {(1975). High mutagenicity of BEMS in barley
has been dem:nstrated by Heslot et al. (2959) and it has
been corroborated by Gustafsson (1960) and others. Raoc
and Natarajan (1965) reported that compared to NiU §nd
MMS, EMS induced higher rates of chlorxophyll and viable
mutations in M, plant basis. The outstanding works of
Gustafeson (1963): Yamaguchl and Mlah (19264); Kawal and
Sato (1865); Konzak gt al. (1965); Gaul gt al. (1966);
Sato and Gaul (1967):; Siddiq et al. (1968); Soriano {1568);
Kawal (3969) and Mikaelson et als (1971) gave a clear
plcture of the research work carried out to study ths
effectivenens and efficiency of chemical mutagens in

various plant specles.



Physical snd chemical mutagens

Earlier it was hoped to £ind mutagens which parti-
cularly affect specific genes and change them in a
desired direction, then it wasrreportad-that ionizing
radiation acts more or less at random, the hope for
gene specificity was directed to chemical mutagens |
(Micke, 1970). These attempts assumed that particular
chemical reactions would take place betueen a mutagen
and a gene which would then result in a particular .
genetic change only if the right chemicél mutagen had
been applied. Experimental ovidences based on this
assumption were reported in micro~organisms anélieqiaﬁgd
by Ausrbach (1960) and Wegtergaard (1960). Howev'ez:.'
specific reactions can take place only with tha four
nuciear bases which are the building bricks of the
genes (Micke, 1970). There are also numerous roports
to support the fact that the spectrum of induced mutationé

and of recoverable mutants is not alike 1§ different

mutagens are applied (Wilam, 1966; Smith, 1961).

Nilan and Konzak (1961); Ehrénberg st al. (1961)
and Guatafsson (1963) reported that the spectrum of
chlorophyll deficient mutants may depend on the typa

of mutagens employed. The reason for such differencas



may lie only to a small extent in different mutations
induced iﬁ the chromogomas, Micke (1970) is of the
opinion that many of these differences are the rasult
of a different ratio between gene mutations, small
deficiencies and chromosomal aberrations. These reports
suggested that it is worthwhile using several mutagens
in mutation work as the chances of getting a particular
desirable mutant are then increased. As reported by
Nilan (1966); Lundguist gt gl. (1968) and Von Wettstein et gl.
(1968} the mutation rates of specific loci may also |
vary depending on the type of mutagens used in addition
L0 other modifying factors.

Kamra and Brunner (1970) reported that in sexually
propagated plantyg, seed treatment using chemical mutagens
has yiclded very high mutation frequencies and in most
Cases they are more efficient than ionlzing radiastions.
Studies on rice by Swaminathan (1971) using EMS, gamma
rays and fast neutrons have shown that EMS induces a
higher frequency of chlorophyll mutants comparéd to other
mutageng. Swaminathan et gi. (1962) from their studies
on chromosomal aberrations and chlorophyll mutation

(13
frequency in barley and wheat, have concluded that in



the evolution of gene placement along chromosomal

arms it is llkely that linkage Qroups in which genes
without need for recombinaticn are loéated near the
cantromeres would have had a selective advantags.

The location o0f genes relating to chlorophyll develop-
ment in the proximal segments of chrompsomas and the
high sugceptibility of such reglons to EMS action may
be perhaps the factors involved in the induction of

a large nunber O0f chlorophyll mutations in EMS treated

) material.” A dose«dgependont linear increase in frequency
of chlorophyll mutations in both physical and chemicel
mutagens have also besn reported by siddiq (1967);
s1ddigq and Swaminathan (1968)r Yamaguchi and Mizh (1964);
singh (1970) and Nair (1951). |

‘Matagen dependsnt effectiveness and efficiency
based on chlorophyll segregation in My has also been
reported by Kewal and Sato (1965); Sato (1966); Matsuo
and Yamaguchi {1967); EBhrenburg gt al. (1961); Nalr
(1981) etc. Swaminathan et al. (1970) showed that the
values for eSfectiveness in neutron treatment were 7=-10
times more than that of gamma ray and 2-3 times than
for BiS, from a comparison of the effact of differcent

mutagens on rice varieties.
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Genic constitution snd Radio sensitivity

Much eﬁidence exist that genetic differsnces even
though they are as small as single gene differences,
can induce significant changes in radiosensitivitye.
Gustafgeon (1944, 47, 1965); Gustafsson and Tedin
(1954); Nilan (1956):; Lamprscht (1956 and 1958);
Gelin gt al. (1958); smith (1961); Sparrow (1961);
Konzaek gt al. (1961a) and Sparrow et al. (1965)
clearxly reported that any change in genotypic levsl
can induce significant changes in radlosensitivity ‘
which influence not only the total rate but also the
spectrum 0f recoverable mutations. But a clear and
speclfic prediction on the influence Of a particular
genotype on the mutation spoctrum is not available an
reported by Mackey (1960a, b). Jagathesan and Swami
nathan (1961) and Swaminathan (1965) reported a differenw
tial effect of mutagen betwsen species of the sams ploidy
level and between varietdes within the same species in
various cropse. Enken (1966a and 1966b) concluded that
‘the closer the varietiss are in their genotypes,
greater is the similarity in thelr spectra and £raguency
of mutation. OGregory {(1960) stated that “the chief

limiting fagtor in mutation production and mutation
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recovary is the genic constitution of the experimantal
organism and not the type of mutagen used. Thus for
the plant breeder, a knowledge of what might be calied
mutant expectations in his material may be more important
than a resolution of the mechanism of mutational change

at the submicroscopic level®.

Reports on tha genotyplc level in rslation to radio-
sensitivity are innumerable in cereals but not attempted
herae. Comparizons among varleties of tomato (Blanchi gt al.
1963) barley (Mikaelson and Brunner, 19638) pea (Mukeeb
and iddiqui, 1373) showed variation 1n respect to -
radiation among different genotypss indicating the
influznece of genetic factors, on radlosensitivity. Gamma
irradiation of green gram varietles indicated variation
in the mutagenic sensitivity in the Mi genaration
(Ratnaswamy et als 1978). Krishnaswami and Rathnam
{1982) also reported differentlal sansitiviﬁy to EMS
exhibited by ten greengram culiivarse DLifforence 1in
radiogensitivity was also raported in cucurblts (Vishnodi
and Joshi, 1981) safflower (Mallikarjunaradhya and
Channabyregowda, 1981) and Tomats (CSeorgiov, 1966).

In sorghum differential sensitivity to radiations,

chemicals and combination treatment was reported by



Sree Ramulu (1970). Mutagen sénsitivity has been found
€0 be distinctly different in different races of rice
(Fujii, 1962; Kawaii, 1962y Joshua gt al, 1965).

As reviewed and raported bf Davidson (1960);
Konzak (1957); Konzak et ale. (1961a and b) and Nilan
(1956), the major factors that alter genotypic sensitie
vity to mutzgens include nuclear volums, water c¢ontent,
Xoygen pregsura, stage of development and hydrogen ion
concentration. Aas these studies are bayond the scope

of this investigation, detailed reviews are not included.

Hucagenic effects observable in the first generation

The three main effects of mutagens include physioc-
logical damage (primary injurxy), factor mutations (point
mutations or gene mutations) and chromosomal mutations
(Chromosomal aberraticns)e. The latter two are transe
ferred to the succeeding generations whereas the primarcy
injury 1s restricted to the M, generation. Plant injury
and lethality account for physiologilcal damage and 1t
Can be chromosomal or extra-chromosomal in origin. As
reported by Gaul (1970) mutegendc treatments with low
physiclogical aeffects and strong genetic éﬁfecte ara
desirable. |
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Gaul (1959) reported that for a given mutagenic
treatment there is correlation hetween H, saed%}ng
height and survival on one hand and Mz mutation frequency
on the other hand. Hence a quentitative determination
of Ml’anjury should bg a routine procedura id‘mutat;on

.

breeding experimants.

Gaul (1970) listed the following criteria to measure

plant injury in the Hl genaraticne.

1. Seedling height after a particular period of growth. -
2. Root length. l

3. Emergence under f£ield/laboratory conditions.

4, Survival under field/laboratory conditionss

5, Number of spilkes (inflorescence) per plant,

6. Number of seeds per spille.

7« Fruits and/or seeds par plant.

Gaul (1970) reported that with increasing dose the
values obtalned for each of these biological criteries
decrease. As reported by Sparrow (1961)and Gaul(1963,70)
the plant injury may vary depending on the ganotypa,
type of mutagen and doses employed and various other
modifying factors. Gaul (1959 and 63) reported a
correlation between seedling hsight and survival and
this correlation permits the prediction of the killing

rate produced by a definite dose.
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Cytologleal chénges are also met with as a result
of mutagenic treatments. A genaral survey of cellular
changes dus to mutagen treatment has baen presehted by
Sparrow (1961). Catcheside (1945); rarlington and
La Cour (1945): Evans (1962); Gustafsson and Von
Wettstaein (19258); Sparrow (1961) and Swanson (1957)
ravieved the t&pes of induced chromosomal mutatlonsy
their mitotic and melotic behaviour and genetic conse-
quencess Using Herays end thermal neutrons,

Caldecott et al. (1954) repafted that the frequencg Qf
chromosome aberrations is directly proporticnal to -
the doses. Gaul (1970) reported that the only typé:cf
chromosomal mutation that can be readily recognised

in most plants are translocationse.

It han been found in barley that the translocation
£requency determined by bqth mitosis‘and meiosis is
the samz and increases lineaxly wiﬁh radiation dose
(Gaul, 1963; Caldecott and smith, 1952; Caldecott gt al.
-1954) 23 reported by Gaul (1970) numsrous chservations
indicate different effects of radiations and chemicals
on the production of chromosoms mutaticns. He further

concluded that chemical mutagens induce more chromosomszl
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fragments and fewer chromosome racoitbinations on
comparison with ionlzing radlationse. Sato and Gaul
(1967) reported that EMS produces in barley sceds ét
least five times more fragments per bridge than |
X-rays; many f£ragments and bridges of chromatlid type
were found afiter EMS treatmant while they were scarcely

found after ¥ irradiation,

Ml sterility is the most easily discammnible effect
due to mutagen treatment. Sparrow (1961) reported that
mutageon induced reduction of reproductivs capacity can
be due to (i) savera stunting or growth inhibition
which prevents £lowering (2) flowers arc formed, but
lack the necessary reproductive structures (3) reproducs-
tive structures are prasent, but pollen is aborted
(4) fertilization ocecurs, but emnbroys are sborted
bofore maturity or (5) seeds f£orm, but fall to germinate
properly or éia after germination. Fost common is the

ogcurrence of non functional gametes. :

Gaul (1970) reported that the mubtagen induced
sterility may be caused by (1) chromosoms matation -
(2) factor mutation (3) cytoplasmic mubtations and |
{4) physiological cffects. Chromosone mtablions are

probably the major origin of all mutagen induced
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sterility. Muller (1966) concluded that the achieve=-
mente of increased mutation freguenciles is limited by
the increased sterility of the Ml plants and not by
the increased Ml lethality. Gaul and Mittelstenschedd
(1960) reported that in certain instances the radiation
induced M, sterllity is transferred into later genara-
tions. llost of the radiation induced sterility in M,
and further generations is probably haplontis according
-to Muntzing (1930) and BEMS induced sterllity appears

to have a diploatic nature (Sato and Gaul, 1967).

Induced mutakion in vagetable crops

In the. area of vegetable breecding, most 0f the work
was carried out in crops like Cucumber, Bhindi, Tomato
and Cnillies., Induced mutation work was carried out
by several workers in Cucumber, a comuonly cultivated
vagaetable. Campos and Walderice (1963) studied the

aeffect of ionizing radiations on gucumis sativus L

and Momordica charantia . Roy et ale. (1971) conducted
irradiation studies in Cucumis sacivus L. Whelen (1970)
noticed a reduction on seedling emergence in Gueumisg
gativus following gamma irradiation., Hag and Abidi

(1972) studied the effect of gamma irradiation upon
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emergencé. mortality and survival in Mi gansration of
Cucumis and noticed a decreasing trend with increasing
doses Reports omn induction of mutations in Bhindi are
algso pvallable. Patel (19§7) isolated dwarf mutants
and mutants with altered phyllotaxis in Okra using x=-
rays. Kuwada (1972) observed plants with increased
nunber of neodes and pods in the Xy generation and
obtained very promising lines in the x10 generation.
Wandpuri et al. (1970) observed increased varlation

in plant height, number of days taken for flowaring
and yleld in the Rl generation, after irradiations in
Okra using gamma Tayse They lzolated bushy type
mutants f£rom the above line. Yashivar (1975) obtained
some quantitative mutations in Okra after irradiation
studies. Rao and Raj (1976) studied the effects of

Y=paye and 60

Co=gamma rays on morphological chsracteri-
stics in Bhindi. Koshy and Abraham (1978) reported

the developmental and morphological abnommalities in

Okra following troatment with GOCc-gamma rayse Jahaﬁgir
and Chandrasekhar (1978) umdertook a study to observe
comparative mutagenic effects of gamna rays and dES in
Bhindi, In the family Solanacea® to which chilli belongs,
most of the work was done in tomatoﬁand ¢hilllis A good

ampunt of induced mutation work was undertaken by
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several workers in tomato. Mac Arthu}(1934) obtained
mutations in tomate using A-rays. Flowsr colour change
was noticed in a population raised from Xeray treatment
of tomato seeds by Young (1940). Lesley and Lesley
(1956) isolated many useful mutants in tomato atfter
treatments using Xerays and Yagyu and zorcis (1957)
studied the cytogenetic effects of X-rays and thermal
neutrona on dormant tomato seeds. Vaerkerk (1959)
isolated mutants after neutron irradiation in tomato.
Davies (1962) studied the genetic control of radio-
sensitivity in tomato using growth measurements and
other characters.. Nettencourt and Constant (1966)
made a comparative study of the effects of chronic
gamma irradiation in tomatos, Early maturing tomato
mutanté ware isolated by Brock (1966). Jain @t al. (1963)
analysed the mutationg induced in tomato by baase
specific chemicals. Boge and Malti (1973) studied the
cyﬁogenetic effects of pre and post irradiation treate
ments with Colchicine and diethyl sulphata in tomaﬁo
in M, generation and isolated verylinteresting £loral,
dwarf and sterile‘mutants. Dhesl and Nendpuri (1964)
studied the effects of irradlation on tomato. The

comparative mutagenic efficiency of radiations and EMS
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in Lycopersicon was studiéd by Majid (1975) . NHushikyan
(1976) conducted a study on the experimental use of
chemical and physical mutagens in tomato breeding.

Rao and Rao (1977) studied tho #hanomanon of gamma

ray induced meiotic stickiness in tomato,. Kaushik‘ana
Kalloo (1979) studied the variability as induced through
gamma rays and EMS in gome genotypes of tomato.
Raghuvanshi gt ale. (1979) worked.pn some useful induced

matations in tomato and chillie

Work on conventional breeding technique in chillies
are innumerable. But the more modern and advanced technl-
que cf mutation breeding has not recoeived much attention
in this crop when compared to crops like cereals and
legumas. Studies on the induction of mutations in
chilliss started even before the middle of the present
centuary. Raghavan and Venkitasubben (1970) studied
the gytology of some Xeray derivatives of Capsicum |
annuun Le Campos and Morgan (1960) studied the gesnetic
control of haploidy in C.frutescens following crosses
with X-rayed polieno'-Murthy et ale (1963) conducted
studies on colchicine induced auto tetraploid in G,

f 3
chilli. A study of the cytologlcal changes in Capsicum
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annuum under the influencs of chemical mutagens EI,
NMU, NB8U was conducted by Galukyan (1968). Mutant
lines of Capsicum wich high yiseld and good producti=-
vity in the first crop wara isclated by Videnin and
skripnikova (1970) Igbal (1969, 1970, 1972) studied
the extent of cellular damaga and responses of shoot
apices subseguent &0 radiation damage and effect on
survival, growth aad radio sensitivity of apical mori-
stems of Capsicum annuum. Sahib and Abraham (1970)
studied the blological effect of Xe-rays on Kl variety
of chillies and studied the morphological abnormali-
ties and chromosomal sberrations induced in M, e
Frequency of chlorophyll mutations in M, were alsc
.observad_by them. Zubrzjcki and Pahlen (1973) compared
the effects of EMS and X-rays in the induction of

mutations in Capsicum annuum, Bensal and Singh (1972)

studled a polypetalous mutant of NP 46 A, which

breeds true and which was induced by X-rays. Bensal
(1973) diescovered a mutation in C. gnnuum Var Np 46 A,
in which reproductive parts were transformed to vegeta=-
tive ones by treatment with EMS and NMU, Subash and
Nizam (1973) conducted a proliminary study on the
aefffect of x»réy irrasdiation on Capsicum annﬁum and
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observed that the period from germination to seed
production was reduced £rom 150 days in the control

£o 120-130 days in the irradiated material. The effect
of X-rays on the mltotic activity and frsgusncy of
structural rearrangements in the chromosomes in root
cells of the species Cspsicum annuum was studied by
Torzyen ot ale. (1974). The effectiveness of treating
pepper seeds with Nenitroso N-methyl urea was studied
by Gukasyan and Akopyan (1974). Subash and Hizam (1974,
75) ispolated multicarpellate mutants and aneupleoids
following treatments with Xerays, r-rays and neutrons
in the promising variety of Np~46 A. They discovered
that treatmeﬁt with EI, N-nitroso N-methyl urea and 4MS,
increased the variation in yield in three varieties.
Gukasfan and Tamanyan (1976) treated chilll seeds with
Henitroso N-methyl urea and reported that fregusncy

of aberrant cells increased in the year of treatmant
and several successive generations. Skripnikova (1976)
found that forms of intersst to the breeders often
appearad in treatwments with low doses 0f N-nitroso N-
methyl urea. Katiyar (1977, 78) has reported meiotic
abnormalities, pollen sterility and desynaptic behaviour
in M, and i, ganerations in chillies induced by r-rays.
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Khan et ale. (1979)studied the effect of gamma lrradize-
tion on the epildermis of chillies., Rso and Lakshmi
(1280) studied the maiotic abnormalities‘after ﬁutagen
traatment which was proportional to the dosage.
Ramalingam (76, 77, 80) conducted studies on inducéd
variation in chillies using physical and chemical
mutagens. He also lsolated two sterile mutants which
exhibited desynapsis, after treatments of seeds wigh
Ne-nitroso Nemethyl urea andlmﬁs. He also studied the
frequency and spectrum of induced mutation in chillies.
Indira and Abraham (1977, 30)conducted induced mutation
studies on a purple flowered and purple fruite@ varlety
of Capslcum annuum L. Subash and Nigam (1977) also
studied the melotic anemalities induced by Xerays in
chillies. Khuspe and Ugale (1977) conducted a study

on the growth and f£ruit development in Caésicé% annuum
after treatment with §0C0-gemma rays and LMS. SOnéne et al.
(1978) conducted cytological studles in natural triploid
plant in chilli. Cytogemetical studies in the genus
Capsicum has been conducted by Sahrigy and Seehy (1978).
Thombre and Mshetre (1979) conducted cytolagical study
in a haploid of red pepper. Murthl and Lakshmd (1980)
conducted cytomorphologlcal studies in spontanecus partial
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desynaptic mutants in chilli., Patel and Mesharam (1981)
studied induced qualitative variation in economic

characters by chemical mutagens in red pepper and found

that variation in seven characters were increased in

the M, following treatment with EMS and dMS. Sadanandam et al.
(1981) isolated a desynaptic mutant in Capsicum induced

by tha EMS which was phenotyplcally normal but completely

sterl ls »

Induced mutations and polygenle characters:

Almost all economically important characters in
plants are knowm to be governed by polygenes. The axpression
'MICRO-MUTATION' i3 used to mean mutations in polygenes
govarning cuantitative characters leading to small changes
in phenotypes. The aignificance of mutations with small
effects in evolution, varietal differentiaticn and -
speciation has long been emphasized by students of plant
and animal breeding, evolution and genetics. Bast (1935)
has pointed out that the deviatlions forming the fundae
mental materials of evolution are the small variations
mentioned by Darwin. Baur (1224) in his paper on the
maans, origin and inheritance of raclal differences in

Antirrhinum introducad the term "Klein-mutationen™ which
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Gregory (1969) Anterpretsd as synonymous with micro-
mutcations. But tha £irst convincing report that physical
mutagens like Xe rays ¢an induce new genetlc variability
in quantitattfa traits was presented by Bugzatl Traverso
(1985) in brosophila. The possible role of small mutations

in plant breeding becams apparsnt scon.

Gregory's work on Arachis hypogaea (1955, 1956 a,b,

1987, 1961) has clearly shown that ®samples of irradiated
populations which include only the normal types of lntra-
varietal varlation showed significantly greater multi-
factorial variability in yleld than untreated populations®,
He found that selection was successful in leading to 1ines
with batter production. Experiments of Humphery (1954)

and Rawlings gt al. (1958) on induced mutations in soyabsan
clearly stwwed that the estimates of genetic varlations
for vield, plant helght, maturity time and seed siza on
the average vwere f£ive timas as large as those of the

controls, giving a better chance for selection.

Scosairoll (1966 a) raported that it would be normal
to observe soma decrsase in mean valuaes or quantitative
traits measured in the nommal looking plants as compared
with controi since the majority of the small nutations

induced would be detrimsntals &s a general rule, induced
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mutatlons can be successfully used to ¢reate any sort

of useful) variations in guantitatively inherited charae-
cters. The classical works of Brock (1957) and Gregory
{1968) on improvement on yleld and Gustafsson (1965) on
adaptabiiity. Brock (1970) on maturity time and
sigurbjornsson znd Micke (1969) on numarous;other traits‘
provide example to this.

The increased variehility in mutagen treated
population is found to be largely dus to increase in
genetic components as reportsd by Brock st al. (1972)

' and Gaul gt gl. (1972) and Scossiroll gt al. (1966).
X-ray and Neutron treatments on soyabeans by Humphrsy
(1954) » and Rawlings et al. (1958) resulted in an increase
in genetic varlabllity for yield, plaunt height, maturity
and geed size, oil and protein content. Borojevic and
Borojevic (1963) reported that genetic variability for
several quantitative characters increased in irrzdiated
pﬁpulation of Triticum sesgtiwvum. Improved yleld due to
selections in irradiated populations have been reported
in Barley by Gaul (1961, 65) and in durum wheat by
Bogyo gt al. (1969).
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. Revlews ¢n induced micro-mutations by Gaul (1965)
and the esxperiments on selection performed on irradiated
populatlions by Oka gt al. (1958); Borojevic (19685);

Brock and Latter (1961); Goud (1967) and Scossiroll (1365,
1966 a b) gave a clear plcture of the role and ilmportance
of induced matationg 1n different crop plants f£rom a

plant breeding peolnt of viet.



MATERIALS AND METHODS



MATERIALS AND METHODS

Selection Qf sced material

Twenty varieties of chillies (Capsicum annuum L)

were tested for the present investigation. The details
are given in Tgble 1. The direct efiect of the mutagens,
60Co-gamma rays and Bthyl Methane Sulphonate (EMS) on

these genotypes was assessed in the M, generation with

1
respect to various growth motrics, Genetlcally pure,
well developed sceeds obtalned f£rom Eullyﬂripened fruits
of healthy plants, were used for the study. Uniformly
éried. healthy secds having sams size and coloufd, were
selected for mutagenic treatment. A3 the germination
percantage for three entries were very poor, data ffom
seventaen varieties were collected and are included in
this report. Gamma ray o=xposed seeds of the varleties,

Pant C, and Black Suryamukhi along with the control,

1
ware carried forward to the second generation to assess
the extent of induced variabllity for various polygenic

traits.
Gamna irradiation 2

Two hundred seeds of each variety were exposed to

20 and 3C KR gamna rays, using a 6oco~gamma shine unit



Table 1.
sensitivity

Hoe Name of variety
1 [ CA-SZ

2q C#=99

3. Vellanochl

4 Pant cl

5a Ké

(Y5 64

7 CA=47

8e CA~48

Se 8lack Suryamukhi
10, |hite Kantari
11. Blue pendent
12, Kanktari

13. CA=30

14 a CA.BS )

15 - CA“"ﬁg

16. Ch~94¢

17 » CA-E.SI

18, CaA=~152

19. Ch=154

20, Cii=150
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Daetalls of varieties tested for Mutagen

Source
College of Horticulture .-
Vellanikkara.
wlGm
Local

College of Agriculture,
Vellayand.

0=

i

~d0-
Collaege of Horticﬁlture.‘
Vellanikkara

(0=
College of Agriculture,
Vel 1ayani .

0w .

=30~

200w

College of Horticulture,
Vellanikkara.

«dQw
O
0=
1O
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installed at the Department of Botany, University of
Kerala, Kariavottom, Trivandrum. The dose rate employed
being 30 kR/hr. The irradiated seeds ware sown in pots

on the following day of treatment.

EMS treoatment

- EMS solutions of 0.5 and 1.0 per cent concentratlons
‘were prepared in glass distilled water immedlately before
use and aﬂjusﬁed to neutral pH using phosphate buffer.

Two hundred seaeds of sach varlety were used for thé treat-
ment. Seeds pre-soaked in distilled water for twelva hours
were treated with the above two concentratlons of Emé.
Before tresatmsnt, special care was taken to remove the
superficial water on the seeds by gently pressing pre=-
soaked seeds within the folds of a b;otting papers

The pre-soaked seaads were immersed in the mutagen
solution for four hours withlintermittent shaking. To
facilitatg uniform absorption of the mutagen by the seeds,
20 ml of the solution was uwsed, approximatsly ten times the
volume of the seed. The solution was maintained at room

temperature throughout the perlod of treatment.

After treatment, the seeds wers washed thoroughly in

distilled water and kept in running water f£or two hours.
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Planting technigue

The two sets of gamma-ray treated and control seeds
soaked for twelve hours, and the EMS treated seeds were
sown in pots in 2 roplications of 100 seads each. As far
as possible, uniform potting mixture was £illed in all
the potss The pbtting mixture was prepared uwith cowdung,
riversand and soil. Seedlings randomly selected from
these pots were transplanted on to the main £i=1d on the
30th day of sowings. A spacing of 60 cms between rows and
30 cms between plants was given to the secdlings. Spacial
care was taksn to provide uniform £ield conditions for
thaese plants till harvest. The crop was maintained f£ollow=-
ing Package of practices recommended by the Kerala Adri—
cultural University. Fertilizer applications were ddne at
¢he rate of 75 kg, 40 kg and 20 kg of NPK per hectare.

Half the recommended Gose of W and K and full dose of P

was glven at the time of transplanting, Further fertilizer
application with N and K7 (375 kg N, 10 kg K) was made one
month after transplanting. This moderate spacing and ferti-
lizer status was given to check excessive growth. All the
£ield aexperiments in this study relating to M, and M, wera
conducted in the eﬁperimsntal area attached to the Depart-

ment of Agricultural Botany, College of Agriculture, Vellayani.
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Direct effect of the mutagens on_the Ml generation

The effect of gamma rays and ENMS on the various geno=-
types wera studied with respect to different growth metrics.
It included

1, Gaermination percentaga.
2. Days taken to complete germination.
3. Seedling survival on the 30th daye.

4. Humber of leaves, shoot and root length on the
30th day.

5. Plant height at 15 days interval.

6. Number of branches per plant, 45, 60 and 75 days
after transplanting

7« Days taken to £irst £lower openinge.
B. Days taken to harvest ifrom date ¢f sowing.
9. Pollen sterility, and

10. The number ¢of f£ruits per plant.

Germlnation

Germlnation counts in the different treathents were
taken from ths seventh day of sowing. Total germinatilon
percentage was estimated from the values taken on the day
aftar which no further germination was observed. The numnber

0f seeds germinated were expressad as percantage values,.
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Survival of saeedlings

survival of seedlings was determined on the 30th day
after sowiné. The number of ssedlings survived per treate-

ment was countad and expressed as percentage values.

Seadling height

The height of seedlings, 20 days after sowing and at
transplanting (30 days after sowing) were measured. Measure-
ments were taken in cms from the soil level to the tip of
the shoot. Ten plants selected randamly per replication
in each treatmont were measured and the average for each

dose was calcnlated.

Rumber of leaves, root length and shoot length

. Observations were taken from a sample of plants
randomly seiacte& £rom each treatment including control,
Total number of leaves per seedling were counted and the
average taken. The root length and shoot length were
measured, as the distance f£rom the demarkating point betwsen

the root and shoot o the tip of root and shoot respesctively.

Plant height
Plant height was determined at § stages 6£ growth at

an interval of 15 days nawmely 30th, 45th, 60th, 75th and
90th days after transplanting.
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Humber of branches

Number of branches produced per plant was alsc
studied at three stages of plant growth ie. 45th, GOth
and 75th day after transplanting. Primary, secondary
and tertiary branches were counted and added together.

Days to flowsrin

The number of days taken for f£lowering was calculated
from the date of sowing to the date of f£irst flower opening

on ecach plant,

vollen sterility

Pollen sterility analysis was done using acetocarmine
staining technique. Pollen grains collected from £lowers
at the time of anthesis, stained in acetocarmine-glyéerine
stain and studied. A minimum of ten microscopic fields
were observed from each slide and three slides per treate
ment per replication was studied. Pollen grains of uniform
size and shape and. avenly stained were considered as
fertile while the pollen which were not stalned and of
unegqual size and shrivelled wera counted as sterile,
Pollen sterility was calculated as the number of sterile
éollen divided by the total number of pollen (sterile

and fertile) and expressed in percentages
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Days_to maturity
The date at which tho first mature frult was

harvested was recorded for each treatment and the duration
from date of sowing till date of f£irst harvesting

calculated,

Number of fruits per plant

Data on the mean number of frults produced per plant

was studied in the M1 gencration. The total number of

£ruits preduced per plént was taken and the mean ¢alculated.

Obsarvations in M, plants

The €lowers of ten selected M1 plunts from each treate
ment were selfed énd the seeds extracted from fully ripened
fruits., The seeds were uniformly dried and sown plant-wise
one month after extraction in pots with four replications.
one hundred seeds representing ten plants in each of the
treatments including control were sown in each replication.
on the 30th day a makimum.of £ifty seedlings per treatmen:
per replication wera transplanted in singles in main £ield
with a spacing of 60 x 30 cms in four replications. The
fertllizer dosc and mode of applications and crop manage-
ment wzre as recommended in package of practices.: Special
care was £aken to provide uniform f£ield conditions for the
entire crop ﬁi;l-harvest. The following observations ware

taken in Mg*
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Observations on guantitative characters in M, were
made following the sametcchnique as for Mi generation,
excluding the border plants and morphologically ebnormal
ones. In M2 generation f£ruit character observatiocns wpre

also taken following the technigues noted below.

Weight of fruits

Fruit weight was deteginined om £xesh ripe fruits
in the M2 generation. Ten randomly selocted frults per
treatment were weighed end the mean weight calculated in

gIis «

Length of frults

The lengtn of fruits'was maasured as the distapca
from the point of attachment to the tip. A sample of tan

fruits per treatment was measured and the mean calculated.

No. of sacds per irull

The seeds were extracted frow dry ripa fruits and
the pumbexr of seeds per Sruit counted.

Statistical analysis

Analysis of varlznce of tho data was cdone following
Figecher (1935). Percentagé valuca wers transformed by the
angular transformation as proposed by Sncdacor (1956).

There werc £ive tr@atments.’namely two doses each of gamina



i. Chlorogh&ll mutation f£requency:

The chlorophyll deficient mutants were screened out
on the 20th day of sowlng and their frequency calculated.
. Due to lack of different types of chlorophyll mutants, the

spectrum was not taken into consideration.
2. Viable mutations

Gamma ray treated and control plants were subjected
to periodical observaticns and the visual variants were

sceorced.

3. Quantitative mutations
| Detalled observations on quantitative traits like
1. Plant_height on 75th and 90th day of transplanting
2. Humber of branches/plant " B
3. Number of fruits/plant
4. Yeight of fruits ‘
5. Length of f£rults
6+ ¥Yield per plant
7. No.of seeds/fruit
8. Days taken for £lowering and

9, Days taken to harvesting were mads and data analysed.
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Observations on guentitative characters in M, wers
made following the sametechnique as £or M, generation,
excluding the border plants and morphologically abnormal
ones. In Ma generation frult character observations were

also taken following the techniques noted below.

Weight of fruits

Fruit welght was deterindnad irom fresh ripe fruits
in the M2 geaegatcion. Ten randomly selected fruits per
treatment were welghed and the msan waight calculated in

giS e

Length of frults

The length of fruits'was maapurad as the ﬁistaqce
from the point of attachment to tha tip. A sample of ten

fruits per treatment waz measured end the mean calculated.

No. of secds osr frult

The seeds were extracted £ronw dry ripa fruits and
the numbex of seeds per Sruit counted.

Statistical analysis

Analysis of variaznce of the data was done following
Fischer (1935). Percentagé valuss were transformed by the
angular transformation as proposed by Saedacor (1956).

There were five treatmegts.'namely two doses each of gamma
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rays and EMS and control, seventeen varieties and two
replications. The outline of the analysis of variance
table showing the source of variations and corresponding

T

degrees of freedom is given below:

source degrees of
f£reedom
Total C ‘169
Block . 1
" Tregtmant 4
Varieties _ 16
Interaction | 64
Erxor 84

The M, data for various guantitative characters
wefe analysed, using the analysis of variance table.‘In
this case only two varleties and two exposures of gamma
rays, along with ths control were consldereds. The outline

of the analysis of variance table iz as f£ollows:

source degreea of freedom
"Total 23
Block ' 3
_Variety 1
Treatment . 2
Interaction 2

Error 15
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RESULTS

. GERMINATION PERGENTAGE

The influence of varieties, mutagens and their
dosas on the germinaticn percentage of seecds is prescnted
in Table 2. The statistical analysis of the data showed
significant variation among varieties, mutagens and their
interactions. A variety dependent variation in garming= .
tion was noticed both in control and treated materials.
The germination pércenéage in control ranged from 24 to
72.5 in the varieties Via and vl4 xesDéctively. EMS
showed a drastic reduction in germination c¢ompared to
gamta ray exposures. In majority of cases higher doses
gave a greater reduction in germination compared to
lower doses. The maximum reduction in germination was
noted in i per cent concentration of EMS 1n\almost all
the varicties. In the varleties V

11
gamma ray had a stimulating effect on germination while

and sz exposures of

the germination was Vvery poor in the untreated seads. Gamma
ray exposed saeds showed a range in value of germination
percentage from 13s5 (V,3)€0 64.5(V,,) under 20 kR and

29,0 (Via) to 64.O(Vi4) under 30 kR exposures. Ths

range in value for germination percentage under ENMS treaf-
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Table 2., Germinatiocn percentage
Variet: Control Gamma_ravs BMS Ganeral
EAeH S0 RR 30 kR 0.5%  1.0% Moan
Vl 2645 29,0 2560 24.5 -18.5 2447
Vz 43.5 480 3460 23,5 18.5 33.5
Vé 39.5 3640 24,5 27.0 2340 30.0
Va 41.0 56,5 46,5 23.5k 3040 39,5
Vé 44.5 4045 4145 7.5 740 28.2
VE 33.5 35.0 36.0 11.5 13,0 25.8
Vﬁ 28,0 29.5 25.0 6.5 9.5 19.7
ve 52,0 51.5 5940 1545 12.5 38,1
Vé 68.0 _ 58,0 475 26,5 250 45,0
Vio 49,0 60.90 44.5 19.5 8.5 36.3
Vil 2545 37.0 29,5 2845 2545 48,67
ViB 24,0 13.5 29,0 940 9.0 16,9
Viq T265 64.5 64,0 5445 39.5 59.0
v15 62,5 55,5 48.0 2645 23.0 43.1
Viﬁ 56.5 52,5 5760 - 38.0 36,0 479
V17 3945 31.5 28,5 13,0 14.0 25.2
General
HMoan 46,38 44 .65 40.62 22.0 18.85
F valuss CD _values

Variety 44029 4.88

Troatment 194,78" 2,64

Interaction 5.41 10492

# Significant at 5% level of signlficance
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ments was G«5 (V,) to 54'5‘Vi4) in 0,5 per cent and
70 (Vs) to 39.5 (qu) in 1 per cent concentration.

DAYS TAKEN FOR MAXIMUM GERMINATION

Data regarding the effect of gamna rays and E!NS on
thé number of days taken to achieve maximum germination
is given in Table 3. Significant delay in germination
was seen in both the exposures of gamma‘rays and EMS comw
pared tq tha coﬁt:ol. Greater delay in germination was
shown by EMS compared to gamma rays. Delay in germinatlon
vas seen to ba dose depgndent. Higher the exposure;
greater was the delay in germination. In majority of the
varieties tested, delay in germination due to lower. concen-
tration of =MS was even greater than due to the higher

doge Oof gamma rayse.

When the number of days taken to complete germina-
tion in the control plants ranged from 10 to 16, it was
12 to 20 in 20 kR, 12 to 22 in 30 kR, 11 to 255 in 0.5
per cent and 12 to 2845 in 1 per cent EMS concentration.
The minimum nunber of déys taken for germination in both
gamma ray and EMS treatments were comparable. It was
observed that the maximum delay in germination for both
dosea of gamma rays wes shown by the same variety V,,.

while in the case of EMS, variety V,,. showed the maximum

10



Table 3. Days taken for maximum germination
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Gamma rays EMS General
Variety Control Maan
20 kR 30 kR 045% 1.0%
v, 11.0 11,5 1640  11.5 15¢5 13,1
v, 11.0 12,5 15,0 14,5 17.5  14.1
vy 11.0 1160  15.0  11.0 12.0 12,0
v, 12,5 12,0 15,0 1440 175  14.2
Vg 10,0 120 13,5 15,5 217.5 1345
Vg 1545 12,5 13,5 16.0 18,0 15,1
v 12,5 1440 15,0 16,0 17.5 15,0
vg 11.0 11,0 12,0 15,5 1745  13.4
Vg 10.5 12,0 13,0 1640 17.5  13.8
Voo . 1245 13,0 12,6 2545 25.5 1843
V., 16.0 17.5 165  16.0 19,0  17.0
vy, 15,5 20,0 22,0  17.0 25.0  21.3
Vs 1445 19.5 20,0  16.5 18.0 7,7
Vya 105 14¢5 1545 1740 1840 1541
Vs 13.0 14,5 15,5 16,5 17.5 - 15.4
Vi6 14,5 15,5  14.5  16.0 23.0 1647
Vi 13,0 14,0 19,0  16,5. 37,5 1640
gggﬁrﬁl 12,62  13.88 15.88 15,94 18.65
F value Ch value
Variety 20457 1442
Treatment 70 465" 0.78
Intaraction 4.83" 3418

* Significant at 5 per cenmt level of significanca.
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delay in germination for both the concentrations. A
dose~dependent variation was noted for almost all the
varietiess As the dose increased. the number of days
taken for germination also increased. It was noted
that in variety Vge both doses of gamma rays induced an
. early germination compared to the control. In the case

of Vizo 30 kR gave the maximum delay in germination.

SURVIVAL AT SEEDLING STAGE (30 days after sowing)

Effect of mutagens on the survival at seedling
stage 1s glven in Table 4. A general reduction in the
survival percentage was notliced in the treated population
comparad to the control. When the general mean in the
control showed a survival psrcentage of 35,53, it was
34,74 and 33.79 in gamma ray exXposures., and 18.26 and
16.11 in EMS treatment; which is almost half to that of
the control value., The maximum reduction was seen in the
case of 1 per cent EMS tréatment. The percentage of
lethality was more in EMS treatment than in gamma ray

exposures.

Tha survival percentage ranged £rom 18 to 69.5 in
control, 9.5 to 55.5 in 20 kR, 15 to 56.5 in 30 kR, 70to
4045 1in 045 per cent and 7.5 to 38,5 in 1 per cent EMS.
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Table 4+ Survival at seedling stage (30 days after sowing)

variety Control -S8E@a roys BlMS g:ggral
20 kR 30 kR 0.5% 1.0%
v, 18.5 20,0 2245 2065 1545 19.4
v, 3345 3640 30.5 1540 12.5 25,5
' 22,0 32,0 2140 31.0 15.0 2546
v, 17.5 34.0 33,5 14.5 21.0 2441
Vs 32.0 21,0°  33.0 7.0 745 20.1
Vg 31.5 2640 30.5 545 8.5 . 2044
Vg 18.5 23,0 17.5 5.5 940 14,7
(A 34,5 27.0 47.5 11.5 110 2643
Vg 5140 32,5 45.0 22,5 . 23,0 38.8
Vy0 35.0  4B¢5 - 2840 15.5 BeS 27.7
Vyq 25,0 41,0 25,5 25.0 2345 2640
V12 6090 -55 95 ‘ 5100 18u5 8.5 38.7
Vi3 18.0 3.5 1540 6o 7.5 11.3
Via 69.5 5345 5605 40.5 385 5147
Vys 5140 52,0 415 2040 19,5 36,8
16 49.0 41.5 5145 36,0 31,5 41,9
Vi, 3045 27.5 24,5 12,5 1345 2147
General 35 g3 34,74 33,79 18,26 16e11
I"Iea‘l L} » [ ] » [ ]
® valuz CD vaiua
Variety - 39.6" ‘ 4.75
Treatment =  111.94" 2,57
Interaction - 3.97* 10.6

» gignificant at 5% level of significance
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A sharp decline in the percentage of survivel was seen
in the EHMS treatments when compare@ to contrcl and gammé
ray trsatments in most of the varietias tested. In
varietles Vl‘ V4 énd V11 gemma ray exposures. induced a
greater survivel percentage than the controle.

HEIGHT OF SEEDLINGS (20 days after sowing)

Data regarding the height of seedlings 20 days after

sowiﬁg, is represented in Table 5. ‘fhe statistical analysis
showed a significant difference among varieties, treatments
andl theip interactions. The reduction in height was ‘more
in the case of gamma ray treatments than in EMS treatments,
though both treatments were significantly different £ rom
the control. The effect of both the doses of BMS on the
gseedling height was comparable: A dose dependence could be
noticed in that highex the dose iess was the height.‘
The higher dose of gamma rays induced a reduction almoat-
half to that of the control plants: Siffersnces in haight
waere also significant among the various vanieties tested.
Varlety V15 showed the maximum height at 20 days aftér

sowing (4.71 cm) followad closely by varlety V, (4.54 cm).

In control plants the height (in em) ranged £rom
2.25 to 7.0 while in 20 kil it was 1,75 to 643 and 1.35 to 5.4

in 30 kR. In ths case of BMS, it ranged £rom 2.1 o 5.1



Table 5. Height of seadlings (cm} (20 days after sowing)

Variétf Contrcl Camma_xgys : Gﬁgﬁﬁal
20 kR 30 kKR 0.5% 140%
v, 8475 3.5 3.0 5.0 645 4.58
v, 4250 3.25° 2.8 4.25 6405 4.21
vy 4425 2¢75 2.0 4.20 S5ed 3.82
V, 440 2.75 240 2,75 2.5 2480
Vg 5450 345 275 3,45 3.5 3.74
\A 5.75 2.5 240 S5e1 2455 3.58
v, 3.25 2.25 1.7 2.9 2,35 250
Vg 4.25 2.50 2,0 2.8 275 2,96
. Vg 2450 1675 1475 3445 2.40 2.37
Vig 2.50 175 1475 4.6 2.20 256
Vi 2.25 240 1.75 3.9 4.55 2.87
Via 4425 2.8 1,35 3425 2.55 2484
Vig 485 443 2435 2,1 2,20 3.12
Via 685 541 4,3 2.55 3420 4440
Vag 6.85 643 2455 3.9 1.95 4.71
Vie 7.0 345 5440 3.2 2,50 4.32
Vi7 642 Ba2 £.25 2,15 3,25 4.25
Genaral 4,74 3.28 2.66 3.53  3.31
P value D value
Variety - 25.44% 0.45
Treatment = 79.16: 0e24
Intecractlon - 10.44 1.0

* Significant at 5% level of significance
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in 0,5 per cent and 1.95 to 6.45 in 1 per cent concentra-
tione. The minimum height wag noticed in 30 kR treatment
in variety Viae In varigties vl.Ava. V3 and V,4 it was

observed that ENMS treatments increased the plant height.
HEIGHT OF SBEDLINGS ( 30 daye after sowing)

Table 6 represents the helght of seedlings on the
30th day of sowing. Thers was significant difference
among varieties, treatments and in their interactions.
The height was significantly reduced in the treatments
compared to controle. The reduction in height was fouﬁd
tb ba more in the case of gamma ray exXposures than EMS.
The lower doses of gamma rays induced a height comparable
to both the EMS treatm2nts. A dose dependence could. be
noticed in the casa of gémma ray exposuresy higher dose
of gamma rays reduced the height in almost all the varia- |
tias,.

The height in tha control plants ranged from 3 to
14 cm, while in 20 kR it was 2425 t0 11.95 cm and in 30 kR
1.75 to 11.6 cme In thé case of EMS treatmentg it ranged
£rom 2.8 to 9.35 cm in 0.5 per cont and 1.95 to 15.7 ¢m inl
1 per cent concentrations. The minimum height was comparaw-
ble in all the treatmenés. The minimum height in the

gamma ray treatments was observed in a variety which had a
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Table 6. Height of seedlings (cm) ( 30 days after sowlng)

* Significant at 5% level of significance

Variety : Control Gamma rays BMS g:g:ral
20 KR 30 KR 0.5%  1.0%
v, 4.5 3.85 2,75 9435 8.3 5475
v, 7.0 3,75  3.50 8.1 11.35 6.74
A 6635 4.0 3426 6.5 1041 6404
v, 3.75 3.0 2.75 ° 4.0 15.7 5484
A 9,25 3.5 3025 409 4.4 5.06
Ve 9,75 3.0 3.0 7.8 2,45 5,20
2 4,75 2,75 2.0 3.75 1.95 3.04
Vg 5,75 3.75 4.0 2,95 2,50 3459
A 625 2.5 2.75 640 3,95 4429
Vio 3,0 2,25 1.75 5.5 2,95 3,09
Vyy 3.0 2.5 2425 B47 12435  5.76
Vs 6.5 4,55 2,05 2.8 4.1 4400
V3 8.2 6.7 4e2 3415  2.45 4,94
Vya 13.8 10,9 9,05 3445  4.05 825
Vg 12.9 11,95 9.1 7.7 3.9 9,11
Vig 1440 1349 11.6 540 4.15 9,13
Vyq 13.35 11405 9.2 4435 4.8 8,65
Szggral 748 5020  4¢5 5,53 5,85
F.Vaiue . CD value
Variety - 21,437 1.22
Treatment -  27.437 0.66
Interaction - 10.32° 2,74
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very low helight in control plapts (3 cm) whereas in the
case of EMS treatments, the minimum height was observed
in plants with medium helight. In most of the varieties
gamna rays induced mores reduction in helght than ENMS
treatments. In some cases, it was seen that 1 per centﬁ
concentratlon of EMS induced a height much greater than
the control plants. The maximum height of seedlings

(157 cm) was noted in 1 per cent EMS treatment in variety

Vv, which had a very low height in the control (3.75 cm)e.

NUMBER OF LEAVES AT TRANSPLANTING (30 days after sowlng)

Table 7 represents the data regarding numbexr of
leaves per seedling at the time of traasplanting, aﬁ |
affected by gamma ray and EMS treatments. The treatments
differed significantly from the control, The farieties
showed a significant difference, as also tha interaciion
between varleties and treatments. The maximum reduction
in the number of leaves was noticed in the higher dose of
EMS, where the number of leaves was almost half of the
control plants. The effect of the lower dose of EMS was
comparable to the effact of both the doses of gamma rayse
Varlety VS showed the maximum number of leaves among ths
varieties tested while the minimum number of leaves was

noticed in the variety Viz.
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Table 7. No. of leaves at transplanting (30 days after

sowing)

. Gamma _rays EMS General
Veriaty Control .4 pp ° ag kR 0.5%  1.0%  Mean
Vl 9'5 900 8‘5 505 4.5 7.4
v, 11.5 7.0 7.0 10.5 9.0 9.0
V3 20,0 940 75 75 7.0 2,042
v, 7¢5 6o 640 840 7.0 69

V5 10.5 645 70 7.5 65 7.6 )
Ve 15.5 7.0 665 7¢5 4+5 802
V& 9,5 840 7.0 75 4.5 743
Va 11.5 10.0 845 745 5.5 8.6
Vg 1040 640 840 945 Be0 843
le' 7.5 565 = 5e0 7¢5  4e0 549
Vii 945 645 6.5 75 845 77
Vlz 8.0 5.5 405 6.5 4.0 5.7
Vi3 14.5 11.5 945 545 4.5 Qo1
V14 11.5 965 8.5 5-5 5.5 301
Vyg 9.5 940 765 7.0 7.0 840
Vs 10.5 10,5 9,0 7.0 540 Bed
Vg 10.5 Be5 7.5 7.0 640 7.9
Genaral ' :
Maazn 11.0 7.94 729 "7032 5.94
F valus Ch valua
Variety - 517 1.38
Trestment = 50,11 0.74
Interaction = 2476% 3.1

* Significant at 5% level of

éignificance
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The number of leaves in the contrul population
ranged £rom 7.5 to 20 whereas it was 5.5 to 11.5 in 20 kR,
445 %0 945 in 30 KR, 5.5 t0 1045 in 0.5 per cent and
4 to 9.0 in 1 per cent EMS éoncentration. In all the
varieties 1 per cant EMS treatnent showed the minimum
number of leaves. A dose dependent reduction in nuubsr
of leaves Was seen for both the mutagens. As the mutagen

dose increasad, the number of leaves werereduced.
ROOT LENGTH AT TRANSPLANTING (30 days aftar sowing)

Length of roots at the time of transplanting is
represented in Table 8. Statistical analysis of the data
showed significant variation among differxsnt varieties,
mutagens., and in their interactions. Tha reduction in
root length. was more undef EMS treatments than tne gamma

ray expésuﬁes, then EMS induced about 50 per cent‘reduction
in root leagth compared to control, gamma rays gave only
about twenty f£five per cent reduction. Reduction in length
was dependent on the dose of the mutagens. Higher the
dosa, greater was the reduction in root length. The maximum
redvction in length was noted under 1 per cent concentra-

tibn of EMS in all the varieties tested.
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Table 8. RoOt length of seadlings at transplanting
(30 days after sowing)

Gamma_rays EMS General
20 k R 30 kR 045% 1.0% Mean

Variety <Control

12,70 7.75 6.70 4635 4.10 7412

Vi
v, 94,65 6440 7415 4.45 4.90 6449
A 11,25 8.25 775 3.65 3.30 6484
v, 7.50 5,75 6450 5.15 4420 5482
v, 9.50 5475 7.00 5090 4,25 6448
Ve 12,25 5,70 3.55 4.40 3.30 5484
' 12,50 6440 6,00 3.60 3.30 6436
Vg 12.25 6,10 660 4.40 3.20 6e51
Vg 9,25 5,60 5,00 5445 5460 6,18
Vio Be35 5425 470  11.70 4495 6499
Vie 6.00 6,20 5.20 4.85 3,05 5.06
Vig 9.90 10450 9.70 10,90  3.95 8499
Vi3 15,40 12,15 11445 6430 4455 = 9497
Vig 12,15 9,90 9425 545 4,75  8.81
Vig 13.25 10445 - 9455 4.15 4.30 8434
Vig  12.30 10.85 10.50 5,00 4.25 8458
Viq 10.05  8.20 8415 520 3.85 7409
General
Mean 10.84 7.72 7+34 5.59 4,10
. F wvalus CD value
Variety - 7462% 1.32
Treatment e 98,87 0,72

Interaction - 286" 2,98

* gignificant at 5% lavel of significance
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The length of roots.in controld pOpulatioﬁ ranged
from 6 to 13.25 cm while it was 5.25 to 12,15 cm under
20 KR, 3¢5 to 11.45 cm under 30 kR, 3.6 to 11.7 cm in
0«5 per cent and 3.05 to 5.6 cm in one per cent EMS.
A dose dependent variation on varleties was noted in
general. The maximum reduction in root length was shown
by the higher dose of EMS for the variety V,,» which
also had the shortest root length in the untreated condie
tion. The minimum values noted under 20 kR, 30 KR and
0.3 per cent LEMS were in varieties having a bigher root
1ength‘1n'cont;ol plants. In the case of both exposures
of gamma 'rays, the minimum reduction was noted in the
game variety. The maximum reduction in root length was
noted undar 1 per cent EMS (3.05 cm) in Vil’ £followed
by 0,5 per cent EMS (3.6 cm) in V,, The maximum reduction
in value under 30 kR gamma rays was comparable to thét of
the lower coacentration of EnMi. I was interesting to
note that variety V12 gave a higher leggth of reoots in
lower doses Of both the mutaéans when compared with the

controle.
SHOOT LENGTH AT TRANSPLAGTING (30 days after sowing)

Data regarding-the shoot length of seedlings at. the
time of transplanting ls givan in Table 2, Statistical

analysis of ths data showed signilficant variation among



' Table 9. Shoot length at

transplanting

03

( 30 days after sowing)
Gamma razg EMS General
variety Control 2
ariety toa 20 KR 30 kR 0.5% 1.0%  Mean
A 8415 5,65 5 o4 5.15 4,95 .5+86
v, 9,7 460 4.8 940 79 .7.08
‘A 12.75 645 6.4 549 4,35 7418
Vg 10,65 5.1 5.05 6.0 5415 6439
Ve 10.1 5,05 4435 649 5¢0 6,28
v, 6,95 6.4 3.8 5e3 342 5.13
Vg 10.9 6.15 5435 4.95 4e2 6.31
Vg 11.9 3.35 5.5 6435 60 6462
VlO 4.5 2.5 2.9 8.0 3.05 4.19
Vaq 5.5 349 4625 6485 6.3 5436
Vo 9425 5.6 2455 5.85 3.9 5443
Vi, 1445 10.55 60 5.7 4.9 8433
Vig 12,95  10.8 8475 6e7 5.5 8494
Vig 14,55 13.85 9.9 4495 5445 9,74
Vi 15,9 14.35 13.85 6.9 645 11,5
V17 12.1 1005 7.9 5-5 6‘85 8.57
General
Mean 10,41 700 5,95 6.33 5.31
F valus CD valus
Variety - 19.p4* 1.22
Troatment - 74.00" 0.66
Interaction=- 4.76* 2.72

* Significant at 5% level of significance



differsnt varieties, mutagens and interaction among
varieties and treatments. %The maximum reduction was
noted in 1 per cent EMS concentration £ollowed by 30 kR
gamma rayse The lower doses of both the mutagens induced
a comparable reduction in shoot length. In the higher
doses of mutagens the length of shoot was almost half

of the control, whereas in the lower doses lt was

reduced to about twenty five per cent of the controle.

Higher the dose of mutagen,less was the shoot lengtia

{

The shoot length (in cm) ranged from 4.5 to 1549 in
control, 25 to 14.35 in 20 kR, é.9 to 13.85 in 30 kR of
gamma rays,4.95 €0 9.0 1in 0.5 per cent, and 3.2 to 7.9 in
1 per cent EMS concentration. The minimum shoot lengﬁh
for gamma ray treatments (2.5, 2.92) was shown by variety
Vlou
was also noted in the variety with the maximum shoot

The maximum shoot length in the treated condition

length (Vls). In the case of EMS treatment; the minimum
shoot length was more than in case of gamma ray treatment,
but the minimum reduction in shoot length was legs than |
gamma ray exposures. ‘The minimum shoot length in EMS
treated population wags also noticed in a varisty with
comparatively short roots (6.95), as its controcle. In

4
length of shoot compared to the control,

two varietlies V, and Vll' BiES treatmants increased ths
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HEIGHT OF PLANTS (30 days after transplanting)

The height of plants at 30 days after transPianting
as affected by both the mutagens is glven in Table 10.
There was a significant variation among Varietieg, traat~
ments and in their intaeractions. The gamna ray trsatments
induced greater reduction in height compared to the control
plants. The least helght was seen in the case of higher

dose of gamma rayse.

In control plants, the height ranged from 8 to 31.25 cm,
while in 20 kR it was 5.8 to 22,5 cm and 4.7 to 20,5 ¢em
in 30 kR of gamma rays. In EMS treatments, it was 7.1 to
193 cm in 0.5 per cent and 6.95 to 17.75 ¢cm in 1 per cent
congcentraticns. In the case of both EMS treatments, the
maximun values in height have exceeded the values of the
respective control plants. In all four treatments the
minimum values were noticed in the variety Vio; which
had a helght of 11.5 cm in untreated condition. Both
gamma ray and EMS treatmants of the varlsty Vi induced a
height more than the control plants,

HEIGHT OF PLANTE (45 days after transplanting)

The height of plants as on 45 days aﬁter'tranSplant-
ing is given in Table 11. There was significant différenco
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Table 10. Height of plants at 30 days after transplanting

v, Ted 8.75 9,45 - 8435 7.4 8.37
v, 9495 8.0 6.7 7.05 16.35 9461
v, 1344 . 7.8 8.45  11.3 10.25 10.24
v, 9.15 9.0 7425 9.95  9.75 9402
Vg 13.65 6485 6095 19.3 7.9 10,93
Vg 840 13,4 503 10.9 1445  10.42
v, 13.4 5.8 645 15,75 13,75 11.03
Vg 12.8 7.1 7.0 8455 - 17.75 10.64
vy 8,55 7.6 11.1 1743 14.5 11.81
Vi 11.5 5.8 4.7 7ol - 6,95 7.21
Ve 12.0 6.4 8455 1640 9.75 10.54
Via 112.45 943 53 11,55 9.75 9467
Vi 19.45 1645 1643 11.4 10.4 14,81
Via 16.8 18.6 16.8 8.75 S.75 14.14
Vy5 22465 15.65 19.8 12,9 11.9 16.58
Yy 5 31.25 19.3 19465 11.75 8.9  18.17
Vg 25.3 22.5 20.5 13.7 12,55 18.91
General
Mean 14.57 11.0 10.6 11.89 11,3
¥ valug £h_value
Variety - 238.38* 0.626
Treatment - 170.82" 0.339
Interaction - : 69.92* ' 1.4

* Significant at 5% level of significance
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Table 11. Height of plants at 45 days after transplanting

EMS

Gamma rays Ganeral
Variety Control : Mean
20 kR 30 kR Qe5% 1.0%
vy 15.9 16415 17.15 18,2 12,9 16,06
v, 2644 i3.3 17.75 15.49 17.8 18,15
Vﬁ 22,25 15.05 18,65 17.15 15.75 = 17.77
V, 24450 21.5 14,9 11.9 10.05 16,57
Vé 23465 15,05 18,75 22.8 12.4 18,53
Vs 21.1 16,7 16.0 17.8 16.0 17.92
V7 21.4 13,9 16.2 13.7 10.9 15,32
Vg 24,35 18,35 16.4 12,7 21455 18,67
Vg 19,6 21,55 23.4 22.55 17,95 21.01
Vio 18.4 13,0 10.25 i3.1 13.25 13.6
Vas 19,65 17.0 19,0 22.25 14,9 18,56
v12 13.4 12,0 2.0 19.85 13.25 13.68
Vi 28,55 22,35 22.0 12.3 18,9 20,82
Vié 24,0 19,9 21,35 15.4 16.8 19.49
Vis 23.75 18.6 20,95 16.4 14,95 = 18.97
Vig 37.0 21.15 25,9 11.7 9,9 21.14
qu 293 25465 25.35 10.35 15.05 21.24
Mean 22,72 17.85 18.46 16,51 14,85
| E value 2_value
Variety - 4,22% 3,31
Traatment - 21.55" 1479
;nteract;on - 3.30* 7440

* Significant

at 0.5% level of significanca
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among varieties, treatments and interaction between
varieties and treatments. All the tresatments showed a
reduction in height compared to control. %The EMS treat-
ments induced more reduction in height than gamma rays.
The maxiﬁum reduction in height was seen in 1 per cent

EMS treatment (14.85 cm).

Ip the control population the height ranged £rom
13.4 to 37.9 cm, whereas it was 13 to 25.7 cm in 20 kR
and in 30 kR it was 9.0 to 25,9 cme In EMS treatment,
it ranged from 11.7 to 22.8 cm in 0,5 per cent and 9.9 to
21,55 cm in i per cent. Varisty V,. which showed the
maximum height for control and gamma Cay treatments, '
- showed the minimum helght for EMS treatments. The
minimum height in gamma ray exposures was observed ih
varieties V, and V,, with a minimum height in control.
In varliety Vé. all'tha treatmants gave a higher valua
than the control.

HEIGHT OF PLANTS.(GO days after transplanting)

Data regarding the height of plants,60 days after
transplanting is presented in Table 12. Statistical analysis
showed significant difference among varietles and treat-
mentse A reduction in height was noticed as a result of

mutagen treatment. EMS showed a more reduction in height.
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Table 12, Helght of plants at 60 days after transplanting

GCamma Eays EMS General

‘Yaristy Control

20 kR 30 kR 0.5%  1,0% ‘=3B
A 37.65- 1944 27.35 17.8 . 20.5 2465
v, 21.4 23.0 23.15 23.4 19.05 22.0
vy 28.75 2543 2443 18.65 1940 23.2
V, 30.5 30425 26,0 17.2 14,65 23,72
Vg 35425 21.9 31.5 23.8 17,15 26,92
Vg 35,1 22.6 32.5 22.25 19.25 27.34
v, 32.15 27.3 28,1 15,2 24,9 25,53 -
Vg 34,15 33.15 34.25 21.7 24.45 29.5¢
Vg 31.0 29.5 29,85 24,1 21.75 27.24
Vig 22.65 21,75 19,55 23.7 20,3 22,59
Vyy 32,6 31.0 31,0 20,85 20.25 27.94
V.o 16415 14.65 13.55 18.3 1644 15.31
Vi3 22,0 26.5 24,65 26425 21.9 24,24
Vig 29,1 - 23,5 26.95 21.7 17.3 23,71
Vs 24,95 231 25.45 17.9 16.6 21.6
Vig 40.75 22.8 29.0 177 10.4 24.13
V9 33.3 27.1 27.8 10,05 16.75 23.1
g;gg’al 30017 25,16  26.76 20,56  18.85
P valus Ch value

Varlety - 3.92% .49

Tmamﬂnt - 28 . 09 2 P 43

Interaction-- 1.40 10,03

* Significant at 5% level of significance
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As the dose increased, the reduction in helght was mores.

The mean height of plants yanged from 16,15 o
40,75 cm in the control, 14.65 to 33.15 cm in 20 kR,
13.55 £o 34.25 in 30 kR, 20.1 to 28.8 cm in 0.5 per cent
and 10.4 to 24.45 cm in 1.0 per cent EMS treatment.
Variety v16 which showsd the nmeximum helght in contrel

|
gave the minimun height in the 1 per cent BHE treatment.

HEIGHT OF PLARTS (7% daye afiter transplanting)

The heighﬁ of plauts 75 days efter transplanting
as aﬂfeénéd by both tha‘mutagans islpéasented in Table 13.
The statistical analysis of the data showed significant
dllfereices amony varietles, treatments and t¢heir inter-
achblons. In generel, @ redustion in heilght was noted
dus +0 mutagen troatment compared to tho control.
Thic reduction was more marked in EM3 treatment than in
gamma Tays. 7The maxinum reduction was seen in the case of
the higher concentration of EM5. The mean helight of plants
ranged £rom 2803 to 48.5 cm in control, 16.3 to 40.5 cm
in 20 kR, 2602 t0 4042 cm in 30 kR, 18,4 to 32 cm in
0e5 por cent and 15.1 t0 32.2 ¢m in 1 per cent LIMS
treatment. The moximum reduction in height in the

various treetments (15.1 cm) was seen in the higher dose
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Table 13. Height of plants at 75 days after transplanting

e

Camma rays - BMs General
Variety Control — 30 kK R 30 KR 0.5% 1.0%  Mean
v, 40.5 40.5 34.0 27.85  21.2  32.81
v, 44425  28.85  29.75 19.05  22.1  28.8
v, 32.25  25.85 32.15 21.8 21.8 26,78
v, 33.9 35.5 29.9 20.35  19.6  27.85
Vg 48,5 29,75 28,6 32,0  -20.75 31,92
Vg 46,5 33.25 40,1 29,0 . 21.25 34,02
Vo 34,9 35.15 35,15 20,8 30,25 31.25
Vg 44.25  38.2 35.5 18,35 2641  32.48
Vg 41,25  36.4 36.0 31.2 24,55 33,88
Vio 31.75  25.25 27.0 21,85  23.5 25,87
Vg 38.25  34.0 37.6 22,25 23,2  31.06
Vg be 27.1 26455 31,75 32,15 28,36
Vi 28.25  27.1 2646 25.9 21.95 25,96
Vs 31,10  16.25 26,15 23,25 20,15 25,38
Vig 40.5 23.35 28415 22,1 15,05 25,83
Vyq 35,5 28.0, 28,85 19.0 22.75  26.82
Genoral 37.24 - 30.91 31.38 24,16 2249
" P wvalue CD value

Variety 4.33% 4,23

‘Preatment 49,12 237

Interaction 1.9% . 9.46

% Significant at 5% level of significance
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of EMS in the varliety Vi6'

HEIGHT OF PLANTS, (90 days after ‘trénsPIanﬁmg)

Tabla 14 rapresents the data regarding height of
pléﬁte,go days after transplanting. Statistical analysis
of the data showed significant difference among treatments,
varlieties and in thelr interactionse. In general, a
reduction in height was seen in all thé treatments compared
to contrel. This reduction was mors in EMS treatments.
The effect of both doses of'gamma rays was on par, as
also the effect of both concentrations of EMS; but botﬁ
mutagen treatments significantly differed f£rom the
control and f£rom each other. The maximum reduction in
height was noticed in 1 per cent EMS treatmsnt in
general. The height ‘'ranged from 25 o 51.4 cm in
control, 23.6 to 42.3 cm in 20 kR, 26.4 to 42.9 cm in
30 kR, 21.8 to 39.1 cm in 0.5 per cent and 18,8 to 33.4 cm

in 1 per cent BMS concentratlons. The veriety V.. which

13
had 25 em as its control height,showed an increased
height in all the treatments; the EMS treatments giving

the maximum hoaight.

NUMBER OF BRANCIHES PER PLANT (45 days after trensplanting)

The mean number of branches per plant on the 45th

day of transplanting is given in Table 15. There was a
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Table 14. Halght of plants at 80 days after transplanting
Variety Control zoGigma ggvin G.SQMS 0% Gggggal
v, 42,75 43.0 39,0 28,85 22.9 35.3
v, 48,0 31.0 32.3 22,9 22.7 31.38
v, 34.5 28.6 38,9 24.85 23.95 30.16
A 38,5 36.0 36.85 23.45 24,9 31.94
A 50,85 33,0 37.25 36,75 22,7 36.11
\A 51.4 38,4 42,9 32,05 24.9 37.93
Vo, 3646 39.65 58,95 23,75 29,3 33.65
Vg 46,95 42.65 38,5 21.75 33.25 36.62
vy 44:75 39,15 40.0 39,1 26,95 37.99
Vg 35,1 30.25 30.S 24.8 25455 29,32
Vg 44.6 37.15 40.6 25,05 2B.1 35.10
Via 2540 30.1 28.25 32,9 33.35 29,92
Via 29,0 29,0 29465 28,75  23.9 28,06
Vig 32.5 27.4 26435 25,55 21.3 26.62
Vg 40.75 23.6 29.15 27.6 18,75 27.97
Viq 37.15  29.3 2940 2149 19.3 27.33
Genaral 39,9 33.64  34.91 27.5  25.11
? value CC value

Varlety C.49% 4.35

Treatment 47.81% 2,43

Interaction 1.94% 99,72

* Significant at 5% level of significance



PTable 15, Numbsr of branches per plant at 45th day
after transplanting

.

Variety Control Gamma rays  EMS Gzneral

20 kR 30 kR 0.5% 1.0% Mean
v, 445 4415 3.0 445 3.4 3.91
v, 7,95 5.35 2,40 6415 9e3 6023
v, 3.9 2,25 2.85 5.80 3405 3457
v, 565 4425 149 2470 2,75 3.42
Vg 4.5 2,5 2.0 5,90 2,45 3.47
v, 2.85 3.15 3.85 3.30 3.25 3.28
v, 5435 3025 2445 1415 3.4 3.12
Vg 4495 245 240 1425 3.9 2.92
Vg 3.00 2.15 3.3 3.20 4,25 - 3,18
Vi1 3.15 5.8 5¢75 6625 4,35  5.06
12 3.90 4415 3.0 4e5 1.7 3445
Vy3 4,85 545 4,75 3.75 4,55 4,68
Vig 6,00 5.65 5645 3.9 2.05 4461
Ve 7.15 5.5 | 5.6 4.2 5.1 5451
Vye 12.25 52 6.85 3,05 2,6 . 5499
Viq 7.50 7.85 7,65 2,75 440 5485
Ganel;e_xL Mman 546 de 29 3093 §_390 go 76
o F value CDh value

Variety 8,27 1.149

Treatment 9.36" 0.642

Interaction 3.18" 2.569

# Sicnificant at 5% level of significance.
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significant difference among varietlies, treatments
and interaction batween varlotles and treatments.

& dose dependent redugtlon in the numbér of branches
per plant was noted in all thes treatmants compazed to
control. As the dose level lncreaserd the numbsr Of
branches was réduced in rost of the varisties. The
maximum reduction in number of branches vas seen in

1 per cent RMS treatment.

The number of branchos ranged from 2.85 to'lz.zs
in control, 2.18 to 7.35 in 20 kR, 1.2 to 7.G5 in 30 kR,
1.15 to G.25 in 0.5 per cent and 1.7 to 2.3 in 1 per cent
BiMS. A raducéion in nunber of branches with increasa
in dose was se=n or both mutagens in most of the varioe-
ties., Gammna ray treatfent Of variety Vi7 did not reduce
the number of branchss, but EMS concentrations reduced

the numbor of branches to more than £ifty per cent of

16’
a mazimum value of 12.25 wiorcas the mutagen treoatments

control. In ths case of variaty V the control showed
significantly reduced the numbgor of branches. Vacleties
VG and V11 showed a higher number of brenches per plant

in all the four treatments compared to the contzol.
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NUMBER OF BRANCHES PER PLANT (60 days after transplanting)

Table 16 represents the data regarding the number
of branches per plant, 60 days after transplanting, as
affected by both the mutagens. Statistical analysis
showed significant differences amonyg varisties, treat-
mants and interaction betwesn them. There was a reduction
in the number of branches per plant due to the effect
of Aiffarent treatmentse EMS congentrations showed a
graater reduction in the number Of branches than the

ganma ray exposurag.

The values ranged £rom 3.8 to 15.3 in the control,
3.8 to 11.5 in the 20 kR, 4.5 to 104 in the 30 kR, 1.9 to
7 in G.5 per cent and 2.05‘to 8455 in 1 per cent EMS
treatments. Variety Vi7 gave a higher value in the gamma
ray treatments compared to thz control, whereas in the
EMS concentratlons it was reduced to half of that of the
controls Varletlies Vg, vlo and Vi showed more number

of branches in the trsatments compared to the control.
NUMBER OF BRANCHES PER PLANT (75 days after transplanting)

Data regarding the numbar of branches per plant,
75 days after transplanting, is given in Iable 17.

There was a significant dlfferonce among varieties,



Table 16. Number of branches per plant at 60th day after
trangplanting

__Gamma _rays . EMS General
Variety Control 5 kg 390 kR 0.5%  1.0% 1eam

vy "11.15 5,35 445 Gel5 4430 6429
v, 12.8 7455 9.1 8.15  8.00  8.32
A 646 6415 645 4,95  5.45  5.93
v, 7¢25  6a25° 447 3,95 5,25  5.48
Vg Be25 3475 5.0 5040  2.80 5,04
Vg 10,05 4045 4.2  7.10 8,55  7.01
\2 6.65  7.00 643 2490  4.05 5633
Vg 7415 6460 504 1,90 3.4 4.89
Vo 3,75 - 4,75 5.25 4445  7.25 5,09
Vi 4,05 6425 6025 5,00 5,25  5.36
Vyy 9.85  7:35  10.4 7¢75 5490 8425
Vip | 5,20 5465 5.35  8.70  2.05 5,39
Vi3 6465 9450 7.9 8455 8.4 8.2
Via 7020 5485 8465 3,75 3,05 5.7
Vs 11,30 6,00 10435  6.25  5.80  7.94
Vie 15425 6,65 7.00  4.45  4.25  7.52
V17 9.35 11,5 10015 4405 4425  7.86

General 8438 6,51 6492  5.26  5.18

Mean - ‘

_ F value Ch value
Variety 3,21" 2,05
Treatment 11.33" 1.11

Interaction 1.56" 4.58

* Significant at 5% level of significance
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Table 17. Numbeyr of branches per plant, 75 days after

- transplanting
- Gamma rays General
Variety Control 55 pp 30 kR 0.5%  1,0%  'ean
v, 11le4 9.0 55 8425 6415 8406
v, 14.6 925 9415 59 9,10 9.60
A 849 5.9 9.4 8.45 8430 8419
v, 7¢25 7425 5.8 Bel 6.05 6449
Vg 8,85 540 3.9 9.9 3,95 6432
Vg 11,5 5¢9 6485 9.1 7.05 ‘8,03
v, 645 7.0 8.85 4.4 5.05 G436
Vg 9,0 8.3 646 4,05 4e2 '6443
Vg 5,75 544 64 5,05 7.9 6410
Vio ' 5.5 6e75 640 6e9 725 6.48
Vi, 10,15 640 11,6 ‘8.4 B.65 8.96
V.5 9,5 1040 8.4 105 949 19,66
Vig 7465 6025 749 4.7 3.25 5495
Vg 11.7 7415 11425 7.0 6425 8,67
Vie 14,25 7.6 645 6425  3.55 7«63
Vyq 947  11.8 1143 Sel 5425 8463
General - _
F._value D value
Variety 2,82 1.897
Trzatmant 10.23* 1.06
2.00" 4.24

Intaraction

* significant at 5% level of significance
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treatments and interaction betwasn variatlgs and
treatmentse All ths treatments showed a marked reduction
in the number of branches pser plant, compared to the
control. The gamma ray esposuras were comparabls with
.eachh other as alsc tha BiS treatments, but they signi-
ficantly differed f£rom the control. The maximun reduction
in the number of branches was seasn in 1 per cent EMS

treatment (3.25),

The number of branches per plant ranged from
5.5 to 14.3 in the control, $ to 11,8 in 20 kR, 3.9 to
1146 in 30 kR, 4¢1 to 9.9 in 0«5 per cent and 3.3 o
9.1 in 1 per cent EME concentrations The variety Vi
and V, showed a higher value in the gsama ray treatments,
which was almost reduced to half in the EMS ﬁreatments;
The minimum numbar of hranchss was seen in the 1 per cent
EMS concentration in the variety Vi4(3‘25) which had a
few nuber of branches in the control. Variety le

showad an increase inm ths number of branches in all the

four treatments compared to the control.
NUMBER OF DAYS TAKEN FOR FPLOWERING

Dats ragarding the numwber of days regulred for
flowering as affected by the difforent treatments is

repregsented in Table 18, &An increase in the mean number



Table 18. Number of days taken for flowering

707°

Variety Control Gamma_rays ENS Geﬁgggl
20 kR 30 KR 0.5%  1.0%
Vl 80925 84050 8799 61025 _7359 77055
v, 75,60  76.00 82,75 73,05 62425 7395
Vs 82.0 85.60 80,55 65.35 71,75 77.05
v, 76.85  83.15 86.35 65.05 70.9 76 .46
Vs 84,20 83,0 89.25 69.3 70,5 80,25
V6 84.50 8407 87.15 72.9 93055 8_"0556
Vo 81420 88.05 89,80 73.05 73,8 81,18
Vg 80,20  B87.55 86,70 83.6 81,9 64.39
Vg 76. 20 780 i5 81 .85 6209 6605 67u 26
Vi, 81,20  91.90 83445 6546  67.75 77.98
Via 64435 7046 7046 72.35  71.7 69.92
Vig 64020 7243 75,0 7940  81.35 94,37
Vg 62.50 68,5 69445 82,0  83.85 73.26
Vig 67015 7140 7043 7449 78,1 72429
vy 63.85 68425 6949 82,7 .83.65 73,67
General 74.99 79,88 80.87 72,2 Téel
Mean
F valua CC valua
Variety - 9.91% 6433
Treatment = 27,04 2.11
Intaraction - 6.66* 7495

* Slgnilficant at 5% level of significance
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of days taken for flowering was seen in both doses of
gamma rayse The BMS treatments did not siiow any signie
ficant dlfference from the control. Among the ganma
ray treatments, 30 kR induced the maximum numbzsr Of

days to flowvering followed by 20 kR treatiment.

In thé centrol, the number‘bf days to Elowering
ranged £rom 62.5 to 84.5. In the gamma ray treatmontc
it venged f£rom 68.3 to 91.9 in 20 kR and 69.5 to 89.8 in
30 kR. In ths E5MS treatments, it renged from 61.3 to 81.6
in 0.5 per cent and 62,3 to 83.9 in 1 per cent concentra=-
tion. Generally in most vaciecles it was seen that gamma
ray treatment increased the days to flowering while the
EMS treatment raduced it. 7The meximum numnber of days €0
flowering was Induced by 20 XR treatment in the variety
Vi, and the minimum number of days by the 0.5 per cent
treagtment in ths variety Vlu

NUMBER OF DAYS ZTAXEN TO MATURITY

Total number of days taken %o maturity from the
date of sowing is given in Table 19, The varioties, treate
ments end ths interactions showed significant difference.
The number Of days to maturity significantly increased

in different treatments compered to controle An increase
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Table 19. HNumber of days taken to maturity
Variety Control Gamma rays EMS Gag:;:l
20 KR 30 kR 0.5% 1.0%
v& 115.5 122.5 135.5 133.5 134.8 128.36
v, 118.65 125.85 13045 134.4 134.72 128,83
vy 122.15 128.3 123415 12642 126.1  125.18
v, 1170 122.5 128425 125,65 127,25 124,13
Ve 124.0 128.75 133,5 114.55 123,05 124,77
Vg 134.0 131,3 130,05 106485 102.81 122.4
2 121.85 12340 123.4 108.,85° 110.5 117.52
Vg 119.15 123,0 126475 121.0 128,15 123.61
Vg 116.5 119,25 122.4 97.0 100,85 111.2
vy, 118,0 119,5 129,15 135.1 14040 128.35
Vg 107.15 114.75 113,85 108.15 106.95 110.17
Vig 114,75  112.85 116.5 127,05 133,3 120.89
Vg 107.0 104465 112.15 137.75 137,7 119.85
Vig 105,65 115.25 110,75 133.35 134,7 119.94
V4 115.0 118.25 137435 141.05 141.8 130,69
General ’
Mean 117.09  120.65 124.38 123,36 125,98
F valie CD value
Variety = 65436 2412
Treatment - 68455 1.22
. Interaction - 22.79" 4.73

* Significant at 5% level of signiflcance
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in the number Of days to maturity was seen with increase

in dose of both the mutagense.

in the untreated varleties the number of days to
maturity ranged from 105.7 to 134 days and in the various
tréatments, tha range was from 104.7 to 131.3 in 20 kR,
1108 to 137.4 in 30 kR, 97 to 141.05'in 0.5 per cent
and 100.9 to 141.8 in 1 per cent EMS concentration. The
maxlmum number of days to maturity in 30 kR gamﬁa rays
and the EMS treatments were exhibited by'tﬁa same
variety (V17) which took 115 days to ﬁatura iﬁ the
control population. In 20 kKR treatment, the maximum
value was shown by the varlety Vge which also had a very
high value in its control. EMS treatments of certaln
variaties gave a lower value then the control in the
nunber of days to matuxity, though generally an increase
in the‘number of days to maturity was noted for most of

the varieties with increase in doses.

POLLEN STERILITY PERCENTAGE

Induced pollen sterility due to the various treat-
ments is glven in Table 20. Statistical analysis of the
data showed signiflcant differences among varleties,
treatments and between the interactions of traatmen?s

and varieties. The pollen sterility increased with

A



Table 20. Pollen sterility pzrcentage

Varlety Control oo g;éma ;§V:R o.gzs 1.0% “oan
v, 13,905 29.06 30,37 26.675 304805 25,763
v, 13.685 23,015 42,115 20.025 204155 23.599
A 164795 23,945 23,075 164165 21.51 20298
v, 19,775 19.605 42,13  14.535 18,515  22.912
Vs 24,605 29.465 15,815 20.905 31.015  24.361
v, 19.685  27.9 31.4?5 13.575 29.96 24,509
v, 13.545 27,125 51,56 15.575 26.24  26.809
Vg 17.345 15.365 21.32 26,38  32.47 22,576
vy 20,495 18.425 87,70 23.225 40,095 27,988
Vyy 1847 20,555 50492 21.09° 15.66 25,385
Vi3 15.1 22.0 37.87 28,795 36.35  28.023
Vi, 94645 18493 204585 15.37 20,545 17.015
Vyg 21,045  26.26 25,895 35,81 34.295 28.661
Vig 15.08  21.53 33,875 37.155 23.275 26.193
v, 140405  23.025 43.02  42.705 28.36 30.303

General 16.921 22.9 33.845 23,866 27.283'
Mean
I value CD valus
Variety - 2.88" 5,692
Treatment =~ 28456 3428
Interaction - 2,817 12,728

* Significant at 5% level of

significance
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increase in dosess The sterility was maximum at 30 kR
gamma treatment followed by 1 per cent EMS treatment.
The lower dosesof both the mutagens had a comparable
effect,

In the control pdpulation sterility showed a
maximun of 24.61 per cent and a minimum of 9.65 per cent
whereas in the various treatments it ranged froh 15,31
to 29.45 per cent in 20 kR and 15.82 to 51,56 per cent
'in 30 kR gamma rays, 13.58 to 42.71 per cent in 0.5 per
cent EiS and 15.66 to 40.10 per cent in 1 per cent EMS.
The maximum pollen sterility was seeﬁ in 30 kR gammé
ray treatment of the variety V., which had a minimum
parceniage of sterility in the control condition. The
variety VS which showed the minimum pollen sterility in
the 30 kR treatment ,chowved the maximum pollen sterility
in the 20 kR and control treatmant.

HUMBER QOF FRUITS PER PLANT

Table 21 represents the data regarding the mean
number of frults per plant in the M, generation. Statise
tical analysls showed significant differences among
varliaties and treatmentss The number of fruits showed
significant reduction oﬁer‘control.: among the different

treatments, the maximum reduction was seen in 1 per cent



Table 21. Number of frults per plant

Variety Control ~Gamma _rays EMS Gemg::al
20 kR 30 KR 0.5% 1.0% . -
v, 47.05 42,95  30.5 11.0 1075 28,45
v, 89.35 65.1 205 12.0 . 11.25 40,28
Vs 36435 37.1 474 15.2 5 29,57
v, 25,5 39,0 33,5 21.9 20.5 28,08 -
Vs 29,9 2642 21.5 22,0 21.1 24.14
v, 64465 6340 5645 16¢5 15,75 . 43.28
v, 63,25 610 58.3 20.1 21.15 44.76
Vg 59.5 44 .25 33.65 1601 17,35 34,17
vy 4775 24.1 34475 18.6 17.75 28,59
vy, 89.25 77.0 64,0 22,25 2043 54456
V., 13,65 12.0 12,75 16.4 19455 14,87
Vi 21,65 12.0 13.65 15.0 11.55 14,77
Vs 27.oj 15,5 14.2 13,0 9.5 15,84
Vg 18.4 18.0 19415 . 743 6475 13,92
v 20.2 640 3.0 11,3 12.0 1045
17
gﬁgﬁrﬁl 43,56 36,21  30.89 15.9  14.68
F value Ch value
Variety - 7.25" 13,82
Treatment - 20.14" 7.98
Interaction = 1;37* 30.91

* Signdiicant at 5% level of significance
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EMS concentration and the minimum reduction in the
lover dose of gamma Fays. The ENMS treatments showed
mora reduction in number oif L£rults then in gamma ray
exposures. The number of fruits in the g treatments
wag reduced to half of the gamma ray treatment. In
both EMS angd gamma ray treatments a gradual decroase

in number of fruite per plant wiih increase in dose was
observed. then the number of fruits per plant in the
control ranged £rom 13,65 to 89433, 4t was 6 to 77 in
20 kR, 3 to 64 in 30 kR gamma rays, 7.3 to 22.25 in
0.5 per cent and 5 ©o 21.1 in 1 per cent EYS concentra=-
tion., An increase in number of £zuits wap seen with
increased dose of gamma rays in variety v, and V,, but
it can ba seen that BMS concentrations gave a significant

reduction compared to controle

M, Gensration

Masn height of plants

The mean height of plants in Mz_at 7% and 90 days
after transplanting 1is given in Table 22. Significant
difference in the mean height was noted bestween tha tuo

varieties, but there was no significant difference betweon
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treatmants. The maximum healght was seen in 30 KR dose
of gamma rays in ths two varieties, both at 7S‘days

and 90 days of transplanting. A reduction in haight

in 20 kR exposure could be noted comparsd to the control.
Variety,vz showed the maximum helght at 75 days in the
control plants followed by 30 kR and 20 kR, At 90 days
of transplanting, the second variety showed an insigni-~

£icant increase in value with increase in exposures.

Moan number of branches psr plsnt

The mean number of branches per plant in M, genara=
tion 1s given in Table 23. No Eignificant differences
in varieties or freatments could Ea seen at 75 days after
tranéplanting. At 90 days afiter transplanting,signifi-
cant differences were seen between varietles, treatments
" and their interactlons. At 75 days Of t&ansplanting in
both the varletles, 20 ki gave the minimum values compared
tc other treatments. At 90 dayg cf transplanting, ths
second varlety showed a higher number of branches per
plant than the f£irst variety. Comparison between treate
ments showaed that 30 kR treatment significantly increased
the numbar of branches per plant at 90 days aftar trans-
planting. This could be noticed in the case of both

varlaties,
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Table 22. Mean height of plants in M2 generation

7% days after planting 90 days after planting
Control 20 kR 30 kR Control 20 kR 30 kR
25.85 25,1 30,75 29,83 28,55 31.45
35.85 294,55 31.2 33.48 35.20 35,48
F value CD value F valus CDh value
Variety 14,41 2.77 13.53" 2,75
Treatment 3.34 3.396 0.771 3.37
Interaction 4,479 4.3804 0528 4.77|

Table 23. Msan number of branches per plant in M,

generation

75 days atter planting

90 days after planting

Control 20 kR 30 KR Control 20 KR 30 kR
12.20 11.05 1i.1 18,9 20,8 223 _
F valua CD value F wvalue CDh value
Variety 0.08 2,69 10.35, 2420
Treatment 1.43 24535 11-72* 2.696
Interaction 1.05 3,585 5,36 3.813

* gignificant at 5 per cent level
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Number of days to £lowering and harvest

Tha number of days to flowerlng and harvest iﬂ
the M, generation is given in Table 24. significant
differences between treatments were noticed, Tha varie-
ties did not differ significantly. Comparison batween
treatments showed that the duration to flowering and
harvest were reduced in the gamma ray traatments compared
to control. The maximum reducition in flowering and
harvast was seen in the 30 kR treatmenﬁ, in case of both
varieties. A& dose dependant dzcrease in numbar of days
to flowering and the number of days %o harvest were

noticed in Variety V2 and Vl raspectively.

Mean number and length of frults

The nunber and length of fruits per plant in ﬁz
gengration is given in Table 25. -analysis of data showed
a significant difference between varietias and inter-
action batween varleties and treatments in both the
number of £ruits per plant‘and length of £ruits., The
number of £ruits per plant was greater in the f£irst
" variety, which had shorter fruits than the second vﬁriety.
30 KR treatment o? éhe £irst variety gave the maximum
nunber of frults while in case of second variety, 20 kR

induced the maximum number of f£ruits, which was reduced
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Table 24. Maan number of days to floviering and harvest

in Hy generation
Days to f£lowaring Days to harvest
Control 20 kR 30 kR Control 20 kR 30 KR
Vi 69463 61.15 63.85 10685 104,15 103,73
Vé 68,20 G4.0 63.48 109.03 103.23 104.55
F value C value . F value CD value
variety De262 1.453 0210
Troatment 32.508% 1780 13,80
Interaction 3.521 24517 1.538
Table 25 Number and Length of f£rults per plant in
Mz goneration
Maan number of frults/plant Mean length of f£ruits
Control 20 KR 30 KR Control 20 kR 30 KR
v, 39,13 4045 59,82 3.8 540 4.9
V2 33,05 40,53 24,0 6o 6Ge3 5.7
B value* CD valus by valug CD value
Variety 1123 8.829 _ 82.52 0.377
Treatment 071, 10,5813 2095, 0.4862
Interaction .47 15,29 10,84 0.553

* significant at 5% level
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significantly in the 30 kR. The leangth of frult was
maximum in the 20 kR of the first variety while in the
second variety gamma ray exposures reduced the length

Of f£ruits.

'Mean fruit weight and number of seeds per fruit

Tha mean £ruit weight and number of seeds per frult
in M, generation is given in Table 36, Significant .
differences in the frult weight was noted batween varie-
ties. Ths second variet& had heavier fruits than the
£irst variety. In the case of £rist variety, the weight
increased with increase in dose of gamma rays, the maximum
waight bsing at 30 kh. In case of the second variety
a reduction in weight was noted in both treatments, the
minimum value being at 30 kRs The varieties, treétments
and their interaction showed significant differences in
the nuzbar of seeds per fruit. Variety V, had more
nurber 0f seeds per frult than variety Vi. An 1ncr9ane
in number of seeds per frult was seen in case of
both the varieties with increase in dose. Tﬁe maximum
number of seeds per ﬁruit was seen in 30 KR treatment
of both th=2 varieties,.
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Tabla 26. TFruit weight and number of seeds/
fruit in the M2 genaration

Mean weight of fruits - Noo.of seeds/fruit
 Control 20 kR 30 kR  Comtrol 20 k& 30 KR
Vl 00426 0.645 0.777 25.0 25.9 2902
v, 0s917  0.899  0.686 3143 35.6  46.18
P value CD valus ~ ° E _valus Ch_value
Variety 22.03" 04046 212.98"  4.764
Preatment 2436 0.119  52.69" 5,035
Intoraction  13.38" 04168 14.8¢8" 8.253

* Significant at 5% level
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PISCUSSION

Garminaticn:

buring the present investigatlon it hag been found
in almost all the variesties that tﬁe two exposurass Of
gamma rays an@ two concentrations of BMS significantly
reduced the percentage germination of secds. Reduction
in germination as a result of mutagen treatment, as was
noted in this partiéular crop variety was reported by
many scientists in various ¢rops including Gustafsson
and Gadd (1965) in Boa pratensis, Rangaswany (1369)
in sorghum, Roy et al. (1971) in Cucumis gativus, Bohera
and Patnaik (1979) in amaranthus, Hajid (1975) in
Lycopersicon etcs In both the mutagens alprogressivé
reduction in percentage of éermination was noticed with -
increase in dose level. Fujii and Motswmura (1958)
observad deckeasing‘geimination with increaeing éosages
of radiagtions in several crop planta. Ehaskafan (1989) .
found that the germinatlon parcentage docreased with
incrcase in the dose of ﬁ&ray in all the three spacies
of whegF studied by him. A proportionats reduction in
germination as was noticea in the présent investigation

wvas geported by Sree Ramulu (1970) with increase in dose
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of both physical and chemical mutagens in Sorghum.
Goud gt als. (1970) also reported a decreasing trend
with increase in dosage. Gregory (1955, 1968),

Bilgues and Martin (1961) and Giles and De Winck (1969)
also reported the same trend in Pealnut with raﬁia- ]

tion dosese

A drastie reduction in gormination in EMS treate

. ments compared to gamma rays Was noted in the présent
investigation. This is in line with the reports made

by Rao énd ayengar (1974), Ganeshan (1970), siddiq aﬁd
Swaminathan (1968); Yamogata et al. (1965) in rice that
chemical mutagens such as dES, EMS and NMU will drasti-
cally reduca germinatioﬁ OFf sacds. In Bajrs, Singh gt al.
(1978) reported that gamma rayo had little or no effect

on germination whercas EMS rasulted in drastle reduction,

A genotypic variation in the respongé of tha mutagen
as regards the percentage germingtion was noted both in
the case of gamma rays and &¥M5 in the present investiga-
tion. This to a certein extent, demcnstrates that the
germination test can ba adopted to assess the sensitivity
of different varieﬁies of chillies to varlous mutagens,

It has already been reported in variocues crops that
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genetic dlfferences, evan though thay are as small as
single gene differencas, can induce significant changes

in radio sensitivity, which influence not 6nly the total
rate but also the spectrum of recoverable mutations
(Gustafsson, 1944, 47 and 65; Gustafsson and Tadin, 19547
Nilan, 1956, Lamprecht, 1956 and 1958, Gelin gt al.1958,
cmith, 1961, Sparrow, 1961, Konzak et al. 1961a and
Sparrow gt al. 1965). Hackey (1960 a,b) cleerly demonstra=-
ted that although nobody 1s able to predict the influence
of a particular genotype on the mutation spectrum, the
choice of the parent material is certainly a most decilsive

part of any programme in mutation breedinge.

The influencs of mutagens in germination was attri-
buted by Skoog (1235) and sSmith and Kerstérn (1942) to
the destruction of Quxins, while Gordon and Webber (1955)
‘and Gorxdon (1957) suggaested that it would bs due to
inhibition of gynthesls of auxins. It is well recognised
that factors like temperature, water content, o:xygen
tansion, protecting substances in the seed atc. may affect
seed germinatlon and growth. Sydorenko (1962) based on
his studies on the germination of irradiated corn seeds
at higher doses of lonizing and UV radiation suggested

that the activities of catzlase, percxidase and isocitric
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dshydrogenase decreased in the irradiated material.
Brock (1965 b) after studying the response of Trifolium
subterranaum to A-rays and thermal neutrons attributed
reduction in germination to radiatlion induced gross
chronosomal breakage. Sinha and Godward (1972) observed
reduction in germinaticn in Lens gulinaris following
gamaa ray treatmang and attributed thoe reducticn to
disturbances caused at physiochemical level of the cells
oz acute chromosomal damage or both. @enkaﬁeswarlu_gg ale
(1978) noticed roduced germination in Pigeon pea, £ollowe
ing irradiation and suggested it to be dus to threshold
physiological effact of X-rays in the species. The
physiologiéal effect of mutsgens in iphibiting germinae
tion was also reported by Chathan and sinéh (1970) that
gamma rays cause disruption zné disorganise the tunical
layer and results in poor germination of exposed seeds,
A most striking effect is the impairment of mitosis and
virtual elimination of cell division in meplstematic
zone during germination of seeds as reported by Cherry
and Hageman (1961). -
Chemical mutagens are also known to cause reduction
in germination of seeds (Siddig and Swaminathan, 1968:
Chand;asekhar and Reddi, 1971:; Rao and Ayengar, 1964;
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Sree Ramulu, 1970). Several explanations are suggested

~ for the action of chemicals on seedse. Alkylating agents
are known to react with the genotic material DNA by
alkylating phosphats groups (Alexander‘and Stacey, 1957)«
Inhibition of germination with EMS treatment was
attributed by Freeze = Gertzen gt ale (1963) to the
formation of acids HPOF hydrolysis which in turn reduce

the pH of the medium, making it toxic.

Rate of germinatlon of geedss

The present study has shown that both gamma rays
and EMS induced delay in germination based on the g;no-
typos temsted,. The’maximum dalay in germination was shown
by BMS treatmsnt. Delay in germination as was noted in
’the present investigation have been reported by many
workers including Gregory (1955, 1968) in Pisum and
Favrat (1963) and Gaul (1967) in barley. The effect of
EM5 in delaying germination of seeds has been clearly
demonstrated by Van der Veen and Hildering (1965) in
tomato, Osone (1966) and Sree Ramulu (1970) in rice and
Chandrasekhar and Reddi (1971) in Soxghum,. This kind of
delay -in germination is seen to be attributed to physiolo-

gical damages due to both chromogomal and extra chromosomal
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origin. Scarascia (1956} after studying the effects of
radiation in four cultivars of N, tabacum attributed
the delay in germination to chromosoma aberratldong,
whoreas Gaul et al. (1966) after studying the effect
of EMS in barxley attributed the delay to be dus to the
physiological damages caused by alkylating agents ;nd
their hydrolytic products, DBianchi et al. (1963)
cbserved proportionate delay in seedling sprouting in
tomato varictles and guggested this as the first
identification of physiological damage.

sg;givéls

It has been noted in the present investigation
that in genexal, both the mutagens reduced the survival
of geedlings depending on the exposures tested. A
variety dependent varlatlon has also been noted within
the saine exposure of s particular mutagen. Reduction
in survival was more in EiS than ln gamma rayse. Rate of
survival is taken as a quantitative measure to assess
the effect of different mutagens and their doses. A
mutagen dbpendentIVariaﬁion in survival percentage as
was noted in the present investigation has been reported
by D' amato_et al, (1962) in wheat, Ionizing radiations

decrease the survival percentage much as reported by
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Tomohira gt ale (1964) in Capsicum and Datura, Matsumura
(1966)'a§d Chaudhary (1978) in wheat, Sahib and Abraham
(1972) in Capsicum, Venkateswaralu et al. (1978) in
Pigeon pea etc. Konzak eb gle. (1965) attributed the
decrease in survival percentage to the reduced cell
growth resulting f£rom cytological abnormalitles and also
dua to the decrease in the synthesis of auxing and other

physlologlcal changez.

Seedling chéﬂaGters:

A guick andéd simple mathod to determine the effect
of a mutagenic secd treatment is the study of seedling
characters, especially the measurement of scedling height
both zocot and shoots 1In the present investigation, length
of mot, shoeot and the numbar of leaves of saecdlings
ué;e observed te be reduced in the traeated population;
This is in line with the reports made by Vishinol and
Joghi (1981) in Cucurblts after treatlag the seeds with
Herayse 2inha aad Godward {1972) after studying the
affact of difforent doses of gamma irradiation in two
varieties of lentil reported that tha root appeared to
be more rzdiosensitive than the shoots The same trend

was noted in the present investigation also. Revell (1953),
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swaminathan et al. (1962) and Bﬁandar;‘and Hatarajan
(19566} gttributed the differential responsc of root

and shoot to their anatomical and physiclogicel diﬁéeren—
. ces, and ths differences batween thelr growth mechanlsms.
They Eurther stated that ths shoot g:owﬁh is mogtly due
to cell elongation, whercas the root growth is more .
Gependent on cell division. The differences between

- radiosensitivity of root and shoot has elgo been reported
by Dumanovic and Ehrenberg (1965) and Avanzi gg 2l. (1966},
Johnstone and Klebinger (1967} cbsexzved in Yuca brevifolla
after seed traoatment that rodots are mcéa radiozensitives
than shoots ané that the excassive growth inhibition of

root would limit the survival of the sposios.

Rate of growth in plants:

in the present investigatlion rate of growth was
datermined by qbservatioﬁ on plant height and braﬂching
ability at fortnightly intervalé. The obsérVatiung made
from 30th day of transplonting to crop maturity clearly
showad that the rate of growth was markedly reduced by
botir the mutagens. A variety dependent effect was also
noted in both the mutagens. COrowth reduction wes more

marked in EMS treatirents compared €5 gamma ravs,
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Numarous reports made clearly supports the results
obtained in the present investigation. Caldecott gt al.
(1952) observed a reduction in growth of barley seédw
lings followiné Xeirradiation of seeds. Konzak gg'gg.
(19G1a.b) also observed reduction in growth of saediings
in wheat with an increase in dose of fast neutrens, .
thermal neutrons and X-rayss. Woodstock and Justice
{1967) ofter studies in Zea mays, wheat, sorghum and

| radich raporied a-pro;;ortignal deqrazse in growth

rate donxending on the increase in c¥posure level of
gemna rays. The same resulis were reported by Roy et al.

{1971) in Cacumis sativus with X-irrzdiation and

Vankataswerlu at al. (1978} in pigeon pea after gamma
ray creatment. Reduction in growth rate as affected

by the difiagent dosces 0£ chemical mutagens were

reported by Scarascia gt ale. (1961), Xonzak gt al.(1961a, b)

and Rehman end zorlano (1973).

The explanations offered for the delay and reduction
in growth rate are manye. OSmith and Kersten (1942)
attributed the decrease in growth o0f seedlings £ollowing
X=-ray tréatment to the destruction cof awdins caused by

ionizing radiations. Sparrow gt ale. (1952) suggested
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that the abnormal cytological behaviour due to chromo-
somal damage and mitotic inhibition can be attributed

to reduced growth in mutagen treated materials. Pele

and iioward (1955) based on their studies on X=rayed
seceds suggosted that the possible interference of
irradiation with thco synthesis of new DNA may lead to
inhibition of growthe. Gordon (1957) opined that radia-
tion which induce physioclogical changes may involve a
nutber of interrelated nonegpecific f£actors such as
;nhibition of DNA sysnthesis and variation in auxin
level vhich may ultimately lea@ to delay and suppression
of growth in the exposed materlals. ELvens and Sparrow
(1961) believed that the influence of ionizing radiations
on growth can be attributsed basically to the genic loss
due to chromosomal sberrations. Evans (1965) after
having detailcd analysis on growth rate ln X-rayed Vicia -
f£aba stated that the effect may either be due to
chromosomal aberrations or due to mitotic delay. The
phonomonon of mitotic delay due to irradiation has been
reported as the major cause of growth retardation by
Evans et al. (1957) and Evans and Scott (1964).

Ananthaswamy et al. (1971) observad inhibition of seedling
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growth in gamma irradiated wheat seeds and suggested
that the adverse effect of geedlings rnight ke due to
spacific effect on certain Kesplratory systems operating
during crop growith. Sinha and Godward (1972) pointed
out that growth inhibitlon at higher doses may be due
to gross cellular injury either to genic controlled
biochemical and physiological.processes or due to
chromoscmal aberration or both. From a detalled study
on the effect of ionizing radiaticon and post treatmants
with growth substances on rics, El=-aishy (1976) concluded
that marked docrease in length of coleoptile and first
leaf might be duc to an increase in the production of
active pradicals that are responsible for sesed lethality
or to the increase of radiation induced gross chromo-
somal alteraticns which may result in lethaiity or

suppressed growth of seedlings.

Crop maturity:

Delay in crop maturity, both for first flower opening
and harvesting of frults was experienced in tho treated
population, compared to the untreated controls. As 4in
the case of all other criterla discussed abovg, the

influence of varieties,. types of mutagens and their doées



were found to influence crop maturity. The present
findings support the reports made by Tadin (1954) and
pvown and snderson (1956) that £lowering duration is

a charecter which cén be affected by mutagen treatment.
planchi' et al. (1963) observed delay in flowering
following irradiation in tomato and attributed it tO
the delay in the beginning of germination and growthe

Igbal (1972) exposed the sesdlings of Capsicum gnouum

to gamma rays at different stages of development and
reported that floweriny was deleyed due to retarded
growth ¢f sesdlings. & progressive delay with increase
in the exposure level as was seen in tho prasend inveati-
gatioﬁ has been reported by Gunckel (1965) after chronic

gamma irradiationo.

In the present investigation, data related to days
taken to complete germination and rate of growth of
plants clearly cdemonstrated that higher the exposures
of both the mutagens, greater was time taken for complete
germination and rate of growth of plants was also very
slow. The delay in flowering and f£ruit maturity clearly
shows a close assoclation with the above two factors.

The delay in germination and slow growth rate may lead
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to prolonged delay in complete physiologlcal crop
maturity and may be the reason for lateness in flowering

and £rult maturity in the treated population.

Frult vield per plant:

During the course of the present study it was made
cleaf that tha mutagens adversely affects the fruit
yield per plant. Number of frults per plant was reduced
significantly by both the mutageﬁs: highazr the exposure
level greater was the reductlon in number of fruilts per
plant. Rcduction in yield due to mutagen treatment has
been repoxted in various crcps including leguminous
crops by Tedin (1954), zacharias (1956), Gottschalk (1965),
Bora et ale (19Gi), Jana (1962) etc. Reduction in yield
due to mutagen treatment may bs due to thelr adverse
effect on growth and érowth rate and/or due to induced
pollen sterility, as a result of chromosome structural
alteration. Caldecolt gt al. (1954) reported that the
reduction in yield in Ml genaration can be due to radia-
tion induced structural changes in chromosomes involving
translocations, inversions and deletions. Sree Ranmulu
(1970) based on his studies in sorghum using Xerays
reported that the cause of reduction in yield can be
attributed to réduceﬁ pollen fertility.
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Pollen sterility

Sterility is one of the most important i, damages
included in plants by mutagen.. treatment. The intensity
of sterility is known to vary depending on the type and
dose of the mutagen employed. The results of the present
investigation on pollen sterility revealed a linear
increase in sterility with increase in dose of the
mutagens. For moderate doses as studied in the present
investigation, the same trend has been reported in rice
variecias treated with different mutagens by Beachell
(1957), Chang and Hsieh (1957), siddig (1967) and singh
(1970)¢ It has also been noted in the present study
that a higher percentage of sterility was induced by
gamma rays compared to Eés. Rao and Ayengar (1964) and
Siddig and Swaminathan (1968) have also reportad the

same trend.

A genetic status in relation to induced pollen
sterility was also Aoted in the present investigation.
This supports the views expressed by Gustafsson (1947)
and Sahai and Dalal (1973) that the induced pollen
sterility by the §1fferbnt mutagens may vary depending

on the genotype of the materials under study.
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Gaul (1970) stated that mutagen-induced sterility
may be causeG by (1) Chromosome mutations, (2) Eactor
mutations (3) Cytoplasmatic mutations, and {4) Physio-
logical effects Of these, chromosone mutations are
probably the major origin of all mutagen~induced steri-
lity. Katayama (1963) found a direct correlation between
M, sterility and the frogquency of translocation in rice.
singh (1970) observed that gamma rays induced a high
frequency of translocation in rice and this might bé
corralated with pollen sterility as was noticed in the
presant investigation. Singh (1970) also reported that
chemical mutagens induced a marked reduction in pollen
anﬁ-seed sterility, even though the extsnt 0f chromosomal
abzrrations was negligible. According to Bender and
Gaul (1966,1967) and Sato and Gaul (1967) radiation
induced My sterility might be due to detectable chromo-
some aberratlions and eryptic éeficiencias and the
éterilie& induced by EMS and other chemlcal mutageﬁs
might bz due to cryptid deficiencies and specific gene
mutationse. Gaul gt al. (1966) and Sato ané Gaul (1267)
reported that radiation induced sterility is mostly

haplontic and EMS induced sterility ic diplontic in
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patures, According to Gaul (1970) “the actual origin

of EMS induced sterility may be gene mutaticns, or

more probably 'invisible daﬁicienciés' the frequency

of which may be relative higher than that after

ionizing radlations®. Though the treated plants were
not examined cytologically the dose dependent increase
in freguency of high sterility in both the mutagens |
noted in the préseht sﬁudy may be considered to provide
support to the oboervation of Bender and Gaul (1966, 1967)

and Sato ‘and Gaul (1967), that the M, sterility depends

1
on the type of mutagens and the doses in inducing
" higher percentages of chromosomal aberraticns or gene

matations.

Mutagen induced sterility has also besn reported
by many workers in various crops including Venkateswarlu et al.
(1978), Ral and Das (197€), Sahai and Dalal (1373) Preeze-
Gertzen gt al. (1968), Sato and Gawl (1967), Gustafsson -
(1947). A higher fregueacy of. chromosome stickiness
and pollen sterility induced'by gamma rays was reported
. by Réo and Rao (1977). Katiyar (1978) in detall analysed

gamma ray induced chromosoma aberratlon aad pollen steri-



100

lity in Capsicum annuum . Rao.and Lakshmi (1980)
suggested pollen sterility to be the result . of.
cumulative effects of aberrant melotic stages and
phyaiologicél and genetic damage caused by chromosome
broakage following formation of antimetaboli agenté in

the call.

Induced polygenic traits in zhe Mz generation.

most of the economically important tralts in plants
pre governed by polygenes. In the present invegtigation,
the effects of gamma rayé on polygenic traits like plant
height, days to £lowering end maturity, number of fruits
per plant, weight and length of fruits and number of
secds per £ruit wgke analysed. Among the sbove characters
analysed, number of days taken to f£irst flower opening
and fruit maturity showed significant reductlon in mean
values in 4, genérationa As regards plant height and
rate of growth of plants in general, 20 kR showed a
significant reduction compared o contrel and 30 kR
exposura. In the case of frult characters 30 KR exposures
showed a significant reduction comparaed o 20 KR anﬁ

control population. & reductlon in mean values in 1,
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generation for the polygenic traits have been repoﬁted‘
in various cxop plants and it is stated that the sﬁ}ft.
in mean valuein the segregating generation will depénd
on the frequency of both negative and positive mut&hts

induced.

A reduction in mean value as was noted in the
present investigation has been reported by Brock (i@GSaJ.
Ehrenburg gt al. (1965), Gaul (1967) and Scossiroli
(1964) in wh=at. .;n extensive studies performed by, .

" scossiroli (1566 a,b) and Scossiroli st al. (1966)A

on wheat, this effect was shown in the same population
for a large number of charactars. Oregory (1965) ﬁEund
that yiald.of dry peanut pods on the average decreéSed
by irra&iation. Oka et al. (1958}, tlatsuo and Onozgva
(1965), Ota &t al. (1862), Kawai (1962) Yamaguchi (1964)
 tdah and Bhatti (19268) and Sharma and Saini (1970) 1n
rics, Gupta (1970) in barley, Bhatt st al. (1968) in
wheat and Daly {1960) and Bhatia and Van der Veen (1965)
in Arsbidopsis have howsver reported that there is no
significant reduction in mean values in irradiated i
population. Geul (1970) has pointed out that in most

linstances, the mean values of mutagen trezted populations
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are lower than in untreated populations. Rajendran (1975)
has reported a significant reduction in meon value for
nunbar of days to flowering in safflower under gamma
ray troatment but for other characters, occaszionally
shifts in positive and negative directions were signi-
ficant. <chift in mean values in the treated population
compared to untreated control met with in the present
investigation clearly shows a.better scope £or selection
of desirable mutants both in negative and positive
directions from the segregating population of chillies

induced by gomie rays.



SUMMARY



S UMMARY

The present investlgation was carried out in the
premises of the Department of Agricultural Botany, College
of Agriculturs, Vellayani. This was taken up as a prell-
minary trial on the broad area of 'Induction of mutations
for leaf curl complax resistance in chillies's The direct
affect of mutagens, éoco-gama rays and Ethyl Methane
sulphonate (EMS) on twenty varieties of chillies was
assessed in the M, generation with respect to various
growth metrics. Data were collected on 1) Germination
percentage and days taken to complete germination; 2) Seed-
ling survival at transplanting 3) number of leaves, root
iength and shoot length at transplanting 4) plant height
at 15 days interval 5) numbar of branchas par plant at
45,60 and 75 days after transplanting 6} days taken to
first flower oPening'T) days taken to harvest 8) pollen
sterility percentage and 9) number of £rults per plant. .
Gamma ray exposed seeds of two varicties Pant cl and Black
Suryamukhi along with control were carried forward to the
M, generation to assess the extent of induced variability
for varlous polygenic traits like plant height and number
of branches per plant, fruit characteristics and days taken

to f£lowering and harvest,
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The tabulated data were analysed statistically
following Fischer (1935). From the ANOVA, it was found
that in alm&st all the varieties the two mutagens signi-
£icantly reduced the germination and survival percentages,
root and shoot length at transplanting, the plant'height
and number of branches aﬁd the nurber of frults per plant
while the number of days to germination and number of days
to flowering and harvest wers significantly delayed and
pollén sterility increased. A dose dependent increase or

decrease could be noted in almost all the varietiese.

~ BMS induced a more drastle reduction in germination
percentage and greater delay in gerimination compared to
gamma ray exposurcs. The maximum reduction in germination
was noted in 1 per cent concentration of EMS in almost all
the varieties. A sharp decline in survival percentage
could also be noted in the EMS treatments compared to the
gamma ray exposures. A similar trend was also seen in the
case of the number of leaves, rcot length and shoot length
at transplanting. The maximum reduction in number of
leaves was sean in the higher dose of EMS where the ﬂumber
of leavVes was almost half of the control. ihen BMS
induced about £ifty per cent reduction in root lsagth
compared to control, .gamma rays gavs only about twenty
fiQe per cent reduction. The higher doses of both the
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mutagens induced a more reduction in shoot lengthe

The height of seedlings both at 20 days and 30 days
after transplanting were significaﬁtly raeduced by mutagen
treatments. The reduction in helght was more in the case
of gamma ray treatments than EMS. The higher dose of
gamma rays induced a reducticn almost half to that of
the control plants. The height of plants taken at 15 days
intarval from the 30th day of transplanting also showed
a reduction in the mutagen treated population. The
reduction in height was more in the case of EMS treatment
at all stages of plant growth except at 30 days after
transplanting. EBMS concentratlons induced a greater
reduction in number of branches than the gamma ray

exposures at all stages of plant growth.

An increase in the mzan number of days to flowerlng
'was seen in both doses of gamma rays, vhereas EMS tre#tments
did not show any significant difference £rom the control.
an increase in the number of davs to maturlity was seen with
increase in dose of both the mutagens. Pollen sterility
percentage al;o increassd with increase in dose Of mutagens.
The sterility was maximun at 30 KR gamma ray treatmsnt |
folloved by 1 por cent EMS treatments Tho lower dose of

both the mutagens had a comparable cf£fect. The number of
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£frults also showed a significant reduction in mutaéen
tregtment over control. Anong the different treatrments,
the maximum reduction was seen in 1 por cent EMS concen-
tration and. the minimunm reduction in the lower dose of
gamma Tavse BHMS treatments ghowed more reductlon in

punbhar of frults than in gamma ray CEposSuras.

In the M2 generation the effects 0f gamma rays on
polygenic traits like plant height, days to flowaring and
maturity and £ruvit characteristics were analysed. The
numbar of days to first flower opening and maturity showed
a significant reduction in meen values in M, generation.
In case of plant helght and rate of growth of plants in
general, 20 kR gamma rays showed a significant reductdon
and .as regarcds the fruit characters 30 kr exposures showed
a significant raduction in mean values. This shift in mean
values for varlous polygenic tralts in the segregating
genération due to gamma rays projecits scope for a positive
regsponsae o selaection and further improvement in this
particular crop variety for increaslng unit area production.
Detailed analysis on the extent of variabili£y craated by
the mutagens and the salection of the desirﬁble typesg
based on tha present day need are suggested as the future

line of work in this particular crop variety.
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ABSTRACT

Variatal sensitivity of chillies (Capsicum annuum L. )

6OCo-gamma rays and Ethyl

o the most potent mutagens
Methané 'sulphonate 'was assessed by using twenty available
genotypes. The experiﬁenta were conducted at the Department
of Agricultural Botany, College of Agriculture, Vellayani.,
during the summer seascns of 1982 and 1983. The sensitivity
of the varietics was assessed based on the direct effect
of the mutagens in tha M, generation. The parameters
chosen include germinatidn percentage days taken to
complete germination, growth rate based on plant height

and branching ability, days taken to flowaring and maturity
and various fruit charactars. To assess the induced
variability due to gamma rays, seods of Ni population

£rom the two most popular varieties, Pant C1 and Hlack
suryamukhi along with the control were carried forwéud

to ths M2 generation and the genaral aifect Studied based
on various growth metrics including plant height and number
of branches and other yield attributing characters.

The statistical analysis of the data collected from
the first generation clearly demonstrated that thers exlsts
a wide variation for sensitivity among the different geno-

types of chillies to both the mutagense. 1In majority of



tho cases, the morphological and yisld attributing
‘Ccharacters showad a significant reduction in treated
pcpulation compared to the controls Whils comparing
the eﬁfect Oof the two mutagens, it is stan that EM‘S
is more affect1VQ in peducing the mean values in growth
met.rics compa:eé to gamma rayse. Delay in germination
and'g:owth rata were induced by the mutaéens..bothality
and sterility wers induced by both the mutagens in
almogt all the varieties. Based on lethality and
sterility, it was poesible ;o clazsify‘the varvieties

ag least sensitive, moderately sensitive and aennitiv;

yarietiea,

Analysis of induced variakility in #, generatlon
showad a significent shift in mean value either in
positive or negative dlrection, based on the chdacter
under studye This clearly demonstrated that a positive
response to selectién can be created by gomma rays in’
chillies.





