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INTRODUCTION

Induoed mutation bas now become an important toel
in developing nev genetio variability and in improving speci:
oharacteristios of ocrop plants. JBver since the discovery o:
the mutagenic action of X-rays on Drosphilla by Muller and
on barley dy Stadler five decades ago, several plant breeder
have turned to this line of investigation and have made
comtributions to the understanding of the basic processes
of mutation, The discovery of the mutagenic action of
chemiocals by Oehlkers and Auerbach during the early forties
was at first ocnsidered more of theoretical than of practica
interest. However, the evidence that oertain chemicals give
different spectra of mutations from those 0f X-rays and the
desire to obtain directed mutations has prompted investigati:
employing both ohemicals and radiations, ’

The striking feature is that induced mutation seea
capable of improving most of the characters of the plamt, T
orop varieties of both the cereals and legumes whioch have
been developed through induced mutations have shown improvea
for the characters such as yleld, resistance to lodging,
shattering and diseane, early maturity, short stem, winter
hardiness, higher protein and improved plant type (Sigurdjor
and Micke, 1974).

The major prodlem in breeding autogamous crop like
groundnut is that the available natural variability is limit



Intensive work on induoed mutagenesis has been sttempted in
groundnut next only to cereal orops. The development amd
release of NC 4-I in North Carolina (Gregory, 1960) anma
frombay groundnut mutants (Patil and Thakare, 1969) in India
are examples of sucoeas achisved in this direction aes a resul

of X-ray induced mutationa.

Investigations involving chemical mutagens wers mostl)
directed to assesa the physiologiocal sensitivity of differem-
varieties of groundnut (Ashri and Goldin, 1965; Ashri and
Hersog, 1972; Ashri and Levy, 1974). Information on the
effect of chemical mutagens on the quantitative characters
of groundnut is meagre,

One of the approaches in mutation breeding is to enla
the apectruz and increaze the freguency of mutation by treat!
the material with the physiocal and chemical mutagens ani the!
combinations (Sharma and Swaminathan, 1969).

The present inveatigation was therefore undertaken wi
the following objectives:

1., To. increase the spectrum and frequensy of variability inm
qualitative and quantitative characters by the uae of
phyeical and chemical mutagens anmi their combination,

2. %o assess the effect of mutagemic treatments on characte

association and

3., To isolate mutant selections with higher productivity,
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REVIEN OF LITERATURE

Research on induced mutations in recent years has
been conducted mostly on cereals and more specially on
barley, vheat and rice; far less research has been done in
orops belonging to cther families (Sigurbjorneson and
Micke, 1969). Notabdls exceptions to this are peas (reviewed
by Hlixt, 1972) and pesnuts (revieved by Gustafsson and
Gadd,1965; Gregory,1968 and Norden,1975).

The advantages and disadvantages that go with
polyploids are felt in groumdnut ocrop because of the presemce
of_ many duplicate locit the multivalents, trivalents and
univalents that were reported to oocur at meiosis would also
gretly influence the population dynamics and mutation
frequency. Some traits are controlled by duplicate and
multiple factors and so oontain induced mutations which remain
oryptic (Ashri and Goldin, 1965).

Ashri (1972) considered groundnut as a suitable
material for mutation breeding since its embryos having 6-8
leaf primordia with buds in their axil (Yarbrough,1949) which
provide several potential targets for mutation,

The mutagenic studies on groundmut in the earlier
period were restricted to only physical mutagen, mostly
I-rays, later, gamma rays, thermal and fast neuntrons have been
employed (Gregory 1956a; Bhatt et al.,1961; Shivaraj and



Ramama Rao, 1963; Bmery gt al., 1965), More recemtly
chenical mutagens like diethyl sulphate (DES),
ethylmethane sulphonate (IMS), F. Methyl E.Kitro
N.Witrosogusiidine (MNNG), Sodium aside (8A), Ethydium
bromide (EB) and acriflavine were also employed (Ashri
and Goldin, 1965; Levy and Ashri, 1973;1978).

Mutagen dose

Physioal mutagens have been used in most of the
experiments on induoced mutations in groundnut. Gilles
and De Vinck (1959) found in one experiment that
X=-irradiation of seeds presoaked in water for 48 hours
with 10,000 r to 20,000 r osused complete lethality, In
another experiment they concluded that the I-DSO for
survival lay between 2,000 to 5,000 r. Bilques and Martin
(1961) irradiated 4ry seeds of two varisties with
5 per cent moisture content with doses ranging from 8,000
t0 40,000 r of X-rays and found that while one variety showe
high survival rate sven after the application of highest
dose, I-DBO for germination in the oase of another variety
was around 32,000 r.

In his first set of experiments oonducted with X-ray
doses 2,500, 5,000, 10,000 and 20,000 r umits en dry seeds
of 8 per cent moisture contemt, Gregory (1955) reported data
on survival after 54 days indicating I-D,o around 15,000 r.



Batt ot al. (1961) presented data of X-ray effects on
growth, development and fertility, applying 25,000 and
75,000 r to dry seeds of the variety "Spanish Improved"
and found I-DSO for survival (after 100 days) was about
25,000 r. Patil and Bora (1961) irreadiated dry seeds
with doses ranging from 25,000 to 75,000 r. The highest
dosage was reported t0 be almost lethal with only about

10 per oent survival, They found meiotic irregularities
including translocations, inversion bridges, fragaents and
laggards as well as spindle abnormalities.

Shivaral et al.(1962),5hivaraj and Ramana Rao
(1963) oconcluded from their studies on fast meutron effects
that there was a gradual decline of seed germination,
growth, pollen fertility and yield with doses ranging
from 25 x 10'2 to 5 x 10133/012/100 (integrated flux).

Aberrant meiotic behaviour was also reported.

Osborne and Lunden (1961) reported an m,o for
field survivei of strain 'Spantex’ (dry seeds) to be
10,000 r and 3,700 reps for fast neutronmns.

The 50 per c}ont growth reduction for groundnut was
reported to be around 35-45 krud and s useful doase range
0f 20-30 krad of gamms rays has been recommended based on
the experience gained from service treatasnts reandered by
the IARA Seidersdorf laboratory (Comger st 8l.,1977).



The efficiency of EB (ethidium bromide) in
solutions of 0.63 mf and 1.26 m}{ wvas oompared with M8
(19.33 m}, 38.66 M and 58.0 =}, 0.2%, 0.4% and 0.6%
respeotively) for chlorophyll, leaflet, plant sise and
growth habit mutations im groundnut (Levy and Ashri,1975).

Sensitivity of genotypes

Results of several experiments have shown
evidences in support of differential sensitivity of the
genotypes to mutagenio treatments. Bilgues and Mariin
(1961) found that while X-irradiation at 32,000 r reduced
the germination to 50 per cent in a variety 48115, the
decrease in germination was not more than 12 per oent in
another variety 28204 even after the application of the
highest dose of 40,000 r.

Gregory (1956b and 1956¢c) recorded & wide range of
variation in sensitivity to X-radiation of four pareat
strains and five hybrid combinations. These obaervations
were based on the data collected on & survival, plant
vigour and time of flowering. "Evidence for the association
of genotype with radio sensitivity can be derived from doth
X-ray and neutron treatments wvith different genotypes
responding in different ways to the two radiations®,
(aregory, 19560)
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Radie sensitivity of parental and hybrid emdbryos
of a single creee has been studied in populatiens with
near perfect emsrgence by adjusting seed moisture content
above threshold levels known t0 be associated with severs
seedling dsmage. These studles have led Bmery gt al.(1970)
to conclude that paremtal embryos were in genersl more
redio sensitive than either of reciproocal 7, hydrids.

Significant differences between varieties im their
physiologiocal sensitivity to alkylating agents such as
DES and FMS have been demonstrated as judged by their
germinatior rate and seedling height (Ashri and Hersog,1972).
They found that in both resistant and sensitive varieties
older peeds were more susceptible to injury than freshly
harvested sewds and prescaking in deionised water increased
the semsitivity of the seeds to DES but not to EMS,
There are several other reports on the differenoces in ll.‘
sensitivity to radiation or ohemical mutagens bdetween
oultivare or lines in groundnut (Emery et al., 19703
Levy and Ashri,1973; Ashri and Levy,19743 chy st al.,1979).

Gregory (1961) oonoluded that there is reason to
believe that despite the different frequencies of gimilar
mutations obtained with different mutagens, the chief
limiting factor in mutation production amd mutant recovery
1s- the gents somstitution of the experimental organmism aad
20t $he typs of mutagen used, )



Vartetal difference in respomse to mutagenio
treatments for mutation yield has been reported (Ashri
and Goldin, 1965; Avadhani and Ramana Rao,1968).

BEmery (1972) found that hybrids were more radio
resistant than parents and viable mutation frequency was

more with seneitive genotypes.

Chlorophyll mutatione

Information on induced ohlorophyll mutation inm
groundnut is meagre. Patil and Bora (1963) desoribed the
origin of one Iantha and one virescent mutant after
irradiation, The segregation ratio of the virescent types
was not olear. It ranged from 1:1 and 15:1 indicating that

the development of chlorophyll iam groumdmut was possibdbly
controlled by more than one gene loocus. Shehori and Ashri
(1970) have reported that ranthamaculats (xm) and yirescemt
(ve) va;o sonogenic recessives. The speotrum 0f chlorophyll

matation thus appeared to be narrow,

Mutation rate

The rates of induced mutations following I-irradiation
were presented by Gregory (1957) im the following way:
1770 X, plants of 1949 gave rise in 1950 to 84213 x2 plants.
Among these, thers were 11,502 visibly altered plants (14%)



in

The M2 ohlorcphyll mutation frequency was foumd
to be maximum at 12 hours of prescaking with four hours
of ochemical trestment. The doees of 30 krad of gammm
irradistion and 40 alff of BM8 treataent were reported as
optimua on the basis of maximum ohlerophyll mutation
frequency (Sivasubramanian, 1978).

Yiable wmutations

In the oourse of his studies of X-irradiation
treataent with 18,500 r, Hammons (1953 a, b) found a
‘oup’ mutant, It is characterised by a oomplex of
morphologioal features asoribed to pleiotropy such as
involute leaflets in the form of a ‘oup' and easily broken
sugoulent stems. 'Cup’, cu is a simple monogenic recessive.
Mutant phenotypes showed recognizidle grades of intensity,
attributed to the interaction of the 'changed' gens and
the modifying effects of the altered genotypic background
in which it was expressed.

Gregory (1968) identified twenty fowr classes of
morphological deviants. In addition to the ccourremce of
these major olass characters individually, thers also
appeared occassional major class combimations at various
grades. VWithin a given plant, two or more characters
varied independently in grads, combinations usually involving
$wvo major olass charscters but ocoasionslly three or four
were designated as 'puok', 'ilex’ amd 'heders'.



Variants affecting almost every charecter of the
plant such as plant height, branching habit, leaf character,
ohlorophyll development and floral parts have been reported
(Patil, 1966). Investigations of Ashri and Goldin (1965)
revealed the ogcourrence of deviants to growth habit affecting
more than one character through DES treatment. MNutations
involving 2 or 3 oharscters at a time were interpreted as
pleiotropio mutants with syndrome effect.

Inheritance of macremutants have been reported.
The macronutants 'flop', ‘cup', 'ilex' were simply inherited
and thet the inheritance of the mutants ‘heders' and
‘corduroy’ were determined by duplicate recessive genes
(Pmery et al., 1964). This was further tested by Loesch
and Bammons (1968) by diallel crosses betwean the latter
$wo mutants and through oritioal tests in ¥2 and confirmed
the genetic control, Shohori and Ashri (1970) foumd that
five out of eight macromutants derived from DEB inherited
monogenically with mutant alleles being fully recessive as
shown by ercsses detween the mutants with the original
variety.

Ashri (1968 .) reported the isolation of & sterile
brachytic dwarf in groundnut after diethyl sulphate
treaetamt vhich demonptrated that undesirable recessive
alleles accumulated in self-pollimsting amphidiploid species



oontaining duplicate loci. These dwarfs were smaller
than normel densdly leaved and semisterile. Their progeny
produced three types of plants (1) nermal which prodused
norsals (ii) extremely reduced which produced steriles and
(111) the intermediate ones that resembled the M1 plants,
normsl and sterile. IThree dwarf mutanmts indused by 1ES
in groundnut were reported to be momogenioc recessives
(Shohori ama Ashri, 1970),

Induced plasmon mutations affecting growth habit¢
of peanuts have been reported (Levy and Ashri, 1978).
Nutagenic treatments of the trailing line TR (V4) resulted
in isclation of 135 erect mutants from among 1804 N,
families, TFourteen of them behaved as plasmon mutations
(7 induced by gamma rays, 6 by M8 and one by acriflavine).
They have alsc reported the occurrence of 32 trailing
mutants recovered from 3895 N, families following treatment
of several erect lines.

Matations in quantitative characters

The megnitude of variability released through small
changes induced by X-irradiation has been well demonstirated
(Gregory, 1955). He olassified X, plamts imto fev groups
such a8 severely involved seedlings (A) and mormal sesdlings
(3) while eontrel seedlings were dencted as (0), A and »
plants have given rise % Xy and I., progenies containing
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in the ‘cup’ mutant arose from the action ef nem-allelie
nedifiers intensifying or reducing the expression of the
basic gene ‘ou'. Since the ‘cup’' mutants arose in
different X, plants they were assumed to represent
different alleles or allelio systems. A oertain proof of
their hypothesis was afforded by the phenotypio reversion
t0 less expressivity of another recessive geme 'hedera’
which was reirrsadiated,

Pive mutant genes (oup, flop, ilex, hedera amd
corduroy) were tested by Loesoh (1961 and 1964) in suoch a
way that mutant ’z planis vere extracted from an array of
nutant x mutant families and mutant xoontrol families and
they were then compared in the 13 generation showing theredy
that baokground effects were separable from the major mutant
locus. Support is theredy given tc the position that breedis
progress may be achieved through the use of induced mutatien
having small effects, even with the baskground asscoiated
with deleterious mutants (Loesch, 1964). Bmery et al. (1964
ooncluded that the use of stable bhut mutated beackgrounds in
reconbination adds diversity to the breeder's limited collec
of self-pollimated varieties. Hmery st 81.(1965) separated
the delsterious markers from the background im question. Th:
r3 fanilies displaying recessive markers were then removed
fren hybrid populations and the effeot of baskground messurs
SmOoAg the mormal appearing ¥, fanilies in the 1‘ gemeration,
Sigaificant varisnces vere moticed.



Under the mutated backgrousd hypothesis, therefore,
segregation of a given mutant and an array ef other X-ray
induced mutants from the same autogamous line would be
expected t0 differ as a funmotien of the segregating genotype
backgrounds of the other mutants.

Another significant contridution for the understanding
of micromutation was provided by Uregory (1965). He
postulated that as the magnitude of phenotypic effect of
mutation decrsased the frequency of mutant plants inoreased
exponentially. Small induced changes have higher probability
of effecting an improvement than larger changes. He related
the prodability of improvemsnt to Fisher's adaptation sphere.

Mutation at different lool affecting the same ocomplex
trait have the sffect of extremely small magnitude of change
at several looi which have almost equal chances of improving
or worsening adaptation. It implies that 1f a change in
phenotype is large it is very likely to be both rare aml
unfavourable; wheress if 1% is very small it will have
approximately 50 per cent probability of being favourable
and will oooir with a frequency oorrelated with its diminishing
sise. Uregory's preof of this hypothesis (1968) with supporti:
data established 1its importance in plant improvements through
appropriate method of selection.

Oregory (1965) comcluded that distribution of the
effects of mioromutation i’ continuous with effects of
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mgromutations and o sharp boundary exists where it is
possible to say that macromutation lies on one side and
micromutation o the other,

Selection procedure

Investigations relating to selection procedures
for improvemsnt of eoonomic atitributes are few. The effect
of a selection procedure involving ten higheat and ten
lowenst yielding progenies on the 15 and x4 Yields was found
to result in lack of significant difference among the high
groups (Gregory, 1955). The low groups were inferioer to
irradiated high. He, however, found that nome of the lines
selected in this way were superior to the origimal line.
Further experiments revealed that 10 per oent of the vigorous
looking lines possessed demonstirsble superiority in yield
compared to control (Gregory, 1957).

Mutation suegess

Gregory's pionesring work on induced sutations in
peanut has led to the successful relesse of a mutant veriety
W0-4 x. The moat widely oultivated peanut variety, ¥C-2
covering 75 per cent of peanut acreage of North Qarolina had
some short comings. It developed serious pod oracks under
sertain soil conditions with subsequent discgolouring or decay
of the kernels by ground water. This "Xernel damage”
drastically lowered the quality and market prise of the orop.
fhe mutant variety 04 x released in 1959 has outyielded the



mother strein besides having thioker hull and good
quality with resistance to pod oracks (Gregory, 1960).

Gregory (1956b) reported an inoreased resistange
to the mon-spenific fungus Sclerotium rolfsii. Cocper
and Gregory (1960) detected 70 mutants more or less
resistant to Cergospors in a total of 84,213 I, plants,
i.e., & ratio of about 111300. This ratioc then decreased
by the subsequent testing upto 19 generation, with 21
mutanta showing sustained resistance, i.e,, a ratio of
114000, Bilques gt al. (1965) reported mutants with
increased oil content ranging from 45.3 to 53.3 per cent.
Patil and Thakare (1969) found that three mutants
(26-1, -3, and -6) had a potential of over 19 per cent
inereased pod yield., The use of cross breeding among
mutants was demonstrated by Patil (1973a).

Seven bunch type selections (T@-7 to T@-13) develope
by crossing two induced mutants "Iarge pod® (TG41) x
"Viresoent® frosm °'Spanish Improved Variety' showed 2-4
per omt increasasd 0il content over 'Spanish Improved'.
Patil and Mouli (1978) have isolated '20-17' from a oross
between two radiation induced mutants, 'TG-1' and ‘Darker
Gresn' which is short in stature with bold kermels and high
prodiwtlvhy.



Sharscter aspooistion

Information on the effacts of mutagenic treatments on
character association in groundnut is meagre. Alteration of
character association in the population derived from gamma
irradiation of groundnut has been reported (Sathiamoorthy
ot al,, 1978). Their study revealed that plant height was
positively associsted with yield at 30 krad and negatively
at 40 krad while there was no correlation in the control
population. As againast the positive asmooiation between
primary branches with yield in the comtrol population, negatin
relationship was observed at 30 krad while there wae no
correlation at 20 krad and 40 krad trestments, The poslitive
association between pod number and yield observed in the
contrel population remained unaltered in the treated populati

The foregoing review thus covered the different aspect
of induced mutations in groundnut. Thie is perhaps one crop,
other than oereals, in which detailed investigations on induec
mutations have bDeen attempted. Yet the achieveaents are limi
Informations on the effects of ohemical mutagens and oombinat
of physical and chemical mutagens on economio characters are
rare. This points to the need for oritical evalmtion of the
effects of not only the physical and cheaical mutagens but al
their oombination on the nature and extent of induced variabi
and for isolation of mutante of economioc importance.
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MATERIALS AND METHODS
MATHRIALS

Two improved cultivars of groundnut, TNV § and Ah 791
were ohosen for the study. Details of the varieties are
furnished in Table 1.

TABLE 12 Pedigree and charaoteristios of the varieties

Yarietias
Partioulars
™y 9 Ab_7911
Pedigree Hybrid derivative Rybrid derivativ(
of Ah 3490 of Ah 4218
(Bromie-3) x (Gudiyatham) x
Ah 477 (Bassi) Ah 4T7 (Basei)
Charaoteristios
Habit Bunch Buneh
Duratiorn (days) 105 110
Testa oolour Rose Rose

Mutagens: Gamma rays, ethyl methans sulphomate (EMS)
and their combimtions were employed for seed treatamt.
Their source, dosimetry/half 1life and mode 0f aotion are
given in Table 2.

Table 23 Mutagen source and action

Mutagen sourese Dogimatry/Half 11
1. Gemma ray oo‘°¢— cell 3175 rads/mimate
{1000 curie) at
THAU,Coimbatore
2, B8 Esstunan Xodak Co. 30 hours
0!, 80, 00! Rochester,

2
(Wo1. wt.124.76) g% O
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A, Studles on germination, survival and seedling height

in N, gemerstion

Two hundred seeds retained by 21/64 inch sieve having a
moisture oontent of 5.5 per oent were treated in each dose

as detailed in Tadble 3,

Table 3: Particulars of mutagenic treatment

Mutagen
Particalars Physioals ?-3“.1: B Oombimstiont
Gemms. rays Gamta oy +
(kxrad) - (krad + M)
‘Treatment (dose/ 20,30 and 40,60 and 803 20 krad + 40 =M
conoentretion) 40 solution/seed
volume ratio
i1
Pretreatment of Dry seeds Presoaked in Iry sesds were
seed deionised irradiated follow-
water for od by prescaking
12 hours as in chemical
treatnent.
Control Iry seesds Soaked seseds DTy seeds
Duration of - Tour (with four (with inter-
treatment (hours) interajittant aittant shaking)
shaking)
Treatment gonditions
t) ﬂ - 7-5 1-’
i1) s-pontnn 24 24 24
0
111) Relative ™ ™ ]
humidity
Post washing - In running tap water for 1 hour

* The lower dose 0f
chosen for the
damnge

m irradlation and BMS comcentrations werse
ination treatment to reduce the bielo,

as l| survival was rdu_od more than additively when
large doses of mutagen were coubined (Doll and m-u.i!‘!é.
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N ion: The seeds subjected to single and
combimation treatments were immediately sown in the field
along with the controls in rendomised block design with
five replications in March 1975. 2wo rows of 3 m length
spaced 30 om apart constituted the plot aise. ZTwenty seeds
were dibbled per row leaving & spacing of 15 om between
seeds in the row. The following observations were recorded
in the seedling stage.

Germination t Seedlings emerged upto 15th day after
sowing were oounted and expressed as

percentage of total seede sown.

Survival 3 Seedlings survived on the 30th day
after sowing were counted and expreseesd

as percentage on total seeds sown.

Seedling height t Measured in cm on 30th day after sowing
from the collar to the tip of the main
stex for ten plants chosen at random/
replication/treatuent and the nean
height recorded.

B. Studies on qualitative mutation

M, generation: Seeds harvested from fifty randomly
selected M, plants in each treatment vere advanced to raise
X generation in April 1976 in randomised blooks with three
replications. Comtrol lines were raised from seeds obtained
from randomly chosen plants in the parent varieties. %The



population raised under various treatments are pressnted in
Tadle 6.

1) Ohlorophyll mutations: The M, plant progenies in
n, generation were examined upto 15th day after germination for
chlorophyll mutation, The mutation frequency was estimated
and expressed as peroentage on M, plant dasis (Gaul, 1957). The
mutant eand normal seedlings were counted separately to detersine
the eegregation ratio, i.e., percentage of mutants to total
progenies. The chlorophyll mutations were classified according
to the system proposed by Guetafeson (1940) and Blixt (1961).
Synergism was caloulated by the formula (n)+(b)-1i = (a+d),
where 'a' and 'b' are the two treatments and 'k’ 1is the
interaotion coefficient. The value of 'k' should be one,
1f the interaction is additive, Deviation from this value
towarde positive or negative direction would show synergistio
or less than additive effect (Sharme and Swamimathan, 1969).

i11) Viable mutations: The M, plante were observed

pericdically upto maturity for viable mutations and morphological
deviants identified wers ladbelled and harvested separately.
Viable mutation frequency was estimated on the dasis of 100

M, plante. Progenies of the viable mutants were raised in !3
gcno;atl.on in non replicated rows along with the parental
varieties. Observations on quantitative characters were
recorded on twenty planta chossn at random as detailed in the

X, generation.



O. Studies on quantitative mutations

1) !2 gensration: Obaservations on sleven guantitative
characters detailed below were recorded on five plants chosen

at random in each repliocation.

1. Height of main stem: Height was measured in om.

from the collar region to the tip of the main stem.

2., Length of primary branch: It was measured from the
point of attachment of the branch at the main stem to the tip
of the primary branch,

3. Number of brancheat This ingluded the number of
primary and secondary branches in & plant,

4, Mumber of flowers/plant: Duily flower production was
recorded from the Sth to 10th week after sowing and the total
number of flowers produced during the period assessed.

5. Number of mature poda/plant: Only mature pods were
counted and recorded discarding immature pods.

6. Humber of kernels/plant: The pods were thoroughly
sun-dried and shelling of the pods was done., The number of
kerpels obtained by shelling the pods of each plant was recorded.

7. Pod yield/plant: The pod weight in gram of individual
plant was recorded before shelling.

8. Kernel yield/plant: The kernel weight in gram after
shelling was recorded.

9. 100-pod weight: This was galculated from the weight
and number of pods of individual plants and expressed in gram,



10. 100-kernel weight: ZFyom the weight and number of
kernels of individual plants, this was calculated and expressed
in gram,

11. Shelling per cent: The proportion of kernel to pod
by weight expressed as per cent was rscorded as shelling

per acant.

Phenotypic frequency distributions for four important
characters, namely, number of mature pods, pod yleld,
100~kernel weight and shelling per cent are presented in
graphs based on the observations of 360 plante in emoh

treatment,

i1, !3 generation: Seeds obtained from 24 normal
Plants chosen from 24 families containing not less than 60
seeds per plant in each treatment in the ", generation were
advanced to raise progenies in the 55 generation. Similar
selection of plants was made in the parent varieties to raise
control lines. The experiment was raised in April 1977 in
randomnised blogck design with thres replicationa. The popula~
tion raised in H, generation under varicus treatments in the
two varieties consisted of 17,280 plants. The Jrogenies of
viable mutants ralsed separately in non-replicated rowse imcluded
665 plants., Observations on sleven quantitative characters
wers recorded as in lz generation, Phenmotypic frequency distri-
butions for characters as mentioned in l2 genexration are

presented in graphs,



D. Eyaluation of Iroductive mutant lines

Forty plente which recorded higher yield in Hz than
that of control were selected for further study. The progenies
were raised in H3 in rows of 3 m length spaced 30 cm between
rows and 15 om between plants in the row in randomieed blocks
replicated four times along witk parental varieties. Ten
planta were chosen at random in each progeny per replication

for yield assessment.

54 generation: Twenty one plante from five lines which
showed positive yield performance in ll5 were chosen at random
and the jprogenies were raised in April, 1978 in K‘ along with
the controls in three replicatione., The row length, spacing
and random samples for yield assesament were similar to that
of H, goeneration.

E. Statistical analyses

The data on mean values in respect of quantitative
characters in l(1, H.z and HB generations were analysed statis-
tically using the standard procedures. Percentages were
transformed to angular scale and the transformed values are
given in the text and tables while in text figures actual
percentages are indicated, The different quantitative
characters were compared with control by 't' test and the

variance by the 'F' test.

From the total variance in the "2 and H3 generations,
the estimates of genotypic wvariance and heritability were
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oalgulated following the method of Brook and Latter (1961),
The estimated genetic advance under selection was based on
the formulae suggested by Lush (1949) and Johnson gt al.,(1965).

The genetic parameters were calculated as detailed

below:
Genotyplo mS.?nce : Progenies N.5 - Error M.S
av) === r ==
where M,S5. is mean equare
r is repliocation
Genotypic coefficlient t x 100
of variability (GCV) = 'i‘"'"
where g is genotypic standard
doviation
Y 1is the mean
Heritability (n?) ; _g;
P

where 52 is genotypio variance
P~ is phenotypio variance

Genetic advanoe expressed ! n? xkxpx 1-29
as per cent on mean (GA) X

where p is the phenotypic standard

deviation and k i»s the constant

(2.06), the melection differential

at 5 per cent selection intensity.

Correlation coeffioients were worked out between yield

and its components and also between pairs of yield oomponents
in the H3 generation to determine the extent to which the
mutagenic treatments had altered the type and strength of
charaster Kssooiation. The components correlated with yield
wers, height 0f the main stem, length ef primary branch, number
of branches, numbsr of flowers and numbsr of pods/plant.



Abbreviation Uged:

cD t Critioal difference at 5% level

8E ! Standard error

] 3 Not significant

MBS t Ethylmethane sulphonate

=M t Millimoles

krad t doses of radiation in kilo rad

ev t Genotypie variance

Gov t Genotypic soefficient of variability

h2 t Heritability expressed as per cent

GA t Genetic advance expressed as per oent
of mean

oM : General mean

DS t Dry need

8S t Soaked seed
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EXPERINENTAL RESULTS
A, Studies on !crl.lmuon. survival and seedling height in N,
generation

The effects of mutagenio treatments on groundaut
varieties, TMY 9 and Ah 7911 were studied by subjecting
them to three doses of gamas raye, three conoentrations of
BMS and a combination treatment of 20 krad of gamma rays
Plus 40 =N of BMS. The data oollected on three N, indices
namely, germination, survival and seedling height are
presented in Tables 4 and 5.

1. Germimation

Gemma irradiation resulted in reduction in germimation
in the varieties ocompared to that of control (Tadle 4 and
Fig.1). In TMV 9,the germination per cent was reduced to
62.12 at 20 krad, 59.40 at 30 krad and 55,10 at 40 krad
oompared to 73.10 in the control. In Ah 7911, there was a
reduction in germination per oent from T6.44 in the control
to 60,57 at 20 krad, 57.16 at 30 krad and 53.79 at 40 krad.

Decrease in germination was observed as the doses increased.

Reduoction in germination was observed at esach concentra-
tion of EMS treatment compared to oontrol in the varieties.
In TMV 9, the germimation per cent was 61.84 at 40 mX, 50.79
at 60 =M and 38.568 at 80 mM. In Ah 7911, a similar tremd

in reduction was observed.
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Combination treatment showed a greater reduction
in germimation than that of the component single treatments,
There was similar response to mutagenic treatments among
the varieties.

2, Survival

Gemma irrediation resulted in reduction in survival
(Table 4 and F1g.2). The lowest survival of 48.25 per cent
in TMV 9 and 47.30 per oent in Ak 7911 was recorded at the
maxinum dose of 40 krad. EMS treatments showed reduction
in survival at each ooncentration compared to that of
oontrol, In TMY 9, the survivael vas reduced from 69.53
per cent in the control to 53.06 per cent at 40 mM, 44.42
at 60 mM and 34.32 at 80 M. A similar trend was observed
in Ah 7911, Combination treatment showed greater reduction
in survival than that of the oomponent single treatments,

3. Seedling height

Gamma irradistion showed reduction in the height of
seedling compared to that of control (Table 5), TMV 9
recorded 4.8 om at 20 krad, 4.4 om at 30 krad and 3.4 om
at 40 kred compared to 5.2 in the control. Ia Ah 7911,
there was reduction from 6.1 om in the oontrol tec 5.5 om
at 20 kred and 4.6 om at 30 krad and 3.6 cm at 40 krad,

A gimilar trend in reduction in the height of seedling
was observed in EMS treatmsnts. In TNV 9, there was reduc-
tion from 4.9 om in the control t0 Z.2 om at the maximum

3
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oonmgentration of 80 mM. Ak 7911 recorded redustion from
6.0 om in the oontrol to 2.0 om in the maximum conoenmtration
of 80 mM. Height of the seedling in the comdimation
trestment was iptermediste between that of the component
single treatments in TNV 9, In Ah 7911, the value was
lower than that of the single treatments.

B. Studies on qualita‘ive mutations in !2 generation

Observations were recorded on the frequency anmd
spsctrum of chlorophyll ard viable mutations. Observations
on the frequency of their cocurrence were estimated as
percentage on ll2 plants and the changes in the spectrum due
to different mutagenic treatments are presented bdelow.

1. Chlorophyll mutationa

The frequency of ochlorophyll mutations expressed as
per cent on K, plants in TNV 9 was 1.26 in the combination
treatnemt followed by 1.07 at 30 krad of gamma irradistion
(Table 6). A frequency of 0.44 per oent was cbserved in
60 mM oonoentration of M5 treatasmt. Im Ak 7911, a mutation
frequency of 1.44 per cent was induoed by 40 krad of gamma
irrediation followed by 1.11 per oemt in the combimation
‘trestment and 0.85 per cent at 80 mM conoemtration of MMS
treatuent.

The spectrum of ohlorophyll mutations observed were
albinma, slboviridis, chlorina, xantha and viridis (Table 7).
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The varieties differed in their response to mutagenio
treataents with regard to spectrum of ohlorophyll mutationms.
While xantha and yiridis were not moticed in the gamma
irradiated populations of TMY 9, they ocourred in Ah 7911,
COhlorina was absent in the EMS treated populations of

Ab 7911 while it appeared with a range of 17.24 to 34.62
per ocent in the correaponding populations of TNV 9. The
coourrance of alboviridis in the EMS treated populations

of TMV 9 and in 40 m)¥ ooncentration in Ah 7911 was also
recorded. Combination treatment resulted in the production
of five types of ohlorophyll mutations in ™V 9 and four
types in AR T911.

2. Yiadble mutations

In TMV 9, a frequenoy of 0.66 per cent of viable
mutants on M, plant basis was observed at ENS 40 mM
treatment (Table B)., There was reduction in frequency at
higher oconoentrations. A similar trend of resalt was
observed in Ah 7911, Viable mutants were found in combina-
tion treatment only in THY 9,

The spectrum of viable mutations inoluded mutations
for height (dwarf), growth hadit (semi spremding and
‘spreading), leaf sise and shape (small cbovate and medium ,
slliptic-obovate) shape and mture of pods and kernels
(oylindrical pods with 3 kernels) and testa oolour (brown,
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purple, red, vhite and variegated testa) (Tadle 9).
wide spectrua of viable mutations was observed at

40 =M of EMS treataent in THMV 9, Nutations affeoting
two traits, namely, growth hadit and pod sise vere
observed at 40 mM and oombination treatment in TNV 9
and 60 mM treataent in Ah 7911, Nutations involving
three traits, namely growth habdit, pod sise and testa
oolour vere induced Ly 40 mM conoentration of EM5 in
the varieties.

Flante in ¥, which differed morphologically in
one or more characters from that of the parent variety
were selected and their progemy in ll, generation wvere
studied to identify the mutants. Desoriptions of such
morphological deviants are presented in Tadble 10.
Observations on the quantitative charnoters were recorded
on twenty plants ohossn at random in each and the mean
values are presented in Tables 11 to 18, Viadble mutants
induced by different doses of mutagenic treatmentiare
presented bdelow,

a. Gemma 20 krad: The llz population of Ah 7911
showved two plants possessing b0ld kernels. Their
progenise in the H’ generation bred true for bold kernels
(Mutant~3 and -4). They were indistinguishable from the
pav:ant variety except for the inoreased sise and veight
of pod and kernsl. The mean 100-kernel vaight was 40.6 g
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TABLE 101 Desoription of viadle mutants

l., Progeny Mutamt Variety Zrestment Description
aumber number
7-5=2 1 Ah 7911 Gamsa Dwarf plant, very amall
30 krad pods and kernels
14-13-9 2 ™V 9 Gamsa Dwarf plant very small
30 krad pods
204~-15-4 3 Ah 7911 QOam=za Banoh, b0ld pods and
20 kxrad kernels
23-2-4 4 Ah 7911 Gamma Bunch, bold pods and
20 krad kernels
10-8-8 5 INV g Camma Bunonh, small pods
30 krad
312-8-1 6 MY 9 Gamma Bunoh, ocourrence of
20 krad 3 seeded pode
23-1=4 7 Ah 7911 Gemma Bunoh, purple kernelled
30 krad mutant
21-7=10 8 Ah 7911 M8 40 al Bunch, purple kernelled
mutant
24-10-1 9 MY 9 20 krad + Bunch, purple kernelled
40 =M mutant
80=2-9 10 Ah 7911 BMS 40 mM Bunch, brown kernelled
mutant
145-1=2 1 MY 9 EMS 40 mX  Bunoh, brown kernelled
nutant
194=10-4 12 EL UM 238 80 ;M Banch, white kernelled
nutant
41-9=6 13 Ah 7911 30 krad Bunch, Rose kernels with
purple linimng of micropil
T7=10<4 14 Ah 7911 30 krad Bunch, Rose kermels with
parple lining of micropil
233-4=2 15 Ah T911 B8 40 nX 8-1. eading ,variegated
led testa mutant
156«14=1 16 ™Y 9 20 krad + s-hprcadins bold pods
. MBS 40 = and kernels
380=4-7 17 ™MV 9 20 krad + Semispreading bold pods

B8 40 =M and kernels
145114 18 ™V 9 EN3 40 m) Semispresding red kernels

29<T=1 19 Ah 7911 NS 60 mM Semispresding
235-8-6 20 Ah 7911 ENS B0 mN Semispresding
228-8-8 21 ™V 9 BS 40 mf Spreading

228-13-11 22 m™mv 9 S 40 mM Syreading, bold pods and
kernels




in mutant-=3 and 43.2 g in mutant-4 gompared to 33.0 g in

the parent (Tables11 and 12). There was, however, reduction
in the number of mature pods and shelling per oent in thease
mutants compared to the parent variety.

One plant with bunch growth habit having three-~seeded
poda in a proportion of 20 per oent of total pods was
obaerved in the "2 generation of TMV 9. This plant was
found to breed true to the trait in the same proportion
in the My generation (Mutant-6) (Plate I).

b, Gamms - 30 krad: Dwarf plants were observed in the
¥, generation in Ah 7911 and TMV 9., The true breeding
behaviour for dwarf plant type was cbserved in the H3
genaration. The mean height of main stem at maturity wes
6.9 cm in mutanpt-1 compared to 21.3 cm in the parent and
that in mutant-2 was 9.8 ca as against 20,3 ca ir the
parent (Plate I). These dwarf mutants showed reduction in
pod yleld and 100-kernel weight compared to that of the
parents (Table 11).

One plant possessed small kernels in the llz genera~
tion in TMV 9, 1Its progeny in the !3 goneration was
found to hresd true for small kernels (Mutant-5). Ths
100-kernel weight of this mutant was 22.5 g oompared %o
28.2 g in the parent (Table 12).
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Morphologiocal fsatures of Viable mutants

a. Control (TMV 9)

b. Dwarf bunch
¢. Semispreading
d, Semispreading with profuse branching

e, Spreading type
f. Pod characters:

1, Conmtrol

2, Three-seeded

3. Saall sised

4=6 . Yariation in constriction.
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In the lz population of Ah 7911 _one plant possessed
kernels containing purple teata. Its progeny in the )l3
generation showed the true breeding bebaviour of the
purpie  testa (Matant-7).

Iwo plants having rose kernels with purple lining
around micropyle were obaerved in the Hz generatior in
Ah 7911, The true breeding mature of the deviant trait
wag observed in their progeny in the H, generation (Mutant-13
and =14).

c. EMS 40 mM1 One plant containing kernels with

purple testa and another possessing kernels with brown
testa were observed in the ‘2 generation in Ah 7911, %The
true breeding dehaviour of the character, testa colour was
observed in their progeny in the H, generation (Mutant-8
and =10), In the X, generation of TNV 9 ome plant having
kernels with brown testa wae observed. Its progeny in l(3
bred true for drown testa (Mutant-11) (Plate II).

One plant with semispreading growth hadit having
kernels with variegated testa was observed in the l2
generation of Ah T911. Its progeny in the l, generation
showved the true breeding behaviour for the two deviant
treits, namely growth habit and testa coleur (Mwtant-15).

One plant with semi-spreading habit and red kerzels
and two plants with spreading habit containing dold
kernsls vere observed in tho M, gensxation of TV 9, Thelr



PIATE -1

Varistion ir kernel sise and testas colour

foprows ( 1)
( 14)
(111)

Miadle rows ( 1)

( 14)

(114)

Bottom row ( 1)

( 11)

(141)

(left to right)

Bold sise

Purple tests
Variegated tasta

Vhite tests

Ngdium sise

Purple lining around
micropyle

Brown testa

Red testa

Control



PLATE-11
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progeny in the ll, generation showved the true breeding
behaviour for the deviant traits (Mutant-18, -21 and

=22 respectively). The mutants showing spreading growth
habit (Mutant-21 and -22) possessed inoressed mumder of
primary and secondary branches besides higher yield than
the parent variety (Table 18).

4. B3 60 mM : One plant with semispreading growth
habit wag observed in the "2 generation in Ah 7911, Ite
progeny in the H, generation showed the true breeding
bebaviour for semispreading growth habdit (Mutant-19).
Increased number of primary and secondary branches were
obaerved in this mutant compared to parent veriety
(Table 17).

e. BNS 80mM : In the "2 generstion of THV 9, one
plant possessed kernels with white testa. Its progeny
in the l, generation showed the true breeding bdebavicur
for white testa (Flats II, Mutant-12). One plant with
senispreading growth hadit was observed in the llz genera-~
tion of Ah T914. Its progeny in the II, generation was
bdreeding true for semispreading growth hadit (Matant-20).

£. gombimation treatmezyt In the M, generstion of
TKV 9,0ome plant with bunoh hadit sontaining bold kernels

with purple testa and two plants showing semispreading
growth habdit with bold kernels were observed. Their
progeny in the l, generstion showed the true breeding
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behaviour for the deviant traits, Matant-9 possessed
bold kermels with purpie testa, She 100-kernel weight
being 40.0 g compared to 28.2 g in the parent (Zable 13).
Motation for two traits, namely semispreading -

habit and bold kernels was observed im Mutant-16 and -17.
These two mutants showed inoreased yield and shelling
per cent, besides higher 100-kernel weight ocompared with
the parent variety (Table 16),

C. BStudies on quantitative mutations
1. !1 !umuon
Observatione recorded on indused variability in
sleven quantitative oharaoters studied in “z generation
are presented below.

a, Height of main stem: In TMY 9 decrease in the
mean height of main stem was observed at 30 and 40 krad,
40 and 80 mN and combimation treatment (Table 19). Im
Ah 7911, all treatments have recordsd reduction in mean
values compared to that of control.

Increase in genotypic variance was observed in the
mutagenic treatments. The increase in GV was three-fold
at 40 krad, amd two-fold at 30 kred, 60 m) and 80 m¥
uuﬁata in MY 9 compared to that of gontrel. Thers
was three-fold incresse in GV at 20 krad amd comdination
treatment in Ah T911 compared to that of eontrol. The



TABLE 191 Nean, variance, heritability and genetic advance for height of

main stem {om) in M, generation

Per cent Mean 2
Variety Treataent Mean + S.E on square c.v ¢.c.v h G.a
aontrol) (between
progenies)

TMY 9 Control 14.91 £ 1.21 100.00 T.T4 3.05 8.14 27,37 8.78
Gamme 20 krad  15.43 + 1.30 103.49 8.18 3.78 12,40 43.65  16.87

30 krad  12.63 & 1.68 84.71 27.91%+  10.65  21.87 76,31  39.36

40 krad 10.77 % 1.52 72,23 B8.18+* 12.86 12.40 43,65 16.87

M8 40 mM 12,67 # 1.3 84.98 12,094+ 4.58 16.89 75.81 30.30

60 mX 14.16 + 1.82 94.97 24 .96+ 10.77 23.17 86,32 44.35

80 aM 11.56 + 1.41 77.53 24.81%¢  10.46  27.96 84,09 52.83

20 krad + 40 mM 11.33 + 1,65 75.99 16.37%¢ 5.46  20.62 66,69  34.69

Ah 7911 Control 17.08 + 1.73 100.00 11.99 3.41 14.38  40.24 18.79
Gamma 20 krad 15.56 &+ 1.80 91.10 31.87n» 12.71 22,89 79.74 42.12

30 krad  12.73 + 1.83 74.53 15.35%% 4.33 16.35 56.48  25.32

40 krad  13.47 % 1.81 78.86 16,210 4.82 16.29 59.52  25.89

BMS 40 aX 12,43 + 1,63 72.78 18.T72%¢ 6.72 20.84 T1.75 36.36

60 WM 10.40 & 1.T4 60.89  20.66**  7.31  24.00 70.77  45.06

80 =M 11.45 + 1.74 67.04 15,57+ 4.78 19.07 61,32 30.76

20 kred + 40 =M 10.79 & 1.89 63.17 44,76+ 12,35  25.74 86,47  49.01

*Significant at 5% level

#aSignificant at 1% level.

Source

Variety
Treatment

Variety x Treatment

S.EB

0.20
0.40
0.57

c.D

0.55
1.10
1.56



GCV values ranged from 12.40 at 20 kred to 27.96 at

80 m¥ treatment in TMV 9 compared to 8,14 in the control.
The GCY values in Ah 7911 ranged from 16.29 at 40 krad
to 25,74 in the combination treatment against 14.38 in

the control,

Heritability estimates in TMV 9 varied from 435.65
at each of 20 krad and 40 krad to 86.32 at 60 mM of BMS
oompared to 27.37 in the control. In Ah 7911, the b2
ranged from 56.48 at 30 krad to 86,47 at combination

treatment against 40.24 in the control.

Genetic advance in TMV 9 ranged from 16.87 at each
of 20 krad and 40 krad to 52.83 at 60 mM treatment agminst
8.78 in the control. In Ah 7911,the range in gemetic
advance was from 25,32 at 30 krad to 49.31 in the combina-
tion treatment compared to 18.79 in the oontrol.

b. Length of primary brancht In TMV 9, decrease in

the mean length was Observed in the combimation treatment
oompsred to that of control (Table 20). In Ah 7911, mutagenic
treatments have recorded decreased mean values compared

to that of control,

Increase in genotypic varianoce was cbaserved in the
nutagenio treatments except at 30 krad in Ah 791t in which
there wvas reduction compared to that of gontrol. In TMV 9,
there was three-£old increase in OV at 20 krad and 40 krad



PABLE 20:

Mean, variance, heritability and genetic advance for length of

primary branch (em) in M, generation

. . Per cent Mean

VYariety Treatment ean + S5.B on square 2

control (Between @.v. G.c.v n G.4
proge-
nies)

MY 9 Contrel 22.90 + 2.26 100.00 36.73 4,19 2.03 10.15 6.42
Gamma 20 krad 23.69 + 2.75 103.45 47,39%#% 16,11 16.93 68,00 28,77
30 krad 22.65 + 3.81 98.91 33.11 20.00 6,24 12.08 4.47
40 krad 21.12 + 3.82 92,23 32.62 16.89 6.15 20,35 10.77
S 4G mM 21,22 + 3,20 92,66 31.75% 5.62 9.65 35.42 11.83
60 mN 24.56 &+ 4.43 107.25 69,08%  18.85 15.82 42,99 22.73
80 =M 20.99 + 3.14 91.66 40.13** 10.15 15.17 50.59 22,23
20 krad + 40 m! 18.15 + 3,58 79.26 6,07 22.10 13.57 48,58 15.83
Ah 7911 Control 27.42 + 3.28 100.00 6.08 6.07 15.84 32.10 13,57
Gamma 20 krad 24.25 + 3.52 88,44 4%.82 9.52 19.75 43.44 17.27
30 krad 24.60 + 4,69 89,72 49.83 2.89 6,91 11,62 4,86
40 krad 23,68 + 2,58 86,36 11.57 21.74 23.56 72.13 41.21
RS 40 mM 18,76 + 3.16 68.42 38.87»%  9.44 16.37 48,58 23.51
60 mM 19.33 + 4.49 70.50 66,58*% 13,10 18.72 39.35 24.20
80 =M 21.33 + 4,67 T7.79 79.19%* 17,83 19.80 43.44  17.27
20 krmd + 40 mM 19,76 & 4.00 T72.06 21.48 8.42 17.53 49.32 15.43

Source

Variety
Treatment

# Significant at 5% level
#% Significant at 1% level

S.B

0.33
0.67

0.92
1.84
2.61

2



o

of gamma irrediatfion snd four-fold inmcrease at 30 krad
and combination trestment. 1In Ah 7911, treataemts

40 krad and 80 ui have shown two-fold increase im OV,

In TNV 9, the GOV values ranged from 6.15 at 40 krad to
16.93 at 20 krad against 2.03 in the oontrol. Im Ah 911,
the GOV values varied from €.91 at 30 krad to 23.56 at

40 krad oompared to 15.84 in the oontrol.

In THV 9, heritability estimates varied from 12.08
at 30 krad to 68.00 at 20 krad treatment against 10.15 in
the ocontrol. Heritability estimates in Ah 7911 ranged from
11.62 at 30 krad to 72.13 at 40 krad compared to 32.10 im

the control,

In TMV 9, the genetic advance ranged fyom 4.47 at
30 krad to 28.77 at 20 krad against 6.42 in the control.
In AR 7911, the GA varied from 4.86 in 30 krad to 41.21
at 40 krad against 13.57 i{n the oontrel. .

6. Number of branches: In TMV 9, gamms irrediation
treatments have decreased the mean number of branches compared
to that of oontrol (Table 21). There was reduction in the
mean nusber of branches at BMS 60 mM, 80 mM and combination
treataent. Im Ah 7911, mutagenic tresatments have resulted
in the desreaned number of branches compared to that of
control., The @V, GOV, »’ and GA velues are nil.



PABLE 21: Effect of mutagenio treatments on number of branches, mature pods and
kernels/plant in N, generation

Number of branches Number of mature pods/ Number 1:: Kernels/
plant

plant
Variety Treatments

MeantS.® Per cent NeantS.E Per ocent Nean +8.E Per cent
o

en n on
gontrol gontrol -qontrel _
TMY §  Osntrel 7.6340,55 100,00 20.8242.10  100.00 34.23$2.46 100.00

Gamna 20 krad 5.8720,35  76.93 16.9552.09  81.41 26,7243.86  78.06
30 krad 6.3141.42  82.70 19.5742.61  94.00 30.8742.32 90,18
40 krad 6.4430.64  B4.40 17.9542.91 86,22 28.69+3.72 @83.82

M3 40 mn 6.9130.71  90.56  15.8941.26 76,32 24.9692.32 T2.92
60 mK 6.0140.87 78,77  18.T742.33  90.15 30.17¢3.12 88,14
80 m 5.80$0.39  76.02 16.5341.T5  79.39  26,2842.47 76.77
20 kradeq0 mM  6.7740.46 88,73 15.2922.97  T3.44 25.3043.42 73,91

Ah 7511 Conmtrol 10.05#1.27 100.00 19.1542.50 100.00 29.8743,02 100.00

0 krad 7.88:0,68 78,91 17.2643.08 90,13 26.2943.92 88.01
40 krad 8.3241,57  82.79 18,7242.81 97.75 29.5742.95 99.00

BGS  s0m 7.3640.40  73.23 13.7722.26 71.91 21.6042.72 T2.31
60 s} 6.5940.83  65.57 13.9741.74  72.95 21.8543,09  73.15
80 mf 6.2140.60  61.79 12.87+2.68  67.21 20.5342.26 68,73

20 kradesO W 8.13¢1.46  80.90 11.4621.08  59.84 16.0132.89 53.60

Source S.E C.D 8.2 c.D 8.2 c.D
Yariety 0.14 0.38 0.36 1.01 0,62 1.7
Treataent 0.27 0.76 0.73 2.02 1.24 3.43
VYariety x

Treatment 0.39 1.07 1.03 2.86 1.75 4.85

8¢



4. Number of flowers per plant: In TXV 9, there was
decrease in the numder of flowers at 40 kred, 40, 60 and
20 mM and combination treatment compared to that of econtrol
(Tadle 22). 1In Ah 7911, 20 kred, 40 aM, 60 mf, 80 =} and

combination tr-tnu't resulted in decreased number of

flowers compared to that of ocontrol.

In TNV 9,the genotypic variance increased in all

mutagenio treatments except in the combinstion treatment

in the two varieties. The GOV values in TMV 9 ranged

from 7.57 at 80 mM t0 25.82 at 40 krad treatment against
6.94 in the control. Im Ak 7911, the GOV values varied
from 17.71 at 40 =M to 27.84 at 20 krad against 11,26 in
the comtrol. In TMV 9, heritability estimates ranged from
13.08 at 80 =M to 73.79 at 20 krad compared to 11.95 in

the ocontrol. In Ah 7911, hz values ranged from 25.28 at

40 mM to 77.24 at 20 krad ocompared to 21.78 in the control.

In IMV 9, genetio advance varied from 5.64 at 80 mN
%0 42.31 at 20 krad against 4.94 in the control. The GA
valuss in Ah 7911, ranged from 18.35 at 40 mX to 50.41 at
20 krad treatment against 6.70 in the control.

freatnemts 20 krad, 40 krad and 60 uM have resulted
in high degree of varisbility, heritability and genetio
advance in the two varieties.



ZABLR 22

Nean, variance, heritability and genetic advance for number of flowers

per plant in "2 generation

Yariety Treat + X o.x Per cent Mean
ariety eatmen ean + S, on square 2
eontrol (between oy ocy h L
proge-
nies)
T™HV 9 Control 66.2143.52 100.00 221.75 12.76 6.94 11.95 4.94
Camma 20 krad 63.0043.92 95.15 627.38%% 231,46 23.91 3.79 42.31
30 krad 62.934+3.29 95.05 350.90%* 94,06 15,40 53.61 23.24
40 krad 55.4743.07 83.78 661.85%% 205,14 25,82 61.91 41.88
M8 40 ulf 51.4322.70 77.68 213.52 64.71 12.49 €8,53 38.35
60 ni 60.00+2.88 90.62 561.23%% 203,48 23.77 72,51 41,71
80 mN 53.0043.47 80.05 252.64 16.52 T.57 13.08 5.64
20 krads+ 40 =M 46,2243.67 69.81 101.64 - - - -
Ah 7911  Control 69.1642.68 100,00 368.48 29.60 11.26 21.78 6.70
Gamma 20 kred 50.1323.9 T72.48 810.87#* 313,17 27.84 T7.24 50.41
30 krad 63.5644.76 91.90 565.18%* 184.10 18,72 55.28 28,35
40 krad 63.5943.00 91.95 T14.65%% 211,91 22.88 59.30 36.31
W3 40 =M 48.3242.29 69.87 165,52 84.10 17.7 25.28 18,38
60 mi 46.9844.25 67.93 754 .32 122,51 23.%6 32.48 27.66
80 mN 57.7743.21 83.53 345.79** 105.45 20.48 60.79 32.94
20 krad+ 40 mM  51.8943.65 T5.03 189.34 - - - -

Source

Variety
Treatamt

rgignifioant at 5% level
sagigniticant at 1%¥ level

Variety x Treatamt

1.03
2.06
2.92

c.D

N.8
5.72
8,08



e. Number of mature pods per planmt: MNatagemic

treatments decressed the mean number of msture pods exoept
at 30 krad in TMV 9 and at 30 krad and 40 krad i{n Ah 7911
(Table 21). The GV, GOV, b2 and GA values are nil. The
frequency distribution of this trait in mutagen treated
populations was compared. with that of aontrol in Fig.3
and 4. In TNV 9, modal value of 15 pods was obaerved in
40 kread of gamma irradistion 40 =M, 60 mM and 80 mM of

BMS and oombimation treatment compared to 20 pods in the
oontrol. There was no alteration in the modal value in

30 krad treatment. The curve was a bimodal one in 20 krad,
the first peak at 10 pods and second peak of less frequency
at 20 pods. In Ah 7911, a modal value of 15 pods was
obaerved at 30 krad and 40 krad, compared to 20 pods in the
eontrol, Gamma irradiation doses in Ah T911 showed a peak
at 10 pods.

f. Number of kernele per plantt In TMV 9 there was

decreoase in the mean number of kernels in mutagenic treat-
ments except at 30 krad (Tadle 21). In Ah 7911, mutagenic
treatmenta decreased the mean number of kernels except at

40 krad. The GV, GOV, hZ and GA values are nil.

. Pod yield per plant: In TMV 9 decrease in mean

pod yield was obaerved in mutagenic trestments (Table 23).
A gimilar trend of result was observed in Ah 7911 exoept at
40 krad. The GY, GOV, hf and Gi values are nil.
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TABLE 7%: Effect of mutagenic treatments on pod and kernel yield in
ﬂ& gemeration

¥Yod yield (g)/plant Kernel yield Nant
Yariety Zreataent ’ si® ’ (s)/

Mean + S.FE Per cent Hean ¢ 5.% Per oent
on on
control oontrol

™Y 9 Control 16.3640.93 100.00 9,8240,56 100,00
Gamsa 20 kred 12.2941.32 75.12 7.6640.72 78,00
40 krag 13,2241,81 80.81 8.1140,93 82,59
EMS 40 L 11,64+1,09 T1.15 6.86+0.79 69,86
60 mi 11.4941.97 70.23 9,08+1.94 92.46
80 =X 12.3341.05 T5.37 7.7040.82 T8.41
20 krad+ 40 mM 9.89+0.84 60.45 6.5920.47 67.11
Ah 7911  Comtrol 15.7841.15 100.00 9.1640.82 160,00
Gamma 20 krad 9.5841.T6 60.71 6.1341.49 €6.92
30 krad 12.9141.43 81.81 7.7040.92 84.06
40 krad 14.1622.24 89.73 8,21+1.78 89.63
mMS 40 ul 8.79+1,.05 55470 5.6520.43 61.68
60 X 10,%542.93 65.59 6.2941,72 68,67
80 =M 10.67+1.29 €7.62 6.3910,94 69.76
20 krad+ 40 aM 8.2430.62 52,22 4.6630,72 50.87
Source S5.F c.D S.B 0.D
Variety 0.31 0.85 0.18 0.50
freatment 0.61 1.70 0.36 1.01
Variet
.r?rcit:ont 0.87 2.41 0.51 1.42

09



The frequency distridution is presented in Pig.5 amd 6.

In TMV 9, the modal value of 15.0 g remained unaltered
in three concentrations of IMS and 30 kred as in the
control and the mode got shifted to 8.0 g at 20 krad of
gamma irradistion and ocombinstion treatment., Im Ah 7911t
gamza irradiation at 30 krad showed a model value at
13.0 g compared to 18.0 g in the control and got shifted
to 8.0 g at 20 and 40 kred, three oconoentrations of M8
and combination treatmem,

h. Kernel yield per plant: There was decrease in the
mean kernel yield in the mutagenic treatments except at

30 krad and 60 mM in TMV 9 and except at 40 krad in Ab 7911
(fable 23). The GV, GCV, b’ and GA values are nil.

i. 100-pod weight: Decrease in the mean 100-pod
weight was observed in all treatments exoept at 80 sM in
TMV 9 and exeept at 20 krad, 30 krad and 80 =M in Ah 7911
(Table 24). The GV, GCV, hZ and GA values are nil.

J. 100-kermel weight: In IMV 9, there was decrease
in the mean 100-kernel weight in the combimation treatment

compared to tbat of control (Table 24), In Ah 7911, IMS at
40 mM and combination treatment resulted in decreased mean
100-kernel weight, The mean 100-kernel weight at BM5 80 d_
inoreased to 32.93 g compared to 30.89 g in the control.
The GV, GOV, n? and GA values are nil.

61
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TABLE

24: Effect of mutagenic treatments on 100-pod weight, 100 kernel weight and

shelling per cent in "2 generation

Variety Treatment

100 pod weight (g)

100-kernel weight (g)

?hollin per cent
angles

MeantS. E Per cent MeantS.E Per cent MeansS.E Per cent
on en on
control control esontrol

NV 9 Control T8.1843.32 100,00 29.0441.46 100.00 51.7142.73 100.00

Gamme 20 krad T1.2443.79 91.12 29.1241.73 100.28 53.T043.43 103.85

30 krad 73.6142.97 94.15 29,2541.21 100.72  51.9242.26 100,41

40 krad 73.2543.49 93.69 28.6140.72 98.52 52.6243.36 101.76

BS 40 =M T2,4644 .32 92.68 27.2641.92 93.87 50.5342.53 97.72

60 =M 61.4843.46 78.64 30.2242.13 104.06 64,10+3.12 123.96

80 al 76.3442.92 97.65 29.5841.93 101.86 52.4242.35 101.37

20 krad + 40 nH  63.1343.45 80.75 24.8941.63 83.71 52,9643.12 102.42

Ah T911 Centrol 81.3544.21 100.00 30.89+1.73 100.00 50.5242.24 100.00

Gemma 20 krad 78.8044 .73 96.87 32.5240.93 105.28 54.1422.76 107.17

30 kral T7.1143.29 94.79 30.6241.37 99.13 51,2643.52 101.46

40 krad 73.0144.58 89.75 30.4241.63 98.48 51.0042.92 100.95

S 40 =N 63.8243.18 78.45 26.2241.29 84.88  53.55$2.97 106.00

60 a 71.0443.92 87.33 30.13+1.53 97.54 54.6642.94 108,19

80 =i 81.0144.28 99.58 32.9340.89 106.60 53.984+3.72 106.89

20 krad + 40 BN 69.49+2.94 85.42 26.1421.34 91.10  50.29+1.84 99.54
Sornroe S5.B c.D 8.E C.D S.R C.D
Yaristy 0.76 2,12 0.31 0.87 0.33 0.90
Treatuent 1.53 4.24 0.63 1.74 0.65 1.81
Tty X s 216 5.99 0.89 K8 0.92 2.55

cd
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The frequency distridution for this trait is presented
in Fig. 7 and 8, In TMV 9, 40 mM oconcentration of MMS
and combination treatment showed modal value of 25.0 g
compared to 30,0 g in the ocontrol. The distridution wae
similar to control in other treatments. In An 7911,
treatmente 40 krad of gamma irradiation and 40 mM
concentration of BMS showed modal value of 25.0 g compared
to 30.0 g in the control. A positive shift of mode to 35.0 g
was obaerved in MS 80 mM concentration,

k. Shell 3 In THY 9, the mean shelling
per cent at 60 mM treatment increased to 64.10 compared to
51.74 in the control (Table 24). Im Ah 7911, irrsdiation
at 20 krad and three concentrations of ¥MS have increased the
shelling per cent compared to that of control. The OV,
acv, n? and GA values are nil.

The frequency distribution in THV 9 showed modal value
of 60 per cent in 40 krad, and B0 mM treatments against
65 per cent in the control. There was & positive shift in
th e modal value to 70 per ocent in 20 krad. In Ah 7911,
there vas & decline in the modal value from 65 per cent in
the control to 60 par oet in 40 krad and 55 per oent in
combination treatment. In Ah 7911, three peaks were odssrved
at EMS 80 mM treatment, the first one of greater frequensy at
55 per oent, the ssoond one at 70 per cent and the third at

80 per emut (Fig. 9 an? 10).
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2. N, Senaration

Observations on induced variabdility in eleven
quantitative characters in !, goneration are presented
belows

a. Height of main stemt There was decresse in the
mean height of main stem in the mutagenic trestments in
MV 9 (Tadle 25). Im Ah 7911, 30 krad,three concentrations
of M8 and combination treatment resulted in decreased mean
height compared to that of ocontrol.

The genotypic variance was higher than that of ocontrel
in mutagenic treatments in the two varieties. Inorease
in GV in THV 9 was two-£0ld4 at 20 krad and 30 krad of gamas
irradiation and four-fold at 40 mNX and 60 sM of EMS treatments.
In TMV 9, the GOV values ranged from 10.30 at 40 krad to
18.40 at 60 mM treatment against the control value of 5.04.
The GOV values in Ah 7911 varied from 6.91 at 20 krad to
16,89 at 50 mN treatment againat 3.19 in the contrel.

In TNV 9, heritability estimates varied from 68,34 in
the combination treatment t0 92,91 at 60 mM treatment againmst
30,64 in the control. In Ah 7911, h? ranged from 58.71 at
20 xrad to 90.17 at 60 mN treatment agaimnst 31.15 in the
contrel. In TNV 9, @A ranged from 18.58 at 40 krad to 36.58
at 60 =N compared to 8.7% in the control and 4ir Ax 7911,
it ranged from 10.95 at 20 kred to 33,02 at 60 nK against
2.18 1in the ocontrel,
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b. Length of primary branch: In TMY 9, decrease in

the mnean length of primry branoh wvas observed at 30 krad
and three comsentrations of INS oompared to that of ocontrol
(Table 26). A similar tremd of result was observed in

Ah T911, Combination trestment resulted in decreased mean
length of primary dranch in Ah T911,

Increase in genotypio variance was observed at all
treatments in TMV 9 and at 80 mN and combimation trestment
in Ah 7911, High degree of variability was observed at
40 krad and oomdbination treatments in TNV 9, The GCV values
in THV 9 at 60 mN and oombination treatment were 10.58 and
11.64 respectively compared to 3.55 in the control. In
Ah 7911, maximum ocoefficient of variabdility was observed
at 80 mM treatment in Ah T911,

Heritability estimates in TMV 9 ranged from 12.09
at 30 krad to 49.23 in the combimaticn treatment. In Ah T911,
1% values ranged from 22.83 st 20 krad treatment to 42.27
at 80 mi trestment oompared to 18.02 in the oomtrol. ZThe
genetio advance vas mximum in the combimation treatment
in TNV 9.

o. Number of bremches: In TIV 9, there was reduction

in the mean number of branches at 30 krad and three conoentra-
tions of MMS compared to0 that of ocontrol (Table 27). Im
Ah 7911, ths mean number of dranches in mutagenic treatmemts



TABLE 76: Mean, variance, heritability and genetic advance for length of primary

branch in HB generation

Per cent Mean

Variety Treatment Mean + S.B on square 2
- control  (between av acy h a
proge-
___nies)
™Y 9 Control 23.8243.36 100.00 31.54 0.91 3.55 10.16 2,33
Gamma 20 krad 24.50+2.58 102.85 22.30 7.56 4.26 15.26 2.89
30 krad 22.0042.59 92.36 22.79 2.52 4.54 12,01 3,10
40 krad 24.3742.36 102.31 21,38 8.56 5.13 21,90 4.94
BMS 40 o 22.6243.69 95,00  45.62 7.58 5.56  20.42 3.70
60 mM 21.5642.28 90.51 31.26% 5.29 10.58 49.00 5.42
80 mM 21.6442.26 90.85 26.65 3.74 8.97 42.47 2.0
20krad + 40mN 23.82+2.B1 100.00 46,93% 7.77 11.64 49.23 16.83
Ah 7911 Cmntrol 27.5342.43 100.00  28.89 3.01 3.79 18.02 2.21
Gamma 20 krad 27.13#2.51 98.55% 24 .59 1.87 5.93 22.8% 5.83
30 krad 25.23+2.50 91.65 23.34 1.52 5.73 19.59 5.23
40 krad  26,3142.41 95.57 16,09 - - - -
M3 40 M 23.0522.62 83.73  17.09 - - - -
60 =M 21.5142.69 T8.13 22.36 1.76 5.67 23.59 4.84
80 =M 21.4243.13 77.81 51.12 7.20 12.%2 42.27 6.77
20krad + 40mM 22,.0642.83 80.13 26.23 8.73 7.02 368.79 9.00
# Significant at 5% level
Source 8.B Co.D
Yariety 0.21 0.58
Treataent 0.42 1.16
Yariety x Treatment 0.60 n.5



TABLE 27:Mean, varisnce, heritability and genetic advance for nusber of branches

in !3 generation

Per cent Mean

Variety Treataent Mean + S.E on square av aov n? A
control (between
proge-
nies)

™Y 9 Control 8.0 #+ 1.1 100,00 3.61 0,06 7.72 21.79 2.62
Gamma 20 krad T3 2 11 91.25 12.49%% 2,87 23.10 68.83 39.47
30 krad 6.8 + 1.0 85.00 S.44 0.74 12,66 40.73 16,65
40 krad T9 & 1.2 93.75 6.9% 0.82 11.48 35.88 14.16
BiS 40 aM 6.8 + 0.9 85.00 8.93%¢ 2,22 21,90 T4.18  39.02
60 =M 6.6 + 0.7  82.50 12.84%% 3,83  29.47 89.43  57.40
80 mM 6.8 + 0.9 85.00 9.70%+ 2,36 26,59  72.97  39.97
20 krad + 40 2 7.6 + 1.9 95.00 10,70 2,16  18.18  67.53  30.77
Ah T911 Control T3 £ 1.1 100.00 3.9 0.15 5.72 18.81 4.05
Gamma 20 krad 7.7 &+ 1.4  105.48  10,07*  1.55  16.25  46.05 12.72
30 krad 7.3 + 1.0 100.00 .43 0.58 10.45 39.53 13.54
40 knad T4 £ 1.1 101.37 6.39 0.93 13.10 43.43 17.7T7
8BS 40 =M 7.2 # 1.0 98,63 8.23+»  1.84 18.93 67.14 32,00
€0 m)¥ 6.7 + 0.9 91.78 6.29% 1,34  17.36 63,97 38,37
20 wif 6.5 + 1.2 89.04 4.59 0.29 6.T4 22,55 4.92
20 krad + 40 mM 6.9 & 1.1 94.52 6.29 0.97 13.48  46.36 18,91

® Significant at 5% level
*% Significant at 1% level

Source S.B c.D
Yayiety 0.20 0.56
Treatsent 0,36 0.98
Variety X Treatment 0.54 1.42
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were mot significestly different from that of control.
Ingrease in GV was observed at all treatments -inm two
varieties. The variadility was highest at 60 mf treat-
ment in TNV 9 and 40 mN treatment in Ah 7911. The GOV
values in INV 9 ranged from 12.66 at 30 krad to 29.47
at 60 mN compared to 7.72 in the control.

In Ah 7911, GOV values varied from 6.74 at 80 mM
treatment to 18.93 at 40 =N compared t0 5.72 in the
ocontrol.

ligritability estimates in TMV 9 varied from 35.88
at 40 krad treatment to 89.43 at 60 =M compared to 21.79
in the control. Im AR 7911, h® values varied from 22.55
at 80 mM treatment to 67.14 at 40 aM against 18.81 in the

oontrol.

Genetio advance in TNV 9, ranged from 14.16 at
40 xrad trestment to 57.40 at 60 mM treataent against
2.62 in the oontrol. In Ah 7911, GA ranged from 4.92 at
80 mM trestment to 38.37 at 60 mN compared to 4.05 in the

control,

d. Fumber of flowers per plantt In TMY 9, thare

was decrease in the mean number of flowers due to mutagenio
treatnents except at 20 krad compared to that of oontrol
(Table 28). In Ah 7911, at 30 krad treataent, the Eean
Aumber of flowers increased to T7.31 compared to 69.06 in
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TABLE 28: Effect of mutagenic treatments on number of flowers and
shelling per ocent in ll3 generstion

Number of flowera/plant Shelling per cent (angles)
Variety Treatment
Mean ¢+ S.E Per cent Mean + 8,.E Per cent on
on control control
TMY 9 Control 61.93 + 3.7 100.00 57.23 + 2,29 100.00
Gamma 20 krad 62.93 &+ 4.13 101.61 58.73 & 2.53 102.62
40 krad 54.81 ¢+ 3.16 88.50 60.77 + 3.12 106.19
60 aM 55.26 ¢ 2,25 89.23% 54.70 ¢ 2.32 95 .58
80 mM 57.09 + 3.02 92.18 58.76 & 2.65 102.67
20 krad+ 40 aM 53.87 + 2.593 8€.99 56.11 &+ 1.93 98.04

AR 7911 Control 69.06 & 3.06 100.00 55.94 + 1.89 100.00

Gamms 20 krad 65,72 & 2.89 95.16 56.22 + 2,12 102.2%

30 krad 77.34 & 3.52 111.99  55.54 & 2.09 97.54

40 krad 66,63 + 2.45 96,48 55.24 + 1.96 97.01

BS 40 st 57.18 & 2.78 82.80 58.33 & 2.32 102.44

60 m) 56.84 % 3.21 82.30 59.19 + 2.65 103.95

80 =N 73.27 & 3.56 106,10 56.68 + 2.57 99.54

20 krad+ 40 af  60.84 + 2,97 88.10 58.49 + 1,87 j02.72
Bourae S.E ¢.D 8.® a.p
Variety 0.96 2.3 0.32 0.R8
Treatment 1.7 4.75 1.03 2.92

Variety x

Treatment 2.43 6.72 0.90 2.48
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the oontrol. The mean number of flowers at 40 mM, 60 =X
and oombdination treatment have decressed o 57.18, 56.84
and 60.84 against 69.06 in the costrol. The GV, 4OV, B
and GA values are nil.

o. Humder of mature s per t3 In TNV 9,
exoept at 20 krad, the mean number of mature pods in the
treated populations were mot signifioantly different
from that of control (Table 29).

In Ah 7911, there was reduction in the mean number
of mature pods at 20 krad,50 and 80 mM of WMS treataents
oompared to that of control.

The genotypic variance had inoreased in the mutagenio
treatments in the varieties except at 40 krsd and oombina-
tion treataent in Ah 7911. There was two-fold increase in
GY at 60 mM and 80 mN of BMS and four-fold inorease in @Y
at 40 krad treatment in TMV 9, at 40 oM of BMS treatment in
Ah 7911,

The GCV values in TNV 9 ranged from 7.54 in the
oombination treatmeat to 13.24 at 40 krad against 1,82
in the oontrol., Im Ah 7911, the GOV ranged from 3.86 at
40 krad to 12,85 at 40 =N of XMS compared to 2.70 inm the

control.



TABLE 29:

Mean, varisnce, heritability and genetic advance for number of mAture

pods per plant in l, generation

Per cent MNean

Yariety Treatment Mean + S.2 on square 2
econtrol (between eV (T 4 h @A
proge-
nies)
™V 9 Contrel 22.6 + 2.42 100,00 13.26 1.70 1.82 22.19 4.5%6
Gamea 20 krad 19.8 + 2.12 87.61 29 .68% 3.87 9.94 39.19 12,81
30 krad 20.3 & 2.00 89.82 23,93 2.63 7.98 32.91 9.43
40 krad 23.3 + 2.04 103,10 45,190 9.5t 13,24 63,27 21.69
B 40 =N 20.4 3+ 2.75 90,27 18.38 2,95 8.42  48.19 12,04
60 M 21.2 & 1.96 93.81 35,514 6.69 12,20 56.56 18.91
80 mff 22.7 # 2.09 100,44 47.90%» 6.69 11.40 41.92 15.%0
20 krad + 40 aM 21.1 3 2.73 93.36 22,19 2.53 7.54 34.25 9.09
Ah 7911 OControl 22,2 & 1.81 100.00 14.17 1.36 2.70 14.41 3.81
Gamms 20 krad 18.9 + 2,05 85.14 23.00% 2.06 7.60 26.89 8.12
‘ 30 krad 23.1 & 2.39 104.C5 20,72 2.11 6.29 30.60 Te17T
40 krad 21.9 » 2.25 98,65 23.73 1.14 3.86 17.62 11,54
60 mM 17.3 » 2.0t 77.93 20.78% 1.55 7.20 22.38 7.0
80 = 18.9 * 2.55 85.14 20,40 1.86 T.22 27 .40 1.9
20 krad + 40 mM 21.2 3 2.47 95.50 20.69 1.26 5.29 18,25 6.66
#gignificant at 5% level
#agignifioant at 1% level

Source SeE C.D

Variety 1.08 S

Treatamt 1.04 2.76

VYariety x Treatnent 1.24 3.41
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In THY 9, heritabdility estimates varied from 32.91
at 30 krad to 63.27 at 40 krad compared to 22.19 in the
control. In Ah 7911, hZ values ranged from 17,62 at 40 krad
to 48.54 at 40 mN against 14.41 in the oontrol,

Genetic advance in ZMV 9 ranged from 9.09 in the
combination treatment to 21.69 st 40 krad treatment compared
40 4.56 in the oontrol. In Ah 7911, GA ranged from 6.66
in the combination treatment to 18.44 at 40 mN of B
treatment againat 3.81 in the control.

Frequenoy distribution in TMV 9 showed modal value
of 20 pods in gamma irradiation and BMS treatments and 25
pode in the combination treatment (Fig.3). Ian Ah 7911,
60 m of BME treatment showed a bimodul ourve, the first
peak at 10 pods and the second at 20 pods with similar
frequency (Fig.4). The treatments 30 kred and 40 krad
recorded modal value of 25 pods each,

£, Number of kernels per plant: The mean number of

kernels vere less than that of oontrol at 20 and 30 kred,
40 mM, 60 mM and combination treatment in TNV 9 and at 20
krad and three copcentrations of B8 in Ah 7511 (Table 30).

There was inorease in GV due toc mutagenic treatments
exospt at 60 =) treatment in THV 9. The incresse in @V in
TMY 9 was four-£0ld at 40 krad and five-folad at 80 s of
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®ABLE *0: Mean, varisnce, heritability and genetic advance for number of kernels

per plant in H3 generation

Per cent Mean 2
Variety Treatment Mean + S.B on square GV aov h GA
eontrol (between
proge-
nies)
T™V 9 Control 37.87 + 4.61 100.00 46,20 4.59 5.66 17.76 2.19
Camma 20 krad 3.31 ¢ 4.63 82.68 69.20 6,59 4.04 16.92 4.9
30 krad 33.69 + 4.62 88,96 17.50 5.91 T.22 38.37 9.21
40 krad 37.47 + 4.65 98,94 141,10%% 25,60 13.50 54.43 20.52
EMS 40 oM 33,38 + 5.39 88,14 62,57 8.19 8.58 39,29 11.07
60 mM 33.84 + 4,24 89.36 65 .80 3.92 5.85 17.89 5.10
80 mi 35.40 + 4.52 93.48 153.10%* 30,61 15.63 59,88 17.30
20 krad+ 40 mM 33,08 ¢ 5.72 87.35 71.08 9.01 $.07 38,01 11.52
Ah 7911  @onmtrol 36.46 + 3.76 100.00 37.62 3.62 3.49 12.95 2.59
Gamme 20 krad 30.87 + 4.46 84.67 42.66 6.63 8,34 46,63 11.7T3
30 krad 3%.85 + 4,18 98.33 122.26%% 23,22 13.44 56.97 20.90
- 40 kred 24,17 £ 4.11 93.72 T4 .52% 7T.91 8.23 31.86 9.%7
BMS 40 mM 32,27 & 4.13 88.51 126.54n% 25,16 15.54 59,64 24.73
60 mM 27.15 + 3.85 T4 .47 64.12 6.56 9.43 30.69 10.76
80 mM 29.38 & 4.70 80.58 64.63 4.59 4.63 18.76 4.89
20 krad+ 40 all 34.06 + 5.05 93.42 44 .43 4.62 3.74 10.96 2.5%
» Significant at 5% level
s» Significant at 1% level
Souroce 8.E c.D
Yariety 1.27 w.8
Treataent 1.42 }.86
Yariety £ Treatment 2.06 .8



EMB treatment. In Ah 7911, the inorease in GV was five-fold
2% 30 krad and six-fold at 40 mN of ENS treatment compared
to that of ocontrol.

The GOV in TMV 9 ranged from 4.04 at 20 krad to 15.63
at 80 n}f treatment against 5.66 in the control. 1Im AR 7911,
the G0V was maximum at 40 m} followed by 30 krad treatmant,

Heritability estimates in TMY 9 varied from 16.92
at 20 krad to $9.88 at 80 u}f of M5 treatment against
17.76 in the comtrol. In &h 7911, h? was mximem of 59.64
at 80 n}f treatment followed by 56.97 at 30 kred,

Genetio advance was maximum of 20,52 at 40 krad treat-
maent in TMY 9. In Ah T911, 40 mM of NS trestment had
resulted in highest genetic advance of 24.73.

8. FPod yleld per plant: In TMV 9, the mean pod yield
had decreased at 20 krad and EMS 40 m} treatments compared

to that of conmtrol (Table 31). In Ah 7911, there was reduction

in the mean pod yield at 20 krad, three conoentrations of
BMS and oombimation treatment.

Genotypic variance had inaresased in the mutageanio
treatments exoept at 60 ajff of FMS treatmemt in Ah 7911,
The ivoresse in GV was two-f0ld at 80 sl and three-fold at
40 kread treatment in TNV 9, In Ak 7911, there wvas two-fold
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TABLE 31: Mean, variance, heritability and genetic advance for pod yield per

plant in l, generation

Per cent Nean 2
Yariety ZIreataent Mean + 8.E on square oV Gov ) @
control (batween
proge-
nies)
™wv 9 Control 14.99 +# 1.7T4 100,00 4.93 1.06 6.68 18.72 5.87
famma 20 krad 12.29 + 1.75 81.45 8.49 2.23 9.09 43.52 12.%8
30 kread 13.75 £ 1.7 91,73 13,174« 1.82 6,59 .80 8.48
40 krmd 15.39 & 1.7 102,67 25,97+ 4.43 13,68 51.17 20.15%
WM 40 aM 13.62 + 1.92 90.86 8,36 2.1 15.49 25.24 11,04
60 aM 13.94 + 1.57 93,00 15.07* 1.73 9.44 34.50 11.42
80 mM 14.12 & 1,41 94.20 17.87+¢ 3.31 23.47 55.59 19.80
20 krad«40 alt 14.08 ¢+ 1.87 93,93 20,88 2,31 10.80 33.21 12,82
Ah 7911 Qontrol 16.84 &+ 1.69 100,00 5.92 0,52 4.28 11.74 3.46
Gamma 20 krad 13.34 £ 1.71 79.22 16.82% 1.70 9.78 30.34 11.09
30 krad 15.92 + 1.85 94.54 15.52# 0.61 4.90 26.31 7.83
40 krad 16.27 £ 1.71 96,62 17.21# 1.86 8.3 32.41 9.83
B 40t 13,60 + 1.60 80.76 19.59» 3.12 12,98  47.75 18.48
60 =¥ 11.07 £ 1.69 §6.74 10.93 0.51 6.45 14,01 4.97
60 mM 13.23 & 1.8% 78,56 11.1¢ 0.85 6.95 22.83 6.84
20 krad+40 s 14.70 & 2.06 87,29 13.59 t.11 7.18 24 .60 T34
* Significant at 5% level
*% Signifioant at 1% level
Source S.R. c.D
Yariety 0.21 0.568
Treatment 0.42 t.16
Variety x Treatment 0.59 1.63
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inorease in GV at 20 krad and 40 kred and five-f0l4 increase
in GV at 40 oM of BMS treatment. In TNV 9, the OOV was
maximue of 23,47 at 80 mN. In Ah T911, highest coefficlemt
of variability of 12.98 was observed at 40 mjf of B
treatment.

Heritability estimetes in TMV 9 was maxioum of
55.59 at 80 oM of EMS treatment. In Ah 7911, heritability
was highest at 40 aM treatment.

Maximum genetic advance of 20.15 at 40 krad
treatmsnt in TMV 9 and 18.48 at 40 mM of IMS treatment
in Ah 7911 was observed,

Frequency distribution at 20 krad and 40 krsd
treatments in TNV 9 showed skewness towards positive
direstion in ll’ compared to that of '2' In Ah 7911, the
modal value of 18.0 g at 30 krad, 40 krad and combination
treatment showed a positive ehift in 15 oompared to that
of M, (rig. 5 and 6).

h. Kernel yield per t:1 In TMV 9, the mean kernel
yield at 40 krad and 80 mM treatments were equal to that of
contrel (Table 32), %he mean kernel yield at 30 krad,

40 krad and oombination treatment in Ah 7911 were not .
significantly different from that of ocontrol,

Inoreass in gemotypic variance wvas observed in the
mutageanic treatments exeept at 20 krad and 30 krad iz



TABLE 32:

Nean, varisnce, heritability and genetic advange for kernel yield
per plant in ll5 generation

Per cent M :
Variety Treatment Hean + S.E on .;‘u:.n oV aov n? QA
control {between
proge-
nies)
TNV 9 Control 10.45 + 1.40 100.00 6.18 0.19  2.90  4.43 1.25
Gemma 20 krad 8.82 & 1.43 84.40 6.68 0.17  4.66 7,57 2.64
30 krad 9.65 &+ 1.42 92.34 5.75 0.10  3.46 5,25 1,55
40 krad  11.56 &+ 1.64 110.62  10.83 0.90  8.25 25.17 8.52
25 40 mM 9.48 £ 1.57 90.72 4.76 0.87  9.83 54.6T  14.96
60 =M 9.11 £ 1.20 87.18 5.07% 0.25 5.1 14.88 4.38
80 mif 10.24 + 1.40 97.99 7.97 0.70  8.17 26,32 8,63
20 krud+40 =M 9.36 + 1.67 89.57 6.26 o.M 9.03  34.21 10.87
Ah 7911  Control 11,94 + 1.34 100.00 6.40 0.34 4.88  4.63 1.48
Gamma 20 krad 9.46 & 1.51  T79.23 7.37 1.18 451 T.41 15 BE—
30 krad 11.08 + 1.58 92.80 11.28% 1.27 10.15 33.63 12,13
40 kred  10.94 + 1.48 91.62  10.67% 1.38 10,72 38.67 13.73
S 40 =M 9.75 + 1.34 81.66  12.51% 2.38  15.81 51.46 23,3
60 =X 8.17 £+ 1.51 68.43 8.35 0.52 8.80 18.58 7.72
80 aM 9.18 + 1.60 76.88  11.52 1.27 12.28  33.09  14.35
20 krad+40 s 10.74 + 1.70 89.95 8.32 1.13  8.34 15.88 4.00

Source

Yariety
Treatment

Yariety z :freataent

* Significant at 5% level
*% Significant at 1% level

0.54
0.92
1.24

0.D
K.8
2.47
3.47
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INY 9. In TNV 9, the inorease in GV was two-fold at 80 mjf ond
oombination treatment and three-fol2 at 40 krad and 40 mj{
treataents. In Ah 7911, there was three-fold inoresse in

GY at 30 and 40 kred and 80 m} treatments and six-fold
increase at 40 a)f compared to that of control. The GOV in
THY 9 rapged from 3.46 at 30 krad to 9.83 at 40 m) compared
to 2.90 in the control. In Ah 7911, GCV was maximum of 15.81
at 40 m¥ treatment.

Horitability estimates were the highest at 40 mM of
ES treataent in the two varieties. Trestment of EMS at
40 a}f had resulted in highest genetio advance of 25.36 in
AR 7911 and 14,96 in THV 9,

1. 100-pod weights In TMV 9, irradiation at 20 krad
and BMS 80 N treatgents resulted in decreased 100-pod
welght oompared to that of control (Table 33). In Ah 7911,
there was reduction in 100-pod weight at all treatments
exoept 40 krad,

Insresss in genotypio variance was observed in all
treatments in the two varieties. In TNV 9, inorease in GV
was five~-f0ld at 80 mN and two-fold in the combinmation
treatment. In Ah T911, there was three-fold increase ia
GY at 40 krad and four fold inoresse at 60 mM treatment,
In TNV 9, the GOV value was maximum of 10.50 at 80 m}
treataent. In Ah 7911, GOV wvas meximum of 8.62 at 60 m}

treatunent.
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TABLE 33%:

Mean, variance, heritability and genetic advance for 100-pod weight
in l3 generation

.60

Per cent Mean 2
Variaty Treatment Mean ¢ 8.E on square oy eov N 8
eontrol (between
proge-
nies)
Gamma 20 krad 62.55 + 4.11 92,86 68.78 6,06 3.93 26.42 4.17
30 krad 67.79 + 4.5 100364 67.27 4.39 3.92 20.19 2,58
40 krad  65.93 + 3.66 97.88 68.86 9.54  4.69 41,57 6,22
B3 40 mM " 66,58 + 4.66 98,84 T70.31 3.75 4.99 T.46 1.12
60 mM 66.35 & 4.44 98.50 T6.43 5.80 3.63 22.78 5.87
80 mN 62.57 &+ 3.12 92.89 158.79%* 23,20 10,50 B1.62 19.55
20 krad+40 mi 67.25 2 5.49 99.84 123,600 11.07 4.95 26.87 5.28
Camma 20 krad T70.11 £ 5.7 92.30 136.23% 12.83 5.11 28.26
40 krad 74.50 & 3.77 98.13 125.36%* 27,58 7.5 66.00 11.80
MS 40 mM 69.75 + 4.99 91.87 T5.56 9.00 6.48 36,01 4,88
60 =M 64.00 &+ 4.85 84,30 162,91  30.49 8.62 46,33 13.32
€0 mN 68.01 & 4.76 89.58 92.71¢ 8.28  4.23 26.80 4.51
20 krad+40 =nM 68,86 + 4.28 90.70 95.34 13.47 5.33 42.38 T.18
» significant at 5% level
*®» Significant at 1% level
Source S.B c.D
Yariety 0.63 1.76
Treatment 1.24 3.47
Yariety x Treatment 1.59 4.45
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In THV 9, highest heritadility estimate of 81.62 was
obtained at 80 m} treatment., In Ak 7911, 40 krad treatment
recorded highest h? value of 66.00,

At M8 80 m)f treatment in TMV 9 and 60 m} treatment
in AR 7911, high genetic advance of 19.55 and 13.32

rupoouv'oly waa recorded,

J. 100-kernsl weights In TMY 9§, irrsdistion at 40 krad
resulted in increased 100-kernel weight compared to that of
control (Zable 34). In Ak 7911, there was reduction im 100
kernel weight at 20 krad, 60 mX and 80 aM treatments.

There waa increase in genotypic varianoe in the
nutagenic treatments except at 30 krad in TMV 9 and 20 krad
treatment in Ah T911. In TMV §, five-fold inorease in OV
was observed at EMS 80 mM treatment. In TMV 9, there was
eonsiderable incresse 1in GCV at B0 mM, the value being 11.0
compared to 4.13 im the control., In Ah 7911, GCV was high
at 40 uN and 30 kred treataents.

In TV 9, heritability estimates ranged froa 14.08 at
30 kred to 75.59 at 80 mj treatment, compared to 9.28 in
the control. In AB 7911, h? values varied from 21.03 at
20 kred to 73.99 at 80 u)] treatment compared to 16.06 in the
contrel. ‘

In TNV 9, genetio advance varied from 3.21 at 30 krad
to 19,70 at 80 a}f of BMS treatment compared to 1.48 in the
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TABLE 34: Mean, variance, heritability and genetio advance for 100-kernel weight

in n, generation

. Per cent Mean 2
Variety Treatment Nean + 8,E on square av (0 h A
control  (between
proge-
nies)
™ 9 Control 28.21 & 1.%1 100.00 10.95 1.36 4.13 9,28 1.48
Gamma 20 kred 28,95 + 1.75 102.62 14.9 1.92 4.78 38,58 6.12
30 krad 26,28 + 2.90 100.25 28.44 1.38  4.16 14,08 J.21
40 kred  30.63 + 1.12 108.58 12.65% 2,96 5,62 70,21 .
NS 40 =M 28.30 & 2.09 100,32 14.39 2.4% 3,36 37,26 5.20
60 =y 27.30 £ 1.74 96.77 14.53 1.80  4.92 37.17 6.17
80 =N 29.44 + 1.84 104.36 41.62%%  B.49 11,00 T5.59 19.70
20 krad~0 =N 29.22 + 2.93 103.58 19.83 1.96 4.80 29,78 5.40
Ah 7911 Conmtrol 33.00 & 2.47 100.00 12,67 1,90  4.17 16,06 2.58
Gamma 20 krad  30.41 £ 2.02 92,15 15.59 1.11 3.46  21.33 3.29
40 krad  31.65 & 2.27 95.9 18.36 2.98  4.13  44.90 5.77
S 40 uM 30.69 3 2.54 93.00 34.60% 5.06 7.33 43.90 10.01
60 mif 30.57 & 3.19 92.64 40,32 3.25 5.89 24.16 5.97
80 =M 30.30 &+ 3.02 91.82 13.99 3.45 5,13 T3.99 10.86
20 krad~0 aM  31.04 & 2.15  94.06 22.09 2.72  5.32  44.56 7.32

Source

Variety
Treatment

* Significant at 5% level

»% Significant at 1% level

0.52
0.84

Variety x Treatment 1.42

c.D

1.46
2.”
3.97



control, 1In 4k 7911, @A ranged from 3.29 at 20 krad to
10.86 at 30 mjf of M8 against 2,58 in the ocomtrol.

Frequenoy distributions of 100-kermel veight are shown
in Pig. 7 and 8, Unimodal ourves with modal wvalue of 30 g
vere observed in the mutagenic treatments, The ourves in Ky
shoved a positive shift in the modal value oompared to thas
of M, at 40 slf of BMS and combimtion treatamt in INY 9
and 40 krad of gamma irrsdiation im Ah 7911. 4 shift in
the negative direction was observed at 80 ml of PG
treatment in Ah 7911,

k. Shelling per oent: The mear shelling per cent in
TNV 9 ranged from 54,70 at 60 sf to 60,77 at 40 krad compared

t0 57.23 in the oontrol (Tadle 28). Significant inaresse in
shelling per csnt was observed at 40 krad treatment in INV 9,
In Ah 7911, mean shelling per cent ranged from 55.24 at

40 kred to 59.19 at 60 aN against 56.94 in the centrol. The

@v, aov, hz and GA values are nil.

Frequency distributions are presented in Pig.9 amd 10,
Cemparison between the ourves in N, and ll3 revealed a
positive shift in the modal value in l, gemeration at 30 krad
and 40 krad, 40 mX of BMS and ocombination treatment in the
varietios. Treatments 80 mE in THY 9 and 60 mf in Ah 7911
alse showed positive shift in the modal value in l’

generation,
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Total correlation coefficiente between pod yleld and 1ts components

in H3 generation of Ny 9*

Length of Number of Number of HNumber of Pod
Trait freatnent primary branches flowers pods yield
branch
Height of Control 0.148 0.407%» 0.285% 0.246* 0.277*
main stem
20 krad 0.622%% 0.5T4ne 0.3T1%» 0.208 0.688%+
30 krad 0,813 0.418%## 0.303%# O.m%“ 0.288#
40 krad 0.808** 0.469 %% 0.25R% 0.75 0.281+
40 m¥ 0,887## 0.6735%# 0,282% 0.3710= 0.361%+
60 mM 0. T5Tn* 0.496%+ 0.111 0.271* 0.174
80 mM 0.764 %= 0,406%+ ~0,701%» 0.137 0,197
20 krad+40 mN 0.808#% 0.526%* 0,712%= 0,357%* =0,328%%
Length of Contrel 0.209 0.150 0.242% 0.204
primary
branch 20 kraad 0.682%# 0.492%% 0,488%% 0,322%%
30 krad 0.607#* 0.249% 0.406%% 0.375%»
40 krad 0.523%» 0.338%+ 0.306%# 0.359%#
40 uM 0. T11%® 0.4190%» 0.526%= 0,517«
60 mi 0,5774» O.431%e 0.636%» 0.460%%
80 =X 0.414%» -0, T58%e 0,320%# 0.334 0%
20 krad+{0 =N 0.589%# 0,132 0.234¢ 0.212
Number of Control 0.473%* 0.4380% 0.4670=
branches
20 krad 0,320 0,500%% 0.394%*
30 krad 0.393%e 0.418%» 0.334 88
40 krad 0.157 0.263* 0.234*
40 uR 0.383%# 0.553%% 0.517ee
60 mM 0.263% 0.438%% 0.2T1*
80 =M -0.184 0.360%% 0.272¢
20 krad«40 =i 0.422%" 0.305%+ 0.286%
:1-::::-‘ of Control 0.551%# 0.526%
20 wrad 0,523%% 0,334 0%
30 krad 0.170 00,8458
40 krad 0.309%* 0.209
40 wi 0.650% 0.5810¢
60 =i 0.5T7+# 0.5357%e
80 aX 0.119 0.205
20 krad+40 mM 0.43Te 05578
Nusber of Control 0,908
! ) 20 kred 0,813
30 kred .08188
40 ¥xrad 0.904 %%
40 =M 0.932%
o “— 0.877**
80 aN 0.824*
0,839%*

20 xrad+40 =it

+ Observations wers recorded on 560 plants
replications
* significant at 5% level

»s Signifieant at 1% level

{n each trestaent from three

oa -
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TABLE 36:

Total correlation coeffiolents between pod yield and its components

1n Ny generation of Ah 7911*

20 krad+«0 =N

Length of HRumber of Number of Number of
Trait Treatment gri-ry branches flowers pods Pod yield
ranch
Helight of Oontrol 0.576%= 0.4920= 0,168 =0,121 =0.103
main stem
20 krad 0.611%# 0,243» 0.154 0.148 0.114
30 krad 0,857%# 0,213 0.155 0.871%# 0.229
40 krad 0,537#» 0,321#» 0,9004# 0,566%# 0.707##
40 =M 0.648%» 0.327ns 0.199 0.134 0.190
60 mM 0,6818» 0,164 0,945 %% 0.114 0.9834»
80 L 0.899%#» 0,615%» 0.301# 0.4150 0,372%
20 krad+40 mM 0.763 ** 0.173 0.3418= 0.405e» 0.663%»
Length of Control 0.489% 0.140 0,5138= 0,574 %
rimary
ranch 20 krad 0,292+ 0.3088» 0,269+ 0.3370»
30 krad 0.322%» 0.155 0,151 0.294#»
40 krad 0,271+ 0.309%» 0.328%» 0.359%»
40 aM 0.426% 0.3140+ 0.4420e 0.492%«
60 mi 0.314%» 0,.321%# 0.367#» 0.420%=
80 m} 0.556%» 0.267» 0.405»« 0.3820
20 krad+40 mM 0.272# 0.185 0,51 300 0.94400
Number of OControl 0,211 0.3438s 0.269%
branches
20 krad 0.288# 0,163 0.183
30 krad 0,281+ 0.3620« 0.356%»
‘40 krad 0.363%» 0,337e» 0,394 %
40 mX 0.282% 0,553%% 0,483
60 M 0.348#» 0.31 7w 0.346%
80 mM 0,218 0.3450# Q34 Tnw
20 krad+40 mN 0,225% =-0,802%# =0.113
‘Number of Gontrol 0.492%% 0.4110e
flowers 20 krad 0.308%¢ 0.102
30 krad 0.305%# 0,18%
40 krad 0.435%= 0.3T5%=
40 uX 0.404 %+ 0.380%»
60 a)X 0.613%% 0.563%
80 wM 0.4770e 0.475%e
20 krad+40 Wi 0.170 0.117
Nusber of  Oomtrol 0.902%e
pods 20 wrad o.835==
0.834==
30 krad 0,904 ##
40 kred
- 00,9008+
2 j 0.926*
- 0-’16“
80 =i
0.902##

*Ovservations were recorded on 360 plants in each treatment from three .

replications

# gignifioant at 5X level

an 0l mmifinand at 16 lawal
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of Ab 7911. The eorrelation coefficient of 0.343 vas
observed between the number of branches and the nusber

of peds in the control population. The correlation
coefficient between these two characters in the combination
treataent was -0.802,

D, ion o \d 1in

Forty plants in N, generstion which possessed higher
pod yield than that of conmirol were seleoted and their
progenies vu';rulod for further study. Of these, five
lines, namely ¥o.19 and 20 (TMV 9, EMS 40 mf), 24 and 27
(TMV 9, 30 krad) and 39 (AR 7911, 20 krad + 40 mM) recorded
higher yield than that of control (Zable 37). Twenty one
plants were selected at random in these five lines in l,
and their progeny were tested for yield perforsance. The
yield date are furnished in Tadle 38. ZThe mean pod yield
per plant in four selections, 191I/2, 24 II/7, 24 1I/8, and
39 II/10 ranged from 23.8 g to 25.%5 g, the increase over
control being 22.1 to 30.8 per cent,
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ZABLE 37: Pod yield/plant ef mutant lines in M, generation

88

Maotant Mean pod  Percentage on Mutant Mean pod Percentage on
line yield line yleld
number g/plant TNV 9 AR 1911 puuber g/planmt ZTHV 9 Ak 7911
1, 13.2 91.0 95.7 24, 20.8 143.5 150.7
2. 11.6 80.0 84.1 25, 11.3 77.9 81.9
3. 9.7 66,9 70.3 26, 14.5 100.0 105.1
4. 13.3 91.7 96.4 27, 16.9 116+6 122.5
5. 14.5 100.0 105.1 28, 11,5 79.3 83.3
6. 14.5 100.0 105.1 29, 14.9 102.8 108.0
7. 13.4 92.4 97.1 30. 11.0 75.9 9.7
8. 11,5 79.3 83,3 31, 11,0 75.9 79.7
9. 10.5 72.4 76.1 32, 14.0 99.3 104 .4
10, 12.9 89.0 93.5 33. 13.2 91.0 95.7
1. 13.7 92.6 99.3 34. 13.0 89.7 94.2
12, 14,2 97.9 102.9 35, 12.2 84.1 88.4
13. 13.6 93.8 98,6 36, 131 90.3 94.9
14, 8.8 60.7 63.8 37. 14,1 97.2 102.2
15, 14,2 98,1 102.9 38, 14.0 96.6 101.5
16, 1.0 5.9 9.7 39. 16.0 110.3 115.9
17. 13.2 91,2 95.7 40, 13,0 89.7 94,2
18, 11,0 5.9 79.7 TMV 9 14,5 100.0 105.1
19. 15.8 109.0 114.5  Anh 7911 13.8 95.2 100.0
20, 16.7 115,2 121.0 G.M 13,2 91.0 95.7
21, 13.6 94.0 98.6 S.E 1.59 11.0 11,5
22, 12.5 86,2 90.6 0.D 4.45 30.7 32,3
23, 9.2 63.5 66.7




TABLE 73: Yield performance of selections from Xy lines
in !4 goneration

S.No. Seleotion  Tariety and treet- iy Per oent
&/plamt TMV 9
1. 19 1/% MY 9 ENS 40 =M 22.5 115.4
2, 19 1/2 ™MV G, M5 40 =M 24.0 123.1
3. 19 1I/8 TMV 9 EMS 40 mM 21.5 110.3
4, 20 11/10 MV 9, EM5 40 mi 20.0 102.6
S. . 24 II/ THMY 9,30 krad 22.0 112.8
6. 24 11/7 THY 9,30 krad 23.8 122.1
7. 24 I1/8 TMY 9,30 krad 25.0 128,2
8. 24 11/10 MV 9,30 krad 22,5 115.4
9. 24 III/1 MV 9,30 krad 21.5 110.3
10, 24 1I1/2 T™V 9,30 krad 20,5 105.1
1". 24 1II/8 MY 9 30 krad 21,5 110.3
12, 24 IV/5 T™V 9. 30 krad 18.5 94.9
13. 27 1/3 TMV 9,30 krad 20.5 105.1
1“. 27 I/4 THV 9,30 krad 22.5 115.1
15. 27 1/6 IMV 9,30 krad 20.5 105.1
16, 27 1/10 TMY 5,30 krad 20.0 102.6
17. 27 II/10 TMY 9,30 krad 20.00 102.6
18. 39 II/6 Ab 7911,20 krad + 17.2 88,2
40 =M
19. 39 I1/7 Ah 7911,20 krad + 21.5 110.2
40 =M
20, 39 II/9 Ab 7911,20 krad + 23.0 118.0
40 aK
21, 39 II/10 Ah 7911,20 krel + 25.5 130.8
40 X
22, ™MV 9 Control 19.5 100.0
23. Ab 7911 Oontrol 17.5 89.7
8.E. 1.4 7.1

0.D at 5% 3.9 20.1
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DISCUSSION

The extent of orop improvement is limited to the
available inherent variabdility for the economic oharmoters.
The greater the variability, the better will be the scope
for improvement. In recent times, plant breeders have
attempted to increase the variabdility for quantitative
characters by induced mutagenesis (Dumanovic et al., 1970
in wheat, Raut et al.,1974 in cotton, Conger et al., 1976
in soybeans and Patil and Thakare, 1969 in groundnut),
Breeding for higher yield in groundnut has been in
progress in aeveral centres and the artificial creation of
variadility has been attempted using specific varieties
and mutagens (Oregory,1968; Levy and Ashri,1975; Patil and
Moull,1978). Induotion of variability in locally adapted
varieties of groundnut would be rewarding from the point of
view of stability of performance of the mutants. Two of
the high yielding varieties MV 9 and Ak 7911 of the Oilseeds
Research Centre of the Tamil Nadu Agricultural University
were subjected to physioal, chemiocsl amd ﬁo-biuﬂ.ou
treatmnents and the variability cbserved both in qualitative
and quantitative characters are discussed.

A, Studies on germimation, survival and seedling height in N,

‘umﬂ.cn
The biologioal effects of the mutagenic treatmauts
vere dstermined from the observation made in the germina-
tion, survival and seedling height in M, generation,




Progressive decresse ir germimation with inoresse
in dose of gamma rays and INS was obearved on the two
varieties (Table 4). Similar relationship between dose
and effeot has also been observed in the irrediated
material of groundmut (Gregory,1968), cotton (Khalifa,1978),
bengalgran (Athwal,1963), Phaseolus vulgaris (Mujeep and
Greig,1973) and peas (Sharms,1965) and gamms and BNS
treatments in soybsans (Constantin et al.,1976) and
EMS treatments in Yicia faba (Hussain et al.,1974).
Data have shown that oombination treatment caused greater
reduction in germination than that of single treataments.
Such inorease in reduction of germimation due to combina~
tion treatment was observed in rice (514d4iq and Swamipathan,
1968 and Swamipathan et al., 1970) and Sorghum (Sree
Ramalu, 1970).

It may be clear from Table 4, that survival was
reduced with incresse in doees of gamma rays and BS, Such
inverse relation between dose and survivel was Observed in
groundnut due to X-irredistion (Gregory, 1968) and in
cotton due to gamma irrsdistion (Khalifa, 1978). DES and
BIS treatments in soybsans (Constantin g al.,1976) am
M5 treatments in Vigis faba (Hussain, gt 2l.,1974) wvere
also found t0 cause deorsase in survival with incresse in
dose. In the presemt study, reduction in survival so about
SO per cemt was osused by 40 krad of gamme reys and 60 ajf
of IS treatmat (Table 4 =nd Fig.2). Identiosl responae
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of the two varieties to mutagenic treatments may be
evident from the data on survival. Combination treatment
was found to reduce the survival to a greater extent

than that of single sreataents. Combination of gamma rays
with DES in barley (Doll and Sandfaer, 1969), gamma rays
and X-rays with M3 and nitrosoethylures is Sorghum

(Sree Ramulu, 1970), have osused a greater redwction in
survival than that of individual mutagens.

Data on seedling height (Table 5) have indicated
growth reduction with increase in doses of gamma rays and
EMS, Thers were several reports on such growth reduction
due to mutagenic treatments. In groundnut, irrsdiation
with X-rays (Bhatt et al., 1961; Gregory, 1968) and
thermal neutrons and gamma rays (Bhatt gt al.,1961) and
in soybeans, treatments with physical mutagens such as
fission neutrons and gamme rays and with ohemnical mutagens
sach as EMS and IES (Constantin et al.,1976) were shown to
cause reduction in the seedling growth with incresse in

dose,

In the present study, the two varieties showed
identical response to mutagenic treatments with regard to
germuination and survival while differential response was
indicated by growth reduction. Gamma rays have reduced the
height of seedling in TMY 9 to a greater extent than MMS,
However, this trend wvas reversed in Ah 7911 in which BMS
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shoved greater reduction on seedling height than that of
gamma rays. Growih of seedlings iz the oombimation
treatment was less than that odeerved in single treatments
and the effeot was more pronmomnced in Ah 7919 than in

TMY 9. The incressed reduction im growth due to combima-
tion treutment was observed in barley (Konsak gt 3l1.,1961;
Filen gt al., 1963 and Mohan Rao, 1972). Differential
response of the varieties to mutsgenic treatments as
observed for seedling growth in the present study has also
been reported in groundnut (Bilgues and Martin, 19613

Pery st 8l1.,1970; Levy and Ashri, 1973; Ashri and Levy,1974)
and in other orops such as wheat (Walther and Baug,1973),
Peas (Gelin ot al,,1958, Blixt,1972) and rice (Swaminathan
et al,,1970).

Seedling injury as revesled by the reduciion in the
height of seedling due to mutagenic treatamts has been
attributed to different causes like auxin destruction
(Smith and Kersten, 1942), inhibition of auxin synthesis
(Gordon, 1954), changes in ensyme speaifioity (Cherry and
Lessman, 1967; Endo, 1967), imhibition of DNA synthesis
(Mikaelson, 1968) and reduction in reactivisy to IAA
(Miure ot 21.,1974). The reduction in the seedling growth
in the present investigation might have beenr due to one or
more of the factors ennmerated above.
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B, Btudies on qualitative mutations

Hutations which resulted in large phemotypic effects
such as chlorophyll and viable mutations in M, generstion
were considered under qualitative mutations, As against
these, quentitative mutations were those affecting chmracters
with continucus variation and having small effects. Gaul (1965)
oritically discussed these mutations involving qualitative
and quantitative ocharacters under mscro- anld aicromutation.
Gustafason (1969) used the terms oligomutation (Jligogenic
mutation) and poly mutation (polygemic mutation) to denote
phenctypically large and small effects respeotively.

1) Chlorophyll mutations

The echlorophyll mutation frequency expressed as
per ceat oz M, plant basis (Table 6) was 1.44 at 40 krad
of gamma irradiation treatment in Ah 7911 whioh was the
maxinun observed in the present study.

A comparison of serlier reports on the occurrence
of ohlorophyll mutation induced by gamme rays and M in
groundnut (Ashri anmd Levy, 1974) showed the lov magnitude
of ocourrence of such mutation in the present study, Sugh
differences oould have arisen due to differential response
of the genotypes besides differances in dose and treatment
econditions of mutagenic treatments. The low frequamey of
chlorophyll motation might have also bean due % phenotypie



baffering as reported in hexaploid wheat (Meckey, 1961).
As groundnut is an smphiploid (Gregory gt al.,1951 and
Raman, 1959) and several traits ave comtrolled by duplicate
factors (Gregory ¢t al., 1951 and Hammons, 1963) the
masking effect would heve reduced the expression of
chlorophyll mutations. This trend of reduction in the
rate of induced chlorophyll mutations with increasing
chromosome pumber was noticed by Stadler (1929) im
Priticum and Avena and lat er by Muntsing (1942) 1in
tetraploid barley, Levan (1944) in flex, Proier (1946) in
wheat and osts end by Smith (1950), Mackey (1954) and
Natarajen et al., (1958) in wheat and by Ehiaskaran and
Svaminathan (1962) in wheat and barley.

The data on ohlorophyll mutation frequency have
shown that the two varieties were identical in their
responss to gamma rays and EM3, Combination treatment in
THV 9, was found to induce ohlorophyll mutation in greater
froquency than that of single treatments. Synergism
oalonlated on the basis of formula suggested by Sharma and
Swaminathar (1969) indicated less than additive effect in

the combimation treatment, Oonatantin et al, (1974) reported

greater than additive effect at the higher doses of gamm
rays and meutrors plus MMS and less than sdditive at lower
doses in barley. Instances of increaseld mutation frequemoy
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in the coabimation treatment have besn reported in peas
(Menanajiev, 1969), fremch bean (Marghitta, 1973) and
Yicie sativa (Debeljsi and Ptaschemchuk, 1973).

The spectrum of ghlorophyll mutatiens induced by
mutagenic treatments comsisted of albina, slboviridis,
ghlorina, xantha and yiridis (Table 7). The apectrum was
found to vary aceording to the mutagen, dose employed and
variety., While all the three ooncentrations of BMS have
induced albina and yiridis in Ak 7911, such mutants were
observed in TV 9 at 40 mM of BMS only. OGemma irradiatioms
have induged xanthe im Ah 7911 and mot in ™MV 9., BMS
treataents vere foumd t0 induce ghlorins in THY 9 and not
in Ak 7911. Zarlier reports have shown the occurrence of
zantha and yiresgent mutamts after I-irredistion in
groundnut (Patil amd Bora, 1963). Chlorinma was observed
from a cross betvesn I-ray induced virescent mutant and
spontansous 'krinkle leaf' matant (Patil, 1973). Xantha,
albina and yiresgent mmtants have been induced by individual
treatments of gamma rays and EMS (Ashri and Levy, 1974).
Thres major genes vers found to oentrol chlorephyll develop-

ment in groundmut (Patil, 1973).

2. Yisble matations
Data on viable mutation frequency on Il2 plant basis

(Table 8) have shown its ogcurremce upto 0,66 per oent in

TNV 9 and 0.5% per ocent im Ah 7911 at 40 a)}f of B3 treataeat.
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Lower frequemcy of viable mutations was observed at higher
concentrations of EMS, A oomparison of ehlorophyll and
viable mutations imdicated the oceourrence of the latter

a2t & lowver frequenoy than that of the former. S, parti-
cularly at lower eonoentratioms of 40 sX was found %o induce
higher frequency of viable mutation in ¥he two varieties.
The response to mutagenic treastment was different in wheat.
" Radiation in wheat especially at higher levels of ploidy
imuced higher frequency of viable mutations (Kawai, 1969).
In 6 x wvheat ionizing rsdiation were reported to be more
effioient in induclng viable mutations than that of ohemioal
mutagens (Maokey, 1968). The results were interpreted as
indiocating that alkylating agents were more efficient than
rediation for inducing point mutations but less efficient
for inducing chromosome aberrations which give rise to
phenotypic ohanges in polyploid plante. Swaminethan (1965),
however, reported oases where HMS was as effective as gamms
rays in induoing ohlorophyll mutations and mutations at the
speltoid suppressor loous Q in bresdwheat,

Polyploids may be sxpeoted 0 tolerate chromosomal
aberrations %0 a grsster sxient than 4iploid species. Thus
the possibility of greater proportion of viable mutations im
tetraploid and hexapoloid vheat has beer demonstrated
(Mackay, 1961). However, low frequency of viable mutation
observed in the present study.may be due to haplonmtio or
diplontic selection (Swsminathan, 1977) or besause the



98

induced mutations may be semidominant or recessivs. l,
mutants are ordinarily oonsidered homosygoms fsr ths
selected trait. EHowever, it eannct be assumed that all
the variants should prove homosygous in progeny tests
partioularly since epistatic interaction among genes are

Spectrum of viable mutations induoed by various
trestaents consisted of mutations involving height
(éwarfism), kernel sisse, testa oolour and growth habit,
Motations resulting in incresse in the number of kernels
per pod, alteration of morphologioal features of pod amd
leaf sise and shape have also been moticed.

As & result of gamma irradiation at 30 kred in
Ah 7911 and THV 9, two drastio mutants were isclated. In
mutant-1 and -2, the height was reduced accompanied by
reduction in the expression of otiur characters such as
100-pod weight and 100-kernel weight (Table 11). The pod
and kernel yield was also reduced in these mutants. Redue-
tion in height acoompanied by drastic reducticn in other
plant parts such as leaflets, pods and seeds have deen
reported in the dwarf mutaats ¢f groundnut (Bhohori and
Ashri, 1970). The frequency.of these resessive mutations
was low in all mutation experiments. In groundnut alse
similar reports bave appeared (Lossch and Hammons, 1968).
Qaul (1964) eomoluded that thres moet important csuses for
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the shortage of recessives were the associstion of

mutations with ehremosome aberrations, medified gametio
transmission and pleiotropy involving undesirable treita.

In the present study, the characteristics of mutsnt-1 snd

~2 have shown the possibility of pleiotropic effect of the
SaRe geme involving undesirable traite ;mtch haa reduced the
pod and kernel oharacters besides redaction in height.

While Shohori and Ashri (1970) observed monogenic reoessive
inheritance, Patil and Mouli (1975) have shown that

dwarfisa in groundnut was controlled by a pair of recessive
faotors. Though the drastic mutants in the present study
were not superior to control in economic charasteristiocs,

it might be possible to derive better genotypes in crosses
with high yielding cultivars. Such mutants in peas
(Gottsol=1k, 1972) and wheat (Konsak, 1976) have deen found
t0 yield desirsble recombinants in orosses between mutants as
well as with mormal plants. Dwarf mutants have been very
frequently observed in cereals such as wheat (Reits and
Salmon, 1968) and berley (Yamaguchi gt al., 1974). They
were characterised by shoxrt plant height and at the same time
in many instances reduced plant organs indicating growth rate
reduotion in many or all plant parts throughout their emtire
11fe sycle. However, thers were examples in Sorghum and
sugaroane in which plant parts or organs were disproportienately
rednoed in sise (Hansel gt al., 1965; Jagathesan and William,

1976).
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Hutation for imoressed kernel sise withous imvolvisg
major ohanges in other plant parts has been observed ia the
population derived from Ah 7911 subjected to 20 krad of gamms
irrediation. Thms, mutants-3 and -4 were worphologioally
indistinguishable from the parent variety except for bold
kernels. These mutant-3 and -4, however, were not superior
to the parent variety in their yielding ability.

Mutatiens involving alterations in testa colour have
been obsServed in the populatiens reised from gamms irradistion
at 30 krad, M8 treatments at 40 mM and 80 mif and oombimtion
treatment (Motant-7 0 -15)., Purple and brown testa coourred
in the mutagen treated populations of the two varieties.
Brown testa appeared to be a new variant. Among the other
testa ocolour mutants observed were those with red, variegated
and vhite testa, oompared to the rose teata of tha
parental varistios. These testa oolour mutante would be
more of scademic interest than of economio importance. The
genetic faotors affecting testa colour have been shown to be
characterised by the interaction of five primary looi,
although certain additional looli might be involved in other
specific instances (Hammons, 1963; 1973). Krepovickas
and Rigoni (1952) reported that purple testa was incompletely
domipant to flesh and that dark purple dopended upon
stleast two pairs of genes with cumulative effect,
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Harvey (1967) also found purple testa %o de incompletely
doninant to flesh and although the dominmant geme (R) was
not required for the development of purple testa,that geme
414 modify its expression. DBecause of the intersction of
mny testa colour genes and the difficulty ef olassifying
colours of varying lnfnlity, the genetic explanatiens of
the inheritance ef some colours have been inconsistemt.

In the present study it appears that the purple testa
oolour observed might have been due to mutation of the
modifiers which affect the expression of this charscter.
Hutations for seed coat colours have also been reported
in other orops suck as freach bean (Moh, 1971) and black gram

(Ramaswany, 1973).

Mutations involving growth habit were found to be
induced by EMS and oombination treatment. Semispreading
types of mutants occourred in the two varieties wiille spreading
types of autants wers observed in THV 9. The obaracteristics
of mutant~-16 and =17 with seaispreading growth hebit (Table 16)
hxve shown increased pod and kernel sise besides higher pod
and kernel yield than that of ocontrol. Thus, these two
semispreading types of mutants could be of oonsiderable
economic importance. Two mutants with spreading growth
hadit, mamely matant-21 and -22 were isclated in a population
derived from THY 9 subjeoted to 40 mN of BMB treatment.

These spreading type of matamts have shown eonsiderable
increass in their yielding ability besides baving increased

pod and kernsl sise. .
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The genetios of growth habdit im groundnut have been
reviewed by several authors im receat years (Hammons, 1973}
Goftelt, 18743 Ashri; 19T5). Three different plasmons and
three different muolear looi have been identified, The
Plasmons intersct differemtly with plasmon eensitive nuclear
genes thereby determiaing whether the plants will be erect
or trailing (Ashri, 1976), Levy and Ashri (1978) have
isclated one true breeding trailing mutant, an extreme fora
of spreading type, from dunch cultivars, which has been
interpreted as segregation of hetero-plasmons arising from
plasmon mutations, The observed semi-spresiing and spreading
types of mutants in the present study might have arisen as
a result of probable plasmon mutation,

Such mutations for growth habit have been reported in
other plant species. Proetrate, spreading, sperse and
rosette like types have been induced in many plants. Mutants
with altered growth rythm showing enhanced or reduced growth
rats at partioular growth stages (Tedin, 1954; Lamprecht, 1958,
Jain gt al., 1962; Porsche, 1963) form a particular group
of growth habdbit mutants. Yagyu and Morris (1957) reported
s semideternimmnt tomato mutamt.

In she present study, mutation affecting single trait,
testa colour was observed in mutant-7 to ~12., There were
autations for two traits, mamely growth habit and kernmel
gsiso in mutant-16, ~17, -21 and -22, MNutations imvolving
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three traits samely growth habit, kernel sise and testa
colewr were ebserved inm mutant-15., Such simultaneous
autations for two or more traits were reported to be due
t0 pleiotreplo effecte (Ashri amd l.hy. 1974) and M8
produced relatively higher preportions of such mutants,
Present observatiens have shown the cocurrence of simulta-
neous mutations for two or more treits in BIS and combina-
tiorn treatment. Gottsohalk (1968) has shown that instances
in which pleiotropic gene action were assumed could be due
t0 simultaneous mutation of neighbouring genes as revealed
by test of crossing over in hybridisation experiments.

Mutations involving various plant characters lave been
found in groundnut. Oregory (1968) observed twenty four
classes of viable mutants by I-irradiation of N0-4 variety,
Bugh viable mutants have also been reported in other polyploids
suoh as "broad leaved” mutant in tobacocc (Patel and Swamimathan,
1961) "Photo-insensitive” mutant in MCU 5 ootton and
*Short branched” mutant with clustering habit in H {4 cotton
variety (Raut, et al., 1974).

C. Studies on guantitative mutations

Induction of mutations in the quantitative oharscters
are detected in the successive generations of mutagen treated
msterial through mean and variance comparisons (Sqossiroli,1977).
In the present stndy, the mture and extent of variability



104

induced 1in X, and M, Semerations by physical amd ohemical
Rutagens and their oombination are disgussed with particular
referemse to economis charmcters.

1. Mo spd ), generstions

In the N, generation, there was decrease in the mean
values of eight out of eleven oharascters, mmely height of
sain stem, number of branches, flowers, mature pods, kermels,
pod yield, kernal yield and 100-pod weight (Tables 19,21 to 24)
in the treated populations oompared to that of control.
Buch decreases in mean values due to mutagenio treatments
have been observed in groundnut (Gregory, 1968), bread
wheat (Bhatia and Swaminathan, 1962; Borojevio, 1965), durum
wvheat (Scossiroli, 1966) and in Adiploids like soybeans
(Rawlings et al., 1958), bdarley (Gaul, 1964) and Arabidopsis
(Brook, 1965). Seversl explamations have been given for the
shift in the mean values of gquantitative characters due $o
mutagenic treatments (Gregory, 19613 Brook, 1965 and Gaul
and Aastveit, 1966). Mutatioms in a quantitatively inherited
oharacter would depend on the number of genes involved, the
relative proportion of genes with positive and negative
effects and the degres to whioch the gemes of the parental
genome operate as a balanced set (Brook, 1965). This explane~
tion ef Brock might be eonsidered appropriate. The incresse
in the proportion of genes with negative effeots over that
of positive effects arising as a resalt of mutagenic treatments
would have resulted im the reduction of mean values of
severel oharecters in K, in the present ebssrvatien,
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In the N, gemeration, the msan values of seversl
charagters approached that of conmtrol while there was
reduction in the mean values in the Ny gemeration. Yor
example, number of branches in the gamma irrediation
treatments in Ah 7911 (Tadle 27), pod and kernel yield
st 40 krad of gamms irrediation trestment in TNV 9
(Table 31 and 32) were found to be equal to that of
control. It might have been the effect of seleotion
exeroised in llz generation. Such a possidility has been
indiocated from seleotion resulting in the means approaching
that of control im bread wheat, tobaoco, cotton amd
autotetraploid barley (Swamimathan, 1963). Mean values
of quantitative charecters equal to that of control and a
greater variadbility in l, and l4 than in ll2 was found in
wheat (Trujillo and Betamoourt, 1972).

Mutagenic treatments have resulted in increase in
variability for several eoonomic characters in the l(3
generation. EMS treatment at 40 mN ooncentration in Ak 7911
was found to increamse the variability of number of kernels
and kernel yield six times and that of pod yield and number
of mature pods five times and three times reppectively
compared to that of comtrol (Tadles 29 to 32). BMS at
80 m) treatment in TNV 9 had incremsed the variability of
100-pod weight and 100-karmel veight five timss that of
the control (Tadles 35 amd 34). Gemma irredistion at 40 kred
was found to inerease the variability of kermel yigld amd
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100-pod weight in AR 7911 Wres times compared to that

of oontrel. Sweh irrediatien at 40 kred in TNV 9 bad
resulted in four times imgreased variability for nusber

of mature pods and mumber of kernals and three tinmes
incresse in variadility for pod and kermel yield. Burlier
reports have shown that the variance for pod yield in
groundnut bas been increased by radiation four times over
that measured in the oomtrol progenies (Gregory, 1955).

A four-fold increase in genetic variame for number of
kernels per spike was reported in wheat (Borojevio, 1965).
Buch inerease in variance in mutagenic treatments was also
observed in diploids. Rawlings st al,, (1958) found
approximately five fold increase in variance in irrsdiated
soybeans for yield and sesd sise and Brock amd Iatter (1961)
reported an induced genetic variance 4 to0 5 times larger
than that of control for flowering time in substerranean

clover.

Induced variability in quantitative oharscters was
also shown by the frequengy distridbution ourves. Mutant
plants with large phenotypic deviations were not imcluded
for assessaent of variability of quantitative charaoters.
Symmetrical distributicn for pod yield (Pig. 5 and 6) in
l, and 100-kernel weight (Fig. 7 and 8) in N, ani l,
generations might de interpreted as due to individusl
changes of approximately squal mumber of plus and minus
effects. Brook (1965) showed that asymmetry was reduced
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in the frequemoy distridutien by removing obvicas
morphological mutants. Uregory (1965) observed that the
more completely all mutant plants of large phenetypic
deviation vere removed from the population the more
aymmetrioal it became in gmotioally uncorrslated gquanti-
tative characters. Bateman (1959) reviewing Oka ot al., (1958)
and Sekal and Susuki (1964) came to the opposite conolusion
that not only were gemetic changes induced unidireotionmal

in e¢ffect but of negative sign. The observations in the
pPressnt study, however, have shown that the interpretstion
of Gregory (1968) that the number of negative and positive
mutstions in the polygems aystem are nearly equal and that
it is the magnitude of phenotypioc effect of s mutation which
gives the negative effects and not its unidirectional nature
might be more appropriate. Such phenmotypio distribution for
number of kernels in Iriticum sestivum was shown to indicate
the variability in l, generation caused by the appearance of
plus and minus variants (Borojevio and Borojevic, 1968).

Inocrease in gepotypio variability for quantitative
characters contributing to yield in !5 gensration but not
in l2 might have besn due to the fast that mutated genes
were not homosygous im I fer all lool but segregated further.
Sugh increase in variability in the ll3 generation of
2. aestivum and I, durwm wvas demomstrated in irrsdiated
population (Scessireli, 1965) and also in the Ky generation
in Bread wheat, todaceo, sottor amd autotetraploid darley
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(Swaminathan, 1963). Palemsons (1966) while studying the
progress of selection for various quantitative chareoters
under different selectien pressures in the progenies reised
from X-irradiation of seeds of wheat concluded that selectien
started in l, Was mores effective than the one started in

X,. The observed increase in variability for economio
characters in the l, generation of the present study has
shown that it might be mere appropriate to start eelection
in l’ than in '2'

Inorease in doses of ENS was found to result in
increase in genotypic variance, heritability and genetic
advance for number of mature pods and pod yield in TNV 9
(Tables 29 and 31) and for kernel yield in Ak 7911 (Table 32)
in the ll3 generation., However, suck inorease was mot
proportiomate to the increase im doses. JYor example, maximum
values for these genetic parsmeters were observed at 60 mi
for number of mature pods in TMV 9 and at 40 mN for kernel
yield in Ak 7911. A similar non-linear trend of incrsaee in
genetic parsmeters for number of kernmels was observed in
AR 7911 (Table 30) with the increase in dose of gamma rays.
In thie ocase the inorease in the genetic parameters at
30 krad was higher ttmn that at 40 krad treatsent. Such
ingrease in genetic variabdility not proportiomate %o the
dose of X-ray treataents was reported for plant height,
Beading dats and panicle length in rice (Kso gt sl., 1960).
Such dose-variance relation was else reported in polyplodd
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like bresdwheat (lpoumn. 1965, 1977). The imcreass in
variadbility which was mot proportiomate to the dose as
observed in the present study could have arises as a resuls
of elimination of detrimental or uﬁumbh mutants through
gametic or sygotic selection (Scossiroli, 1965), or perhaps
due to artificial selection.

The data on heritability and genetic advance for
economic characters have shown that there was considersble
increase due t¢ mutagenic treatments in the H, generation,
High heritability and genetic advance for number of
mature pods, number of kernels and pod yield were observed
at 40 krad of gamma irrsdiation treatment in TMV 9 and
40 M of FMS treatment in Ak 7911. IMS at 80 =i ooncentration
was found to enhance the heritability and genetic advance
for 100-kernel weight in the two varieties. Such high values
of genetic parameters for 100-pod weight were observed at
80 m} of BMS treatment in THV 9 and 40 krad of gamma
irradiation in Ah 7911,

Selsction exercised for number 6! mature pods and pod
yield in the population derived from 40 krad treatment in
TNV 9 and for number of kernels at 40 mM of EMS treatmenmt in
Ah 7911 might result iz high ylelding types in view of the
high heritability sccompanied by relatively high genetic
advance for these charecters. Results of path amalysis
studies in groundnut have been found to be in conformity with
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the obaorvations of the present study as showa by the
sigaificamt direst contribution to pod yield by number of
Rature pods ia semi-spreading and erect types amd 100-kermel
veight in spreading typss (Badwal and Harbans 3ingh,1973).
Belection for 100-kernel weight at 50 a¥ of MMS treatment

in TNV 9 might also result in improvement for this charscter
in view of itas high heritadbility and relatively high genatic
advance. Sangha and Sandhu (1970; 1975) have also reported
sush high heritability and genetic advance for 100-kernel
weight in groundnut. Possidle gain from selection exercised
in characters showing high heritability and genetic advance
have deen indicated from the earlier observations in groundmat
{Gregory, 1955; Loeson, 1964) and in other polyploid orops
such as cotton (Chandramathy, 1978) and wheat (Scossiroli
st al,., 1966; Goud, 1967) and diploids like barley
{Borojevic, 1966) Gaul, gt al., 1969) am Arabidopsis
(Brosk g% al., 1972). The oharsoters 100-kernel weight and
number of pods in groundnut in vhich high heritability ard
genetic advance have been observed vere reported to be more
dependadle for selection on the basis of phemoiypic performance
(Sangha anrd Sandhu, 1975).

3. Studies on oharacter assccistion

Nutation involving quantitative characters result in
the altaration of association of certain characters which
axisted in the paremtal variety. A knowledge of alterations
involving the assooiation of yleld with its componenmt
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charagters may be useful in formulating selection procedusres
in the trested populations. Totsl correlation co-efficients
obtained from l, goneratien in the popalation derived from
gamma rays, BiS and oombimation tuihm snd that of
oontrol are presented (Tables 35 and 36) and discussed here.

The study related to the associstion of five
characters, namely, height of main stem, length of primary
brench, number of branches, number of flowers and number
of pods with pod yield in the two varieties. In the ocontrol
population of the two varieties there was significant positive
association between pod yield om one hand and nuamber of
branches, nuaber of flowers and number of pods om the other.
However, genetio difference between the two varieties may de
evident from the difference in the assocoistion in two
instances, Height of main stem was found to be positively
associated with number of pods and pod yield im TMV 9 while
they were uncorrelated in Ah 7911, Significant positive
assooiation between langth of primary branch and pod yisld
was observed in Ah 7911 and not in TNV 9,

Comparison of the correlation co-efficlients cbtained
from gontrol and treated population has shown that in a few
instances the relationship between the characters was
smhanoced, for exsmple height of main stem with length of
primary branch in the gamma irrediation, B and combimiion
treataents in THV 9 pointing toc a eommon effect of mutations
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on assooiated traitss (i.e, pleiotropic effect as observed
in wheat (Boossiroll, 1966). In eertain ceses as for
exampl e association between number of pods and pod yield

in the two varieties and length of prlnry branch and
number of peds in THY 9 no alteration was observed. In

& fow instances as in the case of association detween
aaaber of branches and pod yield at 20 krad and combination
treatment in Ah 7911, there was definite increase in
correlation pointing to & bresk of relationship which existed
in the control population. Non-alteration of the positive
association betweer pod number and pod yield in the treated
populations of the present study ie in conformity with the
earlier obssrvations (Sathiamoorthy et al.,1978).

The negative association between a vegetative charaoter
like height of main stem and reproductive charesoter like
nusber of pods and pod yleld in the combimtion treatment
in TMV 9 provides opportunity for effecting selection.of
plants with shorter height and increased yield., ILikewise,
the negative correlation between number of branches and number
of pods in the population derived from combination
treatment in Ah 7911 indicated the possibility of sslection
of plants with less number of branches and more yield. Sush
desirable ochanges in plant architecture not ordimrily
attainabdle by recombination breeding has deen mmde possidle
due to mutagenic treatments. This may be clear when compared
with the positive relationship betwesn number of branches
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and number of pods reported in the segregating populations
of intervarietal crosses (Lin, 1966). Natagen induced
alterations in character assvolation as in the preaemt
study bas besn observed iz other crops suwock as cotton
(Chandremathy, 1978), tobmoco (Soarascia-Mugnossa, 1968),
wheat (Scossiroli gt al., 1966), green gram (Kriahmaswami,
1977),peas (Duaits and Sutka, 1970) amd rice (Rso amd
Sidaiq, 1976).

D. Evaluation of productive mutant lines

Forty plante with increased pod nuaber snd yield were
isolated in 'z generation from out of population of 23,523
plants. Their progenias were tested in ll3 generation. The
yield date (Table 37) indicated that in five lines there was
significant yield increase over control., Iwenty one plants
were selected at random in these five lines and further
tested in l‘ generation. It may be seen from Table 38 that
in four selections, 13I/2 (TMV 9, EMS 40 muM), 24II/7 and
2411/8 (TMV 9, 30 krad) amd 39II/10 (ah 7911, 20 krad+40 aX),
there was significant increase in yield ranging from 22.1

t0 30.8 per cent over control,

Following suocessful -xporuontarot Gregory (1955),
the usefulness of mutation as a tool for groundnut
improvemmt has been demonstrated (Patil, 1973a; Patil amd
fhakare, 1969 and Patil and Noull, 1978). Inspite of the
difficulty of deteoting positive yield mutants, there is mo



114

doudt about thoir existemoe and aumber of mutant oultivars
witk incressed yield have been released in many orops
(8igurbjornsson ana Mioke, 1974).

Resulte in the present study have shown the ococurrence
of high yielding mutants in gromndnut which may be utilised
in appropriate breeding programme.
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SUMMARY

The effects of gamma rays and DMS individually and in
combination on two locally adapted groundnut varieties,
TMV 9 and Ah 7911 were studied to £ind out the frequency
and spectrum of induced mutations in qualitative characters,
induced variability for quantitative characters and their

influence on character associations.

1. In the ¥, gemeration, germinstion, survival and
ssedling height, decreased with increase in dosage of physical
and chemical mutagens. Oomdination treatment resulted in
greater reduction than that of single treatments. The two
varieties weres identical in their sensitivity to mutagenic
tresthsnt with reference to germination and survival while
they differed significantly with regard to seedling height.

2. Qualitative mutations in M, consisted of ohlorophyll
and viable mutants. The spectrum of chlorophyll mutation
shoved differential response of the two varisties to mutagenic
treatments. Oombipation treatment in TMV 9 and higher dose
of gamma rays 1n Ah 7911 resulted in less than additive
values for ohlorophyll mutation.

3. Induced viable mutations included mutation for
dwarfism, Xernel sise, testa ocolour and growth habit. Two
mutants having semi-spresding growth habit possessed desirabdls
features of short stature, higher pod and kernel yield, dd
kernels and ineressed shelling per cent over control.
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Matations for testa colour ocomsimted of brown, purple,
red, white, variegated and purple lining arcund mioropyle
cempared to rose testa in the control,

4. The expression of quantitative characters in llz
generation in the populations obtained from gamma rays, IMS
and combination treatments wes in most instances lower in

the treated than in the untreated populations.

S. In the l, generation, the mean values for different
vegotative characters and yield attributes in the populations
derived from different mutagenio treatments were in several
instances equal to that of control. Genotypic varisnce for
econoaic obaracters inorsased two to six-fo0ld over comtrol
in different mutagenio treatments. The significance of

these observations are discussed.

6. Increase in variance, heritability and genetic advance
for number of kernels observed in gamma irradiation treatments
in Ah 7911 was not consistent with dose. Similar increase in
genetic parameters for number of meture pods and pod yield in
T™MV 9 and ksrnel yield in Ak 7911 was observed in EMS treatments.

7. The effect of mutagenic treatments on the charscter
association was studisd in the l, generation. HNegative assooiati¢
betwssn height of main stem and pod yield in THV 9 and bstween
number of brenmches.and pumber of pods in Ah T311 was observed
in the combination treatment against the positive assoaiation
in the respeotive parent populations. The positive asscoistion
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betveen number of flowers on one hand and nusber of pods anmd
pod yleld on the other which existed in the comtrol population
6f THV 9 was not observed in 80 =N of EMS treatment. The
possibility of selection for ylald with improved plant
architeoture from mutager treated populations was indiosted
by the altered character assooclation,

8. Mutant selections with iaproved yield have been
identified by further progeny testing in M3 and H‘ generations.



C»Qeg'erenceo



Ashri, A. 1968, Morphology and imheritance of sterile breshytic
d‘lrtl in peanuts, Arachis hypogmes L. Qrop Sci. §s413-415.

+ 1972. Mutations and physiclogical resctions to

Tniueed Masations ant Tiast apeov et Hoso Jea),
: ons an ot ment, 0.

FAO/IAEA, Vienma, 1972, 253-264. '

+ 1975. Natursl cytoplasamic divergence and induetion
T of plasmon mutation in peanuts, Do
Pimal Research Repors ARS., U.8.5.%., sville, MD.,
UsA. PP.32.

,1976, Pla ai 1 at Ao '
L ompaaman, divergencs in posnnts (L preomes)

Iheor. appl. Gemet. 48: 17-21.
.. and Ooldin, E, 1965. The mutagenic activity of

T dethyl sulfate in peanuts. Radiat. Bot. §3 431-441,

. and Bersog, 2. 1972. Differential physiologieal
-m!uut{ of peanut varieties to eeed treatments with
diethyl sulphate and ¢thyl methane sulphomate.

Radiat. Bot. 12: 173-176.

. and Levy, A. 1974, HMutation ylelds and types obtatined
1n peanuts_Arach m by treating mature seeds with
othyl methane sulphonate and gamma rays and developing

ombryos with ethyl methane sulphonate. JPolyploei Induced
%m;ou in Plant Breeding. Proe. Panel, ‘!‘ﬂ;. E&.

onBk, =1L,

Athwal, D.S5. 1963, GSome X-ray induced and spontaneous mutations
in Cioer. Indian J. Jenet.. Z1- Arsed. 23t 50-57.

Avadhani, K.K. ;ﬁ h:ln R;:; ;968. Stn:h- on the effects )
of diethyl sulpbate On groundnu (m-m!.
faalan 7 soi. Ind. 31 T1-88.

Badwal, 8.5, and Narbans Singh, 1975. REffect of growth hadit
! tions and path aceffioients in groundnut. gﬂ;g

7. Gemet. M. Breed. 33t 101111



Bateman, A.J. 1999, Imdugtion of genic uctation im rice.
Int. 4. Bagiat. Biol. 1: 429-451,

Bhaskaran, 5. and Swaminathan, N.5. 1962, Chromosome aberrations,
:::g:: h‘lzl :n:;n} am n-ozn-oy and spectrum o{d
: ns ue -rays and neutrons in polyploids.
Badiat, Bot, 1: 1“-101?’ "

Bhatia, C,R, and Swamimathan, M.8, 1962, Indooed polygenic
variability in dread wheat and its bearing on seleotion

yrocedurss. 5. Pflansemsucht. 48: 317-326.

Bhatt, B.Y., Boras, K.C., Go sigar, A.R., Patil, 8.H,
Rao, ¥.8., Snarms, ﬁ.l.?.%nb iah, K.0. and Thakare, R.O,
1961, Some aspects of irrediation of seeds with iomising

radiations~ "PEffects of ionising radistions on seeds" -
Karlaruhe, 1980n Vienna T9or Reglcoy o seeds

*Bilques, A.7. and Martin, J.P. 1961, Diffsrence varietale
de sesidllete aux rayons X ches L' arachide. 3. Agr.

Zrop. Botan. Appl. 8t 30-43.

- s Magne, C. and Martin, J.P. 1965, Blian de sin
annes de ressherches sur L'emplides rayonnements ionisants
fOll.l‘ 1'amelioration des plantes an Senegal (The use of

nduced Mutations in Plant Breeding). Radiat. Bot. 5
(Suppl): 585. :

Rixt, 5. 1961, Quantitative studies of induced mutations in

p.;.il'll:" Chlorophyll mutatioms. Agric. Hort. Gen. 18
219-227. .

» 1972, Mutation genetics in Pisum. Agr. Hort. Genet.

—¥ii-293.

Borojevie, K. 1965, The effect 0f radiation and seleotion

after irradiation on the numder of kernels per spike
in vheat. The ?u of Induced Matations in ;hnt Bresding,
8

Radist. Bot. 3 (8uppl.): 505-513,

., 1966, Stuiies on rsdiation indmuosd mutations in
BARtitative characters of *rr:‘ (2 um
e,

tations in Plant Breeding . )
ienna, 1966, 15-38,



Borojevio, X. and Morojevio, 8. 1968, Response of different
genotypes of agstivum ssp. to mutagenic
irsataents, ons_ %nt knm:oe. Panel)
PAO/IAEA, Viemma, 1968, 15-46.

Brook, R.D, 1965. Induced mutations affeeting quantitstive

;Rop. ;mh&f !‘oﬁl%ﬂ%)g i‘r““"‘ ]
. ress, Oxford, 443-450,

+ and Latter, B.D.M, 1961, Radiation induced
?nnﬁtnttvo variation in subterranean clover.
Proc. Australian Conf.) Radist. Biol. J: 205-215.

» Shaw, H,?, snd Callen, D.F. 1972, Induced variation
Ta quantitatively inherited characters. _I&ggg% Mutations
Buenos

and Plant Improvement. (Proc. Meeting 1Tes,1970).

Chandramathi, P.S8. 1978, Maximisation of genetic variability
in intervarietal hybrids of Gossypium hirsutum L.
Ph.D. Thesis, Tamil Eadu Agri. Unfv. Colmbatore, 1978,

Cherry, J.H. and Lesaman, K.J. 1967. Comparison of mucleio
agids in maize shoots and pea eplcotyls. Amer. J. Bot,
34: 181188,

Coffelt, T.A. 1974. Interspecific growth hadit in an inter-
specific oross population of peanuts. J. Hered. §31160-162.

Conger, B.Y,, Skinner, L.N. and Skold, L.,N. 1976. Variability
for components of yleld induced in soybeans by seed
treatment with gamme irradiation, fission neutrons and
B8, Crop Bei. 16t 233-236.

Xonzak, O.F. and Wilan, R.A, 1977. Masthods of

appIyIng pre- and post-treastments. Manual on Mutation
Breeding. IAEFA, Vienma, 1977. p. 45. =

Constantin, M. J., Conger, B-'n' Ohmm' J.B., and Ramage,R.T,
1974. Ohlorophyll deficient mutants in barley: Bffects of
chemical mutagems on irradiated and non-irradiated seeds

%‘“%'i?"g‘;;'rggt“é&“ﬂ“;?ﬁ:?'nﬁ o ?r? %.%'%

» Klobe, ¥.D. and Sikold, L.N. 1976. Effsets
of physical and chemical mutagens on survival, gmﬂl
and seed yield of soybeans. Crop Sei. 161 49-32..




Gooper, ¥.B. and Gregory, v.0. 1960. Rsdistion induced leaf
Spot resistaat mutants in the peanut (Arachis hypogaes L.)

Agr. 4. 33¢ 1-4.

Debelji, G.A. and Ptashemchuk, V.N. 1973. Recessive ohlorophyll
avtants iz seed ;raccay oil, plants of Yigis sstiva.

Doll, H, amd Sandfaer, J. 1969. Mutagenic effect of gamma reys
4 ethyl lnlphto.',othyl umnot:gl nate and various !

combinations of gamma rays and ch als, U1 tation
in Plants (Proc. Symp., Pullman, 19693 nh.%ﬁl‘%-w

*Dudits, D. and Sutka, J. 1970. Genetic change of charmgters
by mutations in peas. Protein growth by plant breeding.
Ed. Balint, A, demaikiado, Budapest.

Dumanovio, J., FParenberg, L. and Denic, M. 1970. Induced
variation of protein conteat and compositions in
hexaploid wheat, Improving plant protein by nuclear
techniques (Proc. Symp. Vienna, 1970) IARA, Vienna, 107-119.

Emery, D.A. 191?. Effeot 0f re-irrediation on radio resistance
in peanmuts (Ayaohis hypogsea L.) Radiat. Bot. 121 137-150,

o9 Gr.‘“q' ¥.C, and u"ch, JreP.d. 19“. mm
value of X-ray induced macromutant I. Variations among
norml appearing 7, families segregatod from crosses
batwesn macromusants of peanuts (Arachis hypogses L.)

Cxop Sei. 41 87-90.

and » 1965. Dresding

.» .
value of the radiation induced msoromutant, II, Effect of
mutant expression and associated backgrounds on selection

potential in & oa L, The use of Induced mutations
in plaat hooﬁ%‘!h% - § (Suppl.)s 339-353.

.o Beardman, E. @, and Stucker, K.E. 1970. Some
observations on the radic sensitivity of certain varietal
and hybrid genotypes of oultivated peanute.

Radist. Dot. 101 267-272,



Ende, 2. 1967, Comparisom of the effects of gemma reys and
mleie raside on tems of maine seeds.
el i il

Frader, K. 1946, Genetioal 11 tus
u‘: oats and vhn:. 1!‘!”;“3!-};: g;.:)&?nphy sppare

®*G0aul, H. 1957. Die Verschiedensn Besugasysteme der mutation
shaufighert bel Pflansen n‘wﬂ:‘:é Dosis,

Effxtkarven, I. Pfiansensucht. 38: 63.

+1964, MNutation in plant breeding. &d_t_.!' .
—§v Ts5-232. P e e

+1965. The ooncept of meoro- and micro-mutationms
and results on induced micromutations in barley. Zhe
une of Induced Mutations in Plant Breeding (Rep. FAO/IAEA
soogl:z Meesting, Rome, 1964). Pergamon Press, Oxford,

* . and Aastveit, X. 1966, Induced variability of culm
Tength in duzoru;'smtypu of hexaploid wheat following
I-irradiation and treatment, Proc. 5. Yogoslav Symp.
Res. ¥Vheat. Bovi. Soed. Savram. Poljopr. ]: 263-276.

+s Dlonsks,®,, Winkel, C.Z. and Braker, 9. 1969.
Tlcromutations influencing yield im barley. ‘Is%%
Mutations lants. (Proc. Symp., Pullman, 19 .

onna, - .

Gelin, O,, Fhrenberg, L. and Blixt, 8. 1958. Genetiocally
conditioned influsnces on rediation sensitivity in peas.

Azr. Hort. Ssget. 1§: 78-102.

#G411¢r, A. and De Vinok, A. 1959, Recherches radio-genetiques
Cnes Arachis hypogses L. Agrioulture, 7t 533-341.

Gordon, 8.A. 1954. Oocourrence, formation and iractivation of
auxins. snp. Rey. P1. Phypiol. s 341-378.

Gottaghalk, ¥W. 1968. Simultaneons mutations of gclosely linked
gemes. A oonmtributiom to the interpretation of
*Plelotropic® gene actlon, .
II. (Proc. Panel, Vienms, 1 . » Viemma, 57-109,



Gotteedalk, V. 1972. Comdinationm of mutatel gemes as an
additional tool im plant hreeding. . 10
s (Proc. study Group meeting, [ )

[ ORRA, 215,

Goud, J.V. 1967. Imduced genio mutations inm hexapleid
wheats. Radiat. Bot. i ot

Oregory, W.C. 1955. X-ray breeding of peanuts (Ayechis hypogaes L.
Agron. I. 471 396-399.

« 1956 a. ¥The comparative effect of radistion amd
T hybridisation in plant breeding. Peaceful uses of At
Energy (Proo. Oonf. Genevs, 1956) . UK, Xew York.

« 1956 ¥, Inductions of useful sutations in the
g:nn!. Genetios in Flant Breeding. Prooc. Erookhaven Symp.

Biology. 31 177-190.
o 1956 0. Radio sensitivity studies in peanuts

_%0. = 3;3.’:"‘; %ﬁ-;;—'l’-: )?_'ﬁi._'z%%x. Tokyo

. 1957. Progress in establishing the effectiveness
of radiation in breeding pesnats- Proa. 9th Oak Ridge Reg.
Symp. "Radiation in Plant Breeding®, 1957. 36-48,

« 1960. The peanut, NC 4-x, a milestone in orop
~Wreellag. Crop snd Boil izt 12-13.’

o 1961, The efficacy of mutation breeding. Mutatio
l'ﬂhb.@. mmm Akpd. Sei. Eat. Rea. ﬁﬁ'g

. 1965, Matation frequemcy, magnitude of ohange

~ad ihe probability of Tant sressing. (hop: HO/LES Fod,

neeting, . ) Pergamon Press, Oxford. 429-441,

1968, A radiation breeding experiment with peanuts,

BT Rt g 0141

mﬂ. ).'. and ym“m. ‘l‘l 1’51. ml."
——aeastlos and breeding. pp. 26-88, In; The Peanut - A sympesium,
=.h:{..=milu01? Anzg. 'uhiutan."ll'? .



*Qustageson, A. 1940. The matation system ¢f the ohlorephyll
apparatus. lunis. Univ. Arssk 'S!' 1-40.

——Im_?;r;s?lar study on induced mutatiens in ph?;;;
[ TH Zjants N
« Pullman, 1969) » Vianna, . ia

and Gadd, I. 1965, Nutations and grop improvement

T V. Amghis hrpogaes L. Hereditas, 53t 143-164.
*Hammons, R.O. 1953 s, » Behaviour of induoed
matant ‘v, g, Hshe KT EGTEST. soo. §3: 84-05.
. 1953 b, . . Behaviour of the induced
mutant, North Caro e Oollege, Raleigh, K.C,

M.D. Thesis, pp. 7‘.

e 1963. White testa inheritance in the peanut,
T Emiy. 3 139-142.

1973, Genetios of g%gt Ins o ! Vuun
W, Feanuts-ou tn and uses ke -113.
Peanu® in Bducation Anoeutl.on Ine,, suu\mu-.

*

Bansel, H., Ross, J.3. and Huang, 0.C. 1963. Irradiation induced
nuuou in a golchioine-reactive genotype on sorghum,

Orop Sei. 3s 242-243.

Harvey, J¥.'.JsK.1967. The inheritance of seed out oolour in
eanuts. Fh.D.Thesis. Univ. Georgia: 33 pp, Uni
orofilm, Ann, Arbor. Nich. (mn.unr.za(s)azvz-x).

Hussain, H.A.S8., Heaksl, K.Y. and Payed, A, 1974. Rffects of
IS treatments on K, performance sand ohlorophyll mutations

in Yigls fops L. JEyptisn . Qemet. Gytel. 3+ 299.

Jl.l.l. B.l.. Sur, 8.0, and Raut, R, X, 19‘2. mti‘ studies in
tomato. I. Induoed varkbdility for uniform fruit ripening
and other oharacters, Iadian J. Genet. a-m 42 81-87.

Jagathesan, D, and VWilliam Jabadhes, A. 1976. A rere 'dwars’
autsnt u uprun.‘ 8gi. Onl%. 421 23D-234.

Joamson, A.W., Robimson, H.F. and Oomstock, l.l. 1965, Wtimates
of gemetic and savirommental varisbility in soybesnma,
Agren. 4. 4I® 314-318.



*Eao, K. K., Nu, 0.H,, Ohang, V.?, snd Oka, H.I, 1960, A
blometrisal gemetic study of irradisted populstions
on rice, genetio varisnoes due to different doses of
X-rays. Bot, Bull. Aosd, 94n, X.8.I, 101-108.

hn:i.:i e::?‘:it‘d'“" .zr.ou;_a'u: of physieal and
15 ond . (] tien .
(Proe. Sy-p..‘aunn%. ﬂfﬁ.%z.

Khalifs, H, 1978. Radies luutivn{ of sonme Gessypi
mtr;‘ 1}::1.&1 semipar on the utilisa ?'ﬁ R ,::od
> arop + in Afrioca. npap, G
Symp. 1978) Idadan, =ﬁuh IAEA/FAO,

Konsak, O.F. 1976. A revier of semidwarfing gene sources
and a desoription of some new mutants useful for breeding
short stature vheats. Induced mutations for cross
%o;giu (Proo. Advisory Sroup Vienma, 1975) IARA, Viennms,

Nilen, K.A., Harle, J.R. and Heiner, R.E, 1961,
Tontrol of factors affecting the response of plants to
matagens. Bpookhaven Symp. Biol. 14: 128-157,

Krapovickas, A, snd ni, V.A, 1952 incuw of geneal
progress in Argmtim Ag-ionltucs . Bos. 59-60.
Cited by Mammons, 1973.

Krishoaswani, 8, 1977. Studies on induced mutations in green
gran !iﬁ (L.) Wilosek. Ph.D. Thesis, Teail Nadu
m’.‘,. Yoo tore,

lamprecht, H. 1958, Uber Grundlagen der geme fur dle
Gestaltung hoherer Pflansen, Agri. Hort. Genet. 16: 145-195,

Levan, A. 1944, erimentally induced chlorophyll mutations
{n . tas 301 225-230.

o A. and Ashri, A. 1973, Differential physiologiocal
sensitivity of peanut varieties to seed treatmemt with the
matagens, Fthidium bromide, NENG and Sodium aside,

Radiat. Bot. 133 369-374.

anmd ., 1975, Bthidium bromide-An efficient
ﬁ‘oa 15 h{gher plants, Mutation Res. 3Pt 397-404.

., and’ ., 1978, Induced plasmon mutation
‘—mm“&mm of p-::t-. m‘ Res. u:‘sn-uo.



Levy, A., Ashri, A. and Rubin, B. 1979. Fthidicn bromide
uptake iz,r-nt seeds and its relatiomahip to varietal
sensitivity and mutagesio efficiemcy. Myviremmental and
Experinegtel 13 49-57.

*Lin, K. 1966. Studles of the genetic Debaviowr of quantitative
obharasters in the hybrid progenies of Virgenis and h

peanut, J. Agrl. Aps. Ohine. 531 1~T.

Ioeseh, Jr. P.J. 1961, Inheritance etudies of X-ray mutamt
and the effect of mutated beckground genotype on mutant

“ ]
19 1??!..0:(’-&'."‘%1%: Bisserta¥ion Abstr

« 1964, BRffect of mutated hukfond gemotype
on Wutant expression in Arschis hypogses L,

Crop Sgi. 4t 73-78.

. and Hammons, R,0. 1968, Inheritance of
Wacromutants (¥ 4-18.5 kR). Radiat. Bot. $i94-108.

*Lush, J.L. 1949, lu'ignbui of quantitative charactera
in farm animals, Froo. Interm. Cong., Genet. 8th,

an
Stookholm, 1948, 356-375,

'lnch;;‘.l. 1954. Mutability in 2iploid and polyploid level,
e. Imtern, Cong, ot. 9th %ﬁé'rn'um"' Italy, .

1955%% &1 (Suppl, pt.2 -ssezcaﬁlo og L4

—— 1961, Methods of utilising induced mutation in
oroy improvemsnt. Nutation and Plant Lreeding, Natl.
Aoad. Sci. U.S-Batl. Res. Oounoil, pudl. 891, pp.336-363,

.1968. Matagenssis in vulgare wheat. Heredigas

— s

sMarghttta, Y. 1973, The effect of combined agtion of gamma

e and 41 1l sulphate on french besne. Analsl
mvordt-tti ila Craiova. III a. 4t 137-143,

eMehandjiev, A, 1969, Effects of combined asotion of gasms reys
nd,;t;;hyl sulphate on garden peas. Gengtika i selekoiis.,
b4 .

Mikselson, K. 1968. IEffects of fast neutrons orn sesdling
h and metadbolism in darley.
of seeds II (Tech. Rep. Series No. i, Vienma,83-70.



nlll. t.. T .Haghinets and ehi, H, 1974, BNffect of
irradiation en cell do!:ﬂ.’n o;d suxin level in Lva“-
oolesptiles. JRadist. Dot. 14 207-215,

Mok, G.0. 1971, Mutation breeding in seed ooat colours of
beans Phaseolus yulgaris L. Euphytica 20t 119-125.

¥ohan Rao, P.X. 1972. BMologioal effects 0f combimation
treatments vwith ionising readistions (X-rays) amd dlethyl
sulphate (DES) in darley. Nutation Res. 1§t 322-327.

Mujeeh, K.A. and Greig, J.X. 1975, Gemma irrsdiation induoed
variability in v L, CY, Flue lake.

Badiat. Boy. 137 THI-126,

h.ltnpgi A, 1942. TFrequemoy of induced ohlorophyll mutations
in diploid and tetraploid darley. HRereditas 27: 273-%08.

Natarajan, A.J., Sikka, 8.M. and Swaminathan, N.8. 1938,
Polyploidy, radic eemaitivity and mutstion frequency in
vheats. cesdings Internatioml Jonference on the peasceful
uses of Atomic REnergy, 2nd Oonference, Ueneva, 1958,

United Nations Vol, 27: 321-331,

Nilan, R.A,, Konsak, O0.7., Heiner, R.E. and Proese-Gertsem,Z.X.
1965. ahcllul sutagenesis in barley, Genetios I, Proo.
Pirst Intern. Barley Gmet. Symp., eningen, 35-54.

Norden, A.J, 1975, Breeding of the cultivated peanuts,
Peanuts-gulture and uses., 175-208, American Peanut Research
..i ¥uoation Association, Ine,

Oka, H.I,, Hayashi, J. and Shiejiri, I, 1958, Indnced mutations
of polygenes for quantitative characters in rioe,
in . ‘2' 11=- ‘o

Osborne, %.3. and Mn. 4,0, 1961, The cooperative plant and
seed irradiation program of the University of Tennessa.

Intern., J. Appl. Radiation, Isotopes 1Qt 196-209.

Paleasona, D,L, 1966. The progress of selection for guantitative
traits under different pressures after X-irrsdistion of

eeds in a spp. Yalgarg. Proo. Pifth
Tamoalar B T at: svreabes mliscivieds.
133 225-261,

ol, K.A, and Swamimathan, N,5, 1961, Matation breeding in
P obecos.  Tobagoo Sof. §i 67-69.



Patil, 8.K, 1966. Nutation isduced ia groundmut by F-reys.
Indisn J. Genes. Z1. Breed. 2§ 334~8.

o 191’. m" ]
ohATacter i mnt- I;Ii;. ifmliﬁ'w a3182-87.

o 1973 a, Trom undnut selectl for increased
TTOIT watet amd yieid,  Ieatan 3. agris. Boi. 43 370-376.

and Bora, K.0. 1961, Melotic abmormalities induced

W X : i3 Aninit hpepsie. ladisa . gt

Genet. Zi. ) t .

« and » 1963, Radiation induced mutatiens
in groundnut. 1. Ghlorophyll mutatiom. Indian J. Genet.

n. m- 8at 47-49.

—— 884 Mouli, C. 1975, Genetics of dwarf mutant in
groundnut, . Appl. Genstiom. 461 395-400.

. and « 1978, Selection of extreme form of

with Righ productivity in groundnut. Iadisn J.
o S A

. anl Thakare, R.G. 1969, Yield potential of X-ray
indiced Trom goundnut matants. Proc. Symp. 'Radiations
and Radiomimetic substances in mutation breeding'. 1969,
Food and Agrie. Comm. Dept. . Atomic Pnergy. Govt. of
mu. !75-378.

#Porsche, ¥W. 1963, HNutaticns versuche mit weissen lupinen
S%!g al L) Rontgen-Bestrahlung der Sorte.
neutra¥, 33t 33-39.

Raman, V.8, 1959, Studies in the genus . VI, Investiga-
tion on 30-chromosomed interspecific . Indian

Ollsseds 3. 31 157-161.

, BN, 1973, Investigations on induced mutagensis
in l{ukm seolus mungo L). ¥.D. Thesis, Tamil
Yadu Agrie. Yo

Rao, N. and 81dd41q, E,A. 1976. Studies on induced variadbility
for amylose oontent with refersnce to yieléd oc-)::an- and
Rayironmantal '

ein sharacteristios in rise, :
Eiamal sy, 161 177-185,



Rart, R.N,, Sharma, B., Fokhriyal, $.C., Singh, M.P. and
dain, WK, 1974. fnduced mutationa’ Some desie

ani applied results. Indian J. Genet. 2. Rreed. w:31'1-315.

Rawlings, J.0. D.G. and Gardner, 0.0, 1958, Variatiea
in unut;uhvmrntm of u’yhn'n after seed irrediation,
Agron. 3. 30t 524-528,

Reits, L.P. and Salmon, 8.0. 1968, Origin, history and uss
of Norin-10 wheat. Opep Soi. §1 686-689.

Sakai Kan-Iohi and Susuki Akio. 1964. Induced mutation and
ﬁolomw of genes responsidle for quantitative oharsoters
r;..o o m. “ 1‘1-15’.

SAl':; A;{.t:.u ht.:in' ‘:;8. 1970, G(ﬂotlo vuhbl.uty;u)ld
rrelation » o8 undnuat .
3. Res. MU M' ] 1‘}150_55&!%

. and ' . 1975, Variability and correlation
otulles in sfreallng groundnut. Oilseeds J. § (2)1 S-e.

hthulnrtz{. M.,R,, Natarsjen, S.7,, Ramachandran, T.X, and
Thangavelu, B. 1978, Bhift in association eof metrio
traits in mutants of groundaut (Arachis hypogaes L.)

Madras sgric. J. 51 470-4T1.

*Scarascia-Mugnossa, 0., 1968. MRutatlon btreeding in s
propogated plants, Fifth Congress of the Buropean Assoclation
on research in plant breeding. Milano, Pavia, 1968; 1587-217,

Seossiroll, H.E. 1965. Value 0f induced mutations for guantita-
tive oharaoters in breeding., The use of Indused
Rome, 1964). DPergamon Press, 443-450.

. 1966, Vheat mutagenesis in quantitativo traiss
[Wheat genetios Symp., Lund) Hereditas (Suppl) 2s 85-101,

. 1977. HNutations in curut(o:- :nn oo:_:unou
variation. oR eohn, .m « Berx,
Bo.119) IABA, Vieams, m—“!. .

Yalensona, 0.0, and Scessiroli-Pallegrini,s.
e on the induction of new gmmetic mhuhv

—1%¢s. Rl
for quamtitative traits seed irraldiation and its use for
wheat ont, tatio s (Proo, Fanel
u:-ﬁ"'"mruwrﬂ—g". 22 12 ) puesiing ’



Sharma, B, 1965, Influemoe of h and physiocal
Nutagens en growth -u.dwo;:::t-g-l in the first
generatien. M. Ireed. Abst. x (3): r‘;,

Sharma, R.P, apa Bnuntin. M.8, 1969, On the combined effects
0! h.&lal::bcm 1:.“‘1;. :auuoaz and
Radienin stances Nutation m Prec. ”‘Po
Bombay, 1969) Dept. Atemio hnergy, Indiz, 70-78.

Bh.hl-r:;o:;t:::c:h{l.t. .19;,0.“1::;{1“0 of :nml .
e ® sulphate in pesnuts
Araghis gzp_gggu'gggx Bot. 101 551-555. ’

Shivaraj, A., Ganga sds Reo, E,, Ramsna Reo, B,Y, and
Ragvi, H.A, 1962, Effects of fast neutronms on seeds of

groumdnut. MM Jo 111 24-30,

—T'T—T" and Ramans Rao, B.V. 1963, A note on the effects
sst neutrons and ?- reys op groundnut. Indian

Oilaeeds 3. I 156-15

814d4iq, E.A, and Swamimathan, M.S5. 1968. Induoed mutations in
relation to the brnu snd phylogenetio differentiation
?r QH . eeding with induced matations.
() o8, lo «.86) IABA, Vienna, 25-51.

Sigurbjorssscn, B, and Micke, A. 1969, Progress in mutation
breeding. ced mutations in plants. (Proc. Panel.
Pullman, 1969) FAO/IAFA, Vienna, 673-698,

o 1974, Pni
800N ts *of amtatlos broZding“ hl.g“{"g* and Induced

ﬁta il “1'?1:”5;.% m- (Proc.

uvuuhrnnul. 8. 1978. Studies on induced amutstions in
%2;_-_ hypogses L.) Ph.D.Thesis, Tanil Kadu Agrisc.

Smith, L, 1950, Htoetl of stomic bomb irrsdiations on seels
of oeresls, J. Hered. 413 125-130.

mt‘. C.7. and E:rllta.bﬂ. 1942humtd:u!=:t:m 1!::006 in
'. M y irrad ng e 80
PRI aiol. Averr., 171 25¢.



Sres Bamglu, K. 1970, Matati . o
A A ons in Sorghua. Nxtation Bey

*3tadler, L.J. 1929, ‘
e B ™R L ED Y e

Btucker, R.R., Mery, D.A. amnd Oregory, ¥.0. 1968. Netimating
etic parameters in a radiated autogamous populations

. nents of radistion imduced quantitative variation

N0 2-20 ¥R) A Radiation Breeding Experiment with Peanuts.

Radiat, Bot. 8¢ 81-147,

Swaninathan, K.8. 1963, Evaluatior of the use of induoed
micro and macro-mutations in the breeding of polypleid erep
431:;.-,..' Betratto dat L'energis nuoleare in agriocoluturs,
- -

o 1965. A ocomparison of mutation induotion

é—,%’i k'o::ggz R:;‘.“hoﬂfglioﬁ.%%“)

.1211. The detection of induped mutations,
0

~ JemuaY of Natation Breeding, IARA, Vienza, 1977, 138-141.

, 8idaiq, K.A,, Sing ,0.B. and Pai, R.A.1970.
Mutation breeding in rioe in India. Ri wi

%W II. (Tech. Rep. s:r%n.&

#Pedin, O, 1954. Xevirradiation of Lupimus luteus. Acts Agrig.
Scand. 4t 569-5T5.

Trujillo Pigueros, R., Betancourt Rios, M.J. 1972, BEstudio
sobre le variabilidad inducida per etil metansulfonsto
(BM5) in osracterss cuantitatives de plantas hermsnas de

mutantes drasticds en trigo (%. %ﬂ ropositos
de selection. Induced Fa%%!
o. Study Group Reeting, Suenocs o8, 1W

ienna, 405-423,

Walther, 7. snd ... idamg, 4. 1975, Radiodlo ocal investigations
‘:: ;MI. viIl. ‘hiauouup between cal oontent and

radic sensitivity in curyopses of radiosonsitive and
redioresistant wheat oultivara. pRadist, Bot. 131 19-23,



Yagyw, P. and Morris, R, 1957. GQytogentic effects of
:nn and thu-':l. neutrons on dgrnn tomato seeds.,
42+ 222-238,

Yamaguchi, l-. !uo o and Tatare, A. 1974. Mutations induced

in germina barl seed by 41 sulphate u-o-t-nt
at the ut 08, EWM

.mo 197‘- 393-399.

!ll‘m ohe 19490 | ] oa L. The seedl
%;:‘_;o;tylcdonl hyposo m% Amer. 3. E.Lz'

*Original not seen,



	00001.jpg
	00002.tif
	00003.tif
	00004.tif
	00005.tif
	00006.tif
	00007.tif
	00008.tif
	00009.tif
	00010.tif
	00011.tif
	00012.tif
	00013.tif
	00014.tif
	00015.tif
	00016.tif
	00017.tif
	00018.tif
	00019.tif
	00020.tif
	00021.tif
	00022.tif
	00023.tif
	00024.tif
	00025.tif
	00026.tif
	00027.tif
	00028.tif
	00029.tif
	00030.tif
	00031.tif
	00032.tif
	00033.tif
	00034.tif
	00035.tif
	00036.tif
	00037.tif
	00038.tif
	00039.tif
	00040.tif
	00041.tif
	00042.tif
	00043.tif
	00044.tif
	00045.tif
	00046.tif
	00047.tif
	00048.tif
	00049.tif
	00050.tif
	00051.tif
	00052.tif
	00053.tif
	00054.tif
	00055.jpg
	00056.tif
	00057.tif
	00058.tif
	00059.tif
	00060.jpg
	00061.tif
	00062.tif
	00063.tif
	00064.tif
	00065.tif
	00066.tif
	00067.tif
	00068.tif
	00069.tif
	00070.tif
	00071.tif
	00072.tif
	00073.tif
	00074.tif
	00075.tif
	00076.tif
	00077.tif
	00078.tif
	00079.tif
	00080.tif
	00081.tif
	00082.tif
	00083.tif
	00084.tif
	00085.tif
	00086.tif
	00087.tif
	00088.tif
	00089.tif
	00090.tif
	00091.tif
	00092.tif
	00093.tif
	00094.tif
	00095.tif
	00096.tif
	00097.tif
	00098.tif
	00099.tif
	00100.tif
	00101.tif
	00102.tif
	00103.tif
	00104.tif
	00105.tif
	00106.tif
	00107.tif
	00108.tif
	00109.tif
	00110.tif
	00111.tif
	00112.tif
	00113.tif
	00114.tif
	00115.tif
	00116.tif
	00117.tif
	00118.tif
	00119.tif
	00120.tif
	00121.tif
	00122.tif
	00123.tif
	00124.tif
	00125.tif
	00126.tif
	00127.tif
	00128.tif
	00129.tif
	00130.tif
	00131.tif
	00132.tif
	00133.tif
	00134.tif
	00135.tif
	00136.tif
	00137.tif
	00138.tif
	00139.tif
	00140.tif
	00141.tif
	00142.tif
	00143.tif
	00144.tif
	00145.tif
	00146.tif
	00147.tif
	00148.tif
	00149.tif
	00150.tif
	00151.tif
	00152.tif
	00153.tif
	00154.tif
	00155.tif
	00156.tif
	00157.tif
	00158.tif
	00159.tif
	00160.tif



