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INTRODUCTION

Biotechnology for tailoring better genic archi­
tecture enjoys the pride of place among scientific 
Investigations all the world over, today. The discovery 
of the secrets of inheritance, its chemical basis and 
further qn# the Induction of variations in it has 
opened vistas of ppsslbilities to man-kind. Reports 
indicate the kaleidoscopic variations that can be 
induced in crop species by mutagenic treatment pro­
grammes, since plant breeding is nothing but creation 
of genetic variation, followed by selection.

Treatment of plant materials with mutagens 
resulted in changes in the genetic apparatus, many of 
which were expressed in subsequent generations. This 
phenomenon was first brought to light by the works of 
Muller (1927) and Stadler (1928). Since then plant 
breeders have been utilizing this discovery to create 
variations in stagnant varieties• The variations can 
be induced in any character and consequently the mutant 
populations have to be subjected to careful selection 
procedures•

Mutations Induced can be in quantitative (polygenic) 
characters also. Such variations may be of small magnitude
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but can influence evolution greatly, over a long period 
of time. In fact, such mutations ocurring naturally 
contribute most to the progress of organic evolution.
In mutation breeding, the breeder only amplifies the 
frequency of such occurrences. Here it may be noted 
that, for the very same reason too, the mutations 
induced by artificial processes differ from natural 
mutations, only in their frequency.

Physical mutagens include X-rays, beta rays,
gamma rays, U-V rays, neutrons etc. These radiations
act at the chromosomal level, producing random,structural
and numerical changes. Among the physical mutagens gamma
rays have been observed to be the most potent agent and
used widely for irradiating seeds and seed material, A

60common source of gamma rays is Co.

The advantages of mutagenesis are its easiness of 
application, the recovery of great varieties with in a 
short period, possibilities of producing even specific 
changes in adapted varieties and its applicability to a 
wide range of crop species showing diverse methods and 
capabilities of reproduction. The conventional methods
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of breeding viz. ^election and crossing pose several 
difficulties. The .potentialities offered by mutagenesis 
become very attractive in this context. It helps to 
produce larger genetic variation and this means the 
possibility of greater responses to selection and higher 
chances of improvement*

The recovery of mutations is however, dependent 
on several factors including genotype, type of mutagen, 
doses employed and many other modifying factors. It also 
depends on characters for which mutations are sought. 
Mutations in quantitative characters can be discovered 
only by statistical observations. Some crops also show 
less susceptibility. Dicot plants like bhindi with high 
chromosome number are not as easily mutated as monocots 
like barley, rice or wheat.

In India, bhindi is mainly grown as a vegetable crop. 
Bhindi originated in the Abyssinian centre. In India also, 
one meets with several of its wild forms. It requiresI
warm growing season. Varieties of bhindi differ in the 
yield, duration, branching habit, pigmentation and disease 
resistance. One important breeding aim in the case of 
bhindi, has been to produce plant types resistant to the



dreaded virus disease called yellow vein mosaic.
Though variety Pus a savani is. fairly mosaic tolerant- 
none of the varieties satisfactorily escape damage by 
this pathogens This gives scope for induced alterations 
in the existing genotypes especially in breaking the 
linkage that has been observed between the genes for 
high yield and susceptibility to the pathogen.

The present investigation was conducted to assess 
the extent of mutations induced by ^ C o  gamma rays in 
bhindi* A local variety Anakomban was selected for the 
study. This variety is a high yielder, adaptlble but 
susceptible to the virus*

The objectives of the work are as follows s-

To analyse the variability arising due to treat­
ment with gamma ray mutagen*

To estimate the direct effect of the mutagen in 
terms of sterility and lethality*

To score out viable mutants in if any*

To assess mutagenic effectiveness and efficiency 
to produce variability in M2*

1.

ii.

ill*

iv.
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v. To study the extent of variability created in
the important polygenic traits in the popula­
tion with respect to selected sterility groups in 
the population.



REVIEW OP LITERATURE
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REVIEW OP LITERATURE

The epoch of induced mutagenesis begins with the 
Nobel prize winning work in Drosophila (Muller, 1927) 
followed by similar results by Stadler (1928) on plants.
Since then mutations have been reported by numerous 
workers In widely varying crops. A systematic review 
of these reports yet remains to be done.'

Both physical and chemical mutagens have come Into 
use for specific purposes, depending on their effect on 
the crop and requirements» in this Investigation, since 
the mutagen used is a physical one, a review on the 
effects of ionizing radiation on crops, with emphasis 
on gamma rays, is presented.

Physical Mutagens

Radiations act at the chromosomal level producing 
random structural and numerical changes. The reviews 
made so far clearly demonstrate that specificity is 
difficult to attain due to the random aberrations created. 
Studies on the effect of different doses of physical mutagens 
revealed a dose-dependent linear increase in frequency 
of chlorophyll mutations (Siddiq, 1967/ Siddiq and
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Swaminathon, 1968; yamaguchi and Miah, 1964; Nair, 1981). 
Swaminathan et al. (1970) found that mutagenic effective­
ness in neutron treatment were 7 - 1 0  times greater than 
that in the case of gamma rays.

Use of Gamma rays

Mutation is an excellent means to increase genetic 
variability for subsequent selections. Gamma ray-induced 
variability was investigated by Sahai and Dalai (1973) 
in Safflower, similar experiment on Solanum Ichasianum 
by Chuhan (1978) showed increased variability in the 
development of spines per unit leaf area.

Mutations induced by gamma rays for creating desira­
ble combinations of traits have been reported in bread 
wheat (Goud, 1967c), rice (Singh, 1970), barley (Sethi, 
1975), pigeon pea (Venkiteswarlu et al., 1978), chillies 
(Subash and Nizam, 1977, Khan, et al., 1979) and green gram 
(Rathnaswamy et al®, 1978). Parameters for measurement of 
radiosensitivity to gamma rays were suggested for cucurbits 
by Vishnoi and Joshi (1981). These included germination 
percentage and root and shoot length. Rai and Das (1978) 
reported sterility and yield reduction after gamma irradi­
ation of dry linseed seeds. The problem of plant survival
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after irradiation was discussed by many previous workers, 
including Ehrenberg et al- (1961) and Eujii and Matsumara 
(1958), Sinha and Godward (1972) observed the effect of 
different doses of gamma irradiation on plant survival 
and growth and found a general reduction in percentage 
of survival at higher doses.

Genotype in relation to mutations;

Mutagenic sensitivity to irradiation has been 
studied in several crops. It varies with the genetic 
constitution of the crop as reported by Gustafsson (1344, 
1947, 1965); Gustafsson and Tedin (1954);. Nilan (1956); 
Laraprecht (1956 and 1958); Gelin et al, (1958); Smith
(1961); Sparrow (1961); Konzak et al. (1961a) and Sparrow 
et al. (1965) *

The corollary that naturally follows this finding, 
that closely resembling genotype show greater similarity 
in their mutation frequency and spectrum, was reported 
by Enken (1966a, b). A study of mutagenic sensitivity 
is a pre-requisite for practical mutation breeding 
programmes since the sensitivity of seeds to mutagenic 
treatments is dependent on many factors including genetic 
factors. In fact Gregory (1960) opined that the Important 
factor in production and recovery of mutations is the



genetic make-up of the plant material. Comparative 
studies among varieties of tomato (Blanchi et al., 1963) 
barley (Mikaelson and Brunner, 1968), soybean (Ukai and 
Yamashita, 1968) and rice (Siddiq and Swaminathan, 1968) 
showed variation in response to radiation among different 
genotypes indicating influence of genetic factors on 
radiosensitivity and recovery of mutations.

Effect of irradiation in Dicots

An important group of dicots used as experimental 
material is the vegetable crops. Most of the work has 
been on common vegetables like cucumber, chillies, tomato 
and bhindi.

Cucurbitaceous vegetable crops have been popular . 
with mutation breeders especially cucumber. Campos and 
Walderice (1963) and Roy et al* (1971) conducted studies 
on the effect of ionizing radiations on cucumber. Gamma 
rays were used by Haq and Abidl (1972) on cucumber and 
they found that higher doses reduced survival of seedlings.

. Chillies is another vegetable crop in which innumera­
ble works have been done. X-ray irradiation was done by 
several workers on chillies (Raghavan and Venkltasubban 
1970; Campos and Morgan, 1960). Morphological abnormal!-



ties and chromosomal aberrations in M^, following X- 
irradiation of seeds were reported by Sahib and Abraham 
(1970). Duration was reduced by 20-30 days in X-ray 
irradiated material, as reported by Subash and Nizam 
(1973). Meiotic abnormalities, induced by X-rays, were 
also studied by Subash and Nizam (1977),

Another solanaceous crop, in which much work 
has been done is tomato. Early reports on X-ray induced 
mutations in tomato was that of Johnson (1931); Mac Arthur 
(1934) and Young (1940). Lesley and Lesley (1956) observed 
delayed germination due" to X-rays. Yu (1961) observed 
reduced survival at higher doses of X-rays on tomato. 
Georgiov (1966) and Davies (1962) conducted studies on 
radiosensitivity in tomato. Brock (1965a) isolated early 
maturing tomato mutants. Kaushik and Kalloo (1979) studied 
the extent of variability induced by gamma rays in compari­
son with chemicals. Similar comparative studies on muta­
genic efficiency have been conducted by Majid (1975).

A good amount of mutation work has been done in 
peas and beans also. Altman (1923) and Bajaj and Saettler 
(1970) studied the effect of irradiation at higher doses 
in Phaseolus. Similar investigations had been conducted
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in Trifollum (Jones and Plummer, I960), fodder pea 
(Vasileva and Mshandsieva, 1969) and peas (Ananthaswamy 
et al*, 1970). Chromosomal aberrations produced by 
irradiation were found to increase with dose# in cowpea, 
by Nair (1964)» Sidorova and Kalinina (1967) also 
studied mitotic changes in pea* Chimerism had been 
noticed in irradiated population of peas (Blixt, 1961; 
Blixt et al., 1958), cowpeas (Nair, 1964) and french bean 
(Vishnuswarup and Gill, 1967). Chlorophyll mutations were 
comparatively rare in leguminous plants (Sjodin, 1962), 
Dwarf mutants have been isolated in french bean (Lamprecht,
1958) and Cicer (Athwal, 1963). Irradiation-reduced 
germinability in Cicer (Athwal, 1963) and field bean 
(Shirshov and Sain, 1967) has- been reported, though, 
in some other cases, it produced no effect, as in pea 
(Olatunde et al,, 1971) and cowpea (Nair, 1964),
Similar contradictory results in other parameters were 
obtained in pea (Constantin and Love, 1963),

In bhindi, less work has been done compared to 
chillies or tomato. This may be because of its confine­
ment, as an important vegetable crop, to the tropical 
areas. In fact. In several leading countries, bhindi is 
only a minor fibre yielding crop. Also, its high chromo-
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some number renders it less susceptible to mutation
treatments* But even in this crop a few reports are
available by Asian workers. Mutations were induced by

finKuwada (1972) in Abelmoschus by Co gamma rays and X-
rays to create resistance to Phytophthora. Characters
such as plant height/ stem thickness and number of nodes
varies according to the type and dose of radiation.
Patel (1967) isolated dwarf mutants in bhindi using X-rays.
Increased variation in plant height/ number of. days
taken for flowering and yield was obtained using,gamma

finrays (Nandpuri et al./ 1970). Co gamma rays were used 
by Rao and Raj (1976) to study changes in morphological 
characteristics in bhindi. Similar studies had been 
conducted by Koshy and Abraham (1978). Inheritance of 
chlorine, an induced chlorophyll mutant, in okra was 
reported by Jambhal© and Nerkar (1979/ 1981). The chlorina 
mutant of A. esculentus obtained/ was named Vaishali 
Vadhu.

iRadiation effects in

In the generation/ it is possible to observe the 
direct effect of the mutagens. The twin effects, which 
come as direct effects, are lethality and sterility*
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The lethality can occur at early stages of the crop 
resulting in poor germination# or at later stages.
The net effect is a poor stand of the crop* Sterility can 
occur at any stage of the crop and will reduce the 
representation of the genotype in subsequent generations. 
Several workers have reported damages as due to 
different causes such as auxin destruction (skoog, 1935; 
Smith and Kersten, 1942), production of diffusible 
growth retarding substances (Mackey, 1951), Inhibition 
of DNA synthesis (Mikaelsen and Brunner, 1968), changes 
in enzyme specificity (Cherry and Hageman, 1961), delay 
in onset of first mitotic division (Natarajan et al.,
1958) and inhibition of growth (Gaul, 1970).

The criteria for the determination of damage can be 
based on population or mutation frequency (Gaul,
1959). He listed out certain characters. These include 
germination per cent, height in field or lab conditions, 
root length, survival, fertility in terms of number of 
flowers or Inflorescences per plant, number of seeds par 
fruit and number of fruits per plant. Observations on 
chlorophyll deficiencies as spots or streaks should be 
made. According to Gaul (1963) survivors are those plants 
that produce at least one spike regardless of whether 
seeds are produced or not.



14

Effect on germination per cent In

irradiation can produce varying effects on germination 
and sometimes no effect at all. Higher doses generally 
show delayed and reduced germination. This was observed 
in cotton (Ibragimov and Kovalchuk, 1962), rice (Borasio 
and CoTbetta, 1964), field beans (Shirshov and Sain, 1967) 
and Phaseolus (Bajaj and Saettler, 1970). Low doses of

r  —  —i

X-rays hastened germination in cotton ([Ibragimov and 
Kovalchuk, 1962) p while no effect was observed on germi­
nation in cowpea (Nair, 1964), jute (Kundu et al., 1961) 
and pea (Olatunde et al., 1971), where low and moderate 
doses were employed.

Seedling survival*

Gaul (1959, 1963) observed correlation between seed­
ling height and survival. The same was reported by 
Geard et al. (1967). Higher doses produced reduced 
survival in field bean (Shirshov and Sain, 1967), sorghum 
(Wu and Pi, 1968); potato (Mcrory and Grun, 1969), peas 
(Hangil'din, 1967), sunflower (Ljascenko, 1965) and 
Phaseolus (Teodoradse, 1968).
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Expression on induced sterility

Sterility is a very Important effect in the 
It acts as a sieve through which drastic mutations which 
are usually deleterious# if expressed, get screened out.
In the case of physical- mutagens, the chromosomal varia­
tions are structural aberrations and can cause considera­
ble abnormalities during gamete formation* This will 
result in sterility.

Sparrow (1961) listed the different stages at 
which sterility can occur and the expressions of sterility 
leading to reduced reproduction potential. They are as 
follows t-

(1) severe stunting and poor flowering,
(2) formation of sterile flowers
(3) pollen abortion,
(4) embryo abortion at fertilization or before 

maturity and
(5) poor seed germination.

Gaul (1960) stated that sterility is a very 
good indication for the efficacy of the mutation treatment* 
In certain cases, this sterility can be transmitted to 
subsequent generations, especially in the case of radia­
tions (Gaul and Mittelstencheid/1960).



1 6

A linear increase in sterility with dose was 
reported in several crops, as barley (Gustafsson, 1944; 
Ehrenberg, 1955), sorghum (Kaukis and Webster, 1956) and 
jute (Kundu et al., 1961). But this linear trend stopped 
after a certain level. This had been reported in rice 
(Beckendam, 1961).

In other cases, fertility was increased with irradia­
tion in potato (Jasina and Krisanova, 1966). In Phaseolus 
(Genter and Brown, 1941) there was no difference with 
treatment. Muller (1966) concluded that the achievements 
of increased mutation frequencies is limited by increased 
sterility of the plants and not by the increased 
lethality.

Kayar (1976) reported sterility in of irradiated 
Japonica and indica varieties. Very high or complete 
sterility was also reported In rice (Veluswamy, 1966).
The causes of sterility in irradiated plants were explained 
by numerous workers as due to abnormalities in chromosomes 
or segmental interchange (Chang and Hsieh, 1957).

Mutations on Plant height and Plant type

Here also, different types of conclusions have been 
reached by workers, on different materials.
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Greater variation in height was seen in paddy 
(Goud et al., 1967) and barley (Vasudevan et al.# 1969).
At much lower and higher levels# the variance did not 
differ much (Ota at ai.,1962). Lack of marked effects 
in plant height following irradiation was reported by 
Kolstov and Kolstov (1925) in wheat. Similar results 
were obtained by O2 0I and Peterson (1966) in maize.
Both lower and higher doses can produce inhibition. 
Slight inhibition following lower doses was observed in. 
wheat (Ananthaswamy et al.# 1970) and higher doses 
inhibited Brass lea (KOmicke#’ 1904)# Phaseolus 
(Altman# 1923; Bajaj and Saettler# 1970) and french bean 
(Vishnuswarup and Gill,' 1967). Lower doses produced 
stimulatory effect on tomato (Johnson# 1931); wheat 
(Shull and MitcheH#1933) and Trifolium (Jones and 
Plummer# -1960).

Significant correlation between early mutants 
and plant height have been reported by Abrams and Prey
(1964) and Oung (1965). Reduction of internode number# 
shortening of basal intemodes or lengthening of upper 
intemodes were observed on early maturing barley mutants 
(Ehrenberg et al., 1965) Mutants in plant growth habit 
have also been reported. Zacharias (1956) and Sjodin
(1962) mentioned mutants with branches and leaves
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projecting at different angles® Plant habit is deter­
mined by the action of several genes, regulating plant

i
morphogenetic behaviour®

Even though height is a quantitative character and 
therefore show micro or 'Klein-mutationen' (Baur# 1924) 
visual detections of dwarfs are possible when some muta­
tions are transgressive (Scarascia 1956). Some plant 
type mutations may be economically useful as they are 
linked positively with yield and can be used for indirect 
selection for yield. The erectoides mutant in barley# 
reported by Gustafsson £1947)# belongs to this class.
This character is controlled by several genes at many 
different loci (Hagberg# 1959).

Flowering and Fruiting

Mutants# with changes in flowering or ripening time, 
had been reported in numerous experiments® Early flower­
ing and maturing mutations are# in general,less, frequent 
than late oiies. (Gustafsson# 1947; Kawai# 1964). Quanti­
tative studies on variations of heading date on irradia­
ted materials show that variation# in many instances is 
induced by earliness and lateness in nearly equal fre­
quencies and in other cases more by lateness than by
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earliness (Abrams and Veles-Fortuno, 1962; Abrams and 
Frey ^1964.; Sakai and Susuki, 1964). Aastveit (1965) 
reported that early heading mutations were induced less 
frequently in early heading varieties than late heading 
varieties.

Yielding capacity of early maturing mutants is 
generally reduced (Gustafsson,, 1960/ Gaul and Mittelsten- 
cheid, I960).. Plant height also, as mentioned earlier, 
show correlation with yield.

Irradiation increased earliness in wheat (Karapetjan, 
1960); field bean (shirshov and Sain, 1967); Soybean 
(Gotah, 1968) and produced the reverse effect in pea 
(Teretchenko, 1967) and Phaseolus (Bajaj and Saettler,
1970).

On fruit and seed setting, the effects were varied.
No effect was reported by Nair (1964)*. A decreased setting 
was noted in Phaseolus (Bajaj and Saettler, 1970). There 
was increased variability in fruit set in rice (Sharma et al., 
1967) and pea (Teretchenko, 1967).

Effect on yield;

Gregory (1955) observed, while working on peanuts, 
that there was an increase in genotypic variance of yield*
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He obtained a depression in the mean* But in subsequent 
generations (M4 and M^) he isolated high yielding mutant 
lines* Similar results had bean obtained in rice (Sakai 
and Suzuki, 1964); soybean (Rawlings et al.,1958), 
barley (Gaul, 1963), oats (Griffiths and Johnston, 1962) 
and wheat (Swaminathan, 1963).Characters such as oil 
and protein content do not appear to be depressed as 
easily as is yield, by X- ray treatment (Bilques at al*, 
1965; Williams and Hanway, 1961). Sorojevic (1965) used 
thermal neutrons and X-rays to induce mutations in the 
fitness character, number of kernels per spike in 
wheat. She obtained a four-fold increase in variation 
and the means in and 
respectively,, than control. She suggested that the 
increase in means may have resulted from the purpose­
ful elimination of all mutants, which produced abnormal 
spike morphology and fertility prior to the genera­
tion*

Inproved yields following selection in irradiated 
populations had been reported for peanuts (Gregory, 1955, 
56; Emery et al., 1965; Bilques at al*, 1965); iiespedeza 
(Offutta, 1962), rica (Matsuo and , Ohozawa, 1961) and 
barley (Gaul 1961, '67).

were equal to and higher
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Yield mutants are difficult to detect and 
positive yield mutants are rare. [Gustafsson (1965") 
stated that positive mutations, in the homosygous 
state and under conditions optimal to the mother 
strain, surpassing in the production of vegetative 
matter as well as grain, are perhaps formed once in 
500 to 1000 genotypical changes* Anderson and Olsson 
(1954) were able to obtain a.high yielding mustard 
variety by X-ray Irradiation. The superiority was 
confirmed by carrying out variability experiment in 
which both control and treated genotypes were represented 
equally and continued selection with equal intensity 
carried out over two or more generations*

Colour mutations in Segregating generations t

In segregating generations starting from M2, 
variability studies are conducted to assess shifts in 
mean and frequency of phenotypes. These are done for 
quantitative characters like height, number of leaves, 
nodes, branches, heading date and yield. But an assess­
ment of the efficiency and effectiveness of mutagen, in 
Inducing mutations, is made based on the chlorophyll 
mutations in the population (Monti and Saccardo, 1968). 
But it is significant that the environmental conditions
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and crop selected alter the chlorophyll deficient pheno­
types. Mutations occurring per plant cannot be a good 
measure since the sector size can vary (Gaul, I960).

Both frequency and spectrum of chlorophyll mutations 
are studied. Methods have been suggested to estimate 
frequency by Favret and Godak (1959)/ Yoshida (1962), and 
Sarvella et al. (1962). Most of the work has been on mono- 
cots like Triticale (Vettel, 1958), wheat (Goud, 1967c).
A linear increase with dose is noticed as in wheat 
(Varghese and Swaminathan, 1966) and rice (Basu, 1969). 
Above a certain dose, the mutation frequency fell in 
rice (Kawai, 1964).

. A ,wide spectrum of mutants ranging from albinos to 
viridis has been reported, but It varies in different 
species and varieties. Gustafsson (1947)/ Narayanan and 
Nair (1963) and Satpathy and Amason, (1971) listed 
different types of chlorophyll mutants.

Colour changes are observed in flowers, stem nodes 
and peduncle. Colour changes in flowers have been observed 
in dicgts like tobacco (Goodspeed, 1928), Trifolium 
(Bruns, 1954), Llnum (Hoffman and Zoschke, 1955) and 
tori a (Gupta, 1967).
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Chlmerism characterised by chlorophyll deficiency, 
alteration in anthocyanin pigmentation and pollen steri­
lity have been noted in cowpea (Nair, 1964), rice 
(Balaram, 1968) and maize (Singh, 1971).

Other mutations

Mutations occurring in leaves, stem and new growth 
forms have been reported in mutant population or their 
progenies. Dwarf mutants had been observed in Solanum 
(Giles, 1956), rice (Bora and Rao, 1958), and Oats (Frey, 
1965). Narrow leaf mutants were obtained in barley 
(Gustafsson, 1947) and distorted leaves in cowpea (Nair, 
1964). Rosette tomato was reported by Butler (1954) in 
tomato•

Abnormal fruits were produced in tomato (Nilsson, 
1950), Splanum (Giles 1956) and soyabean (Gotah, 1968). 
Variants in flower types had been reported in potato 
(Jasina and KrisanoVa, 1966) and strawberry (Pandey and 
Gupta, 1971).

.Viable mutations s

Many of the visible mutations may be lethal but 
such mutants are fewer than viable ones (Vishnuswarup 
and Gill, 1967), Erectoides mutant in barley (Gustafsson,
I960) is an example of a viable mutant.
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Others include awned mutants and amber grain in wheat 
(Varghese and Swaminathan, 1968).

Mutations in Quantitative characters i

Early reports on mutations were on qualitative 
characters and more often than not, produced visible 
differences on a large scale* Concomitant with these 
scattered early reports, description on damages and
destructive effects of the irradiation treatment also

/appeared. Cytogenetical investigations in plants (Sax, 
1943; Giles, 1956 ) disclosed numerically important 
relationship between the dose of X-ray and destruction 
to chromosomes. While changing nature through macro- 
mutations by using specific mutagens is appealing, 
there is little foundation for it in the laws of evolu­
tion as they apply to plant improvement* In contrast, 
the induction of many mutations, each with small effect 
on quantitative characters, permits the full operation 
of the lines of evolution and is therefore, the logical 
alternative to the induction of the generally degenera­
tive macromutant (Gregory, 1957).

Spontaneous mutation, for quantitative characters 
was described by Baur (1924); Stubbs (1934); East (1935)
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and Schules and Sprague (1956). Experimental work on 
inducing mutations for quantitative characters was 
initiated by Scossiroli (1954).

Gregory (1955) working on peanuts, a self 
pollinating legume, induced an increase in genotypic 
variance in the fitness character, yield of pods, by 
X-ray treatment of seeds• Results obtained in non­
fitness characters, leaflet dimensions in peanuts 
(Loesch, 1964; Emery et al.,1964), seed size in rice 
oats and soybeans (Yamaguchi, 1962; Krull and Frey,
1961) showed that variability was increased. A shift 
in mean of quantitative characters following induced 
mutation was presented by Brock and Latter (1961). and 
Brock (1965 a,b). They theorised that ’random muta­
tion would be expected to increase the variance and 
to shift the mean away from the direction of previous 
selection'. From a comprehensive programme of yield 
testing with barley , Gaul (1963, '65) found some mutant 
lineswith means less than the control and some-with 
means almost equal to the control. Oka et al. (1958) 
showed that when morphological mutants were discarded 
the frequency distributions for plant height and heading 
data in rice were symmetrical. Bateman (1959) concluded
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that polygenic variations are unidirectional and debilita­
ting. Similarly Sakai and Suzuki (1964) also reported 
that in most cases* polygenes investigated by them 
mutated unidirectionally in a minus direction. Brock
(1965) criticised this extreme view. Gregory (1965Jo) 
stated that the numbers of plus and minus mutations in 
the polygenic system are nearly equal. The magnitude of 
the phenotypic effect of a mutation gives minus effects 
and not its unidirectional character. Gregory also 
observed that the frequency of observed changes increases 
with decreasing magnitude of change.

Many plant species produce toxic, noxious or 
bad-tasting substances* reducing edibility and/or palata- 
bility. For eg. Melitotus albus* a white sweet clover 
contains large quantities of glucoside, producing bitter­
ness. Large scale screening experiments for non-bitter 
plants failed but Sch&ibe and Hulsmaan (1958) and Micke 
(1958) were successful in selecting less bitter mutants 
after treatment.

Physical mutagens have been used by several 
workers in a variety of crops for mutating a wide range 
of quantitative characters. X-rays have been used in
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Gossvplum barbadanse (Anderson and Olsson, 1954 and 
Al Didi, 1965), on groundnut (Gregory 1955, 1956a 1957), 
Glycine sola (Rawlings et al., 1958 and - Humphrey, 1954) 
and tobacco (Gaul, 1961). Gamma rays were used in 
Arabdlopsis (Daly, 1960), tobacco (Ando and Vencovsky, 
1967), sorghum (Barabas, 1965), wheat (Goud 1968) and 
Okra (Yashivar, 1975) for inducing mutation in quanti­
tative characters.

Another mutagen, used to induce mutations in 
quantitative characters, is neutrons, both thermal 
and fast neutrons. Thermal neutrons were employed on 
Arabdlopsis thaliana (Brock 1957, Krull and Prey, 1961), 
Avena satlva (^rey, 1965), wlieat (Borojevic, 1965) and 
rice (Matsua and Onosawa, 1961). Ehrenberg et al. (1965) 
used fast neutrons to induce variation in quantitative 
characters of Hordeum vulgare and in Tritlcum aestlvum 
by Goud (1968). Bhatia and Swaminathan (1962) used 
betarays on Trlticum aestivum.

Since micro-mutations are difficult to identify 
in single plants, score values are given for deviations 
from normal. Large populations will have to be raised 
and measurements have to be taken at periodical intervals.
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To minimise the characteristically high influence of 
environment on quantitative characters* special designs 
are adopted.

The experiment is given requisite replications 
also. Owing to non-additive gene effects and interaction 
between families and years* estimates from single experi­
ments, can be expected to be too high (Aastveit and Gaul* 
1967).



MATERIALS AND METHODS
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MATERIALS AND METHODS

The present Investigation, to evaluate critically 
the variability created due to gamma rays in a locally 
well adapted strain of bhindi, was carried out in the 
Department of Agricultural Botany, College of Agricul­
ture, Vellayani. The experiment was conducted during 
1982-1984.

A. MATERIALS 

Selection of variety

The variety selected for mutagenesis was Anakomban. 
It is a well adapted local variety and is moderately high 
yielding. It comes to maturity in about 90-110 days.

Botanical description

The plants are tall (90-140 cm), branched and green 
stemmed. The flowers are yellow. The fruits are long and 
green in colour. Slight, anthocyanin pigmentation is 
natural on the base of the main stem and underside of 
petioles.

This variety is adaptible to the local condition and 
Is very popular.

Selection of seed material
About 1000 healthy seeds of apparently uniform size 

were carefully selected out from well matured dry pods.
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Seven lots of 120 seeds each were taken, to represent the 
six treatments and control*

METHODS

Treatment of seed material

The seven treatments represent the following*

1. Control
2* Seeds exposed to 10 kR ^Co-gamma rays

603. Seeds exposed to 20 kR Co-gamma rays
4. Seeds exposed to 30 kR ^Co-gamma rays
5. Seeds exposed to 40 kR 6^Co-gamma rays
6* Seeds exposed to 50 kR 60co-gamma rays
7. Seeds exposed to 60 kR ^°Co-gansna rays.

Gamma Irradiation
The dry seeds (10-12 per cent moisture content) were

irradiated at six different dose levels. The irradiation
60was done using a Co-gamma cell installed at KAU Headquar­

ters, Vellanikkara, the dose rate employed, being 0.3145 MR 
per hour.

Planting technique

The experiment was laid out in R.B.D., with seven 
treatments and four replications. The 120 seeds of each 
of the seven treatments were sown on the fifth day of
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treatment at the rate of 30 seeds per replication, with 
proper randomisation. The seeds were soaked overnight to 
facilitate uniform pre-soaklng.

The land was prepared for the crop with repeated 
diggings and bunds made to demarcate the replications.
The crop was sown in the planting season of June-July. 
Pre-sowing irrigation was given to keep soil sufficiently 
moist. The recommendations, given by the Package of 
Practices published by the Kerala Agricultural University 
(1983), were followed for maintaining the crop. Accordingly 
during land preparation, fertilizers and manures were 
given as basal dressing at the rate of 12 tonnes farm-yard 
manure per hectare and ammonium sulphate 125 kg per hectare, 
superphosphate 50 kg per hectare and muriate of potash 
50 kg per hectare. The seeds were sown at the moderate 
spacing of 40 cm between rows and 45 cm between plants.

After cultivation and top dressing

A further dose of ammonium sulphate at 125 kg/ha was 
applied one month after sowing. Irrigations were given at 
intervals of five to six days for the earlier part of the 
crop. This was necessitated by the very hot and prolonged 
summer of 1983. Regular weeding and earthing was done 
between rows.
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Plant protection

Malathion (Cythion) 0.05 per cent was sprayed twice 
before fruit setting to control shoot borers.

All the field experiments in this work were conducted 
in the experimental area, attached to the Department of 
Agricultural Botany, College of Agriculture,Vellayani.

Assessment of the direct effect of the mutagen In the 
generation

The direct effect of Corgamma rays was studied. 
Observations ware made on all the plants. The following 
characters were studied.

1. Germination percentage
2. Percentage survival of plants
3. Height and number of leaves on the 30th day of 

planting
4. Height, number of branches and leaves on the 60th 

and 90th days of planting
5. Height, number of branches and total number of 

nodes on 120th day of planting
6. Number of flowers buds produced/plant
7. Number of flowers produced/plant
8. Number of stigmatlc lobes/flower
9. Number of mature fruits/plant
10. Fruit characteristics: length of fruits and number

of locules
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11. Sterility* (a) Number of sterile buds and sterile
flowers

(b) Pollen and seed sterility and
12. Chlorophyll variations

Germination percentage

Total germination percentage was estimated from the 
values taken on the day after which no further germination 
was observed in the field.

Survival of plants
This was determined on the 90th day of sowing. The 

values were expressed as percentage values over the number 
of seeds germinated.

Height and number of leaves on 30th day

Measurement of height was made from the soil level 
to the tip of the shoot and expressed in cm. The number 
of leaves excluding the first two leaves was. counted.

Height, number of leaves and branches on 60th and 90th day 
of planting

Observations on height and number of leaves were made 
at 30 days interval. From the 60th day# branches produced 
also were counted at the same interval.
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Height, number of branches and total number of nodes 
at maturity

Final observations on height and number of branches 
were taken per plant# Total number of nodes on main stem 
and branches wasri also counted.

Number of buds produced

Periodical observations were taken to get the total 
number of buds produced by each plant in each treatment/ 
replication.
Number of flowers produced

The number of buds opening into flowers also was: 
counted. Daily observations were made to get the required 
values.
Number of stigmatlc lobes

The number of stigmatic lobes vary. The number of 
stigmatlc lobes in two randomly selected flowers of each 
plant was taken in all the treatments of each replication. 
Number of mature fruits

Number of flowers setting into mature fruits was - 
counted.
Fruit characteristics

Two fruits per plant from all plants in each treatment 
per replication were collected and their length and number 
of locules were taken.
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Sterility as number of sterile buds and flowers

Dally observations were made to assess sterility 
in bud and flower stages. For this, counts on number of 
buds failing to produce flowers and number of flowers 
that do not form fruits were taken and calculated in 
percentages•

Pollen sterility

Pollen sterility was assessed from the first and 
the third flowers of ten plants selected randomly from 
each treatment per replication. Pollen grains were 
collected early in the morning from 8-9 A.M., when normal 
anthesls occurs. Pollen sterility analysis was done 
using acetocarmine-glycerine staining technique. The 
anthers were dusted on a drop of the media to release the 
pollen grains. A minimum of five microscopic fields were 
observed per slide and one slide was prepared for each 
flower. Pollen grains evenly stained, of uniform size and 
oval or spherical in shape were counted as fertile and 
shrivelled and lightly stained as sterile. Pollen steri­
lity was expressed as percentage over total number of 
grains•
Seed sterility

Seed sterility was taken from the first two healthy 
fruits of each plant. Shrivelled and discoloured seeds
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ware counted as sterile and fully developed, rounded 
seeds as fertile. Seed sterility was estimated as the 
percentage of sterile seeds to the total number of seeds 
in a fruit. Based on the sterility percentage plants 
were grouped under the following classes.

1. Below 5 per cent sterility
2.6 to 15 u " (control group)
3. 16 to 25 " "
4. 26 to 35 rt " and
5. Above 3£ u "

Chlorophyll variations
Careful examination of each plant was done periodically 

from the day of germination for. any chlorophyll deficiency, 
due to direct effect of mutagen.

All observations were expressed as mean value per 
replication for each treatment.
Observations on plants

Selection of plants for representation in the Mg 
was done based on the seed sterility and number of branches. 
The five sterility classes include t

1) below 5% sterility
2) 6 to 15% sterility (control group)
3) 16 to 25% sterility
4) 26 to 35% sterility and
5) above 36% sterility.
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branch categories

One plant each representing branch categories, 
below 2 branches/plant, 3 to 5 branches/plant and above 
6 branches per plant in the sterility groups, 6 to 15 
per cent and above 36 per cent were Included for each 
treatment per replication. Uniformly dried seeds obtained 
from each of the selected plant, twenty seeds collected 
at random from the first two fruits, were sown in rows, 
each row representing one Kj plant. Two seeds were sown 
per pit to get a large population and there were ten pits 
for each plant selected. The total population of
for each plant was twenty. The cultivation practice
followed for M2 was same as recommended for the crop by 
Kerala Agricultural University, Proper randomisationsof 
the treatments and the four replications were done. As 
far as possible special care was devoted to maintain 
uniform field conditions oyer the entire crop. The 
following observations were taken in l^i

Observations taken in
1. Chlorophyll mutations
2. Micro-mutation s

Detailed observations on quantitative traits like
i. Height of plant, number of nodes and branches at 90 days 

sowing
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ii„ Number of fruits per plant
iii. Fruit characteristicsi Weight, length and number of

locules per fruit.
i

iv. Days to first flowering 
V* Days to complete harvesting and

3. Incidence of yellow vein mosaic disease.

Chlorophyll mutations

Careful examination of each plant was made especially 
in the early hours of the day for chlorophyll deficiencies.

Mlcro-mutations
In taking observations on quantitative characters, 

the border plants and those with conspicuous morphological 
variations were excluded.

Height of plant and number of nodes

Final height of plants was taken following the same 
procedure as in . Total number of branches produced per 
plant was. also counted at the same time.

Number of fruits per plant
Number of fruits produced per' plant was counted at 

crop maturity to get total yield per plant.
Fruit characteristics

Two healthy fruits vrore collected per plant for measure­
ment of weight, length and number of locules of each fruit 
per plant.
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Days to first flowering

Days taken to first flowering were noted in every 
plant per treatment per replication and days taken to 
flowering from the date of sowing were counted.

Days to complete harvesting

The total duration of the crop was assessed by 
counting number of days taken for the last fruit to 
mature in each plant per treatment.

Incidence of yellow vein mosaic

Number of plants showing vein clearing symptoms In 
every line was counted to assess the incidence of the 
disease in the mutated population.

Table 1. control group range for various characters

Charac­ Plant No. of No .of Days to Days to Total Fruit Fruit
ters height bran­ nodes flower­ ■final No.of length weight

cm ches ing. harvest fruits cm g
Control 
group 
Range .

70-100 1-3 12-18 40-50 80-95 2-5 11-16 12-20

Classification of phenotypes

Based on height of plants they were grouped under 
three different classes.
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1) Dwarf (below 70 cm height* plants in the negative group)
2) ifedium (70 to 100 cm height, control group)
3) Sail (above 100 cm height, plants in the positive group)

Based on number of productive branches per plant they 
were grouped under three different classes.

1) Non branching (No branches/plant, negative group)
2) Medium branching ( 1 to 3 branches/plant, control group)
3) High branching (above 3 branches/plant, positive group)

Similarly in the case of all other characters, the 
plants were classified under three heads, ie.

1) Plants falling in the. negative group
2) Plants falling in the control group and
3) Plants falling in the positive group

The frequency of each group per treatment was calculated 
in percentages and significance tested following proper 
statistical techniques*

Statistical analysis

Analysis of variance of the data was done following 
Fischer (1935). The experiment was in 7 x 4 R.B.D. with six 
exposures and one control laid out in four replications, 
for both the generations. In both generations, mean values 
were taken for each character per treatment for each repli-
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cation. The data collected in percentages were trans- 
formed by the angular or sine, transformation proposed 
by Snedecor (1956), before conducting their analysis of 
variance *

The analysis of variance table for both generations 
followed this outline*

Source Degrees of freedom

Total 27
Block 3
Treatment 6
Error 18

2X  analyses of frequency of variants from control 
range also were conducted following Fischer's method (1935) 
based on observation in control plants.

In the Mg, there were 20 plants each for each 
sterility group per exposure per replication# Statistical 
analysis for frequencies was done for a 6 x 5 x 3 split-split 
plot analysis with 4 replications, 6 treatments, 5 steri­
lity groups and 3 phenotypic classes. The outline of the 
analysis of variance table is as follows *



Source Degrees of freedom

Total 359
Replication 3
Treatment (T) 5
Error (I) 15
Sterility groups (s) 4
T x S Interaction 20
Error (2) 72
Phenotypic classes (P) 2
T x P 10
S x P 8
Error (3) 220



RESULTS
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RESULTS

Direct effect of the Mutagen;

The direct effect of the mutagen is seen in the 
first generation of mutagenesis. It is best estimated 
in terms of lethality, injury and sterility* In the 
present investigation, to assess the direct effect of 
the mutagen, characters such as germination and survival, 
height of plants, number of leaves and number of branches 
per plant at different intervals, flowering and fruit 
setting percentages, number of fruits per plant, fruit 
characteristicssuch as length of fruits and number of 
locules per fruit and pollen and seed sterility were 
taken into consideration*

i) Germination

The data on germination, in percentages, over 
total number of seeds sown per treatment ate presented 
in Table 2. The statistical analysis of the data showed 
no significant difference among the different exposures 
employed. The germination percentage ranged from 99.08 
per cent in 10 kR exposure to 90.23 per cent in 60 kR 
exposure. . At 30 kR exposure 96.83 per cent and at 40 kR 
93.18 per cent germination was obtained. Untreated seeds 
showed cent per cent germination while treated seeds



Table 2. Effect of gamma rays on germination, survival and plant height 
in H, generation.

Treat­
ment

Germination
percentage

Survival
percentage

Height (cm)

30 days after 
planting

60 days after 
planting

90 days after 
planting

final
stage
of
crop

T1 100 100 18.31 57,25 78.57 78.92

*2 99.08 94.99 17,18 49,7 78.19 77.88

T3 99.25 98.48 18,02 48,64 72.28 76.25

T4 96.83 95.23 18.28 52,42 73.19 77.88

TS 93.18 91.66 16.66 51.21 73,82 76.46

*6 97.73 91.63 15.97 48,77 74.98 76.25
T7 90.23 90.08 15,75 46,62 67.93 75.73
S’ value 1.80 1.38 1.50 0.88 1.52 0.78
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showed a tendency for decrease in the percentage of 
germination with an increase in the dose.

2) Survivali

The survival of plants under different exposures 
is presented (Vide Table 2). Analysis showed no signi­
ficant difference in the survival percentage among the 
different exposures. However, compared to control, the 
treated plants showed a decreased survival percentage. 
Control population showed cent per cent survival. The 
survival percentage ranged from 90.08 per cent for .60 kR 
to 98.48 per cent for 20 kR exposure. Thus direct effect 
of mutagen in in terms of survival Was obtained as a 
slight decrease from control population depending on 
exposure.

3.1) Height of plants (30 days after planting)

The mean value, of plant heights taken in cm, 30 
days after planting is presented in Table 2. Statistical 
analysis of the data showed no significant difference 
among the various exposures. The mean values ranged from 
18.28 cm in 30 kR to 15.75 cm in 60 kR exposure. The 
control group showed the highest mean value of 18.31 cm
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and the highest dose of 60 JcR produced plants of lowest 
mean height, 15,75 cm. Thus a tendency for decreasing 
plant height was observed as the exposure increased to 
the higher dose*

3.2) Height of plants (60 days after planting) '

The data on plant height taken at 60 days after
planting aTe shown as mean values per treatment (Vide 
Table 2.,) . The values did not differ significantly from
each other. The mean height of plants ranged, from 57.25 cm
for control to 46,62 cm for the highest exposure of 60 kR. 
Here also higher doses produced a reduction in mean plant 
height in comparison with lower exposures and control.

3.3) Height of plants (90 days after planting)

Mean heights of plants for the seven treatments 
including control are given in Table 2, Statistical 
analysis showed that the treatments did not differ signi­
ficantly in their mean plant height. Nevertheless the 
control group showed the highest value in conparison with 
the other treatments with a mean of 78.57 cm. The 
lowest mean plant height was observed for the highest 
exposure of 60 kR. This treatment produced plants with 
mean plant height of 67.93 cm, 'Thus the plant height
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mean values ranged from 78.19 cm to 67.93 cm for the 
treated plants, higher doses of the mutagen showing a 
tendency to reduce the height of plants•

3.4) Height of plants at harvest

The plant height measured at the final stage of 
the crop is expressed as mean values in Tahle 2, The 
data showed that the values did not differ significantly 
for the different exposures. The mean values ranged from 
78,92 cm for control to 75.73 cm for the highest exposure 
of 60 kR. The. treatments showed a very narrow range of 
77,88 cm to 75.73 cm for 30 kR and 60 kR respectively. 
This indicated that the mutagen did not affect final 
height of the plants in any considerable way in the 
generation.

4.1) Humber of leaves ( 30 days after planting)

Statistical analysis of data (Table 3) showed that 
in the plants belonging to the different treatments 
did not differ significantly in the number of leaves 
produced. But exposure to the mutagen seemed to reduce 
the number of leaves produced, as a regular decrease was 
observed as the dose increased. The mean Value was



Table 3. Effect of gamma rays on growth rate in M. generation

Treat­
ment

He an number of leaves
Total
number
of
leavesprodu­
ced

Mean number of branches
30 days 
after 
plant­
ing

60 days 
after 
plant­
ing '

90 days 
after 
plant­
ing

60 days 
after 
plant­
ing

90 days 
after 
plant­
ing

T1 6.48 27.09 26.35 55,87 4,35 4,53

T2 5.84 27.06 25.41 49.86 3.76 4.32

T3 4.98 26.59 22.32 46.33 3 . 74 4.11

T4 4.99 24.48 21.18 46,18 ■ 3.48 3.56

T5 4.93 24.40 22.19 46.38 2.84 3.22

T6 4.83 23.88 20.32 45.71 2.22 3.16

T7 4.71 23.09 18.68 41.45 2.09 3.07
F value 1.27 1.16 2.54 *2.69 4.08* 3.58*

CD — - - 11 0.87 0.848

* Significant at 5% level



consequently the highest for the control group plants 
which produced 6.48 leaves per plant on an average.
The other treatment groups produced 5.84, 4.98, 4.99,
4.93 and 4.83 leaves under 10, 20, 30, 40 and 50 kR 
respectively, the lowest mean (4.71) being obtained 
for the highest exposure of 60 kR.

4.2) Humber of leaves ( 60 days after planting)

Data on the mean number of leaves produced by 
plants in each treatment axe given in Table 3. Statistical 
analysis showed that the number of leaves produced did. not 
differ ..' significantly with different treatments. The 
control plants produced the highest number of leaves 
(2.7.09) 60 days after planting. For the treatments, the 
means ranged from 27.06 for 10 kR to 23.09 for 60 kR.
As noted in other cases, the lowest mean was obtained for 
the highest exposure with a regular decreasing trend 
as the dose increased.

4.3) Number of leaves (90 days after planting)

Data on mean number of leaves per plant (90 days
v

after planting)are presented (Vide Table 3.) The values 
did not differ significantly. But there was a dose 
dependent fall in number of leaves produced per treatment.
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The untreated plants showed the highest mean (26.35) and 
the lowest (18.66) was obtained from the highest dose 
(60 kR) • The other exposures showed a decline with 
means of 25.41, 22.32, 21.18, 22.19 and 20.32 for 10 kR, 
20, 30, 40 and 50 kR respectively.

4.4) Total number of leaves produced

Observations made on the total number of leaves 
produced per plant given in Table 3 showed that as the 
dose increased, the number of nodes produced, decreased 
and the mean values differed significantly from each 
other. The number of leaves ranged from 55.87 for the 
control to 41.45 for the highest exposure of 60 kR. The 
mean values obtained were 49,86, 46.33, 46.18, 46.38 and 
45.71 at doses 10,20, 30, 40 and 50 kR respectively.
The highest dose of 60 kR thus produced considerable 
decrease in the total number of leaves produced and all 
the exposures showed much less number of leaves in 
comparison with control plants•

5.1) Number of branches ( 60 days after planting)

The data on mean number of branches produced in 
each treatment are presented in Table 3. The statistical 
analysis showed that they did. differ significantly
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for the various exposures. The mean values ranged 
from 4.35 for control to 3.76 in 10 kR, 3.74 in 20 kR,
3.48 in 30 kR, 2;84 in 40 kR, 2,22 in 50 kR and 2.09 
in 60 kR. Thus here also the results showed a dacreas- 
,ing trend in the number of branches with increasing 
exposures•

5.2) Number of branches (.90 days after planting)

The number of branches produced per plant (Table 3) 
differed significantly for the various levels of expo­
sures. The control population showed the highest mean 
(4.53), the rest of the treatments showing a progressive 
decline from 4.32 in 10 kR, 4.11 in 20 kR, 3.56 iii 30 kR, 
3.22 in 40 kR and 3.16 in 50 kR. The lowest mean (3.07) 
was obtained with the highest exposure; the lower doses 
of 10 and 20 kR produced significantly higher number of 
branches compared to the higher doses of 50 and 60 kR.

6. Total number of buds

The mean number of flower buds produced per plant 
in each treatment is given in Table 4. When statistically 
analysed, the values did not differ significantly for the 
different treatments. But the number of buds decreased 
from control to the highest dose. The range extended



Table 4* Effect of gamma rays on floral and fruit characters in 
M, generation.

Treat­
ments

Mean 
number 
of buds

Mean 
number 
of flow­
ers

Mean
number of 
stigmatic 
lobes

Mean
number
of
fruits

Mean
number
of
locules

Mean
number of 
fruits 
(cm)

Til 18.82 6.25 7.40 6.03 7.53 17.39
T2 17.86 6.20 7.43 5.57 7.54 16.87
T3 17.69 6.07 7.86 5.53 7.56 16.56

T4 16.74 ..5,92 7.47 5.47 7,46 16.41

T5 16.73 5.87 6.91 5.43 7.40 16.15

*6 16.71 . 5.84 7.19 5,45 7.46 16.10

T7 16.61 5.39 7.48 5.20 7.55 15.78
value 0.90 0.86 0.90 0.74 0.26 2.03
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from 18.82 for control to 16.61 for the highest exposure 
(60 kR) * The progressive decline in bud production for 
the different exposures could be seen from their mean 
values - 17.86 in 10 kR# 17.69 in 20 kR, 16.74 in 30 kR, 
16.73 in 40 kR, 16.71 in 50 kR and 16.61 in 60 kR.

7. Number of flowers per plant

The mean number of flowers produced per plant for 
each treatment did not differ significantly (Table 4).
The highest mean number of flowers was obtained for the 
control group (6.25). The other treatments showed a 
decrease in the number of flowers, commensurate with the 
dose used. The values ranged from 6.2 in 10 kR to 5.39 
in 60 kR; as usual the lowest value being obtained for 
the highest dose. The other dose levels of 20,30, 40 
and 50 kR had mean values of 6,07, 5.92, 5,87 and 5.44 
respectively.

8. Number of stigmatlc lobes

The mean numbers of stigmatic lobes were analysed 
statistically for the different treatments. The data are 
given in Table 4. The values ranged from 7.86 In 20 kR 
to 6.91 in 40 kR. Control plants showed a mean value of 
7.4. The seven treatments Including control did not 
differ significantly in their values. The highest dose
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of 60 kR showed a mean number of 7,48 stigmatlc lobes 
per flov/er while 10# 30 and 50 kR exposures gave 7.43#
7.47 and 7.19 respectively.

9. Humber of fruits (Yield)

The yield per plant is represented as number of 
fruits produced. The mean data on yield with respect ■ _
■fc© each treatment are given in Table 4. The yield per
plant did not differ significantly. The highest mean

jyield was obtained for the control plants (6.03) while 
the lowe31 mean was obtained for 60 kR exposure. Though 
there was no significant variance, the means showed a 
declining trend with increasing exposures. The 10, 20#
30, 40 and 50 kR exposures gave mean yields of 5.57#
5.53, 5.47# 5,43 and 5,45 fruits per plant respectively. 
Thus except in the case of 50 kR the mean yield for each 
treatment was lower than the adjacent higher dose employed. 
The range of variation was however# not great# extending 
from 6.03 in control to 5.2. fruits per plant in the 
highest dose of 60 kR.

10, Humber of locules per fruit

Mean values of locule number per fruit in each 
treatment (Table 4) did not differ significantly for the 
different treatments. The highest mean value was obtained
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In 20 kR (7.56) and the lowest in 40 kR (7.40). The 
control plants showed a mean value of 7.53 locules.
Both 30 kR and 50 kR gave identical values of 7.46 
while 10 kR and the highest dose of 60 kR gave 7.54 
and 7.55 respectively.

11. Mean length of fruits

The data on .mean length of fruits in the different 
treatments in are represented in Table 4. Analysis of 
variance showed that the treatments did not differ greatly 
with respect to this character. But a regular trend was 
observed* the highest mean length being obtained for the 
control group (17.39). The range for the exposures exten­
ded from 16.87 in 10 kR tp 15.78 in 60 kR* A progressive 
decline in mean fruit length as a result of direct effect 
of increasing levels of exposure could be seen in the 
values of 16*87 for 10 kR, 16.56 for 20 kR# 16.41 for 
3 0 kR, 16.15- for 40 kR and 16.1 for 50 kR,

12* dumber of sterile buds per plant

The mean numbers of sterile buds to total number 
of buds produced per plant, expressed as a percentage, 
are given in Table 5. This character also was not signi­
ficantly different for the different treatments. The
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Table 5. Effect 
in

. of gamma rays 
generation*

on sterility

Treat­
ment

Mean
percent­
age- of 
sterile 
buds

Mean 
percent­
age of 
sterile 
flowers

Mean
pollen
steri­
lity
*

Mean
seed
sterility
percent­
age

57,14 .8.53 4,85 9.96

T2 58.96 9.42 12.93 16.63
59,24 9,26 12.77 18.55

*4 61.25 11,35 15.72 20.72

T5 61.15 ' 13.70 18,51 24.13
T,o 63.25 13,13 19.81 27.22

*7 64.38 14.09 22.51 32.43
value 1.65 0.92 13.22* 15.79*

CD - - 4.88 4.64

* Significant at 554 level
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Values ranged from 57.14 per cent for control plants to 
64*39 per cent in 60 kR* There was a dose dependent 
increase in the sterility percentage* The 10,20*30, 40 
and 50 kR exposures gave 58,96 per cent, 59*24 per cent, 
61*25 per cant* 61.15 per cent and 63.25 per cant sterile 
buds per plant respectively.

13. Percentage of sterile flowers

Number of flowers produced that failed to set 
fruits (vide Table 5) was not significantly different 
for the various treatments. They ranged from 9.53 per cent 
for control to 14*09 for the highest exposure of 60 kR,
The doses tended to produce more sterile flowers as the 
exposure increased, affecting the reproductive capacity 
of the treated plants* The 50 and 40 kR exposures produced 
13*13 per cent and 13.7 per cent flower sterility respec­
tively.

14, Pollen:;sterility

Pollen sterility is also expressed as a percentage 
to total number of pollen grains in selected samples.
The sterility values (Table 5) for pollen grains, when 
statistically analysed showed that they differed signi­
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ficantly in the different treatments. The control group 
showed a sterility percentage of 4.85 per cent only*
Even the lowest dose of 10 kR produced a significantly 
higher sterility percentage of 12.93. There was a 
general increase in sterility per cent with dose. The 
20 kR treatment gave a sterility value of 12.77 per cent, 
slightly less than 10 kR treatment. The rest of the 
exposures showed a steady increase with 15.72 per cent 
in 30 kR, 18.51 in 40 kR and 19.81 in 50 kR. The highest 
percentage of sterile pollen grains was obtained in 60 kR 
exposure (22.51).

15. Seed sterility

Direct effect of mutagen was also estimated in 
terms of percentage of sterile seeds produced in each 
treatment (Table 5). The mean percentage values were 
statistically analysed and were found to differ signifi­
cantly for the different treatments especially with 
respect to control. The seed sterility percentage for 
control, group was only 9.96. The highest exposure 
(60 kR) gave a significantly higher sterility percentage 

(32.43%) in comparison to the other exposures. All the 
exposures were significantly different from control.
The sterility percentages increased with an increase in
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dose. Thus 10,20, 30, 40 and 50 kR produced respectively 
sterility percentages of 16.63, 18.55, 20.72, 24.13 and 
27.22.

I6* Other variants

Fig. lO shows two leaves borne on the same petiole. 
It was a variant of rare occurrence observed in the 
population. Similarly there were branches emerging at 
the same node, fused upto a certain point, before separa­
ting into branches at the tip (Fig.11). A few plants 
in the higher exposures (50 and 60 kR) showed the stem 
splitting at the apex to continue as two branches there­
after (Fig.12)•

Flowers and fruits formed from them also showed 
this type of fusion, though the instances were rare.
Fig, 13 shows two buds borne on the same stalk and Fig.14 
the fused fruits formed from such buds.

Certain plants in 60 kR showed a change in plant 
habit as a result of the direct effect of the mutagen.
Such plants showed a weak stem with a tendency to a 
tendril habit (Fig.20 and Fig.21).

Treated plants also produced two fruits (Fig.15,
16 and 17)or three fruits (Fig.18 and" 19) at the same 
node.
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Table 6. character expression induced by gamma 
rays in m2>

Final Mean number Mean number
Treatment height of branches of leaves

in cm per plant per plant

T1 78*46 1.35 16.88

T2 77.83 1.27 16.33

T3 77.78 1.26 15.86

*4 73.20 1.23 15.67

*5 77.78 1.27 15.30

T6 ’ 72,56 1.13 15.42

T7 70.55 1.04 15.03
ilue 1.53 0.94 1.07
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.Table 7• Mean character expression induced by 
gamma rays in M,,.

Treat­
ment

Days to 
flower­
ing

Days to
complete
harvest

Total num­
ber of 
fruits/ 
plant

Mb an length 
of fruits 

(cm)
Mean
weight
of
fruits
(g)

Ti 45.84 83.90 2.96 13.74 13.49

*2 45.37 80.28 2.95 13.64 13.48

T3 45.47 79.35 2,87. 13.38 12.95

T4 45. 80 79.48 2.77 13.38 12.95

T5 44.04 79.27 2.70 / 13.34 12.89

T6 44.16 79.23 2.84 / 13.29 12.86

T7 44.00 79.19 12.73 13.27 12.88
F value 1.33 1.09 0.79 2.03 1.31



analysis data on the frequency of mutants in generation

Characters Plant No. of 
height branches

No* of 
leaves

Days to 
flower­
ing

Days to 
final 
harve st;

Yield of 
fruits

Length of 
fruits

Fruit
weight

2
Computed

* * 
71.33 - 41.53

*
23.38

*
64.01

*
68.98

*
26.42

it

41.78
*

20.35

Values

* Significant at 5% level

Table S. a10

03ro
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Effects of gamma ray In M  ̂ generation

The induced mutational analysis on polygenic 
characters made in the present investigation include:

i. Plant height, 
ii. Mean number of leaves per plant, 

ili. Number of branches per plant, 
iv. Days taken to flowering, 
v. Days to complete maturity, 

vi. Number of fruits per plant, 
vii* Length of fruits and 

viii. Weight of fruits.

i . Plant height

Mean plant heights as influenced by different 
exposures of gamma rays in Mg are given in Table 6. It 
was found that the seven treatments tested did not differ 
significantly in their heights. But the higher exposures 
produced a dwarfing effect, as these plants showed lower 
mean plant heights. The mean values ranged from 78.48 cm 
for control to 70.55 in 60 kR. Except 40 kR (77.78 cm), 
the other exposures gave lower means, depending on dose.

The X. value (71.33) for the frequency distri­
bution of plants in the three phenotypic classes for
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2plant height are given in Table 8, The value
was significant showing that the mutagen-had created 
plant height variants from the control range.

The mean frequency (percentage) distribution of 
plant height variants under the five sterility groups 
is given in Table 9-1. Split-split plot analysis done, 
showed that neither exposures nor sterility groups 
differed significantly, but the phenotypic classes 
produced significant difference in the distribution.
Among the phenotypic classes, the largest mean frequency 
was obtained in the control group (48,36) and the least 
for the positive variants (10.25). Transformed values 
of frequency distribution in interactions and ANOVA 
results are given in Table 9-2, 9-3 and 9-4. None of 
the interactions were significant. The highest frequency 
was obtained in the highest sterility group under 60 kR 
exposure (Table 9-2) and the lowest in 20 kR. In the 
S x P interaction, the highest frequency was obtained 
in the lowest sterility group in the control range.

2. Number of leaves per plant

Mean numbers of leaves produced per plant are 
given in Table 6. The means did not differ significantly.
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But there was a dose dependent decline in the mean value. 
The control group showed the highest mean (16*88). The 
mean was lowest (15.03) in 60 kR exposure. The 10 kR 
exposure plants had a mean of 16.33 while all the rest 
of the treatments had means less than 16.00 cm.

2 value for frequency distribution in the three 
phenotypic classes (Table 8) was significant for number 
of leaves produced per plot. Table 10-1 gives the per­
centage distribution of plants in the three phenotypic 
classes under the five sterility categories. Mean 
frequency under each phenotypic class differed signi­
ficantly. The interaction means are given in Table 10-2* 
10-3 and 10-4. The treatments also differed significantly. 
The exposure vs sterility and exposure vs phenotypic 
interactions were not significant. The highest frequency 
in T x s interaction was obtained in the 50 kR exposure 
in the highest sterility group of>35 per cent sterility 
(Table 10-2)• The S x P interaction was found to be 
significant. For all sterility groups, the frequency in 
the control group was more than that of the other variants. 
The highest frequency was obtained in the second sterility 
class. Negative variants were fewer than positive 
variants for all the sterility groups.
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3. Number of branches

Mean values are given in Table 6. They did not 
differ significantly. The control group showed the 
highest number of branches per plant (1.35)# The mean 
values in the other higher exposures ranged from 1.27 
in 10 kR and 40 kR to 1.04 in 60 kR. The mutagen had a 
reducing effect on the number of branches per plant as 
seen from the mean values of 20 kR (1.26), 30 kR (1*23) 
and 50 kR (1.13).

o analysis shoved that the mutagen had produced 
significant variation in the frequency of positive and 
negative variants from the control range (Table 8). 
Exposures and sterility mean frequencies did not show 
significance (Table 11-2, 11-3) but phenotypic classes 
showed significant difference in the means. Interactions 
were not significant. In the exposure Vs sterility 
class interaction, the highest frequency was obtained in 
the 20 kR treatment in the highest sterility class 
(Table 11-2). Among the phenotypic classes, the control 
group had the highest frequency for all the treatments 
and sterility groups. The frequency of negative vari­
ants was more than the positive variants in all 
exposures and sterility classes*
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4. Days to flowering

The mean number of days taken from planting to 
first flowering is given in Table 7. Statistical analysis 
of the means showed that they did not differ signifi­
cantly for the seven treatments including control. The 
time taken to maturity however decreased as dose 
increased> Control plants took the maximum days (45.84 
days) to flower compared to the treated plants. The 
minimum days were taken by the 60 kR exposure with a 
mean of 44 days. The other exposures had means ranging 
from 45.8 in 30 kR to 44.04 in 40 kR.

2 distribution of the frequency was significant 
for this polygenic character (Table 8). For all exposures, 
the positive variants were in higher frequencies than 
negative variants. Mean percentage frequency distribu­
tion under each M1 sterility group is given in Table 12-1. 
Only phenotypic classes showed significance in their 
means (Table 12-3). Interaction between exposure Vs 
sterility showed no significant difference. The mean 
frequencies for the interaction are given in Table 12-2. 
The highest frequency was noted in the 30 kR exposure in 
the medium sterility group (16^25%). Number of positive
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Variants was more than negative variants in all the 
exposures. The second sterility group alone produced 
more negative variants than positive variants (Table 12-4).

5• Days to complete harvest

The duration of the crop under different treat­
ments is given in Table 7. The mean values did not 
differ significantly for the treatment. They ranged from 
83*90 days for control to 79.19 days in 60 kR. There 
was a regular decline in duration with higher exposures. 
Thus 10, 20, 30, 40 and 50 kR exposures showed durations 
of 80.28, 79.35, 79.48, 79.27 and 79.23 respectively.

The frequencies of the variants under the three 
phenotypic classes were significant (Table 8). Maan 
frequency (percentage) distribution of variants under 
the five sterility groups is presented in Table 13-1. 
Phenotypic classes alone gave means that were signi­
ficantly different* The lowest frequency was noted in 
the case of positive variants.

The interactions were not significant. Interaction, 
means of T x S, T x P and S x P are presented in Table 13-2,
13-3 and 13-4. Highest frequency in T x P interaction 
was obtained in the 30 kR exposure in the highest steri-



lity group. For all tha exposures and sterility 
groups# the number of positive variants were much 
less compared to negative variants.

6. Yield in number of fruits

Mean yield per plant corresponding to each 
treatment is presented in Table 7. The yield was measured 
in terms of the number of fruits produced per plant.
The treatments did not differ significantly. The yield 
ranged from 2.7 in 40 kR to 2.96 in control. The 
highest dose of 60 kR gave mean yield of 2.73 fruits 
per plant.

The value for frequency distribution of
10

yield variants was significant (26.42). The frequency 
of negative variants was higher than positive variants 
for all the exposures (Table 14-3). Here alsp, the pheno­
typic classes showed significantly different frequencies.

The interaction means are presented in Tables 14-2,
14-3 and 14-4. They showed no significant difference.
The highest frequency was obtained for the T x S combi­
nation with 20 kR exposure in the 26-=-35 per cent sterility 
group. In all the sterility groups# the negative variants 
occurred at higher frequency than the positive variants.



84

Frequency \*as highest in the control range. She lowest
frequency was obtained in the third phenotypic class
in the third sterility group (16^25%) as shown in Table 14-4.

7. Fruit length

Mean length of fruits was not significantly 
different for the different treatments (Table 7). The 
length ranged from 13.74 cm for control to the lowest 
value of 13.27 in 60 kR. The length decreased with dose.
The exposures 20 and 30 kR produced fruits with same 
mean length (13.38 cm). The 10 kR exposure gave mean
length of fruits (13.64 cm) comparable to control.

2Frequency distribution represented by ^  showed signi­
ficance with respect to the three phenotypic classes 
(Table 8). Mean frequency (percentage) distribution of 
variants is given in Table 15-1 and transformed values 
of interaction means in Table 15-2, 15-3 and 15-4.
Phenotypic classes alone had significant means. Negative 
variants showed higher frequency in all the exposures 
except the 60 kR exposure (Table 15-3). In the T x S 
interaction table (Table 15-2) the highest frequency 
was obtained in the 60 kR exposure in the lowest steri­
lity group. In the sterility groups, the phenotypic 
classes showed highest frequency in the control range.
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The interaction mean frequencies did not differ signi­
ficantly.

8. Weight of fruits

The mean fruit weight in the ^  ranged from 
13.49 g for control plants to 12.86 in 50 kR (Table 7).
The mean values did not differ significantly. The 
mutagen tended to reduce the fruit weight as all treated 
plants gave less mean weight than control. The lowest 
exposure, 10 kR, had a mean fruit weight of 13.48 g
which is only slightlfless than control. Both 20 and 30 kR

oshowed the same mean weight of fruits (12,95 g). ^
value was significant for this character. Mean frequency 
(percentage) of variants from control, in both directions 
is given in Table 16-1 and transformed values of inter­
action means in 16-2, 16-3 and 16-4. Split-split plot 
analysis showed that neither sterility groups nor 
exposures differed significantly. Phenotypic classes 
showed significantly differing means (Table 16-3).
The positive variants were very few compared to control 
and negative variants. Interactions were also non­
significant.



DISCUSSION



88

DISCUSSION

The present investigation on mutation breeding in 
Abelmoschus esculentus L. Moench. was undertaken with
a view to finding out the effects of the mutagen on 
the crop as observed in the and generations. For
the programme, a well adapted local variety, Anakomban

*was used as the basic material for irradiation. Although 
it is not possible to give a conclusive picture regarding 
all the changes brought by the mutagen, a brief discussion 
on the direct effect of the mutagen in and the varia­
tion created in the polygenic traits in the M2 is useful 
in judging the extent and direction of change produced in 
bhindi, by mutation. A general idea regarding the effect 
of the selected mutagen at six different levels can be 
obtained.

I. Effect of irradiation in generation 

(1) Seed germination:

The seed germinates following complex physical and 
chemical changes, the course of which can be influenced 
by the application of the mutagen. This can lead to varia­
tions in germinability of the seeds. In the present 
investigation, it was found that the percentage germina-
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bility did not differ significantly for the different 
treatments. Yu (1961) observed that germinability of 
tomato seeds remained unaffected, irrespective of the 
doses employed. This is in conformity with the present 
finding. Similar results were obtained by Glatunde et al. 
(1971) in pea. Yet, there was a consistent decrease of 
germinability with dose in other cases. This inverse 
relationship has been observed by several workers includ­
ing Fujii and Matsurr.ara (1958). Rangaswamy (1969) and Wu 
and Pi (1968) reported a reduction in germination with 
increase in dose in cereal crops like paddy, sorghum and 
pearl millet. Srae Ramulu (1970) also observed that 
mutagen treatment delayed and hindered germination in 
sorghum. Bhaskaran (1959) found that three species of 
wheat showed reduced germination percentage with increased 
X-ray doses. Goud et al. (1967) also reported a similar 
decreasing trend. Gustafsson and Gadd (1965) found that 
germination in Poa sp decreased due to mutagens. Other 
workers reported the same finding in non_cereal crops 
too. Gregory (1955, 1968), Bilques and Martin (1961) 
and Giles and De Winck (1969) reported it in pea nuts. 
Other workers include Roy et al. (1971) in Cucumis 
sativus. Lesley and ^esley (1956) in tomato, Bohera 
and Patnalk (1979) in Amaranthus and Majid (1975) in 
tomato•
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This mutagen effected reduction in germination 
has been attributed to several causes. It could be 
due to varied response of irradiation on the chromo­
some complements or initiation of cell divisions or 
due to greater time lapse between irradiation and 
planting* Skoog (1935) and Smith and Kersten (1942) 
attributed it to the destruction of auxins* Gordon 
and Webber (1955) and Gordon (1957) suggested that 
it could be due to inhibition of auxin synthesis 
rather than destruction of synthesised auxins. Gross 
chromosomal breakage v/as supposed to be the cause of 
the reduced germination in Trlfolium subterraneum, 
subjected to X rays and thermal neutrons by Brock 
(1965b)* Other mutation breeders like Sinha and 
Godward (1972) working in Lens culinarls attributed it 
to physiochemical disturbances or chromosomal 
aberrations. Another suggestion was mooted by Chauhan 
and Singh (1975) that physiological effects can reduce 
germinability. VenkiteswarliE; et al.j (1978) also 
attributed the reduced germination in pigeon pea to 
physiological effect of X rays. Mitotic impairment 
could influence or disrupt maristematic activity in 
seeds (Cherry and Hageman, 1961).



Survival of plants

Post-germination mortality is determined by the 
percentage of plants surviving in the treated population. 
This is a good estimate of the direct effect of the 
mutagen along with sterility. This toxic effect results 
from profound nuclear and chromosomal alterations that 
are irreversible. In the present investigation, the 
survival percentage in all the exposures was lower than 
in control. The control showed cent per cent survival. 
Though the treated plants showed lower survival percen­
tage a slight increase was observed for 20 and 30 kR 
exposures. This Is in conformity with the observations 
of Jacob (1949) in jute. An inversely proportional rela­
tionship between survival and dose was observed by Yu 
(1961) in tomato. McCrory and Grun (1969) and Olatunde 
et al. (1971) reported the same trend in vegetables 
like potato and peas.:

Cytological explanations are given for the 
reduction in the survival percentage with increased 
doses of radiation. Konzak et al* (1965) attributed 
the decrease in survival percentage to the reduced 
cell growth resulting from cytological abnormalities
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and also due to the decrease in the synthesis of
auxins and other physiological changes. Mitotic
abnormalities due to irradiation results in the
structural changes in the chromosomal complements.
This interferes with the normal growth and development 

«
of organs which might have led to the fall in survival 
percentage with increased doses. Others who have 
reported a mutagen dependent variation in survival 
are D* Amato et al. (1962) in wheat. Tomohira et al. 
(1964) in Capsicum and Datura and Sahib and Abraham 
(1970) in Capsicum.

The slight increase in the survival percentage 
in 20 and 30 kR treatments indicates a tendency of a 
recovery process or an increased resistance of plants 
to the drastic.conditions of treatments, at an early 
stage. At lower doses, lethality was reduced. This 
is in conformity with the findings of Beard (1957) in 
rice and Mieke (1958) in Melitotus.

Plant growth

The growth rate in plants is; governed by the 
rate of internal metabolic processes of the system
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which, to a certain extent Is influenced by the 
external factors* Treatments, with radiations, 
are known to affect growth. In the present investi­
gation, growth rate was estimated, in terms of height 
and number of branches and leaves at periodical 
intervals* All these characters showed a general 
reduction with increase in dose (Fig* 1,2,3).

Height is brought about by shoot growth which 
is mostly due to cell elongation. Final height did 
not differ significantly with treatments but showed 
proportional reduction with increased doses of mutagen 
except 20 kR* Reports on similar results have been 
Obtained by Kuzin (1956) in pea and Nair (1964) in 
cowpea* The inhibition of growth by irradiation 
can be interpreted from physiological, biochemical 
and anatomical view points. The other characters like 
number of branches and leaves also decreased with the 
increase in dose# in the present investigation* This 
could be due to upsetting of oxidation-reduction 
process in the cells, inactivation of vital enzymes 
especially those concerned with respiration or inhibi­
tion in the rate of assimilation and consequent changes



in the nutrient levels of plants (Ehrenberg, 1955) •
In the case of number of leaves and branches# there 
was a significant decrease for the treated plants, 
especially in higher doses.

Periodical observations of height, number of 
branches and leaves helped to determine the rate of 
growth. They showed that rate of growth was reduced 
by the mutagens. Caldecott and Smith (1952) observed 
a reduction in growth of barley plants following seed 
irradiation with X-rays. Similar results were obtained 
by Konzak et al. (1961a) in wheat and Woodstock and 
Justice (1967) in maize, wheat, sorghum and radish. 
Growth rate reduction, could be due to auxin destruc­
tion (Smith and Kersten# 1942). Pele and Howard (1955) 
suggested that the possible interference of irradiation 
with the synthesis of new DNA could be the cause, while 
Evans and Sparrow (1961) opined that the Influence of 
ionising radiations on growth can be attributed basi­
cally to the genic loss due to chromosomal aberrations. 
Evans et al. (1957) and Evans and Scott (1964) reported 
mitotic delay as the major cause of growth retardation 
in irradiated populations# resulting In reduced growth
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rate. Respiratory cycle is the main metabolic source 
of energy for growth. Under these circumstances# the 
variation, in the growth of plants due to the effect 
of irradiation, is not difficult to explain. Anantha- 
swamy et al. (1971) observed inhibition of seedling 
growth in gamma irradiated wheat seeds and suggested 
that the adverse effect of seedlings might be due to 
specific effects on certain respiratory system opera­
ting during crop growth. Sinha and Godward (1972) 
pointed out that growth inhibition at higher doses may 
be due to chromosomal aberration or both. Nilavao 
(1936) has reported that X-ray irradiation of sprouting 
barley seeds caused a reduction in the catalase and 
amylase activity which influences the growth in a 
reductional way. Quastler et al. (1952) found that 
growth inhibition in mung beans following irradiation 
was not due solely and directly to radiation effects 
on mitosis, but also due to induced physiological 
changes.

The role of DNA in reducing growth in the mutagen 
treated materials, has been discussed by several 
authors like Sinha and Godward (1972). Pele and Howard 
(1955) based on their studies on X-rayed seeds.
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suggested that the possible interference of irradia­
tion with the synthesis of new DNA may lead to the 
inhibition of growth. Pollard (1964) has postulated 
that irradiation stops DNA transcription and leads to 
a decrease in messenger BNA which should cause a 
decrease in protein synthesis and growth. Decrease 
in mitosis, irregular cell enlargement and degeneration 
of nuclei with progressively increasing dosages can 
be the cause of reduced growth. Conger et al. (1969) 
after exposing barley seeds to radiation found that 
damage to height and to chromosomes are closely 

correlated even within a treatment.

Effect on reproductive activity

Both number of buds and flowers produced were 
reduced with increase in dose. Thus the mutagen reduced 
the reproductive capacity of the plants, especially at 
higher doses. The stigmatic lobes increased in number 
in lower doses and in the highest dose. This could

i
have been due to enhancing effect of the mutagen at these 
doses while medium doses tended to inhibit lobe 
formation.
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Abscission of flower buds and low bud production 
ware reported by several workers* In the present investi­
gation also, production of buds that failed to bloom and 
poor fruit setting have been observed at an increasing 
rate for higher doses* Gunckel and Sparrow (1961) 
found that abscission of flower buds occurred in tomato, 
tobacco, snapdragon and other plants at higher dosages 
in the garama field* Sianchi st al*, (1963) in tomato and 
Iqbal (1S72) in Capsicum annuum observed delayed and 
retarded flowering. Radhammal (1972) reported profuse 
flowering but negligible fruit set due to meiotic abnorma­
lities.

Yield

Number of fruits was progressively reduced with 
increase in exposures, although the means did not differ 
significantly for tho exposures* This is in conformity 
with the result reported by Tedin (1954) in legumes. 
Caldecott et al. (1954) reported reduction in yield in 

Gott3Chalk (1965) and Jana (1962) also found that 
yield was decreased in ft, plants. Many workers reported 
similar results in both cereal and non-cereal crops. 
Reduction in yield following higher doses of irradiation



has been reported in Arachis hypoqaea(Bora et al./
1961). Phaseolus munqo (Jana# 1962)/ Llnum usltassimuxn 
(Tomohira et al./ 1964)/ Lycoperslcon esculentum 
(Yamakawa and sparrow, 1966), Lena cullnarls (Sinha 
and Godward, 1972), rice (Nayar, 1976), wheat 
(Soossiroli, 1966a, 1966b),- Caldecott et al. (1954) 
reported that this reduction in yield could be due 
to radiation induced structural changes in chromosomes, 
involving translocations. Higher doses may decrease 
auxin production resulting In an inhibition of 
flower bud production itself. Srea Ramulu (1970) 
based on his studies on sorghum, using X-rays, reported 
that the cause of reduction in yield can be attributed 
to reduced pollen fertility, resulting in inviability 
of the microspores due to meiotic disturbances. Sato 
and Gaul (1967) suggested imbalanced genetic constitu­
tion of micro or megaspores to be the possible reason 
for reduction in yield.

Sterility

In all foxms of sterility analysed in the present 
investigation there was a dose dependent increase with 
exposures. This includes the most important indication
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of successful mutagenesis. Both seed (Pig. 23) 
and pollen sterility showed significant difference 
and higher exposures greatly reduced fertility.

Pollen sterility reflects the functioning of 
reproductive systems. A dose dependent increase in 
sterility percentage was observed by Beachell (1957); 
Chang and Hsleh (1957) and Singh (1970). Others who 
reported the same results include Venkiteswarlu et al. 
(1978); Rai and Das (1978); Sah^i and Dalai (1973); 
Sato and Gaul (1967); Morris (1952) and Singh and 
Roy (1971).

The induced sterility may be explained on cyto­
logical terms. Gaul (1970) pointed out that it could 
be caused by chromosome mutations, factor mutations, 
cytoplasmic mutations or due to physiological effect. 
Of these* chromosome mutations may be the main cause. 
As the dose level increased,the deleterious effects 
of irradiation were more marked in the chromosome 
complement. Katayama (1963) found a direct correlation 
between sterility and frequency of translocation 
in rice. In the case of gamma rays, Singh (1970) 
observed that they induced a high frequency of trans-
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locations in rice* A high frequency of chromosome 
stickiness and pollen sterility induced by gamma rays 
was reported by Rao and Rao (1977). Katiyar and Roy 
(1974) analysed gamma ray induced chromosome aberration 
and pollen sterility in Capsicum annuunu The pollen 
sterility could be the result of cumulative effects of 
aberrant meiotlc stages and physiological and genetic 
damage caused' by chromosome breakage following formation 
of antimetabolic agent in the cell (Rao and Lakshmi, I960). 
Nishimura and Kurakami (1952) have stated that the pollen 
sterility in barley after X-ray Irradiation of seeds is 
partially due to the multi-valent association of chromo­
somes* Bora et al* (1961) are of the opinion that the 
high pollen sterility in Arachis hypogaea following X-ray 
and neutron irradiation is due to inversion and other 

chromosomal abnormalities such as non-orientation at 
metaphase II and laggards at anaphase II, Nerkar (1977) 
observed increase in sterility with increasing dose of gamma 
rays which was consistent with the increase in trans- 
location and meiotic abnormalities in Lathyrus s ativus«
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Basu (1962) has opined that the total pollen 
sterility observed by him in X-rayed plants of jute 
cannot be attributed to the chromosomal abnormalities

►
alone. Sudhakaran (1971a) has concluded that the pollen 
sterility which is proportional to the dosage of gamma 
rays in Vinca rosea seems to be the cumulative result; 
of various aberrant meiotic stages observed in these 
plants, as well as the physiological and genetic damage 
induced probably by the breakage of chromosomes, 
through the formation of antimetabolic agents in the 
cells. Katiyar and Roy (1974; 1976) suggested that 
gamma ray Induced pollen sterility in some cucurbits 
and Capsicum annuum was dose dependent and always higher 
than the detectable meiotic abnormalities. According 
to them, therefore it can be assumed that besides the 
observable meiotic abnormalities, son© undetectable 
changes play important roles in the induction of 
pollen sterility.

Effects on plant morphology and plant organs,

a) Leaves j
The size, shape, number of lobes, lobe margins 

and symmetry of leaves raised after mutagen treatment 
werefound to be altered.



102

Some plants produced leaves that were of marked 
difference in size from control (Pig.4,5 and 6). The 
shape of leaves also varied. Number of lobes varied, 
some leaves showing no lobes at all (Fig.7). The 
lobes had deeper serrations in some cases while others 
had smoother margins (Fig.8). Leaves were produced that 
had a roughter texture than normal (Fig.9).

jyfodifications in leaf size and shape have been 
reported on similar lines in many plant genera as a

iconsequence of mutagen treatments. Singh et al. (1939) 
reported variation in shape and size of leaves of 
Gossvplum hirsutum following X-ray irradiation* Schwartz 
(1954) noticed that following irradiation of dry maize 
seeds, the leaves showed reduction in size corresponding 
to an increase in dose of radiation* Patel and Datta 
(i960) observed narrow leaves following X-ray treatment 

Corchorus capsularis * Sahib and Abraham (1972) 
noticed narrow leaves in X-irradiated chilli plants. 
Raghuvanshi and Singh (1974) observed crumpled leaves 
and dissected margins in Trigonella foenum-graceum 
following gamma ray treatment. Koshy and Abraham (1978) 
noticed progressive reduction in size, distorted shape, 
irregular lobing and change in texture of leaves in 
Abelmoschus esculentus following gamma ray treatment.
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Irvine (1940) held the view that abnormalities 
observed in leaves after irradiation could be due to 
the disturbances of phytochromes as a result of irriadia- 
tion. Meiselman et al. (1961) stated that the irradiation- 
induced abnormalities such as reduction in the number 
and sise or deformation of leaves might be due to 
chromosomal aberrations. Moh (1962) attributed reduction 
of leaves of coffee plants to chromosomal deficiency.
Haber and Foard (1964) concluded that the reduction in 
sise of leaves in gamma-irradiated wheat seedlings 
might be attributed largely to the radiation-induced 
mitotic inhibition rather than to the other actions of 
radiation.

b) Dichotomy

Stem, branch and petiole dichotomy was observed 
in the irradiated population. As a result of dichotomy, 
bifurcation of the organ occurs. It is well known 
that this results from the death of the apical cells in 
irradiated materials and regeneration of two apices* 
Nettancourt and Contant (1966) noted the occurrence of 
'fasciation and bifurcation of stem in tomato as a 
regular feature following chronic gamma irradiation.
Singh and Mitfa il967) observed bifurcation with X-ray
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treatment in Hibiscus species. Gamma irradiation 
caused stem dichotomy in apple and peaches (Lapins et al. 
1969). In maize, Chandramouli (1970) observed 
dichotomous branching among the irradiated population* 
Koshy and Abraham (1978) observed dichotomy of the 
stem in Abelmoschus esculentusL-Moench. following 
gamma irradiation.

Mackey (1951) stated that bifurcation of stem 
could be explained on the basis of regeneration of 
affected meristem in barley. Bishop and Aalders (1955) 
attributed it to the delayed expression of some 
chromosomal effect. Kuehnert (1962) explained it as 
due to enlargement of the central cells of Tunica 
along a vertical axis followed by periclinal divisions 
of the cells. This results in the displacement of 
activity from the centre to the flanks of the apex.
As a result, two new apical meristem could develop.
In the present study also, it seems probable that 
disturbances in auxin synthesis and destruction of 
terminal meristem followed by development of two apices 
might have resulted in dichotomy. In the case of 
leaves also, bifurcationof petiole and appearance of 
two leaflets at the same node has been reported by 
Raghuvanshi and Singh (1974),.in Trigone11a foanum-
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oraceum. The cause of this may be the same as for 
the occurrence of stem dichotomy. Fig. 11 shows 
bifurcation of branch. Fig. 10 Petiole dichotomy 
and Fig*12 stem-splitting at the apex.

c) Fruits

In the higher exposures the treated plants 
produced two (Fig. 15, 16 and 17) or three fruits 
(Fig. 19 and Fig. IS) at the same node. Also double 
fruits were produced in certain plants from fused 
buds (Fig.13 and Fig.14). This bears similarity to 
observations of Sparrow et al. (1965) in Nicotiana 
and David et al. (1968) in lettuce. Doubling tendency 
aberrations like double spike, double peduncles and 
double kernels were observed by Sethi and Gill (1969) 
in barley following gamma ray treatments. Koshy and 
Abraham (1978) noticed twin fruits ("Siamese twins") 
in the generation of bhindi.

Fruits also varied in sise and number of locules 
(Fig.22), The length of fruits reduced with increase 
in dose. This could have been due to the inhibitory 
action of the mutagen on growth.
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During the present study* it has also been 
observed that changes like twin fruits and other 
abnormalities were not heritable- The specific changes 
which lead to the initiation of such changes are 
still unknown but could be due to physiological distur­
bances or hormonal imbalances* created due to the 
direct effect of the mutagen.

Effects on MU generation.

In this investigation* emphasis was given for 
the extent of variability induced in in economi­
cally important characters. In crop plants, most of 
the productive traits like height, maturity, duration, 
yield, fruit weight etc. are controlled by polygenic 
systems. The mutations affecting quantitative characters 
also occur spontaneously in nature (East, 1935). He 
also showed that such mutations occur both in the 
negative and positive directions. Many workers have 
analysed and reported radiation effects on polygenic 
systems..Induced mutations affecting polygenic characters 
have been reported by Oka at al* (1958) in rice,
Gregory (1955) In groundnut, Rawlings et al. (1958)
In soy bean and Gaul and Mittlestencheid (1961) in 
barley.
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Gamma rays Induced a reduction in mean values 
over control in height of plants, days to flowering, 
duration, number of branches and leaves per plant, 
yield and length and weight of fruits in The means
however, did not differ significantly. The height of 
plants showed a slight increase for 40 kR. Similar 
result was also obtained in the case of number of 
branches per plant* In the case of mean number of 
leaves produced,a dose dependent reduction was seen.
The 50 kR treatment however, showed a slight increase 
over the previous treatment. In all the characters, a 
declining trend was observed as doses increased. The 
frequency distribution was assessed in the control 
range and in the positive and negative direction. For 
all the characters analysed, it showed significant 
variation. The phenotypic classes were significant.
For all characters, negative variants were more numerous 
than positive variants, except in the case of number of 
leaves and days to flowering. This must have produced 
the reduction in mean values* In the case of number of 
leaves and days to flowering, the magnitude o£ earliness 
may have resulted in the net reduction in mean values.

A reduction1 in mean values as was noted in the 
present investigation, has been noted by Bhatia and
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Swaminathan (1962); Scossiroli (1966), Borojevic (1969), 
Borojevic and Borojevic (1968) in wheat, Brock (1967) 
in Arabdippsls and Gaul (1964a, 1967) in barley* In 
extensive studies performed by Scossiroli (1966a,b) 
and Scossiroli et al. (1966) on wheat, this effect was 
shown in the same population for a large number of 
characters. Sakai and Suzuki (1964) found in rice, after 
X-irradiation that, mutation, of polygenes responsible 
for quantitative characters (plant height, heading date, 
number of tillers and the like) was found to occur in 
most cases unidlrectionally in the minus direction.
These authors, based on the results from various 
sources, concluded that induced mutations occur in the 
minus direction especially for productivity. Gaul (1970) 
has pointed out that in most instances, the mean values 
of mutagen treated populations are lower than in untreated 
populations. The effect of irradiations on the means, 
according to him, is due to detrimental mutations 
occurring more frequently than favourable ones. The 
detrimental mutations are selected against. As was 
obtained in this investigation, no significance was 
observed in the reduction of means by Oka et al. (1958), 
Yamaguchi (1964), Bhatt et al. (1961) in wheat and 
Bhatia and Van der Veen (1965) in Arabdioosls.
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Frequency distributions of the different classes 
of phenotypes for all characters were significant* 
showing the production of positive and negative variants. 
Goud (1967a) observed that in hexaploid wheat* the 
frequency curves showed a shift in the mean towards the 
negative direction for tiller number and yield,with 
skewed distribution. Oka et al. (1958) concluded that 
in X-rayed progeny of rice* mutations of polygenes 
could occur in plus as well as minus directions in the 
same frequency. Matsuo and Onozawa (1961) concluded 
from irradiation experiments on rice that mutations 
of polygenes could occur in plus as well as minus 
directions for heading date* stem length and grain 
yield. Griffiths and Johnston (1962) also reported the 
same trend. However* they obtained only minus mutations 
for yield. Mutations, were found to occur symmetrically 
in plus and minus directions in rice by Miah and 
Yamaguchi (1965). Gaul (1965) working on barley, 
suggested that the induced polygenic mutations do not 
follow any particular direction. Gregory (1956 b) 
opined that both negative and positive mutants appeared 
but the frequency in the negative direction was greater* 
producing an overall negative shift in the mean. 
Swaminathan (1966 b) stated that the previous selection
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history greatly influences the symmetry of the induced 
genetic variation and the direction of the shift in 
the mean* Similar reports were given by Rao and Siddiq 
(1977) in rice.

Earliness was induced by the mutagen in the Mg 
generation. But both early and late variants have been 
obtained. The data collected by Wittmer (1960) on the 
flowering time of tobacco after X-ray treatments of 
the seeds Indicate that genetic variability is greater 
in irradiated seeds than control. Goud (1967 b) and 
Rajendran (1975) observed Increased variability in 
most of the characters due to irradiation. Ahmed and 
Goud (1978) based on their studies on sunflower sugges­
ted that in irradiated populations, though mean is 
reduced, variance is enlarged.

In the present investigation a very few plants were 
obtained showing chlorophyll deficiency in the early 
developed leaves. Pig. 2 S and 26 show leaves with chloro­
phyll deficiencies. Hussein et al* (1974); Swaminathan 
et al. (1970); Milcaelson et al. (1971) and Nayar (1976) 
found Induction of chlorophyll mutations with gamma 
ray treatment, but reported that the frequency and
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spectrum were very low and narrow compared to other 
mutagens like EMS. This could have been due to lack 
of specificity of gamma rays to certain regions of the 
chromosomes, where location of genes relating to 
chlorophyll development occurs (Natarajan and Upadhyay, 
1964). Chowdhary (1978) based on his studies on bread 
wheat suggested that the physical mutagens may be much 
less efficient in inducing mutations of genes in the 
proximal segments of the chromosomes, which control 
chlorophyll development. In the present study also, 
lack of specificity of action might have contributed 
to the low frequency of chlorophyll mutations. Favret 
(1960) and Ryan and Heslot (1963) also demonstrated this 
randomness in action of physical mutagens which may 
have produced the low frequency of chlorophyll mutations•

In the present investigation, some variations 
have been observed in pigmentation also. In some cases 
anthocyanin pigmentation was seen throughout the stem, 
petioles, petals and fruits while yet other plants 
showed only green colouration. This is unlike the 
partial pigmentation of Anakomban. Radiation is reported 
to alter the pigment system in several plants (Sagawa 
and Mehlquist 1957a; Love, 1966). Reduction in the
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concentration of anthocyanin pigments has been reported 
by Love and Malone (1967)? Furuya and Galston (1965)* 
Sparrow et al. (1968) suggested that enzymes are 
required for the formation and destruction of pigments, 
which may be affected by irradiation.

It is known in various crops that genetic differen­
ces, even though they are as small as single gene 
differences, can induce significant changes in radio 
sensitivity* This can influence the total rate and 
spectrum of recoverable mutations. This has been the 
opinion of several workers Including Gustafsson (1944, 
1947 and 1965); Gustafsson and Tedin (1954); Milan (1956) 
Lamprecht (1956 and 1958); Sparrow (1961) and Sparrow 
et al. (1968). Mackey (1960 a,b) clearly demonstrated 
that although nobody is able to predict the influence 
of a particular genotype;, -on the mutation spectrum, the 
choice of the parent material certainly plays a most 
decisive role in any mutation breeding programme.
Besides it is also dependent on mutagen selected, 
conditions of mutagenesis and several other factors.

The results of the present study indicate: 
clearly a change in mean in both and M2 and a signi-
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l ,ficant increase in variability in both negative and 
positive directions in M^. This shows scope for 
selection of desirable mutants both in negative and 
positive directions from the segregating population# 
depending on character and need of economically useful 
and viable mutant types.
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SUMMARY

The present investigation was carried out in the
Department of Agricultural Botany, College of Agriculture,
Vellayani during 1983-84. Xt was a preliminary trial
in the broad area of 'Induced mutations in bhindl*
(Abelmoschua esculentus L. Moench.) and aims at a general

60assessment of the effect of different doses of Co-gamma 
rays in a well adapted bhindi variety, Anakomban, both in 

and M2 generations.

Data were collected on various characters in and
1̂ 2 and analysed statistically following Fischer (1935).

2In the Mj X  analysis and split-split plot analyses were 
done to assess the frequency distribution based on chosen 
phenotypic classes under five sterility groups.

I. Effects on generation

1. A linear decrease in the germination percentage 
was observed as the dose level increased, compared to 
control. The lower doses also produced nominal reduction 
in germination.

2, Survival of plants increased with decrease in 
dose level. While control plants gave cent per cent 
survival# there was largest percentage of lethality in
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the highest doses*

3. Height of plants at monthly intervals was 
measured* The data showed that the mutagen mostly reduced 
the plant growth depending on the exposure.

4. Mean number of leaves per plant produced by 
each treatment at monthly intervals was analysed. Here too 
reduction in number of leaves produced by treated plants 
was f noted in comparison to control. The total number of 
leaves produced differed significantly between the expo­
sures and showed a dose-dependent decrease*

5. Number of buds produced in each treatment did 
not differ significantly but there was a decrease in the 
bud production with increase in dose. This indicated the 
direct effect of the mutagen on the reproductive capacity 
of the plants.

6. Number of flowers also showed a similar decrease 
-with increase in dose# the least mean number of flowers 
per plant being produced in the highest dose.

7. The number of stigmatic lobes produced by the 
flowers in each treatment increased for the lower doses 
and the highest dose. Here too the means did not differ 
significantly*
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0, Yield per plant was reduced although not signi­
ficantly for treated plants*

9, Fruit characteristics like mean fruit length and 
number of locules were analysed. Fruits were reduced in 
length due to direct effect of the mutagen and the smallest 
fruits were obtained in the highest dose* With regard to 
the number of locules produced* the lower doses enhanced 
the mean number as also the highest dose.

10. Data were collected on number of sterile buds 
and sterile flowers and pollen and seed sterility. In 
all the cases, it was observed that sterility increased 
with doses. Pollen sterility was significantly greater for 
the exposures compared to control, especially for the 
higher doses. Similar results were also obtained for 
seed sterility.

11. Other variants in
Besides dwarfing, plants also differed in the 

shape and size of leaves produced. Some plants produced 
leaves with distinct lobes while others had lobaless 
leaves in comparison to control. The margin of lobes also 
were more serrated in some plants.
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Dichotomy of petioles, branches and stem was 
observed in several plants in the two higher doses.
Fruit abnormalities in the form of double fruits and 
production of two or more fruits at the same node were 
also obtained. Variants in plant habit were noticed, 
some plants showing weak stems.

II. Studies on

Effect of gamma rays on polygenic traits like plant 
height, number of branches and leaves, days to flowering 
and complete harvest, yield and mean length and weight of 
fruits were analysed.

1. Plant height* The mean values did not differ 
significantly but the frequency distribution in the three 
phenotypic classes showed significance.

2. Number of branches in the M2 did not differ signi­
ficantly. However, there was a progressive decline in the 
mean value depending on dose. The frequency distribution 
also was significant* The interactions were not significant

3. Number of leaves produced per plant also decreased
2with Increase in dose, value was significant. The 

frequency distribution in both treatments and the pheno­
typic classes was significant.
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4. The mean number of days to flowering decreased
as doses increased except in the 20 and 30 kR. The existence
of variants from the control group in both directions was

2evidenced by the significant X  value. Interactions of 
exposures with sterility groups and phenotypic classes 
were not significant.

5. Duration of crop was analysed. It was found from 
the data that the higher exposures reduced crop duration in 
Mg. Significant number of variants, especially shorter 
duration types than normal were obtained. The phenotypic 
classes showed significantly different frequencies.

6. Yield of fruits also was -reduced for higher doses; 
frequency distribution of variants from control range was 
significant.

7. Fruit characteristics like fruit length and average 
fruit weight were analysed. It was found that several 
Variants were produced in both positive and negative range 
but means did not differ significantly.

8. Chlorophyll mutations and variation in pigmentation:

In the Mg, close observation of individual plants was 
done for chlorophyll mutations• Only a very few plants 
showed chlorophyll deficiency in the earlier leaves.
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Pattern of pigmentation also varied, some plants appearing 
entirely green or red unlike the normal colouring of the 
selected variety*

The consistent reduction in means in both and 
populations for important polygenic traits like plant 
growth, duration and yield and the significant variation 
in positive and negative segregants suggests scope for a 
positive response to selection and Improvement in this 
particular crop variety. Selections can be made for direc­
tional change as both positive and negative variants have 
been produced. It also indicates that most of the chara­
cters can be altered by gamma rays. The present work 
relates to the study of the general mutagenic effect on 
the crop, as seen in the first two generations. Selection 
of desirable types and carrying forward to later genera­
tions are suggested as the future line of work in recover­
ing viable mutations of economic value.



REFERENCES



REFERENCES

Aastveit,

Aastveit

Abrams,

* Abrams,

Ahmed, I

Al Didi,

Altman,

I<* (1965), Induced mutations in barley. Meld. 
Norq. Eandbr. Hoisk. 44: 1-31.

K. and Gaul, H. (1967). Variation and selection 
of micromutants. Radiat. Botany. J: 353-361,

• and Frey, K*J. (1964). Variation in quantita­
tive characters in oats after various mutagen 
treatments. Crop Sol. 4: 163-168.

• and Velez-fortuno, J. (1962) • Radiation research 
with pigeon peas (Cajanus caIan) : results on
X3 and XA generations. J. Agric. University of
Puerto Rico. 46: 34-42.BtS

M. and Goud, J.V. (1978). Effectiveness of sele 
ction in irradiated population of sun flower 
(Hellanthus annuus L.) Agr. Res. J. Kerala. 
12(1): 145-147.

M.A. (1965). ^Development of new Egyptian cotton 
strains by seed irradiation0. The Use of Induced 
Mutations in Plant Breeding (Rep.FAb/lAEA Tech. 
Meeting, Rome, 1964) Pergamon Press, Oxford, 
579-583,

V. (1923). The effect of X-rays in accelerating 
and retarding development. Fortsch .Geblete 
Rontgenstrahlen. 31• Cited by Johnson E.L. in

Sociological effects of radiation Vol. II* Ed. 
Duggar, B.M. New York. 961-985.

Ananthaswamy, H.N., Vakil, V.K. and Sreenivasan, A. (1970) 
Physiological changes in gamma irradiated wheat 
during germination. Radiation Bot. 120-132.



ii

Ananthaswamy, H.N., Vakil, V.K. and. Sreenivasan, A. (1971).
Biochemical and physiological changes in gamma 
irradiated wheat during germination. Rad. Bot. 
11 : 1- 12.

Anderson, G. and Olsson, G. (1954). Svalof's Primex white 
mustard - a market variety selected in X-ray 
treated material. Acta Aqric. Scand. 4: 574-577.

Ando, A. and Vencovksy, R. (1967). The effect of irradia­
tion on a polygenically Inherited character in 
Nicotiane tabacum L. in relation to selection 
after treatment of aged seeds. Mutation Res. £:
605-614•

Athwal, P.S. (1963)• Some X-ray induced spontaneous mutations 
in Cicer. Indian J. Genet. : 50-57.

Bajaj, Y.P.S. and Saettler, A.w. (1970). Gamma irradiation
studies on seeds of Phaseolus vulgaris. Radiation 
bot. 35-75.

Balaram Majumdar (1968). Induction of chimera, in rice.
Ionising radiation. Bull, on Bot. Soc. Benq.
££• No.l 37-39.

Barabas, Z. (1965). 'Induced quantitative somatic mutants 
in sorghum1• The Use of Induced mutations in 
Plant Breeding. (Rep. FAQ/ IAEA. Tech, Meeting, 
Rome. 1964). Pergamon Press, Oxford. 515-520.

Basu, R.K. (1962). Cytological effect of X—rays on dry 
dormant seeds of jute. Nucleus* 5(1): 75-86.

Basu, R.K. (1969). Radiation induced chlorophyll mutations 
in rice. Indian J. Genetics, g g t 50-57.

Bateman, A. J. (1959). Induction of polygenic mutations in 
rice. Intl. J. Rad. Biol. £ i 425-427.



ill

*Baur# E. (1924). Untersuchungen uberdas Wesen, die
Enstehung unddie Vererbung Von Rassenunterschleden bei 
Antirrinium ma.lus. Bibllthca genet* J: 1-170.

BeachelJ.* H.M. (1957). The use of X-ray and thermal
neutrons in producing mutations in rice. Int. Rice 
Comm. Newal. 6: 18-22.

Beard# B.H. (1957). Radiation techniques of potential
significance in plant breeding. Abstr* Golden Ann. 
Meetings * Amer. soc. Agronomy. 54.

Beckendam# J. (1961). X-ray induced mutations in rice in 
Proc. of Symp. "Effects of ionising radiations on 
seeds" Karlsruhe# IAEA# Vienna 591-607.

*Bhaskaran# S. (1959). Studies the effects of mutagens on wheat and barley with reference to relationship 
between polyploidy and radiosensitivity to mutagenic 
action# Ph.D. thesis* Univ. Delhi.

Bhatia# C.R. and Swaminathan# M.S. (1962). Induced polygenic 
variability in bread wheat and its bearing on sele­
ction procedure. 2. Pfl zucht. 48 1 317-326.

Bhatia# C.R. and Van der Veen# J.H. (1965). Two way sele- 
ction for EMS induced micromutations in Arabdiopsis 
thallana L. Heynb. The Use of Induced Mutations in 
Plant Breeding. (Rep. FAO/IAEA# Tech. Meeting, Rome 
1964). Pergamon Press. 497-503.

Bhatt# B.y., Bora* K.C.* Gopal Ayengar* A.R.* Patel# S.H.* 
Rao* H.K.S.* Subbaiah* K.C. and Thakare* R.C. (1961). 
Some aspects of irradiation of seeds with ionising 
radiations. Symp. Effects of ionizing radiations on 
seeds. IAEA# Vienna. 591-607.

Bianchi# A.* Marchesl* G. and Soresri. G.P. (1963). Some 
results in radiogenetical experiments with tomato varieties. Rad. Bot. 3: 333-343.



Bilques,*

Bilques,

Bishop,

Blixt,

Blixt,

Bohera,

*
Bora, K,

Bora,. K

iv

A.F., Magne, C, and Martin, J.P. (1965J. Bilan de 
six annees de recherches sur 1' eraploi des 
rayonnements ionisants pour 1* amelioration des 
plantes au Senegal* The Use of Induced Mutations 
in Plant Breeding. Suppl.- to Rad. Bot* 5s 585-601.

A.F. and Martin, J.P. (1961).Differences varietale 
de sensibilities aux rayons. X. Chez L arachide.
.£• Trop. Bot* Appl. 8: 30-43.

C.J. and Aalders, D.E. (1955), A comparison of the 
morphological effects of thermal neutron and X- 
irradiation of apple scions* Amor. J. Bot. 618-
623. ' “

, (1961). Quantitative studies on induced mutations 
in peas. V. Chlorophyll mutations. Aqri. Hort. 
Gene. 19s 402-407.i ■' ■■ ■

*, Ehrenberg, L. and Gelin, D. (1958). Quantita­
tive studies of induced mutations in peas. I. 
Methodological Investigations. Aqri. Hort. Genet. 
||: 238-250.

N.C. and Patnaik, S.N* (1979). Viable mutations 
in Amaranthus. Ind. J. Genet. Pi.'Breed. £9(2):
163-164.

C., Patil, S.H. and Subbiah, K.C. (1961). X-ray 
and neutron-induced meiotic irregularities in 
plants with special reference to Arachls hypoqea and Plantago:ovata. In "Proe. Symp. on tHe ■ 
effects of ionising radiations on seedscl.
IAEA, Vienna: 203-216.

C. and Rao, N.S. (1958). Experiments with rice 
on the induction of mutation by ionising radia­
tions. Isotopes in Agriculture. U.U.Proc; on the 
peaceful uses of Atomic energy. J06-313.



V

Borasio, L. and Corbetta, Q. (1964). Ionising radiations 
in the creation of new rice Varieties. Rad, bot. 

18-35.

Borojevic, K. (1965).“The*effect of irradiation and sele­
ction after irradiation on the number of kernels 
per spike in wheat". The Use of Induced Mutation 
in Plant Breeding. (Rep.FAQ/IABA Tech. Meeting. 
Rome, 1964). Pergamon Press, Oxford. 505-513.

&Borojevic, K. (1969). Genetic changes induced by irradia­
tion in the Triticum species0 zbron Prlr. Nauke 
Matica srp. Novi. Sad. 26.

Borojevic, K. and Borojevic, s. (1968). Response of diffe­
rent genotypes of Triticum aestivum sp. Vulgare 
to mutagenic treatments. Mutations in Plant 
Breeding. (Proc. Panel, Vienna, '19677. IAEA, Vienna. 
16-18.

Brock, R.D. (i957). Mutation plant breeding. J. Australian 
Inst. Agr. Sc. 23: 39-50.

Brock, R.D. (1965a). Induced mutations affecting quantita­
tive characters. "The Use of Induced Mutations in 
Plant Breeding" (Rep.FAO/IAEA Tech. Meeting, Rome, 
1964) Pergamon Press, Oxford, 443-450.

Brock, R.D. (1965b). Response of Trifolium subterraneum to 
X-rays and thermal neutrons. Rad. Bot. 5s 543-555.*   £3

Brock, R.D.(1967). Induced quantitative variation in
Arabdlopsis thallana. Induced mutations and their 
utilization."Tproc. Symp. Gateralehen. 1966). 
Academics, Verlag, Berlin, 263-267.

Brock, R.D. and Latter, B.D.M* (1961), Radiation induced 
quantitative variation in subterraneum clover.
Proc.3rd Australasian Conf. RadiobloXogv. 
Butterworths, London,' 205-215.

Brians, A., (1954). The induction of mutation through X-
irradiation of dormant seeds of Trlfollum pratense. 
Anqew. Bot. gg t 120-155.

i



vi

Butler, L. (1954). The new mutants in the tomato* Pro- 
pellor and rosette. J. Herod. 45t 25-27.

Caldecott, R.S., Beard, H.H. and Gardner, C.D.(1954).
Cytogenetic effects of X ray and thermal neutron 
irradiation on seeds of barley. Genetics. ^9: 240-259.

Caldecott, R.s. and Smith, L. (1952). A study of X-ray 
induced chromosomal aberrations in barley. 
Cytoloqia. 17: 224-242.

F.F. and Morgan, D.T. Jr. (I960). Genetic controls 
of haploid in Capsicum frultescens h. following 
crosses with untreated and X-rayed pollen.
Cytoloqia* : 362-372.
F.F. and Walderice (1963). Effect of ionising 
radiations, on Cucumis sativum L. and Momordlca 
charantia L* Genetics today I (5): 98.

Chandramouli (1970). Mutagen-induced dichotomous branching 
maize. The J. Heredity. 61* 150*

* Chang, W.T. and Hsieh, S. (1957). Mutation in rice induced 
by X-rays. ( A preliminary report) J, Aqri. 7-14,

C'nauhan, Y.S. ana Singh, E..P. (1975). Morphological studies 
in safflower with special reference to the effect ' 
of 2,4, D and gamma rays. I. Vegetative shoot apex. 
Rad. Bot. 69-77.

Cherry, J.H. and Hageman, R.H. (1961). Nucleotide and 
ribonucleic acid metabolism of c o m  seedlings.
Plant Physiol. §g t  163-168.

Chowdhary, S* (1978). Frequency and spectrum of mutations 
Induced in Bread wheat by physical and chemical 
mutagens. Ind; J. Genet. Pi. Breed. ^8 (1)*142-147.

Campos,

Campos,



vii

Chuhan, S.U.S. (1978). Effect of maleic hydrazide, FW 450 
and dalapon on anther development in Capsicum 
annuum L. Journal of Ind. Bot. Society (1978).

Conger, A.D., Harlan and Stevenson, Q. (1969). A correla­
tion of seedling height and chromosomal damage in 
Irradiated harley seeds. Rad. Bot. 9(1)s 1-14.

Constantin, M.J. and Love, J.E. (1968). seedling responses 
of Vlqna sinensis Savito gamma irradiation. Ind. J. 
Genet, and Pi.Breeding 27j(3): 351-371. ”

Daly, K„ (1960). The induction of quantitative variability
by gamma radiation in Arabalopsis thallana.
Genetics. 45: 983.

■ ..................

*
D 1 Amato, F., Scafascia, G.i',, Belliazi, V. Bassani, A., 

Cambi, s., Cevolotto, P., Galcalone, P. and 
Tagliati, S. (1962). The gamma radiation field of 
the ’Comitato nazionale per l'energia nucleare*
Rome, Rad. Bot. it 243-246.

David, A., Bankes and Arnold, H. Sparrovj (1968). Effect of 
acute gamma irradiation on the incidence of tumor 
like structure and adventitious roots in lettuce 
plants. Radiation bot. 12: 30-48.

Davies, D.R. (1962). The genetic control of radiosensiti­
vity. II. Growth measurements in Lycopersicon and 
Malandrlunu Rad. Bot. ^2: 17-95.

East,- E.M. (1935). Genetic reaction in Ricotiana. III. 
Dominance. Genetics. 20* 443-451.SC

Ehrenberg> L. (1955). Factors influencing radiation Induced 
lethality, sterility and mutations in barley* Hereditas 4^: 123-146*

Ehrenberg, L., Ekman, G*, Gustaf3son, A;, Jansson, G. and
Lundqvist* U, (1965), 'Variation in quantitative and 
biochemical characters in barley after mutagenic 
treatments'.' The Use of Induced Mutations in Plant 
Breeding. (Rep.FAO/IAEA Tech, Mseting, Rome, 1964) 
Pergamon Press, Oxford. 477-490.



viii

Ehrenberg#

Emery, D.

Emery, D*

Enken, V.

Enken, V,

Evans, H.

Evans, H.

Evans, H*

L., Gustafsson, A* and Lundquist, U. (1961). 
Viable mutants induced in barley by ionising 
radiations and chemical mutagens. Heredltas 47: 
243.

Gregory# W.C. and Loesch, P.J. Jr. (1964). 
Breeding value of the X-ray induced macromutant. 
I. Variations among normal appearing families
segregated from crosses between ma@ro—mutants 
of peanuts (Arachis hypoqaea L.) Crop Sci. ^ : 
87-90•

A., Gregory, W.C., Loesch, P.J. Jr. (1965). 
Breeding value of the radiation induced macro- 
mutant. II. Effect of mutant expression and 
associated back-grounds on selection potential 
in Arachis hypoqaea. L. The Use of Induced 
Mutations in Plant Breeding. Suppl. to Rad. Bot. 
V. |.i 339-353.

i. (1966a). "The role of variety in experimental 
mutagenesis". Experimental mutagenesis of 
agricultural plants and its application for 
plant breeding. Publishing House "Nauka".
Moscow. 23-25.
(1966b) • "Manifestations in experimental 

mutagenesis of Vavilov's law on homologous 
rows in hereditary variability". Induced 
mutations and their utilisation. Proc. Syxnp. 
Erwin- Bauer- Gedechtnis- Vorlesunqen. IV.Gatorsleaben, 1966. Akademlc-Verleq-Berlln.

r., Neary, G.J. and Tonkinson, S.M. (1957). The 
use of colchicine as an indicator of mitotic 
rate in broad bean meristem. J. Genet. 55 s 
487-502. “

r. and Scott, D. (1964). Influence of DNA synthe­
sis on the production of chromatid aberrations 
by X-rays and Malelc Hydrazlde in VIcla faba. 
Genetics : 17-38.

r. and Sparrow, A.H. (1961). Nulcear factors 
affecting radiosensitivity. II. Dependence of 
nuclear and chromosome structure and organisa­
tion. *Brookhaven symposia in biology. 14: 
101-127.



Favret,

Favret,

*Fischer, 

Frey, K.

Fujii, T 

Furuya, 

Gaul, H.

Gaul, - H. 

Gaul, H.

Gaul, H. 

Gaul, H.

E.A. (1960). Somatic mutations of four genes 
for albinism in barley induced by X-rays and 
ethyl methane sulphonate. Heredltas £6: 622-634.

E.A. and Godak, W. (1959). Indice de mutation 
espontaena eu cebeda y-otras gramineas. Rev. 
Invest, agric. B. Aires. 13: 237-242.

R.A. (1935). The design of experiments. Hafner 
Publishing Co. Inc. N.Y. 50-67.
J. (1965). "Mutation breeding for quantitative 
attributes". The Use of Induced Mutations in 
Plant Breeding. (Rep.FAO/IAEA Tech. Meeting,
Rome, 1964). Pergamon Press, Oxford 465-475.

. and Matsumara, S. (1953). Radiosensitivity in 
plants. 1. Determination of LD-50 in cultivated 
plants. Jap. J. Genet. 33 J 389-397.

M. and Galston, A.W.(1965). Flavonoid complexes 
in Pisum sativum L. Nature and distribution of 
the major components. Phytochem. 4: 285-296.

(1959). Determination of the suitable radiation 
dose in mutation experiments• Proc. 2nd Congress 
European Association for Research on Plant Breed- 
ing. Cologne. 6S-69.
(1960). Critical analysis of the methods for 
determining the mutation frequency after treatment 
with mutagens. Genetica Aqraria 12 t 297-316.
(1961). Studies on diplontic selection after X_ 
irradation of barley seeds. Effects of ionising 
radiations on seeds (Proc. Conf. Karlsruhe, 1960). 
IAEA, Vienna. 117-380.
(1963). Mutationen in der Pflenzenznchtung. Z 
Pflzucht. £0: 194-307. “
(1964a). Mutations in Plant Breeding. Rad. Bot.
4 : 155-232.

ix



X

Gaul, H

* Gaul,

Gaul, H

*Gaul, H

*Gaul,

*Geard,

Gelin,

Genter,

. (1965). The concept of macro , and micro mutationh 
and results on induced micro-mutations in barley. 
The Use of Induced mutations in Plant Breeding 
(Rep.FAQ/lAEA meeting, Rome 1964). Pergamon 
Press, Oxford,

• (1967). ^Studies on the population of micro­
mutants in barley and wheat without and with 
selection11. Induced mutations and their utilization, 
Proc. Symp. Erwin-Bauer. Gedachtrisvorlesungen 
IV Gatersleben, 1966, Akademlc-Verleq. Berlin, 
269-281.

. (1970). Mutagen effects observable in the first 
generation. I Plant injury and lethality. II. 
Cytological effects. Ill, Sterility, Manual 
on mutation breeding (Tech.Rep., Ser. No.119)
IAEA, Vienna. 85-99,

and Mittalstencheid, L, (I960), Hinweise sur 
Herstellung von mutationen durech ionisierende 
strahlen in der Pflanzensuchtung* Z. Pflzuclit;

: 404-422. “
v Iand Mittelstencheid, L. (1961). Untersuchungen 
zur selection von Kleinmutationen bei Gerste.
Z, Pflsucht. 45: 300-314.

J., McCrory and Paul Grun. (1967). A preliminary 
study to establish.the relationship between 
dose rate and the lethal effect of 60co-radiation. 
Plant Breeding abst. |5: 4.

0. Ehrenberg, L. and Blixt, S. (1958). Genetically
conditioned influences on radiosensitivity in 
peas. Agri. hort. genet. X§. • 78-102.

C.F. and Brown, H.M. (1941), X-ray studies on the
field ,bean. J, Hered. |2 s 39-44. *

*Georglov, H. (1966), A study on the radiosensitivity of
tomato seeds to ionising radiations. Gradln Lozar 
Hont. Vitcutt Sofia g : 177-184.



xi

*Giles, A* (1956)• Cytogenetical investigations on solanum 
tuberosum® Action of X-rays on s. acaule. Genetica 
28 a 51-63.SSd „ .

ftGiles, A. and DeWinck. (1969). Researches radiogenetiques 
chez Arachis hypoqaea. L. Agriculture 2* 533-541®

Goodspeed, T.H. (1928). The effects of X-rays and radium 
on species of the genus Nicotiana. J. Heredity 20 : 
249-308® “

Gordon,. S.A® (1957). The effects of ionising radiations 
on plants, biochemical and physiological aspects*■ 
Quart. Rev, Biol* 321 3-14* .

Gordon, S.A. and Webber, R.P. (1955). Studies on the 
mechanism of phytohormone damaged by ionising 
radiation. I. The radiosensitivity of indole- acetic 
acid. Plant Physiol. |0: 200-210.

ftGotah, K®. (1968). Mutation breeding in soyabeans and common 
beans. Plant Breed, abst. 3jjS(3)i 130-132®

Gottschalk,■W. (1965), A •chromosome region in Pisum with

Goud,

Goud,

Go U£3,.

Goud,

an exceptionally high susceptibility to X-rays.
The use of Induced mutation in plant breeding.
(Hep. FA07lAEA. Tech. Sfeetlng, Rome, 1964)'.

J.V, (1967a). Induced polygenic mutations on hexaploid 
wheat. Rad. Bot. 7i 321-331.

J.V. (1967b). Selection history of induced polygenic 
variability in Triticum aestivum. Crop, sci. 2* 678- 
679.
J.V,(1967c). Induced mutations in Bread wheat. Ind.
J® Genet. Pi. Breed. 22 (1) s 40-55.
J.V. (1968). Selection experiments for quantitative 
characters in wheat after treatment with mutagens• Genet. Agr. g g t 119-135.



xii

Goud, J.V., Muraleedharan Nayar, K. and Gopalakrishna Rao,
M. (1967). Effect of gamma irradiation on germination 
and growth in some varieties of paddy. Mysore J. Agric. 
Sci. I * 226-230. “

Gregory, W.c. (1955). X-rays breeding of peanutB. Aqron.
47s 396-399.—=3

Gregory, W.c.(1956a). The comparative effect of radiation 
and hybridisation in plant breeding.Proc. 1st U.N. 
Int. Conf. Peaceful uses of Atomic Energy. 12 4*8-51.

Gregory, W.c.' (1956b). Induction of useful mutations in the 
peanut. Brookhaven Symp. Biol. 9s 177-190.

Gregory, W.C.(1957). Progress in establishing the effective­
ness of radiation in breeding peanuts Proc. 9th Qak- 
Rldga Reg. Symp. Radiation in Plant Breeding. 36-48.

Gregory, W.C.(1960). The peanuts MC4X, a milestone in crop 
breeding. Crop Soils 12(8)* 12-13.

Gregory, W.C. (1965). "Mutation frequency, magnitude of
change and the probability of improvement in adapta­
tion". The Use of Induce Mutations in Plant Breeding.H 
(Rep.RAOjlAEA. Techn. Meeting. Rome, 1964j• Pergamon 
Press, Oxford, 429-441.

Gregory, W.c.(1968). A radiation breeding experiment with 
peanuts. Rad. Bot. 8s 81-147.

Griffiths, B.J, and Johnston, T.D, (1962). The use of an
Irradiation technique in Oat breeding. Rad. Bot. 2 s 
4-52. 13

itGurakel, u.E. and Sparrow, A.H. (1961). Ionising radiations, 
Biochemical, physiological and morphological aspects of their effects on plants. Hand buck. Per Pflaz en 
Physiologic Ed.XVI. Heidelberg: Springer.

Gupta,. A.K. (1967) • some morphological changes induced by 
irradiation in diploid and autotetraploid Toria.
Ind. J.Genetics and Plant Breed. 28 (i) : 1-96.



xiii

Gustafsson,

Gustafsson,

Gustafsson,

Gustafsson,

Gustafsson, ✓ *

Gustafsson,

Gustafsson,

Haber, A.H.

Hagberg, A#

Hangil'din.

A. (1944). The X-ray resistance of dormant 
seeds in some agricultural plants. Heredltas 
3Qt 165-178.

A. (1947). Mutation in agricultural plants . 
Heredltas* 33: 1-100.

A. (I960). Chemical mutagenesis in higher 
plants. Chemische Mutagenese. Erwin-Baur- 
Gedachtnis Vorlesungen X. 1959, Akademic- 
Verleq, Berlin. 16-29.

A. (1965). Characteristics and rates of high 
productive mutants in diploid barley. The 
Use of Induced Mutations in Plant Breeding. 
(Rep. FAO/lAEA Tech. Meeting Rome, 1964) • 
Pergamon Press, 323-333.
F.G. (1944), Growth hanhone studies of some 
diploid and autotetraplold plants. J. Heredity 
35* 269-272. “

A. and Gadd, I. (1965), Mutation and crop 
improvement IV. Poa pratensls .L, (Graminac), 
Heredltas 53. i 90-102,

A. and Tedin, J. (1954). Plant breeding and 
Mutation. Acta. Aqric. Scand. IV? 633-639,

and Foard, D.S. (1964). Further studies on 
gamma irradiated wheat ana their relevance 
to use of mitotic inhibition for developmental 
studies.'Amer. J, Bot. §1: 151-159.

(1959). Barley mutations used as a model for 
the application of cytogenetics and other 
sciences in plant breeding. Berichte des II 
Eucarpia- Kongress Koln. 235-248.
V.V. (1967). Pea mutations induced by X-rays. 
Plant Breed, abst. 37 (2)« 134-140.



xiv

Haq, I.I.

Hoffmann,

Humphrey,

Hussain,

♦Ibragimov

Iqbal, J.

Irvine, V

Jacob, K.

Js.mbhale,

and Abidi, Z.H. (1972). Radiation induced 
mutations in Brassica campestris. Effect of 
gamma irradiation upon emergence, mortality 
and survival* Pakistan J, Sci. 23: 183-186.

W. and Zoschke, U. .(1955). X-ray mutation of 
flax (Llnum usltassimum)■ Zuchtes: 25s 199-206.

L.M, (1954). Effects of neutron Irradiation 
on soyabaans. II. Soyabean Digest. ^4: 10-19.

ii.A.S., Solim, A. R» and Ei —Shav/ar, I.I.p . (1974). 
EM3 and gamma ray induced mutations In Pisura 
sativum I. Effects oh the frequency and spectrum 
of chlorophyll mutations. Egypt.. J. Genets 
CytoX. 3: 106-116.

and Kovalchuk. (1962). The effect of gamma rays 
on the productivity of cotton and fibre quality. 
Cotton growing. 11: 47-48.

(1972). Effects of acute gamma radiation on the 
survival growth and radiosensitivity of the 
apical meristems. of' Capsicum annuum L. at 
different stages of seedling development. Rad. 
Bot. 12(3): 197-204.

C. (1940). X-radiation and growth substances 
as affecting plant primordial tissues, Proc. Soc. 
Exp. Biol. (N.Y)|3: 453-455.

(1949) . X-ray studies in jute II. A comparative 
study of the germination percentage size and 
external morphology xvith different doses of X- 
rays transactions of the Bose Res. Inst. Calcutta. Vol. XVIII, 23-29.
N.D, and Nerkar, Y.s, (1979). Inheritance of 
J chlorine1 an induced chlorophyll mutant in Okra. 
J. Maharashtra Aqrl. Uni..4 (3) s 316.



X V

JambbaJe, N.D. and Nerkar, Y.S. (1981). Inheritance of 
resistance to okra yellow vein mosaic disease 
In Interspecific crosses of AbeImpschus. 
Theoretical and Applied Genetics 6j3 (5T7313-316.

itJana M.K. (1962). X-ray induced mutants of Phaseolus
munqo L. II Sterility and vital mutants. Genet. ' 
Iber. 24s 71-104.

SB

Jasina, I.M. and Krisanova, E. (1966). Production of
hereditary changes in potato by means of gamma 
rays. Genetics ^ : 53-58.

£Jasina, I.M. and Krisanova# E. (1966) • Induction of herita­
ble variations in potato by means of gamma rays. 
Old. Biol* Abst. 2 s 55-71.

Johnson, E.L. (1931). Effect of X-rays on growth and
reproduction of tomato. Plant Physiol. 6: 685-694.

Jones and Plummer (1960). Aspects of growth by some species 
of Trifoiium following gamma irradiation on seeds. 
Aqron. J, s 462-464.

Karapetjan, U.K. (1960). The effect of gamma rays on wheat 
and rye. Trans Inst. Genet. 27s 311-314.

B tB S

* / . . .Katayama, T. (1963). X ray induced chromosomal aberrations
in rice plant. Jap. J. Genet. 3§s 21-31.

Katiyar, R.B. and Roy, S.K. (1974). Gamma- radiation- induced 
genetic damage and gametic sterility in Luffa 
cylindrica L. Roem. Rad. Bot. 14s 81-84.

*Katiyar, R.B. and Roy, S.K. (1976). Radiocytogenatical
.studies on some cucurbits. III. Meiotic abnormal!r 
1 ties induced by post-gamma-irradiation storage 
and their consecruencies. Revista De Bioloaia. IQ: 93-99. —



xvi

Kaukis, K. and Webster, O.J. (1956). Effect of X-rays on 
v. thermal neutrons on dormant seeds of Sorghum 

vulgare. Aaron. ^8* 401-406.

Kaushik, Xi.K. and Kalloo (1979). Variability as induced
through gamma rays and EMS in some genotypes of 
tomato (Lycopersicon esculentum Mill) Haryana 
J. hort. Sci. 8 (3/4) t 162-167.

Kawai, T. (1964). Mutations in rice induced by radiation 
and their significance in rice breeding. Rad. 
bot. 5* 233-256.• ■ * a

Khan, P.A., Ahmed, R. and siddiq, s.A. (1979). Effect of 
gamma irradiation on the epidermis of Capsicum 
annuum L. Pi. Sci. 3^: 31-34.

* Kolstov and Kolstov (1925). The effect of radiation ie.
X-rays on the growth and development of plants. 
Cited by Kuzin (1956). Symposium on peaceful 
uses of Atomic Energy. Vol. XIII.

Konzak, C.F., Nilan, R.A., Harle, J.R. and Heiner, R.E.
(1961a). Control of factors affecting the 
response of plant to mutagens* Brookhaven symposia 
in Biol. 14: 128-157.

Konzak, C.F., Nilan, R.A., Wagner, J. and Foster, R.J.
(1965) . Efficient chemical mutagenesis. The 
use of induced mutations in plant breeding.
(Rap.FAO|IAEA. Tech. Meeting.Rome, 1964).
Pergamon Press. 19651 49-70.

*Komicke, M. (1904) • Uber die wirking Von Rontgenstrahlen 
auf die Keimung Und das Wachstum. Bar dt, bot.
Qes. 22* 148-66.

Koshy, M.P. and Abraham, S. (1978). Morphological and
developmental abnormalities observed in okra. 
(Abelmoschus esculentus L* Moench) following 
gamma irradiation studies in the M- generation. J. Cyt. Genet. 13* 31-35.



xvii

Knil 1, CoIT

Kuchnert,

Kundu, B.C

* Kuwada, H.

Kuzin, A.M

*Lamprecht,

★Lamprecht,

Lapins, K.

*Lesley, J.

Ljascenko,

• and Frey, K.J. (1961), Genetic variability in 
oats following hybridisation and Irradiation. 
Crop Sci. JjS 141-146.

C.C. (1962). Cytological and morphological changes 
induced in tomato as a result of thermal neutron 
irradiation. Rad. Bot. 2 : 81-88.

., Ghosh, K. and Sharma. (1961). Studies on the 
effect of X-irradiation in Corchorus capsularls 
and C. olitorlus L, Genetlca ^2: 51-73.

(1972).X-rayed mutations in okra. Tech. Bull, 
of Faculty of agric. Kagawa Uni. Plant Breed. 
Abst. 42 No.2. ■'■ as

. (1956). The utilization of Ionizing radiations 
in Agriculture. U.N.Proceedings on the peaceful 
uses of Atomic Energy £ 2 : 149-156,

H. (1956). Rontgen Empfind lichkeit und geno- 
typische Kohstitution bei Pisum Agric. Hort. 
Genet, 161-176.

H. (1958). Rontgen Emfindlichkeit under genbtypi- 
sche Konstitution Von Phaseolus, Agric. Hort. 
Gen. : 196-208.

Bailey, C.H. and Hough, C.f . (1969). Effects 
of gamma rays on apple and peach leaf buds at, 
different stages of development. Rad. Bot 9: 
379-389.,

J. and Lesley, M.M. (i956). Effect of seed treat- 
; ment with X-rays and 32;P on tomato plants of 1st,2nd, 3rd generations. Genetica. 41i 575-588.

I.F. (1965). Influence of gamma rays on the 
development albino plants in sunflower. 
Symposium. Sci. Res. Inst. Biol. Rostov, Univ. USSR,



xviii

hoesch, P. J. (1964)• Effect of mutated background genotype 
on mutant expression in Arachis hypoqaea L. Crop. 
Sci. 73-78,

*IiOva, J.E. (1966). Some effects of fast neutron irradiation 
on the somatic tissues of poinsettia. Proc. Am.
Soc. hort. Sci. 89; 672-678.

Love, J.E. and Malone, B.B. (1967). Anthocyanin pigments in 
mutant and non-mutant Coleus plants. Rad. Bot. 7: 
549-552./ "

Mac'Arthur, J.W, (1934). X-ray mutations in tomato. J.
Heredity 25 * 75-78. """

Mackey, J. (1951). Neutron and X-ray experiments in barley. 
Hereditas. 37s 421-464.' £333*■ . 1 i 1

Mackey, J. (1960a). Methods of utilising induced mutations 
in crop improvements. Symp. on Mutation and Plant 
Breeding. Cornell University. Ithaca. 336-364.

Mackey, J. (1960b). Radiogenetics in Tritlcum. Genet. Agr. 
XII. Pasc. 3-4. 201-230.

Majid, R.(1975). Comparative mutagenic efficiency of
radiations .and EMS in Lycopersicon. Ind. J. Genet. 
PI.Breed. (1)s 90-99. ™

Matsuo, T. and Onoaawa, Y. (1961). "Mutations induced by 
ionising radiations and chemicals in rice".
Effects of'Ionising Radiations on Seeds.
(Proc. Conf. Karlsruhe 1970) IAEA, Vienna. 495-501.

McCrory, G.J. and Grim, P. (1969). Effects of gamma Irradia­
tion on radiation sensitivity in diploid potato 
species Solanum chacoense. Rad. Bot.9(5): 407-413.

Malselman, N., Gunkel, J.E; and Sparrow, A.H. (1961). The 
general morphology and'growth-responses of two 
species of Nicotiana and their interspecific 
hybrid after chronic gamma irradiation. Rad. Bot.
I s  69-79. ---



xix

Mi ah, A.J. and Yamaguchi, H. (1965). The variation of 
quantitative characters in the irradiated 
progenies of two rice varieties and their 
hybrids* Rad, Bot 5 * 187-196,

MIcke, A, (1958)• Mutation breeding in white sweet 
clover, Melitotus albus with X-rays• Z•
PfIanseng. 39* 419-437.

J* S'

Mikaelson, K. and Brunner, H. (1968). Effects of fast
neutrons and gamma radiation on seedling and 
root.growth of barley varieties. In Neutron
irradiation of seeds. II. IAEA. Vienna. 79-82.

i£r ' 1 *Mikaelson, K., Karunakaran, K. and Kiss, 1.5.(1971).
Mutagenic effectiveness and efficiency of gamma 
rays, fast neutrons and ethyl methane sulphonate 
on rice. In Tech.Rep. Ser, No.131. IAEA,
Vienna,1 91-96, .

Moh; C.C,(1962). The use-of radiation induced mutations 
in crop breeding in Latin America and some 
biological effecte of radiation in coffee.
Int. Jo urn. Appl. Appl. Radiation and Isotopes. 

^3: 467-475.
3̂fMonti, L.M. ana Saccardo, E. (1968), Mutations induced in 

pea by X-irradiation of pollen and the signifi­
cance of induced unstable chromosomes in 
mutation experiments. Caryoloqia g 2 t 81-96.

Morris, R. (1952). Transmitted pollen and chromosomal
aberrances induced in maize by tassel exposure 
in nuclear reactor. Amer. J. Bot. £9: 452-457.

*Muller, A.J. (1966). Die Induktion Von rezesslven Lethal- 
mutationen durch Athyl methansulf anat bie 
Arabdlopsis I. Dos is- Effekt— Beziehungen. und 
deren Beln•flussung durch die Bahandlungsbeding- 
ungen. Zuchter. * 201-22(3.



X X

Muller, H»Jo (1927). Artificial transmutation of the 
gene. Science 6§ i 84-87.

Nair, P.N.R. (1964). Investigations on the effects of
Ex-rays on cowpea. Vlgna sinensis Ind. J. Genet. 
Pi. Breed. (3) : 30-35.

Nair, V.G.(1981). The relative mutagenic effects of
ionising radiations and alkylating chemicals in 
rice. Aqri. Res. J. Kerala 12(1) t 32-40.

Nadpuri, K.S./ Gupta, V.P. and Thakur, P.C. (1970). .
Correlation studies in chillies* J. of Research 
Punjab Agrl. Unty. 2(3): 301-303.

Narayanan, and Madhavan Nair (1963). Cytogenetic studies 
of gamma Irradiation rice varieties Pis.abstract. 
23.

Natarajan, A.T., sikka, S.M. and Swaminathan, M.S. (1958). 
Polyploidy, radio sensitivity and mutation 
frequency in wheats (Proc. 2nd UN Int. Conf. 
peaceful uses atom. Energy, UN New York. 2^: 321-331.

Natarajan, A.T. and Upadhyay, M.D. (1964). Localised 
chromosome breakage Induced by ethylmethane 
sulphonate and hydroxylamine in VIcla faba. 
Chromosoma. 15: 156-169.

Nayar, N.K. (1976). Studies on induced mutations in rice- 
var. Jaya. Ph.D.Thesis, University of Kerala. ,

Nerkar, Y.s. (1977). Cytogenetical effects of gamma rays, 
Ethyl methane sulphonate and Nitrosomethyl urea In Lathyrus sativus. Ind. J. Genet♦ Pi.Breed.
37(1): 142-146.

Nettancourt, D.d . and Contant, R.B. (1966). Comparative 
study of the effects of chronic gamma irradiation 
on Lycopersicon esculentum Mill, and L. plmpinelll- 
folium dernal. Rad. Bot. jj: 545-556.



xxi

Nilan, R0A. (1956).Factors governing plant radio­
sensitivity. Conf. Radioactive Isotopes in 
Agriculture. USAEC, Michigan state University. 
East Lansing. 151-162.

Nilavao, V,P.(1936). The effect of X-rays on ferments 
in barley seed and sprouts, Trudy Pzilalad. 
Botan. Genet. 1 seleklsii. 14* 109-115.

Nilsson,'E.. (1950). Some experiments with Tegraploid 
tomatoes. Hereditas 84i 181-203.

Nishimura, Y. and Kurakami, H. (1952). Analysis and
synthesis of reciprocal translocations in barley,
Jap. J. Breed. 3s 45-47.

itOffuta, M.S. (1962). Effect of gamma ray and thermal
neutron irradiation on seeds of Korean lespedesa.
L. stipulacea Maxim. Crop Sci. 2s 325-330.

Oka, H.I., Hayashi, J, and Shiojirl, I. (1958). Induced 
mutation of polygenes for quantitative characters 
in rice. J. Heredity _49s 11-14.

Olatunde,1 A.D., Jono and Chbaeda, H..R, (1971). Mitotic 
events and other disorder induced in cowpea by 
ionising radiation. Vigna unquiculata. Rad. Bot.

. . 5 i 51-60.£3
* Ota, T., suglyama, K. and Itatani, I. (1962). Alteration 

in quantitative characters in rice by radiation.
Rep. Kihara. Inst. Biol. Res* 14* 97-100.

”oung,. T.Y. (1965), Studies of using early mutants Induced 
by irradiation in rice genetics breeding. J.Aqri. For. (China) 14: 1-12. “JM«3

Qzol, A.M. and Peterson, E.K. (1966). The effect of irradia­
ting seeds prior to sowing, with ipnising radiation 
on growth and yield of maize. Inst. Biol.Acad. Sci. 
Latv. SSR. Riga. 11,: 72-81.



xxii

Pandey, V.S. and Gupta, M.N. (1971). The effect of gamma 
irradiation on straw berry runners, Indian J,
Aq. Res. 5: 1-9.

Patel, J*A, (1967), Radiosensitivity in Okra. Mag.Coll. 
Agri. Partham. Hort. Abstr. 69(2967).

Patel, G.I. and Datta, R.M. ( i 9 6 0 ) .  Cytogenetical investi­
gations of X-ray Induced mutations in jute, C. 
eapsularis Linn., and C. olltorlus Linn. The 
Nucleus 3 T l ) s 1 2 5 - 2 3 4 .

Pele, S.R. and Howard^ A. (1 9 5 5 ) .  Effect of various
doses of X-rays on the number of cells synthesis­
ing deoxyribonucleic acid. Rad. Res. 3 s  1 3 5 - 1 4 2 .

Pollard, E. (1964). Ionising radiations Effect oh genetic 
transcription. Science. 1£6 (3646)s 927-929.

Quastler, H., Schertiger, A.M. and W.N.Stewart (1952). 
Inhibition of growth by radiation IV. Growth 
arrest versus effects of mitotic activity. J. Cell 
Gomp. Physiol. 39: 357-369. ""

Radhammal, M.S. (1972). Mutagenic Effects of Gamma Rays on 
chillies (Capsicum annuum L.) Thesis submitted for 
the award of the M.Sc. degree Kerala Agricultural 
University.

Raghavan, T.S, and Venkitasubban, K.R.(1970). Studies on 
South Indian chillies. I. A description of varie­
ties chromosome numbers and cytology of some X- 
rayed derivatives on Capsicum annuum. L. Proc. 
Ind. Acad, sci; jig (13) i 24-46,

Raghuvanshi, S.s. and-Singh, ■ A.K, (1974). Studies on the 
effect of gamma rays on Triqonella £oenum-qraccum Cytoloqia, : -473-482.

Rai, M. and Das, K. (1978). Sterility and yield reduction 
after X-irradiation in linseed. Ind. J. Genet. Pi.- Breed. (3) : 288-297. “



xxlii

Rajendran, P.G, (1975). Gamma ray induced variability 
in safflower (Carthamus tinctoria)• Ph.D. 
Thesis, Banaras Hindu University.

Rao, N.B. and Lakshmi, N. (1980). Gamma ray induced
meiotic abnormalities in Capsicum annuunrL. 
Caryoloqlca. 33 (4)i 509-518.

Rao, T.S. and Raj, K.G. (1976). Effects of irradiation 
on morphological characters in Bhindi. Curr. 
Res. 3 (10) i 126-127.

Rao, P.N* and Rao, R.N. (1977)• Gamma, ray induced meiotic 
chromosome stickiness in tomato. Theoretical 
and Applied Genetics. §0(5)i 242-252.

Rao, G.M. and Siddiq, S.A*(1977), Induced variation for
yield and its conponents in rice. Ind. J. Genet 
PI.Breed. 37(1)* 12-21. ”

'ft

Ratnaswamy, P., Krishnaswanry, S. and Marappan, P.V. (1978) 
Radiosensitivity studies in green gram. Viqna 
radlata L. Madras agric. J. £5(6) i 351-356.

Rawlings, J.C., Hangway, b.G. and Gardner, C.o, (1958).
Variation in quantitative characters of soya­
beans after seed Irradiation. Aqron. J. |0s
524-528.

Roy, P.P., Sinha, B.M.B. and Thakur, G.K. (1971). Irradia­
tion studies in Cucumis satiyus.„Linn. J. Gyt. 
Genet* 6i 128-135.' i ■ ■ ■ 2

Ryan, G.S,. and Heslot, H* (1963). Mutations somatiques 
indlntes per des agents mutagenes chimiques 
et des rayonnements gamma chea des plantes D 1 
orge heterozygotes pour des deficiencies 
chlorophylllennes. Annuls. Amel. Pi.13: 297-306

Sagawa, Y and Mahlquist, G.A.L. (1957a). The mechanism
responsible for some X-ray induced changes in 
flower colour of the carnation. Dlanthum caryo- 
phyllus. Amer. J., Bot.44 * 397-403.



xxiv

Sahai, L« J. and Dalai# X.C. (1973)* Gamma ray induced 
variability in ft generation of safflower* Ind,
J, Genet. PI. Breed. ||» 716-717,

Sahib# M.K. and Abraham, A.T. (1970). Biological effect 
of X-rays in chillies (Capsicum annuum L.)-Agri.
Res. J. Kerala. J| (2) s. 68-72.

Sahib# M.K. and Abraham, A.T. (1972). Biological effects 
of X-rays ori chillies! (Capsicum annuum). Agri.  ̂
Res. J. Kerala 8: (2)# 68-72.

Sakai# K*T. and Suzuki# A, (1964). Induced mutations and 
pleiotropy of genes responsible for quantitative 
characters in rice. Rad. Bot. 4: 141-151.

Sarvella, P.# Nilan, R.A. and Konzak, C.p,(i962). Effects 
of X-rays on.barley. Rad. Bot. 2* 89-108.

Sato# M. and Gaul, H. (1967). Effect of ethylmethane
sulphonate on the fertility of barley. Rad. Bot. '
7: 7-15

Satpathy# D, and Arnason, T.J. (1971). Temperature sensiti 
vity of some chlorophyll mutants in barley. Rad; 
bot. 5 i 38-41.

Sax, K. (1943). The relation between X-ray dosage and the 
frequency of chromosomal aberrations. Am. <J. Bot.
30 s 546-570 .' “33

Scarascia# G.T.(1956)• Ricerche sugli effeti della radiag 
ione in Kicotiana.I. Azione dei neutroni termici 
suila germina ziohe e lo avilluppo della Nlcotiana tabacum I.. Tobacco (Some) 6£): 249-267.

'itScheibe,, A. and Hulsman, G* (1958) • Mutatigns auslosung 
durch chemikalien beim steinkiee (Malitotus albus) 
2* Pflzucht. 39 t 299-324.



XXV

Schules, J.F* and Sprague, G.F, (1956). Natural mutations 
in inbred lines of maize and their heterotic 
effects. II. Comparison of mother-line Vs. mutant 
when outcrossed to unrelated hybrids. Genetics 
41: 281-291.s=

Schwartz, P. (1954). An interesting phenomen associated with 
irradiation bn dry maiae seeds. Science. 119* 45-46.

Scossiroli, R.E. (1954). "Effectiveness of artificial
selection under irradiation Of plateaued populations 
of Drosophila melanoqaster under increased 
mutation rate". Atti IX Congr. Int. Genetica, 
Carvoloctia. Suppl. 2s 861-864,

Scossiroli, R.E.(1966a)• Wheat mutagenesis in quantitative
traits. (Proc. 2nd Int. Wheat Genetics symp.'Lund. ' 
1963). Heredltas (Suppl.)£: 35-101.

* ’ ' 'Scossiroli, R. (1966b)• Consequent© sucaratherl quantitative 
deltrattamento del semi con ranggl x in I. durum 
eterogeita progenie derivate da semi trattatic non 
trattati. Atti.Ass.1 genet. ital. Padua, il: 147-160.

Scossiroli, R.E, Palen Zona, D.E., Scossiroli Pellegrinis
(1966). Studies on the induction of new genetic 
variability for quantitative traits by seed irradia­
tion and its use for wheat improvement. Mutations 
in Plant Breeding (Proc. Panel. Vienna 1966) IAEA, 
Vienna, 197-229.

Sethi, G.s. (1975), Induced mutations of plant breeding
significance in barley. Indian J. Genet, and PI, 
.Breed. 35(1): 109-113. "

Sethi, G.s. and Gill, K.S.(1969). Doubling tendency morpho­
logical • changes induced by different mutagens in 
barley. Rad. Bot. 9: 415-419.

sharma, Rao, H.K. and Gopal Ayengar, A.R. (1967), Radio­
induced early and high yielding mutants in rice. 
Biol. Div. Anatomic Energy Establish. Trombav. 312-322.



xxvi

Shirshov,

Shull# C. 

SIddiq, £

Siddiq,' £

Sidorova#

Singh# B.

Singh# C.

S ingh# A. 

Singh, B.

Singh, V,

V.A. and Sain, S.S. (1967). Variation of legumes 
under the influence of gamma irradiation. Fodd.
Res. Inst. Moscow. Rad. Bot. |> r 161-172.1
A. and Mitchell, J.W. (1933). Stimulative effects 
of X-rays on plant growth. Plant Phy.Sio. 8:287-296,

:.A. (1967). Induced mutations in relation to the 
breeding and phytogenetic differentiation of 
Oryza sativa# Ph.D. thesis Division of Genetics. 
IARI, New Delhi.

!.A. and Swaminathan, M.S.(1968). Induced mutations 
in relation to breeding and phytogenetic differen­
tiation in Oryza sativa. Rice Breeding with 
Induced Mutations'! (Tech, Rep.Series No.86) IAEA, 
Vienna, 25-51,
K.K, and Kalinina, N.P. (1967). Comparative 
studies in the radiosensitivity and mutability 
of different' pea varieties treated by gamma 
rays. Genetlka Moskva. 4: 37-45.

B. (1971). The effect of gamma irradiation on 
chlorophyll content of maize leaves. Rad. Bot.
2 : 50-52.

(1970). Studies on subspecific differentiation in 
0, sativa Ph.D. thesis. Division of Genetics.
IARI. N.Delhi.
and Roy,, R.P. (1971),. X—Irradiation studies on 
Trigonella foenun-graceum L.Genet. Iber 23: 49-66.

N.# Chowdharl# R.S* and Kapoor# S.L. (1939).
Structural abnormalities in cotton leaves following 

. exposure of the seed to radiation. Bot. Gaz. (NS)
!* 307-313..

P. and Mitra* C.C.(1967). X-irradiation effects 
on Hibiscus cannablnus L. and H. subdarlffa L, Genet. Agr. .§1: 86-100. “



xxvii

Sinha, S.S.N and Godward, M.B.E* (1972). Radiation
studies in Lens cullnaris. Ind. J. Genet. PI. 
Breed. 32 (3) : 331-339.

Sjodin, J. (1962). Soma observations in ^  and X2 of
Vicia faba after treatment with different mutagens 
Heredltas 48: 565-586.

Skoog, P. (1935). The effect of X-irradlation on auxin 
and plant growth. J* Cellular comp. Physiol. 7; 
227-270.

Smith, H.H. (1961)• "Mutagen specificity and directed 
mutation". Mutation and Plant Breeding. Publ. 
No.991, NAS. NRC. Washington, D.C. 413-436,

Smith, G.F. and Kersten, H. (1942)• Root modification 
induced in z. mays seedlings by irradiation.
Plant Physiol 17 : 455-464.

Snedecor, G.W.(1956). statistical methods applied to 
experiments in agriculture and biology. Allied 
Pacific pvt. Ltd. India.

Sparrow, A.H. (1961). Types of ionising radiation and 
their cytogenetic effects. Mutation and Plant 
Breeding. NAS MRC. 89£: 55-119.

Sparrow, A.H., Furuya, M. and Schwemmer, S. (1968).
Effects of X- and gamma radiation on anthocyanin 
content in leaves of Ruraex and other plant genera. 
Rad. Bot. 7-16.

sparrow, A.H., Sparrow, R.C., Thompson, K.H. and Schairer 
L.A. (1965). The use of nuclear and chromosomal 
variables in determining and predicting radio­
sensitivities. "The use of induced mutations in 
plant breeding". Rad. Bot; 5* 101-132,

sree Ramulu, K* (1970). Mutagenic sensitivity of diffe­
rent genotypes of sorghum in treatment with radia­
tion, chemical mutagens and combination treatments 
Madras agric. J. 57(5) : 279-288.



xxviii

Stadler, C.J. (1928). Mutations in barley induced by X- 
rays and radium. Science. <|g: 186-187.

i

★stubbe, H. (1934). Elnige Klein mutationen von. Anthirrlnum 
majus L., Zuchter 6: 299-303.

Subash* K. and Nizam, J. (1973). Preliminary studies on 
the effect of X ray irradiatioxl on Capsicum 
annuum Science and Culture.39.(8);350-351.

Subash, K. and Nizam* J. (1977). Meiotic anomallties
induced by X rays on Capsicum annuum L. Sioloqica 
Plantarum 19(5) s 381-382.

Sudhakaran, I.V. (1971a) Meiotic abnormalities induced by 
gamma rays in Vinca rosea Linn. Cytologia 36t 
67-79.

Swaminathan, M.S. (1963).. Evaluation of. the use of
induced micro and macro mutation in the breeding 
of polyploid crop plants.''L' energia nucleane 
in agriculture". 243-277.

Swaminathan, MiS. (1966b), The origin of macro from micro­
mutations and factors governing the direction of 
micromutation changes. Ind. J. Genet. 2§:29-41.

Swaminathan, M.S., Siddiq, E.A., Singh, C.B. and Pai, R.A. 
(1970). Mutation breeding In rice in India.
Rice Breeding with Induced Mutations II (Tech. 
Rep. series No.102).IAEA, Vienna. 25-43.

Tedin* 0. (1954) •' X Irradiation of Lupines lute us. Acta. 
Agric. Soand. 4i 569-573.

Teodoradze, S.G. (1968). The use of radiomutants of
french and soyabean in, breeding work. Indian J. 
Genet. Pi. breed. 120-125. , —

Teretchenko, N.M. (1967). Use of gamma rays in pea
breeding. All Un. Fodder Res. Inst. Moscow.
Prov. USSR. 150-154.



xxix

*Tomonira# Yamazaki# Kiyoshi Yamanishi# Yasuda Matsuda 
and Masao Kobayachi. (1964). The breeding of 
medicinal plants in gamma ray irradiation. I. 
The appearance of variation in the X generation 
of several medicinal plants. Syoyakuqaku 
Zaschl 18 (1) i 20-23.

Ukai# Y and Yamashita# A. (1968). Varietal differences
in radiosensitivity with respect to chromosome 
aberrations in soyabean. Proc. Intern. Conqr. 
Genet. 12th Tokyo 1-109.

Varghese# G. and Swarainathan# M.g.(l968). Frequency and 
spectrum of mutations induced by gamma rays 
and EMS in wheat. Ind. J.Genet. Pi. Breed. 
|§(2): 158-164.

Vasileva# M. and Mahandziava (1969). Radiosensitivity and 
mutability of the fodder pea. Effect of total 
dose and intensity of irradiation. Genetika# 
Genet, and Pi.breeding. Sofia 2* 215-216.

Vasudevan# K.N., Dalijit Singh and.Nerwal# S.K. (1969).
Effect of irradiation on some quantitative 
characters in barley. Ind. J. Genet. PI. Breed. 

: (1) 36-41. “

Veluswamy# K.S. (1966). Effect of gamma irradiation on
the physiology of rice. Oryza sativa L. Disserta 
tion submitted for the award of degree of M.Sc. 
(Ag) to the Madras University.

Venkitaswarlu# s.-# Singh# R.M., Singh, R.B. and Singh# B.D 
(1978). Radio sensitivity and frequency of 
chlorophyll mutations in pigeon pea. Ind. J. 
Genet. PI.Breed 38(1): 90-94.

Vettel# F. (1958)• Mutation experiments on Triticale 
Ind. J., Genet. Pi. Breed. 7 2 1 445-447.

Vishnoi# A.K. and Jdshi, M.C. (1981). Radiosensitivity 
and parameters for its measurements in some 
cucurbits. Ind. J. agric. Sci. §1(12):839-842.



X X X

Vishnuswarup and Gill* H.s. (1967). X-ray induced 
mutation in french bean. Indian J. Genet.
Pi.breeding g& (l): 44-58.

Williams, J.H. and Hanway, D.G. (1961). Genetic variation 
in oil and protein content of soyabeans induced 
by seed irradiation. Cron sci. 34-36.

*  JWittmer, G. (1960). Influenza di trattamenti con raggi x
applicatial seme sulla variabilita die alcuni 
cartteri fiorali in Nicotlana tabacum. Genetlca 
A c jra r ia  J j3 t 1 5 7 -1 6 9 .

Woodstock, L.W. and.Justice, O.L. (1967). Radiation
Induced changes in respiration of com, wheat, 
sorghum and radish seedB during Initial stages 
of germination in relation to subsequent seed­
ling growth. Rad. Bot. 7s 129-136.

Wu, T.P. and Pi, C.P. (1968). Reciprocal translocations 
Induced by X-rays and thermo neutrons In wild 
sorghum. Canad. J. Genet. Cvtol. 10 s 152-160.

Yamaguchl, H. (1962). Induction of mutations by repeated 
irradiation of successive generations in barley 
and rice. Japan J, Breeding 12: 141-147.

Yamaguchi, H. (1964) . Genetic effects of pile radiations 
in rice. Biological effects of Neutron and 
Proton irradiations I. IAEA, Vienna, 371-382.

Yaniaguchi, H and Miah, M.A, J. (1964) • Mutational mosaicism 
induced by X, gama rays and ethyleneimine in 
rice Radioisotopes. ^3: 471-476.

Yamakawa, K. and Sparrow, A.H. (1966). The correlation of 
Interphase chromosome volume with pollen abortion 
induced by chronic gamma irradiation. Rad. Bot.
6: 21-28.

Yashivar, (1975). Induced quantitative mutations In Okra.
Abelmoschus esculentus. Proc. Ind. Acad.Sci. 8^(4)i

181-185.



xxxi

Yoshida, Y. (1962), Methodological procedures ofradiation breeding. I. New methods of autogamous 
plants following seed irradiation.Buphytlea 
II: 95-111.

Young, P.A. (1940). White flower character from X ray 
treatment of tomato seed. J. Heredity. 31:
78-79.

Yu, S.A. (1961). The effects of radiation on Chatham 
tomato seeds«Proc. Amar. soc. Hort. Science 
76: 538-542.

*Zacharias, M. (1956), Mutations versucha an Kulturp flanzen
VI. Rontgenbestrahlung der Sojabohne Zuchter.
26: 321-338.

* Original not seen.



ILLUSTRATIONS



Fig.l, Plant height variation in under low exposures 
(control on right side)

Pig.2. Plant height variation in under medium 
exposures (control on right side)

Pig.3. Plant height variation in under high 
exposures (control on right side)





Leaf sise variants among treatments in
(Control on extreme left top).

Leaf size variants among treatments in 
(Control on extreme left top)

Leaf size variants among treatments in 
(Control on extreme left top).





Pig. 7. Variation in number of lobes in
(Control on extreme left top)

Pig. 8. Variation in leaf lobs margins in 
(Control on extreme left top)

Pig. 9. Variants for leaf texture in 
(Control on extreme left top)





Fig,10. Petiole dichotomy.

Fig. 11, Splitting of the branch.

Fig.12. Bifurcated stem apex





Fig. 13. Fused buds in

Fig. 14. Double fruits produced from fused buds.



Fig* 15. Two fruits produced at the same node

I

Fig. 16, Two fruits produced at the same node (M̂ )

Fig. 17. Two fruits produced at the same node (M̂ )
i







Fig. 18. Three fruits produced at the same node 
in M^.

Fig. 19. Three fruits produced at the same node 
in





Fig. 20. Weak-stemmed variant# for plant-
habit in (control on right side)

Fig. 21. Weak-stemmed variants for plant 
height (M1)





Fig. 22. Variation'in fruit size, length and. 
number of locules (M̂ )

Fig. 23. Sterile seeds produced in M,
(fertile seeds from control at the bottom)

Fig. 24. fruit without any seedset in comparison 
with normal fruit.





Fig* 25. Leaf showing chlorophyll deficiency in Mg

Fig. 26, Leaves showing chlorophyll deficiency 
in a,.
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ABSTRACT

Mutations induced in bhindi (Abelmoschus
esculentus L* Moench) Var* Anakomban by the most potent

60physical mutagen* Co-gamma rays were studied using 
six doses* The investigation was carried out at the 
Department of Agricultural Botany* College of Agricul­
ture, Vellayani, during the year 1982 — *84* The direct 
effect of the mutagen was assessed in the generation 
and the extent of variability in the with special 
reference to polygenic and economically important 
characters* The doses employed were 10 to 60 kR at an 
interval of 10 kR exposures*

Direct effect of the mutagen was assessed by 
studying the germination percentage, survival, growth rate, 
number of buds, flowers and fruits per plant# number of 
stigmatlc lobes per flower, fruit length and number of 
locules per fruit, sterile buds, percentage fruit set 
and pollen and seed sterility*

In the M2 observations were made on plant 
height, number of branches and leaves, day to flowering, 
duration of crop, yield and fruit characteristics like 
length and weight® Besides computing mean, frequency 
distribution of variants from the control range also was



determined. Careful observation of each Mg plant was 
made for chlorophyll deficiencies especially in the 
early seedling stage.

Statistical analysis of the data collected 
clearly demonstrated a dose dependent variation in means 
for' all the characters analysed. Germination was reduced, 
though not significantly. There was a significant differ­
ence between exposures for the pollen and seed sterility 
percentages. The other characters also showed a declin­
ing trend with Increasing exposures although the means 
did not differ significantly.

Variants in leaf sisse, leaf lobes, leaf shape, 
stem and petiole dichotomy and double fruits also were 
observed in the M^ generation.

In the Mg, the polygenic traits studied did not 
differ significantly for the mean expression of characters. 
But X analysis done on the frequency distribution of 
phenotypes in positive, negative and control group showed 
significant variation, for all the characters. The pheno­
typic classes under five sterility, classes showed 
significant variation in their mean frequencies in all 
the characters. Treatment mean frequencies were signifi­
cant for number of leaves produced* Interactions were also 
insignificant for all the characters*



The M,, population showed a very few plants with 
chlorophyll deficiencies in a few early formed leaves* 
Variation; , in pigmentation also was seen whereby some 
green and red pigmented plant types were observed* The 
fall in means and significant pollen and seed sterility 
in the and the significant frequency distribution of 
positive and negative variants in demonstrate the 
success of the mutagen treatment and the scope for a 
positive response to selection for isolation of bene­
ficial mutants in succeeding generations*


