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UTRODUOTIOH 

• 



INTRODUCTION 

Insects that are harmful to animals and plants 

continue to pose one of the most serious problems in 

agriculture and human health (IAEA• 1968). Despite 

sophisticated equipments and continuous development 
". . 

of new techniques only a few species of harmful inse­

cts can be said to be controlled (Brown,, 1951; Knipl­

ing, 1955; De Bach, 196yo,.;IAEA, 1963, 1964, 196a, 1970 

& 1975). Insecticides have met;.,with only limited sue-

1 

. cess in pest eradication programmes (Muri, 1978). Resi­

stance (Simon, 1958; Ohoshi & Simon, 1963; Brown, 1968, 

1969) and deleterious environmental side-effects have 

limited the use of pesticides in insect control prog­

rammes (De Bach, 1951, 196o, 19648 , 19640 , 1974; Newson, 

1967; Pimental, 1971.; Moore, 196f/;. Huffaker, 197la; 

Woods, 1974; Smith, 1978). And, thus, researchers have 

become increasingly aware of the potential of insect 

population control by alternative means (Turnipseed et al, 

1975; Wilkinson et al, 1975). 

Isotopes and radiation are becom#ng jncreasingly 
. . . 

important in entomology and the growth 0~ information: on' :. i 
\ .-.: ',' \ t ' ;. ~~ :.· '.: --~~ 

their> riial'!ifbld uses represent an important step towards nO.rr~!; 
~. <' ~,•n 

chemical pes-t .rA~nageinent · (IAEA, 1963,· 1964, 1968, 1970, 1971 

and 1975). Tlu~ stic'ces~ful eradication of the screw worm 

( Choclomiya it-omlnivorax) (Baumhover et al., 1955; 
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Anonymous, 1973b) by mass release of radio-sterilized 

males has demonstrated the graa·t potential of radiation 

entomology in insect pest management. Serious drawbacks, 

however, have often limited the successful utilization 

of this approach (Lachance et al~l967). Males are usually 

sterilized by the induction or dominant lethal mutations 

in sperms by high doses of ionising radiation. In some 

species radiation sickness, les~ comp~titiveness, impair­

ment of deveolpmental procesAes, fertility regain and 

somatic damage are encountered (Denell 1973). 

Hence, current research is underway on several 

aspects of radiation entomology which are hindrance to 

the radio - sterile technique. 

Insects provide a good system for the estimation 

or hereditary risks .from radiation. Body malformations 

due to radiation (Newcombe & Mc.Gregor 1967, 1972) ,· and 

genetic & non-genetic effects of ionising radiation on 

insects are extensively studied and these have been ade­

quately documented by several workers (Grosch 1962, O'Bre.in. 

& Wolfe 1964, and L~chance 1967). Although there is consi­

derable information on the radiosensitivity of the various 

nymphal instars of the holometabolous insects, little is known 

of the sensitivity of the various nymphal instars of the 

hemimetabolous insects where the metamorphosis is gradual 



from instar to instar (Harwalkar & Nair, 1968). 

In the present study an approach has been made 

with dual interest in understanding radio sensitivity 

or different stages together with bodJ malformations 

and impairment of reproduction by radiation in under­

standing and elucidating diffeJ.•ent effects o£ radiation 

on the tes't system PYsdereus k.oenig11 l• (Heteroptera: 

Pyrrhocoridae). It is commonly known as red cotton bug 

or cotton stainer. It bas a wide distr~bution in India, 
. 

Africa and in all other cotton 4row1ng regions in the 

world (Crowe, 1977). It is a severe pest on cottotl in 

major cotton growing countires feeding on the bolls or 

cell-sap of cotton plants (Srivastava and 8ahndur, 1959; 

Simon, 196!t; Frohlich and Rodewald, 1969; FlU, Ministry 

of Agriculture; India, 1973; Rens, 1975; Atwal, 1976; 

Crowe, 1977). 

,,. 

In India they are reported attacking cotton bolls 

(Khan and Rao, 1960; Sohi• 1964). As, earl.Y..EUi 1926, it 

was noted that they spread a disease calle~ "Stigmato­

mycosis" which is commonly known as ~internal boll disease 

ot cotton" (Ashby and Nowel,l 1926; Carter, 1962). Later 

studies revealed that this disease is eaused by a patho­

genic tungu.s, Rematos2or,! gossxeU. ~hich is inooulatQd by 

the 1nfect~d bugs when they teed on the bolls (Clarke 

and Wilde, 1970a, b). Thig_ fungus stains the cotton lint. 
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The staining is also due to the excreta of the bugs 

and the body fluid or them as tbay get crushed in 

the ginning, £a,ctories (Atwal, 1976). The weight, 

germinating capacity and oil content, o£ the cottenseeds 

were reported to be reduced. Furtber:~seed cott6n with 

stained lint commands only half the price of the clear 

cotton (Crowe, 1977). 

In addition to their economic impact on cotton 

growing industry, reports on their resistance to organic 

insecticides (Simon, 1958; Ohoshi and.S1mon, 1963) have 

necessiated £or search or alternative non-chemical way 

o£ their control. 

Information regarding varied physiological aspects, 

especially about neuroendocrines of Dxsdercus spp. are 

accumulating in the recent years (Jalaja and Prabhu, 

1976a, l976b, 1977; Prabhu and John, 1975a,l9?5b; Prabhu 

et al., 1973; Joseph and Prabhu, 1977; Geering andco·aker, 

1960; Jalaja, 1974; Jalaja et al., 1973, 1976; Tiwari and 

Srivastava, 1975; Gopakumar et al., 1977; Brunt, 1971; 

Muraleedharan and Prabhu, 1978). Reduced fertility was 

recorded when y_. ·J{oenigii nympha were treated with com­

pounds like cyclic AMP, prostagland,~ngs, acetic acid and 

U 7118 (Datta and Banerjee, 19781 .• , ;Acorus calamus oil 

vapours have been shown to reduce adult male fertility 
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(Saxena and Mathur, 1976; Koul ct al., 1977). A. pre­

liminary study on the female sex pheromone which can 

be used for biological control of this bug has been 

reported (Oemani end Naidu, 1967). But. no further 

progress has been published. Use or chemo-sterilants 

and juvenile hormones have been tried on various species 
' ot this insect (Saxena and Williamo, 1966; Bransby ..a· 

Williams, 1971, Critchley and Campion, 1971; Harwalkar 

and Rahalkar, 1975; Rens, 1975). 

lntormat1on on the effect o£ radiation on 

R· Koen1;11 is ecanty. Only two reports, preliminary 

by nature, a.re available in this regard. Harwalkar 

and. Nair (1966) have studied only the eff'ect of X-1rra­

diat1en on tho moulting and metamorphosis o£ ~· Koeni&ii~ 

It wne shown in a P·e:ruvia.n species or this bug (.Q.. ~­

vianY;g) that fertUity is reduced by irradiation (Simon, 

1966). Besides the above mentioned preliminary studies, 

no concrete information regarding radiation effects is 

available on this economically important insect. 

Hence, in the present study investigations on the 

life cycle under the culture conditions provided during 

this experiment, mtlss rearing tecbni(}uos, reproductive 

beha.vioUJJ, and radiosensitivity of different s·~ages ot 
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i• Koenigii are pursued. The fecundity and .fertility • 

mating behaviour and competitiveness o£ males irradiated 

with sub-lethal'doses have also been tested. 



.. 
MATERIALS AID MJS'l'HODS 



MAT:sRIALS. AND METHODS 

I. Culture methods for mass-rearing: 

(1) Diet: -

7 

(a) Germinated cotton seeds: Commercially procured 

cotton seeds were washed thoroughly and soaked in water 

for 24·36 hrs to germinate. Then these were fed to the 

cotton bugs (Srivastava and Bahadur, 1958; Harwalkar 

and Rahalkar, 1975). 

(b) Soaked cotton seeds (non-germinated): Thoroughly 

washed cotton seeds were soaked overnight in water and 

ted to the bugs (G:eer~aing and Coaker, 1960: Prabhu and . 
John, 1975Q,; Jalaj.a and Prabhu, 19r76a, 1977). 

(c) Minced cotton seeds (dry) : Thoroughly washed and 

dried cotton seeds were mn.nu.ally minced and used as diet 

for rearing this red cotton bug. 

(d) Minced cotton seeds + 10- Sucrose solution: ·' 

Cotton seeds minced as mentioned above were mixed with 

. 10~ sucrose solution and kept in a petri dish. 5ml of 1~Jt < 
,'.' ~~. ·~ 

sucrose solution was added to 10 grams of mince~ cotton 

· see·ds. The insects were allowed to feed on them. This 

diet was used throughout the experiments in later stages+;{ · 

(ii) Containers: 

(a) Inverted cone shaped transparent plastic containers' 



(Plastella No.2, 3, 4, & 5, Plastella (India), 

Bombay,92) were used. 

8 

Container No.5 was found to be suitable for mass 

stock culture. No.4 containers were used for rearing a 

stock of a particular age group of insects. Separate 

maintaenance of irra,diated insects and. ·mating behavioural 

studies of test insects were done with container No.3. 

The smallest containers (No.2) were used. for incubating ., 

the ~ggs laid. 

(b)Lining the bottom of the container: Lining the 

bottom of the container with sui ta.ble base material to 

simulate the moist soil environment is necessary for the 

bugs. Four lining materials were tried: 1) Whatman 

No.1 filter papers (Rens, 1975) 2) moist sa.nd (Harwalkar 

and Rahalkar, 1975); 3) wet filter pa.per above the wet 

cotton lining of 1 em thickness; and 4) 1-1•5 em thick 

wet synthetic sponge roam. The latter two methods were 

developed indigenously. 

The used sand, filter paper and cotton were 
'<lot-

diSpOSed as they could ibe r.eused. The containers and 

the foam lining were washe~ with detergent and the f'oam 

was thoroughly rinsed in running tap water for whole 

night. But the lining foam was re~sed. 



the containers were covered with a piece ·of 

green net cloth. . 

(111) Temperature and Relative H~idity (RH ~): 

The temperature of the culture cabin was main­
e 

tained through out the year at 28 ! 2 C by conditioning 

the temperature of the air. 

The RH was maintained as follows. When the RH 

outside the cabin was low, t;he humidity was raised 

inside the culture cabin by keeping a trough of water 

with a surface area of 135 cm2• The water evaporates 

according to tbe RK ot the incoming air. Further, the 

RH inside the container was raised by the slow release 

of moisture by evaporation from the lining material. 

The day time ~H of ambient air outside the culture cabin, 

culture cabin and inside culture container were recorded 

all through the experiment.al period (Table Ul) .. 

(iv) Photoperiod: 

The insects were reared under the illumination 

pattern of around 12 L and 12 D hours. 

(v) ~ud.y on Fecunditt 1 .lg FertUitx under different 
a~et condi tlons : . · 

To ensure the bearing o£ different diets, re­

commended in literature and developed by us, it was 

- I 
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felt worthy to record the number of eggs laid (fecundity) 

per f'emale.and number of eggs hatched out (fertility) 

from the eggs laid when they were rea.red under 41f'f'erent 

diets. Eggs from 30 temales reared under the specific 

diet conditions were scored and fecundity and fertility 

ratio was studied.·(Tablel3) •. 

(vi) l:fife cycle and Life span studies: 

As a modified diet (minced. cotton seed.s and 10~ 

sucrose solution) wns used in the rest of the experiments 

. and to choose a parti·cular phase of the life cycle for 

irradiation it was felt necessary to study the periods 

of different stages and their morphological"'changes With 
. . 

which their phase 1n life cycle can easily be identified. 

One hundred eggs and fifty insects or each instar were 

·used.. The per~ods of different stages of the 11£e cycle ; 

are shown in Table IL • 

(vii) Test for monogamy and/or polygamy: 

Ten virgin females and ten virgin males were 

used to study their mating behaviour, i.e., monogamy 

and/or polygamy. Each pair ( 1 male and 1 female) o£ ' 

the experimental group were introduced in a contal.ner 

and allow.ed to mate. After first mating the pairs.~ were 

separated and to each male insect a virgin female was 

introduced again for mating.. To each female which mated 
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Fig. I O~termination of dose-rate of the ca 60 gamma source 

hy actinometry (Fricke- ferrous sulphate method). 



for once 2 v.irgin males were introduced as a means of 

forced mating because the females showed evasive behavi­

our for 2nd mating. :As t.hey were confined !~container, 

ultimately, they were ~orced to accept one of the vigor-

. ous virgin males introduced. And for third mating, males 

matf,;ci for 2nd time were taken and paired with third set 

or virgin females. Either the females did not survive 

for the third mating test or those which survived did 
I 

not mate. The rate of fecundity and fertility were 

recorded at each phas_e· o£ mating ( TableJ}?·;) • 

(viii)Irradiation_Rrocedut;es: 

In the present study irradiation was given by a 

Co6o Gamma chamber 4000 ( capcity 5000 Ct) from Isotope. 

Di\fision, B.A.R.c., India. ·The dose rete was determined. 

by actinometry (Fricke ferrous sulphate) and was found 

to be 2·85 - 2•S3 Krad per min (.Fig.1) over a. period 

of these experiment. In difi'erent sets of experiments 
I 

a dose range of 1-20 Krad was used and the exposure 

time varied from 21 to 420 seconds. For lower aoses 

lead sheild was used tor lowering dose rate. Irradiation 

to elucidate the.ralio-sensitivity and lethal doee-50-

(LDso) of fourth and fifth instar mnle nymphs \tas done as 
e.t o.l.? 

per ~ee et al., (1968) and WiendA(l975)• The insects were 

collected from the stock culture whose stage o£ lite cycle 

was known, and were confined in test tubes plugged with 

cotton and irradiated. After irradiation, the nympha were 
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13. 

returned back to the culture cabin and confined in 

separate containers. Mortality and morphological ab­

normalities were recorded daily until they metamorp­

hosed into adults. Non-irradiated nymphs o£ the same 

age and number were used as controls in all experiments. 

(a) Early fourth instar nymphs: These nymphs (0-1 

day after moulting), each experimenta1 lot consisting 

of 30 insects, were irradiate~ with 1, 2, 4, 6, 8, 10 and 

12 Krad. 

(b) Late fourth instar nymphs: These nymphs (5-6 days 

after moulting), each experimental lot consisting of 

30 insects, \fere irradiated with 1, 2, 4, 6, B, 10 and 

12 Krad. 

(c) Early fifth instar nymphs: ~base nymphs (0-1 d~y 

after moulting}•, each experimental lot consisting of 

30 insects, were irradiated \11th 1, 2, 3, 4, 6, S, 10 and 

12 irrad. 

(d) Late fifth instar nymphs: These nymphs (S-6 days 

after moulting), were irradiated with 1, 2, ·4, 6, a. 10, 

12, 14, 16, 18 and 20 Krad. 



(e) Derivations or radio-sensitivity: Dose effect 

curves were established for fourth and fifth instars 

for both early and late stages of the phases with 

doses ranging from 1•20 Krad. The dose-effect curve, 

to establish the best linear regression line through a 

variety of test point data (in I and t coordinates) was 

calculated (Texas Instruments Inc., 1977). 

Tbe following formula was used to find out the 

slope (m) of the beet fit line: 

< 

m = 

n 
L'f...i.Yi. x9 - 1. 
n, 

dx 2 

where, m=the slope of the line 
n=no.of observations 
{f =- S to.11do.Yd .P t..vio. h 1>1"1 • 

The value (b) for t intrcep~ in I coordinate was 

c.al culated by 

b=!-mY 

b = 'Y' interacept 

LD50 values on the Y intercept were predicte4 by 

using the equation 
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y - b 

m 

The accuracy of the Lo50 value prediction was 

determined by finding out; correlation coefficient (r). 

The absolute value of (r) is 1. A value qpose to 1 indi­

cates a high correlation or indicates how ~ll the data 

points correspond or correlate to the line drawn. 

The formula for (r2 ) is: m2 ~2 
r2. = ---

6'y2 

J'rom this (r) can be calculated.. 
I 

(ix) Radiation induced sterility in males: Late fifth 

instar. male nymphs, each experiment'Il batch consisting 

of 30 insects, were irradiated with 1, 2• 3, 4, 5 and 

6 Krad as thepe are found to be sub-lethal doses. When 

these nymphs metamorphosed into adults, each one of them 

were confined with a virgin female and allowed to pair. 

After mating, eggs scored per female (fecundity) and 

~ggs hatched per group or eggs (fertility) were taken 

as index of ra4iation induced ilpairment on reproduction. 

Fertility and fecundity of untreated insects were taken 

as control. 

(x) Mating competitiveness of irradiated male bugs: 

Late fifth instar male nymphs, each batch consisting of 
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ten insects, were irradiated at 1, 2, 3, 4. 11 5 and 

6 Krad. Control insects were not irradiated. The 

competitiveness ot males was measured as in standard 

competition tests widely used tor measuring vigour 

(sterile males: untreated. males: untreated females 

·= 1:1:1 ). 

Eggs deposited were scored, counted and the 

percentaged of ho..tdi1VI_3 as related to the competiti venese 

ofr-. mating in the treated males, were recorded. 

The competitiveness of the treated males was 

calculat'ed in the following way (Baisch 1970). 

q- f 
e = 

n(1'-p) 

Where, e = competitiveness; 

q = hatching rate (•) o£ eggs of control group; 

p = hatching rate l~) of eggs of a group 
consisting or normal females and lrrad~ated 
males; 

r = hatching rate (~) of eggs or a group 
consisting of normal pairs end irradiated 
males; and 

n = number of irradiated males/number of normal .. i; 
males. 

(xi) Mating behaviour: In another set or experiments, 

the insects were irradiated as mentioned above and they, 
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were marked with white oamlin water paint on the ventral 

side of the abdomen in between the htrid legs. Each batch 

( t,en tnse~t.s per batch) , or these treated and marked 

insects were combined with 10 Untreated males and 10 un­

treated females. The mating behaviour o£ treated males 

compared to normal males was o~served, 



RESULTS 
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RESULTS 

I. Culture methods: 

Soaking cotton seeds for 36 hrs in water for germi­

nation 'was found necessary_. Drying-orr· of tender hypo• 

cotyl of germinating seedlings within 12 hrs was observed. 

Th_e food was not found to serve for more than a. day. ·Pro-
were 

blems of fungal contamination and foul· smell emission/en-

countered while using soaked cotton seeds. Minced cotton 

see~s di,d not pose the above mentioned pro~lems. The food 

served for 3 days. The diet consis.ting of minced cotton• .· 

seeds and 10~ sucrose solution stood serving for 2 days. 

Fungal growth in the medium became prominent during third 

day. 

The egg yield per female and their hatchability, 

when the insects were reared under different diets, are 

shown in Table I. The fecundity was found to be signi­

ficantly higher in females reared on a diet consisting of 

minced cotton seeds with 10% suc~ose solution and it was 

found to be significantly low when they were fed on soaked 

cotton seeds (Table I). As far as fertility is concerned, 

excepting the diet consisting of soaked cotton seeds, other 

three diets did not show significant difference. The diet 

consisting of minced cotton seeds with 10~ surose solution 

enhanced egg yield and thereby the number of insects· in the 
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progeny. Hence, this diet was chosen to be the bast. 

The duration of each phase of the life cycle o£ this 

bug under this diet condition is shown in Table II. 

The males live longer than the .females. 

Normally the eggs, when laid, were pure white in 

colour. During the incubation period theJ turned to 

golden yellow and ultimately orange red. The first instar 

nymphs, immediattly after hatching, were orange in colour 

and turned out to pure red in 18-24 hrs. The wing pads 

were absent until:; third instar and seen from f'ourtb in­

star onwards. The length of thefrourth instar was around 

4•5 mm. The tifth instar grewn upto 8 mm. The pharate 

adults, both mate and female, were pa~e in colour immedi­

ately after ecdysis~ They became ~ed in 10-18 hrs. The 

wings have 2 black spots. Males are tt-11 mm in leng:til 

and females 10-12 mm. The sexual dimorphism can be mnde 

out:~'right from the fourth instar onwards. The females 

are bigger andthe end of the abdomen is round or oval 
. A 

while that or males are conic~l and elongated (Platei). 

The foa.m lining at the bottom of tbe culiture con­

tainer was found to retain more moisture for longer per­

iod .• The RR outside the culture cabin was round to fluc­

tuate betwEren 21~ and 77f. through the experimental dura­

tion of 8 months. The variation inside the culture cabin 
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was lesser (56-85~) as it was air conditioned. The 

RH was kept between 67-91• inside the culture contai­

ners. (see Materials and Methods) (Table III). The 

required humidity is 70-90• (Sharma et al., 1975). 

II. Test for Monogamy in Females: 

The results of normal and/or force-mating are 

shown in Table IV. Females were found to be monogamous, 

1 .• e. • mate only once in normal condit.ions. When force­

meted, the fecundity was highly reduced (160 in normal 

mating to 36 in force mating). Males were found to be 
'-

vigorous in mating though a slight decrease in their 

mating vigour was seen in consequent matings. Hence it 

is concluded that males are polygamous • 

. III. Radio-sensitiyitx: 

Early 4th and Sth inster male nymphs were found 

to be more radio-sensitive than late fourth and fifth 

instar male nymphs (Tables V-VIII). The early phase of 

Sth instar was more or less equally radio-sensitive to the 

late fourth instar nymphs. Further, the results showed 

that rad1o-re,s1stanee was acquired during the course or 
development. Also, this is evident from the wing deformity 

records shown in Tables V-VIII. In the irradiated early 
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-1nstars, more abnormal wings were noticed when t.hey 

moul~to adulthood 1n comparison to the later stages 

of the instars irradiated. Both the stages of 4th in­

star nymphs showed more wing abnormalities than the 

fifth ones when irradiated. 

The results of the calculations for the slope ·Of 

linear regression line (m) of Figs.II-V and correlation 

coefficient are given in Table IX. · From this,· the LD;o 

dose for early and late fourth instars were found. to be 

2•76 krad and S•90 krad respectively. For early and 

late Stb 1nstarsthe LD;o dose was 5·62 and 14•10 krad 

respect.ively (Table $). 

The mortality t·s lineArly related to tbe1 dose, as 

the correlation coefficients or the data or Figs.ll-V 

lie between 0•96 and. 0•98. 

IV. Radiation induce~ sterilit;r in males: 

The results are shown in Table X. Reduction 1n 

fecundity and, fertility is taken as index to radiation 

induced male sterility. This was found to be dose de­

pendent anu reduced fertility was achieved at higher 

doses. No linear relationship was found between dosage 

and sterility (Fig VI). Decrease in fertility was drftstic 

due to 1 krad irradiation which gave 37~ decrease in 

'Jk,i.c 
67'1, o!t·S': S"9 5"· 7 

':r 314 \"\\- ~~~ 
~ 
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fertility. Comparatively slow decrease in fertility 

was seen at doses higher t.ban 1 krad .i.e., between 

2•3 krad (Fig VI). Then ag.ain at 4 krad there was a 

steeptall and at 6 krad dosage, residual fertility or 
7·5~ was recorded (Table X). 

V. 'Matipg behaviou and. Mati!)Bi competitiveness,: 

In control insecta .mating took·place about 2 days 

after metamorphosis. J.tales were noticed to be. vicorous 

enough to mate 1 day after metamorphosis. No remarkable 

specific courting behaviou-r -v1as nQticod in both control 

and irradiated insects. No abnormal mating behaviour. 

except being inactive at higher doses. was noticed among 

irradiated males. Insects were noted to pair continuously 

for 48 hrs. Females laid, 7-16 hrs after the completion of 

mating, around 180 eggs in a. single batch or in 1-6 batches. 

The mating competitiveness o£ irradiated males were 

found to be decreased due to irradiation treatment (Table II). 

But the decrease was low at lower doses, .t!.e., !rom 1-4 

krad and a d.rastic decrease was noticed there after ( 5 and 

6 krad; Ftg VII)~ No significant decrease of 'vigour' was 

recorded between insects irradiated at 1 krad and 4 krad. 

Competitiveness was found to be minimum ( 0 • 13) a.t 6 krad. 



Table I. Fecundity and fertility o£ Dygdercu§ Koen1s11 

reared on different diets. (Eggs from 30 fe­

males were scored under each condition; values 

represent mean~ s.o.*) 

---------------------------------------------------------
Diet Fecundity FertU1ty Fertility 

{~) 

-------------~-------------------------------------------

A 14S•47 + 11•28 130•30 !. 11•14 69. 57 !. 3. 61 -
8 125• 33 ... 11 ·93 105·77 + 15·76 61· 53 + 8•28 - - -
c 158•90 + 12•66 - 141•93 + 12•81 - 89· 31 !. 3•79 

D 184•77 .:!:. 18·94 165•57 + 20•22 - S9•54 + 3·54 -
~-------._ .. _._._._ ......... ---------....... -... ._ _______ ., ___________ .... -................ -......... _. .. . 

A=Germinated cotton seeds 

B=Soaked cotton seeds (non-germinated) 

C=Minced cotton seeds {dry) 

»=Minced cotton seeds+ 10~ sucrose-solution 

101 

S.D. = Standard deviation: 
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Table II. Duration of each phase or the lite cycle of 

Qxsd.ercus koenigii maintained under the culture 

conditions adop~ed in this course of experiments. 

No.of .:teggs 
or insects 

Phase of Life Cycle Duration in days 
(mean .t S.D.) 

-----·--·----------------------------------------------------

------------------------------------------------------------
Egg to Adult stage = 3S•4 .!. 2•10 days 
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Table III. Record of relative humidity (RH ~) maintained 

during the course of experiments. (Values re• 

present record of day time RH only) 

------.-------------------,--------.............................................. ~ ..... --.. --
Month 

March 

April 

May 

June 

August 

S.ept. 

Oct. 

Nov. 

Relative Humidity in ~ ( Mean .!. s. D. ) 
--------------------------------------------------Outside the 
culture 
cabin 

34•74 + 2•18 -
29•30 + 2•4S -
21•40 + 1··75 -
30•40 + 2•42 -
71•67. 7•57 -. 
77•27 + 3•47 -
73•29 + 2•99 -
62•67 + 3•00 -

Inside the 
culture 
cabin 

S6•10 + 3·04 -
69•63 + 3•39 -
62•97 • 2•44 -' s1·so • 2·95 -
75•90 ... 8•62 -
!5•93 + 2·42 -
74•3S + 2•92 -
72otS3 + 3•06 -

Inside the 
culture 
container 

74•00 ... 3•99 -
77•40 + 3•90 -
71•90 ... 3•35 -
67•10 + 2•S1 -
88·74 + 1•66 -
90•97 .:!:. 1•20 

85·23 :. 3·91 

80•17 • 2.2? -
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' ... ,! 
TabltJ 11·. Test for monogamy and/or polygamy in adult v.irgin 

females and males of Dxedereus koen1g11. Fecundity 

and fertility were recorded for normal and/or force 

matings. 

-------------------------------------------------------·----------
Sex No~of I matin~ 

insects I - - - ::a=>-B-

------------------------------------------------------------------
· Females 10 180•10 16o·80 35•80 30•70 

+10•88 - ,:!:12 ·85 +12•38 - +12•45 -
Males 10 180•10 160•80 172•60 156•00 162•6o· 119•10 

+10·88 - !,12•85 +12•77 - +21•54 - !,16•4.4 !,14•22 

------------------------------------------------------------------
A = Fecundity; B = Fertility. 

I_rnating = normal for both the sexes. 

II mating = Females : forced mating, i.e., individual females, 
' 

after oviposition due ·to. I' mating, were confined. 
' ,', ··• . I 

with 2 virgin·mal'es in container for mating. 

Malee : normal mating. Individ~al males, ifter 

first mating, were confined with one virgin 

female each in container for mating. 

III mating = Females : did not survive or those which survived 

did not mate. 

Males : normal mating. Individuals, after second 
\ 

mating, were confined with one virgin female each 

in container for mating. 



Table V. Mortel.1ty o£ early fourth instar nymphs of Qlsclercus 

Dose No of insects 
( Krad) · studied 

c 30 

1 30 

2 30 

4 30 

6 30 

8 30 

10 30 
12 30 

a. 
koeni3ii at gi~en doses of Ga~-irradiation. 

Ineacts moul.t.ed. 
into fifth ins~ar 
NO. ~ 

29 96·67. 

27 90•00 

24 ao.oo 
18 60·00 

13 43•33 

s 26•67 

4 13•33 

s 16•67 

Insects died 

NO. ~ 

1 3·33 

3 10•00 

f 20•00 

12 40•00 

17 )6•67 

22 73•33 

26 86•67 

25 63•33 

Insects metamorph­
osed into adults 

tlO. -

27 90•00 

~0 66•67 

14 46·67 

11 36·67 

4 13•33 

0 0•00 

0 0•00 

0 o•oo 

Insects died 

NO. ~ 

3 10•00 

10 33•33· 

16 53•33 

19 63_·33 . 

26 86•67 

30 100•00 

30 100•00 

30 100•00 

...... _- ._. ........... ~ ... ~ ........ -.......... ___ ,._..._..._ ...... _.._..., .. ~ __ ................. ._. .... ~ ........ ~ . ....,......, .. ., ------..... ~------..... _. .. _ .................. .., --...-....... ., ................... _. .. .., ................. ._. 

t'ling deformities • 1 krad : 26~ adults showed abnormal wings • • 
2 lrad : 45~ adults showed abnormal wings. 
4 krad onwards nearly so• adult;,s showed abnormal wings. 

~ 
-..1 



28 

tOO 

90 

80 

""' 
70 i 

j 

~ 0 60 
u 

0 >- 50" ----
t-
.....1 4tJ 

I ~ 
Q! 30' 
~ 

20 

10 

0 2 ' 6 8 10 12 11. 16 18 

DOSE CKrad) 

---- -· ............. -..... --~---·'-...·••'"·-··· ~--~- ...... 

Fig. II LDso gamma radiation dose for. early fourth instar 

nymphs of o. koenigii ( LDso = 2.76 Krad). 



Dose 
(Krad) 

c 
1 

2 

4 

6 

a 
10 

12 

table VI. Mortality or l'te tour1#h instar nymphs of Dysdercus . . 
t koenig.11 at g~ven doaes or Gamma-irr~diation. 

Ro ot ineec~s Insects moul~ed 
studied into fifth in:star 

30 

30 

30 

30 

30 

30 
30 

30 

NO. ~ 

30 100•00 

30 1QO•OO 

28 93•33 

24 SO•OO 

22 13· 00 

18 6o•OO 

13 43•33 

s 16·67 

Insects died 

0 0•00 

.0 0•00 

. 2 6·67 

6 20•00 

8 26·67 

12 40•00 

17 S6·67 

25 83·33 

!neocts .metamorphosed Insects died 
int.o Adults 

10. - NO. 1& 

29 

27 

21 

16 

12 

13 

6 

0 

96·67 

90•00 

90·00 

53•33 

40··00 

43•33 

20•00 

0•00 

1 3·33 

3 10·00 

3 10•00 

14 46·67 

18 60•00 

17 S6•67 

24 80·00 

30 100•00 

Ning deformities : 2 krad : 20• adults showed wing deformities. 
4 krad :. so• adults showed. wing deformities • 
. ~ kra.d and above : more than 50" adults sbo~d wing deformities. 
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Fig. III LD5 0 gamma radiation dose for late fourth instar 

nymphs of Q. koenigii ( LD 50 = 5.90 Krad). 
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Table VII. Mortality of' early f'iftb instar nymphs of' 

Dysgercu.s keenigii at given doses of Gamma­

irradiation. 

Dose No.of' 
(Krad) insects 

studied 

Insects metamorphosed 
into adults 

No * 
Insects died 

No " 

---------------------------------------------------------
0 30 30 100•00 0 0•00 

1 30 27 90•00 3 10•00 

2 25 25 83·33 ; 16•67 

3 30 21 70•00 9 30•00 

4 30 17 ;6•67 13 43•33 

6 30 12 40•00 ,g 60·00 

8 30 7 23·33 23 76·67 

10 30 4 13•33 26 66•67 

12 30 3 10•00 27 90•00 

~-~~~~-~~-~-----~~~~~-~~~~--~-------~~~-~~~~~-~-~~~~---~~ 

Wing deformities: 

1-3 Krad : 5~ of adults. 

4-6 Krad : 25-50• o£ adults 

6 Kra.d : Above 50~ ,.of adults 

10-12 Kra.d : All ·adttlts 
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. Fig .• IV LDso gamma radiation dose for early fifth instar 

nymphs of Q• koenigii ·( Lo50 = 5.62 Krad). 
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Table VIII. Mortality of late fifth instar nymphs of 

1Qisdercus koeni&ii at given doses o£ Gamma­

irradiation 

------................ ,_, ____ ...... ____ ----·-----..- ... -----.-.-..... ._. ... _.,._. ..... ,., ______ ,__,.. ............... _ 
Dose No.o£ Inse- Insect.s metamor­

(Krad) cts studied phosed into adults 
· NO. -

Insects died 

NO. -

--------------------------------------------------·-------
0 45 44 97•76 1 2•22 

1 15 14 93~33 1 6.67 

2 15 14 93•33 1 6·67 . ' 
80•00 4 ·15 12 3 20•00 

6 * S6•61 15 13 2 13•33 

8 15 11** 73•33 4 26•67 
I 

19 15 12** so•oo 3 20•00 

12 15 10*l',t 66·67 s 33•33 

14 1S 60 40.00 9 60•00 

'6 15 7@ 46•67 8 S3·33 
18 1S 4® 26.67 11 73•33. 

20 15 ,.o 26•67 11 73•33 

----~~~~~~~~-~-~~~~---~~~-~~---~-~~--~--~----~~---~-~~-~~-· 

* Nearly 10~ adults showed wing deformities. 

*~ 
Nearly 25-50~ adults abowed wing deformities. 

<I 
· Above SO~ of adults showed wing deformities. 
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Fig. V Lo50 gamma radiation dose for late fifth in~tar 

nymphs of Q. koenigii ( Lo50 = 14.10 Krad ). 



table IX. Values· of the slope of linear. regression 

line and its correlation coe££icient for 

Figs. II-V and Tables V•V'III. 

35 

-------------------------------------------------------------
Table Fig. Slope in Intercept Correlation LilSO 

defrees coefficient (Krad) 
m) (b) (r) 

-------------------------------------------------------------
v II 84·6 20•93 0•974 2•76 

VI lii 82•8 3•31 0•976 S•90 

~.·:·vzi IV 82•9 4•93 0·982 5•62 

VIII v 74•7 1•34 0•960 14·10 

--~-----------------------------~----------------------------
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Table X. Radiation induced sterility in adult male 

Dysdereu.s koenif511 (Irradiated virgin males 

were crossed individually with Wltreated. 

virgin females. Reduction in fecundity and 

fertility of females were taken as index £or 

induced male sterility). 

Dose No~or Fecundity 
(Krad) insects (mean ~S.D.) 

Fertility Fertility • 
(mean !. s. D.) . (mean !. s. D.) 

0 30 184·77+19•77 165·57+20•22 89• 54!.3. 54 - -
' 1 30 133·71!,11•64 70·29+ 5·92 52·62+2•27 - -

2 30 105·37+10•19 48·83+ 7·36 46·39!,5•11 - -
3 30 76•17+1 1 •17 - 27·60+ 5·67 - 36· 19+4•73 -
4 30 52•13+ 7•43 - 8·67+ 3•23 - 16•77+5 •10 -
5 30 22·27• 4•2S - 3·20+ 1•47 - 14•16!,5•21t 

6 30 17•97+ 3•72 1•33+ 1•14 7•48+6•40 
. - - -......................... ~-------............... _____ ._. . ..,_ ........... ._ ... ___ .., ........................... -... _~-------------

~ale insects irradiated. at late tilth instar stage. 
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Fig. VI In~luence of increasing gamma dose gi~en to late 

fifth instar male nymphs of Q. koenigii on egg 

hatch. The radiated nymphs were paired with 

normal females at 1:1 ratio when they attained 
\ 

adulth~od. The hatchability of eggs laid by the 

female~ was taken as an 4nde~ of radiation induced 

sterility in male bugs. 
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Table II. Mating competitiveness of radiosterilized male 

Dysdercu~ koen1&11 (10 treated males : 10 un­

treated males : 10 untreated females; all vir­

gins; males irra.diated at late fifth inst.ar ny­

mphal stage). 

Dose 0 1 2 3 4 s 6 
(Krad) ----............. .- .. ._ .. __________________ ,...,_. __ ._ .... _ .............. ___ ._ ...................................... -
Fecundity 1647 1246 1113 1017 917 1192 1206 

Fertility 1497 696 7$1 669 ,22 S12 962 

Recorded ha-
so~9o 68·•12 tch-rate(~) 90·89 72•91 10·11 65·78 81 ·22 

Expected ha• 
tch-rate(*l 100 so 50 so. so. so so 
Competitive-

1•00 0·89 o.a1 O•SS o.a·s ness 0•42 0•13 

~ompetitivene.ss te .calcW.ate4 by formula e£ Ha1sch (1970,1971). 
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Fig. VII Influence of radiation induced sterility on the 

mat~ng competitiveness of maie Q. koenigii. 

Com~etitiveness was calculated according to 

Haisch (1970). 
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PLATE - I 

(a) A normal female adult pzsdercus koenigii. 

(b) A normal .male (adult) nzsderc~ koenigii. 

:._.; 
(c) Early phase of mating • 

.. 
(d) Lete phase or mating~ 

(e) Gravid female after mating. 

(f) A batch of D;rsdercus koenig11 eggs. 







PLATE -I (contd.) 

(g) Parental care of egos by a feaele bug after laying eggs. 

(h) Effect of radiation on early fifth instar nyapha (note 

the wing deformities). 

(1) Normql mating of control insects (ventral vie•). 

(j) Matin& between irradiated aale and normal female. 

(k) Irradiated aale marked w1 th white paint on:: the 

Yentral aide of the abdoaen. 

(1) Teat for •~tin& coapetitiveness. The photo&raph 

shows the Yentr~l view. lfor~~al t'eaale haarked 

with wbite paint on the ventral aide of the 

ab4oaea) 1a ... n aatinc with irradiated aale 

(•~rked with white paint). A noraal aale is aeen 

coapeting for aatinc. 



Since tho prooont typo of C'l'.:pcl'"it::'Into ~t1u:!rn 

o l"~g0 n~bc~ of 1nnc~tc for t~c~, mnoo ~cerinG of 

the ~no(!ct b~CO;:}OO iuportnot (ITniplinG 0 1961:.~ 1~67). 

'tho nnoo b:t"r'od!ng ouot be cconorlicn} .. , non-t.!cc/conm.r.J!OG, 

ant1 cit1plcr (Soitb, 1966; Briton ct nl., 1969i Uoecll, 

1970, 1972). 

,~;one the d!fforcnt dicto tried in tho pr(ccnt otudy 

cotton o~odo conotitutcd tbc o~jor-f'..od ~.ll tbrco c::cco­

tho obly !n.:.:,rcdiont. U:..:c·:r.:in~ c.nt1 Co~,1:·;,t (1960) ~1::.vo 

oua.;ootod thnt cotton occdo nrC' th:.; tr.:o~~ ti.:.i.:Jt f.o;.• il:lL)lcr 

f'ocunt.lity in pyodnrcun, cpccico. ·:L:on;J -;;ho ;.:otu• t1!~t.::; 

tried, tbo one clovclopod by ns (c:to4:~c:-;t.i cotton c::;t~(~:; 101~ 

occdc ( Sr:l vo otnvr:~ ond Dr.hnt.ur, l95il; Lkr-·.::clkcr r.nd 

nohollra·, 1975) uoa .f'ound to be l!llcu:!tr~lo no th~ hyl>c­

cotyl of tbe oc~dlingo dr!cn of£ unloon !'1 t~ot o~nd bcco 

!o 31VOU. Xf onnd bcoc ,,0 GiVPn~ 00pn~tion of C',3GO 

!975; 
J:-l!!j~ !"lld •)r~bhu, lS?U.r ~ ~r;77) ~lr.;o po·;ct\ t.llr ~roblcc 

of i'oul c·r::'l1 r:nti i'Lti., :it cont::n,.n.,~·.J.o;:>o ''·v-, ,., .. t • ' ·l-J ,., '"-- , ,,.., ~.t ... ._,~ '"~ '""-> fJ ............ a 



uno coQpnrativcly lo~ (oininuo) ~~on thio diet ~oo uocd. 

(X~ nuot bo noted tbnt theoo dicto t:crc uncd r.hcn C::::lll 

colonino fo&:- phyoioloc;ical otudi::lo ~:oro L2:"1nto!nc~). Thone 

problono ;;;m.'":J OVC'rcooo ehen dry oinccd cotton occda tJcrc 

uoc~. Furth~r n codification of tl~o di1t (addition or 
10~ aucrooc oolut!on) yielded tho ~nimuu nuobor of o~~o· 

'"lhc f'unr;nl ero\.Jth t.-oo not a. problcn co the contcoin'1t!on 

i.:no noted ot tho o:n:piry of the d!etp ~ .• a., by tho third 

doy. nonce thia d!ot ~an preferred for oaoo rcorinco 

Lininc tho botton or tho container uitb Whotoan 

noo1 filter paper (Reno, 1975) nnd ~at cotton ~ao found 

to bo unouitoblo ao tho ~ator rotoini05 capacity dOO vory 

lot:. Uoina tJCt annd 1o recouocndod by l1ortJolltor oncl 

Roh~ln~r (1975). 111 thooo l!n!na oo.toriclc foro o bone 

for tunao! arooth. Synthetic oponr;o foo.w t:no folL&d to bo the 

b~ot linins dovic~ no it retained ~otor for lon~cr pGr!od 

nn1 did not foro o booo ror funcol c~ot~h. Tho noccoo!ty 

to diopocc the uood filter paper and cotton cv0ry t~~ dnyo 

rnnltco thi:J un-ccono!M.cnlo 'tho foc.o linillG ~o r-oucr:blo 

nftC~r thorou;;h :-::nobinc nnd ic ouitnblc foP. l.1,:JO ~~i1 the ~r-C'ocnt 

::ind oZ otudicv. 

~- {'. n!"' ( .1.9,..,,!:' e ~;=11c 1 -1 (>,.... c~ rc, - ut.•td•l _., L • -:lr--. L (:A f'{'~'r"'n•f". - ... .... ~~ o.... .. ••• ~\.J tl 6.... il.::. _ ....... t ~ ..... ~ ... ~ .. ..}:. .... ~- ......... - .. 



( U~tUOOO(::JOrno 11 !971; Itot!yar U l?Ci'rCi" 1960) • 'l.1io pttOOCnt 

l!X'o cyelo ottAd!oo oidod in clloooiDG o pcrt.icul!'l;;o inotcr 

or Itnotm aao. 

~:t)nOG"'.DY in .fanl:--o io o conduciv-e co.~.1d!t.ion for 

ctcrilc-onlc technique (~niv11Q3, !955 11 19~~). Xn tbo 

prcocnt ot~y £oooleo ecro found to ~o con~c~uo and 

o~co poly~c~ouo. llonco thio opccioo io h!ahly doo!roblo 

for control by otori!o-o'Jlo tcchniq\.\o. Fogo rod!ot!on 

otudieo only oo!oo ~ore chooon tor their poly6CWOUO no~uro. 

Xt io evident fron tho praoont otucl!c o tb t G"'J-:lO­

irE"odiotion C~i offoct tho pro~ioaainol (prooodult) do­

volopoont of n. koen~!-\ by inh!bit!nc coultincD prov~nt!i~ 

adult cacrBonco, inducing ~rpholo~col obnoronlitico lino 

t.71n!) doforontion and ndvorooly nf'foct!nc t"Opro~uction. It 

io oboorvcd that the oorly otc5eo of fouth nnd fiftll !notr::;­

nynpho of n. h~cn~i! oro h!zhly rod!o-c~no~t!vc. Xn dc­

vclop::::nt~l otczco 11 rndiot!on af1ccto the d!fforcnti.!1t!on 

proco!'oon of uin~;o, opidoronl cello c.nd ;_;oncclr:l cclloo 

XnC!"cc.oc ~n nGo rooultc !n :Llcl'~~::Kti (ii'fc:::•c.i.ri:.!t:t~.on. 

:3othr<l 0~ 960) ~1r. o o ho .-~n :t.n Dl:-ono . .~l.l:O.l~l the: t ~.ncsacr:u:hl(; t~ ,(} 

..:ith illcrc:::cc :tu dii'forcntiiutct.i. col! l:>:::u:.: to cicc:;-ccccci 

l'"~dio ocnci ti vi ty. 'Kilo L>l'"Cccnt :::tlr!! obo:.:.; ~;.!1:::~ cr~~:·ly otQ.,8G ~ 
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!.o. 11 ll"'rc cU.fforont.iotcd otC600~ ore' uorc prone to 

i'":lc:i! ~t!on dC!:lO(;C • 1.L'h00~ ObOCi"VC.ti OUC cloc::J.y i"COC:.Jblc 

th~ E"C'por'i#r: of Hnr..:ellt'1r ond ~Jnir ( 196G) !a X-~rrcdi~tcd 

n. ;:ocnic;,!,., EnrtJolltnr and Ruhelltor (19'75) in ~.lctapo 

ti'cntcd n. ~~o0n,Y:,!! n~upilo <mci of :Sconocopoclot!.D (1971) in 

ti"C"'ntmJinc-trootocl OncopC'lt~'!.:J fnocint.l\"l~> o cloocly l"'~lc.t.cd 

hoo!!)tcrcn. 'i'ilio oid u.o to coucludo thct !ceo c.!!!:f'crontiotccl 

cello or cello ot tho p;;ooccso of cliKfcrcnt::ction ru."c uuch 

prone to i'Odiut!on tbon ft.llly cl.!K.fci::·~'nt-!ntct1 onoo. 

Xn hc::liptorco !nooeto 11 u~t;'1'Jl. cpidcrur.l cello c:::hi;_;!t 

1ntC"i180 Oitot!c octiv!ty nt c pcr\#icl.!lf:'r p~riod of prcttiouo 

n:ml.C (~~i~ . ...:lco:-:orth, 1954). iilo t>opo~ Oil the: inhibition 

of pup."lt!on oZ .:~h,rol&,q Kt.ilin!c!lo con£iron t!li\.o phcllcr~cnon 

(itun:ln ct nl, 1968). 

?he t'cct. tho t nony nyopho troctcd ot o pnrtieu! ·- r 

clocc> of': rndtntion durin.5 th~ tf>roinnl (ln~o) pe-riod or 
;:;n :;..notm.· nuc eeioofully Doul tod into tho nr lit ot'l(;n., uhcr:' 

co thoc0 trrnt.cc:l tlu~iOG tho corly period f·~ilcti to c;.o oo 

.. -. ,. - " .. - ' ( , !'(; \ ) 
.. ! .. '."'"~ ... .;;........... .. .. / J D 

(1~15): 

·_ ~!: t8!" ( 1 9'11) 0 



'iilo onnoitiv!t.y of th(; vqriouo dcvclop::::cnt.~l Gt.f::,'Jco 

of the ino'"'ct co !o11ininc r~ d--t~.on io r~tbor oicply 

iX'!;otl!"cd by ourv!v~l to nc\ulthoocl (:Jothcl, 1968). ,..~t. 

lli;_;llcr doooo of rncl.int.ion, prour~r-oiVC'ly looocr nuwbr~ 

or nynpho 00tcnorphoocc1 into oduJ.to in the prcornt ~or!!. 

'i:b~o cr.roct is coqp::r:':bl~ u!t.h the c££ect of juvenile 

bomono nnr.loJ rc~>ortc;.l by Lnl!cn, ond .:illinno (1966). 

'&b1o cloorly o!lol":O tllr.t r~ti!nt!on c.i'icctt or !nt.crf~~;_;c 

t...~th boroonol activity of tho COl""lY otae:;oo of the iuor·cto 

Xn tho l)rcocnt ottluy, bi~,..J.lc~ .:_)orcc:utCJ....;c o!' ....:1~ 

clcfo:.;-oj.t!oo ot carl~ otl:!.LOU ollOt: thct. t-h<'y ere c~rc !>roT\e 

to rotii n.t!on. '.?he dcvclop:J~nt'1l chAneco ~u.c to E"eclio~.-ioi&.• 

~cn0cto tllC' prreclrut cliffo& .. cutintio.l of tll~ t!rnuC'o c'1c~ 

their E'"f"Jd!oouocoptibUity. In j!p:i.chocl~ruo opocino o,.,_ll":·;> 

of'fcct. bAo be0.n rcportcL ('A,orooo:l.nn end Couoc, !960). 

ot.o-1dy incr~oco !.1 rod!o-rC'oiot'1nco Llit.b r-:·~0. uno not.iccc.~ 

in Di .. tr"nco o"'echflrot,.e (" ·nll.tc-r ,,97!). Xn the lh~C'onnt 

invootie;at!o.1, botb tb{' ot . .--~;c;; o£ fol!rtll ~note;:- u~ .. , ~~:>hu 

ollo-:.-J~d noro uit.t3 obnoro:::l:t t~~-n thnn tll'"l £j.f.tb on::o f1:2;:~ " · 

tbc cnrly 5th inot~r-~ toop ~;:~n en·c~ l,'l\$.o n llc,.'i:.::.vc, ~:.~·. 

C:'il ~n llY!'otllr oioC"cl tll~t the cnllo oi' oc l"ly ot ... ccc, ... n t;.: ::· 

r~ ::li Ti.iion Cl!'fcct ccc: : .... ~o:.o ,.,c J ·t, I'··· ·J' -u ,.,. a ....... "'"'""....._ ·•u 

~cl:.::tcd to th" ~ .... ·,-_ .. )'"l·:c. ·;~ .. io i"' "·, ,.. ...... · -- ····n"· .Ji·· · tl.,c S:i --~ - - ...... ... .il.J.. ,_ .,-> ..... - ···~- v .. "'u - - ~ u~·:• 

S.l.z.}C on other ~.nnrci.ir (Locbt:l .. r . • u : i.i ::J., .1.975; dncnt~r:~'-= .1.~-i); 



P.'1h'1!~t~'r ~t nl, 1975; "'.nur.;:o, 1963; t::.-.:~cioov:lo, 1971 ; 

Hco ~JC'l"' o 19ry1) • 

V!•rm~:nt otudy cho;_)u t;llnt tho ofz'ccta o£ io.l!cinG 

rod:tntion !o c1lr-.roc~crit:IJ..L by inll!bit!cno of fci."tility 

ct.,;r.in o otccp fall \-:oo not.~.ccci, 

Of l'"Oprodu~t!O ... l iG not l!acr.rl:Y· r>: ·lctcti to cloo:: • ,)tU~:l.co 

O.tl otll~r !ncoctc, ~o obo:... rl oi;.,.il:;t" ti."'cnd (H\!Suunrcl, 1971; 

Irntiynr aod :i/crror, lC:6d; Boller ("t ol, }.<)15; Rdl~lkcr 

ot n!, 1975; Lonhnrr~u ct c~, l975)o 

Xn l). !tQ'Jnir~ii, tb-: f:lrt!lit.y mlt\ i'ccun<lity !JE'::' E"O.,. 

dl,C0cl !'lt 4 !tr .... d on .. ~<;.rclo -.;~n coop ... r~c1 to f) :.u:--cl Zot· co~i­

tcri'c:.a:-r;ll ft-uitfly (Hc·opor 11 1~71), 15 ~trnt"~ Zor> ,i,:·~~ 2SL.f.,~'1 

1~63), 30 ltrncl for ~ct!noei~StX"r- i~.<?.tl!'i:~:t~·J.-.J..:·. (Ot:;,·<' . ·~, t:l, 

1964), 40 !tr~d for tho cocl~in:::; coth (Pi;-ov~;.·::::J, J.f)6l;.) :::uti 

l>S !trocl for tllo ;_:cG.!torzoc.~l~r:u i:loul" r:~ot.ll (L::t.ll~ 196;;) • 

...,.1, ·~t..o~'·n 4 .,,., ..., •cci ·r ~ 'v·· • .~.,..,._,- .. ···• ,,_ •. , .... ~ t•· J 
A- .,.... ... ...: ~-'-"'-' "-':..• -··t ..;. "-···.l.!~u .... ·., u .:. ~·.!. lf, ··• ·,! ! " 

'.;J' •• ·.J. :i .... ·.: .. •. •.·· ... • .. ' ... J.· ; .. ':: , •• _,,... ( Hl(, ~;) :v·~·''"' "· ;)I""''"~-·· c· ! , -· · _ .... - c.--'ll'···---~v .... • ... ,.._..., .. _.,...v.....,. ~ .......... .._._ u ... \ Ut!-. w ?.0 



-

'tbo c1cto obtained on tht' rcl!ltionohi? bott:cc·n rsot:a:a­

irr~c.!.'- "'t!on dooc ond the reduction in for~!l!ty 1 .. c:1lo 

D. l!ocniz~ii in tbo prcocnt otudy o•·o cliffoF"On~ !"roo thooo 

obtained by SiDon (l96G) ~bo ~porte~ tb~t o ~ooc roto of 

S ona ~0 l!rnd ~Joo nococoory to obt!)i!l ~!l:J oc.:..:o E"Cct!lto !41 

p. ?~r.uv!::nun. 

It ~o o ucl1 ootobliahcd fact that rad!r.t!on-produccd 

do:.J!n'lllt lctbal uutot!ono in tho !nocct opcru E"Cndoro tho 

rrcluct!on in fcr~il1ty (Ricoonn onci ~horc~np 196~; Dcnc!l, 

1973). 'iUo !coo «oon!)o nocdoci for ~qe_nir;_~:! uhon cou.9nrcd 

to ot!:.~r S."'.oocto c.ncl nloo \~en cocpoi"'d to c A'cruvicn q)C­

c!C'o of tho once 3cnuo , ollot:o thnt tho cht"c:-:oconoo of 

tb.co<' !nccctc rt"o coro cusc..~ptiblc for tho induction of clo­

oincnt l~th0l cutotiono by rr.diation th~n othcro. 

:tho oalco oxpooecl to l:. krcd rcduooti tho !)Orccnt~LC 

of c~, h~tchinLD oorc tbon thocc oubjoctod to lcoo~ 

cnv~curoo ~cd !n thio otudy. Uo~ovor, tho COJpct!tivonoos 

~oo drootic,lly ~educed at 5 u 6 hr~dp no tho !nocctn onpoocd 

to tbto dooabC of ~odi~tion ~orG not o~lo to coop~~c uurc 

ofl'icicntly eitll 120rocl. o!!lco. ~be dote o:: :~:.u;a (2963) 
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the coop«!~it~vonC\oo io onintn!nnd ot O•GS nnd the fc~il!ty 

too ~c lc~. Xn nbodn!uo prolinuo tho optiouo dooo for 

rcduc~d io~111ty tliUtout ony icpoir~:nt of co:1pctit!vcnooo 

uno r~po~trd to be 10 ~rad (GCG3D Oonun, 1971). Dollor 

('t, nl, (1975) hnv\"'1 ohotm thnt a 10 ltr<td eJ:po01.1~ hoo not 

otanific~ntly reduced tho eocpotit!vincoo oK DMnr.olctin 

c ... r ... n1 uborccoo tho fertility t:!ls reduced, oocl at bi[)lloi" 

clOOC'O t.bc V!GOl!r tJOO reduced. fl!nilnr tronti !o noticed 

in tho prcocnt ~Drtt, too. 

ncduction of coopot!t!vcncoo at h~hor cloooo boo 

bcoo attributed to tho oocntic ~~c by irrod!ot1on 

(Groochp 197~). In the prcocnt ~ork afuoo co~c oo~ot!c 

obnorc!'!lit.1co l!ko uina cl!'l.foroit!cn t.;;~ro noted nt doocs 

nbovc 4 hr~d. Tho lcso coopct!t!voneso io ~uc to tho 

r.bovc ~otionod foetor. 



tiuo overall ;:ondiotion i'Coponoo of tao l!vina oyot.on 

con bo C'")QOUE"Od by f!t.ncoo couponcnto (:Jotbol 0 196!1). :r.n 
ioooctc 0 tbooo oE"e ca!nly dcvclop:::cnto! tJ!lonoocnon0 r0tJrDn 

duc~ivo C""poe!ty ond f!tnoao for co::Jpct!t!vo oot!noo 

( t;) l·~i."'D tbc p;:ocoont otutly 0 i\t cnn bo tlcr! vocl that tho 

onrly0 lcco difforenti~tcd otQGco ni"c r:o~c pronn to ~cdio 

otion ond th!o ccn be either by direct nct~on of rcdio­

t.!on Oil tho iol'tgOt collo 0~ tho !opo!rocnt Of bO!"QOnnl 

functionoo 

(b) Tho i"'productivo capacity io effected ooinly by 

doninnot lethal outct!ono induced in the opcro cello. 

~~d (c) tho third redict!on effect io ~not~!ctcd to tho 

po.rticul"'li"' co:Jponcnt. 0 i.e, ontina co:Jpctit~vcn.cco. 'z.~c 

lcoocr- t~r clooc!3C, the loooor tho co:.J· '~~ .. c c~r~ ;~__;r; 0 :ua~ U("ncc 

the r. :ol"o tt!oy r:~0 co:::pct~. t! uo o 



SUMMARY 



!) :J.nporir..:~nt.o e:or= ccri':!eci out to choouc o ol.A!tcb!c 

&e-t r.nd to iuprovc culttJrc tccb.nii.iUCO ~.n conooct!oo u!th 

t~o F:>od.<l.olo3y otud!oo of & !Iocn!t)i!. severn! torno or 
diot t:C"k'"~ ti'iocl nnd oinccd cot\.o11 nC'0do t.~tll 10}1 oucrooo 

colutioo ~ro found to be cpt. !oprovcd cult~rc r~!nto­

nnnco OOtbodo t:ero i'Cport.C'do 

ii) Vc.un!C'o t:orc found to be r.onow::ct)tao und nalon poly-

GCD)UOo 

iii) '£he ratlio-oC'noit.iv!ty of p. !tocn~i~. eno dooc- depen­

dent nnd rocl:to-t-coiotoncc incrocscd ~i.th QGO. ~)lc Or'.r!y 

otoe:;co of ~t.b '111d 5th !not'lr nynpllo t:ol.'"~' L:Ot'"C t"~ci!o-r;cnr;S.·· 

t.i vo tarn the r"lopoctivo later oto.L:oo. '/.uo J .. D5o ciOGQ ~:::a 

fot'.Od to b~ 2•76, 5•90, 5•62 ond 1~·i0 lu-cc; !'oro ocrJ.y l.>tb, 

~.v) o£ 

I'". l;V.C,c\.\ 
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