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INTRODUCTION



INTRODUCTICH

The utilisation of radiations and chemical mutagens
as potent tools for inducing alterations in the genetic
make up of organisms is one of the most lmportant lines
of contemporary breeding research. as far as crop improve-
mont is concarned, it has been conclusively proved that
mutagens can be beneficially utilised for talloring better
varieties of crop plants. Extensive studies have been
conductad on artlflcially induced variations in crop plants,
especially seed propagated plants. The reports conclusively
prove that all sorts of morphological and physiological
variations already existing within the sgpecies, as well as

those not found in natureg, can be induced by mutagens.

iWwhen genetic variabillity for the tralt concerned 1is

available within the spacies, crop lmprovemant becomas
considerably easye. But when genatic variation prasent in
the population 1z exhausted, further progress through the
conventional breading methods becomes more and more diffi-
culte In such situations, creatlon of further genatic
Variatigﬁs through the use of mutagenic agents assumes
special intorest. [MHutations can createvarieties for direct

use or for indirect use in conventional braeding programnas.



It has been clearly stated by many workers Jjncluding
Gregory (1956) and Pate and Duncaen (1963) that radiation
is as efficient as hybridisation in supplementing genstic
varisbility for selection. In certain situations induced
mutations are the only solution Eor the problems £faced by
tha breeders.

Majority of the economically important characters
in crop plants such as number of €ruits, £ruit weight,
yield etce. are controlled by polygenic systems. Hence for
the improvement of such characters, assessment of the
axtent of created variabillty and the frequency distribution
of varlante is importante For guantitative characters,
studies have to be conducted at the population level and
mutants which transgress the prescribed range of the
parents, though they occur at very low £raguancy, can
stlll provida ths necessary base for tha desired direction
of salaction, study of mutegan gensitivity is a pre-
roquisite for initiating practical mutation breeding
programmes in any crop plant, as there is a positive
correlation batween sensitivity and yleld of positive
variants. The higher doses of mutagens lead to drastic
changas at the genotyplic level and conseguently, majority
of tha variants are screened off. But lower doses produce

only a very low frequsncy of deleterious effects. Hsznca



mediunedoses of EMS (0¢5% & 1.0%) end gazma rays (20 kR

and 38 kR) were chosen for the present invastigatione

Chillies = the attractive red condiment, iz now an
important comuerclial crop in India although it iz a native
of Latin america. Today India 1s the largest producer and
consumér of chillies in tha world, producing about 5.24
lakh tcnnas of dried chillies £rom nearly 0 lakh haectares.
It is now cultivated in all parts of the country eithsr as
a major crop or iln homa=stcads. HMHajority of the types grown
in India are of medium pungencys Many presearch statlons
in India have evolved sevaral high yielding varletlies in
this crope But almost all the varieties releasad and
recommended £or cultivation ar¢e highly susceptibls to leaf
curl complcx in all the seascna. The lack O0f genes responsiw
ble for resistance reactione glve a scope for lnduced
alteration in the existing genotype of this particular crop

variety.

The present lnvestigation was teken up as a preliminary
trial in the broad area 0f ‘Inductlon of mutations for leaf
curl resistanca in chillles'. The objoctives 0f the investi-

gation were tho following:



i.

y

3,

4.

to study the effects of gamma rays and EMS in
ralation to genic status in chillles.

to £ind ocut the differential response of the

varioties to modarate doses oi EME and gamma

LayS.

to study the ganeral cffect of gamma rays and
EHMS on induced wvarlability in varlous polygenic
traits In M2 genaration and

0o study chimsrism diplontic gelectlion and
alimination of mutated sectors as inltlated by

EMS and gamma rays on sead traatment.
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REVIZW OF LITSRATURE

The significanca of artificially inducad mutations
in culcivated plants has long bsen a point of controvarsy
among plant breeders. The utilisaticn of artificlally
induced mutations for bresding purposes was started as
early as 1901 by De vries. But it was the classic
discovery of :uller (1927) that xe-ray could induce
genetic changes in 2rosophils that merked the baginning
of the era of inducad mutagenesis. The utilisation of
radiation as a tool for inducing wvariability in c¢rop
plants was {irst reported by Stadler (1828). Since
then, all kirds of radiaticns have besn exanined. In
racant vears, genatically effeactive radlations like
X-rays, gamma rays and nautrons are widely used for
induction of mutatlionse Radlatlons affect biological
evants such as germination, survival, growth and fertile
lity in the immedliate goneration. They act at the
chromosomal laevel causing stzuctural and numasrical
changes as well as spindle abnormallities, or at the
molacular leval, causing changes in the macromolescular
structura of LNA.

Sparrow et ale (1958) reviewsd ths invastigations
ralating to the effects of radiations during 1895 to
1955. Datalled accounts of studies conducted with the
help of iocnizing radiations have bean published by



many sclentists including Gregory. 1956a, by 1968:
Gaul, 1959, 1961, 1964a, br Sparrow, 1961 Evans and
sparzow, 1961, Sparrow et al., 1965, 19687 Sparrow
and Pond, 19567 Gustafsson, 1963: Yamaguchi, 1364;
3rock, 19635a, by Nilan et al., 1965¢ CQottschalk, 1965,
19697 Gottechalk and Bagquar, 1973 igbal, 1969, 1970,
19723 Tenaka, 1968; Mikaelsen, 1968 likaelsen et al.,

1968; Brosrtjes, 1969, 1572 and iHarten ot al., 197231973,

soon after the discovery of the mutagenic effects
of radiation, search was mads fox chemdcals that would
produca aytogenctic changes. auerbach et al. (1947)
presented definite data on the mutagenic agtivity of
mustard ges subatances. With this dlscovery workers all
ovar the world atartad surveying different chenlcals
for their mutagendc activity. Rapoport (1946: 1948)
estabblishaed the high mutaganicity of cpoxides and
epinines in Droscphila. Invostlgators have probed the
mlative advantages and dlsadvantages of different
mutagens and alkxylating agents hava basn found to ba
the mopt efficient 1ln inducing mutaticns in a wide range
of organisms from bacteria to mamuals (Ausrbach, 1961).
Within tha alkylating group, monofunctional agents in
genaral and ethyl methane sulphonats (EiS) in particular
appear Lo bs more efficient in producing mutations in

sevaral organisms including higher planis (Swominathan et al.



1962). The mutagonic efficiency of EMS was demonstra=

ted by Shrenberg (1960).

In ssad propagated plants, chomical mutagsns have
ylelded vary high mutation fresguencies, and in most
cases, thay were mors cf£ficlent than ionizing radiations
(Kamra and Brunner, 1970). The effect of alkylating
agents and thelr mechanism of action on the biclogical
syatem have been reviewed by Ross (1562), Lovelssso
(1966), Lawloy (1973) and sun and singer (1975). High
matagenicity of EMS in barley has basn demcnstratsd by
Haslot et ale (1959) and it has been corrcborated by
Gustafsson (1960) and othars. Rao and Natarajon (1965)
reported that comparcd to KNAU and Mis, EMS inducad
higher rates of chlorophyll and viable mutations, in the
M, plant basise

The outstanding works of Gustafsaon (1963),

Yamaguchl and riiah (1964), Kawai and sato (1965),
Bhatia and Vandsr Veen (1965), Kongak et al., (1563),

Gaul et ale. (1966 b), Sato (1966), cato and Gaul (1867),
Siddiq ot al. (1968), Jorianu (1968), Kawal (1969)

and Mikaelson et ale (1971) gave a claar picture of

the research work carried out to study the effectiveness
and efficlency of chamical mutagens in various plant

specles.



Physical Vs Chendcal mutagens

Por the induction of mutations in plant materials,
two groups of mutagenic agents, namaly physical and
chemical mutagens are availeble to the breeder. 7The
formar has been used for many decades whereas thse use
of chemicals is relatively latar, starting approximately
in 1940 (Broertje and Ven Hartan, 1978}. Soma encouraging
rasults were obtained by Shiemann (1912) with chemical
mutagens. Friese (1963) classifisd chemical mutagens
as base analogue substitutes, dyes, acidms, matals and
alkylating agentss In highor plants, tha last group
aspecielly E¥S has proved to be very effiective. The
relatively low toxiclity and high genatic effocts of
2M5 (Gaul, 1961) and its high mutagenic effactiveness
and efflciency in higher plants (Konzak et al. 1965)

demand attentlion £or endured practical application.

Formerly, it was haelleved that mutagans partie
cularly affeet sp=ciiic geues and change thom in a
dasired direction, and hence search was made for such
mutagense But later, 1t was reported that ionizing
radiations act in a more or less random f£ashion, affaect-
ing both the eu=and heterochromatic reglons of chromoe
somes and so the hope for gena specificity vas directed
to chemlcal mutagens (dicke, 1970). With physical and



chemical mutagans, thrae types Of effects of spociiic
intearast in genaticse and bracding which are easy to
moasura ara produced. Thay are (1) gene mutations

(2) chromosomal absrrations and (3) physiological
disturbances, AaAberraticns and physiological distur-
bances produce undeslrable demaging effects leading to
reduced germination, dscrsassd survival, seedling

injury and reducad fertility in M1 generatione

The aobsorption of iconizing rediations in a living
call causes a variety of structural sberraticns in
chromosomss which are visible under the microscope.
Chemical mutagens on tha other hand, enter into chemical
raactions with the gena, which would than result in g
pafticulsar genetic change depending on tho nature of
ths mutagen. In support to the above £act, it has besen
made clear that the spesctrum of induced mutations and
racoverable mutatlons varies depending on tha mutagens
uged (Nilan, 19667 smith, 1961), Nilan end Kongak (1961);
Ehrenberg et ale (1961) and Gustafsson (1963) reportsd
that the spactrum of chlorophyll deficlent mutents may
depend on the type of mutagens employed. This shows
that the mutation rates oi spacific loci may also vary
depending on the type of mutagens used in addition to

other modifying factors. S0 it is considered worthwhile
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using saeveral mutagens in mutation work, as ths chances
of getting particular desirable mutants are then increa-
sed,

As roported by Kamra and Brunner (1970), chemical
mutagens havs ylelded very high nutation fraquencles
and in most cases, they were more afficient than ioni-
zing radiations, especially in sexually propagated crop
plants, However, most of the varietles developed by
mutation breeding have arisen £rom materlamls irradiated
with ionising mutations only (Sigurbjarnsson znd Micke,
1969), It will ba pramature to assess the marits of
chamical mutagens on the basis of the number of varie=-
ties to which thay have given rise, since extensive work
with chemical mutagens has begun only in 1960, follow=-
ing the introducticon of EMS, As such, there is no
dofinite indication that preferxencs should be shown to

either physical or chemical mutagens.

2. Genic status in relotion to sutation Ffroquency:

In recent y=ars, tho role of nucleaf volums and
chromosoms content (UNA valuz) in detsrmining ths radio=-
sengltivity of plant species has received a grsat deal
of attention. It has bsen clearly demonstrated that
there 1s an inverse relatlcuship between radiosensiti-

vity and DA content. bLata for the prediction of radio-
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sensitivity of seeds in relation to total LHA content
have been published by Osborne et ale (1963) and by
Lunden (1964). Gonstic differencas evan though thaoy are
as small as single gene diffsrencss, can induce signi-
ficant changes in radiosensitivity. Gustafsson (1944,
1947, 1365}, Gustafsson and Tedin (1954), Wilan (1956),
Lamprecht (1856 and 1958), Celin et al. (1958), smith
(1961), Sparrow (1961), Xonzak at ale (1961 a) and
Sparsow et ale. (1965) clearly reported that any change
in genctypic level can induce gsignificant changas in
radiosensitivity which influence not only the total rate,
but also the spectrum of racoverable mutations. Ramalingam
(1930) reported that spectrum of mutations differed
azcording to variety and mutagen and interaction between
variety and dose Of a particular mutagen. & variety-
dependent variation was cbservad in the sensitivity to
physzical and chemical mutagense. Consziderable differsncas
in ths early yleld and chemicel composition were found
botween the 4is induced mutants Ju different varieties
(bikil et als, 1979).

A clear and specific prediction on the influence
0f a particular genotype on the mutation spectrum ip
not avallable as zZeported by ttackey (1960 a,b). Jagathesan
and Swaminathan (1961) and Swaminathan (1965) raportad
a diffarontlal effect of nutagen betwean gpeclies of the
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same ploidy level and between varieties within ths

same species in various c¢rops.Radiosensitivity of
haploid plants was found to be higher than that of
diploids by Tanaka (1970). The diploids in turn were
reported to be more sensitive than the respective auto
tatraploids (Yamaguchl and Kobayashi, 1960, Yamaguchi,
1964, Sree Rangaswamy 1970). Enken (1966a,b) concluded
that the closar the varieties are in their genotypes,
greater is the similarity in thelr spectra and fregquency

of mutation.

Gragory (1960) stated that “the chief limiting
factor in mutation production and mutation recovery is
the genic constitution of the experimental organism and
not the type of mutagen used. Thus for the plant breeder,
a knowledge of what might be c¢alled mutant e:xtpectations
in his material may be made important than a resolution
of the mechanism of mutational changes at the submicroe-
scoplc level®,

Comparison among varlieties of tomato (Biznchl et al.
1963) barley (Mikselson and Brunner, 1968) and pea (Mukeeb
and Siddiqui, 1973) showed variation in respect to radia-
tion response among different genotypes indicating the
influence of genetic factors on radiosensitivity.
Srishnaswami and Rathnam (1982) reported diffaerential

sansitivity to EMS exhibited by ten greengram cultivars.
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Gamma irradiation of greengram varieties indicated
variation in the mutagenic sensitivity in the M1

generation (Ratnaswamy ot al. 1978).

Davies (1962) studied the genetic control of
radiosensitivity in tomato using growth measurements
and other charactsrs. Bilanchi et ale. (1963) have also
conducted experiments with tomato varietles. Sahib
and Abraham (1970) studied the blological sffact of
X=rays on K& variety of chillies and studied the morpho=
logical abnormalitlies and chromosomal aberrations
induced in Mi’ Marked intervaristsl differences in
rediogsensitivity were recorded by Matsuo et al. (1958),
Fujil (1962). Ukai (1967) and Mlkaslsen and Ravaratna
(1968) in rice. The variaetal differences in radio-
sensitivity were also reportsd to be due to differencas
in chamical composition (Myttenaers et ale 1965) or due
to differences in endoganous levels of auxin and ascorbic

acid (Goud et al, 1967).

3) Mutagen affected M1 fortility
513ddig and Swamlnathan (1968) reported that chemical

mutagens induce mors sterility compared to radiations.
Dacrease in fertility in sorghum following physical
mutagen trecatments hiad been observed by Goud et ale (1970)
and Ramulu (1974). An invarse relationship bstween grain

fortility in My and doses ©f gamma rays was reportad in
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sorghum (Reddy and Smith, 1975) and rice (Yamaguchi'-et al.
1976) .

EMS was suparior to gamma rays as a mutation
inducing factor and at the same time caused much less
reduction in fertility (Ehrenbarg et al. 195%)7 Sharma
end Bensal, 1970). Linear relationship of reduction in
fertility following EMS treatment was cobserved in rice
(soriano, 1968; Rahman and Sorlano, 1972). Singh et al,
(1978) observed decrease in pollen fertility as doses
of mutagens increased, especlally with EMS5 in barley.
similar resuli was obtalned by Proskurnin (1971) at

highar doses in barley.

singh (1970) okserved that gamma rays induced a
high frequency of translocation and this might be corre-
lated with pollen sterility, whersas wilth chemical
mutagens such as EiS, there was a marked reduction in
vollen and seed fertility though the aextent of chromo-
somal aberrations was negligiblae, Zubrzyckl and Pahlen
(1973) compared the effects of EMS and X-rays in the
induction of mutations in chillies. Bensal and Singh
(1972) studied a polypetalous mutant of NP=46A, which
breads true and which was induced by X-rays. Bensal
(1973) discovered a mutation in C. annuum variety NP=464,
in which reproductive parts were transformed to vegeta-

tive by treatment with EMS NMU.



4 Chimm d dinlentic salecktionss

Most mutatlcon breading expeximants hava bsen initia-
ted with complox multicellular tissues, either with seeds
in sexually propagated plants or with buds or cuttings
in asaexually propagated specles. In all cases, plants
will cdevelop which are composed of genetically different
tissues, called “chimeras®, which will lead to diplontic
salection and £inally elimination ¢f the mutated sectors
as reportad by sevsral workers. Therefore in order to
reduce tha @iplontic zeleaction and to obtain mutated
sectors not toc small for datection, the treatmant
phould ba givan when ths primorxq% in question consista
of a few undifferentiated colls (Gaul, 1955 a & b).
Swaminathan (1970) and Goud et ale. (1970) reported that
the plants with drastic changes hava been eliminatad
due ¢o a rigorcus diplontic selection and naturally,
the surviving plants had less sbnormalities.

Radioblological studies present a new line of
aprroach in investigations on the structure 0f the embryo
and developmant of plant organs, througih ths differantial
effectz on primordial cells. Swaminathan (1966a) inferred
that ths dorment rice seed when exposed to mutagenic
traatmsnt had eight to ten initials which would give
rise to tillers. Kawal (1963 a) reported that following
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treatmants with heavy coses of radiations, ths same
mutation was distributed over almost all the ears in
certaln Ml plante, indicating that all the cars origie-
néted from a single primordium. It was infarrsd that
ell primordia except one might have been lkillad by

severe radiation injury.

Gelin (1956) and Gaul (1959 b) analysed the
chimerism by maans ©f translocation studies in barley
mataphasa 1 PMC (Pollen mother calls). liowever, the
investigations were complicated by th2 fact that splkes
containing more than one or a few splikslets in the
proper stags of devalopment ara rarde. The incildence of
chlorophyll deficient sectors on the leaves of Mi plants
in cersals after mutagenic treatmsnt had been obsorved
by several workers. ¥Frequency of plants with chloro=
phyll deficient sactors did not show a clear depandence
on doss in rics (Nayar, 1971)., Hsieh (1959) suggested
that variegations induced by raddationz in the 4, gene-
ration were due to plastid mutations. Prasad (1972)
coincided with the above observation in sorghum. On
the othor hand, Kaplan (1954) observed that tha number
0f leaf spots incrsased exponentially with the dose and
concluded that chromosomal aberrations wererrasponaibla
for the induction of the spotse. This interprstation
was supported by ths findings of Zacharlas and Ehrenberg
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(1962) that X~rays produced leaf spots in proportion

to the square of the dose, wharsas fast neutrons induced
spots in proportion to the doses. D' smate et al. (1962)
reported high fraguency of chlorophyll deficlent
chimeras with chemical mutagen in wheat. Rao and
Fatarajan (1965) and Varghese and Swaminathan (1968)
roported the same in barley and whaat respectivaly. Some
workers including Vorghasse and Swaninathan {(1968) have
explained it as dus to the rasult of strong alkylation.
Kapoor {1967) in sorghum observod chlorotic streaks in

abgut 35 per cent Of e population.

siddiq (1968) and 5iddiq and Swaminathan (1968)
found lower segragation ratios with &£K8 than with gamma
rays. Swaminathan e al. (1970) had concluded that
chemical mutagens generally yielded a lowsr segregation
ratlio than radiationm, probably dua to operatiocn of a
less rigorous scmatic sieve. Yamaguchi (1962) reported
that following gamma irradiation, the segregation ratios
increased with increasing doses in rice, Similar results
were obtained in rice by Xawal and sato (1965) and
ando (1968). A dspendence of mutated cector size on
the dese of tha mutagen was reported by Bskendam (1961),
Yemaguchl (1962 a) Osone (1963), Kawal and sSato (1965),
8iddiq (1968) and singh (1970). KXewal and Sato (19635)
and siddiq (1968) cbeerved that the size of mutaoted
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sectors in M, @ars Was smaller in treatment with
chemical mutagens than with raediations. The sector
size was found to increase with Increasing doses of
chemical mutagens and radiations. This incroased
sector size at highar doses was probably due w0 a
proportionate reduction in the number of inltial cells

involvod in the development of the panicle,

In generel, tha number of initial cells in the
material exposad affect the mutation fragquency and segra-
gation ratic. T(he smaller the number of initial cslle,
tha lasser ths probability for mutation to occur in them
and the larger the size of mutated sector, implying
that the later formad tillerxs or branches would have
low mutation £requency but high segregation ratios.

This inference was confirmsd by the observations of

Frydenberg ot ale (1964) in barley.

S. Induced micro-mutations

The expression “iicro~mutation® iz used to mean
mutations in polygenas govarning guantitative charactcra,
leading to small changes in phoenotypes. Majority of the
economically important characters in crop plants are
polyganic in nature. as pointad out by sast (1935), the
daeviations forming the fundamental materlals of evolu-~

tion are the small variations mentioned by bParwine
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Baur (1924) in his paper on the means, origin and
inheritanca of racial differences in Antirchinum
introduced the term ®"Xlein-mutatiocnen? which Gragory
(1968) interprated as synonymous with micro-mutatlons.
The first convincing report that physical mutations
like Xeray can induce new variability in quantitative

traits was prasonted by Buazatl Traverso (1955) in
pxoscophila.

Following the succaesesful exporiences of Gregory
{195%) in the usefulness 0f mutation tool for grounde
nut improvement, breeders in different crop plants
resorted to the wicro-mutation technique to improve
quantitatively inherited characters like yilsld and its
componenta. Sax (1955) reported that yield can bs
increased by certaln stimulstory doses of radlaticons,
which may bse due tc higher mitotic activity of mutants
(Tedoradms et ale, 1977, Javead iIgbal, 1979). Redlations
produee mors chromosoms mutations which are siaved off
during meiosis while EMS 1s known to produce compara=

tiveiy mors point mutations (Ehgrenberg et ale 1959).

Exporiments of Humphrey (1954) and Rawlings et al.
(1958) on induced mutations in soybean clearly showed
that the estimates of genetic variationu for yleld,

plant helght, maturity time and seed sige on the average
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were five times as large as those of the controls,
giving a better chancs for selcctlone Scossixoll
(1966a) report=d that it would b2 normal o observe
gome decrasase in mean values on cquantitative trailts
maasured in normal looking plants as compearced with
control, since the najorlty of €he small mutations
induced would be detrimontale Asstveit (1966) opined
that induced polygenic mutations don?t follow any

particular directlon and that they are at random.

Rao and cears (1964) working with wheat, concluded
that alkylating agents, L5&5 and NMU ara capable of
inducing functional altarations of genes in polyplold
plantss A gencral reduction of mean and a scignliicant
skewnesge of distributlon after mutagenic traatments
was reported by Scossiroli (1965), Goud (1967a) and
linocha et ale. (1977)¢ Kumar and Das (1977) have also
agresd with the above report and exglained the cause as
the action of ionizing radiatlions on chromosomal and

extra=chromosomal parts of tha call.

Incrazase in variance followlng mutagenic treatment
vas a common fegture obgerved in cuantitative charactars
as reported by several investigators (Oka et ale. 1958;
Bateman, 1959; Kao et al., 1960 and Matsuo end Onczawa,

1961), Cka et al. (1958) and Oia et ale (1962) reported
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an increase in variance with increasing dozes of
musagens, but Yamaguchi (1960) observed an opposite
effect, Yanaguchi (1964) confirmed that variance aid
not increase linearly with the radiation dose. On the
othar hand, tilah end Bhatti (1968) reported that tha
variance decraasad at higher doses. Sakai and Susuki
(1964) and Tanaka (1968) found that distribution of
variance for certain characters was skeved and thereforae,
stated that the mutation of polygenes occursd mostly

in a negative diraction. Swaminathan (1966 a) was of
opinicn that the dircections of incidenca of mlcro
matations was strongly influenced by the pravious scle~

ction history of the varietye.

Brock et al. (1972) hag@ reported that the increased
variability in mutagen treated population was found to
ba largely dus to increase in genetic components. Xe-ray
and neutron treatments on coybsmans by Humphrey (1954)
and Rawliangs et ale. (1958) resulted in an increase in
genetic varlabllity for yield, plant height, maturity
and seed size, oill and protein content. Borojevio and
Borojavic (1968) reported that genetic variebllity for
saveral quantitative characters increased in irradiated

population of Triticum aestiwvume.

The induced genetic variabllity proved aleo to be
suitable for artificial selection on speclific gquantita~
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tive traita. The expesrimantal work initiated by
Scossirold (1954) end followed by Clayton and Robertson
(1955 and 1964), Yomads and Kitagawa (1961), Kitagawa
(1967) proved to be fundamental to this point of view.
Improved vield due to selections in irradiated popula-
+ions have been reported in barley by Gaul (196l1a, 1965a)
and in durum wheat by Bogyo et al. (1969).

The classical works of Brock (1957) and Gragory
(1968) on improvement of yield and Gustafsoson (1965)
on adaptebility, Brock (1970) on maturity and Sigurbjorna-
omon and Migke (1969) oa numerous other traits gave a
cleoar plcturs of the role and importance of induced
mutations in different crop plants from a plant breeding
point of view.



MATERIALS AND METHODS
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MATERIALS AN METHIOQDS

The present lavestigation to assess the craated
variabllity in chillies dus %o GOCa-gamma rays and ethyl
mathane sulphonate (BM2) was carried cut in the Collage
of Agriculture, Vellayani, Quring 13983-84. Three varle-

tiez of Capsicum anguum were chosen, one gach £rom the

low, medium and high cutagen sensitivity groups (Asha,1983).

golaction of Seed materials

The three varlaetles of chillies selectad were Ca-30,
Blue Pandent and Ci-12. Pure and wall devsloped seads
cbtained £rom £ully ripenad fruits of healthy plants
vera used £or the gtudy. Sun-aried, healthy-locking seads
having uniform size and celour wera salscted £or mutagenic

traatment.
Gomma irradiiation:

Two hunédred sceds of sagh variety were oxposed to

«0 and 30 kB ganma ays, using & 60

Co=-gamma shine unlt
lnstalled at the lLepcertmeant of Botany, University of Korala,
Karievatiton, ZIrivandrum, The dose rate enplovad was 70.4 kR/nr.
tThe lrradiatad soceds ware soaxed 4n distilled water £or

ahout 20 hours and sown in pots on tha following day of

treatiants
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ENS toeatnents

Bis solutions Of 0.5 and 1.0 per ¢ant concentra-
tions ware prepared in double glass disotilled water
Inradiztely before use, Two himdred seeds of qach
variety were used for eath concentratione Jeods pre-
soaked in distillsd water for 12 hours ware treated
with tha above two concentrations of ExsS. Refors trsat-
mant, suparficial watar on the pre-soazked ceeds were
ranoved by gently pressing them within the folds of a
blotting peper, so as to prevent furthar dilution of
the mutagenic molution.

The pra-sosked saeds vere Lmmersed in tha mutagen
solution at room tesmporature for six hours with inter-
mitiant ahﬁﬁﬂng- To facilitate uniform absorption Of
the mutagen by the seeds, 20 ml of the solution was used,
approximately ten timms the volumse of che seeds. The
solution was maintained at room-temparature throughout
the perlod of troatment.

aftor traatment, the ceeds wera washad thoroughly
in double glass distilled water, aad then kept in running
water for two hours. Corresponding controls were kept
in distillsed water for the same period and were hondled
the cams wa%r as the treatsd cnes.



Ralsing Mi genaration:

The gammae=ray and BMS treated and control sacds
wers sown in two replications Of 100 ssceds each. Uniform
potting mixture propared with cowdvng, river sand and
soll was £4lled in tha pots. ISeaedlings randomly selected
from these pots wars transplanted on to tha main f£ield
on the 35th day 0of sowing. A specing Of 40 ¢m botween
rows and 30 cm within rows was given to tho seedlings
which is cloger es compared to the normal racommendation.
This was provided to avoid excessive vagetative growth
of tha M, plants. ©Speclal care was taken to provide

uniform f£ield conditicne for thase plants till harvest.

Fertilizer application was done at the rate of

35,5 Kg, 20 kg and 12.5 kg Of NPK per hectare, being

half tha recommended dose. Half the dose of N & K and
full dose of P and cowdung was given at the tims of {rans
planting and the rest, one month after transplanting.
All the field expariments in this study relating to Mi
and i, wers conductsd in the experimental area attachad
to the Department of Agricultursl Botany, College of

Agriculturs, Vellayanil,

Collecticn of seed material firom M1 generations
Thae £lowarg of teni selectad M1 plants £rom each

treatment wera selfed and the seeds extracted f£rom fully
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ripened f£rults. To hove datailed analysis on diplontic
selection, brench-wise f£ruit collecticn was done from

five of tha solectad plants. The branchas were nunbered
based on the sequence of emargsnce from tho baze. Five
haalthy, selfed fruits were collected £rom each of tha
fipst three branchgs. Fruits collectad from the remain-
ing branches as wall ge the main axis werc bulxksed, thus
making four differant 1ots. For ths remalning £ive sample
plantsz fruits were collected from the main atis and
branchas and bulked. Plant=wise £ruit colloction for each
variety was done £ronm £ive control plants s3lso. First
formad flowers £rom aach plant ond branch were selfad,

and ripe fruits were harvested about 1 to 1Y¥2 months
later. 7The ripe £ruite were properly laballced and colla-
cted as separate lots as described abova, and stored in

paper covars till the seeds were cxrtracted,

fged extraction from M, frules:

The rips fruits collected and stored in paper covarn
wore dried in tha sun £0r a fov days prior #o seed axtraw-
otione. Secds uers extragted only from healthy £ruits agnd
all ghrunksn, discoloured and under-sized geeds were
dlsgarded, The seads wore sun-dried and kKept in paper

covars in Ary placas in oxrdsr to availd fungal attacke.
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Raising Mﬁ ganerations

Hi seeds were uniformly dried and sown in one metre
broad bods, each lot gsown as separate rows, 30 cm apart,
one nonth after extraction. From thse branche-wlss collec-
ticns, seeds from the firet three branches werse sown as
sgparate rows, and those from tha remaining branches as
anothaer rowe A gingle row £rom each plant was considered
as pufficient to represent the plant-wisa collagtions.

rive rows ©Of control seeds per variety waere also ralsed.

As the geadlings had not attained sufficient growth
for transplanting on tha 30th day, an additional dressing
of ammonium sulphate wag applleds A maximum of 30 sesd=
lings par treatment, per raplication, randomly scelected
£rom these rows wara transplanted to the mein £ield, on
the 40th day of souwing in two replications with a spacing
of 45 cm hetween rows and batween plants. 7Two geedlings
per plt was planted and thinped down to one on sestablishe
ment. Necassary gep £illing was algo dones 4z far as
possible, uniform fleld ¢onditions weras given to ths
plants till hacvest. Tha crop was meintalned following
the Package 0f Practicos rocommended by the arala Agrie
culiturasl University. rartilizer applications ware done
at the rate pﬁ 75 kge 40 kg and 23 kg of NPK per hactare.
Half the dose of N & K and full dose of P was given at
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the tims of transplanting, and the remainder one month
afterwariiss Optimum spacing and fartilizer application
was given for maximum character expression in the segrgw-
gating genorationse.

gbsexvation in M, gsnerations

The following observations ware taken in M.
1) Chlorophyll mutation fraguency:

7he chiozophyll deficient mutanis wareé scraenasd out
on the 20th day of sowing and thelr froquency caloulated.
Due to lack 07 diffarant ¢ypes of chloxophyll mitznta the
spectrum was not taken into consideration. Chlorophyld
dsficient mutants wers seraanad in tha early hours of tha
day and the percanktags segregation calculated on branche
wize and seedling bhasis.

2) Vvisble mutations:

Gamma ray trasted and control plants wera subjected
to periodical obssrvations and thas visual variants wers
scorads
3) Quantitative mutationss

Deuaiiled observations on ths following quantitative
traits woere made and data collectad.

1) Plant height at trauasplanting stage and on the

30th, 60th and 90th day of planting.

2) Rumber of branches per plantes
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3) Mumber of £ruits par plant
4) vWeight of £rults

5) Length of £ruits

6) Yield par plant and

7) Humbar of geeds per fruit

Seadling heighte

The helght of sesdlingz on the 30th day of sowlng
wage measuraed.s Fifteen seedllags vere randomly chosen
from each row and the hedght was taken from the soll
lavel to tho tip of tho shoots and exprossed in cme

The average height for sach dose was calcoulated.

Plant haight:

Plant haight was taken at 3 stages of growth at an
interval of 30 days, nemely 30th, G0th and 90th day
after transplanting: Hare alzo the haight was taken from
the soil level to the shoot tip.

Nunbay 0f breachess:

Rumber of branches producsd par plant was also
studied at maturity. The primary branches arising from
the main axis alone wers taken into considsration. Hunbey

of fruiting branches were also taken.

Humber of £rults par plant:s
Data an the total number of frults produced per plant

was also studied ia the Ha generatione
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Welght of £rults:

Fruit weight wvas detsrmined from fresh, fully
mature fxuits in tha M, genoration. Five Lrults per
plant were weighed £rom ten randomly selectad plants in
each treatment ond the msan frult weight per plant was
calcnlated in g.

Length Of fruitsa

The length of £ruits was measured as the distance
€rom the polint of attashment to the tip. As above, a
sanple of f£ive f£ruits per plant was measured from ten

sample plants per treatmont and the moan expressed in cm.
‘Yield per plont:

¥ield per plant was found out by multlplying mean
fruit weight per plant with the numbar of frults per

plant and eypressed in ge.

Hoe ©Of saeds par fxuit:
The geeds worg extracted from five rips f£rults from
each of the ton sample planits per trsatment and the nunber

of seads par £rult was counted.

Clapsification of M, phenotypes:

M, phienotypes wares alessificed under three diffegent
classes namely positive varlants, control group snd naga-~

tiva varianto. &g thoe range of control group varied in
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Alfferent varietias, clessiflcation was dene lndepend-

ently foxr sach varletv.

Based oa height of plants, cvlassification was done
as £ollows t-

1e Dwarf (balow 20 ¢m height, plants in the negativs
group for CA 30)

( » 25 ¢cmn ® " in the nogative
group for {(Blus Peandent)

( » 20 ea ™ n “ (ca-12)

2. Medium ( 20=-30 cm height== contrcol group (Ca=30)
( 25«35 am B e " (Dlua Pendent)
(20~30 cm " ae @ (CA=12)

3a Pall (above 30 cm height plants in the positive
' group ~ (CA=30)

(abova 35 cn  ® a {Blue Pendent)
(akove 30 cm  °® o (Ca=12) |
Baced on braaches per plant, they ware grouped under

thres differont Classens

i) iow branching { iess than 2 branches psr plant =Hegative
group for (Ca=30)
{ no branches/plant - naegative group for
s {blua Pendent)
(

no branches/plant - negative group
{Ca=12)

2} redium branching

{2=4 kranches per plant=gontrol group
(Ca=30)
(-2 *» " * (3lue Pendent)

(2-2 *© o n (Ca=12)
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3) High branching
(tore than 4 branches por plante positive group (CA=-30)
{More than 3 © - 4 {(Blus Pendent)

{More then 2 © - 4 {CA=12)

Simllarly, in the case of all other cgharacters, the
M, plants were clapsifled under 3 heads, ic.

i) Plants falling in the positiva grouwp

2) Plants falling in tho coatrol group

3) Rlants falling in the nsegyative group

The freguency of aach group per troatment was calcula-
ted in percentage and significance tasted following proper
statistical procedurep.

Statistical snalysds

Anplysis of verlance of the M, data was done follow-
ing Fischer {(1935). Parcentage values weras transfommed by
the angular transformation as proposed?énedeccr (1956),
Malysis of maan tables wes dore as a Zactorial in RBD
with 3 varleties and £ive trsattmonts, namely two dosoa
each 0f gamma rays, BM3 and control, with o replications.
Tha outlina ¢f analysic of. varlance table shkowing tha

sourca of verlations and corresponding degreses of £readom

is given belows
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source daegraes of freadom
Replication 1

Troatment

Betwaen varieties (V)
Betwasn Treatments (T)
Between mutagens

Batween levels of mutagen 3
Batwean levels of mutagen 2

Troated Vo Controd

L R R N -

v v

Erroxr 14

AP EP - -

Total 29

From the gems experiment, in ordar to s tudy the affect
of soacd collection £rom different branches con character
axprassion, analysis was done as that of a split plot
dasign, treating the modes of sead collection as minor
treatmentes In this expasriment, control was not takon
into considsration as branchewise seed collection was not
£followad thers, =0 the experiment consists of three
varieties and four treatments, beilng taken as the 12 major
treatments and five modes of seod collection as the minor
troatment, with two replications. The outline Of analynis

0f variance is as follows:
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Source degreas of frasdom
feplication 1
Major treatmesnt 11
v 2
T 3
VT 6
Brror (1) 13
tipor treatment (M) 4
Vv M a8
T xn 12
V2T RHM 2¢
Brror (2) 48

Total 119

analysis of the ", phonotypic clesses was done in

the form of a splite-plot degigne The thrae phenotypic

¢classes namely positive variants, control grouwp and nagae=

tive variants are treated as a third split up in the

original data.

The varicus combinationsz of varieties (23)

and doses of mutagens ({4) from the 12 main plot troat=

ments, the five modes of seed collection £rom Ml plants

as sub=plot treatments, and the thres phenotypic classes

forming ths subesub plot treatmonts. The split up of the

dsgreas Of freedom due to varicus sources of variation

is given below:



Source gagreas of fraedom
Block 1
Traatment 11
\'Z 2
T 3
vaTd 6
B (1) i1
21 4
VaH 8
TxH 12
Ve T XM a4
E (2) 48
8 2
v s 4
TXRS 6
Mx S 8
Highar ordsr interaction 100
E (3) 120

Total

359




RESULTS
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RES ULAS

1.1, Mean plant height as infiuencod by denotypas
andé_mutagens

The mean plant height as influenced by varieties,
mutagsns and their doses is presented in Table 1-l.
The statistical analysis of the data showed signiiflcant
variation among varietiles and between mutaganse. But
the differences 1ls mean value betwsaen lavels of mutagens
and the treatments comparsed to control and variety
into dose effect interactions were not significant.
7he mean »lant height in Vi for the different doses
ranged from 25,58 c¢m in 20 kR gamma rays to 30,58 cm
in 1.0 per cent Ethyl rMethane Sulphonats, the control
baing 26,69 cme In the varlety Vé mean plant height
for the differant doses rangsd f£rom 31.7 cn in 20 kR
gamma rays to 38695 cm in 1.0 per cent EMS, with a
control value of 34.9 cmse In V3 the range was from
28,01 cm in 30 kR to 31,66 cm in 05 per cant, with a
maan plant height of 29.06 cm in control population.
an insignificant negative or positive shift compared to
control was noted, dspending on varietiss, mutagens and

doses employad.

A variety dependent significant variation in plant

height was noticed. Variety Va had the maximun mean
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Table 1=~1 IMean plant height(cm) as influenced by genotypes
aad muatagens

EMS Samna_rays General
] C 1
Vasietles  Control o 1.0% 20kR __ 30kR  Wean
Vl 26409 2741 30,58 25,58 26,48 27435
Vé 34,5 3226 38,95 31,70 32,22 34,01
V3 2206 31.66 28e75 28471 28401 29424
Genoral 30.22 3044 32,76 28,66 23,90
snalvsis OF varianca
Spurce E _valus C.D_valua
Between verieties (V) S.08% 2.68
Betwean mutagens Se32® 5499
Botveesn levels of BMS 2406 -
Batizmen levels of gamna ) 0.02 -
rays )
Troeated Vs Control 0.01 -
Varieties z Treatments 088 -

* zignliicant at 5% lavel
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plant height of 34.01 cm which was significantly
superior to the other two varieties. In all the threse
varioties, mean plant height was higher in EMS treat-
ments compared €O goanmma ray exXposures, A roduction
in mean valus under both 20 and 30 kR gamma ray
exRposures ag comparad 0 the control was cbserved in
all caseg. In Vi and Vo maximum mean plant height was
noted in 1.0 par cent EMS concentration while in Vé
it was noted under 0.5 per cent. %he maan height

was ainimum undsr 20 KR exposure in all the three
varietices. A signifiilcant difference in mean plant
height between the two mutagens was observed in v,
betwoen 20 kR gamma rays (3147 am) and 1.0 per cent
Bthylmethane sulphonate (38.95 cm)e

l.2. Mpan plgnt height under different Ml branch
Satsgories s

Data regarding mean plant height as influenced by
varigties, mutagens and their doses, as well as M,
branch categories is presentsd in Table 1=2,
Statistical analysis of the data showed significant
variation among wvardeties, trsatmonts, varieties
into treatment interaction, among the five branch cata-
gories, varleties into brench catsgorics intaeraction,

trootmants into branch categories interaction and in



Talblea 1~2 M#an plant height (cm) as influenced by varie-
ties, m1 branch categories and rmetagens and
their “doses

Ml branch catsgories

Varie- #Mutagens Doses

LA XY 1 P 3 4 5
- 0a5% 27:G9 24468 27,08 27¢26 2741 36482
v 3.0% 27.65 29.77 28.76 28446 30.58 29.02
A |
Gamna 20 KR 2765 3011 30.51 31.04 25,58 28,98
LAY8 30 KR . 2995 30485 32463 2975 26448 28,93
Eﬁs DeB% 31470 36482 31.32 34434 32.26 33.21
1.0% 32,48 30419 29.39 34436 38,95 33407
v
4 Gomma 20 KR 34,36 35,09 41403 3539 31470 35651
Tays 30 kR 39,29 37,65 36,90 33.99 32.22 36,01
0e5% 32070 38e41 34e78 32,00 31.66 33.94
BYS 1405%  32¢48 32007 30.89 20447 25475 30,53
v
3
Gammna 20 kR 0 0 Q 2] 23.71 28.71
Fays a3 km 0 0 0 0 28,01 28,01
Hosn 31e21 32652 32,22 31451 30419
%ﬁé!ﬂi 3 gg ggri@nce
sougos B Vg&uﬂ alla Vglm
Major treatments 29,11" 6405
Variaties (V) 64451 6.15
Doses (T) 15,47* =
VT 24 .09 -
Minor troatments (M) 7.28%* 1,78
VxM 9,67% 6415
TR M 91 ,32* n
Vv TxH 2154 "

* Significant at 5% loval
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tha higher order interaction (varieties into treatments

intc branch categories).

HMean plent helght in Vi ranged £rom 24.68 cm in
the f£irst branch ¢ategory under Q.5 per cent EZMS to
31463 cm in the third category under 30 kKR. A range in
valus from 29,39 ¢m in third branch category under 1.0
par cent BM5 to 41.03 cm in the saue category under 20 KR
was noted in V,e In Va the range was from 28.47 cm in the
Eousrth category under 1.0 por cent ENMS to 38.41 ¢m in

tha second category wxer 0.5 per cent EMS,.

The moan plant height ranged from 24.68 ¢m in the
second branch category to 27.65 cm in ths first branch
catagory under 0.5 per cent Eis in V,e Under 1.0 per cent
concasntration the lowest mean plant height was racorded
in the firat branch category (27.65 cm) and the highost
in the f£ifth category is. whole plant seed collaction.
But 20 kR gamma rays showed thes minimun mean plant height
of 25.58 cm in the bulk seed collection =nd the maximam
(31.04 cm) in the fourth categorye In the higher dose
of tha physlcal mutagen, the mean plant hoight ranged
£from 25,95 cm 4n the firat catagory ¢o 31.63 cm in the
third categorys It was notad that the higher doses of
both physical and chemical cutagens recorded the lowast

mean plant haight in the £icst branch categorye.
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The minimum mean plant haight of 31.32 cm and
29+39 cm in V, under 0.5 and 1.0 per cent EMS respsctively
wvaa cbserved in the third branch categorys. In 0.5 per
cent the mean plant helght ranged to 36423 cm in the
sacond branch category and in 1.0 per cent in the bulk
soed collegtion (38.95 cm)s But in physical mutagen
traatitent, the lowest mesan valuss were obgerved in bulk
progony, being 3170 om in 20 kR and 32.32 cm in 30 kR,
Third catsgory recordsd the highest valua under 20 kR
(4103 cm) and the £irst category in 30 kR (39.29 em).
In Vé the early formed branches showed the higlsst mean
plant heights and the corresponding minimum valuss wers
in the bulk seed collection and in the fourth branch

Category.

The mean plant hedghts recorded under the differsant
lavels of mutagens in the varietles tried ranged £rom
26,82 om under (5 per cent in Vi to 364,01 om unider tha
same dose in Vﬁ. Tha mean values racordsd for Vé undar
20 and 30 kR gamma rays, 3551 ¢m and 36,01 cm respactively,
werae found to ba significantly superior to the V, moans
of 36,82 cm in 0.5 per cent E£r8, 29.014 om in 1.0 per cent
28098 cm In 20 kR, 38493 cm in 30 kR and the V; means of
28,71 cm and 28,01 cm undsr 20 and 30 KR raspectively.
The last two main plot maasns were found to be slgnifi-

cantly inferior to all other main plot means recorded
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under tha same and the othsr two varieties. All the
four V, moans of 33.21 cn (055 EMS), 33,07 om (1.0%
BEM3); 35451 em (20 kR), 36,01 em (30 kR) and also the
Vy mean of 33.94 cm (0.5% ES) ware found to be signi-
flceantly supexior to the v1 mean value under 0.5% EMS

(26,82 cm) e

The sub plot (branch catagories) means ranged £rom
30,19 ¢m in the bulk progeny to 32.52 cm in tho second
branch category. Bulk seed collection was found to ba
significantly infsrior to sacund and thizxd branch category
mneans »

No significant variation among sub plot (branch
cataegory) means at the same lavel of maln plot (variee
tizs and treatments) was noted in Vie A significent
variation in mean plant height was noted in V, under 1.0
par cent EZMS botween the third branch category (29,39 cm)
and the £irst, ascond apd £ifth branch category means
(3248 cmy 30.19 am and 38.95 cm raspectively). Undox
20 kR gamma rays, the mean plant halght of 41,03 co
recorded in the third branch category was significantly
superior to that noted in the £ifth branch catagory
(3170 em)s In 30 kR also, mean plant height in the
£1£th branch catagory (32.22 ¢m) was significantly
infarior t0 tha mean plant helght in th: £irst category
(39.27 cm}s Tha maan plant holight Of 38.41 cn recordsd
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in the gecond branch catsgory was significantly superior
to thosa observed in ths 4th and 5th catagorles, 32.09 om
end 31.66 cm respectively, undsr 0.5 per cent of Vae

Significant variation in mean value was not observed in

the other doses tried in vé.

The Zraquency dlstribution of plant height variants
{ in pazxcentage) as affected by Goamma rays and EMS in
threa varieties of chillies undeyr £ive My branch categories
is reprusentad in Table 1-3, and ths results of statis-
tical analysis in Table 1-3.,4. Gtatistical analysis of
the data showsd signlficent varliation omong verleties,
dopes Oof mubagen, varletles into dosés interaction, nmodes
of sacd colliection, varieties into branch categories,
treatments into branch categories and varletlss into
traatments into modes lateractiong, phenotypie catagories,
variaties into phenotyplce clessas, treatments into
phenotyplc catsgogries and modes ints phenotyplie classes
interactions,

Both positive and nagativa varients were created
by the Qifferanc doses Of garma rays and BMS. The £rag=
queney distribution was found to bz dependant on varie=
ties, axposures angd by branch categorias. The minimum

maan £requency of 5.58 per cent for nsgative variants in
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plant height was oObservad under the gscond branch
gategory in 20 KR gamma rays in Vé and the maximin
(56.41%) under the bulk progeny in 30 kR in the same
variety. Positive variation was also £ound to be
minimum uacder 20 kR in Vé under thas bulk progeny and
it ranged to a maximum Of T1.87 por cent under the
second branch category of 05 per cent EMS in Vi.

in nost of the cases, the maximen and mindmum values
oshowed the general trend, positive variants being
meximum in the second branch category and nagative
varlants in the bulk progeny. Positive variants were
at higher frecuency under EiS traatment as compared to
gamaa rays, ia the different branch categories and
varieties., An increase in BEMS goncentration reglstered
an increase in pusitive variants, at the axpenss of ths
control group whersas the increase was at the expense
Qf tha negative variants in the higher lsvel of gamma

ray Sxposura,

Ho significant dlffercnca in the pumber of plants
£ailing under tha three categories of phenotypes was

noted with respect to plant hsight for V, and V. but a

1 2
significant reduction was noted for Vé, as tiwre was no
bronch=wise collection from ¥, cwing to iack of branching
from the two doses of physical mutagen. Fraguency of

plants coming under the threc phenotypic classes in tha
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different vardeties was found to ba significant,
positive variants (24.5%) being more than the negativs
varients (19.24) In V, frequency oZ plents ware not
significantly dlfferant among positive and negative
variants bur in tha othar two varieties, significant
difference was noted whsroas variety Vé showed maximum
positive varlaticon (36.7%) vl reglatarad ths maximum

negativa variation (24.5%)«

Positive varlants was meximum £rom pleants treatad
with 1.0% EMS (45.2%) and negative varlants wnder 20 kR
gamng Pays (33.3%). Minimum variation was shown by 0.5
per cent EMS treatment, with 47 per cent of ths plants
coming under the contreol group. llsgative varliants created
by the higher doces of the two mutagens were comparable,
Sasds collected from the second M, branchaes showed a
hiigh froquency of positive varients and a low negative
value for the character concernad, the positive variants
being significantly superior to that of all other branch
categories except the third. Hegative varlanta were

maximum under the Sth branch category.
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2+ Nurbar of branches per planti

24l Mogn number of branches per plant as influenced by
gonotypes anGé_mutogaens

Data regarding the cffect of varietles, mutagens
and their doses on nuiber of branchas par plant is
presented in Table 2=1, Statistical enalysis of the
data showad no significant varlation amcang varieties,
botwean mutagens, between lavels of mutagens, treatments
compared to control and variety into dose effect inter-
actions, The moan number ¢f branches per plant in Vl
ranged £xom 140 in 0.5 per csnt o 3.02 in 1.0 per cent
EMS with a control value of 1,91, In Vo tha range was
from 1432 in 20 kR €0 1.89 in 0.5 per cent L3, ths
control being 1.41. It was noted that in vl,,o.s per cent
EMS gave the mindmum number of branches and in V. the
sama dose gave the maximum value. In tha varlety VB'
maan number of branches ranged from 1,03 in 20 kR to
1.80 in 1.0 per cent EiS. Tho control valua of 1,40
showed a medium trend bsetweean the minimum and maximum values
in the treatsd populations, as noted in varietlas Vi and
V,eo In the number of branches per plant also dapending
on variety, mutagons and doses tested insignificant

poslitive ¢r negative chiits wera noted,



Table 2~1 Maan No. Of branches/plant as influenced by

genotypes and mutagens
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gamsa ravs
Varietias Contxol sz Gane-
0.5% 1.0% 20KkR 30kR  pgl
nean
v1 1.92 1.46 302 1.69 175 177
Vz 1.41 1.09 1.37 1,32 1.61 1.52
vh 1,40 1.58 1.80 1.03 1.40 1.44
Gasnerai
mean 1.72 1.64 1,73 1.35 1.59
Analyeis of variance
Source F valua Cely_Walua
Deatwean variatias (I 5,09 -
Betweaen mutagans 0.001 -
Betwesn levels of BEiS 0.0001 -
Datwsen levels of gamna rays 0.001 -
Treatsd Vs Control 4,005 -
Varlatics xn Treatments 0,99 -



A varisty dependent insignificant varliation in
maan value was notlced., Varlety Vi had the maximum
mean number of Lranches in all the treatments lncludiang
controle

It was noted that 1.0 par cent BT trsatments in
all the varietles tested gave an increased sbllity for
branching. Thz maximum reduction in aumber of branches

was noted in 20 kR exposure in all ths verleties studied.

In the profusely branching varlsty Vi and the
least branching variety Vi, 1.0 psr cent EMS gave the
maxinum number of branches per plant whereas in Va it was
shifted to the lower dose of EMS (0.5 per cant). In general,
chemical mutagen treatment rasulted in an increase in
the msan number of branches per plant whereas physical
mutagen treatnent Iesulted in a reduction in branching,.
The effact of 30 kR gamma rays was comparable to that of
tha control,

2e2, Hean number of branches per plant under differsnt My
branch categories

Mean pumber of branches par plant in M, as influen-
ced by varietles, mutagans and thelr doses and five M1
branch categories 1s deplcted in Teble 2«2, Statistical
analysis ¢f the data showsd significant variation in

mean valuas among the major treatments (varlieties and



Table 2=2

Mean number of kranches/ plant as influenced by

9l

varieties M1 branch~¢ategorles and mutagena & thelr
dosag
' b h ori
Varie- lMuta- Doses ﬁ} ranch cetegories Maan
ties gens 1 2 3 4 5
ous  0e5%  3.70 2,05  1.87 2,95 1.36  2.07
1.0% 2013 2.64 2elb 2e74 2.02 2435
v
3 Gamma 20 KR 2403 2493 . 2,51  2.95 1.69  2.42
E2¥S 30 KR 1.68 2.52 2454 2.75 1.75 2425
BIAS Qe5% 1,63 1,63 1.36 1.93 1.89 1,5%
v 1.0% 1.07 1.01 1,31 1.17 1.37 1.13
2 "Gamma 20 KR 1435 2425 1,80  1.39 1,32 1,62
Fa¥8 30 KR 2417 2428 3412  1.62 1.61  2.16
sws . 0e5% 2463 3,21 1.6 2,55  1.59  2.33
v 1.0% 1,09 1.6% 1.09 1.66 1,8 1.46
3
Garmma 20 kR 0 0 0 0 1.03 1.03
¥a¥s ' 30 kR 0 0 ) o 1,37 1,37
HMean 1.83 2e24d 1,95 2410 1.53
Malysis of varlanca
Epurce E _valua Cell vValus
tlajor treatments 10.88w 0.73
Varlietiss (V) 26.41% 0.98
Loasas (T) 333 -
Vet 10,18 -
Minor treatments (M) 1.54 028
Vi 1035 -
Tx M 0.44 -
VRITxHN 270 0.98

¥ Signlficant at 5% lavel
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doses of mutagens), varieties, varleties into trsatments
interaction and varieties into treatments into branch
category interaction. But the variation in msan values
chserved among doses of mutagens, Hl branch catagories,
varieties into branch categories and treztments into
branch categories interactions wera observed to be

ingignificant.

‘In tha variety Vi. mean number 0f branches ranged
from 1.35 in 0.5 per cent EMS under ths £ifth branch
category to 2.95 under 20 kR exposure in the fourth branch
category. A renge in valus from 1.01 in the second branch
category under 1.0 per cent EMS to 3,12 in the third
branch category under 30 kR gamma rays wac noted in tne
saccnd variestye. A wide range in valua £rom 1.03 in the
f1£th branch catagory under 20 KR to 3.21 in tha second

branch category under Q.8 per cent ENS wap noted in vg.

Lowest mean numnber of branches in V, vas chsexved
in the bulk progeny under 0.5 and 1.0 per cent EMS and
20 kR gamma rays, the valuss baing 1.36, 2,02 and 1.69
rospectively. In 30 KR the same result was noted in the
firsz category (1.68). The maximum meen number of branches
were produced by tha fourth category under 1.0 per cent
EMS as well as 20 and 30 KR gamma rays (2.74, 2.95 and
2+.75 raspectively). Under Q.5 per cent EMS tha maximum
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of 2.7 branches per plant was observed in the £irst

categoryse

when the later formed M, branches and the bulk
seed collection gave the maximum mean number of branchss
under both tha doges of EMS, the sams was distributad
among the early formed branches in gamma ay €:Xposures
in V,. Lowest mean nunber of branches was recorded in
the early fozmed Mi branches by £M5 and by whole plant

seed collaction undsr gamia ray @xXposuras.

the dQogses of chamical mutagen exhiblted marked
differences in their effects in VS with the minimum wvaluss
in bulk seed collection and the mawinum in the early
formed branches by 0.5 per cent concentration. Under
1 par cent concentration the minimum value was obssived
in the early formed byranches and maximum in the bulk

sead collactione

A congiderably raduced value of 1.03 was noted
under ths bulk seed collaction in 20 kR which was justie-
flable as no branching was cbserved in ths Ml plants
undar the two exposures Of gamma rays. The mean valug was
aleo low in the case Of 30 kR exposureg.

The maln plot means ranged f£rom 1.03 in 20 kR 4in
T.r:,3 to 2,42 under the sanw treatment in Vi. On the whole,

profusa branching was observed in vi ap compared to ths
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otheor two varietiss, The maximun mean nunber of branches
of 2.42 rocorded under 20 kR 1in v& was significantly
superior to the msansobserved under the different treat-
ments of tha other two varistles, except 30 KR in V2
and 0.5 per cent EMS in V3. The mean values of 2.35 and
2.25 shown by the higher dozes of EMS and gamna Days
raspectively wore also significantly superior to the
digferent treatments in V, and Vi,

The sub plot means rangad £rom 1,53 in the £i£th
branch category to 2:.42 in the gecond branch categorye.
The meximun valus was significantly superlor to the
Eirst and £ifth sub-plot means.

Varioty Vi showad significantly superior branching
in the £irst branch category as compared to bulk seed
collection in 0.3 per cent EM3, in the second and Zourth
branch categocies as comparad to bulk in 20 kR and in
the fourth branch catageory as compared to tha £irst and
bulk in 30 kRe. ilc sigonificant differsnca in branching
among plants ralged from seeds collected f£rom dlifferent
4, branch categories was noted in V,. The firat and
sacond branch catsgories showed significantly superior
branching as comparad to ths bulk se=d collection in 0S5
per cent EM5 of Vye The second category was significantly

superior to the third categorye



2.3« Phenotypic frequency of branch numbar vgrignto s

The frequency distribution of branch number variants
a8 affscted by the differsnt doses of tha 2 mutagens in
3 varisties under £ive Hi branch categories is depicted
in Table 23 and tho results of statistical analysis
in Table 2=3.A. On statistical snalysis ths data expressed
significant variation in mean f£requency distribution
atong varieties, doses Of mutagen, Vvarieties into doses
interaction, modes of pseed collection, varieties into
branch categories, traatments into branch catagories
and varieties into treatments into branch catagorics
interactions, phenotypic classes, varieties into phenow
typic classes and troatments into phenotyplc classes.
Branch-categories into phenotypic classes interaction

alone was £found to ba insignificant.

In Yy, both positivae and negative variants were
craated by the differsnt concentrations of EMS and gamma
rayse. The £regquency Of these variants was highly depesndent
on varleties, mutagens, theolr doses as well as ths modes
off collection.

Naegative variation was found ¢0 bs complstely
absent in V, and Vy and the meximum negative yariatlon
of 20455 per cent was reglstered in the second branche

category under 20 kR gamia rays in v1. liaan £requency of



positive varients ranged £rom 1¢63 €0 39.32 per cank
under 20 kR expoosure in the Fifth and second branch
categories respectively. In v& nagative.anﬁ positive
variants were preduced in almost egual £requencies under
tha gecond brach category in 0¢5 per cent and 30 kR
vherens a two fold inczease in positive variants (26.47:3)
ap compared to nigative variants (33,09%) was observed
under the £ifth branch category in 20 KR O the same
variety. The =ffacts produced by 1.9 per cent EMNS and

20 kR gemma roys vare comparable in the first, fourth
and £if£th brench categorias of Vé.

Significant di€ferences in the numbar of plants
£alling under the threa phenotypic clasaes were noted
‘ameng vi. Va and va due o lack of negative varlants in
Vv, and Vq and the absence of bragnch wise collestion f£rom

2
Mi in ths physical mutagen exposures in V.. Frasguency of

3
plants coming under the three phenstypic clasess was
found to be clignificant, positive vapiants being more
{30,075} es compared to negative variants (7.23%).
Praguencies in the positive and negative groups vers not
found to bz sigaificantly dlfferent in V1, but in the
other 2 varieties signlficant differendes wers observed
due €5 the complate absence 0f negative varianits. Variety

Vy produced maximom positivae varlants,
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Poaitive variation was the highest for plants
treated with 0.5 per cent BMS (23.46%4) which was signle
ficently supsrior to ths lowest value of 16.52 per cent
under 20 kR gamua rayse. Fragusncy distribution of naga=
tive variants rangad €rom 6.29 per cent under 0.5 per
cent EMS3 to 7.88 per cent under 20 kR gamma rays. &Seads
collected f£rom the second branches reglstered » high
positive variation and the bulk progeny roglstersd a
high negative variation. But no significance was obcerved.
Variation wasz comparatively low for the £ifth branch
catagory with nearly 68 per cent of the plants falling

in the control groupe.

3. Length of fruits:
3ele Mayn frult length as influencad by genotypas and
mubtagens

Frult lerngth, as influenced by varieties, mutagens
and chelr dosss ic prasentaed in Table 3-1. Statistical
analysis showed significant variation due to different
dopea compared to control, But the differences in moan
valuss among varlaeties, batwesn mutagens, between levels
of mutagens and variety into treatment intsractions werae
not signlilicant. The mean f£rult length in Vl ranged from
338 om in 1.0 por cont BMS to 4,42 ¢m in control popula-
tion. Hence in this vardety mutagen trsatment led to a

general significant reducticn in mean £ruilt length which
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Table 3-1 Msan fruit length(cm) as influenced by geno=-
types and mutagens

EMS Gamma rays
Varieties Control Genae=
0.5% i .0% 20kR 30kR ral
meari
Vi 4442 4,08 3,38 3.85 4,17 4.04
Vé 4.28 4.23 4,41 4,18 4,88 4,38
vs 4 .80 4.14 395 4.09 4.83 4.26
General .13 4415 4.01 4,07 4062
mean L) L ] [ [ ] -]
Analysis of variance
source E value C.D value
Between varieties (V) 0.05 -
Betwaen mutagens 0.41 =
Batuean levels of EMS 0.06 -
Botweon levels of ) 0.86 -
gamma rays )
Preated Vs Control 5ed3n 0.98
Varietles x Treatmants 069 -

* Significant at 5% level
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wag observed between 1.0 per cent £ (337 cm) and
centrol valus (4.43 cm)s In the variety V., maan frult
length ranged £rom 4.18 cm in 20 KR €0 4.88 cm in 30 kR,
with a contyrol velus 0f 4.25 c¢me Hers the minimum and
maximam velue distribution was on either side of the
control in the case of physical mutagens tho gffect of
chemical mutagens being comparable to the contzol. In
Vy the range wes f£rom3.55 cm in 1.0 por cent LK to ¢.8lcm
in 30 kR widch only slightly sxceedaed the coatrol valus
of 4.80 eme &0 here nlso, mutagen treatment had led to
a reduction in ithe mean value of the charecter under
atudy.

Frudt length in genaral was advarsoly affectod by

mutagen troatmente.

3e2¢ Mean Frult lengiéh under diffcrent H1 branch cata=
gozriess

the effect of mutagens and thalr dopes. and ﬁi branches

cateagories on £ruit length in the dlfferant varieties 1=
vresented in Table 3-2, Significant varlation in mean
valucs was noted among.Varieties, traatments, varicties
into treatments intoracticn, amwng the modes of sead
collection, varleties into modes, treatmants into modes

and varieties into treatnents into modas interactionss
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Table 3»2 HMean fruit length {(cm) as influenced by varieties,
Mi branchegatagories and mutagens & their doses

Varie-

#, branch 'céhegorias

tlea gems o T3 3 4§ 5
- DeD% 4408 4432 3485 435 . 4,08 4e14
1,08 4,04 4,09  $.57 3,77  3.39 4003
v
1 Gomma 20 KR 426 54,07 3421  3.77 3495 4.05
Eald 30 KRR 4.13  4.09 4405 5,320 4e17 4433
e 0eS5%  €a27 4409 3095 4438 4023 4e19
v, 140% 4056 4459  4.29  4.38  4.41 4.45
Gamma 20 kR 5.49 4,52  3.82 3,78  4.18 4.36
Fa¥S 30 KR 4411 ded4 3,85 4,18  4.88 4429
EMS 0’5% ‘034 @.52 5o38 4#4 4.1‘ 4.55
v 1.0% G429 S5:92 4061 4.74 3495 2e 70
2 _
Garma 20 KR 0 Q 3 0 409 4.09
rays 30 kR O s} 0 g 4,681 4,81
Mean  4¢36 457 3477 429 4.21
Analyalc of variznce
jource F value CeD valus
Majof treatments 2584,57% 0482
Varieties (V) 2999, 20w 1.20
Doses (T) 21010437 -
v xo 2672.66% -
Minow treatments (M) 509450 % 0.37
vV x M 1075.00% 1,29
TR M 549,25« 0
yaanit 142.25w "

¥ Significant at 54 level
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" Mean frudd length ranged £rom 3.21 ¢m under the
third branch category in 20 kR o 5.20 cm under the Sth
branch category in 30 kR in the verlety Vle in Vé the
highest (5.50 cm) the lowest (3,88 cm) valuss fell in
the same'mutagen dose in the £irst and 4th branch cata-
gories respectivealy. A range £rom 3.95 cm in the 5th
branch catsgory undsr 1.0 per cent EMS to 5.92 ¢m in
the 2nd branch category under the samg treatmant was

notaed in Vé-

The nsan valuss ranged from 3.86 cn under (.5 per
cant: EMS in Vi in the third branch catagorsy to 4.35 in
the 4th category whersas in the higher concentration of
the same chemical mutagen, it was from 3.38 cm in the
bulk sead collection to 4.51 c¢in in the 3rd category.
Exposures of gamma rays resulted in an increase in mean
£rult length ranging from 3,21 cm in the third to 5.07 cm
in the second category in 20 KR and from 4,05 cim 4in the
third to 5.2 cm in tha 4th branch category in 30 kR.
Lowest mean frult length under both che 8MS concentra-
tions 1in vg vore maf with in thoe 3rd branch category: wheraas
the highest values were obsexved in the fourth and sacond
catagorice in 0.5 per cant aud 1.0 per cent contentrations

respactivaly. Hers also, physical mutagen treatment led

to an increase in msan £rult length ranging f£rom 3,73 cm



in ths 4th branch cataegory to 5.50 cm in the £irst under
20 kR and from 3,85 cm in the third to 4.88 cm in the
whole plant seed collection in 30 kRe In Vé both tha
concantrations of EMS expressed the minimum mean valuas
in the bulk gesd collection and maximun means in the

oarly form=d branches,

when the lowest main plot mean (4.03 cm) was shown
by 1.0 per cent Eis under V, the highest value (4.7 cm)
was shown by tho same dose under Vs but major treatments
ware not found to ba significantly different. Sub plot
treatments exhibitad significant dlfferences in mean
£ruit length ranging f£rom 3.77 em in the third branch
category which was significantly inferior to all others

t0 4.57 in the second branch catsgorye

Significant differences in mean values were noted
in Vi only under 20 kiR gamma rays whera the mean frult
length in the second branch category (5.07 cm) was signi-
£icantly superxior to the mean fruit lengths of 3,21 cm
and 3,77 cm in the third and later branch categories
respectively. The same treatment gave significantly
Jdifferent mean fruit length in Vz also, with ths first
branch category maan of 5.49 cm being significantly
auperior to the mean values shown by the later formed
branches as well as ths bulk seed collection., In tha thind
variety, the second branch catagory mean of 5,92 cm under
1.0 per cent EMS was found to be significantly superior to
the bulk seed collection. 7



3+3. Phonctypic frequancy of frult length variantss

The frequency distribution of frult length variants
( in percentage) as affectsd by the two mutagens uader

£ive M, branch categoriaz in three varieties 1s presented

1
in Table 3~3, The rssults of statistical analggis is
represented in Table 3,3~As Significant VQriasgg vera
noted in moan f£reguency distribution among varietles,
dosesof mutagen, varieties inco doses intaraction, y
branch categories, varietiss into Mi branch catsgories,
treatments into modes of seed collection, varleties into
traatments into modes interaction and the three phono-
typlc categories. Ho significant variation was avallable
with respact to varietios into phenotypic classes, treat-

nents into phenotypic classes and modes of seed collection

into phenctyplic classes interactions.

The different doges of mutagens gave positive and
negative variants in all the three varietlies but the
£roquency distribution varied depending ca varictles,
axposures and the M, branch catagories. The mean freguency
for negative veriants in fruilt length ranged from 4,86
per cent under f£ifth branchwcategory in 1.0 par ¢ent EMS
in V, to 43.72 per cent under the third branch catagory

2

in 20 kR in Vi. Pogitiva varlaticn was fowmd to bea minimum

under the 4th branch category in 1.0 per cant EMS 4n Vi
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(7.49%) and maximum under the £4ifth branch category in
30 kR in V2(37.50%). The f£requency ©f varlants coming
under the negative and positive phenotyplc clasgses ware
found to be almost equal under the f£irst branch category
in 1.0 por cent (23.5% and 23.89% respectively), thind
category in 20 KR (15.57% and 15.,16% respectively)} end
third category in 30 KR (18.84% and 17.63% respsctively)
in V,. The maximum varlation in the mean fragusncy of
positive and negative variants was also found in the
sams varlety undepr £ifth branch category in 30 kR being
605 per cent for negative group and 37.5 par cent for
the positiva group. Tha efiesct produced by 20 KR gamma
rays under the first and £ifth catagories in Vi and 05
per cent BMS under the filrst branch catagory in Vé ware
conparable, the frequeoncles being approxinataly equal to
25150:25 in the negative, control and positive catagories
respactively.

In the case of the number of plants coming undar the
threa phenotyplic classes, batwesn Vi and Vé an insigni-
£icant differencs was noted wharoas Vé showad a signifie-
cant raduction duvue to tho lack of braengh-wise colloctions
in the physical mutagen treatments., tignificance was
noted for the numbepr of plaonts coming under tho three
phanotynic categories but negativa (23.20%) and positive
(24 .245%) varionts were produged in approximately equal

proportione. Positive variation was found to ba meximum in



vg and negative vardation in v1 but thoe differonce was

not significant.

an ingsignificant maximum frequency of positive and
negative varisnts ware produced by plants treatsd with
1.0 per cont LM3. In goneral, 20 kR gomma rays produced
minimum positive varionts in the different varieties
and the higher dose of gamma rays produced minimuﬁ
nagative variants, Tha mean frequencies of koth positive
and negative variante wers found to be maximum in the
bulk progeny ané the correspondling minimum freqguancies
in the fourth categorye

4. seight of Sruitss:

4¢3e Moan £rult wsoidht as influenced by genotypes and
matagens

Letalls regarding the ef£fect of varisties, mutagens
and thalr dosses on £rult weight is shown in Table 4=,
Significant variation was noted bstwaen mutagens, between
the levels 0f gamna rayo and the tresatmonts comparsed to
control. Tho differences in moan value betwaen varietias,
betwgen levels of EMS gnd varlety into doge effect intar-
actions were not significent,

Tho mean frult weight in vi ranged from 1.02 g in
30 KR to 1.67 g 1n control. The mean fruilt weight in vy

also showed only a nsgative shifit, ranging from 1.17 g in
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Teble 4~1 Mean £ruit welght(g) as influenced by genotypes
and mutagens

EMS Gamma rays

Varieties Control igz."
00 5% 10% 20kR I0kR mean

Vi 1.67 119 1.12 1402 1.49 1.29
VQ 1,36 121 1,32 1.27 1.30 1.27
Vs 1.59 1.1i8 1.00 147 1.58 1,31

Ganeral

mean 1.5¢ 1,19 1.36 1.12 1.46

E
Analysis ef varianea
ures E_valua Celd Valus

Betwecn varieties (V) 016 -
Bstween mutagens éod2" 037
Botwaan lavels of BEMS 010 -
Batweon lsvels of gamma rays 11.61® 037
Treatad Ve Control 16,95# 0037
Varieties X Traatments 1,19 -

* Significant at 5% level
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20 kR to 1436 g in controls. In the case 0f Vi. 1.0 peor
cent EM3 showaed the maximws reduction in mean friult
weldght (1,06 g) with a maximum of 1.60 g in control,
The varietal moans showed no significent differences
whereas a significant dificrence betwosen the doses and
control population was observsad in Vi and Va- in V1'
mean Epuit waight'as influenced by 0¢5 per ca=nt EMS
(1:19 g) 1.0 per cant BEMS (1¢12 g) and 20 kR gammna rays
(1,02 g) viers significantly iower as comparcd to control.
in Vé also mean frult welghtis for the above three dosaes
wora sionificantly inferior when compared to control.
In Vi and Va significant differences in mean frult

walight were obsarvad betuween ithe levels of gamma rayse

Significant diifersncs in mean values bztween the
mutagens tested was glsO Observed in Vl and Vge Thare
was a significant increass in mean frxult wveight in 20 kR
(1449 g) as compared to 1,0 per cent EME (1.15 ¢) in vy
wheraas in VS tha moan £rult weight in Loth 0.5 per cent
(1.28 g) and 1.0 per cent BMS (1.05 g) was significantly
lesser thaa that in 30 kR gamma Fays (L.58 ¢gle

It was noted that in tho case of the varleties under
study all the treatments in both the mutagens led to a
gignificant reducticn in mean valua compared to controla
bDrastic reducticn in mean fruit welght wan obsazved In

B8 treatments conpared tO gamna ray &XposSuras.
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4.2¢ M2on fruit walght under different Mi branch cateqgories

The influence of dosea and My branch gategories on
the mean frult weight in difforent verietles 1o given in
Table 4-2. The mesn values smdng varieties, tpeatments,
varieties into treatments intsractlon, varietles into
branch catagories interaction, trecatmenis into branch
categories interaction and variaeties into treatmenis
inte traetmsats into branch categories interaction showed
significant differencas., No significant variation in msan
values was observed among the major traatments (varieties

and dosas of mutagen) and M, branch categorles.

A Pange in mean f£rult welght from 0,89 g in the
fourth braunch cafagory undar 2Q XR gamma rays to 1.77 g
in the first branci cateogorzy under 0.5 per cent ZNMS was
moticed in V;. In V, the values ranged from 1.07 g ia
the fourth branch category under 30 XR gamma rays to
1,87 ¢ in the first branca catagory under 20 kR gamme ray
exXpOsures. Mean £2ulc walghts in Va varied from 1.06 g
to 1.70 o under 1 per cenc EH4S dn the £i£th and socond

branch categories respestively.

In Vi thae lowoest and the highest mean £ruit vaights
under the different doses wore distributed betvaen the
first and the fourth branch categories only. UHhen the

carliier formad branch catsgories reglatasrad the maxdmum
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Table ¢=-2 san fruit waight(g) as influsncsd by varieties,
ty branch categorlies and mubagens & thelr doses
M., branch categories
varie- Mutae o 3 Mean
zies  gens oses 3 2 3 4 5
- 0.5% 1e77 1,23 1.19 1.09 1.19 1429
v 1.0% 0,96 1.28 1438 1,31 '1.12 1.19
i Camna  20kR 1.87 1.40 1.08 0.89 1,02 1.17
FSY8  30kR 1687 143 1427 1.14 1.49  1.35
Bs 0.5% 1«74 1419 1.31 1031 1.21 1.31
v 1.0% 135 1030 1431 1.39 2.32 1.33
2
Gamna 20kR 1087 1.39 1.23 1.19 1.17 1.36
rays 30kR 1420 134  1.19 1,07 1.30 1.29
RIS 0e5% 1430 1439 1,69 1.26 1.38  1.40
1.0% 1607 170 1439 1.29 1.06 1.25
v
3 Gemmna  SOKR 0 0 0 - 0 1.17 1.17
rays 30kR Q 0 0 0 1.56 i1.58
Mean 142  1.36 1427 1,20 1.2

Sourge

Major treatmants
Variatias (V)

Dosas (T)

Vv ¥

Minor treatments
Vi

TxM

VeTx i

Mmelysis of varlance

(24)

F valus

0619,
286467,
151444
149477%

2.22

32430*
30410%
11.00%

Cel Vvalua

* Significant at 5% level

052

0«24
0.52
a
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figan value f£or 0.5 per cent EMS and the diffarant doses
of gamna rays., the latar formad branches recorded the
ninimum means for the same tréatments. Opposlte was the
¢as@ with ) par cent BiS. In genoral, plants raised from
the seeds collected from sarlier formed M1 branchas gave
higher maan valuesz for £rult veight as compared to later
formed branches. The scume trend wes followed in Vo with
the maximum values for the lowsr doses 0f the two mutagens
£alling in the £irst branch category and the gorpaspond-
ing lcower values in the third branch gategory under EMS
and by the bulk plant seed ¢ollection in garma rayse The
maxidum mean frult weight under 30 kR (1434 ¢) was in the
second branch catagory and the minimum (1.07 g) 4n the
fourth branch category. A difference in the distribution
under i per cant EIMS was noted by having the maximum moan
fruit walght under the fourth category. and the minimum
under tha thixd branch Catsgorye. In vé under 0.5 per cant
rMg meen £ruit weight ranged £rom 1.26 g in the fourth
branch category to 1.70 in the 3rd branch category whoreas
in 1.0 per csnt 1t ranged fxom 1.06 g to 1,70 g in the
fifth‘and secocnd branch cgtegoriss reapectively.

Main plot means ranasd insigniZicantly in vs from
117 g undar 20 kR t0 1.40 g undar 0.5 per cent EM5. In
all the thres variaties 0.5 per cent EMS ragistarsd higher
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mean valuos. Sube-plot meens ranged from 1.2 g 4n the
fourth branch catagory o 1.41 o in the f£ixat branch
category but wera not signiflcantly differont.

In the cass Of Vi,aignificantly superior frult weight
was shown by 0.5 par cgnt EME under the f£ilrst branch
catsgory as compared to later formed ones. <The lower dose
of gamma rays also reglstered significent superiority
in the first branch catagorye In Vé also, significant
superiority was shwown by the lower doses of both the
mutagens under the £irst branch catagory. In vg. 1.0 per
cent EM3 recoxded a si¢gnificantly supsrior fruiﬁ welght
of 1.70 g under the 2Znd branch Qategory as compared to
tha £irst and £i€th branch categories.

4.3, Phonotypic £ragusncy of frult weight. variants:

In Table 4-3 tha frequoncy istribution of fruit
weight variants ( in porcsntage) in thrae varieties of
chillies as influenced by the different doses of M5 and
gamma rays, undexr five Mi branch categories is presented.
The rasults of statistical gnalysis ape presented in
Tabla 4=3«A, sStatlastical analysic of the data showad
significant variation in maan fraguency distribution among
varietios, doses of mubagen, varietieas into doses inter-
action, modes of seed collectlion, varieties into M1

branch-catagories, treatmants into branch categoriaes



Table d=Jwhe

Statistical analysis on the freguency distribution of f£ruit
wedght variants (transformed values)

Mutagens & doses

M

branch catagories

Phenotyplec classes

1 isman (V)
ErE Ganmns zays -Us QOon +vR
0e5% 1.0% 20kR  30KR 1 2 3 43 5 vari trol varia
‘ ants groun nts
@ Vl 34,53 34.39 34479 34479 34483 35,01 34427 34427 34.91 30.74 43,41 30.49 34462
@ : ' -
! Vé 34.92 34.50 34086 3467 34462 3467 35.30 34,87 34.92 29.28 41.54 344,32 34.84
@
E Ug 34.92 344,96 652 0e91 1753 1737 17645 1747 34,91 22.44 26,63 25: 77 204,95
K, .
taan 343679 34,75 25055 25046 28492 29401 23.7¢ 20,87 3491 27.49 37.19 30613
P f1) .
vacd Spalysis of verionce
o em’ts 30.19 30.26 28.22 23028 24.67 23-57 25@42 23.35 28081 SOUICB Fea Value C.D-V&lu‘l
9%t | Varieties (V) 9427.69% 026
&g gmupqa.oz. 39,73 3211 3392 32613 33.05 34421 33.28 40.43 Preatments (T) 3198.81% 0429
gc: . Branch cata=
g var; , ‘ gories (M) 675:03% 029
& ants 31.75 ?4991 2672 27.4 31.24 29459 2;.44 24,99 31.56 Phenotypic
- . clasces (S) 20.83% 34,07
1 34482 34.8L 23,86 23449 Vv x T combinations 3261.65% 0451
’5 % 2 3&.91 3&'&93 23.33 22&88 v x 2‘1 " 676‘44ﬁ 0.51
5 'E': 3 34.79 34.48 23.23 23,29 .2 x M o 207¢75% 0.58
s.' . . . ) .
Rt % 4 34-52 34452 2325 23.17 T xS 1] 072 -
M=xS ki 1.22 -
* significant at 5% level _:j
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and varieties into treatments into modes interactions,
the thres phonotyplc categeries and varieties into phenow
typic categories intesraction, treatments into phenotypic
clagans and rmodes into phenotyplic classes interactions

wore found to be insignificant.

Both positive and megative variants were produced
by the different concentrations of EMS and gamma raySe
in the digferent varietles. a doss and M, branche-category
dependent variaticn in mean f£requency distsibution for
the variants was cbserved in the three varleties. 7The
minimun mean £requancy O£ S.41 per cent for anagative
variants in frult woilght was obsarved undar the fourth
branch=Ccategory inll.o per cant in vl; tho maximun value
Of 46464 peéﬁgging under the £ifth branch category of Vy
in the same dose. Positive varlation was fouud to be
minimun wnder the fourth catagory in 0.5 per cent EMS in
Vl and 1t was maximum (64.923%) under the first category
in 20 kR in V,e. The fraguency of variants £rom the control
group was found to be maximum under the f£irst category
in 20 kR in Vi and under the 3rd catagory in 05 per cent

in Vﬁ baing G4.92 par cant and 50.18 per cant respectively.

A spignificant reduction in pexcentage freguency
under the thres phenotypic classes vas noted In Vé; as

thare was no branch-wise collection f£rom Mi owing to lack
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Qf branching under gamma ray exposures. Fragusncy of
positive variants {(30.19%) in the different variesties

was found to be signlficantly greater as comparad to the
negative variants {(27.89%). in V,+ freguency of plants
wera not significantly different among positiva and nega-
tive variants but in thoe other two varieties significant
difference wags notad. Variety VQ showad maximun posiltive
variation (34.32%) where as V, registered the maximum

.}
negative variaticn (30.74%).

Plants treated with 1.0#% EMS gave nmasimun £ragquency
of positive (34.91%) and negative variants (30.26%).
Minimum mesn £raquency of positive variants was observed
undar 20 kR and of negative variants wnder 30 kR gamna
rayss The fifth branch category recordsd the maximum
m2an £roguency Of 28.81 per cent under negative wvariants
and 31.56 per cent under positive variants but the valuas
registerad no signiilcant increass as compared ¢o the

other mean £requencies.

5« Humbhor of seeds per frults:

5els Moon numbor of ceads per fruit aes influsnced by
ggnmtggeg and mutagens.

Teble 5«-1 reprasents the mean number of sceds per

fruit in the varieties tasted, as influsnced by the doses

Of mutagens CThere was no significont dlffarenca amncng
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Tabla 5«1 Mean pumbar of sesds/frult og influenced by
ganotypes and mutagens

EMG _ ‘ Ganma rays Gone
Varieties Control “,7c.™ | 4% 20kR  30KkR  ral
maan
\f,a 55407 35,91 3673 36401 37.82 40,91
Yy 49,78 45,19  44.95 37,28 47:30 44.89
VB 5654 39,65 36999 44.62 342495 39,57
Ggg‘:g"" 43479 41,58 38,59  38.96 46402
Analysis of variance
sourea F _valua CeD Value
Betw=en varisties (V) Q.90 -
Between nutagens Q.41 -
Batueen levals of EMS 0.32 -
Between levels of gamma ) 2315 -
rays )
Traated Ve Control 0.03 -

Variaties z Treatments 1.87 -
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variaties, botvesn mutagens or their doses, treatments

ve control and the variety into dose effect interactions.

Tha maan nuibar of sseds per frult in V1 showed a
raduetion in numbaer of seeds which ranged £from 36.01
in 20 KR to 55407 in control. In V, also, there was a
genaral reduction in number Of se&is per frult on treat-
ment, ranging £rom 37.25 in 20 KR o 49,78 in control.
In vs the mean valuas ranged from 36,99 seads par frult
in 1.0 per cent to 56,54 in controle A variety dependent
insiganificent variation in number of seeds per frult was
noticad. The maximum value Of 44+89 secds par frult was
noted in V, £clloved by Vi(@O.Ql) and v3(39.57). The
order is exactly opposite to what is observed in tha
control where vs records the highost moan of 56.54 feollowed
by v1 with 55.07 and Va with 49.78. Hanca it could be
noted that the reduction in number of seeds per frult on
treatment woan greater in varlaeties with a higher mean
valus for the sama, under normal conditionse. Variety Vé
was found to be comparatively resistant to mutagen treat-
ment whare thoe rangs in msan valus was only of the order
of 10 units, as compared to an approximate value of 20
units in the other two varieties. Tha alnimum numbar of
geads per frult is comparable in all the thres varleties.
In the cese 0f chemlcal mutagen, highes the dose greater

wrs the reduction in seed numbare, But higher dose of

physical mutagen led £0 a proporitionate increase in mean



valus in all the three varistics tested.

In gencral mutagenic treatmoent showed a complate
but insignificant negative shift in all the threa varie-
ties,

502« _Mogn number of seefls per frulft undor differant f—il
branch cgtegor:!.as

Data ragarding the moan number of seeds per f£ruit
as influenced by varleties, doses and Hi branch catagories
is given in Table 5=2, Statiztical analysis of the data
siowed signifigcant varlation in mean values among the
major troatments, varleties, trsatments, varietles into
treatmants interaction, minor treatments, varleties into
branch categorias and treatments Into branch categorlss
interaction and also varlietiec into treatments into

branch categories interaction.

Average purber Of secds per £rult ranged f£rom 31.95
in 20 kR under the fourth branch catagory €O 648 in 0.5
per cant EiMS undex thoe first branch catagory in the Elrst
variaty. Variety Vé showed a wide range £rom 34.988 in the
fouvrth branch catagory under the higher dose of gamma
rays to €67.95 in the £irst branch category under the lower
dosgo of gamma raysze. In v3 it ranged from 34.01 in 1.0
per cent EMS under the £iifc<h branch category to 57,59 in

0+5 per cent BMS under the third branch catagorye.



Tabla 5«2

varisties,

& thelr doses

Mzan nurbar of seads/frult as influanced by
. branch categories and mutagens
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M., Dbranch catagories
vorie- Muta= oo 3 OF avago Moan
ties gons ' 2 3 4 )
BMS 0eB5% 64,79 43,30 46453 39.92 39.91 46491
v 1,04 35.39 42,30 50,21 52419 _36973 43,39
i
Gamma 20kR  48.90 44,91 35.39 31,85 35.01 39,19
rays 30KR 51.76 50017 4521 44,81 37.82 45495
s 0e5% 67472 41,51 34400 53,46 45,19  48.55
v 1.0% 45029 40437 48447 53,96 44,95 46.61
2 Gamma 20kR  G67.95 55.43 52012 4525 37425 51.59
rays 30KR 35,62 54441 42,50 34.88 47.30 42,94
oS 0e5% 41.81 47.99 57.59 46,23 39.65 46,65
1.0% 37017 56457 4712 45,24 34.01 44,02
V3 "Gomma  20KR 0 i) ) 0 40.62 48.62
rays 30kR 0 0 0 0 52595 52495
Mean 40.G4 47.69 46,00 44.78 41,28
Analvsds of variance
Source T wvalue CeD vValua
llajor treatmanta 486.74* 132.01
Varietiss (V) 1071.48% 17.73
Dosen (T) 400,.65% A
Vx T 334.,79w z
Minor trasatments (i) 41 .59% 7.88
Vx M 236.83% 17.73
Tx B 165029* n
vV Tx 142.31* s

w Silgnificant at 5% leval
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Lowest mean numbel Of seeds undefl 0.5 par cent EM3
and 30 kR gamma rays in V, ware observed in the £ifth
branch category and the corresponding highaeat walues in
the firast branch categorys. In the othor two doses, tha
same values wera distributed gmong tha first and the
fourth branch categories, the maximum value f£alling in
the later-formed branch category for the chemical mutagen
and in the £irst branch category for the physical mutégen.
In vg the maximum average nunbar of sesds undsr the lower
doses of BMS and gamma rays were comparablae, bheing 67.72
for EMS and 67,95 for gamma rays both f£alling under the
first branch catsgorye. The corresponding minimum valuos
fell under the third branch category and tha £if£th branch
category for EMS and gamma rays respectively. Foxr the
higher doses of tha two mutagens, tha extreme valuss wora
racorded undar the 2nd and the 4th branch catagoriese.
Hare also es in V1 the maximum valuas for EiMS was registered
in the later formed bronches and for gammna rays in the
earlisr formed branch categorye. The range was compara=
tively low in Vé excending from 39.65 under the £1ifth
branch category to 57,59 in ths third branch category for
0e¢5 por cent Eis and from 34.01 in the bulk sesd collec-
tion to 56,57 in ths second branch catagory for 1.0 per

cant EMS,



The lowest main plot mean {(39.19) was recerdad by

20 kR gamma rays in V, which was significantly inferior

1
to the highest valuo (52,95) under 30 kR in V, and also
to the average wvalue cbtained under 20 kR gamma rays in
Vhr(51.59). The gub plot msans ranged £rom 41.28 under
tha £ifth breunch category to the significantly superior
value of 49.64 under tha £irst branch catagory.

Variaty Vi showad significantly highzr numbor of
oeads per fruit in the £irst branch catagory (64.79) as
compared to all other braach categorics under .5 per
cent EMS, In Vé also, tha sama branch catsgory under
tha same dose registered significantly suparior values
as compared to all the other branch categorlies except
the fourth branch category which wes significantly
supericer to the thind branch category. In the same
variety, under 20 kR exposuras, the £irst branch category
naen Q£ 67495 was found w0 be significantly superior o
the fourth end f£ifth branch category maané where a8 in
the higher dose exposurs, the second branch catagory
maan (54.431) had significant supsriority os compared to
the £irst and thircd branch gatogory meanse in Vae 0.8
per cant EMS showed slgnificantly highsr mzan numbor of
saeds por £ruit in the third branch categoxy as compared
to tha £i£th and in 1.0 per cent BEMS, tho 2nd branch
category showsd significant supariority over tha ist
angd £ifth branch categories.
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543+ Phenotyplc freguency of seed numbar variants:

Data regarding the frequency distributlon of seed
numnber variants (in percentage) as influenced by the
dlfferent doses of ths two mutagens, three varietles of
chillies under £ive M1 branch categories is deplicted in
Table 5-3, The results of staclstical analysis is shown
in Table S-3=3A, On statistical analysis, ths data showed
significant variation in mean £reguency distribution among
varieties, doses of mutagen, varleties into doses inters
action, modes of seed collection, varieties into branch
catagories, treatments inte branch categorias and varie-
ties into treatments into branchecatagories interactions
and the three phenotypic categories. Varieties into pheno=
typic classes,treatments into phenotyplc classes and modes
into phenotyplc classes interactions registered no signie-

ficant differancea in moan £raguancies.

Maan frequency of negatlve variants ranged from
10.7 par cent in the bulk progeny under 0.5 per csnt EMS
in V1 to 32419 per cant in tho same catsgory of the same
variety under the lower doss of the physical mutagen. The
range wos from 12.28 per cent in the first category under
05 per cent EMS in Vé to 62.22 per cent in the same
catagory under 20 kR gamma rays in Vé in tha case of
frequency distributiocn of positive variants. 2n almost
equal frequency distributicn under the three phenotypic



Tablae S5«3-A.

Statistical analysis on the fregusucy
number variants (transformed values)

Gintribgtion Gf sead

tiutagens & doses

branch ecategories

Phaenotyplc classes

Varietios

Phenctypic classes

M brmen"

* Significant at 5% leval

1, Mman
E¥S . .Camma rays %;:g' ?.Grgl 'Wai )
. o , Y2, . ; = ; L. - h var.
0 5% 140% . 20kR 30KR i 2 3 4 ants group, ants
34454 34495 34475 34,88 34462 35,08 34,89 34.58 34.71 27.13 44.72 31.38 34.78
3491 345"97 34,90 34468 34,89 34.88 34.99 34,73 34462 28431 42.55 34425 34.87
34,72 35401 701 6493 17425 17643 17:58 17.36 34.95 21.51 23423 31.23 20092
34472 34698, 25,55 25449 28.92 29.15 29414 28.91 34.81 25.55 38.49 32.28
_ : . AfNalysis of variance
29:05 23491 22458 22.06 1871 25.04 22.77 22,29 29.5¢ X
k4 ¢ ¢ ¢ 18 0 . . Spurces F wvalue CeDavalue
vVarieties (V) 6225.24% 0,26
44.02 40.89 33.21 35487 33465 33619 35402 38467 43,47 Treatments(T) 2100.27* 0.29
Branch cate-
: . ‘ . gories (M) 116.81% 0.29
31461 35.64 26493 34496 29043 29433 27.72 25.37 30448 oo oponic
, classes (S) 23,.32*% 3.07
n2 - 35.01 35,04 23,35 23.19 tions 2082.87% 0.51
-5 : '
-;} 3 34.99 35.06 23.24 23428 Vx M u 120.93* 0«51
24 34,47 34.78  23.27 23413 TxM @ .30.34% 058
3; 5 34,68 34,97 35,01  34.59 rxs ° 161 -
& ‘ : vxs " 233% 1,25
nx s " 0.8 -

Coc
<o
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classes was noted in the second branch gategory under

1.0 per cent E¥S and 20 kR gamma rays.

Hare also, Vé showad a significant reduction in the
nunber of plants coming under the thres phenotypic classes
due to the absence of branch~wise seed collection. The
fraquency of plants coming under the positive group was
found to bs significantly greater than the negative
variants, in the Qifferent varieties, Maximum £requency
for posltive variants (34.,25%) was registered under vy
and minimun £requency under Vé {31.,23%)+ Negative variants
also followed the same trend but varlations wera not
significant. Treatment with 0.5 per cent EMS produced
maximun negative varlants whereas the higher dose of EMS
produced maximum negative variants whereas ths highar dose
of EMS gave maximum positive variants. legative varlants
ware minimum undeor 30 KR gamma rays and positive variants
under 20 kR but the varlations were insignificant. Tha
frequency of negativa and positive wvarliants wers magimum
in the £4f£th branch-category but no significant superiority
was exhibited,
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6. Mumber of frults per olent

Gels Mepn number of £rults per oslant as influenced by
genptynoes and mubtacens

Data regarding the effects of varictlics,nutagens and
their doses on the total numbsr of Zrults per plent is
presented in Table 6«1, GStatistical analysis of the data
showed significant veriation in mean value wmong varie-
ties as wall as botwesn mutagens. An dnsignificant varia-
tion was noted between levels of mutagen, treated vs cone

trol and variety into dosze offect interactions.

Mean number of frults in Vl rangsed £rom 20.27 in 30 kR
to 2753 in 1.0 per cent EMS with a control value 0of 22,18,
flance the lowest and highest valucs were distributed in
tha highest doses of physical and chemical mutagsns respad=
tively., In Va the range was £rom 22,98 in 20 kR o 34.79
in 1,0 per cent, the control being 32.93 and in Vé £rom
21,99 in 30 kR to 28466 in 1.0 per cent EMS with a control
value of 23.89, It wes Observed that the highest mesan yield

in all thres varietles vwere noted under 1.0 per cant EiS.

The variation in maan valus depending on the variety
was insignificant and the general mazn was 22,98, 28.42
and 24,69 in vl. V2 and V3 raspactivaly. Varietal mesns
ares comparable to the control valuas doncting an almost
equal shift in both positive and nagative directions dues
to mutagen treatmenta



Table G-1 Msan nurtber of frutts as influenced by
genctypez ang deses of mutagens

a1

EME Gamina Tays ca
— ; ; g~
Varfoties Contfol  “gle ™y aw 20k®  30kr  rel
maat
v, 22018 23403 27.53  21.87 20027 22498
v, 3293 2713 34,79 22.98 24432 26442
v, 23.89  26.14 28,66 22,80  31.99  24.69
G';gggl 25,33  25.63 3032  22.35 22419

Analysis of vardence

Sourcs

Botwean Varicties (V)
Batwoan mutagons

Batyeen levels of EM3
Batwesn leqvels OFf gamma rays
Traated Vs Coatrol

Varieties x Trgcatments

w Significant at 5% level

F valua

L XY A
Ba04*
2,73
0.003
0.89
1,32

Ca value

4.73
4.73

-l



In almoot all cases chemical mutagen treatment led
to an increase in total number of fruits per plant which
was significant in Vé under 1.0 per cent being 34.79 with
a control value of 32.93. On the other hand physical
mutagen treatment glwaya led to a reduction in the number
of fruits per plant and significant differsnces wore
available betwesn 20 kR gamma rays (22.98) and 1.0 per
cent BMS (34,79) treatmants in Ve

Gedes Hoan number of fruits por plant under different ﬁi
branch categories

Data regarding the mean number Of frults por plant
as influenced by varleties, doses of mutagens as well as
brench categories is presented 4in Table -2, Significant
variation in msan valump was notsd among the major treate
ments ( the four different doses under the three varieties),
varietiaes, ﬁreatmants. varietiaes into treatinmants, varietles
into mocdes and varietles lnto treatments into branche
cataegorles interactions. &inor treatments ( five 4, branch
categoriles) and treatments into modes interaction ohowad

no significant variation in mean valuos,

Tho mean values under 1.0 per cent EMS ranged from
40+27 under 30 kiR gamma raye in-vl in the £1i£th branch
catsgory to 28.69 in the fourth branch category. In V2
the range was £rom 23.96 in the fourth branch catagory under
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Table 6=2 !Maan number of frults par plant as influsnced by

varieties, m1

branch categories and mutagens &

their doses
branch ¢ategories
Vario~ Ml Hean
Mutagens Doses : ¢
ties 1 2 3 Pl 5
—_ DeS5% 23,04 20.73 23421 26,65 23,03 23.33
1.0% 23445 25,69 25,00 28468 27453 26407
Vj
i Gmxna  20KR 22081 27¢87 2036 27.46 21.87 26.87
raye 30KR 21,08 24,69 21,49 23.88 20,27 22,28
oS 0a5% 27474 26,68 35,09 39423 27,72 29.29
v 1,0% 24.47 26e44 28,46 28,87 34.79 28,20
a Garmn  20KR 28476 33,97 35.21 28,55 25,08  30.47
rays 30KR 35013 3153 32466 23.96 24.32 29,52
S DeS% 3130 40,66 33,52 31.18 26412 32.56
v 1.0% 30,62 33,99 24,01 29,09 28,66 29.27
3 Gamma  20kR 0 0 0 0 22,80 22080
rays 30KkR 0 ) 0 0 21,99 21,99
Mean 26484 30011 28429 27.75 26,41
analysis Of variance
Sourcs I valus CeDe Valus
Major treatments 23,85* GCeld
Variaties (V) 35,10% 8428
Doges (T) 15,98 -
VT 22,04% -
Minor treatments (M) 239 41,39
Vx i 5e11% 8.28
T x M 1.49° -
Ve T g M $e51% -

* Significant at 5% lavel
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30 KR gamma rays to 35.21 in the third branch category
under 20 kR gamma rays. In the third variety, the
average £ruit number varied f£rom 21,99 in the fifth
branch category under 30 kR to 40.66 in the second branch

catagory wider 0,5 per ceant EMS.

In Vi. the maximun mean numbor of frults under ths
difforent doses Of EMS was raglatered in the fourth branch
category whereas for the two gamma ray cxXposurses, the
same was observad in tha second branch category. The
minimun valuss for the differcent doses of chemical mutagans
wera registered in the earlier formed branches whera as in
physical mutagen it was cbsarved in tha bulk plant seed
collections In Vé both the doses of BXS showed the minimum
valuzs in tha second brancihi catagory and the meximum valuas
in ths third under 0.5 per cent and in the bulk seed colle-
ction £or 1.C per cent coacentration. The minimun mean
number of frults per plant under 20 kR was in the bulk
plant ssed collection with ths corresponding maximua value
in the third branch catsgorsys In the case of 30 kR gamma
rays ths corgesponding valuss were shown by the fourth
and first branch categorles respsctivelye. Ths moximum mean
nunber of frults per plant in the differsnt doses wers
comparakble. In vg the maximun mean numbzar O0f frults were

shown by tha second branch category £or tha different
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domes of EMS, with the corresponding minimum means in

the f£fifth (0.5%) and the third (i1.,0%) branch categoriss,.

Main plot means ranged £rom 21.99 under 30 KR gamma
rays to 32,56 under 0.5 per cent CMS in V,. The minisum
valus was significantly lnferior to ths rmeans registered
under ths diffearent doses of the mutagens in Vé and under
ths different doces of EMS inm Vg In Vu 40 kR gamma rays
also showad a significantly inferlor mean frult numbar.
The sans was the cese with 0.5 par cent EiS and 30 kR
gamna rays in vl. The maximum value was found to be
significantly superior to ths mean valuas reglstered under
the differsnt doses in Vi and the different gamma ray
exposurss in VB‘ The sub-plot means ranged insignificantly
£rom 26.41 in thes bulk plant seed collection to 30.11 in

ths second branch catsgorye

HNo significant main x sub plot interaction was obser-
ved in Vi In V, the valus under third branch category
(35.09) in 0.5 per cent EiS was found to ba significantly
superlior to the second branch category (26.68) whersas in
1.0 per cant BEMS, the £i£th branch category registered
significant supsriority over the first and second branch
Catogories. 1In thz case 0f the different gamma ray
exposurss also the maxrinmum maan numbsr of fruits cbserved

was significantly superlcor to the bulk plant seed collace



tion and also the minimam mean valus of the fourth
branch category mean in 30 KRR gauma rayse In Vé. both

the doses of chemical mutagen showsd significantly

high m=zan values in ths second branch category the
superiority bsing over the first, fourth and £ifth branch
category means in 0.5 per cent over the third branch

catzgory mean in 1.0 par cant EMS.

6+3« Phanotynic freguesncy of firuit numbor varlants:

Table 6=3 gives the frequency distribution of varliants
in the number of frults poer plant as zffected by physical
and chomical mutagens under five Mi branchh categories in
three varieties of chillies. The rasults of ctatistical
analysic is representsd in Table 6=3«h, Signiiflcant varia=-
tion in mean £requency dlstribution emong verlieties, doses
of mutagen, varietiaes into doses interaction, Hy branch
categories treatments into modes of seed collection, varie-
ties into treatments into meodes interaction, thoe three
phenotyplc categogies, varleties into phenotypic classas,
tragtments into phenotypic classes and modes of seed

collaction into phenotypic classes interzctiocns.

Both positive and nagativae variants were produced in
all the thrae varieties under the dlfferont doses of EMS
and gamna rays. The frequancy of those variants differad

depending on varietles, exposures and the M1 branch catee



Table O=l-A,

ctatistical analycis on the freqguancy distribution of

fyeit nutnsT voriants ( transformed volues)

vhenotyplic clases

* significant at 5% leval

iatagens & <doses :ﬁ branch categories 1aan
EIG Gamna Fays “'zi con V2 (i
o 0455  1.0% 20kE 30kR 1 2 3 4 5 Lore  trol vari
g ) group ,a;ré_f‘:_g
3 Vl 34.73 34,91 J4.:66 G B7 34.80 35.00 3I451 34.96 34.75 . 31.02 44.25 29,65 34.C1
5 1”2 34,38 3397 34,65 33.57 34.42 34.00 34.¢9 34,33 34.71 2Ga62 43,52 29,33 34039
V3 34,33 3de1l3 £.89 B84 1780 1716 1705 1723 34433 19,54 34.93 19,19 20462
3 Mman 34.59 34635 254,40 25.43 23.77 20e72 28.69 28.8¢ 34.67 25473 $2458 2606
- Ve
D tori malysis 0f varignce
}oan e? . P iJe . - all <1 2 - )
g €S 31.71 25.68 22409 23448 20.62 21.44 23.19 28448 27,28 . T waloe  CaD valu
j-:“'l :’m‘}? 45.20 50.09 38017 36077 34.4? 33.03 41.21 36056 48.5‘ Variatlies {\f) 4{)35.53& 0.3‘9
S greun Treatmants (T) 1266.99% 0446
;f?. +ve 27482 25.56 24del 23e75 21e7TE 206610 . 22.8¢ 23.48 Z0e94 pPpranch cate-
th::i gorias %) 142.58% 063
ants - Phenotypic
o @ 1 34,78 33,70 23.73  22.883 classes (o) 200.32% 1.9
ST 2 34,51 3€.30 22,5 23.23 v x T comblnations 1317,20¢  0.79
& S - V x Ii a 134,92% 1409
5 D 3 34,49 34.08 23,00 232 *
S T x i a 39,70* 1.26
Jdg 4 34.40 34.55 22493 23446
S 34,75 35,08  34.49 34.38 TxS - 44537 3.81
V%3 - Se31w 3,20
XX S - 15.,53% 4,206

S
o
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gories. The mean fregquency for negative variants in
number of fruits per plant ranged from 7.35 par cent
under the second branch categogy in 20 kR in Vé to 50.42
per cent under the fourth category in 0.5 per cent EMS

in V3. Positive variation was found Lo be minimum under
the second branch category in 1.0 per cent EMS in v,
(8219%) and maximum under 30 kR gamma rays in the sama
vaéieby and branch=category (56.32%). Eoth positive and
nagative varlants were produced in approximately egual
proportions under the first braach catsgory in 30 kR
_gamma rays in Vé, the third branch category in the same
dose of the same variety, the f£irst branch category in

30 kR in v, and in 20 kR in.V, under the game branch
category. The effects produced by 0.5 per cent BMS under
the £irst branch category of Vl. under the second branch
category in 20 kR and the £1£th branch category in 1.0
per cent of the same variety were comparable, ths frequene

cles being. approximately egual to 25:50:25 in the negative,

control and positive categories raspectively.

Tha frequencies ©f plants £alling in the three pheno-
typic classes showed no significant differences betwesn

Y1

was no branch-wise f£rult collection from the two doses of

and Vs but V3 showed a gslgnificant reductlon as there

physical mutagen. Significance was noted for tha number
of plants coming under the three phenotypic categories,
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but negative (25.73%) and positiva (26.06%) variants were
produced in approximately equal proportions. The maximum
£roquency of negative variants (31.024) and positive
variants (29.65%) were recorded under V,. The mean
fraguencies rogistered under ths negative and positive
groups in v, and V, were found to be significantly
suparior to the corresponding values under V,. HMaximum
£requency 0f negative varlants was noted under 0.5 per
cant BMS and poslitive varlants under 1.0 per cent EiSe

A significantly higher fLroguency of negative wvariants

a5 conpasad to other troatments was noted under 1.0 per
ceant EMS. Positive and negative varients were maximum
in the f£if£th branch catasgory. Under nagative variants,
the £irst and second branch catagories were found to be
significantly inferior to the maximum value and under
poolitive variants, the second and the £i£th branch cato-
gory maans ware found to be significantly superior to

all tho other mean £ragquencles.
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T @ vield per nl

mutacongs

vield' per plant in the different varieties as influene
cad by the mutagens and thelr doses iz presented in
Table 7«le On statistical analysie, no scignlficsnt varia-
tion in the meen valus was noted among varieties, botween
mutagens and their levels, traated vs control populations

and variety into dose effect interactions.

Mman yield por plant in Vl ranged from 21.45g in
3D kR to 39.59¢g in the control which recorded the maximum
yields In Vé control population ghowed the lowast mean
yiaeld oif 284449 with l.0 per cent BEMS racording the highest
valua of 45.71g. In'Vé also, mutagen tremtment led to an
increase in Mean yleld above the control from 23.29g in
control o 35,339 in 3¢ kR gamma rayse. “he varietal moans
showed an insignificant variation, ranging from 28.31g in
v

i
it was noted.that the chift in mean yield on mutagenic

to 34.01g in V,. V, recorded a maan valus of 29.22g.

traatment was unildirectlional in all the varleties testad.
in Vi whers the control population recorded the meximum
moan yield ag compared to the other two varieties, this
ghift was io negative direction alone wheraags in VE and
¥V, this shift was in the positive directlion alone. Hancs
in the last two varictles, mutagenic treatment resulted in

a gsneral, but lnsignificant incresse in mean yield.
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Table 7-1 Mean yleld/plant(g) as influenced by genotypes
and mutagens

BMS

Gamma rays

. , Do e General
Varistles Control — Grgr——77%  Z0KkR  30KX  mean
Vi 39.59 25.79 30.91 23.81 21.45 28.31
v, 28.44 33,93  45.71 29,55 32,87 34.01
Vé 23429 3i.24 29,97 26.27 35.33 29,22
General . '
mean 30.44 30.32 35.53 26.54 29,88
Analysis of variance
Source F wvalue CsD.valua
Between varleties (V) 1.08 -
Between mutagens 1:49 -
Between levels of EMS 0:91 -
Between levels of gamma rays 037 -
Traatad VB Control 0.001 -
Varieties X Treatments 1.002 -
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7.2+ Nean yield per plant undsr different M, branch
cgtegories

Mpan yisld per plant due to varietias, mutagens and
their doses and tha flve M, branch categories is dspicted
in Table 7=2, Statistical analysis of thea data showad
significant veriation in mean valuss among the major
troatmants (four different doses under the three varieties),
varieties, troatments, wvarieties into treatments, varietieé
into modes, treatments into branch catogories and varieties
ints treatmants inte branch categories interactions. The
influsnce of Ml branch categories was not found to bs

significantly differant.

A ronge in mean yleld per plant f£rom 21,4Sg in the
£1fth branch category under 30 KR to 39.59g in the second
branch category under 20 KR was noted in Vi. InV, a wide
range in value from 26.29g in thae fourth category under
30 ¥R 20 52.85g in the second catagory undar 20 kR gamma
rays was noticed. Tho valusos ranged from 26.28 in the
£i£¢h branch catagory under 20 KR to 57.46g in ths sscond
category under 1.0 per cant EMS in the variety Vj. It was
notable that tha second branch category always reglstored
the maximum maan yleld in all ths varieties tried and that
£oo under 20 kR axposures. Only in the non-avallsbility
of branch«wine collection under gamma Iay exposures in V3

the maximum value shiftad to 1.0 per cent EiS,.



Table 7-2 Maan yviaeld/plant(g) as influanced by varisties,
'Mi branch catagories and mutagens & thsir dosas
Hl branch categories
Varia~ Mean
. Mutagens Doses
tles 1 2 3 4 5
B 0.5% 35,70 26455 20482 31.00 25.79 29.57
v 1.0% 27e35 34,30 33,37 33,56 3091 31,99
1 :
Gamma 20KkR 33,34 30,59 2847 25.99 23,81 30.24
rays 30kR 3124 354,17 28417 3814 21.45 30.81
EMS De5% 41428 33213 29.94 3834 233.93 35,132
v 1.0% 33,78 3245 3726 39,59 45,71 -37.76
2
Gamma 20KkR 51296 5985 44.34 31,91 29455 43.51
rays 30KkR  39.29 40.28 39494 26429 32487 35.73
BN 0.5% 3899 484,81 56,18 3J7.83 31.24 42.€61
v 1.0% 30,14 57.46 33407 40620 29457 38.17
3
Ganma 20kR 0 0 0 Q 26227 26ea7
rays 30k 0 Q 0 4] 3533 35.33
tHean 36029 40,76 35,85 34,33 33,58
/malysis of varisncs
Sougcs F_value Calds value
Major treatmonts 11.94» 11.08
Varieties (V) 17.37% 12.58
Dosen (T) By 71 -
VT 11.81#%
Minor treatments () 2.44 763
Va4 4,00* 12,58
T x M 2!46' o
Vxx T M S5.35%

* signlficant at 5% level
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Lowest mean yleld in V1 was observad under the bulk
sesd collection catagory as compared to branch-wise collec-
tiocns in the diffsrent gamma ray exposures and 0.5 per cant
EKS but under 1.0 psr cent a shift to the first branch
category was noticeds The maximum mean yleld of 35.70g
was raglisiered by 0.5 per cent EMS concentration in the
first branch categery and the higher concentration of EMS
in ths sacond branch categozy., the value Deing comparable
to that of the lower concentratlicne The corresponding
values in the lowar and higher doses of gamma rays wera
recordsd in the second ond fourth catagories respectively,

which wers comparatively highsr than those for Eib.

Tha mean yields in v, under 0.5 par cent EMS ranged
from 284949 per plant in thz: third branch category €o
41.28g per plant in ths £irst branch categorye The maximum
mean yield in the bulk progeny (45.71g) and the minimum
valve in the sacond branch catagory (32.45g) ware recorded
by 1.0 per cent ElS. Highest m2an yleld under the different
gamma ray exposures was observed in the second branch cata-
gory with the corresponding lowest valuss in the bulk
pregeny andé the fourth category. A maximum mean yleld of
59,859 was recorded by 20 kR exposurs which was compara=
tively superior to all other dosas. In Vge the values
renged £rom 31.24g (0.5% 50S) and 29,97g (1.0% EMS) in the
bulk progeny to 56618g (0+5% ENS) ia tha third branch
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category and 57,460 (1.0% EM3) in the seccnd branch

catagory.

tain plot means ranged £rom 26.27g under 20 KR in
VB to 43,519 in Vé undar the sama doss. The main plot
means under 1.0 per cent EMS and 20 kR gamma rays in Vz
and the different concentrations of EMs in Vy warm signi-
£icantly superior to the lowest main plot means and the
highast mean valuo of 43.51g was significantly superior
to the means registared under the different doses in vl
and ths lowsst mean value in Vi« The V3 mean yield of
42,61g under 0.5 per cent was also significantly superior

to several other main plot means.

Tha sub-plot measnc ranged from 33.58g in the £1£th
braneli catsgory ¢ 40.76g in the sacond branch catagory
but no significance was observed. In five out Of ten cases,
maximum meon yisdd was recordsd in the second bronch cate-

gCXY¥e

Tho marimum mean yields of 39.59g undoer 20 kR in Vi
and 35,179 in 30 kR gamma rays under the second branch
catagory wera found to be significantly superior to ths
means recorded under the later formed branches cnd the
bulk progeny. in V, the mokimum mean yields under 1.0 psr
cent EMS5 and 30 KR gamma rays wara found to ba signifi-

cantly superior to the minimum wvalues under the same Goses.
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The second branch category mean 0f 59.85g under 20 kR
was significantliy superior to all other branch catesgory
means. The minimum values under the same dose Was signie
£icantly inferior to the averaga valuas under the f£irst
and third branch categories also. The maximum mean yleld
recorded under 0.5 per cont in V1 was significontly
superior to ths valuss under the first, fourth and L£ifth
categories. The ainimum vaius under the same dose wes
significantly inferior to the second branch category
mean alsc. Under 1.0 por cznt EMS also tha second branch
category mean Of 57.46g was significantly supariorio all

the otchar maans.

7.3« Phenotypic froguoncy of vield varianks

Tha f£requency distribution of yleld varlants in pearcen-
tage as affected by ths different dosas of EMS and gamma
rays under £ive ", branch catagories in ths varieties Vi.

v, and Vé is deplcted in Table 7=3., Tha results of statis~
tlcal analysls are in Table 7=3=A. !san number of plants
coming undar tha differsnt categories was found to vary
signlficantly among varieties, doses of mutagen, varietias
into doses interagtion, By branch categeorlies, treatments
into modes of se=d collection, varicetles into traatmants
into modes intsraction, tihe threa phenotypic categories,

vazieties into phenotyplc classes, treatmants into pheno-
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typic classes and mocdes of seed collsction into pheno-

typic clasaes intoracticne.

Tha different doses of BMS and gamma rays gave both
positive and ncgative variants in all the three varieties
but the freguency of these variants differed depending on
varieties, exposures and the My branch categories. The
sacond branch categoxv undsr 20 kR gamna rays in v2 regis=
tared the minimum freguency of niggative variants (S.15%)
end the maximun of positive variants (63.5%). The corres-
ponding meximum and minimum values wars observad under the
2nad branch category in 20 kR gamma rays in V1(54.43%) and
the thixd branch catagory in 0.5 per cent EMS of the szme
variety (10,21%). Froqueancy of varlants from the control
was found to ba maximun under the fourth branch category
in 30 KR gamma rays in V1 ond the first branch category in
0.5 per cent EMS in V,e the mean frequencles in the control

group being about 10 per cent and 14 per cent raspactivelye.

in the case of yield variants alsc a gignificant
reducticon in f£reguency uncder the three phenctypic classas
wags noted in Vie owing to the lack of branch-wise seed
collection f£rom the two exposures Of gamma rays. The
frequency of variants coning under the negative group in
the different varioties (31.43%) was found to ba signi-
ficantly suporior tc the positive variants (28.53%).
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In Vl and V, frequency of plasnts were found to bo
significantly diffsrent among pesitive and negative
variants. Nunbar of plants coming under both nagative

and positive phenotypic catagories ware found to be
maximum 4in Vz. The maximun £requency of both negative
and positive variants were recorded by 0.5 per cent EM.
Negative variants created by tho differsnt concsntratlons
of BMS was significantly suporior to the different gamma
ray sxposures. Positive varlants produced by 0.5 per cant
EM3 ware significantly superior to all other treatments
whoreas the value registerad under 1.0 par cent EMS was
significantly inferior to all other treatmants. The mean
fraquencies of both pooitive and nagative variants were
found to be maxinum in the £ifth branch categorys. Msan
frequency of negative varients: in the bulk progeny was
found to ba significantly superior to the freguencies
registered under all other catagories. The second branch
catzgory registersdi a mean negative fraguency of 25,99
per cent which was significantly inferior to all other
m2an £zequencles in the negative group. In the positive
group, m=an freguencies registered under ths second and
bulk progeny were found to be significantly superior to
all othar valuss.



Fige Ia Chlorophyll deficlent mutants 4in M2-
control plants (top) and chlorina
typos (below)

Fige IX. Asgogiation of diffmrsnt modes of fruit
bemaring in a single plant (CA=-30 wnder
30 kR gamua rays in the £irst M, branch
category)






Fige ILXe Frult size variation induced by the
Kutagens in CA-30 (control on top).

Plge IV. Twin £ruits due €0 muatagen treatnent
in the thrse varietias tested.
(control typs on top).






DISCUSSION
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DISCUSSIOoN

guantitative characters, majority cof tha productive
traits and their contributes are controlled by the co-ordina~
ted action of genes at many loci. Bast (1935) has pointed
out that mutatlons affecting quantlitative characters occur
spontanaously in pature as was oObserved in doubled haploids

of Nicotiana tabaccun and that guch mutations occur both

in the positive aud nagative dirvections. HMany mutation
bresders lncluding Cka et al, (195R8) in rice, Gragory
(1955) in groundnut, Rawlings et ales (1958) in soybean,
Magtens and Burdick (1957) in tomato, Scossiroli et ale.
(1960) in what and Gaul (1963), Brock (1965) and Goul
and :iZttenstencheild (1961) in barley have analysed the
effect of different mutagens on polygenlc systams and
proved basyond doubt that induced genetic variability is

a useful tool for the improvement of guantitative tralts.

During tha prescent investlgation, tho affects of two
doses ezch Of BMS and gamina rays on tiras varieties of
chillles vere gtudlel with respoct €2 cevan quantitative
Characters and the results 0f analycls of meoan valuaes
and £freguency distribution of diffexont phenotypic

clasees are prasented Lolow.
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Table 8«1 Direction of shift in mean valus f£or various
gquantitative characters

B Gamma Lays

Charactars
Q.5% 1.0% 20 kR 30
Plant height Vl o+ o+ + +
Vs < + - -

Humber of

branches Vl + + + +
Vo + - + +
vz - %= + +
rrult welght Vl -k i - -
VB - - - -

NHunbaer 0f seesds
per fruit Vl - - - -
V3 - - - -

Number of £rults
par plant Vl + + -
Yield/plant v, - - - -
Va + + +
v3 ¥ + + +

* Significent at 53 levels
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An increase in maan value £or plant heilght ovar
control was noted in majority of the treatments. In thes
case oOf Vi._the two diffaerent concentrationéfnms and tha
two axposures of gamma rays led to a genaral enhancement
in mean plant height whereas varleties V, and V, showed
both negative and positive shifts in mean valuse. Chemical
mutagen treatment led &0 a decrease in mean value only in
v

2
decreasa in Vs for the character concerned. Both EMS end

and physical mutagen treatment produced a corresponding

gamma rays thus showad c¢haractsrlistic effects depending

on varieties. tost of tho M, branchss showed a positlvs
shift in msan plant height in Vi and V3 but in Vé, negative
shift was more prominent. In V, for chemical mutagen

i
treatment, only ths second bronchecategory under 0.5 per
cent recorded a negative valua, all other branche-catsgories
showad positive shift. In gamma ray treatment howaver, tho
£i2th branch-category under 20 kR as well as the first
and £i1fth catagory under 30 KR recorxded negative valua3se.
Positive shift was shoun by the second category undsr 065
per cent and the fourth and £ifth catogories undes 1.0 pexr
cant in Va. On the other hand, the middle three categories
urkler 20 kR -and the early emerged branches under 30 kR
recordad poaslitiveo shifts, In Vé. positive shift was more
promninaent in thae different branchecategories on EMS treate-

ment. In tho absence Of branche-wise collection in physical
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mutagen treatment, the bulk progeny recorded a negativa

shift in mean value,

A positiva shift in moan valuss was more prominent
in thae case ¢f plant height, although the fraquency of
both positive and negative variants in the polygsnlc
system was nearly equales This ils because it is the magnle
tuda of the phenotypic effect of a mutation which gives

the positive shift in mean.

A reduction in mean plant height as a result of
mutagen treatment as vas noted in certain cases in the
present investigation hags been reported by several workers.
Sakal and Susukd (1964) after HA-irradiation in rice
reported that mutation of polyganes rasponsible for guantie
tative characters like plant height occur in most cases
unidirecticnally in minus diraction. MNayar (1976) found
significant reduction in mean values in H, and 1, genera=
- tlons for six polygenic characters including plant height

in rice following EMS and gamma ray treatments.

Increcase in meon values for plant height as a result of
mutiagen treatment, as has been noted in some cases in the
present study, has also been rceported by sevaral workers.
Kumar and Das (1977) studied induced polygenic varlations
in Brassica for plant height following freatments with
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gamma rays and thermal ndutronse. The mean values were
increased 1ln H, and later generations in comparison to

the unirradliated. They suggestad that this may be related
to the effect of selection gpplied in M, and later genera=-
tions. Goud et al. (31971) studied induced polygenic
mutations in two varleties of ragl after treating the
seeds with 2MS and reported that mean plant height in
both the warietles shifted in the positive directions

In variety V., mutagen treatment led to a general
incresse in mean numbor of branches ln all treatments
tried whareas in Vé and Vé. both positive and negative
shifts ware obkservaed, A nagative shift in mean number
of branches was noted under 1.0 per cent EMS in vz. in
V3
the branching ebility. Under ths higher concentration

» both the expesures of gamma rays drastically raduced

of EMS in V., all the branch categorles showad a positive

i
shift in mean valugs and thres out 0of the five catagories
in the lower concentration also registered tha pame trend.
In physical mutagen treatmant also, pogitive shift was
more prominent in the branchewlise collections, with ths
bulk progeny recoxrding a negative shift. In the lowasr
concentration of EMS, 80 per cent of the branch catsgories

showed a poslitive ghift wvhereas in the higher concentration,
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the same proportion showed a negative shift in vg. Tho
higher concentration of gamma rays reglatered a complete
positive shift but only the second and third branch
categories recorded a positive shift under the lowar
concentration, in the same variety. In V, 0.5 per cent
EMS showad a total positive shilit wivreas under 1.0 per
cent EMS, only 60 paer c¢ent of the branches showed an
increase in me2an valus. Thse bulk progeny registersd a
negative shift in maan velue in Loth the exposures of
gamma rays. In the case of number of branchss/ plant

tha meoan values in general registared a positive shift
in the different varieisles and treatments which i1s quita
reascneble, as there was a complete sbsence of nogative
varients in V, and Vé. Positive variation was also not
very high but tha larger control group, zlong with the
absence of nogative varlants, contributed to the positive

ghift in mean.

Reduction in mean valuc for number of tillers foliowu
ing X- irradiation has been reported by Sakal and Susukl
(1964) in rice. Gamma ray and EMS treatments im rice has
led ©0 a significent reduction in mean number of tillers in
M, and M, generstions (Hayar, 1976)., Goud (1967a) in

hexaplold whoat observed a shift in mzan towards the
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negative directlion for tiller number. On the other hand,
Bateman (1959) observed that the msans for tillers per

plant in rice increased aftaor irraciation and suggeated

that the overall effect 0f polygenic mutation in rice was
unidirectional. The mean number of branches in M, and

later generations were found to be increased due to treatment
with gamma rays and thermal neutrons, as was raportod by
Kumar and Das (1977) in Brassica. Shift in mean values

under M, branch catesgories suggest that the £reqguency of
mutatad sectors vary depandling on the genotypss and mutagen

and thelr dosas.

A complete negative shift in mean f£ruit length on
mutagen treatment was observed 1n-v1. In Va, positive shift
wag more prominent and in Vs. threa out O0f the four treat-
ments reglstesred negative shift. All the different branch
categories under 0.5 per cent and all except the third
branch category under 1.0 per cent BMS recorded negative
shift in mean value in Vl. In the case of gamma ray
exposure, all except the second branch category in 20 kR
and the later formad branches in 30 kR recorded negative
shift. In V2, the lower and higher concentrations of BiS
showed characteristic effect, all except the later formed
branches showlng a negative shift under 0,5 per cent and

all the dlfferent branch categorles recording positive
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shift under 1.0 per cent. All except ths earllier formed
branches showed a negative shift in mean value under 20 kR
and all except the sacond category and bulk progeny showed
negative under 30 kR. The third branch category alone
undor 0.5 per cent and the second branch category alone
under 1.0 per cent ragistered positive shifts in mean

value in V..

A negative shift in mean panicle length parallel to
fruit length £ollowing X- irradiation has beenr reported
in rice by Sakal and Susuki (1964)., 7These authors based
on the results f£rom various sources and their own work,
arrived at the general conclusion that induced mutations in
plants occur in minus directions so far as yield compcnenta
ara concerned. Nayar (1976) has also reportad scimilar
reductions in mean panicle length in rice, For f£rult
length, mean values were mostly shifted in the negative
directicn in all the three varisties, because tha f£requency
distribution of negative variants was found to b2 greater
than the positive warlunts although the magnitude of
negative phenotypic effects as compared to the positivs

was not commendeblas

In variety Vi. mategen tregtment led €0 a general
decrease in mean frult welght which was significant under

the two concentrations of BMS and 20 kR gamma rayse
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Table Be=Z. The mode of distribution of msan values for
quantitative characterc among the five Mi brangh
catsgories, rapressntad as 1=5(ENS)

My branch number showing mean valus shift

Hegativa shift Positive shift
Charactara
_ Q5% BMS 100 EiS Q5% ZMS 1.0% ErS
1. Plant helght Vl é - 1030440 1:2+3,4,5
Va 1,3,4,5 1,2,.3 a3 4,5
V3 - 4@5 1;293:4‘5 1‘203
2+ Numbher of ) Vi .5 - 102'4 1'3‘3'445
branchas )
Vé 3 1:,2,3,4 1.,2,4,5 5
Vs - 1'3 1:2.304'5 2'405
3' Fmit laﬂgth Vl 1'2'3'495 1.2.4;5 ha 3
Vz 193‘3'5 - ‘ 1;3‘3.’4‘5
Vé 1,2,4,5 1e304,5 3 P
40 Fmt ﬁﬁight Vl 23334.5 _1.2,3.4,5 1 -
va 2;3‘4‘5 1'2'305 1 4
Vs 1,2,4,5 1,3,4,5 3 P!
S5, Humber of ) Vl 2;3.4;5 193;334.5 i -
cacds per )
£rult ) Vé 203,35 1,2,3,5 1,4 4
Vé 1,2:4,5 1¢3,4,5 3 2
G, Numbar of , v 2 - 1330405 10393.4;5
fruits per) &
plant ‘) Va 3 5 102445 2,2;3.4
VB o - 1'2'3féf5 1;2;334'5
T giﬁld/pleﬂt Vi 1,2.3,4,5 1‘2'3‘455 - -
Va - - 1.' 2539405 lc 293(495
Va - - 19203'415 1,2;3;4,5

{contdeee)
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Table 8«2 (contd,) The mode of dlstribution of msan valuss for
quantitativa charactars among tha five Mi

branch ¢ategories, rapresented as 15

(Gamma zays)

2 branch numbar showing mean valus shift

Negative shift

Pooitive shift

Characters
20 kR 30 kR 20 kR 30 kA
Plant haight‘. Vl 5 1.5 - 14243.4 203,4
Vh ,9 4,5 2,34 daded
Vs 5 S | - -
Numbar of ) V1 5 1;5 1030304 2‘3‘4
brmcmg ) ‘Jz 1;495 - 3;3 10203.405
Ya 5 5 - .-
Frult leﬂgth Vl 1'30435 1' 2;3'5 2 4
Vé 3.4,5 1p3,3 1.2 245
Vé 5 2 S5
Frulit weight V1 1,2,3,4,5 1,2, 3,4,5 - -
V?. 3,4,5 1,2,3,4,5 1,2 -
Vé 5 5 . -
flunbsr of ’ Vl 1020304.-5 1|203|4’5 = -
sgeds per )
fruit ) V2 6'5 Le30%45 1,2,3 2
Bumbar of v 5 1.3, 5 2.3
£ruits per ) 4 e 1020304 2’4
plant y Voo 1.4,5 2,304 2,3 1,5
Y‘.ﬁlﬁ/pl&ﬂt E_a_ 102,3,4.,5 1.2,3,4,5 - -
Vao T - 102:3,4,5 102,3,445
v - - 5 5
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-In Vé also maan £ruilt weight was found to ba decraased

in most of the cases and In Vy. a total reduction was
noted which was significant under 20 kKR gamma rayse. In

all the varieties EMS led to a reduction in mean frult
waight. Gamma rays under 20 kR led to significant
reduction in mean values in Vi and vy whara as in Vé

an incragse was ncetad. The bigher dose of gamma rays

also reduced mean £ruit weight. In Vi among EMS and gamma
ray treatments, only the f£irst branch category under

0.5 par cent registered a positive shift in mean frult
waight. 1In A\ the early formed branch category under

0.5 per cent and the later formad branches under 1.0 per
cent registerad positive shift, Under 20 kKR gamma rays
both the first and sacond branch categories ragistered
positive shift leaading to a general shift in positive
direction for the treatment mean. Under 30 kR, all the
branch catagories showsd a negative shift. In Vé the thirxd
branch category under 0.5 per cent EMS and the second
branch category under i.0 per cent EMS raglstered positive
shift., Under physical mutzgen tresatment, both the bulk
progenies showed negative shifts in mean value. In gensral,
a significant negative shift in msan value was noted for
frult weight although the freguency of positive variants
was comparatively greater than the negativa variants.

This 1s attributed to the greatss magnitude of the
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negative phenctyplc effects created, leading to a £all
in mzan £rult welight.

In parallel to what has been observed in majority
of the treatments in the present study, HNayar and Ninan
(1978) observad that gamma ray exposuras rasulted in a
signifigant raduction in mesan welght of ear in M, and My
compared to controls Rawlings et al. (1958) reported
that zaed weight in soya beans increased after irradiation.
Rao and S8iddiq (1977) analysed induced variations for
yiold and its compcnents in two varleties of rice and
suggastad that the changss in the mean valus and skewness
of the frequency distribution in the mutagen treated
population varled with tha variety, character, mutagsn
and the generations as was noted In the prosent investi-

gatione.

Number Of seeds per f£ruit showed a negatlve shift
in mean value in almost all the treatments. The different
concentrations of 8M5S in all the three varisties showed
a negative shift. As in fruit weight. 20 kR gamma rays

exposure in V, alone showed a positive shift in mean seed

2

number. In Vi the early formad branch category under

0«5 per cent alone showed a positive shift among the

different treatments. For chsmical mutagen treatment in



Vo the earlior and the latsr formad branches reocorded

a positive shift where as the case was reversed in V3.

For physical mutagen treatmsnt in Voo the later formed
branches were found to ba more advarsaly affectsed for the
charecter concerned in 20 kR but in the higher sxposurs,

a complate negative shlft was observed. In Vv, the bulk
progeny recorded a necative chift for koth the axposurss.
In parallel with the present rssults, Sakai and Suguki
(1964) and Tanaka (19268) found that the distribution of
variance for certain quantitative characters was skewsd
and tharefore stated that mutations for polygenes occurred
mostly in a negative direction. Gregory (1965, 1966)
postulated that the number of both positive and negative
mutants in the polygenlc system is nearly equal and that
it is the magnitude of the phenctypic effect of a mutation
which glves the negativa effect and not its unidirsctional
character. 1In seed numbsr per frulé, an inglgnificant
negative shift in mean value was noted in all 3 varieties
tested under the differsnt trcatments trieds This is becauss
although the frequency of nagative varlants was in no way
superior to the positive varlants, ths magnitude of decrease

in saed number was commendabla,

In the first and second varieties, a positive shift in

the number of frults per plant wae noted for three out of
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four treatments and in Vé all the four troatments registered
a positiva shift. Chemical mutagen treatment in the three
varieties testad always resulted in a highar mean numbar

of f£rults per plant. In physical mutagen trsatment, 30 kKR
in Vz and 20 kR in V3 registsraed negative shifts. In Vl
for EMS treatment, all branch categories except the second
under 0.5 per cent registered a positive shift in mean
value, For gamma ray treatment, the £ifth category under
20 kR and the f£irst, third and £ifth categories under 30 KR
racordad negative shiftse The third branch-catogory under
0.5 per cent and the £ifth branch-category under 1.0 per
cent recorded nogative shifts im V. For gamaa ray treatw
ment, the second and third branch categories under 20 KR
and the first and £ifth categories under 30 KR showed
positive chifits. Both the mutagens in V, recorded posi-

tiva phift in mzan number of fruits in all the #, branch

1
categories. In the cage of number of £ruits per plant,
the mean values in gensral showed a positive shift which
is due to the combined effect of the greater nmagnitude and
the 'larger fraguency of positive variants. Several workers
including Migh ané Yamaguchi (1965) are of opinion that
mutations £or majority of the polygenic tralts occured
symuetrically in positive and negative directions follow=-
ing gamma irradiation. Swaminathan (1966 b) was of opinion

that the dirsction of incidence ¢f micro mutations was
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strongly influenced by the previous selection history
of the variety.

Yield per plant showad a complate negative shift in

Vi

treatments., The response of -the different varletles was

and positive shifts in V, and V, under the warious

characteristic in that 21l tha five different branch
categoriles in V1 racorded negative shifts and in v, and

V, all the branch categorles recozded positlve schifits in

3
mzan yleld under both physical and chemical mutagen treate-
ments. For yield por plant, the complets negative shift in.
v1 inzans 1a atiributed to a greater fregquency of nagative

variants. 7The positive shifts in mean noted in v& and V

3
is due to a higher froquency of positive variants, suppore-
ted by the greater magnitude of positive variants in fruit
nﬁmber which was able to compensate thié effects of low mean
frult weights. A reduction in mman yield as a result of
mutzgen treatment has been roported by Papa ot ale {1961)
in soya bean, using physical mutagens. Vasudevan et al.
(1969) observed incroase in mean yield in barley at the
highest exposure of Xwrays. Matsuc and Onogawa (1961)
ceneluded £from lrradiation experiments on rice that muta=
tions of polygens could occur 1in plus as well as minus

diractions in the case of grain yicld in rice. Griffiths
and Johnston (1962) showsd that in ocats seed irradiation
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caused mutations with regard to yield only in the minus
direction.fmo and Sicdiq (1277) induced variations for
yield and its components in two varietles of rice and
suggestad that the changes in the mean value varied with
tha variety, character, mutagen and the generations.

Thay opined that the negative shlft in the mean for yield
nead not make breeders sceptical about the usefulness of
mutation breeding for yield improvement. rMutants which
tranagrsss the upper range of the parents, though thay
ogour at very low £raguency, can still provide the necessary

basa for the desired direction of selection.

In genaral, a reduction in mean values for quantle
fative charactsrs vore noted in the present investigation
as has bgen reported in vheat (B8hatia and Swaminathan, 196237
Becossirold, 1966; Borojevic, 15697 Borojevic and Borojevic,
1568)s Argbidopsis thaliena (Brock, 1967). Brassica
campegtris (Gupte and Swaminathen, 19677 Kumar and Das,
1969; 1974) and barley (CGaul, 1964a; 1967). In extensivs
studies parformed by Scossiroli (1966a,b) and Scossiroli
et al. (1966) on wheat, this effect was shown in the same
population for a large number of characters. Miah and
vamaguchi (1965) assumed that following gamma ray treat-

ments in rice, mutations for most of the gquantitative
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characters occurred symmatrically in plus as well as
minus directions. Gaul (1965) after reviewing the concept
of induced micro and macro mutations in bariley suggested
that the induced polygenic mutatioas in barley do not
follow any particular dirsction and that they are at
random. Aastveit (1967) also opined the same for rye
£ollowing irradiation.

Pnonotyplc frequesucy distribution under tha five Hl branch=
gabtagorias:

The frequency distribution of positive and negative
variants created by the different doses of gamma rays and
EMS was found to ke depandent upon varietles, exposures

and modes of Ml seed collegtion.

In Vi £for plant height, the maxlimum and minimum phenoe
typie distribution of negative variants undar 0.5 per cent
and 1.0 per cent EMS was found #0 be in the bulk progeay and
third branchecategory resgvectivaly. Pesitive varlants were
found to be more in the earlier formed branchms, Forx gamma-
ray treatment, under 20 kR tha fourth branch category
showad maximum nagative variants with a corresponding
minimm value for positdve variants. Tha earlier formad
branches shoved maximum positive variants with fewar negativs

variants. But in 30 kR, negative variants were maximum
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Table 8=3. The maximum and minimum phenotypic dlstributions of
negativa and positive mutants induced by EMS among

the £five Hl branch catagories

'Branch catagory showing maximum & minimum
distribution of

Hegatlive variants

Pogltive variants

Charactar —
0.5 Bos 1.0 EMS 054 BB 1.00% BHG
Maxi Mind Maxi HMind Mazi Mini Mawi Mind
aum mg miarl EiG ML mam Mt M
1. Plant ) V, 5 3 5 3 1 3 2 1
neight ) v, 3 4 5 3 3 2 3 1
v, 1 4 4 2 2 1 2 4
2, Rumber ) Vi 1 2 5 2 1 5 4 y}
e L
- - - - 3 5 2 1
v
3
3. Bruit )V, 3 4 4 3 2 5 3 1
length ) v, 3 4 2 5 1 3 3 4
vy 1 4 5 3 3 5 4 5
4, Fruit )V, 1 2 5 4 3 4 4 2
weight ) v, 3 4 2 5 1 2 4 g
v, 3 5 5 2 5 2 2 5
Se ﬁg‘;‘gﬁj °f§v1 1 5 5 4 2 i 4 2
fruit )vz 3 4 2 5 i 4 1 2
v; 3 4 5 4 2 5 3 5
6. llunber oE)Vi 5 1 S 3 4 3 4 3
frats/ v, 3 4 1 s 1 8 5 2
v, & 2 5 3 2 i 5 3
7 k’iali/ ; v, 3 4 5 2 1 3 2 5
& L)
P v, 3 4 1 5 1 3 5 1
v, 6 2 5 3 2 ! 2 1

{contGes)
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-~ Table 8«3 (contde) The maximum and minimum phenotypic dlstri-
bution of nagative and positive mutants
induced by gamma rays among the five M1
branch catagories.

Branch Category showing moximmm & minimun disteie

bution of
Character Negative variants Pogitive variants
— 20 RR 30 KR 20 KR 30 RR
Maxi Minl Maxd Mini Maxi Mind Maxi EERVE Y
mam  mas mum MM mam mum muam mum
1. Plant ) Vi 4 3 1 5 a 4 4 1
height ) v, 5 2 5 1 3 5 2 5
\,73 — - o - - - -
2, Rumber } vy 2 3 ¢ 5 2 3 5 3
of )
branches) Vz - - - - 2 4 1 4
Va - - - - - - - -
3¢ Pruit ) Vi 3 4 P4 4 5 3 S 3
length ) v, 8 2 i1 s 1 3 5 ‘
‘JS L] s - . R - s -
4. Fruit ; Vi 5 i & 1 2 3 i 5
sight
welg v, 4 2 1 2 1 4 5 4
vs - - - - - - - -
5. MNunbar ; Vi 5 1 3 2 1 S 1 4
of seadn
por v, 2 i 2 2 1 4 1 4
' 3
6e Nunbar ; Vi i 4 1 3 1 4 4 1
of _
Eruits/ ) Vé i 2 4 3 3 S 2 4
nlant ) vy S - - - - - - -
Te Yield/ ) ¥ 2 5 2 1 5 4 S
plent ) 5 2 4 2 2 4 2 4

(.n;r: M‘: ]




131

and positive variants minimum in the earlier formed
branchas with more positive varlants in the later branche
categories. In Vé. positive variants for both ths con=
centrationa of EMS wers maxXimum in €he third branch
catagory which in general registered fewer nagative
variants. Negativa varliation was also found to be maximum
in later branch=gategories. For physical mutagen traate
ment, the bulk progeny always registerad minimum pozitive
and maximum negative variants for the character concerned.
Positive variants were found to be greatar in the earlier
branch categories., In Vé. the second branchecategory
reglstered maximum positive and minimum negative variants
under LEMB3 treatment, for the character concerned. Wherever
negative variation was found to be maximum, positive varia-
tion ragistered a corraspondingly low value. 1In vy branch-
wisc seed collection was absont from gamma ray treated

M, populaticn.

In tha case of number of branches, the treatmesnts
Alffered sgignificancly. In geaeral, positive variants
wara maximun and negative variants minimum in the earlierz
formed branches fox Vi undsr ZMS troagtment, But under 1.0
per cant 8M5, the later fornsd branches gave maximum
positive variants, The maximum and niniaoun values for

negative variants were found to be distributed among adjacent
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branches, shifting to the later branch-categories in the
higher exposure. For positive varlants also, the sccond
branch-catagory ragistered the mastimum and the third, the
minimam value, denoting that they were the most varlant
and ¢he least variant branch catsgories respactively.
Under 30 kR £1fth branche=category registered the maximum
and third branche-category, the minimum positive varlants.
For Vz and V3 only posiltive variants vere created by the
different troatments. In VQ, maximum posltive variants
ware registered by the second branch-categofy undar 0.5
per cent EMS and the bulk progeny under 1.0 per cent EMS,.
For gamma ray trsatment, the earllier formed branches
raglstered a maximum Of positive varlants with the minimum
values in the later formed branches. In V, tho third and
tha £1£th branch catagories registeared the maximum valua

under 0.5 and 1.0 per cent EiS,

For fruit length in general, varisbility was found
to be greatsr in the carller formed branchses and lesser in
the later formed cnes, as far as EMS treatment was concerned,
For gemma irradlation, the later formed branches gave more
of positiva varlants and less of negative variants. In all
the three varleties, for 0.5 per cent EMS, the fourth branch
catagory gave a minimum of negativa variants, with the third

branch-category registering a meximum in V, and V, and the
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£irst in Vé respeactively. But under 1.0 par cent EMsS, ths third
branch category in general, reglstered a minimum of negative
variants. Positive variatlion in general, was maximum in ths
earlier formad branches under 0.5 per cent and in the middls
and later formed branches under 1.0 per cent EMS. For gamma
irradiation, the bulk progeny registered maximum positive
variants with the middle formed branches giving a minimun.
Under both 20 and 30 kR in V,, the fourth branch=category
racorded minimum negative variants with tho middle formed
branches recording a maximum, In V2 tho £ifth and the £irst
branch categories respectively registered maximum negative
variants under 20 and 30 KR with the second and the bulk
progeny raspectively recording a minimum. So for £ruit length,
the dlfferent varieties responded almost uniformly to mutagen

troatment 3s far as phenotypic distribution was concerned,

For f£ruit weight, the middle and tha later formed branch-
catagories under 0.5 and 1.0 per cent EMS respectively registarsed
a maximun of positive and a minimum of negative variants in Vi.
For gamma isradiation. tha efiect waes specific in.that the first
branch-categorg in both the exposures registerad a maximum OF
positive and minimum of negative variants. In V2. the earlier
and the middle formad branches registared maximuﬁ positive
variants with a corresponding decrsase in negative variants for
EMS treatment., For gamma irradiation, the earlier formed branches

in general gave more oOf positive and less of negative variants.
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Tha fifth and the second branch-catagories registered
maximum positive and minimum negativa variants respectively

under 0.5 and 1.0 per cent EM5 in Vso

For gseaed nurber per fruit in general, the latoer
formoed branches ond the bulk progeny registerad a minimum
0f negative varlanis and the earlisr and the middle formed
branches registered a maximum Of positive varliants, under
both tha concentrations of EMNS, 4in tha case of physical
mutagen treatment, the earlier formed branches, espaclally
tha £4irst branch category registarad mazimum positive
variants followad by minimum negative variants in both the
@XpOsSUres

The fourth branch-category registsred a maximum OF
posltive variants and the third branch~catagory a minimum
of the sama in chemical mutagen treatment for vl. in the
case of nunber of £rults per plent. Naegative varlation
was found to be maximum in the bulk progeny. For physical
mutagen treatment, the £irst branch category registered
marimum negativa variants in both the exposures with the
£irst and the fourth branch=-categories recording maximum
positive variants under 20 kR and 30 kR exposures respectively.
In Vz. the filrst and the £ifth branch=categorlies registared
a maximum of positive variants and the fourth and the £ifth

branch-categories recorded a minimum of negative variants



under 0.5 and 1.0 per cent EMS respectively. The correspond-
ing values for gamma irradiation were distributed amcng the
third and the second branch-categories and the second and
the first categories respsctively. In Vé plants with
greater numbor of frults as compared to the control were
more fragquent in the second branchecategory whore a3 plants
with lesser number of frults in comparison to thg control
ware greater in the later formed branch for 0.5 per cent
ElsS. Both positive and negativa variations under 1.0 per
cent EMS were found +0 be maximum in the bulk progeny,
denoting that it was the branch category with the highest
degres of variability. In other words, mutagen sensitivity
was maximum Zor the character concernad uvnder the given

dose, for whols plant seced collecticne.

In the casg gf yield per plant, negative variants
wars maximum in the middle formed branches and thes bulk
progeny for the different concentrations of EMS in the
thres varieties, with a minimum 0f negative wariants in the
earlier and later formad branches., In V1 and Vé positive
variants wara maximum in the first branch-category and
minimum in the third, for 0.5 per cont EMS. For i.0 per
cent E&rls, the second and £fifth branchecategories recorded
a maximum and the £if£th and f£irst branch categories

recorded a minimum of positive variants under the seme two



136

varieties. In Vi, the second and the first branche
categories respectively recorded the maximum and minimum
values £or 0.5 and 1.0 per cent EMS under positive variants.
For gamma irradiation in Vi the £irst and fourth branch
catagories recorded a maximum Of positive varlants and

the f£irst and the sscond branch categories recorded a
minimua value for the same under 20 kR and 30 KR gamma

Tay oxXposuras respectively., In Va the second branchecategory
racorded a marimum of positive variants with a correspond-
ing minimum of negative variants under both the exposures

of gamma rayss. The corresponding values for negative
variants were distributad among the later formed branchies

and the bulk progeny respectively.

Different characters studied in the present investi-
gation wars found to rospond differently to induced varia-
tion. Variability was £found to Iincrease considerably for
all characters in treatments with gamma rays as well as
BMS. Increasse in variability Zollowing mutagenic treat-
mant was cbserved in savaral quantitative characters in
rica, (OKka et ale. 19587 Bateman, 19597 Kao et al. 1960;
Matsuo and Onogawa, 1961y Kawal, 19627 Charl, 1963,
Matsuc et al. 1964). Increase in varliability could be
explained to be dua to mutation of polygenes governing

tha quantitative characters. Genetic variability was found
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to increasa in barley with incraasing dosas Of Xeray
(Gaul, 19653 1967) end gamma rays (Gupta, 1970) and
Arbidopsis with increasing concentrations of EMS (Bhatia

and Van Ler Veen, 1965).

Although wvarlability' in general is enlarged, therxe
arae congiderable 4ifferences in the reported results
ceoncerning the frequency of occurrence of mutaticns with
both positive and negative effests. The increase in
variabllity without significent difference in ths mean
wvalugs made Oka et ale. (1958), Matsuo -end Onosawa, (1961)
and Yamaguchi (1964) and Sharma and saini (1970) to suggest
that mutations with posltive and negative effects occurred
with approximately equal frequency. Gonzalegz and Fray
(1965) found that variability was shifted in either direc=-
tion and Gregory (1965, '68) atated that the distribution
of quantitative variability was symmaetrical. However,
Goud (1967 b) in bread wheat, Bhatia and Van Der Veen (1965)
and Lawrence (1965) in Arabidopsis and Brock (1970) in
subterranean clover observed that the varlabllity wes
more in the positive direction, indicating either a large
number of mutations or a high degrae Of individual effact
of mutaticns in the positive direction.
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Increase in variability in the treated populaticn
compared to control met with im the present investigation
clearly shows a better scope for selection of desirable
mutants both in negativae and positive directions £rom
the segregating populatlion of chillles induced by gamma

rays and EMS,.



SUMMARY
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5 UMMARY

“he present investigation wan carried out in the
Departmant of Agricultural Botany, College of Agriculture,
Vallayani during 1982«83, Induced polygenic variability
with respect to various growth paramoters was asssessd in
the Ha generation in three varietiea of chillien using
Gom-gma rays and Ethyl methane sulphonate (EMs), The
extent of diplontic selection was also assessed by raising
M, genarationgaa My branch category-wisa. The experiment
was laid out in split plot deszign with two replications.
Data were collectad on (1) Plant height (2) nuzber of
branches per plant (3) fruit length (4) £rult weight (5)
nunber of sesds per fruit (6) numbsr of fruits per plant anrd
{7) yield per plant. The extent of induced variability with
respsct to these polygenic tralts were assessed in dstail
in the segregating generaticns, In addition to mean value
shift, the frequency of negative and positive variants
comparad to control was also taken intdo consideration.

The tabulated data wers analysed statistically following
Fischer (1935). Percentage f£requsncies ware transformed by
the angular transformation as proposed by Snadecor (1556).
From the ANOVA it was found that in all the thrse varieties
tested both the mutagens considerably reduced the length
and weight of individual fruits as wall as the numbar of
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geeds per £ruit. But plant height, numbsar of branches per
plant, number of fruits per plant and consequently yield
per plant wers found to be increased. A dose dependent
increase or decrease could be noted in almost all the

variaties.

1. Plant hoight in general was found to be enhanced by
mutagen treatment, BMS showed a greater positive shift in
maean plant height as compared to gamma rays, in the difierent
varieties. Maximum frequency of negative variants was noted
in the bulk progeny wvhersag positive variants were compara-

tively high in the earlier formed branches.

2. FNean number of bresnches recorded a positive shift,.
In general in the higher concentration of BHS, plant type
was ke compact then under the lower concontration whereas
the cass was reversed for gamma ray treatments. Negative
and V, vwiere there was a low

2 3
£fraguency of positive variants and a higher E£raguency of

variants were eusent in V

centrol types.

3¢ In gonoral, negative shift in meen fruit longth was
observed in the varleties tested. In the two different

concentrations of B3, majorlity oi the i, branch catagories

1
recorded a nagative shift, Gamma ray exposurss also

followad the sams tresnd although not to the same extent,
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among the three varieties tested, vz alone was found to be
favourably affected by mutagen treatment, £or the character

concarned.

4o taan £ruit weight was found to bs drastically
reducad in all the three varleties by the two mutagens
tried. Reduction in mean £rult weight vas greater for
gomma irradiation as compared to EMS treatment and in boih
casas, the higher doses. gave a mors drastic reduction.
among the different characters cnalysed, £rult welght alone

showed significant negative shift in mean value.

5. Seed number per fruilt alsc rsconded a genoaral
decrease due to mutagen treatment, the effect being more
pronouncad under gamma ilrradiation compared €0 BMS CLreat-
mente The effacts producad by &5 and gamna rays in ths
lowver and highar doses were comparable in that the higher
doses always lad to g decresse in number 0Z Lranches showing

positive shift.

6, in general, mean £ruit number per plant was nshanced
due to mutagen treatrment in the differeat varietlie=s, 0SMS
produced a greater enhancement, For physical mutagen troate
ment, a dose dependent decrease in the nurbar of fruits per

plant was notad under different M,y branchi-catagoriaes,
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Te For vield per plant V1 recorded a complete negative
shift in mean values and V2 and V, recorded a complate
positive shift. although V, recorded a nagative shift in
mean valuos, vield can be eventually “increased by restricting
selection to tha earliar formed branches which registered
maximum f£reguency of positive variants. For Va and V4 also,
thoe freguency of positive varlants was greater in the

earlier formed branches.

The shift in mean valuss and the increase in varla-
bility for the different guantitative characters in the
segregating generatlon dus to EMS and gamma rays, provide
scope for a positive resgonse to saslection and further
improvement in this crop for increasing productione. Detalled
analysic on the extent of variability created by the
mutagen in tha later segzraeyating generatlions in the
different branch-categories end the selection of desirable

types are suggested as the future iine of work in the

varictias testad,
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ABSTRACT

The mutagenic eoffect of 6OCQ-gamma rays and
Ethylmethane sulphonate on three different chilli
varieties have been studied in detail in I, generation
using two modsrate doses of gamma rays (20 and 30 kR)
and two concentrations of EMS (0.5 and 1.0 par cent).

The presence and extent of chimsras and their ralation
to induced varlability was eassesged by ralsing M1
branch-wise progenies in M, generatlion. Tha experimant
was conducted during 1982-84 at the Department of Agri-~
cultural Botany, College of Agriculture, Vellayani.

The My generation was laid out in RBD and 1, in split-
plot design with proper randomisation and raeplications.
The cxop was ralsed and maintained following the Package
of Practices recommendgd. The polygenlc tralts analysed
in Mz genaraI&i%n includa plent helght, number of bran-
ches per plant, f£ruit yield per plant and length and
weight of frults. The data collected were statistically
analysed f£or proper interpretation of tho results
obtalnad.

It has been cbgerxrved in almost all the polygenic
traits that the extent of variability created vary
depending on the genotypes, mutagen and thelr doses and
character under observatlon. The mean valuas were found

to shift both in negative and positive dirgetions «o



control valuss., Significant shift in mean values depende
ing on the type of M1 branch catagory c¢lesarly demonstrates
that there existsthe machanism of diplontic selection in
‘this particular crop veristy, when exposed to mutagens.
But the extent of salection varies depending on the

mutagen and their doses and the genotypes concerned.

A significant negative shift in moan value was noted
only in ths case of fruit weight under both the concantrae
tions of EMS and 20 kR gamaa rays whercas a positive or
nagative insignificant shift was noted in all other chara-
cters under both the mutagens. wWhen Vz under EMS and Vé
in gamma rays showed a negativs shiit, pPositive shift in
mean value was noted in majority of the cases for number
of branches per plant. Fruit length and weight and
numbex of seeds per fruit showed a negative shift in
majority of the cases analysed, but fruit number and yield
per plant showed a reversec trénd, The shift in mean valus
under tho different M, branch categories varied depending
on the varieties, mutagens and their doses and also the

character under study.

be
The phenotypes were found toAdiatributeAboth in
negative and positive directions to control group in all

the characters enalysed. The f£reguency distribution whether



negative or positive varied depending on the mutagon

and their dosea, the genotypes and charactsr under study.

In majority of ths cases the maximum fraquencies
of positive varlants undsr both the concentrations of
EMS and under 0.5 per cent for negative variantes were
found to be in the early formad branches when it was
in the later ones is the case of negetive veriants undsr
1.0 par cent EiS. 1In the case of gamma rays this general
trend was not observad. The data analysed clearly
demonstrate the existeace of diplontic gelaction and
premises wide scope for pooitive selection response

eithar in negative or positive dilrectionse



