7

SOME OBSERVATIONS ON THE BEHAVIOURAL PATTERN,
<" FECUNDITY AND FERTILITY DUE TO SUB-LETHAL
AND FRACTIONATED DOSES OF GAMMA-IRRADIA-

~ TION ON THE RED COTTON BUG,
| DYSDERCUS KOENIGII F. |

Dissertation submitted to the

Jawaharlal Nehru University _

" in partial fulfilment for S (L//Q
. . the degree of

MASTER OF PHILOSOPHY -

G. JAYARAMAN - "7

School of Environmental Sciences
Jawaharlal Nehru University ‘
New Delhi-110067

1979



PREFACE

The research work embodied in this
dissertation has been carried out in the
School of Enfironmental Sciences, Jawaharlal
Nehru University, New;béihi. The work is
original and has not ﬁéen submitted so far,
in part of full for any other degree or diploma
of any University.

ANJALI MOOKERJEE
Sgpervisor

fi Bk —

. BHATIA

Dean )

School of Environmental Sciences
Jawaharlal Nehru University §
New Mehrauli Road
New Delhi-110 067.



t wish to record my deop indebiedness to my
supervisor Dr. (Hia.} Anjali Mookerjes for intellectual

and material eid. Withaut her constant guidance,
stimulating cxriticism and gncour agemen t thrcughauf
the course of this work, it would hot have attained

this stage.

Sincers thanks are due to our Dean, Prof. B. Bhatia,

for providing the nocessary facilitios,

I owe my desp gratitude teo Dr. Nadarajsn and
Dr. Navarajaen Paul ef Entomology Division, IARI,
New Delhi for providing me with stock insects and

literature.

M. Negender Roy's aseistance is gratefully
recorded. I owe my thanks to all colleaguse ef my
leboratory. Specigl thenks are cdue to Miss Somdatta

Sinha for her continuous aszs istaonte,

The financial aid rendered by Jawaharlal Nehru
University in the form of fellowship is scknowledged.



CONTERTS

Introduction
Materialsiand Methods
Results

Discussion

Summary

" References

LA A J

o8 e

L

[ N J

e

Page

18
40

49

50



INTRODUCTION



INTRODUCTION

Insects éhat 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, 1954; Knipl-
ing, 1955; De Bach, 196lia;IAEA, 1963, 1964, 1968, 1970
& 1975): Ingecticides hgv? met.with only limited suc-

- 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, 1960, 19643, 19644, 1974; Newson,
1967; Pimental, 1971; Moore, 196¥; Huffaker, 1971a;
Woods, 1974; Smith, 1978). 4And, thus, researchers have
become increasingly aware of the potential of insect
population control by alternative means (Turnipseed et al,
1975; vWilkinson et al, 1975}, ~

Isotopes and radiation are becoming: ncreasingly

important in entomology and the growth of information dﬁ%‘t“f

their manifold uses represent an important step towards nd_ "
chemical pest management (IaEA, 1963, 1964, 1968, 1970, 1971

and 1975). The succéssful eradication of the screw worm

(ghoclomiya Hominivorax) (Baumhover et al., 1955;



Anonymous, 19731.) by mass release of radio-sterilized
males has demonstrated the great potential of radiation
entomelogy in insect pest management. Serious drawbacks,
however, have often limited the successful utilization

of this approach (Lachance et 2al,1967). Males are usually
stertlized by the induction of dominant lethal mutations
in gperms by hign doses of ionising radiation. In some
ISpecies radiation sickness, lesg_comp&titiVeness, impair-
ment of deveolpmentai processes, 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 techni@ue.

Insects provide a gocd system for the estimation
of 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-
quacély documented by several workers (Grosch 1962, 0'Brein
& volfe 1964, and Lachance 1967). Although there is consi-.
derable information on the radicsensitivity 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 preéent study an approach has been made
with dual interest'in understanding radic sensitivity
of different stages together with body malformations
and 1mpairﬁent of reproduction by radiation in under-
standing'and eiucidating different effects of radistion
on the test system Dysdercus Koenigii F. (Heteroptera:
Pyrrhocoridae}. It is commonly known as red cotion bug
or cotton stainer. It has a wide aistributien in India,
Africs aﬁﬁ in 2ll other cotton growing regions in the
world (Crowe, 1977). It is a severe pest on cotton in
major cotton growing countires feeding on the bolls or
cell=gap of cotten plants (Sriwastava and Bahadur, 1959;
Simon, 1968; Frohlich and Rodewald, 1969; FIU, Ministry
of Agriculture, India, 1973; Rens, 1975; atwal, 1976;
Crowe, 1977). -

In India they are reported att&cking cotton bolls
(Khan end Rao, 1960; Sohi, 1964). 4As early as 1926, it
was noted that they spread a disease,caileﬁ "Stigmato-
myccsis" which is commonly known as "internal boll diseasge -
of cotton" (éshby and Nowell 1926; Garter, 1962). Later
studies revealed that this disease is caused by a patho-

- genic fungus, Hématoagara gossypii which is inoculated by
the infected bugs when they feed on the bblla (Clarke
and Wilde, 1970a,b); 'Thiswfungus staing the cotton lint,



The staining ié also due to the excreta of the bugs

and the body fluid of tﬁem as they get crushed in

the ginning faetories (Atwal, 1976). The weight,
germinating capacity and oil content of the cottenseeds
were reported to be reduced. Further, seed cottén with
gtained lint commands only half'the price of the clear
cotton (Crowe, lé??);

In addition to their economic impact on cotton
growing industry, reports on their resistance to orgenic .
insacticidés (Simon, 1958; Ohoshi'and'81mon, 1963) have
necessiated for search of alternative non-chemical way

of their control.

Information regarding wvaried physiological aspects,
egpecially about neuroendocrines of Dysdercus spp. aﬁe
accumulating in the recent years (Jalaja and Prabhu,
1976a, 1976b, 1977; Prabhu and John, 1975a,1975b; Prabhu
et al., 1973; Joseph and Prabhu, 1977; Geering andCoaker,
1960; Jalaja, 1974; Jdalaja et al., 1973, 1976; Tiwari and
Srivastava, 1975; Gopakumar et al., 1977; Brunt, 1971;
Muraleedharan and Prabhu, 1978). Reduced fertility was
recorded when'g.ﬂKSEnigii nymphs were treated with com~

pounds like cyclic AMP, prostaglandings, acetic acid. and

U 7118 (Datta and Banerjee, 1978{,,%c9rus calamus' oil

vapours have been shown to reduce adult male fertility
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{Saxena and Mathur, 1976; Koul et al., 1977). A pre-
iiminary study on the female sex pheromone which can

be used for bioclocgical contrsl of this bug has been
‘reported {Osmani and Naidu, 1967). ‘But nc\further
progress has been published. Use of chemo-sterilants
and juvenile hormones have been tried on various species
of this insect (Saxena and ¥illiams, 1966;'Brénsby ond
Williams, 1971, Critchley and'campion, 1971; Harwalkar
~and Rahalkar, 1975; Rens, 1975). |

Information on the effect of radiation on
D. Koenigil is scanty. Only two reports, preliminary
by nature, are avallable in this regard. Harwalkar
and Nair (1668) have.shudied only the effect onXrirra«
diation on the moulting and metamorphosis of D. Koenigii.
It was shown in a Peruvian species of this bug (D. Peru-
vianus) that fértility is reduced by irradiatian (Simon,'
1968)., Besides the above mehtiéned preliminary studies,
no concrete information regarding radiation effects is

available on this econbmically important insect.

Hence, in the present study investigations on the
life eycle under the culture conditidnm provided during
this experiment, mass rearing techaiquos, reproductive

behavioup, and radiosensitivity of different sisges of
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D. Koenigii are pursued. The fecundity and fertility,
mating behaviour and competitivenesé’of males irradiated:“

with sub-lethalzdoses have also been tested.



MATERIALS AND METHODS



MATERIALS AND METHODS

I. Culture methods for mags-rearing:
(1) Diet:

{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) Scaked cotton geeds (non-gerﬁinated): Thoroughly
washed cotton seeds were soaked overnight in water and
fed to the bugs (Geeraing and Coaker, 1960: Prabhu and
John; 1975q;Jalaja and Prabhu, 19V6a, 1977).

(¢) Minced cotton seeds (dry): Thoroughly washed and
dried cotton seeds were manually 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 petridish. 5ml of 1fof
sucrose solution was added to 10 grams of minced cotton i
‘seeds. The insects were allowed to feed on them. This

diet was used throughout the experiments in later stages:

(11) Containers:

(a) Inverted cone shaped transparent plastic contalners



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

Bombay,92) were used.

Container No.5 was found to be suitable for mass
stock culture. No.4 containers were used for resring a
stock of a particular age group of insects., Separate
maintsenance of irradiated insects and mating behavioural
studies of test insects were done with container Ko.3.
The smallest containers (No.2) were used for incubating

the eéggs laid.

(biLining'the»bottom of the cdntainer: Lining the
 bottom of the container with suitable base material to
simulate the moist soil environment is necessary for the
bugs. Pourblining materials were tried: 1) Whatman

No.1 filter papers (Rens, 1975) 2) moist sand (Harwalkar
and Rahalkar, 1975); 3) wet filter paper above the wet
cotton.lining of 1 cm thickness; and 4) 1-1+5 cm thick
wet synthetic sponge foam. The latter two methods were
developed indigenously.

The used sand, filter paper and cotton were
disposed as they could?%e reused. The containers and
the foam lining were washed with detefgent and the foam
~ was thoroughly rinsed in running tap water for whole

night. But the lining foam was reblsed.



- The containers were covered with a piece of

green net cloth,

(1i4) Temperature and Relative Humidity (RH %):

The temperature of the culture cabin was main~
o .
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
eutsidé the czbin was low, the humidity wes raised
inside the culture cabin by keeping a troqgh of water
with a surface area of 135 cm®. The water evaporates
according to the RH of the incoming air. .Further, the
RH inside the container was ralsed by thg slow release
of moistuie by evaporation from the lining material.,
The daf tiﬁe RH of ambient air outside the culture cabin,

culture cabin and inside culture container were recorded

all through the experimental period (Tablelll}.

{iv) Photoperiod:

The insects were reared under the illumination

pattern of szround 12 L and 12 D hours.

{(v) Study on Fecundity
diet conditions:

To ensure the bearing of different diets, re-

commended in literature and developed by us, it was
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felt worthy to recard the number of eggs laid (fecundity)
per female.and nu@bgr of eggs hatched out (fertility)
from the eggs lpid when they were reared under different
diets. Eggs from 30 females reared under the specific
diet conditions were scored and fecundity and fertility
ratio was studied.(Tablels),

(vi) Life cycle and Life span studies:

- As a modified diet (minced cotton seeds and 10%
sucrose solution) was used in the rest of the experiments
and to chocse a particular phase of the life cycle for
‘irradiat;ion it was felt necessary to study the periods
of different stages and their morphdlogical-changes Wwith
which their phase in 1ife cycle can easily be identiffed.
One hundred eggs and fifty 1nsec€é cf each 1nétar were
used. The periods of different stages of the life cycle

are shown in Table L,

{vii) Test for monogamy and/or polygamy:

Ten virzin females‘and ten virgin males were
used to study their mating behaviour, i.e., ﬁon&gamy
and/or polygamy. Each pair (1 male and 1 female)'of A
the experimental group were introduced in a contaliner
and allowed 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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dose rate= 2774 X 10“XA0D.  rad./min,
1.001 =277 X009= 25 Krad,/min.
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for once 2 virgin males were introduced as a3 means of
forced mating becsuse the females showed evasive behavi-
our for 2nd mating. As they were confined 1nPPontainer,
ultimstely, they were forced to accept one of ihe vigor-
- ous virgin males introduced. And for third mating, males
mated for 2nd time were taken and palred with third set
of virgin females. Either the females did not survive
for the third mating test or those which survived did

not mate. Thé:rate.of fecunditj and fertility were

recorded at each phase of mating (Tablel).

{viii)Irradistion procedures:

- In the present‘gtudy irradiation was given by é
0060 Gamma.cﬁamber 4000 (capcity 5000 Cy4) from-Isotope'
Division, B.A.R.C., India. The dose rate was determined
by actinometry (Fricke ferrous'sulphate) and was found
to be 2.85 - 253 Krad per min (Fig.1) over a period
of these experiment. In di;ferent setgs of experiments
a dose range of 1-20 Krad was used and the exposgure
time varied from 21 to 420 seconds. For lower doses
lead sheild wss used for lowering dose rate. Irradistion
to etucidate the ratiic-sensitivity and lethal dose-50%
{LD5g) of fourth and fifth instar male nymphs was done as
per Lee et al., (1968) and wien57{%§35)a The insects were
collected from the stock culture whose stage of life cycle
wags known, and were confined in test tubes plugged with

cotton and 1rrad1ated. After irradiation, the nymphs were
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returned back to the cultuﬁe cabin and confined in

separate containers. Mortality and morphological ab-
normalities were recorded daily until they metamorp-
hosed into adults. Non-irradiated nymphs of the same

age and number were used as controls in all experiments.

(a) EBarly fourth instar nymphs: These nymphs (O-1

day after moulting), each éxperimentai 1ot consisting

of 30 inaeets,‘wererirradiate& 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, were Airradiated with 1, 2, 4, 6, 8, 10 and
12 Krad, '

(c) ’Ear}y fifth instar nymphs: These nymphs (0-1 day
after moulting), each experimental‘Ldb consisting of

30 insects, were irradiated ﬁith 1, 2, 3, 4, 6, 8, 10 and
12 /Krad. :

(d) Late fifth instar nymphs: These nyﬁphs (5-6 days
after moulting), were irradiated with 1, 2, 4, 6, 8, 10,
12, 14, 16, 18 and 20 Krad.
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(e} Derivations of radio-sensitivity: Dose effect
curves were established for fourth and fifth ingtars
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 X and Y coordinates) was

calculated (Texas Instruments Inc., 1977).

The following formula was used to find out the
slope (m) of the best fit line:

- N
iE;:ZJW - XY
T,

g x:

where, m=the sglope of the line
n=no. of observations
&= Standovd Peviatcon:

The value (b) for Y intrcept in Y coordinate was
calculated by

b=Y-nX
b = 'Y* interscept

LDSO values on the Y intercept were predicted by
using the equation
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The accuracy of the LDso'value prediction was
determined by finding out correlation coefficient (r).
The absolute value of {r) is 1. A value q}ose to 1 indi-
cates a high correlation or indicates how wéll the data>
points correspond or correlate to the line drawn.

‘The formula for (r?) is: m2 62

2

t‘ B r =

6&2

?r&m this (r) can be calculated.

(ix) Radiation.induéed sterility in meles: Late'fiftp
instar male nymphé, each experimentl batch consisting
of 30 insects, were irradiated with 1, 2, 3, 4, 5 and

6 Krad as thesSe 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
eggs hatched per group of eggs (fertility) were taken

as index of ratdiation induced impairment on reproduction.
Fertility and fecundity of untreated ingects 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, 5 and
6 Krad. Control insects were not irradiated. The
competitiveness of males was measured as in standard
competition tests widely used for measuring vigour |
(sterile males: untreated males: untreated females

"=1:1=1)0

Eggs deposited were scorasd, counted and the
percentage: of halehng as related to the competitiveness ]

ofri mating in the treated males, were recorded,

The competitiveness of the treated males was

calculated in the following way (Haisch 1970).

q~-f
e =
n{f-p)
Where, e = competitiveness;
q = hatching rate (%) of eggs of control group;

hatching rate [#%) of ezgs of a group
congisting of normal females and irradiated *
males; ~;§
f = hatching rate (%) of eggs of a group ;
consisting of normal pairs end irradiated
males; and

=
i

number of irradiated males/number of normal :
males, o

{xi) Mating behaviour: In another set of experiments,

the insects were irradiated as mentioned above and they
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were ﬁarked with white camlin water paint on the ventral
side of the abdomen in betwéen the hind legs. Each batch
(ten insects per batch), of these treated and marked
insects were combined with 10 untreated males and 10 un-
treéted'femaies. The mating behaviour of treated meles

compared to normal males was observed,
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RESULTS

I. Culture methods:

Soaking cotton seeds for 36 hrs in water for germi-
nation ‘was found necessary. Drying-off of tender hypo-
cotyl of germinating séedlings within 12 hrs was observed.
The food was not found to serve for more than a day. Pro-
blems of fungal cchtamination and foul smell emissiogiég-
countered while using soaked cotton seeds. Minced cotton
seeds did not pose the above mentioned problems. The food
served for 3 days. The diet consisming of minced cotﬁon';
seeds and 10% sucrose solution stood serving for 2 days.

Fungal growth in the medium became prominent during third
day °

The egg yieid 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% sucrose 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 soeked cotton seeds, other
three diets did not show significant difference. The diet
consisting of minced cotton seeds with 10% surose sclution

enhanced egg yield and thereby the number of knsects in the
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progeny. Hence, this diet was chosen to be the best.
The duration of each phase of the life cycle of this
bug under this diet condition is shown in Table II.

The meles live longer than the females.,

Normallf the eggs, when laid, were pure white in
colour. During the incubation period they turned to
golden yellow and ultimately orange red., The first instar
nymphs, immediat#ly after hatching, were orange in colour
and turned out to pure red in 18-24 hrs. The wing pads
were abgeat until: third instar and seen from fourth in-
star onwards. The length of theffourth instar was aroumnd
L=5 mm. The f£ifth instar grewn upﬁo 8 mm. The pharate
adults, both make and femaie, were péle'in'colour immedi-
atély after ecdysis. They became red in 10-18 hrs. The
wings have-arblack spots. Males are 8-11 mm in length
and females 10-12 mm, The sexual dimorphism can be made
outi;right from the fourth instar onwardas. The females
are bigger and the end of the abdomen is round or oval

while that of males are é;nicgl and elongated (Platel).

The foam lining at the bottom of the culiture coh-
teiner was found to retain more moisture for longer per-
1od. The RH outside the culture cabin was found to fluc-
tuate between 21% and 77% 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).

I1. Test for Monogamy in Females:

The results of normal and/or force-mating are
shown in Table IV, Females were found to be monogeamous,
i.e,, mate enlyvcnce in normal,ccnditiéns. When force-
haﬁed, the fecundity was highly reduced (180 in normal
mating to 36 in force mating). Males were found to be
vigorcus in mating though a slight decrease in their
mating vigour was seen in conseguent matings. Hence it

" is conclude& that males are polygamous.

111, Radio-sensitivity:

Barly 4th and 5th igs%arvmale nymphs were found

to be more radio-sensitive than iate fourth and fifth
.inétar male nymphs (Tables V—VIII), The early phase of
5th instar was more or less equally radio-sensitive to the
late fourth instar nymphs. Further, the results showed

- that radio~resistance was acquired during the course of
development. Also, this is evident from the wing deformity -
records shown in Tables V-VIII., 1In the irradiated early
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1nstars; more abnormal wings were noticed when they
moultelto adulthood in comparison to the later stages
of the instars irradiated. Both thevstages-of 4th in-
star nymphs showed more wing abnormalities than the

£fifth ones when irraéiétedsr

The results of the calculations for the slope of
linear regression line (m) of Figs.II—V and correlation
coefficient are givén in Table IX.  From this, the LD50
dose for early and late fourth instars were found to be
2+76 krad and 590 krad respectively. For early and
late 5th instars the LD5¢ dose was 5-62vand 1h;10 krad
respectiveiy {Table 1X).

The mortality is linearly related to the:«dose, as
the correlation coefficients of the data of Figs.lI-V
lie between 0°96 and 0+98. '

IV, Radiation induced sterility in males:

The results are shown in Table X. Reduction in
fecundity and fertility is taken as index to radiatibn
induced male sterllity. This was found to be dose de~
pendent and reduced fertility was achieved at higher
doses. No linear relationship was found between dosage |
and sterility (Fig VI). Decrease in fertility was drgstic
due to 1 krad irradiation whicﬁ gave 37% decrease in

5’797@;? 5:8967
0885 T
T 324 | Y- 28

Ao
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fertility. Comparatively slow decrease in fertility
Was seen st doses higher than 1 krad i.e., between
2-3 krad {(Fig VI). Then again at 4 krad there was a
steepfall and at 6 krad dosage, residual fertility of
7+5% was recorded {(Table X).

V.‘ﬁatigg héhavioua and Mating comgetitiveness:

In control insects mating took place about 2 days
after métamorpbosis. Males were noticed to be vigorous
enough to mate 1 day after metamorphosis. No remarkablé
specific courting behaviour was noticed in both control
and irradiated insects. No abnormal mating behaviour,
except being inactive at higher doses, was noticed among
jrradiated males. Insects were noted to pair continuously
for 48 hrs. Females laid, 7-16 hrs after the ;ompletion‘of
mating, around 180 eggs in a single batch or in 1-6 batches.

The mating competitiveness of irfadiated males were.
found to be decreased due to irradiation treatment (Table XI).
But the decrease was low at lower dosea, t.e., from 1=4
krad and a drastic decrease was noticed thereafter (5 and
6 krad; Fig VII), No significant decrease of 'vigour! waé
recorded between insects irradiated at 1 krad and 4 krad.

Competitiveness was found to be minimum (0.13) at 6'krad.



Table I. Fecundity and Fertility of Dysdercus Koenigii
reared on different diets. (Eggs from 30 fe-
males were scored under each condition; values

represent mean ¢+ S.D.”)

W e G A e WD W D e A P e G A W g W A e SR G D WD ED 40 G S A B A e s S D A S SR D o s G S e W e D .

Diet Fecundity Fertility Fer%%%ity
A 14547 & 11°28 13030 & 1114 8957 & 3.87
B 125:33 ¢ 11:93 10577 & 15:76 81-53 ¢ 8-28
c 158.90 + 12.68 14193 & 12+81 89.31 + 3479
D 18477 + 18.94 165+57 + 20422 8954 » 3-54

A=Cerminated cotton seeds
B=Soaked cotton seeds (non-germinated)
C=Minced cotton seeds (dry)

D=Minced cotton seeds + 10% sucrose solution

&
S.D. = Standard deviation:
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Table II. Duration of each phage of the life cycle of
Dysdercus koenigii maintained under the culture

conditions adopted in this course of experiments.

A e A A G50 Gk S D S T W G OB D W Y S e W A W D A G D S G AR WD A WD 6 W G GO W Sy S W T Sy A Gt W

No.of -eggs Phase of Life Cycle Duration in days
or insects {mean *+ S.D.)

100 - Eggs to I instar nymphs 6+2 » 2°79

50 : I to I1 instar nymphs | L+8 = 2-56

50 II to 1III instar nymphs 5.3 * 244

50 I1I to IV instar nymphs 5¢6 + 1450

50 IV to V instar nymphs 742 % 1432

50 V instar to Adult 6°3 » 151

50 Adult male life span 9.5 » 2.68

50 Adult femalé 1ife span 7+8 + 2403

Egg to Adult stage = 354 + 210 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 Relative Humidity in % ( Mean & S. D. )

| O U I P

cabin = Gabin container
March 3474 4 218 56+10 + 3-0h 7400 % 399

April  29-30 3 2:48 6963 + 339 77°40 + 390
May 2180 + 175 62:97 & 2+44 7190 + 3-35
June 30440 » 2:42  57°50 % 2+95 67410 * 251
nugust 7187 3 7-57  75+90 3 8-62 88.74 » 166
Sept.  77°27 s 3447 85.93 2 2:42  90°97 + 1.20
Oct.  73°20 £ 2:99 7435 4 2:92 8523 = 3-97

Nov. 6267 » 3+00 72-5% + 3+08 8017 » 2.27
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Table IV. Test for m0nogamy and/or poi&gamy in adult virgin
females and males of Dysdercus koenigii. Fecundity

and fertility were recorded for normal and/or force

matings.
Sex Nos6f _ I mating _ w il mating = _ III mating
inseets 2 B A B A B
Females 10 180.10 160.80 3580  30°70 - -

$1088  212.85 1238  +12°45

Males 10 18010 160480 172+60 156+00 162+60° 119.10
#1088  +12:85 48277 ~ +21°54  £16°Ly  +14.22

A = Fecundity; B = Ferﬁility.

I mating = normal for both the sexes. ‘

II mating = Females : forced mating, i.e., individual females,
after‘oviposit;od}dpggto;I"mating, were confinéd‘_;
with 2 virgin’males-in cohtainer for mating.

Males : norméi mating. Individual males, &fter
first mating, were confined with one virgin
female each in container for mating.
III mating = Femsles : 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. Mortality of early fourth instar nymphs of QDysdercus
koenigii at given doses of Gamm-irradiation.

Dosge | No of insects Insects moulted Insects died Insects metamorph- Ingects died

{Krad) studied into fifth instar , osed into adults
: | RO. % XO. % NO. % NO. %
c 30 29 96.67. 1 3+33 27  90-00 3 10+00
1 30 27  90-00 3 10-00 20  66°67 10 3333
2 30 2,  80-00 8  20:00  1h  46.67 16 53.33
A 30 18 60-00 12 40+00 1 36-67 19 63-33
6 30 13 4333 17 5667 b 13433 26 86467
8 30 8 2667 22 73433 0 000 30 100-00
10 30 5 13+33 26 8667 O 000 30 10000
12 30 5 16°67 25 8333 0 000 30 100-00

Wing ddéformities : 1 krad : 26% adults showed abnormal wings.
2 Krad : 45% adults showed abnormal wings.
L krad onwards nearly 80% adults showed abnormal wings.

LG
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Fige I1 LDgg gamma radiation dose for early fourth instar

nymphs of D. koenigii ( LDgg = 2.76 Krad).



Table VI. Mortality of late fourth instar nymphs of Dysdercus
koenigii at gﬁ%en doses of Gamma-irradiation.

Dese.  No of insects Insects moulted Inseéts died Ineeéts‘metamorphosed Insects died
(Krad) studied into fifth instar into Adults
NO. % NO. % No. % NO. £
c 30 30 100-00 0 0-00 29 96-67 1 3.33
1 30 30 100-00 0 - 0.00 27 9000 3 10.00
2 30 28 93-33 2 667 27 9000 3 10-00
4 30 2, 80:00 6 20.00 16 5333 1h 4667
6 30 2 73+ 00 8 26.67 12 40-00 18 60+00
8 30 18 60-00 12 m»oo 13 1.3-33- 17 56467
10 30 13 4333 17 5667 6 2000 24 80-00
2 30 5 1667 25 85.33 0 0:00 30 100-00_

Wing deformities : 2 krad : 20% adults showed wing deformities.
‘ 4 krad : 50% adults showed wing deformities.
6 krad and above : more than 50% adults showed wing deformities.

N
i

6¢
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Fig. ITI LDSD gamma radiation dose for late fourth instar
nymphs of D. koenigii ( LDgg = 5.90 Krad).
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Table VII. Mortality of early fifth instar nymphs of
JDysdercus keenigii at given doses of Gamma-

irradiation.
(Rrd) imsocts into "adaigs oocd  fnsecte died
studied No % No %
0 30 30 100+00 0 000
9 30 27 90400 3 10.00
2 25 25 8333 5 16467
3 30 2 7000 9  30.00
L 30 17 56°67 13 4333
3 30 S 12 4000 18 60.00
8 30 7 23+33 23 76-67
10 30 L 13+33 26 8667
12 30 3 10+00 27 90.00

Wing deforﬁicies:
1-3 Krad : 5% of adults. N
4-6 Krad : 25-50% of adults
8 Krad : Above 50% -of adults
10-12 Krad : A1l ‘8dults
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_ Fig. IV LDsp gamma radiation dose for early fifth instar
" nymphs of D. koenigii ( LDgg = 5.62 Krad),
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Table VIII. Mortality of late fifth instar nymphs of

'Dysdercus koenigii at given doses of Gamma~

irradiation |
Dose  No.of inse- Insects metamor- Insects died
{Krad) cts studied phosed into adults
- NO. % No. 4
c 45 bl 97-78 1 2022
1 15 14 93-33 1 6.67
2 15 1% 93423 1 6-67
4 15 12. 80-00 3 2000
6 15 13 8667 2 1333
8 15 11%% 73-33 b 26067
10 15 12%% 8000 3 . 20400
12 . 15 10%*  66.67 5  33:33
14 1 62 40,00 9  60-00
16 15 72 1667 8 5333
18 15 L@ 26.67 11 7333
20 15 L@ 26467 11 7333
w .
Nearly 10% adults showed wing deformities.
*%%early 25-50% adults showed wing deformities.
@

- Above 50% of adults showed wing deformities.
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Fig. v .LD5D gamma radiation dose for late fifth instar
nymphs of D. koenigii ( LDgg = 14.10 Krad )e
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 Teble IX. Values of the slope of linear regression
line and its correlation coefficlient for

Figs. II-V and TablesV-VIII.

Table Fig. Slope in Intercept Correlation LD50
degrees coefficient (Krad)
m): | (b) {r) o
' II 84,6 20-93 0-974 2:76
VI IIT1 2 82-8 . 331 0+976 590
COVII v 82.9 493  0.982 5.62
VIII v Tho7 1434 0+960 1410



Table X. Radiation induced sterility in adult male
’Dysdercus koenigii (Irradiated virgin males

were crossed individually with untreated
virgin females. Redﬁction in fecundity and
fertilivy of females were taken as index for
induced male sterility). -

Dose No,of Fecundity Fertilivy Fertility %
(Krad) insects {(mean % S.D.) (mean * S.D.}  (mean = S.D.)

0 30 1847721977  165:57220-22  89+54,83 54
1 30 133-71411:64  70:29s 5:92  52+6252:27
2 30 105-37£10°19  48:83s 736 46392511
3 30 76:17s11417  27.608 5:67 - 36+19s4°73
4 30 52-13% 7+43 8487+ 3:23  16+77¢5+10
5 30 22.27s 425 3.20% 147  141625+24
6 30 17974 372 1:33% 114 7°4846°40

#Male ingects irradiated at late fifth instar stage.
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Fige VI Iﬁ?luence of increasing gamma dose given to late

fifth instar male hymphs of D. koenigii an agg
hatch. The radiated nymphé were paired with
normal females at 1:1 ratio when they attained
adultﬁpod; The hatchability of eggs laid by the
females was taken as an .index of radistion induced

sterility in male bugs.
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Table XI. Mating competitiveness of radiosterilized male
Dysdercus koenigii (10 treated males : 10 un-
treated males ¢ 10 untreated females; all vir-
ging; males irradisted at 1ate fifth instar ny-

mphal stage).

Dose 0 1 2 3 k 5 é
(Krad) ‘ ‘

Fecundity 1647 1246 1113 1017 917 1192 1206
Fertility 1497 896 781 669 522 812 982

Recorded ha- . . ' .
teh-rate(%) 90.89 72:91 70.17 65.78 55190 68+12 81.22

Expected ha-

tch-rate(%) 100 50 50 50 . 50 S0 50
Competitive- , : : : . ,
ness 1°060 0.89 0.87 0-85 0.85 O-42 0+13

',*Gompetitiveness is calculated by formule ef Haisch (1970,1971).
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| (a)

(v)

.‘”'('c)

(d)

(e)

(£)

PLATE - I

A normal.femgle adult Dysdercus koenigi_.
A normal.@ale (adult) Dysdercus kéenigii.
Eerly phase.of mating.

Late phase of maﬁing,

Gravid female after mating.

A batch of Dysdercus koenigli eggs.









(g)

(h)

(1)

(J)

(k)

(1)

PLATE -1 (contd.)
Parental care of eg.s by a female bug after laying eggs.

Effect of radiation on early fifth instar nymphs (note

the wing deformities).
Normnl mating of control insects (ventral vies).
Mating between irradiated male and normal female.

Irradiated male marked with white paint on:the

ventral side of the abdomen.

Test for mating cénpetitivencs;. The photograph
ahbus the ventral view. Normal female (rarked
with white paint on the ventral side of the
abdomen) 1§ desn mating with irradiated male
(marked with white paint). A normal male is sgeen

competing for mating.



Sinco the progont typo of cxperichato royuire
a lepge numbepr of inscetr for Goet, tnoo recring of
the 4dnonet bLocomes luportont (Anipling, 1964, 1967).
7ho ©ooo breoding pugt be ceononidend,, non-timg@oncwging,
ond cinpler (Smith, 1966; Briton ot nl., 1969; Heucll,
1970, 1972).

Avong the ddffercat dicto tried in the pricont gtudy
cotton ccodg congtituted the nnjeor-and ia thece enpcoe
tho obly insrcdicat. Uoc:rin; ocnd Cociacy (1960) aave
pusgeoted Ghat cotten gecds are the BCot dict for aljacr
focundity in Bygdercun cpocico.  ‘ion Gho four aloets
tried, tho onc dovelopsd Ly us {riuaccd cotbon covdz 10
guerose golution) was fouud to ocxve e Best 4o we o8
‘perving cavacity? ond c_g yicdd. Uoliu, scralantoen gotuoa
ocede {Srivostava and Bochacdur, 1953; Uonsrweolker nnd
Rohalkayr, 1975) wag found o bc uncudtrble ag the hype-
cotyl of tho geadlings dricc off uvalons 1 wot gnnd booe
ig ziven. I onnd bege 4o given, copasntion of coge
fros o=ad (ring bocorn diffieculs. dding to thng,

foul grnll ~nd funsel eoabrdn~tien Jhieh vore onconnto-

= - - A‘I‘a
paa fa Shhs oothed nee alshly und ﬁgclo. Soclicd covion
sortr (Ceerein ond Covlhor, 1960; syohic cnd Jobn, 1975;

Jdolnjr rad Yrodbhu, 1076n, GC77) cleo pusicd the wroblen

of fouvl wroll cma fua 2l contoninntion. Yo oy s icid
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g comparatively louw (minimen) thon thip diet wag used.
{IT nust be noted that these diets wore uscd vhem conll
colonios for phyciolosical otudiss .oro wrintained). Thege
problens wors overcone vhen dry nmineced cotton geeds wore
uscd. Turther n oodification of this dist (addition of
107 sucrogc golution) yiolded the roaximun nunbor of oy o.
The fungal grouth wag not a problen og the contamination
wrg noted at the cxpiry of the diet, i. c., by tho third

dny. Iencc this dict was preferrcd for neag rooring.

Lining tho botton of tho contairer with Whatnan
no.1 filtor paper (Reno, 1975) ond vot cotton was found
%0 bc unpsuitable as the wator rotaining capacity cag very
low. Uging wot sand is recouncended by Harvalkaor and
Rohelker {1975). 211 thoce lining naterislc forn a bage
for fungnl growth. Synthetle gponge focn wng fouad to be Chc
bege 1lining dovier ng it rotaincd wator for longer period
cnd did not forn a bage for Lunsol growth. Tho noceosity
to digpoce the woed filtor paper and cotten cvery tuo days
mnkep Chis un-cconoenl. Yhe foriy lining 4o roucnbls
aftor thoroush waching and ic gultablc for vso 4n the propont
alad of gtudicc. Tho touporaturs ond I -dutcined ia thoe
pPrcocat cork 4o copprravle o the rcec. .caditions of Jh-min
=% o), (2975). %he LAfo eyeds studice, uhea o cdlforont

diot Lo uzed, Lo nccecpiary fop irradiction otudico
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(Intwosocuarno, 1971; Katiyor & Porror 1968). Sho procont
14f0 ecyele ctudics aidod in choooing o particulapr ingtor

of lnowa oro.

vonogroy da £conl-s 4o o conducive coadition for
cterile-nale tochniquo (Inipling, 1955, 1964). Ia che
prcoent sgtudy fomales wore found to bo vconogerous aad
noles polygenocus. Henee thip opecics 4o highly dosirablo
for control by storile-mnle teechnique. [For radiation

studies only mnleg vere chogen for tholp polygscilons naturc.

It ip cvident fronm tho presont gtudics tiht gomao-
irradiation ccn offect thoe preeinaginal (preecdult) do-
volopoont of B, koenigii by inhibiting coulting, provontiny
adult coorgonee, inducing corphological cbnormolitics liko
ving defornntion and ndvorsoly affocting roproduction. It
ig obocrved that the carly stoges of fouth ond £ifth iastrr
nyupho of . _keocninil are highiy radio-gonsitive, In de-
vclopzentel steges, rodiation aficets the difforcntintion

procensces of uingo, epideornnl ceollg eond joncdrl ecllo.

Increooe 4o ame rocults dn lacvoascd CALicecaviction.
Jothel (1963) brp choma ia Drocsphila $hnt daercoolis 040
<ith dnecrenee in diffcercatictcu ecld lond: o wcercnoed

rodlo genclitivity. Tho procemt work ghowl dhot cnely sboy,oo,



43

L.0., locs difforontinted gicges, are nore prounc o
paddintion dannge.  Yhoo? obocrvaotious clogtly rcocuble
tho reports of Harvelltar ond Jdaodp (1963) ia X-irreodizted

D, tocnisdi, Barwalkar and Rohelkar (1975) 4a [ctepo

sreoted De kocnindd ayopho ana of Teonosopoulovs (1971) 4n

trentanine~troatcd Gneopoltvs f£opgeinbung, 6 cloescly relaoted

hominteron.  7bds 0id vwg to conclude thet leos ditfercntictod
ccllpo or colls at the procecsc of diffopcntilction ore ruch

pronc to radiuntion thanm fully dLLcrcutdatcd 0nvu.

in heoipteoron insceto, uggﬁql cpidemnl ccllp cxhibit
intconce nitotic cctivity at ¢ parciculor porlod of previous
cowd ¢ {Tisslcoworth, 1954). ¥ho roport oa the inhibition
of pupation of “nheonitn Kuhaiclla coufirco this phceucoricnon

(Zusin ot nl, 1908).

Thc foet that ineny nymphg treated at o porticul-r
doce of readintion during the terninanl (loco) poriod of
an fnstne succousofully ooulted into ¢he next ginge, vhepr
cs thoge troated duping the carly poried £-4lcd vo do so
end dled, cu, cots ¢hnt prddtdon, In pors Loy, dnterfores

SAgh Sho mrocuectloa 08 Louldbin Qomnac ¢ o2t gL 4n Ghe

. .- £y [ RV — o t ad pe gl o -
proecce of Loulidiag or e AR0PRIDCC. i VA 3o oorone
o e g Ve ' - - — AN PP P B L b X o Vi)
vacnct by the obcorvaclons of Uawpordlee -wue Lol (A0CD),

Urpmdline ena Onbelkes {(1075) . Gceoneocoscolons (ATD79) cad

rlkor {(1971).



%hc sengitivicy of the veardous deveodlopnoninl gurses
of the ins*ct Co lonicins rrnil~tica 4o prther odoply
uensured by survivrl to adulthood (Bothol,'l969). AL
hi her doges of rndintiocn, progr-roively loggor nucbor
of aynpho notcoorphoccd into adultg 4n the progeat work.
Thic cficet is conpornble uith the cffect of Juvenlle
hormene conrlog rerortcd by Sanxcnn ond dllianc (1966).
s2lo cleorly showsg thrt rrudntion ciicet: or intorfiorce

with hormonol octivity of the carly stagos of the luoect,

In the presont cbudy, Li_her porecatone of cing
deformities ot carly otosos cuou they they cre 1orce nrone
to radi~tion. %he devclopnentnl changes duc to rodiotion

rcflocts the preadult difforcutintioa of thce ticoucs cad

effcet has been reported (Woressian and Couse, 1983). -
gtandy incrcace La radlo-rcgictnneo vith o0 wng notiecd

in Di-trnca arecharatig ( alkor 2971). In the prosent

dnvestigation, both the girzer of fourth fnstor ayipho
ghoued coro wing abnorncliti-s thna thr £i£eh onso ~na
the onrly 5th fnotnr, oo, uto mure pado o nodtive, 40

crid be hysotheoloed ¢hat the eollo of oorly oSriec, =3 &

M)
GlZforentdnte duc 0o hormoand 2etivity, apc core susecas
6 erddetioan,
in 71l o%n oo the pedinidon effcet corip $o be Liace -y

¥
3

their padlogusceoptibility. In Doichodorus cpecieg oliollde:

-+,

rcloted to the dosnse. Tnds de Lo corocoont sion the Sl

fugo on other Anpcesr (Lochuro.u 14 ol 19075; sueavecd, LU

I
-

.

(i3
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Pahalk r ot al, 1975; ‘nuce, 1963; Ikedoovice, 1971
Heoner, 197%1).

Progent otudy choup tast Ao oficevs of ioalsing
radintion 4a choractoricoa by dnhibiticno of Leoptdlity

ia Qircet propertion vo oOnpoourc dootle

But o dérastic docpecce due o ouao kred drradiotioa
cod ¢ guetuy deercnoe boyend tang till 4 krod, tlcre,
cedn o gteocp £oll weo notiecd, puomcct ohet dognizucub
of reoproductica ic not liacerly s:lcotcd to dogn. Stuulcso
oacthrr inceetc, t00 ghon o ocluilnr troad (Hudoaard, 1971;
Zatiynr and Qorror, 1663; Beller ct al, 1075; Rchrlilkop

et nl, 1075; Looharcnu ot ol, 1975).

In N. hoonindd, thn fortilivy nad Lfceuadity oo ro-=

duced at & tir-d onunrdg Jaca conprrad to O upnd Lo nodl-
terroacen fruitfly (Heoper, 1971), 15 arad for £ et 1.0

praar-ion (Keasu, 1962) and sncdodoron comennin: (Hoaver.

1©03), 30 arnd for Peetinophors rosayoislld: (wye o od,

196L), L0 krod for the codling moth {lwxovoilu, 1CG4L)
L5 krod for tho coddterrcacea flour moth (Lull, 12563).

In Jhodalduvs saceice, o ariiublrru wol ood 0 Yo ROCuanil,

- & . | v taea N - P Y e -pn
Bodaoio cwd Binver (3905) hove pusertoa one A0 Lo coa

Q(’

.

i WOLE A0 dowiedlity rad Locwladvy of hfy dunrel droge

Gignlly,
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Tho dcta obtained on the relationghis botweon gomea-
irr~di-~tion dose cond the reduction in forellicy 4. raloe
B. kocnirdi in tho preaocnt study are difforons f£ron thoso
obiaincd by 3icon (1968) vho reportcu that a wose ravo of
5 ona 10 krad uac necocoary to obtodn the gooo regulis L

R, 2oruvicoug.

It 4o o vcl) cotablished foct that radiction-produced
doninnnt lothal nutations in the dnscet gperu ronderg the
rcdnetion in fortility (Ricnmonn and Yhorcon, 1969; Dencll,
1973). %o logo dogonge mecded for . hoonirdd vhon couparcd
to othor 4npecets onéd 0loo vhen corparcd Lo ¢ Peruvicn cpo-
cleco of tho ocaue «enuwg |, ghouc that the chrerocones of
theoe dncects nro pore cuseeptible for the iaduction of cdo-

nincnt lethrdl cutations Ly rrndiation thon  otheru.

“he malces oxpoged to 4 kred roducod the norecntn,c
of ¢z hotchiny, norc than thoce subjoetod ¢o legocr
cxposurco vocd in this study. [lowever, tho eoupctitivonogs
vag droptically roduced at 5 & 6 krad, oo the inccets exposed
to this dogoeoie of radinztion wore not avlo ©o conplic Lore
ofiicicntly vith morncd ma2lcs. fihe dato of Liten {1963)
ghous thnt % 5 nnd 90 hrou the ecuputitivoa .o of .Jcrue

vhomys Lo poduoech 9 0039 rad 0.004 pogucetively.  Bug,the

PECOCny oty ou Nektocalb Al choup Shot o LA dore of 4 L
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the competitivencss ic paintained ot 0-85 nnd the fortility
too 4ic low. IXn Nlhodniug prolimug the optinmun dooo fLor
roduced fortility without cny dopeircont of conpotitivenoos
vng roporerd to be 10 krad (Gozes lionus, 1971). DBoller

ct al, (1975) have ghorn that a 10 krod cxpooure has not

odgnificnntly rcduced the compotitiviness of NMannolctin

c-r~oi vhercege the fertility uas roduced, cnd at highor
doocy the vigour wap rcduccds Jinilnr trond 45 noticed

in tho progent vork, too.

Neduction of conmpetitivencss at higher dogses hag
been attridbutcd to the gomotie dzug,e by irradiation
(Groseh, 1975). In the present work aboo rcorc gouatie
abnorcnlities liko ulng dnformitics ucre notoed nt dooces
above & kr~d. The lcesc competitiveness is due to tho

rbove rentionod foetor.
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COUCLUSI0N

fho overall padiation recoponsce of tho living ogyostcn
can bo oonoured by fitneos couponcnto (Uothel, 1968). In
ingoets, ¢hooe ore mainly deovelopzentol phenoncnon, ©eproe:

ductive enpeeity cnd fitncos for conpcetitive nating.

(7)) Fron the prosont gtudy, 4t caa bo derdvod thot tho
onrly, lcco difforentiated gtagoo erc rore pronc o rodie
ation and this ccon be cithor by dircet octlon of rodia-
tion on the rargot eollo or the iopolsnent of horconnl

Sfunctiono.

(b) Tho roproductivo eopacity 4o affccted nainly by

doninnnt lethal nutotions induccd in the gporo collg.

‘nd {e¢) the third rodiction offcet io rootricted to tho
porticulny egdponent, l.e, nating coopotitiveacco. e
leoocz the doscge, the logser tho con tie ¢on-ie, nad heaeo

she oro thoy cpe compctitive.

0000
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.

SULC1RY

1) “mporiconto wors coritded out o choouc a guitable
ddet rnd to inprove culturc tcchniyucs in conncction with
to rodiolesy ctudics of D, koenindi. Scveral forip of
diot vewe tpicd aond ninced cotion cceods vdth 109 cucrose
colution urg found to bo cpt. Inproved culture nalnte-

nrnco nothods ware reporiuced,

14) Pcanlceo vere found to be monoycoous ond nales poly-

GCIDU0,.

241) Tho racdlo-ocngoitivity of }. kocnirdl wns doce depone
dont 2nd radio-registonce inercocscd with ofne. e onrly

oteges of Ath nnd S5th ingtar nynpho wor: wore prndio-rnonglhe
tive tacn thc ragpective later gtogeos.  dhe Lbgg doge ung
fovnd to be 2+76, 540, 5°62 and 1410 krod for ccrly Lth,

inGe 4eh, onrly Sth and lete 58h dncboeis, Boprevively.
s ® 2 J

Av)  Lrewatity, Loptiliey end sonvcd ceopciitiveancn of
sho dpmndirtod pnloo Lost Cobtrudante  Fobe 5%h Anctuw
1l nyoWs drenddetud wiSa & keeC cholcd DRy Boruesu

Losbdldicoy LACh full conwcvitivencs o 5 bred oo rnnd & kel
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