BIOLOGY, BIONOMICS AND CONTROL
OF COCONUT COCKCHAFER

L S e  aa L Tp

LEUCOPHOLIS CONEOPHORA BURM

By
V. A. ABRAHAM

THESIS
SUBMITTED 1N :
PARTIAL FULFILMENT OF THE REQUIREMENT
FOR THE DEGREE
DOCTOR OF PHILOSOPHY
FACULTY OF AGRICULTURE
KERALA AGRICULTURAL UNIVERSITY

Division of Agricuitural Entomology
b e T
COLLEGE OF AGRICULTURE
Vellayani - Trivandrum

1983



11

‘DECLARATION

I hereby deslare that this thesis entitled "Biology,
Bionomics and controlaot Cocgnut Cockchafer Leucopholis
coneophora Burm." is a bonatide record of researoh work
done by me during the oourse of recsearoh and that the
thesis has not previsusly formed the basis for the sward
to me of any degree; diploma, assooilateship, fellowship
or other linilai titles of any other University or

Society. ‘ ~

Place¥ Vellayani
Date: 8 September, 1983



r}l'\(\

———

i1L

e
= J
-
-

N,
S Jy

CERTIFICATE

Certilied that thisz thasls entitled "Blology,
Blonomics sid Control of Caconut Cogichafer Lyyoooroils
Soneoplwry #urm,® Ls 8 record of rescarch wrk dens
indepandently oy Shri. V.A. Abrghan under my guldsnce
snd supervision snd that it hes net previousiy fomed
the besis for t}u avard of sy degree, fellowahip or

assccigtenhip ¢ him.

(Ure Me MOHAN DAS)
Chaliman
Advisory Comuilttee
Professor of Agricultural iutoemology

Vellayand College uf Agriculiupe
] Boptnbar 1983 Vellayani
Approved by ‘
Chairsen M
e He Mohan Dag . '
Henbers

Ore MR a@pﬂlﬂk!ﬁiﬂhﬂﬁn Rair ﬁ V\/u-/\/vx/\/wm
.‘ Dre Chendy Kurisn

e ReSe A yer

e s ’V’.ﬂﬂlﬂt.m Wqﬂaéf
VOIS




iv

ACKNQWLEDGEMENT

I wish to record my deep sense of gratitude to
Dr. N, Meham Das, Professor, Agricultural Entomology,
College of Agrioulture, Vellayani, Irivandrum, for
the valuable guidance and constant encouragesent.
durimg the course of the study and in the preparation
of the thesis. |

1 am indebted to Dr. Chandy Eurian, Boad, Division
of Entonolo;y, Central Plantatien Crops Research -
Inatitute, Regional Station, Kayangulam, wvho is also
& member of the Advisory Committes, for the valuable
euggeetions and encouragement during different phases
of the present inveetigation.

r

I am egually indebted to Dr., M.R.G.K, Nair, Retd,
Professor and Emeritus Scientist (ICAR) whome suggesticns
and help were very valuabkle for the completion of the
work. I alee express my sincere thanks to Dr, B.S. Alyer,
Professor, Agricultural Chemistry and Dr.(Mrs.) A.
Viealakshi, Associate Professor, Agricultural Entomology,
College of Agriculture, Vellayani, membsrs of the
Advisory Cemmittee, for their wvaluable suggestions
at svery stage of the investigation,

1

I sincerely acknewledge the valuable help received
from SarvaShri Jose Abrabam and P.T:N. Nambiar, Statisticians,
CPCRI, in the statistical amalysis of the data.

My sinoere thanks ars due to Dr. M.P. Govindankutty,
Solentist-S2,. and Shri. James Rosario, Artist Fhotographer,
tfor the photography snd Shri, P,V, Eappachan, Assistant,
CPCRI, Ro;ton.i Station, Kayangulam, for typing the thesis.



21,

Persistence and downward movement of BHC
applied on surface layer of loamy sand
soil,

Persistence and downward movement of
heptachlor applied on surface layer eof
loamy sand soil, '

126-127

130



vt

‘Help received from S/e., G, Karunakaran Pillai,
M.M. Abrghem aid Smwt. €. Yesodhara Awmal, Jr. Tech.
Assts., 8/s. S. Erishna P1llal and K. Vasu, Supporting
Sfatr, CPCRI, Regional Station, Kayangulam, is
sinoerely acknowledged. :

I am grateful to Dr. N,M, Nayar, former Director
and Dr, K.V. Ahamed Bavappa, present Direotor, Central
Plantation Crops Research Institute, Kasarazgod, and
Dr. N.P. Jayaeankar, Joint Director, CPCRI, Regional
Station, Kayangulam, for assigning the Institute Froject
on white grubs to me, for providing necessary laboratory
facilities in the Entomology Division and eonstant help
and encouragement given for completion of the work,

The help received from the Indian Council of
Agricultural Research by granting me study leave is
also gratefully acknowledged.

M

V. A, ABRABAM



CONTENTS

INTRODUCTION

REVIEW OF LITERATURE
MATERIALS AND, METHODS - -
RESULTS

DISCUSSION

SUMMARY

REFERENCES =~
APPENDICES

59
131
163-170
1 -xvii
I -XIII



vii

LIST OF TABLES

Page

1. Effeet of different host pPlants on the
biology of L. coneophora. 75

2. Effect of different host plants on the'’
sizo and weight of third instar grubs

of L. goneophora. ) 78
3. Effeot of different host plants on the
size and weight of pupae of L. coneophora. 81

4. Effeot of different host plants on the
size and weight of adults of L. coneophora. 84

5. BEffeot of different host plants.on the
lurvival of the immature stages of
ooneophora and the longevity, preovipo-
.aition period and feonundity of adults. 86

6. Extent of damage done to oassava (Manihot
esculenta) by different levels of grub
population of L. ooneophora. 90

7. Effeot of feeding by grubs of L. coneophora
on the starch, amylose, amylopeotin and GN

content of oassava tubers, 93

8. Extent of damage done to oaoao (Theobroma
" ocacao) by different levels of grub population

of L. ceneophora. 9%

9, Extent of damage done to wild lunﬂéhenp
. (Crotalaria striata) by grub of L. coneophora. 97

10. Distribution of the adults of L.. ooneophora
in different depths of soll observed during
differeni months at two loocations in Alleppey '
District. 100

11. Distribution of the eggs of L., ooneophora
in different depths of soil observed during
different months at two locations in
Alleppey Distriect. 102



12,
13,
14,
15,
16.
17,

18,
19.

20,

viii

Diltribntion of the first instar grubs of

. coneophora in different depths of soil
ob-ervod during different months at two ,
locations in Alleppey District. 103

Distribution of the second instar grubs of

L, coneophora in different depths of soil

observed during different months at two

losations in Alleppey District. 105

Distribution of the third instar grubs of

L, consophora in different depths of soil

observed during different months at two

locations in Alleppey District. 107-108

Distribation of the pupze of L, coneophora

in different depths of soil observed during
different months at two loeations in

Alleppey Pistriet, . 110

Seasonal occurrence of the adults, ecggs,

first instar grubs and second imstar grubs

of L. coneophorg in coconut gardens at

two locations. 112-113

Soalonal oococurrence of the thirad instar
grubs and pupae of L. eoneophora in coconut
gardens at two locations. 114-115

Effeot of reinfall and soil tolperature on
the adult emergence of L. conesophora. 118

Relative toxieity of chlorinated 1n¢ect1oidel
to grubs of L. coneophora. - i21

Survival of first instar grubs of .

L hora in insecticide treated soil

when liberated at different intervals

after treatment and the establishment of

groundnut sown in the treated soil, one

month after the last round of insectiocidal
application, 123



21.

Persistence and downward movement of BHC
applised on surface laysr of loamy sand
.0110

Persistence and downward movement of
heptachlor applied on surfaoce layer eof
loamy sand soil,

126~127

130



Fig.

1

10

]

LIST OF FIGURES

Between
Rageg
]égcrease in Ehe size gd w;:lﬁiht of
e eggs of L. con T ng
the period of 1ncu%ation. 60=61
Effect of different host plants on
the blology of L. coneophorg. 75-76
Effect of different host plants on
the survivel of the immature stages
of L‘o conggpho;:g. 86—87
The longevity, preoviposition period
and fecundity of L. coneophorg
reared on different host plants 86-87

Extent of damage done to cassava

'(Manihot esculenta) by different

levels of grub population of
L. coneophorg,. 90-91

Extent of demage done to caceo

{Theobromg cacpo) by different levels .
of grub popﬁfation of L. coneophorg. 05-96

Extent of damage done to wild

sunn-hemp (Crofglarig strigts) by
grubs of L. gcneophorae g97-98

Distribution of different life stages

of L. coneophorg in different depths

of s0il observed at two locations

in Alleppey District. 100«101

Meax; numbir of adu]rgs and f:l-.rs::l instar

grubs of L. coneophora observed in

different ranges of soll temperature )
and moisture. - M1=112

Meagn number of second and third ingtar

grubs of L. conecophorg observed in

dif ferent ranges of soll temperature

and moisture. - 111=112



xi

11 Seasonal occurrence of different
1life stages of L. ooneophora, 11%5-116

12 Adult emergence of L. coneophora e
in relation to rainfall and soil '
& temperature. .

' 1168-149

13 Persistence.and dewnward. movement
‘0f BEC- and heptachior applied .in
:2ield. (loamy sand soil).in Kerala. 127-128



xti

LIST OF PLATES

Between

pageg

Plate I 1ife stages of L. coneophorg. 59=60
IT Life stages of L. coneophors

(continuation). T 67-68

I1ITI ‘'Emergence hole' in the soil _
made by the beetles of L. conecophorg. 69-70

IV External morphology of the third
ingtar grub of L. coneophorg. 70=-71

V Externel morphology of the third

ingtar grub of L. concophorg |
{continuation). 72-73

VI External morphology of the third

Instar grub of L. concophorg
{(continuation). : 72-73

VII Nature of damage on cassava
(Mgnihot escylenty) caused by
L. goneophora. 90-31

VIII Nature of danage on cacao '

(Theobromg caczo) cemsed by
L. concophora. 95-96

IX Nature of demage on wild sunn-hemp
(Crotalarie striata) caused by

Lo coneop !E I'Se 97“98

X Nature of damage on cocomut palm
(Cocog muciferg) camsed by
L+ coneophora 98-99

X1 l(\lgture of ffmag? on coconut palm )
ocos rucifers) caused by
L. coneoghora icontinuation). 98-99




INTRODUCTION



INTRODUCTION

- The cooonut palm, Cocos nucifera Linn,,rightly
eulogised a; "Kalpavriksha®", every part of which ie put
to one use or other, grows abundantly in the south-
weatern strip of India. 1In Kerala.,cooonut is the major
orop and the -1&- of holdings raunges from a single palm
to about one thousand palms, the upper 1limit being regulated
by a ceiling on the land holdings in the State. The
importance of oocoonut in the sooio-economiec status of
' Keralites needs no emphasis and it oooupies a predominant
role in all the culinary preparations, religious rites
. and oommercial and industrial enterprises. The crop
offers a great deal of employment opportunities and
economic stability to the people. As estimated a total of ~
7,000,000 ha of land is under oooonut cultivation in the
State. Coconut ia gaining importance in other States 'like
Karnataka, Tamil Nadu, Andhra Pradesh, Gujarat, Mesharashtra,
Orissa, Vest Bengal, Assam, Andaman and Nioobar and
Lakshadweep also. The estimated annual yield of about
600 orores of nuts falls short of the country's industrial

and distary requirements by nearly thirty per cent.

Coconut palms are affected by a few diseases and
four major inseot pests. Among the inseot pests, the
cockchafer lsuoopholis coneophors Burm. prevails as a serious



one 1n'Kera1a and in some parts of Karnataka. It assumes
importance as its grubs feed on the tender roots of the
palm and is, fhere:ore, responsible for damaging the
vital parts and ocausing significant reduction in yield.
It 1s treated on par iith three other major pests viz.
the rhinoceros beetle, Oryctes rhinoceros L, damaging
the orown and spathes, the leaf eating caterpillar
gniéhg arenosella Wik. (=Nephantis serinopa Meyr,)
-gnav:lng the chlorophyll content of the foliage and the
red palm weevil, Rhggoﬁophorul ferrugineus Fabr., the
grubs of whioh feed through the stem into the cabbage,
the growing point eventually bringing about the mortality
of the palms,

Importance of cockchafers in the production of
agricultural orops in India has been recognised since
1970s. Tsking into account the severe damage to various
orops and the wide distribution in the country white grubs
have been declared as national pests (Parasnath and
Janardan Singh, 1981). Crop losses to the tune of 30 to
80 per oeqt were noticed due to the pest in the endemic
pockets (Veeresh, 1981), Realising the importance of
the white grub problem in the country the ICAR has
" lmplemented an All India Co-ordinated Researoh Project
on white grubs with effect from April 1, 1980 operating
at six centres. Studies on L. gconeophora have ﬁot been



included in this project.

Adequate information on the biology and bionomios
of L. gconeophora is not on record and effective and
dcoﬁoi{o‘-ethoda of control are not established consiuneively.
Biology, bionomics and control of the pest have been
‘dealt by Nirula et al, (1952), Nirula (1958) and Veeresh
et al, (1982). These publications give only scanty.
information on the 1life history, nature and extent of
idaiage, distribution and seasonal occurrence of different
‘1ife stages and oontrol of the pest. In this context
detailed studies on L. coneophora covering the following
aspects were taken up:-

1. Life history of the pest in laboratory and in potted
plants in fleld,

2. effect of different host plants viz. cassava,
cacao, and wild sunn-~hemp, on the development of the
insect,

3. symptoms of attack on the above crops and cooonut,

4, distribvution of the pest with reference to differemt
seasons of the year and at different depths of the soil,

5. relative efficacy of insectlcides to the seoond aad
third instar grubs assessed with precise bioassay
techniques, '

6. evaluation of effective pesticides in the field,

7. fixing an effective and economic schedule of insecticidal




application for the oontrol of the peét,

8. assessment of the persistence of BHC and heptaohlor
in the loamy sand soil of Kerale and

9. vertical movement of the insecticides in soil
assessed through bioassay and éhelieal assay

techniques,
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REVIEW OF LITERATURE

Information available on the systematio position
and biology of Leuoopholis coneophora Burmeister and
on the ecology, behaviour and oontrol of the root grubs

have been briefly reviewed here.
1,1 Systematic position

Latreille (1802) raised the family scarabaeidae,
under this MacLeay (1819) introduced the sub-family
melolonthinae. The genus Leucopholis was erected under
the sub-family melolonthinae by Dejean (1833),
Blanchard (1845) made improvements on Dejean's key to
the above genera in the sub-family melolonthinae.
Veeresh (1977) evolved a key for the identification of
the adults of different genera of melolonthids in
Karnataka. Patil (1978) found that the grubs of
Leucopholisg could be distinguished from those of
Holotrichia based on ditrerenéql in proplegmatia and
setal characters. Veeresh (1981) furnished a key for
the identification of the South Indian genera of root
grubs and these included Leuwoopholis also.

Burmeister (1855) erected the species goneophora
under the genus Leuoopholis. Erenske (1892) furnished
details of 29 speoles of Leuoopholis and L. coneophora Burnm,
'was one gmong them. Brenske (1894) studied the morphology



of Leuoopholis spp. and pointed out the importance of
wing characters in identifying the speoies gconeophora,
Veeresh et al. (1982) made a comparative study of the
diagnostic characters of the grubs of three species of
Leuoopholis viz, Leucopholis coneophora Burm.,
Leucopholis lepidophora Blanchard and Leucopholis

hurmeisterl Brenske.

1.2 Biology of Leucorpholis coneophora Burm.,

Nirula et al, (1952) dbriefly described the adult,
grub and pupal stages of L. coneophora colleoted from
field.

Nirula and Menon (1957) made further studies on
the biology of the pest and they observed that the
inseot had an annual 1life oycle and the adults emerged
en masse within a couple of weeks commencing from the
onset of rain and they rena}ned aotive for about eight
weeks, The eggs laid in soil in June/July hatched in
20 days, They also observed that grubs fed till
Aprfl or early May and then pupated.

Seshadri (1957) had included the drawings of
different life stages of L, coneophora in his paper

on soil pests of Kerala.

Nirula (1958) gave further details on the biology
of the pest. He described the 1life stages of the,belt



briefly. He also observed that the eggs which were
oreamy white, tranelucent and smooth when freshly 1laid
absorbed moisture '‘and inoreased in size during embryoniec
development, It became dirty white at hatohing.
Freshly emerged grubs were white with light brown
head, He observed that early instar grub fed mostly
on orgenic matter and roots of grailes. Pupal period
was cbserved as 20 days. The adult longevity was
recorded as ﬁne month and males were seen dying
earlier than females, Adults laid eggs rof 15 to 35
days after emergenoe, Oviposition commenced 4 to 7
days after mating. Adults lived for one t; four days
after completion of egg laying.

Sekhar (1958) furnished a detailed morphological
description of the adult of L. oconeophora. He reared
the grubs colleoted from field in the laboratory and
found that the duration of first instar grub was
shorter than that of the final instar. Final instar
grubs entered into prepupal stage within 20 to 33 days
from the date of collecticn from the field. They
constructed cells in soil for prepupation ironlg—ia
days. Pupal duration was observed to range from 26 to
33 days in the laboratory and 28 days in field.

The final instar grubs were observed to harbour a large

numbher of eggs and this was attributed as a reason for



the commencement of oviposition immediately atéer the
emergence of the adult., Unmated females laid undersized
eggs which did not hateh. The mated females laid 20 to
28 eggs. Adults lived for 19 to 36 days.

1.3 Adult emergence

Adults of L. coneophora emerged from soil during
April end remained active up to Auguit with er masse
emergence in May-June, Stray heetles were seen in

March also (Nirula, 1958). : .

Other root grubs viz, Holotrichia oonganguinea Blanchard
in Bihar (Ealra and Kulshreshtha, 1961), ngléggionig
insularis Brenske in Rajasthan (Srivastava and Khean, 1963),
Holotrichia serrata Fabr. in Bihar (Majumdar and

Teotia, 1965), Holotrichia nilgiria Arrow in Mysore
(Venkitaramaish, 1969), H. consanguinea in Rajasthan
(Eushwaha and Noor, 1976a), H. serrata in Karnataka
(Veeresh, 1961) and in Maharashtra (Raodeo an& D,lhpando,
1981) and cookchafer beetles of arecanut ggrdoﬂu

(Daniel and Kﬁiﬁr, 1976) were also reported to emerge

between April and August.
1.4 Factors governing adult emergence

The premonsoon showers were reported to initiate
adult emergence of Leuccpholis irroraia Chevr. (Lopesz,1931 a),
L. goneophora (Nirula, 1958) and H, serrata (Voeresh, 1977).



The amount of rain received was also attributed as
a faotor influencing the emergence:. A total rainfall of
S5 to 10 mm was reported as a pre-requisite for the
elerg;noe of H, serrata (Veeresh, 1977). Yadava (19681)
found that H. consanguinea emerged with 28 imm rain in
R;Jalthan,while the same species in Maharashtra required
33 mm rain for emergence (Patil and Hasabe, 1981).
But Veeresh et al. (1982) observed that Leucopholis
emerges only after a couple of rains in May-=June since
th? pupation of this species occurs in deeper layers
0f 60-70 cm and substantial precipitaﬁion was neoelléry

t0 reach the depth and trigger beetle emergenoe.

A minimum of 50 per oent atmospherio humidity was
found necessary for the emergence of H, serrata

(Veeresh, 1977).

Couturier and Robert (1956) reported that low’
ground temperature was congenial for the emergence of

Melolontha hippocastani F.

The peak emergence of the beetles of L. conpgophora
was reported to coincide with the monsoon showers in
Kerala (Nirula, 1958). Same condition was reported for
L. irrorata in Philippines (Otanes, 1927), H. consanguinea
in Bihar (Kalra and Kulshreshtha, 1961i), in Gujarat
(Desai and Patel, 1965) and in Rajasthan (Rai et al.,1969)
and H, nilgiria in Mysore (Venkitaramaiah and Shamanna,
1973).
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The daily flight activity of chafer beetles after
emergence was also reported to he influenced by rainfall,
Prevalence of rain during the omergence time was reported

to hinder the flight aetivity of H. serrata (Veeresh,

1973a), Zivanovie (1976) found that frequent and heavy
rainfall along with low temperature hindered the

‘activity of beetles of Melolontha melolontha (L).

H, consgnguinea also did not come out on days with rains
in evenings (Yadava, 1981), He also found that atmospherie
humidity influenced the dally aotivity of H. consanguinea
more than the rain. Even 1f rain was not received for

few days after the commsncement of emergence high

humidity in the atmosphere maintained the flight activity
of the beetles.

Hurpin (1956 a) found that higher temperature
combined with l;nshinq stimnlated the evening flight
of M. melolontha. Tashiro et al. (1969) reported that
Amphimallon majalis (Razoumowsky) was not observed at
temperatures below 52°F, Fleming (1972) reported that
beetles of Popillia hagonioa.New-an were active on
days when temperature reached 21°C. But Yadava (1981)
observed that temperature was not a deciding factor

on the daily exergence of H. consanguinea.
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Flight activity of chafer heeiles was correlated
with light inteneity also. Couturier (1967) found that
flight of M., hippoeastani was found not only by reduction
in intensity of light but also by an increase in the
'degreo ot polériaationlin evening hours, He observed
that violet and near violet light (372-426 m i) induced
the flight of heetles, At sun_set and sun_rise lights
of other wave lengths failed to mask the violet light
and that provided the stimulus for emergence.

Tashiro et al, {1969) reported the emergence of

A, majalis at 130 ft-c and flight to trees at a.light
intensity of 30 ft-c. Gruner (1974 and 1975a) ropo;ted
that the flight of Phyllophaga plaei ﬁlanoh. was
triggered off by a light intensity of 0.1 lux and
manipulation of photo-period caused advancement of

the evening flight. Yadava (1981) and Patil and
Hasabe (1981) also observed that the emergenee of

H, conganguinea was related to speolfic light intensity.

1,5 Mating

) Mating behaviour of L. coneophora was described
briefly by Nirula (19%8). The beetles in copulation
flew about or moved on the ground or‘wore seen resting
on the leaf stalk of plants around the site of
smergence, Mating ltérted soon after the emergence of

females. The male climbed on the back of the female
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and after a short interval the male descended and turned
towards the opposite direction of the romalo‘but the
union did not break, The position of male end female
beetles in opposite direoctions in the mating process
was noted in H, serrata (Veereeh, 1977) and

H, consanguinea (Patil and Hasabe, 1981) also.

Duration of mating varied in different species.
Mating of H, insularis lasted for 15 minutes (Srivastava
and Khan, 1963), that of H, serrata for 4-5 minutes
(Veeresh, 1977) and that of H. conssnguinea for 7-16
minutes (Yadava, 1981). ,

1.6 Adult feeding

Nirula (1958) reported that the adults of
L. coneophora did not appear to feed. Sekhar'(1958)
dissected the adults collected from field and he
could not £ind any food material in the gut. Cochiliotis
melolonthoides (Gerst.), (Jepson, 1957) and Anomala
velula (Ritcher, 1958) were also reported to abstain
from feeding in the adult phase. Adults of A. majalis
were observed to have slight feeding only. (Tashiro et al.,
1969), Several other species of root.grubs are known
to be defoliators (Ritoher, 1958).
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1,7 Nature of damages caused by root grubs on .different
crops

1.7.1 Cooonut.

The first record of L. coneophora as a pest of
coconut palm was made by Nirula et al. (1952). The
roots of infested palms were seen severed off near the
boles. Leaves of attacked palms turned yellow and
the tormation of nuts was reduced. Heavy attack caused
immature nut-fall and delayed flowering in older palms
and stunting in young palms, Abrazham and Kurian (1970)
observed that the grubs fed on apioal tender region of
the roots whioh affected the process o; absorption of
nutrients and consequently caused the yellowing of
leaves and nut shedding. Veeresh (1976) reported
H, serrata as a pest of coconut palm in the plains of

Karnataka.
1.7.2 Areoanut.

Leucopholis lspidophora was found associated with
roots of aroéanut pala in Karnataka (Puttarudraiah
and Channabasavanna, 1957), Rao st al. (1961) reported
that areognut seedlings were attacked by Lepidiota sp.
(a close relative of Leucopholis) in Karnataka and the
attack caused the drooping and drying of leaves.
Affected seedlings cawe off easily since the entire

root system was eaten away just below the ground level,
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Sometimes the grubs even bored inte the bol&. Grown
up palms attacked by the grubs showed a sickly pale
yellowing of leaves, poor production of 1n!10relqenee
and fall of immature nuts and caused heavy loss in
yield. Rajamani and Nambiar (1970) observed that the

. grubs first attaoked tender roots and then the older
ones, Stem of the attacked palms tapered and becane
unsteady and they got easily blown down by wind.

Eumar (1974) reported that the palms attacked by

L. burmeisteri died fast. Nair and Daniel (1982)
observed that the young palms attacked by L., bhurmeisteri
, died fast while the older palms continued to survive
for a longer period, though they were unproductive,
Veeresh et al. (1982) observed that tﬁ; attack of root
grubs on arecanut in Karnataka was severe and the
affected trees fell easily in wind or even with little'
Jerk. They further noted that the attacked palms

became vulnerable to discases also.
1.7.3 Cassava.

Leefmans {191%5) reported serious damage oaused -
by root grub Leuoopholis rorida F. to cassava in Java
for the first time. The affeoted plants drooped owing

to serious dewage to the roots. The young plants died



when the grubs damaged the roots and stem, Nirula (1958)
noted that the grubs of L, consophora burrowed into the .
fleshy tubers and they remained in the same tuber till
the entire food material was eaten up. PFPhyllophaga sp.
and L, rorida were also reporied as serious pests of

oassava in Columbia (Bellotti and Sohoonhoven, 1979).

1,7.4 Other root[ntel tubers,

Nirula (1958) reported that L. ooneophora
oaussd dainge to roots of yam, ocolocasia, sweet potato
and other underground tubers in Kerala. Lal and Pillai
(1977) found that L. ooneophora attacked Dioscorgas alata
and Dioscorcs esculenta also. Veeresh and Viswanath
(1983) found that potato and other tuber erops in
annatuka suffered total 1oss due to white grub incidence
when the orop was subjected to attack at the time of
tuber formation and the attack at grown up stages of
the orop reduced the market value of tﬁe tuﬁern‘though

there was no reduction in yleld.

1.7.5 Bnﬁbe;.

Rubber nursery was seen attacked by L, rorida
in Java (DeFluiter, 1941). The tap roots of affeoted
plants were eaten near to soil and plants were getting
killed (Edgar, 1958). Rao (1965) found that the root

grubs fed the rootlete of plhnta in nursery and
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progressively consumed the lateral roots, eventﬁally
reached the tap root wpioh also got debarked; As a
result of this damage the seedlings turned yellow,
shoots got dried up and ultimately they fell im wind,
A single grub could destroy the entire root system
of a small seedling and oause its death (Anon. 1968).
Out_break of L. rorida and L. triltiuﬁzauned heavy

damage to immature rubber plants in Malaysia (Anon,

1976).

Leucopholis pinguis Burm. also was reported as
injurious to rubber plants in nursery (Beeson, 1921).
Abrgham and Rajendran (1978) reporte&,a,sevore incidence
of H, serrata on rubber seedlings in nurseries in
Kerala. The attacked plants did not show any external
symptom of demage though the tap roots were sqeen eaten up
since such plants had produced many lateral roots.

But when these plants vere transplanted in the main

field, they got uprooted in wind.

1,7.6 Bugarcans.

Otanes (1925) noted that sugarcane in Philippines
was severely attaoked by L, irrorata, Roots and stem
were seen eaten up and as a result the plants wilted
extensively. Uichanco (1928) reported L., irrorata as the

most injurious root grub of sugarcane in Philippines.
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Prasad and Thakur (1959) recorded heavy incidence of the
grubs of g.igggggggglggg on sugarcane in Bihar. Kalra
-and Kulshreshtha (1961) reported from Bihar that the
grubs of H, gonsanguinea fed on the rootlets and root
hairs of sugarcane in such severity that the entire
root system was paralysed, Grubs were found amsociated
with mgim roots. They fed by cutting roots at their
bases. Larvae injured the main stalk also but thgy
were never found within the stalk., Lightly infested
clumps in whioh roots were not completely cut recovered
while heavily damaged clumps dried out. Martorell

and Goud (1965) observed that white grubs caused a
reduction of 15 to 20 tonnes of cane per aore vhen the
infestation ran;ad‘fron 10,000 to 20,000 grubs pef acre.
Gruner (197%b) reported that three or more grubs of
Phyllophags patrueloides FPaulian per sugarcane clump
significantly reduoed the number of stems per clump.

A population showing more than ten larvae per olump
reduoed the height of cane hy about 10 per ocent.
Sithanantham (1978) found that H., serrata dm&ged the
underground portion of sugarcane and caused the death
of plants. Mammon (1981) reported drying of i1-3 month.
old sugarcane seedlings due to the attack of grubs of
Schigonycha ruficollis F. in Pandalam, Kerala. The

root system was eaten away and initial yellowing of
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leaves, drooping and drying of the inner spindle and

consequent deterioration of mature stalk were noticed.
1.7.7 Groundnut,

Rai et a1, (1969) deserlbed the nature and feeding
of H, gonsanguinea on groundnut end symptoms caused by
the pest. The grubs ate away nodules of the planfl
and the fine rootlets and also girdled the main reoot.
Varieties having a tap root system were hi;h;y '
susceptible to the attack, Affected plants became
pale with a wilted appearance and finally dried out.

1.7.8 Sunflover.

Veeresh (1977) observed that sunflower was

susceptible to H, serraia though the plants could

w;thstand the attack when enough moisture was available
in the soll and @he tap root was not damaged. But
Sukhija (1978) found that white grub inoidence on
sunflower in Kashmir caused stunting and drooping

of leaves followed by death of the plants.

1,7.9 Cereals.

Teetes (1973) reocorded the incidence of
Phyllophaga orinita (Burm.) on sorghum and vwheat and
he noted that significant loss occurred when the
grub population was 2/rt2 or greater. Apostol and
~ Litsinger (1976a) found that L. iyxrorata on corn
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caused the stunting of plants and low yield., Affected
plants turned purple before drying.

A single grub per foot of E. japonica reduced the
yield of blue grass by 13 to 30 per oent depending on
soil moisture, With greater population densities
yield reduotion was considerably high (Ladd and
Burire, 1979).

1.8 Seasonal distribution of the life stages of
root grubs

Nirula and Menon (1957) observed that egge of
L. coneophora were present in June-July only,while
Nirula (1958) reported that egge were seen uﬁ to August.

. Eggs of H, insuiaris were also reported to
ooour in June=July (Srivastava and Khan, 1963) and those
ot H, serrata from February to July (Majumdar end
Teotia, 1965), of H, gonsanguinea from July (Rai et al.,
1969), of H. nilgiria from July (Venkitaramaiah and
Shamanna, 1973). But the eggs of H, serrata were reported
to ocour from April to August in Bangalére (Veeresh,
1973a) and from June to August (Raodeo and Deshpande,
19681) in Maharashtra, |

Larvae of L, irrorata were seen from May/June to
January/February/March (Lopez, 1931 a}, Nirula (1958)
observed the first instar grubs of g.'qqngonhora in
field in June/July and the third instar grubs up to the
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month of May. Desai and Patel (1965) reported that
grubs of H, consangninea prevailed in the field up teo
November. But Ral et al. (1969) could find them only
_up to Ootober. Apostol end Litsinger (1976a) tound that
the first a&d pecond instar larval population of

L, irrorata peaked in early and late June and third
instar grubs in November. Veeresh (1977) reported

that the first instar grubs of H. serrata were seen

from April to July, seoond instar from April to September
and third instar from May to February.

Pupae of L, irrorata were reported to occur from
April to June {Otanes, 1925). But Apostol and Litsinger
(1976a) found the pupae of this insect from February to

March, In the case of H, gserrata pupae were secn from

September to March (Veeresh, 1977) and H. gonsanguinea
from September to November (Yadava, 1981).

1.9 Distribution of the life stages of root grubs in
different depths of the soil

Vertical distribution of different stazes of
root grubs in eoil was studied by various workers.
Nirula (1958) found the eggs of L. coneophora in soil
‘at a depth of 7.5 to 15 ‘em,

Eggs of L. rorida were seen at 25 to 85 cm depths
(Leegmans, 1915), L. irrorata at 20 to 30 cm (Lopez, 1931a)
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H. consanguinea at 5 to 10 cm (Ealra and Knlshreshtha,
1961), Holotrichia longipennis (Blanch,) at 2.5 to 5 cm
(Haq, 1962), H. insularis at 2.5 to 15 om (Srivastava
and Khan, 1963), H, serrata at 15 to 23 cm (Majumdar
and Teotia, 196%), H. nilgiria at 30 to 40 cm

(Venkitaramaish and Shamanna, 1973), H. serraia at 7 to

12 cm (Raodeo and Deshpande, 1981) and L. burmeisteri
at 5 om (Nair and Daniel, 1982).

Leefmans (1915) reported that majority of the grubs
of L. rorida were seen 50 cm below the surface of soil.
Rai et al, (1969) found that grubs of H., econsanguinea
remained in upper 15 cm of soil, Darniel and Kumar
(1976) found the grubs of L, burmeisteri at 7.5 to 10 om
in moist loii and at 30 to 45 cm in dry ocndition, |
Veeresh (1977) observed the grubs of H, serrata at a
depth of 10 to 40 om, However, in June maximum
number was seen at 20 om,in July/August at 10 to 20 om
and in November/January at 20 to 30 cm. Jose and
Kaul (1978) reported that the grub of H, serrata was
oconfined to 15 cm depth of soil. Yadava (1981) found

the grubs of H. consanguinea at 10 to 20 cm depth,

Lopez (1931a) reported that pupae of L, irrorata
were found at a depth of 20 to 30 om, Ksalra and
Kulshreshtha (1961) found pupae of H, consanguinea
at 30 to 150 cm depth., Apostol and Litsinger (1976a)
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found the pupae of L. irrorata at a depth of 80 cm,
Veeresh (1977) found maximum number of pupae of
H, serrata at 20 to 40 cm depth of soil,

Adults of H, oonsanguinea were seen at 15 to 75 cm
depth of soil, After emergence adults were mostly seen
up to 30 om range (Rai et al., 1969). dJose and Kaul
(1978) found adults of H, serrata up to 30 cm depth
during March but during the period of adult emergence

in December they were seen at 45 to 60 om depth,

1,10 Factors governing vertiocal distribution and
movenent of the life siages of root grubs

Movement of the grubs of E-. consanguines in
morning and evening depending on soil moisture and
temperature was reported by Gupta and Avasthy (1957).
Nirula (1958) observed that the distribution of the
lite stages of L. ooneophora was influenced by the
availability of soil moisture, The adults and eggs
were seen in upper layers when soil was moist and in
deeper layers in dry season, Hs also observed thet
the grubs remained near to the surface during early
morning hours and during rainy season,compared to
late noon hourl'aqd dry seasons, respeotively. The
vertical migration of the grubs at different periods
of the day and at different seasons of the year was

rattributed to the moigture content of soil.
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Shorey and Gyrisco (1960) found no pronounced chaﬁgp in
vertical distribution of A. majalis until after drying
had proceeded below the range of available soil moisture.
Critical socil moisture level was found to be four per
cent and above that level grubs showed no dominant

choice up to 12 per oent, Kalra and Kulshreshtha

(1961) did not find lornini and evening movements in

the case of the grubs of H, consanguinea. Mathen et al.
(1964) also reported vertical migration of the grubs of

L, 6onoophora at different periods of the year depending
on soil moisture and temperature. Tashiro et al. (1969)
found that when adequate moisture was available grubs

of A. majalis occupied the upper 5 cm of soil where food
ocourred in abundance. Rai et al, (1969) found that the
grubs of H, oonsenguinea remained in 15 cm layer h;ving
sufticient soil noisturo and moved up and down depending
oﬁ the moisture level of the soil., Valenta and Gavells
(1970) found that the grubs of M. melolontha moved up from ,
their over wintering sites (60 to 80 cm) when soil
temperature reached 6°C, But when the temperature reached
9°C grubs were in surface layer at 0 to 20 om., They
observed that in autumn when temperature of soil at 0 to
20 om reached 10°C they moved down. According to them
the larval movement was determined by soil temperature,

" humidity and acidity. Fleming (1972) also found .that vertical
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movement of P. japonica was in response to change in the
moisture and temperature. H. iorrata was also reported
to move up and down in soil depending on available

moisture (Vaoeresh, 1977).

Diltribntion of the pupal stage was a}so re?orteq
t0 be oorrelated with ?elperature and noinﬁure of soil,
Depth at which pupae of A, majalis ooccurred ;n soil
depended on moisture content end type of soil |
(Tashiro et al., 1969). According to Veeresh (1977)
site of pupation of H. serrata varied with reference to
the variation in temperature at different places.

Jose and Kaul (1978) observed that from third week of

December, grubs of H, serrata pupated at 45 to 60 om

depth and they further observed that fall in temperature
rather than moisture brought about this bhehaviour of
pupating grubs, Yadava (1981) also observed that

v (IR !

pupation was directly related to the soil moisture

and temperature.

1,11. Horizontal movement of root grubs

Horizontal movement of grubs walL ohserved in the
oase of H, consanguinea (Kalra and Eulshreshiha, 1961),
A. najalis (Tashiro et al., 1969), P. japonica
(Fleming, 1972) and H. gerrata (Veeresh, 1977). -
In all thqlo cases the availability of food was attributed

as the factor caul;ng the migration.
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1.12 Chemical control

1.12.1 Leuocopholis conecophora Burm.

Application of five per cent chlordane at 28 1b/acre
gave good oontrol of grubs of L. coneophora (Nirula and
Menon, 1957). Ten per cent BHC dust at éne owt/aore
gave effective control of the larvae and wuﬁ superior
to DDT and there was no significant difference hetween
the performance of different rformulations of these
pestioides (Nirula, 1958). Valsala {1958) reported thet
five per cent chlordane at 28 1lb/acre or 10 per cent
BHC at 56 1b/aore applied once a year after south west
monsoon gave satisfastory control of the pest,
Insecticides had to be tilled or ploughed to six inches
depth in soil, Hatl;on ot al, (1964) found that
heptachlor was inferior to BHC, aldrin and ohlordane
and malathion was totally ineffeotive in the oontrol of
grubs, Johnson and Nair (1966) obtained best result
with five por cent aldrin at 100 1b/acre but aldrin
50 1b and one per cent gamma~BHC at 100 1lb/acre were
ineffective. Abraham and Kurian (1970) concluded that
five per eent aldrin, BEC or three per ¢ent heptachlor
at 120 kg/ha or 10 per cent chlordane at 60 Lkg/ha
applied twice a year, in Apfil and in August, offectively

controlled the pest.
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Abraham (1979) tested granules of carbaryl,
carbofuran, phorste, quinalphos and thiodemeton at
4, 6 and 8 kg ai/ha, All the doses of all the
insecticides were superior to control but reduction

in grub population was as low as even 36 per cent only.,

Yeeresh et al. (19582) recommended drenching
of soil with Ghlordane 20EC 2 1/aore or Aldrin 30EC
2 1 in 400 1 water in the gap botween the premonsoon
shovers and on the onset of xonsoon in May-June for

the control of L. coneophora.

1,12.2 Other species of Lsucopholis.

Edgar (19%8) reported that BHC 0.1 per cent
spray was effective for the control of L. rorida
in rubber nursery in Malaya. Rao et al. (1961)
found satisfactory oontrol of L. lepidophora,
L. burmeisterl and a related species Lepidiota sp.
in arecanut gardens with chlordane and heptachlor.
Rao and Bavappa (1961) found that chlordane (Intox S8EC)
at eight oumce in 100 gallons of water and 20 pof cent
of heptachlor at one ounce in one gallon of water used
as soil drench gave good oontrol of root grubs on

areoanut.

" Chlordane five per cent dust at 31 to 34 kg/ha,
Heptachlor .20EC at 6.3 m1/100 1 of water and EHC five
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per oent dust 63.0 kg/ha were reported better for the
control of areoanut white grub (Rao, 1963). According

to Rao (1966) rubber plants in nursery oould be protected
from L., rorida by pouring O.1 per oent heptaohlor in

6-8 inches deep holes., Sheshadri (1969) found that
phorate 8 g per arecanut palm gave 73 per oent kill of

the grubs of L, burmeisteri &nd was superior to

phorate 4 g per palm. Eumar (1974) used dimethoate,
thiodemeton (Disyston and Solvirax)g‘ehlordano qt

30 kg/ha, phorate at 15 kg/ha and carbofuran ;t 45 kg/ha,
Mean number of grubs per plot ranged from 1.38 to 35.0
in treatment as against 82 in control. Dimethoate was
the best followed by phorate. Apostol and Litsinger
(1976b) reported that comparatively lower inseoticide
dosages were sufficlent to control the first and second
instar grubs than the third instar grubs of L. irrorata
in Philippines. Lindane and chlordane at one kg ai/ha
provided 100 and 90 per cent control, respectively, and
were cheapest. bhlordane 4 kg and dieldrin 2 kg were

equally effective but were more expensive,

Dimethoate 5 g at 30 kg, pongamia o0il eake at
2000 kg, five per cent ohlordane at 90 kg, five per oent
BHC dust at 120 kg and quinalphos 1.5 per cent dust at
120 kg per hectare applied twice a year once just

before the onset of monsoon and a second round in October
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at the close of monsoon gave significant oontrol of
white grubs in areoanut gardens (Kumar and Daniel,
1981).

1,12.3 Hblptrichig consanguinea.

Gupta and Avasthy (1957) found that 10 per cent
BHC dust at 112 1b/aore gave 50 per cent reduction of
the pest population in Bihar. Prasad and Thakur (1959)
found that BHC at 15 1b/aore virtually gave no oontrol
of grubs. Xalra and Kulshreshtha (1961) tested BHC,
aldrin, chlordane nnd'nDT at ¥ and 10 1b ai/aore as
single application in May and two applications in May
and July., A single appiication of BHC 10 1b oaused
71.4 per oent reduction of grubs. Two applications
proved more effective with 85,7 per cent reduction of
grubs. Desai and Patel (1965) tested BHC, aldrin,
ohlordane and heptachlorland found that BHC 10 per cent
at 40 l1b/aore was superior fﬁoﬂ others., The meen test |
plant mortality was 5.7 in fr:atgd plots as against
10.3 in control plots. Kaul et al, (1966) worked out
LD;, values of different chlorinated insecticides against
third instar grubs and ranked them in the following
desoending order: toxaphene, chlordane, aldrin, BHC,
dieldrin, heptachlor and gamma-BHC, Patollgg,gl.
(1967) recorded 54 per cent reduction in groundnut
plant damage at 60 1b/aore of BHC while 80 1b/aore could not
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protect more plants, Chlordane and heptachlor were less
effective. Khanna ot al: (1968) reported partial control
of grub only with 10 per cent BHC at 50 1lb/acre.

Joshi et al., (1969) in a laboratory trial got 76 éﬁd 68
_per cent mortality of third inetar grubs-with BHC 7.5

1b and heptachlor 8 1b/acre, rospeoiivoly. Same doses

of inseotiocides caused 86 and 80 per cent mortality of
first instar grubs. Rai ot QL. (1969) reported tﬂat

BHC % kg, aldrin 6 kg and heptachlor.ﬁ kg/hea applied as
dust were ineffeotive in checking pest damage:; Sharma
end Shinde (1970a) found that the L, of phorate was
0.02; heptachlor 0;20, lindene 0,625, ogiordano 0.844

and aldrin 2.229 against the third instar grubas,

Sharma end Shinde (1970b) found that pre-sowing application
of phorate and heptachlor granules at 3 ké ai/ha cheoked
the infestation on groundnut and the treaiment was

wore effeotive than post-sowing application., Granules
offered protection to the crop by repelling the ;rubs

and by killing them, Srivastava et al. (1971) found

that the application of phorate 10 G or dusts of 10 per cent
BHC, 5 per oent aldrin and 6 per cent heptachlor at

25 kg/ha controlled the pest. Sharma and Shinde (1973)
reported that phorate or disnlfoton at 2 kg si/ha
protected pea plants but did not reduce larval population.
Yadava and Yadava (1973) found phorate 2 kg ai/ha gave
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maximum protection to groundnut plants. BHC and Ialdrin
at 10 kg ai/ha were inferior to phorate. Kadu st al.
(1976) found emong the insecticides tested 10 per cent

carbaryl at 125 kag/ha as most effective causing 63 per

. cent mortallity of the grubs.  Dwivedl ot gl. (1976)

found that phorate anci fensulfothion at 25 kg/ha

/ effectively controlled the grubs. Prasad (1977)

reported highest yield end lowest plant mortslity of
groundnuts end lowest larvel population with 3 kg ai/ha
of phorate. Yadava st gl. (1977) found thet phorate
and fensulfothion were most effactive for ficld control
of the pest. ‘Kadu &t al. (1978) found that the.grub
mortality continued in field plots treated with BHC

Or carbaryl at 125 kg/ha for one months  Bhgketia and
Sukbija (1978) reported fensulfothion, phorate and
carbofuran at one kg ai/ha zpplied in furrows proved
effectlve .  According to Sukhija (1978) phorate 2 kg
el/ha was effective in controlling the pest. Vora et al.
(1978) found that primiphos ethyl gramules at 145 kg ai/ha
was best for control of grubs, SnVastava and Mathur
(1979) obgerved that anong the various mefhods‘of
Chemical control the use of phorate granules was the
best for the control of grubs, but being costly and
uneconomic, 1t had not received wide acceptance,.

Sprinkling of chlorpyriphos (20 EC) in soil followed



31

by watering or flooding proved economical, Shinde et al,
(1980) reported that based on LGy, values the relative
effieaoy of test 1nsoetioidea was in the following
descending oxrder: qulnalphos, Phorats; cirbofuran,
disulfoton, heptachlor, endosulfan, lindane and aldrin,
Nath and Srivastava (1980) dotermined the LC,, values

of 10 inseoticides to third instar grubs and found them
in the 1ollow1ng'descendin;'order= phorate, disulfoton,
dieldrin, endosulfan, aldrin, lindane, heptachlor, BHC,
ohlordane and toxaphene., Vishwanath (1980) found 2.%

kg ai/ha of phorate reduced post population and inereased
the erop yield. Heptachlor and aldrin were also |
significantly superior to eontrol. Srivastava et al.
(198g) found seed treatment with osrbofuran (50 FP) as

a good method for proteeting groundnut from thﬁ pest.

1.12.4% Holofriohia gerrata. -

' Pavid and Kalra (1966) found BHC at 4.5 1b ai/acre
gave latisrantdry control of the pest, Veeresh (1973d)
reported that phorate 6 kg/acre gave effective control
while heptachlor 6 per cent dust at 18 il/aere was
inetfeotive, Bhatnagar et al, (i1975) recommended the
use of ILindane 5 G at 50 kg/ha, fensulfothion or
phorate at 25 kg/ha, for white grud control in groundnut
field. Five per cent dust of heptaehlor 175 kg/ha wae
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ineffeotive. Veeresh et sl, (1976) found carbofuran at
0.75 kg and phorate 2.5 kg were effective in controlling
the grube. Kushwaha and Noor (1976b) found mephospholan,
phorate (2.5 kg ai/ha) and carbofuran (1.5 kg/ha) were
superior to disulfoton and quinhlphon (2.5 kg ai/ha),
David st al. (1976) found an appreciable reduction of the
grudb population and increase in yield of sugarcane by
the application of fensulfothion or quinailphos at 5 kg
ai/ha during May/June. BHC 10 kg and dieulfoton,
phorate and chlor fenvi phos 5 kg ai/ha were insffeotive.
Veeresh (1977) reported that phorate 0.79 kg ai/acre
uniformly applied before sowing of sugarcane, when the
grubs were in the first instar, was effective.
Application of inseotiolde at the grown up lté;0. of

the grubs did not prove satisfactory. Inscectiocidal
‘application was not found effective against grubs

under unirrigated conditions and in dry lands. Best
results were obtained only when the plots were

irrigated immediately after treatment. Jqlo and Kaul
(1978) found BHC at 5 kg ai/ha gave reduction of

pest but carbofuran was superior. Abraham and

Rajendran (1978) reoommendéd drenching with one per

oent aldrin, ochlordane or heptaohlor around the base

of rﬁfhor plants in nurssry or soil application of

10 psr oent BHC at 75 kg/ha for reducing the incidence
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of H. merrata. Patil et al, (1981) found that the most

effective dust treatment for control of grubs was BHC

10 per oent at 125 kg/ha. As granules five per cent

diazinon, 10 per oent phorate or three per cent )

mephosfolan each at 25 kg/ha were tho best for control

of the pest. .
Studies oonduoted on the oontrol of othe} Inginn

root grubs are meagre. Srivastava and Khan (1963)

found aldrin 2 per cent and BHC 10 per cent stt at

100 1b/acre were effeotive against H, insularis.

Venkitaramaiah (1969) reported good control of

H, nilgiris with dieldrin and Telodrin. D'souza et al.

(1970) fonnd that Phorate 10 G and gamma-BHC applied

t0 eight-month-0ld ocffee seedlings afforded complete

oontrol of H, nilgiria bhut gamma-BHC caused marked

yellowing of leaves, Chaeko and Bhat (1974) found

that the granuldi'or fensulfothion, Disyston,

dimethoate and phorate orrofid high mortality of

H. nilgiria. Sachan and Pal (1974) found BHC + carbaryl

(Sevidol) 2.5 kg ai/ha was superior to 10 per cent

BHC or phorate 2.5 kg ai/ha for the oontrol of H, insularis.

Saohan and Pal (1976) reportod that 10 per oent BHC,

sevlidol or chlorphyrifos gave 72 to 82 per oéﬁt

reduotion of grubs of H. insularis,
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1.13 Managewent practiices

1.13.1 Leucopholie spp.

Leefmang (1915) suggested rubbing red pods of
Capsionm ggggg for attracting and trapping tho beetles

of L. rorida.

Otanes (1925) suggested hand sollection of adults,
ploughing and picking of gruba for control of L. irrorata.
Uichaneo (1930) did not agree to the hand collection of
beetles, Otanes and Karganilla (1947), however,
suggested colleotion of grubs, exposure of grubs for
feeding by chicken and birds, eollectien and destruotion
of adults from host plant and promoting the parasite
Campsoneriella aursicollis as effective methods for the
control of L. irrorata. Rajemani and Nambiar (1970)
suggested that good drainage would reduce the pepulation
of white grubs in arecanut gardens since the grubs were
found in low lying arcas where high water table existed
or water logging conditions prevailed. Nair and
Daniel (1982) rceommended the removal of wild growth

in the garden for the control of L. burmeisteri.

In the case of L. goneophora an integrated oontrol
sohedule suggested by Kurian et al. (1974) included
mechanical cum cultural methods like deep ploughing or

digging of soil to expose immature stages to dessication
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or predation by natural enemies iike birds and mammals,
attraction of adults to light and killing, exploitation
of parasite Campsomeriella gollaris}, nematode DD 136
and pathogens, Veeresh st al. {1982) suggested hand
collection of adults, digging and destroying grubs
around ;tanding orops for the oontrol of fho pest in

coconut gardens.

1,13.2 Holotxrichia spp.

. Avasthy (1967) suggested rotation of orops

in endemic areas, Yadava (19681) suggested a management
practice for the control of H, consanguinea involving
the collection and killing of beetles,spraying the host
plants with insecticides to kill the adults coming for
feeding, collection of beetles by setting up light
traps and killing them, ploughing of fallow land in
August to expose the grubs, collection and destruction
of grubs during inter-ocultural operations, flooding

the field, legislation for ensuring the adoption of

beetle control measures by all farmers and insecticidal

oontrol of grubs when needed,

Veeresh et al. (1982) observed that oontrol of
H, serrata would be possible only when pest was managed
fron eggs to adult adopting several methods of control
end any single method alone would not control the pest

effoctively.
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1.14 Persistence of BHC in soil

Edwards (1966) roviowini the available literature
conoluded that it took 3 to 5 years for 9% per oent
dissipation of lindane in soll depending on climate,
soil type and oropping. Liohtenstein et al. (1971) |
reported that in USA it took 11 years for 95.5 per oent
dissipation of lindane used as a single soll application
at the rate of 10 kg/ha: But under tropical conditions
BHC did not persist long. Agnihotri et al.(1974 and
1977) reported that 97.5 per cent BHC was degraded
in 180 days and this rapid degradation was explained
on the basis of higher ground temperature. Kavadia
and Gupta (1976) found a comparatively longer
persistence of BAC which extended up to 1%/16 months
in Rajasthan. Pal and Kushwaha (1977) also reported
86 per oent reduction in BHC deposits after five
monthe of application in sandy soils of Jodhpur.
Srivastava and Yadava (1977) reported a still faster
degradation of BHC, They found that 70 to 90 per oent
of BHC was losi in three months when applied at the
rate of 5 to 30 kg/ha., They attributed this rapidl
loss from so0il to quick volatiligation.
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1,15 Persistence of heptaohlor in soil

Lichtenstein and Schuls (1959) found soil
temperature as an important factor in the persistence
of insecticides in soils. No insecticide loss was
found in frozen soils: At a temperature of 6°C,

16 to 27 per oent of aldrin and heptachlor were lost
" within 56 days, whereas, 2 to 14 per cént of the
initial insecticides alone was found after 56 dayws
when held at 46°C: Wilkinson end Finlayson (1964)
found the toxic residue of heptaohlor nine years after
treatmént in eilt loam soil in field., Wiese and

Basson (1966) from South Africa, reported that
prevailing weather conditions had marked effeot on

the rapidity of degradation. Xnutson et al. (1971)
found residue of heptachlor and heptaochlor epoxide

in Great plain soils, but there was no acoumulation

from year to year and about 95 per cent of the

combined residues disappeared within a year after
treatment., Guenzi et al. (1971) found that heptachlor
decreased during 22 weeks where solil wixing was done

end was flooded. But Stewart and Fox (1971) detected
residues of heptaohlor in Nova Sootia in 12 years

after application, Harris and Sens (1972) showed that
biological aotivity of heptaochlor was completely lost

in 16 weeks of application in Canada, Agnihotri (1978)
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reported that dissipation of aldrin and heptachlor was
higher under uncavered conditions than covered conditions,
Eightythree per oent of heptachlor was lost in 120 days
under unoovered conditions and only 63 per cent lost

in covered conditions.
1,16 Movement of BHC and heptaohlor in soils -

Lichtenstein (1958) showed that gamma-BHC leached
to some extent from treated soils downwards to untreated
soil and such movements oontinued under non-leaching
conditions also. Krzymanska and Macklewicz (1969)
applied one per cent gawma-PHC at 1.5 kg/ha and raked
into a depth of 7-1i0 em. The perccntage residue after
one vear at 0-10 and 10-20 cm was 23 end 25 per cent
and after two years 17 and 16.8 por cent, respectively.
Gawaad et al. (1971) carried out laboratory test to
assess the leaching of ganma-BHC in three soil types
by passing water end found that 29,71, 13.99 and 13.33
per oent of insecticide was lost from sandy, loam and
sandy loam soilg, respoctively, Venkitarénaiah and
Singh (1972) recovered residue of BHC even from a
depth of 61-72 em in field soils having a history ot
20 years of BEC swabbing on coffee plents, Agmihotri
et al.(1977) applied 10 kg ai/ha of gamma-BHC and
heptachlor as dust and incorporated it to a depth of 0-15 onm.



There was no leaching of BHC or heptachlor beyond 0-15 cm,’

Wiese and Basson (1966) reported that downward
movement or leachability of inseotioides was greater in
light soils in the case of DDT, chlordane and heptaohlor,
Harris snd Sans (1969) analysed soils from farms in which
inseoticides at different depths of the soil were being
need intensively. They detected residues of aldrin,
dieldrin, endrin, heptachlor, chlordane, DDT and dicofol,
In cultivated soils the residues vere retained in top
6 inohes while in cultivated light mineral soils it was
recovered up to 10-12 inches. They concluded that
vertical distribution of residues in soil is dependent
on the type of soil, the extent of cultivation and the
characteristics of the insecticide. Knutson et al. (1971)
found that heptachlor applied in soil cultivated with
maize penetrated to a depth of 12 inohes only, Stewart
and Fox (1971) reported that heptaohlor penetrated up to

10 inches when average rainfall reached 35 inohes.
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MATERIALS AND METHODS

2.1 Biology of Leucopholis coneophora Burm.

2.1.1 Obtaining first instar grubs in the laboratory.

Beetles collected from field were used for this purpose.
Mating pairs were collected in glass hoittles half filled with
moist soll and were brought to the laboratory, From these
onetxolalo and four males each were libor;£od in breeding
cages. Each cage consisted of 30 0!3 dealwood box filled to
three-fourth with loamy sand soil passed through a 20 mesh
stéve and sterilised to eli-iﬁate fungl pathogenic to the
ezzs of soil insects (Wightman and Fowler, 1974). After
releasing the bestles eaoch cage was kept oloied with a pileoe

of nylon net held in position with a rubber band.

Egge laid were collected dally passing the soil in the
oage through a 20 mesh sieve, The eggs were kept in petri-
dishes in batches of 5-10 and were covered with sterilized
moistened lOil: Water was sprinkled over the soil frequently
t0 keep the same just wet throughout. The dishes were
daily observed from the 20th day after incubation to record
the aotual date of energanoe of grubs for assessing the
period of incubation. Soon after hatchlng the grubs were
transferred to garden pots filled with soll and planted
with sprouted groundnut seeds. At the end of the third day,

when they were sufficiently grown up for handling, they were

colleoted from the pots and were used for various experiments.
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2.1.2 Detailed biology of L. coneophora on coconut,

One hundred and fifty Ii;st instar grubs were
transferred to three-month-olid potted coconut seedlings
at the rate of one grub per pot. The growth and moultings
were being observed at two days'’ 1ntervai. From each
instar ten specimens were collected and preserved for

studying detaliled morphological characters.

2.1.3 Larval morphology of L. coneophora.

Third inatar grubs of L. coneophora reared in the
laboratory as detailed earlier (2,1.2) wore killed in
hot water and put in 10 per cent KOH sointion foxr four
days. These were thoroughly washed in fresh water and
kept in glacial acetie éc;d for ten minutes and then
transferred to 1:i carbolic aold acetic acid mixture
for 15 minutes and finally to 1:1 carbolio acid xylol
nizture. Then they were mounted on slides in canada
balsam, Drawings were made using drawing hsad.
Utilising the data available on the éhéractors of
L. lepidophora and L. burmeisteri (Veeresh, 1981) a key
was prepared for the ldentification of the grubs cf the
'three species including L. coneophora,

2.2 Effect of different host plants on the biology of
L. oonsophora

L]

The plants used for the studies were raised in garden

pots (30 cm dia). The bottom of the pot was ocut out leaving
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adfii of 10-;5 um around the edge.. Twenty mesh galvanised
iron net out out into a ciremlar dliq was placed inside

the pot at the bottom and the weme was fixed to the rim
with oement mortar. The pots were then Kept burried to
three-fourth in the soil. This facilitated the maintenance
of oonditions in the pot similar to that of ‘the field.

The pots ware then filled with loamy sand soil,

In the case of coconut, dehusked nuts having a tuft
of fibres at the oyes were planted zo as to have early
rooting (Koshy and Sosamma, 1978). Crotalaria and cacao
seecds were sown in the pots and in the case of cassave
15 cm long stem buitings were planted. Coconut seedlings
were ueed for the experiment three months after planting
and in the oase of oacao cnd orotalaria two.-onths 0ld

plants were used.

Three-day-old grubs obtained from pota ‘Planted with
lprouted groundnut seeds and kept in the laboratory (2.1.1)
were rolealod in Iiold pots at the rate of one grub per pot
_and 200 luch pots were set for each crop. VWhen the plants
in the pots faded due to feeding, the grubs wore transferred
to tho fresh plants which were potted earlier and were being
maintained for the purposme. On reaching the prbpupal stage
the grubs were transferred to fresh pots, half filled with
loil. Each grub was placed in a swall pit in the soll and .

was eovored with an earthon dish over which further soil
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was added. This prevented the formation of the earthen cell
by the pupa and facilitated further observations on develop-
ment. The pots were closed with nylon net held in pomition
with rubber bands, When the adults emegged they were
oollected and eaoh female was transferred to an egg laying
cage along with four males for observing their longevity

and fecundity as well as the viability of the eggs laid.

The survival percentage and duration of the different life

stages also were recorded.

The length and width as well as the weight ot_dirrerent
life stages of L. conecophora, as inflnenced by different
hosts were recorded using the stages obtained from rearings
separately maintained for the purpose. Sinee the insect
was being reared individually till the emergence of the
adults, the grubs'developing into males and females ocould

be traced back and relevant data could be grouped accordingly.

2.3 Nature of damage caused by L. coneophora on
different host plants

2.3.1 Cassava (Manihot esculenta Cranz.).

One third instar grub each was liberated in Sb pots
planted with oatuav; setts at the rate ot one sett per pot.
Ten pots similarly planted and kept without exposure to the
grubs served as oontrol. All the planis were maintained
with adequate irrigation, Another lot'sinilarly planted

and exposed to the grubs along with corresponding oontrol
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vwas paintained without irrigation towards the later
stages to study the effeect of irrigation on the infested

crop.

Thirty days after treatment the symptoms visible
on the aoria; parts of the plants were recorded, The
plant in each pot was then taken out oarefully by
washing out the soil with a gentle stream of water.

- The injury at the underground portions of the plants
was observed and they were correlated with the aerial

_.symptoms recorded earlier.

In the second experiment four-month-o0ld plants
ralsed in pots were exposed to the attack of seoond instar
grubs at the rate of 1, 3 and 5 grubs per plant; There
were 15 plants in each treatment and a set of 15 plants
maintained without grubs served as oontrol. The extent
of injury was assessed at harvest ies., four months after
the releasing of grubs, Plants were taken out carefully
as done earlier and difrerent growih parameters and the

yield data were recorded.

Ten tubers from ocontrol plants and 10 damaged and
undamaged tubers each from plants Infested with the grubs
were collected as three separate lots and the eontent of
starch, emylose, amylopectin and hydrocyanic aoid (HCN)
in the edibie flesh of samples were estimated, mso as to
assess the possible deterioration of ths quality of the
tubers due to the feeding of grubs.
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Starch was estimated following the method .of
MaoCready et sl. (1950)., Fifty mg of powdered, dried
tuber was suspended in 50 ml of 80 per oent alcohol,
boiled on a water bath, evaporated to 10 ml and decanted
after oentrifuging. The residue was dissolved in 15 ml
0f 52 per cent perchloric acid and made up to 100 ml
with deionized water. One ml of the aliquot was taken
in a test tube diluted to 5 ml and colour was developed
by addition of 10 ml of anthrone reagent and heating for
7.5 minutes at 100°C in water bath, The OD was measured
in Beckman Model=26 Spectrophotcometer at 630 nm. Glucose

wvas used as the standard.

Amylose was estimated by the method of Gilbert and
Spragg (1964). One hundred mg of cassava flour was
shaken in 10 ml, iN NaOH and the volume was made up to
100 ml. One'ml of aliquot was transferred to a 56 ml
volumetric flask and neutralised with 1 ml of 10N EHC1,
followed by 1 ml of 10 per oent potassium hydrogen tartarate,
701ﬁ-e was made up to 45 ml and 0,5 ml iodine solution was
added. Final volume was made up to 50 mi, After 20
minutes the 0D was measured at 680 nm, ‘Pure amylose was
used as the standard. Quantity of amylopectin was found
by deduoting-the quantity of amylose from total quantity

of stareh,
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The estimation of HCHN was done by the method

described by Indira and Simha (1969).‘ One g of flesh

tubsr was homogeniged in 23 ul wvater and was taken in a

%00 ml conical flask. The flask was olosed with a

rubber cork, having a Whatman No,1 f4ilter paper strip

soaked in alkaline sodius picrate and suspended frem
-tho bottem side. After 18 hours the f1lask was transferred

to an oven maintained at 60°C. Thirty minutes later the
filter papsr strip was taken ou& and eluted in 20 m}
distilled water. Absorbance of the elute was recorded
on & Beokman Model-26 double heam Spectrophotometer at

540 nm, KCN was used as the siandard.

Palatability test was also carried out to assess the
consumsbility of the tubers partially damaged by the pest.
The tuber samples were peeled and siiced to uniform sixe
and were cooked in aame quantity of water and under
identical temperature and bhoiling time, Palatability of

the prepuratiens was ehssked by a taste panel consisting
of ten individuais,

2:.3.2 Caean (!k!.!ig! apsgo L. ).

Five-month-o0ld caoao plants raised in pots - as

described earlier were sxposed to the feeding of second

instar grubs of L, coneophors at the rate of f, 2 and 3
grubs per plant. Each treatment had 15 replicgtions,
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Fifteen plants maintained without grubs served as control.
At the end of 45 days the plants were taken out of soil

and the different growth parameters were recorded.

2.3.3 Wild sunn-hemp (Crotalaria striata DC.).

Wild sunn-hemp plants raised in pots were exposed
to the seoond instar grub of L. coneophora at the rate
of one grub per plant (higher levels of pest population
killed the plants outright). The plants used were 45 days
old, Fifteen plants each were maintained for the treatment
and oontrol, At the end of 45 days after the introduotion
of grubs the different growth parameters of the plants were

recorded.

2,3.4 Coconut (Cocos nucifera Linn,).

Since it is a perennial ecrop and the manifestation
of symptoms by pest infestation would appear with a long
lapse of time, the nature of damage caused by L. coneophora
on the orop was restricted to field observations in the |

nursery and in grown up plantations.

2.4 Distribution of the different life stages of
L. ooneophora in different depths of the soil and
thelr seasonal occurrence.

2.4.1 Ailelenent of the population.

The population was assessed at fortnightly intervals
at two locations in Alleppey Digirict viz. Thazhakkara and
Vazhuvadi from September, 1977 to September, 1980, At each
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location an infested plot of 0.5 ha was identified and

in the plot, tem (1 w) pite were taken, three metres
away from the bases of the palms., The soil in the pit
was removed in layers and the same was passed through a
20 mesh sieve to separate out the life stages of the pest
present, The number of eggs, different instars of gruhs,
pupae and adults prosent in layers of 0-i5, 15-30, 30-45,
45-60 and 60-100 em depths were recorded. Using these
data the secasonal oecurrenge of the pest and their

digtribution in different depths of soil were assessed.

2.,4.2 Agsessment of soil temperature and moisture,

The temperature of the soil at each of the above
depths excepting 60-100 cm was reocorded, from the middle
of each layer using Wilh.Lambrecht soil thermometers.
Samples of s0il collected from each depth were dried to
constant welght in an oven maintained at 70°C and from
the data the moisture psreentage in each sample was estimated.
The rainfall in the location was recorded using a FAFP rain
guage. The abhove data were collected for a period of three

years from September, 1977 to September, 1980 at Thazbakkara,

2.4.3 Intluence of soil temperature gnd soil moisture on
the distribution of life stages of L., ooneophora,

The soll temperature in ranger of 2°C was plotted
against the moisture content in ranges of two psr cent on

a graph and the number of the different life ﬁtagen of
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L. ooneophora observed in different ranges of temperature
and moisture (irrespective of the depths of soil in which
they were present or months of the oblervation)'were
recorded in the graph so as to give a box diagram. The
data relating to the beetles and larval inetars in
consecutive yoars were treated as replication and the
analysis of varisnce was done., From the results the ranges
of temperature and soll moisture preferred by the different

larval instars and adults could be identified.
2.% Adult emergence and faetors influencing it

The period of emergence of th; adult beetles from
the soll, the period of aoctivity of the emerged insects and
ih- sex ratio of the emerging beetles were studied by
making regular collections of the beetles for three years
from "'50 m® area of a heavily infested field, Rainfall

and soll temperature in the area also were recorded.

2.6 Chemical control

2.6.1 Relative efficacy orlinsegtieidel;

Relative toxieity of four insecticides viz. aldrin,
BHC, ohlordane and heptachlor against second and third
instar grubs of L. ooneophora was assessed. Five per cent
dust formulations of these insecticides were applied in
field in 1 w> plots. The insecticides were raked into soil
up to a depth of 15 cm, Each dose was applied in three plots.
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At . the end of 24 hours after application, soil samples
from the different plots were colleoted from a depth of
0-15 ca, using an suger of 7.5 cm dia. Ten such samples
taken from each plot were mixed. Ten jam jars of 250 ml
capacity were half filled with the sawple taken from each
plot, Presoanked Jroundnut seeds were kept buried in the
soll as food for grubs. Field collected grubs of required
age and uniform size were liberated, .one in cach bottle.
Observations on mortality, paralysis and normalcy were
rocorded at the end of 72 hours, Paralysed grubs were
also treated as dead. The experiment was repeated using
graded concentrations of each inseoticide till a mortality
range suited for the assessment of the n950 vaiﬂea of the
insecticides was obtained. Data were corrected for control
mortality uming Abbott's formula (1925). The corrected
percentage mortality was subjected to probit analysis

(Finney, 1952).

2.6.2 Field evaluation 6! the efficacy of insecticides.

The relative efficacy of DHC and heptiachlor under
field conditions and during different periods of the year
was evaluated through a separate experiment, Cement tubs
of 1 m dismeter and i m height were used for the experiment.
The tubs kept in open field were filled with soll. First
instar grubs collected from field and kept under observation
for three days were liberated’in all the tuﬁg commencing

from June and at fortnightly intervals, This was continued
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throughout the period of occurrence of the first instar
grub in the field. Sprouted groundnut seeds were planted
in the tubs which served as food for the grubs. BHC at

5 xg ai/ha and heptachlor at 1.4 kg ai/ha were applied

as five per ocent dust. The dust was mixed thoroughly
with the #0il in tubs up to a depth of 15 cm, For the
assessment of most suitable period for the application of
the 1nseoticlde each insectiecide was applied in four
treatwents varying the time of application, The periods
of treatmsnt tried were in (a) April alone, (b) June
alone, {(¢) April and August end (d) June and September,
Each treatment was replicated thrice. Untreated checks
were also maintained, The liberation of the grubs in

the treatments subsequent to insectieidal application was
done by putting them in 30 ocm deep holes made in the soll
gso as to avoid the grubs coming in direot contact with

insecticide treated top soil at the time of liberation,

The effect of the treatments on the pest wai ,
assessed in torms of the number of grubs reaching the
third instar and pupal stegss as observed at the end of
December and May, respectively, the norial period by whieh
all the grubs reach the ahove stages in field.

One month after the last round of the insectieidal
application ie. in COctober, all the tubs were uniformly
planted with germinating groundnut seeds at the rate of
25 seeds per tub. The mortality of plants in treaitments
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also served as an index of the efficacy of treatments
since it was correlated with the aetivity of the grubs

‘surviving in various treatments during the period.

2.6.3 Assesament of persistence and vertlcal notenent
of insecticides in soil.

' The experiment was conducted in a field where no
insecticide application was done earlier. Soil in the
exﬁeriiental plot was loamy smand, dark grey colounred
| with 63 per'ceﬂt coarse sand (2 to 0,2 mm), 22 per cent
gine sgnd (0.2 to 0,02 mm), 5 per oept silt, 9 per cent
clay ahd 0.5 per cent organie carbon, The pH of the

soll was 6.3.

Plota of 3'n2 area were prepared with bunds all
around ond leaving 1.5 m as boarder. BHC at 5 kg ai/ha
and heptaohlor at 1.4 kg al/ha were appl;ed'al five per
cent dust. Application of the pesticides was done as
in the previous experiment (2.6.2), Soil pamples were
collected with a tubular soil auger from 0~7.5, 7.5~15,
15«30, 30-4% and £5-60 cm depth, 24 hours after the
insecticidal application and:then at int;rVals ot 30
dsys. Ten such sauples were taken from each plot. The

samples were separately dried under shade..

hﬁn present in soil samples was estimated. following
the oolorimetric method developed by Schechter and
Hornstein (1952) as modified in AOAC (1965) and also
by bioalsay technique and heptachlor residue was estimated

with bioamssay alone.
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Extraction of insecticide.

From each sample 100 g soil was taken #nlsoo xl
conical flask and 200 ml acetone was added to it. It
was shaken for 30 minutes in a shaker and then filtered
over anhydrous Naasok. Volume of extract wai made up
to 200 ml, One hundred ml extraot was used for chemical

assay and remaining 100 ml for hioassay studies,
Clean up.

The sample of 100 ml was concenirated to 10 ml
pessing air with a manifold evaporator, Five ml of
this was taken in a long necked conical flask d&nd was
dried with the evaporator. The residue in the flask
was dissolved in 15 ml glacial acetic acid. Then 2 g
melonio acid was added. Content was refluxed on a

sand hath for 45 minutes.
Determination of insecticide.

Five ml nitration mixture (1:4% HNO, and H,S0, )
was taken in a test tube kept in an ice bath, The
delivery tube of the Hanocock and Laws apparatus was
dipped in the nitration mixture. OUne g zinc dust was
added into the long necked conical flask containing
the c¢leaned up extract of inscotioide and the flask
was connebfed to the condenser of the above apparatus

and then heated on a water bath. Refluxing continued

for 90 minutes and the benzene svolved from the inseeticide
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residue was collected in nitration mixture and got
converted to m-dimitrobenzene. After 90 minutes the
nitrétion mixture was transterred to 250 ml seﬁarating
funnel in which cold distilled water, 20 g crushed ice
from distilled water and 40 ml ethyl ether were added,
After shaking for 10 minutes the aqueous iayer was
transferred to another separating fummel and was rewashed
with ether and ether layer was transferred fo the first
sgparating funnel, Then the ether was washed three times
ﬁith two per cent aqueous sodium hydroxide and again
washed with saturated solution of sodium chloride, twice,
Then the either layer was itransferred to anErienmeyer
conical flask passing through a filter funnel having a
plug of cotton over laid with anhydrous sodium sulphate.
0,1 ml of mineral oil was added to the content of the
flask., Ethyl ether in the flask was evaporated using a
Snyder column till 2-3 ml of the material in the flask
remained, This was again dried by swirling the flask.
The n-dinitrohenzene present in the flask was dissolved
in 10 ml ethyl metihyl ketone. Two ml of the aliquot was
teken in a test tube and was diluted to 10 ml with ethyl
methyl ketone. 0.5 ml of 40 per cent KOH was added and
the mixture wﬁs shaken vigorously for two minutes and
kept in derkness for eight minutes, Violet red eolour
doveloped waos read in speetrophotometer at 565 nm using

ethyl methyl ketone as reference. The amount of BHC
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in the extract was determined with reference to a
regression equation derived by using technical grade of

the insecticide.
Regression equation for estimation of residue.

Technical grade of BHC was diluted in acetone to
give concentrations of 20, 40, '60, 8O and ‘160 /Mg of the
insecticide and taken in long necked flasks, Colour was
édvéloped following the procedure described above. From
the transmittance caused by different concentrations of
the inseoticide the regression equation was worked out.
The regression equation obtained was _

' y = 0,0101 + 0,0028x, where

vy = transmittance and

x = concentration of ingecticide in ppm,

Recovery test.

Samples of 50 g soil were taken in 200 ml beakers.
A stock solution of technical BHC was prepared in acetone
ha*ihg a concentration of 10 /g per ml, Required quantities
of this stock solution were added t0o the moll samples taken
in the beakers so as to glve graded concentrations of 10,
50 and 100 Ag of the insecticide per sample. One lot
mixed with acetone aloﬁe served as control. Additional
quantity of acetone was added to the beakers to keep the
soil completely immerscd. The samples wers kept overnight

and the insecticide was extracted and the quantitics were
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determined colorimetrically as desecribed earlier. From
the data percentage of the insecticide that could be
recovered was calculated, The zrecovery for the above

technigque was found as 82-85 per cent.

Bloassay of inseotiolde

Rearing of test inseot.

Adults of Drosophila melanogaster Meig. were used
as test insect for the biloassay bf residues of DHC.
The insect was reared in the laboratory from a single
pair of inseot under a constant tenpeiaturo 6: 25°C;
The rearing medium consisted of agar 25 g, corn flour
75 &, jaggery 65 g, yeast 3.5 g, vitamin B tablets 15-20
numbers, propionic acid 2 to 4 ml and distilled water
1000 m1.

Preparation of the residue film in bloassay tube,
exposure 0f test inseot and assessment of mortality

Bry film method was used for the determination of
the residues. One hundred ml of the extract prepared
esarliier was cleaned by passing the same through a column
containing four cm layer of absorbent mixture (i charcoal :
1 celits), over a three cm layer of anhydrous sodium
sulphate held by glass wool. The extract was taken in a
volumetric flask and volume was made up to 100 ml. One
nl of_the extraot was evaporated in s bloassay tube of
30 mm dia and 250 mm length., The tube was kept rotating

during the evaporation of the extraot to emsure the spread
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0f the insecticide deposit uniformly on the inner surface
ot the tube, After evaporation of the solvént the tube
ﬁal kept open for sufficient period toliet the fumes of
the solvent removed; Twentyfive adults each of

D. melanogaster (24 hour-old) were introduced in the
bioastay tubes. The flies were not sexed, The tubes

were closed and maintained at a constent temperature of
28°c, There were three replications for each treatment.
Mortality or paralysis was recorded at the end of 18 hours.
?}105 exposed in tubes treated with acetone alone served

as control,
Preparation of regression equation for residue estimation,

The mortality of D. ielanogaltor on dry filme oZf
technical graﬁel of BHC 2, 3, &, 5 and 6 bpn was assessed,
The mortality was correoted using Abbott's formula, The
dats were subjected to probit analysis (Finney, 1952) and
a regression equation was worked out. The regression
squation obtained was

y = -1,0245 + 3.8238x, where
y = the probit mortality and

X = concentration of insecticide in ppm,
Estimation of BHC residue in saspiles,

Using the mortality of the test insects exposed to
the dry films in the bioassay tubes the quantity of insecticide

residues in samples eould be estimatod using the above
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rogression eguation. Recovery test was done as in chemical

assay and the extent of recovery obtained was 80-82 per cent,
Determination of heptaohlor.

Heptachlor in the soil samwples collected at different
intervals oould bhe determined by bioassay only. The
insecticide waes extracted from soil by the method described
by Carter and Stringer (1970). Fifty g of dry soil was
extracted for two hours on a shaker with 150 m1 of 211
hexane isopropyl alcokol mixture., The extra&t was filtered
and washed three times with 40 ml each of dilstilled water.
Hexane layer was separated and filtered. Thﬁn it was
passed through a column pasked with activated charcoal,
oelite 545 and sodium sulphate. The inseaticide in the
extraot was estimated using D, melanogaster as test inseot,
as was done in the case of BHC. The regression eguation
derived by using the technical grades of heptachlor was

| y = 0.,928% + 2,.5624x, where

y = the probit mortality and

x = concentiration of inseoticide in ppm.
The extent of recovery of the inseciicide following this
method was found to be 97-99 per oent.
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RESULTS

3.1 Biology of Leucopholis coneophora Burm,

3.1.1 Oviposition.

- BEggs were scen laiq in moist moil. Prior to egg -
laying the female beetle extruded its vagina which helped
to form hulbous egg chénhera in soil, Afier laying one
egg the vagina was withdrawn, This process continned t1ll
the egg laying was completed. Ooccasionally eggs were seen

in soil without any egg chamber also.

3.1.2 Egg.

Eggs, when froeshly laid, were whito 1n‘colou£ with
an yellow tinge; spherical, oval or elliptical (Plate Ia);
chorion suooth‘and coriaceons, As development progresseil
colour of the egg ochanged to dirty white and the mandibles
of the developing embryo became visible as black spots,

Chorion of the freshly laid egg was fragile and
broke along the lower nargiﬁ'it kept on dry surface. This
did not happen on'a wet surface. One-day-old eggs did not
burat even on dry surface. Frolonged exposure to dry
conditions caused the shrivelling of the oggs. Mean length
of just laid eggs was 4,49 mm (range %4.32 to 4.6 mm); mean
width 2.95 mm (range 2.72 to 3.04 mm) and mean weight
0,019% g (range 0.0173 to 0.0203 g). At the time of hatching,



Plate I. Life stages of L. conecophora.

a) egas

b) tirst, second and third instar grubs
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the size imereasesd te %5.90 mm (range 5.60 to 6.08 mm) in
leegth, 4.64 wa (range 4.32 te 4,96 ms) in width and
0.0718 g (range 0.0G41 te 0,079% g) in weight. Eize of

the agg (Fig.1) inoreased from the third to the ninth

day of incubatioa and then remained mere or lees constant
while the veight imoreased wup to. the fifteenth day.

Egge collected from field and whieh were sbout to hatch had
the slixze and welght of wimilar stage obtaimed in the
laboratery. The incubatiea periods of egge laid by beetles
cellected from the fisld and by those reared in the

leboratory on cooonut roote wers found to he 23 days.
3.1.3 Grud (Plate In).
Firet inster grub.

The frashly hatched grabs vere semitransparsat,
ot within a day or two the colour bhecame bluish white
and the head and sppendages turmed brown. ©Oa hatching,
"the male grubs wers 14.6 mm (range 13 to 15 nn) long,
£2.95 s (rangs 2.75 to 3.20 mm) wide and 0,0574 g
(ramge 0,0469" to 0,0680 g) in welght. The femaie
£rubs vers 14.8 mm (renge 13 to 17 mm) long, £.99 mm
(range 2.7 to 3.2 mm) wide aﬁﬁ 0.0592 g (range 0.0447 to
0,0834 g) i weight.

Head: progmathous, slightly decliivent; mandivles
reddish drown with black apices. Haxillary and labial



Fig. 1. Increase in the size and weight of the
eggs of L, coneophora during the period
of ineubation.
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palpi light brown, with ﬁ honey brown tinge towards the
apices. . Froms, face and vertex brown, with a few

[
Bcattered silvery setat, smooth and shiny and with a few

F I .
s iret!

deep punotae on the rrons and zace and rinely lculpturod
on the vertex and oceiput. The head oapsulélwidth‘iéé
13,19 mm (range 3.13 o0 3.34 nn) Haudibles neafly’al
long as the head minus tho clypeus, light brown touards
. the base, reddish brown towards the middle, ebony blaok
towards the apex and had a dark spot at the base; eaoh
with two teeth, one strong and pointed apieally and
other short and blunt,lituat.d towards the base.
Clypeus, slightly darkcr than the head and oonoolorous
'with the face, apical -argin provided with rino brown
setas. Antennae oonooloronl with head, four-neglented.
second segment ono,andAhalt times as long as the Tirst,
third seguent as lonngl the Iirst and the tfrninal
segment slightly swollen and subequal io_the Iirit;

apex of the terminal joint with a brown tinge. Antennae

1n|;rted posiero-lateral to the mandibles and the face.

Thorax: aplices of legs and dorsal aspect of thorax
brown, setae silvery brown. Rest of the thorax yellowish
vhite, segmentation indistinct; Spiracles distinet and
brown in colour. First thoracic spiracle, oval,
remaining ones with a ;anitorn appearance, testaceous

brown in colour.
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Abdomen: mostly white but dorsal aspect of abdomen
up to the seventh tergite light brown; last abdominal
segment bluish white, with numerous setae. Pali were

23-26.

The duration of the first instar grub varied rrbm
34 to 46 days with a mean of 40.3 days for males and

38 to 51 days with a mean of 40,9 days for females,
Second instar grub.

- At moulting to second instar, the grubs were oream
coloured and soft., It was inactive during the first
day after moulting and body gradually became more
scierotized. The seoond instar male grub had & mean
length of 24.83 mm (range 22 to 27 =m),mean width of
5.5 mm (range 3.5 to 6.0 xm) and mean weight of 0.4890 g
(range 0.3600 to 0.6050 g). The mean length of female
vwas 24.75 mm (range 22 to 27 um), mean width 5.7 mm
(range 5 to 7 ¥ym) and mean weight 0.4781 g (range
0.3710 to 0.7080 g).

Head: prognathous, with a slight tilt downwards,
brown, smooth and shiny with a few punctae mostly in the
anterior one third of the vertex, with yellowishﬂhrown
pubescence arising from these shallow pits, Basal half
of the frons ooncolorous with clypeus, but slightly
darker. Mean head capsule width was 4.84 mm (range 4.37

to 5.21 mm). Mandibles brown to reddish brown at the
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base and black at the apical half, apex ending in a strong
tooth also having a blunt small dentation at the middle
of the black area, situated in the inner aspect. Clypeus
honey brown, thickly pubescant particularly at the apex,
setae honey brown with a golden tinge. Ldbiu-'yellowilh
light brown, with two-jolnted palpi. Maxillary palpi
brown, three-jointed, with vefy strong spines on the
lacinia. Eye spots, dark reddish brown, situated at the
base of the mandibles and subtended on either side at.
the base of the vertex and frons., Antenna light brown,
four-segmented, arising near the base of the mandibles,
first and third segments subequal, second longer than the

rest and fourth heing the shortest.

Thorax: transpareﬂt white with light brown patches
towards the anterior side, setae light brown. Legs
light brown with cone¢olorous setae. Spiracles auricular,
prothoracic spiracle the largest and nearly twice as
big as others, the remaining eight abdominal spiraoles

sukequal in sire. Colour testaceous brown.

Abdoren: white with & dark slate blue colour towards
the middle aspect; abdominal terglte provided with lhﬁrt
spinaceous hairs all over the apical end. with a golden
honey brown tinge; distal half of abdomen nearly smooth,
shiny witﬁ very few long metaceous hairs, the dark entrails

sesn through the transparent body wall giving the area
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a brownish black appearance; apex of the abdomen provided
with dense setae which are longer than those on the

anterior abdominal tergites.

The seoond instar grub fed well on cogonut roots
and males moulted in 51,6 days (raenge 45 to 60 days)
and females in 51.5 days (range 40 to 57 days).

Third instar grub.

The just moulted grub was creamy white with a
brownish tinge on the dorsal aspect at the proximal
half and slate coloured with a greyish tinge at the
distal half of the ahdomen. dJust before prepupation
they were 48,8 mm long (range 42 to 52 mm), 13.9 mm
wide (range 13 to 15 rmm) and 3.42 g in weight (range
2.67 to 4.98 g) for males and 56.3 mm long (range 52 to
60 mm), 16.3 mmu wide (range 15 to 17 mm) and 5.68 g in
weight (range 4.78 to 6.65 g) for females.

Head: reddish brown, vertex and oceciput somewhat

" smooth and shiny with a few long scattered setae

inserted in shallow punetae with a faintly leathery
sculpture, frons miorosculptured,irregular and distinct
and face with a rough leathery sculpture., Head éapsnle
mean width 7.71 ma (range 7.08 to 8.13 mm). Mandibles
strong, yellowish brown, with a reddish tinge at the base,

black apical half, ending apically in a strong tooth.



Running from behind to the middle of the inner aspeeot. of
the mandible 18 a ridge ending in a blunt tooth subtending
anteriorly a few tubercular projections and in the inner
aspect with a few bluni teeth., Clypeus attached to the
face with a distinet narrow area whioh is light yellow
with a greyish tinge, rugoso-reticulately seculptured
with two fovoae ona on elther side beset with very
prominent honey brown setae. Lebium, very prominent
with two-jointed palpi, with an iridiscent red and blue
lustpre. Maxiliae, with very prominent swollen eardo
and galea beset with pronounced black dentation.
Maxillary palpi three-jointed, the middle joint being
smaller than the rest. Antennae inserted behind the
mandibles, four-jointed, yellowish brown with a reddish
tinge, first three segments subequal and the apical

segnent half the length of the preceding three joints.

Thorax: creawy white with yellowish tinge.
Prothorax with a pailr of coloured chitiniged pateches on
either side. The anterior one large, light brown in
colour and somewhat reniform in shape. Legs yellowish
brown, bearing thick protuberance armed with very stiff
spinous setae distributed all around. Tarsus ends in
reddish brown claw, black in the middle. Coxa nearly
white; trocpanter indistinct; femur most prominent;

tibis shorter than the tarsal joints, whioh are thick,
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swollen and distinet. The prothoracie spiracles dark
brown and nearly round, erihiform and nearly twice the
size of other spiracles, ‘Among tha abdominal spiracles
first two. rounded oval and others round., ngmenpslbeqet

with brownish haira,

Abdomen: with ten tergites well defined, firat
eight comparatively narrow creamy white and bearing
spiracles; the apical two bare, smooth and shiny, dark
slate colcured and without spiracles. The abdominal apex

beset with brownish setae which have a golden yellow tings.

Grubs bite strongly with the mandibles when handled.
A black fluid also was seen ejected through mouth while
biting. The grubs coming in contaot fought among themselves
often leading to the death of all the individuels involved.
The grubs moved in tunnels on their legs or on thelr back.

When kept out of soil they moved on their back only.

The full grown grub turned deep yellow. They then
stopped feeding, constructed a boat shaped chamber in soil.
The changes in the colour and behaviour indicated full
maturity of grubs. Walls of the chawmber were smooth and
firm, Grubs lay on their back and became inactive.

The body then gradually shrunk, intestinal content wes
volded and it entered the prepupal stage. The prepupa
was deep yellow and it changed into the pupa in % to 8

days.
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Duration of third instar grub including the prepupal
period was 168.1 days (range 155 to 173 days), for males
and 177.5 days (range 164 to 189 days) for females.

Total larval period from the date of hatching ol
eggs to pupation was 260 days (range 249 to 269 days)
for males and 270.0 days (range 257 to 281 days) for

fomales.
3.1.4 Pupa (Plate II a and b).

Fresh pupa was light brown in colour and as develop-
ment progreised the colour gradually turned to deep brown.
A few days before emergence of the heetle, the pupa
became blackish brown. Pupa was exarate and lay on its
béok in the earthen pupal chamber. Male pupa measured
31,3 mm in length (range 30 to 34 wm), 15.0 mm in width
(renge ‘14 to 17 mm) and weighed 2.35 g (range 2,06 to
2,63 g), whereas the female pupo was 35.5 mm in length
(range 34 to 38 pm), 16,8 ®mm in width (range 16 to 18 mm)

and 4,28 g in weight (range 3.85 to 4.63 g).

Pupal period was 25.3 days (range 23 to 29 days)
in the case of males and 25.7 days (range 23 to 29 days)
for females. All pupae removed from the pupal chamber

and kept covered with loose =o0il died.

Total life period, from egg to emergence of adult,
of male was 308.3 days (range 295 to 317 days) and of
female 318.7 days(range 304 to 333 days).



Plate II, Llife stages of L. coneophora (continuation).

a) pupa - ventral view
b) pupa - dorsal view

e) bectles - left: male, right: female
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3.1.5 Adult (Plate II a).

The body of the newly emerged adult was éort aﬁd
greyish white in colour. Subsequenfly;in 3 to 4 days
body became hardened and the colour turned to deep
greyish brown and head black., The male measured 26,8 mm
in length (range 26 to 28 mm), 13.6 mm in width (range
12.5 to 16.0 mu) and sean weigﬁi was 1.69 g (range
1.%% to 2,10 g) and the female measured 30,9 mm in length
(range 27 to 32 mm), 16.9 »m in width (range 13 to 18 mm)
and mean weight was 3.16 g£ (range 2,72 to 4.21 g),
respectively. Longevity of male beetle was 42.3 days
(range 36 to 50 days) and that of female was 42.6 days

(range 37 to 50 days).

Antennal club of fomale was 1.62 mm long and 0.803
mm wide and that of male was 2.55 omu long and 0,86 mm |

wide.
Emergence of adults from soil.

Male beoetles emerging out of the pupal chamber,
on maturity, ocame upwards pushing up the soil. They
remained for a short time with the head and prothoracic
lege protruding from the soill surfaee and facing the sky.
The antennse were also held out in an ereet position
with the lamellae stretched out. Gradually they came

out of the soll and took to wings with a ‘buzzing' sound,
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leaving a circular emergence hole of about 12-14 mm in
diameter on the soil surface (Plate III), Numerous

such holes could he noticed on the ground during the
emergence season in the infested area. Females seldom
flew or made such emergence holes, They remained in soil

with their antennae and part of the head protruding.

Sex ratio of male to female collected from field
was 1 ¢ 0,099 and ratio observed in the laboratory was
1: 0.73&. The beetle emergence was at dusk around

6.45 pm and they were on their wings for 25-35 minutes.
Mating.

The males in flight located the females in the
ground and alighted in the vicinity and then crawled to
them, When the female came in contact with a male, it
came out of soil and the male- was: seen mounting for
copulation. A little later the male fell on its bhack
and in line with the female. But the mating continued.
After three minutes the female siarted digging the soil
and she crawled in dragging the male also with her,.
Mating continued for about 7-9 minutes. During the
peak period of emergence several males could be seen
clustering aroun& each mating pair and attempting to

mate with the same. female.

After the flight beetle did not enter the soil through
the emergence hole., They dug into soil and the entry point



Piate III. 'Emergence holes' in the soil made by
the beetles of L. coneophora.
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could not be easily detected except for the loose soil

particles at the site.
Adult feeding.

The beetles were not seen congregating on any
plant species in the infested locality or feeding on
any plant parts. Fifty beetles were dissected and
examination of their gut content did not show any food
material., Leaves and roots of coconut palm, banana,
caoao, crotalaria, elephant foot yam, cassava, colocasia,
eupatorium, pigeon pea, drumstick plant, rose and different
grasses were provided in the laboratory to the adults of
L. coneophora for feeding. But there was no indication

of feeding on the materials provided.

3.1.6 Detailed diagnostic features of third instar grub.

For the purpoée 0of distinguishing grubs of
L. coneophora from those of related species, detailed
morphologieal characters of the third instar grub were
studied. The diagnostic features noted are detailed

below.
Cranium (Plate IV a),

Antero-frontal setae (afs) 20-24, exterio-frontal
setae (pfs) 11-16 on each side in a cluster set in an
irregular patch; circum-antennal setae (cas) 11-13

unequal in length; epicranial setae (ecs) 6 obliguely



Plate IV, External morphology of the third

inptar grub of L. congophora.

a) head capsule and antenna

b) olypeus and labrum
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set on elther side 61 epleranial and frontal sutures;
epicranial suture (eps) less than one third the frontal
suture; frontal suture (fs) distinct, extending up to

and near the base of antennal socket (as) with a granular
patch towards distél\énd; clypeo~frontal suture (cfs)
distinct, ridge-like; lateral frontal setae (12s) 8,

long end uniformly set on each dorsc-lateral side of

frontal suture anterior to circum-antennal setae.
Antenna (Plate IV a).

First antennal segmental sectae (as 1) 9-11; second
antennal segmental setae (as 2) 2; one of them long and

prominent set at about middle of the segment.
Clypeus (Plate IV b).

Post-clypeus (po) trapezoidal, bearing two prominent,
one dorso-lateral and one lateral setae on each side,
rugoso-punctate, anteclypeus (ac) less sclerotised,

nongranular and nonsetaceots.
Labrum (Plate IV b).

~ Transverse median ridge (tmr) prominent; anterior
ridge (ar) distinct; setae: 1 pair each of anterior
median (am) anterior lateral (al) lateral median (1lm) and

dorso-lateral (dl).
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Epipharynx (Plate V a).

Rounded even margin, acroparia {acrp) with 25-45
long pointed setae; plegmatia (plg) 14-18; proplegmatia
minutely rugouse ; acanthoparia {acp) 22-27; heli (h) in
three rows 21-25; chaeotoparia (ohp) meny, distributed all
over, more prominent and clustered towards the pedium (p);
zygun absent; epizygum poorly developed; dexiotorma (dxt)
strong, well sclerotized; pternotorma (ptt) well developed,
separate or fused with lascotorma; laeotorma (laeo) dark,

strong; crepis (orp) thin, nearly U-shaped.
Mandible (Plate V b).

Left: molar region (mr), dorsomolar area (ma)
dorso-exterior region (dex) and calx (clx) well developed;
dorso-molar getae (dms) 7-9, postero-lateral dorsal molar
setae (plm) 10-12, and about the same number on the ventral
side; scorbis (scr) setae 8-10, dorso-lateral setae (dls)

5-9, scissorial part (sci) wavy.

Right: dorsomolar setae (dms) 10-12; dorsal and

ventral postero-Zateral (plm) setae 6-7.
Maxilla (Plate VI a).

Cardo (c) setose; stipes (st) elongate; stridulatory
teeth (stt) 16-18, comical, arranged in a single line from
the base of the mtipes to three-fourths the length distally;

unei of galea (gu) and laecinia together (1iu) 6-7.



Plate V. External morphology of the third inster
grub of L. conecphora (continuation).

a) epipharynx

b) mandibles - dorsal view
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Raster (Plate VI b),

Septula (s) long, narrow, nearly closed by pali;
pall (p) 22-28; tegellum (t) 55-60, peg like short and
stout appearing in nearly linear rows from the anterior
to the posterior end; pretegellar setae (pts) 4-5 on each
side, prominent, very long and slender; barbula (b) 100

or more; lateral setae (ls) 30-40; anal opening angulate.

Key to the different species of Leucopholig found in
South India, based on larval characters.

1 Antero-frontal setae 14-16 arranged
in a eingle transverse line;
acanthoparia 15-17; right dorsomolar

!etae 18‘20---.------..0-.-:----o-ocnto’_I:. bumeiﬂteri Bl&nuhu

- Antero-frontal setae 20-25, arranged
in a trensverse line or in irregular
rows; acanthoparia 20-27; right

dorsomolar setae 10-12......00cvnearsrtvorsonacesscscnncesd

2 Epicranial setae 6; circumantennal
setae 11-13; proplegmatia rugosec;
acanthoparia 22-27; epizygum poorly
developed.ccececeavsrsecssccsssessenssslis gOneophora Burm,

~ Epicranial setae 4; circumantenual
sotae 25-28; proplegmatia abhsent;
aeanthoparia 20-22; epirygum absent...L. lepidophora Brenske
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3.2 Etffect of different hosts on the hiology of
L, coneophora

3.2.1 Effect on duration of life stages.

Data relating to the larval and pupal duration of
L. conecphora reared on different host plants are presented
in Table 1 and Fig, 2. The duration of the first instar
grubs reared on different hosts did not vary significantly,
though the variation ranged from 38.2 to 42 days in the
case of males and 40,2 to 41.6 daeys in the oase of

females,

The shortest development period of the second instiar
grub of the males was obsorved On cassava (48.8 days) and
it was closely followed by the duration on coconut
(51.6 days) the difference between the two being statistically
insignificant. The duration of development on oacao was
significantly higher than that of cassava but the former
was on par with that of ooconut. The maximum duration
was observed on crotalaria and it was significantly

higher than the duration obperved on other host plants.

With regard to the duration of development of. the
female insects also cassava and cooonut were on par and
the latter was on par with cacao. The duration of
developient on orotalaria was the maximum and it was

significantly higher than those on other host plants.



Table 1. Effect of different hoat plants on the biology of L. coneophora.

mean larval duration mean du:;ﬁon
pupel Irom egg
host plants first second third total duration to sdult
instar instar instar (days) (days)
Male
Cassava 33,2 x8.8" 166.0% 253.0% 23.3% 299,3"
(35-42) (44 - 5%) (151 - 177) (2u2 - 262) (22 =~ 26) (290 - 309)
Coconut 40.3 51,60 168.1% 260.0% 25.3" 308.3%
(34 - 46) (45 - 60) (155 - 173) (249 - 269) (23 - 29) (295 - 317)
Cocao 40.5 55.7" 181,9° o78.1P 26.,8° 327,90
(37 - 47) (8l - 71) (170 - 187) (253 - 294) (22 - 29) §302 - 346)
Crotalaria 42,0 63.4° 179.7° 235,10 oy, 7P 332.8"
(36 - 49) (53~ 71) (161 - 201) (265 - 315) (23 - 26) (313 - 362)
cD NS 6.19 8.61 10,10 1.45 10.09
Female
Cassava 50,2 us,8% 172.8% 261.8" 20,92 307.7"
(36 - 45) (43 - 55) (138 - 183) (250 -~ 273) (21 - 2u) (297 - 320)
Coconut 140.9 51,6°° 177.5° 270.0" 25.7° 318, 7°
(38 = 51) (40 - 57) (164 - 189) (257 - o81) (23 - 2) (30% - 333)
Cacao 41.6 55. 50 188.7° 285,87 26.1P 334,9°
(35 - 47) (43 - 71) (181 - 199) (269 - 298) (24 - 29) (316 - 348)
Crotalaria 41,4 67.7° 185.1° 294.2° 25, 2" 309, 4°
(35-48) (59 - 76) (170 - 201) (281 - 304) (25 - 28) (330 - 352)
D NS 5.92 745 - - o 7.21c 1089 - ---7483-

Notations with different leitera indicate significant difference at i% level.
Figures in parentheses show the range.

N5 = Not significaunt.

GL
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The development of the third i1nstar grub also was
significently influenced by the host plants. The
duration of males on cassava (166 days) was the minimum
end 1t was closely followad by the duration on coconﬁt
(168.1 days) the aifference between the two being
statistically insignificant._ The develoPment on cacao
(181.9 days) was on par with that of crotalaria (179.7
days) and these were significantly lonmger tham the
durations on coconut and cassava. With reference to the
female also the duration on oassa;ﬁ“aﬁd‘Poconut vas
found to be ou par and éigniticantly shorter than the

duralion on cacao and orotalaria the latter two also

being on par.

Considering the total duration of grubs also
cassava and coconut could be ranked on par, the duration
being 253 and 260 days, respectively, in the case of
malqb and 261.8 and 270,0 days, respectively, in the
case of females. In the case of males the duration of
development on cacao (278.1i days) and orotalaria
(285.1 days) were also on par and they were significantly
longer than those on cassava and cogconut, 1In the case
of ﬁhe females the total durationsin crotalaria (294.2
dayé) were significantly higher thau that on cacao
(285.8 days).
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. The pupal duration of the ingects rearqd on oassava
was the shortest (23.3 days) and those of coconut and
orotularia were on par with that on cassava and signi—
ficantly shorter than that on cacao. In the case of
Ielalel also the pupal duratiqn wae shortest on oassava
(22;9 days), while the durations on the coccnut, oacao
and orotalaria were on par and significantly longer than

tha} of cassava.

With reference to the total life period from egg
to adult, oassava and oooonut were found to be very
suitable for the pest, there boilng no significant
difference between the duration of males on these hosts
(299.3 and 308.3 days, respectively). But in the case
of females, oassava was found to be significently superior
to ooconut having a shorter duration. In the oase of
males and females the fotal durations on ocaoao and
erotalaria were found to be on par and signiticantly

longer than those on the other two hosts.

3.2.2 Effect of different hosts on the bodg sire of the
1ife stages.

Data relating to the body size of grubs reared

on different host plants are presented in Table 2.

Body length of the full grown grubs reared from
Iiilt instar on cassava was the maximum (49,3 sm for

males and 56.8 mm for females) and it was closely rollqwbd

i
i
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Tabie 2, Effect ef different hest plants on the size and

weight of third instar grubs of L. osneophora.

| length vidth veight
h.l‘f pla.ntl (m) (m) (E)
Male

Cassava %9,3" 14,1° 3439

(43 - 53) (12 - 16) (2,87 - b.i1)
Cooumut 4a,8%P 13.9" 5,42

(132 - 52) {15 - 15) (2,67 = 4,98)
Cacho 46,8" 12,8" © 3,10

(%2 - 50) (12 - 14) (2,40 - 3.,38)
Cretalaria 44.1° 13,4 2,88

(42 - 47) (12 - 15) (2.50 - 3.52)
CD 2,533 0.846 NS

Feuale

Cosaava 56.8% 15,9*P 5,80

(55 - 58) (15 - 18) (5.03 - 6.29)
Cocomt 56,3 16.%3° 5,68 -

(52 - 60) (15 - 17) (4.78 = 6.65)
Cacie 53,9 15.5° 4,94°

(52 - 55) (15 - 16) (4.18 ~ 5.29)
Crotalaria 50.3° 15,2" 5.50°

(48 = 53) (14 - 16) (2.96 - 5.07)
cb 1.570 0.727 0.512

Notations with different leiters indicate significant
differences at 1% level for length and weight and at 5%

level for width.

NS & Not significant
Figares in parentheses give the range.

»:_j]



73

by tﬁose reared on coconut, there being no significent
dirference between the two. In the case of males reared
on coconut (48.8 mm) and cacao (46.8 mm) tho mean lemgth
did not vary giéﬁiticantly,while those reared on
erotalaria were the shortest and sigrificantly different
frox those resred on all the other hosts. In the case
of ﬁenales the length of gribs reared on oacao and
erofalaria were significantly lower than the length of

grubis reared om coconut.

The mean body width of full grown grubs of the

males ;eared on cassava was the highest (14,1 mm) and 1t
was:elosely followed by the width of grube reared on
coconut (13,9 mm) the difference between the two being
ataéistically insignificant. In the case of females
the body width of grubs reared on coconut and oassava
(16.3 and 15,9 mm, respectively) were on par and
gighificantly higher than those obtained from the remaining
treétments. Minimum body width was observed for grubs
rea;ed on cacao and it waes preceded by those reared on
orotalaria in the case of males and erotalaria was
preceded by cacao in the case of female insects, the
ditgerence between them being statistically insignificant.

! The body weight of full grown grubs of males
reared on different hogts did not differ significantly

though the variation ranged from 2,88 g to 3.42 g.
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Body weight of female grubs reared on oassava was the
highest (5.82 g) and 1t wae closely followed by grubs
obtained from coconut (5.68 g). The difforemce between
the two was statistically insignificant. Grubs obtained
from cacao weighed 4.9% g, and was significantly less

than the welght of grubs on coconut, and oassava and

more than the weight of grubs on crotalaria (4.4 g).
Mininum weight was obtained for grubs reared on crotalaria
and the same was significantly less thsn those roared

on other crops.

Data on the size of pupae obtained from inseots

reared on different host plants are given in Table 3.

The mean lengths of the pupae of males reared on
cassava and coconut (31.3 mm) was higher end on par and
these dirreréd significantly Iroﬁ the length of pupae
reared on cacao and crotalaria the latter two belng on
par. The body length of pupae reared on oacao and |
erotalaris did not differ significantly. Haximum pupal
length in %hg céso of females was reéorded on eaésava:
followed by ooconut'(jﬁ.o rm and 35.5 mm, regpecpively)
and® the& wefe on par between the-éelvel. Body ieﬁéth
of pupa reared on crotalaria (30.4 om) was the ieést.
The body length of pupa obtained from cacao differed
significently from the remaining hosts and was lesser

than that on éoconut and more than that on erotalaria.




Table 3. Effect of different host plants on the size and

weight of pupae of L. coneophora.

host [plants lz;gh “2'1)‘ “zgm'
Male . .
. Caspave 31,3 15.0° 2.75"
(29 - 35) (12 = 17) (2.51 = 3.03)
Coconut 31,3° 15.0" 2.351)
: (30 - 34) (14 = 17) (2,06 - 2,63)
Cacao " os.7" 13.7° 2,23"
(26 - 35) (12 = 15) (1.90 - 2.50)
Crotalaria 28, 1P 13, 2P 2, 35b
(25 ~ 32) (12 ~- 15) (1.98 ~ 2.98)
€D 2,113 0,915 0,263
Ferale , . ,
Cassava " 36.0% 17.0* 4,56%
(35 - 38) (15 - 18) (4.02 = 5.92)
Cocenut 35,5 16,8%? 4,28%
(34 - 38) (16 - 18) (3.85 =~ 4.63)
Cacao 53.2° 15.7°° 3.36°
| (29 = 26) (14 - 18) (2,48 - &4.66)
Crotelario 30,4° 15,2° 2,77°
,. (27 - 35) (13 - 17) (2.10 - %.00)
D 1.806 1,114 0,513

Notations with different letters indicate significent
differences at 1% level.

Figuies in parentheses show the range.

~
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With roference to the mean body width of pupae
caspava and coconut were found to be the favourable hosis
the moasurements being on par and high in the case of
male and female. In the case of males the body widths
of pupae from cacao and orotalaria were on par and they
wore significantly lower than those obtained from coconut
and cassava. In the case of females the body width
of pupae reared on crotalaria was the least end it was
preceded by those obtained from cacao the difference
between ihe two heing statistically insignificant.

Cacsao and coconut were. also seen on par,

Maximum pupal welght was obtained for insects
reared on oassava, In the case of males weight of
pupae reared on cassava was sigﬂiticantly superior to
those reared on the remaining hosts. Hinimum body
weight of pupae of males was obtained for insects from
cacao, and it was on par with the wody weight of pupae
obtained from coconut and crotalaria, In the ease
of females, weight of pupae from coconut and oassava
did not differ significantly. Minimom pupal weight
(2.77 g) recorded for pupae from crotalaria was
significantly lower to that of the pupae from remaining
hosts, The mean weight of pupae obtalned from cacao
was higher than those obtained from crotalaria and

lower than those f£rom coconut and cassava.
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The data on body size of adultas obtained from grabs
reared cn different hosts are given in Table 4. Body
lengthi: of malcs and females ohtained‘rrom coconut and
cassava were on par and significently higher than these
obtained from the other hosts, DBody length: of adults
obteined frow cacac and crotalaria were on par ard less
than those obtained from cassava and cocenut in the case
of males, In the case of fcmales minimum body length

wae for adulis reared on crotalaria.

'The body width of the adult males reared gut from
different hosts did not vary significantly. Regarding
females the maximum width was recorded for insects reared
on coconut (16.9 mn) and it wes closely followed by those
reared on cassava (16.1 mm) the difference between the
twvo being statistically insignificant. The lowest width
was noted for the insects reared on cacao (14,5 mm) and
1t was precoded by those reared on orotalaria (15:6 rm)
the difference between the two being statistioally
signiticant. The body weight of esdults obtained from
cossave was maximnm for both sexes (1.79 g and 3.2% g
for male and femanle, recpectively) and these were on par
with those reared from coconut (1.69 g end 3.16 g for
male and female on coconmut). In the case of males,
minirmum welght was for insecte obtained from orotalaria

and the same significantly differed from the insects
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Table &, Effect of different host plants on the size and
" weight ef adulis 'of L. coneophora.

SN length width welght
Host plents () (um) (g)
Malo_

Cassava 26.8% 13.5, i, ?Ba
e (24 = 30) (12 - 15) (1.61 - 2,02)

Coconut 26,8% 13.6 | 1_'_.69ab
Lo (26 - 28) (12 - 16) (1,35 - 2,10)
Cacao 25, 2P 13.1 . 1,52°
- (22 - 29) (12 - 16) (1.03 - 1.80)

Crotalaria 23.8" 12,7 1,21°
(22 - 26) (11 - 16) (1.00 - 2,81)

cD 1,485 NS 0,208

Female o .

Cassava 30.8a :I.6‘.:l.b 3. 04%
(29 - 32) (15 ~ 17) (2.80 - 3,46)

Coconut, 30,9° 16:9° 3.16°
(27 - 32) (13 ~ 18) (2.72 ~ 4.21)

Cacao 29,0" 14,3° 248"
(27 - 32) (13 - 16) (1.82 ~ 2,81)

Crotalaria 27. 50 15, 6b 2. 20b
' (25 =-30) (15 ~ 17) (1.98 -~ 2,76)

cD 1,474

1.051

0,341

Notations with different letters indicate significant

difference at 1% level.
NS = Not significant

Figurul in pa.rorithun show the range.



raared on other hosta. Body weight of males rearsad on
cacao was slightly less thar the welght of adulis reared
on coconut, but they did not differ significantly. In
the case of females the minimum body weight was for adults
reared on orotalaria (2.20 g) and that did not differ
gignificantly from the weight of inseots reared on

cacao (2.48 g).

5.2.% Effect of differont hosts on the survival of

imweture stages, adult longevity, preoviposition
period and feeundity.

The data relating to the survival of the different

life stages of L. goneophora reared on different hosts
(Table 5; Fig. 3) when subjected to E° test of independence
revealed that there were no significant variationa in
the test insecte surviving up te tkhird instar stage of
the pest. The third instar grubs surviving %o pupal
instars varied significantly with reference to different
hosts, The maximum nunber was obtained from cassava and
it was followed by coconut, cacao and orotalaria, The
adult emergence was also noted to be the maximum in
cassava (69) and 1t was followed by the number obtained
from coconut (63) caceo (42) and crotalaria (40). The
gradual increase in theiX2 vélues from the second instar
to the adult stages indicated increasing influence of

the hosts in later instars of the insect.



Table 5. Effeet of different host plants on the survival of the immature stages of L. conecphora
and the longevity, pre-oviposition peried and fecundity of zdults.

No. of

first instar grob surviving adult longevity mean mean mean
tirst till attein (days) pre—ovi~ No, of per cent
, instar secomd third  pupal adult mean rapge Po¥ition eggs/  of eggs
hoat plants grub instar instar ctage stage ang eriod femzle hatehed
obser— atage  siage f‘h?')
ved .
Cassava 200 150 128 es 69 M 46,7 (36 - 54)
F 8.7 (45 -53) 3h0° 19..*  96.8°
Coconut 200 10 126 72 63 ‘M 423 (36 - 50)
Fou2.6° (37 - 50) 3h.6" 18.5°  95.0°
Cacao 200 140 124 62 2 M 38.7°° (31 - 16)
| F 355 (30 -39) 30.9° 8.9  5a.2"
Crotalaria 200 150 12 . 67 0 M 372.8° (31-43)
r 3528 (30-37) 30.5° 7.2>  65.5°
%2 2,51 491  8.35 17.13
0 M b42
¢ F  2.89 2.15. 2,52  13.24
K = Male . F = Female

Notations with different letters indicate significant differences at 1% level for manles znd at 5% level

for females.
¥Significapt at 5% level

#gignificant at 1% level.:

9%



Fig. 3.

Fig. 4.

Effeot of different host plants on the
survival of the lmmature stages of

L. ooneophora,

The longevity, preoviyosition period and

fecundity of L. coneophora reared on
different host plants.
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Data relating to adult longevity, preoviposition

period and fecundity are given in Table 5 and Fig. 4.

In the case of adult males longevity recorded for
inseots reared on cessava was maximum (44,7 days)
followed by those reared on coconut (42.3 days) the
difference being insignificant. Males obtained from
cacao had lower lomngevity, but did not differ signifi-
cantly from the longevity of the males obtained from
coconut, HMinimum longevity was for adults obtained from
crotalaria (37.8 days) and it was also on par with the
longevity of adults obtained from cacao, In the oagb
of females,maximum longevity was racorded for adults
reared on cassava (48.7 days), which was significantly
difforent from the longeévity of adults obtained fronm
other host plants. Minimum longevity was recorded for
the females reared on ﬁrotalaria (33.2 days), which was
on par with the longevity of those reared from cacao
(34.5 days). Longevity of females reared vut from coconut
(42.6 days) was significantly lower tham the longevity
of adults obtained from cassava andi higher than the

longevity of insects reared on cacao and crotalaria.

Preoviposition period; of females rcared sut from
cassava and coconut (34.0 and 34.8 days, respectively)

were on par and differed significantly from those reared



on oacao and orotalaria (30.9 and 30.5 days, respectively).
The difference between the latter two also was not
significant, Similarly, the mean number of eggs laid

per female did not differ significantly between females
reared -out from cassava and coconut (19,4 and 18.5 oggs
per female, reaspectively). Minimum number of egEs was
recorded for . females reared out from crotalaria (7.2

per female) and this was on par with the number of oL

obtained from adults reared on cacao (8.9 per female),

Hatching percentage 0f eggs was also influenced
by different host plants of the grubs. Maximum number
of eggs laid by females reared out from cassava hatched
and 1t was closely followed by the hatching percentage
of the eggs laid by adults obtained from coconut (96.8
and 95,0 per cent, respectively) there being no signi-
ficant difference between the two. Hatching was
considerably low for eggs laid by fewmales obtained from
cacao (58,2 per cent) and crotalaria (65.5 per cent)

and the difference between them was insignificant.

33 Nature of injury caused by grubs of L. coneophora
to different plant hoats

3.3.1 Casaava (Manihot esculenta Cranz.)

Out of 50 plants exposed to the grub, seven did

not sprout, 13 died after sprouting within 30 days of
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planting, while 30 survived with retarded growth, The
sprouting in control plants was normal and all the

plants got established, Seven plants which did not

sprout were seen attacked by grubs and the rind of the
sett below the ground level was completely eaten away

and even the woody portion was partially gnawed out.

The grubs were seen very close to the stem, Thirteen
plants sprouted normally and the leaves turned yellow

and subsequently got dried up. The rind of the underground
portion of these setts was also seen eaten up and no
healthy shoots could be seen at the time of examination.
The setts could have been attacked by the grubs subsequent
to sprouting, Thirty plants which survived till the end
had tapering sitem and their leaves were reduced in size
and pale green in colour, When taken out the rind of

the underground portion of the setts was seen partially
fed and the roots were severed at different lengths away
from the stem (Plate VII a). The plants which were not
irrigated at later stages got dried up at the end of

thirty days.

The injury done by different levels of grub population
introduced in four-month-old plants 'and as observed at
harvest are presented in Table 6, Fig., 5 and Plate VII b.

It may be seen that height of plants, exposed to grub

populetion ranging from one to five number per plent,




Table 6. Extent of dn-aﬁ. done to cassava (Manihot esculenta) by difforent levels of
grud population of L. coneephora.

No. of grubs/plant

o 1 CBRE 5 D
Height (cm) 263.29%  206.00°  201.47°°  186.60°  17.42
Girth (cm) ' 120 3.97°  3.80° 3.51%  o0.126
No. of leaves cmerging after 720.20%.  5u5.46° . s52,9%5" %9.00" 9.2
introductien of grubs. .

Veight of top growtk (g) 1388.33>  1031.86°  920.53°  875.93°  87.99
Weight of roots other than 202.89%  184.87*"  116.68" 77.26°  76.29
tubers (g) . . . o

Weight of dmmaged tubers (g) 0.00*  603.93° 750.47°  817.80°  254.99
Weight of wmismaged | 2860.80%  2215.40°  2035.33°  1221.13° 343,00
tubers (g) .

Weight of underground 3063.67%  2423.03"  2151,00°  1334.98°  388.69
growth (g)

Notations with different letters indicate significaut difference at i level.

06




FIG. 5,

[n]]]]]] 3 aruBs/PLANT . 5 GRL\BS/PLAN'T

—l

Z

i e

L

o

]

14

]

—l

z

g

£

I

i

=]

1

0

o)

L — —
wn o o Q9
S 8 g B

(WD) LHSEK LNY

— 80

NUMBER OF NEW LEAVES

5 0
n o]
1 |

(WD) HAMID WALS

TOF GROWTH wEIGHT ( g)

[_. 1500
L N28
. 750

UNDAMAGED TUBER WEIGHT (q)

Q
o
n

|

3000
r
- 1750

3500
2250 _
1000 _

(B)irmimEm HLimomD annossHAaNn

250 _
125 _
ol

(B)insiuwm 1ooM



Plate VII, Nature of damage on cassava
(Manibot esculenta) caused by

L. coneophora.

a) seedling -~ damaged and healthy

b) damaged tubers






ranged from| 206 |to|186.6/om as againgt 263.29 cm in

oontrol plants. The population levels of one and three
grubs per plant were on par vwhile the latter was on

par with the highest population level of five grubs

per plaﬁt. With reference to the girth of planis also
the infestation brought significant reduétion vhen
compared to control, The mean girth of plants exposed
to the pest at levels of one, three and five grubs per
plant were %.,97, 3.8 and 3.51i cm, respectively.

These values were significantly different from one
another. With reference to the number of leaves which
emerged after the release of grubs there was significant
difference between the control and treatments while the
treatments were on par. The welight of top growth of the
plants also varied signit;eantly between the treatments
and control, The reduction caused by three and iive
grubs per plant (924.53 and 873.93 g, respectively) was
on par and was significantly higher than that cauled-by
one grub per plant (1031.8 g). The weight of roots
(excluding tubers) in plant exposed to three and five
grubs were 116.68 and %57.26 g, respectively, and these
were on par, The root :weight in plants exposed to

one grub was on par with that of control. Weight of
damaged tubers in planis exposed to the pest at yhe rate
of one, three and five grubs per plant viz. 603.93, |



759.47 and 817.80 g, respectively, were on par and no
damage was noticed in control planté. The weight of
underground growth (root and tuhafa) also varied
significantly between control and treatments. The

weight in plants exposed to one and three grubs

(2%423.,08 and 2151.00 g, respectively) did not vary
aignificantly while the weight of plants exposed to

five grubs was significantly low (1384.98 g). The

weight of underground growth (3063.67 g) was significantly
higher in control.

Qualitative changes in tubers partly dalagod by the
feeding of the grubs of L. coneophora,.

Results presented in Table 7 showed that the tubers
collected from the control plants and the undamaged
tubers obtained from plants infested by the root grubs did
not differ significantly with reference to the starch
and hydrooyanic acid (HCN). contents as well as amylose
emylopectin ratio; Bui the staroh content of the damaged
tubers was significantly lower than that of control, the
percentages being 53.25 and 67.97, respoetively. Amylose
and anylopectin ratio in the tubers collecied from the
oontrol plant was 24,37 : 75.63 whereas the same was
higher in tubers damaged by the grubs, the ratio bheing
16.52 ¢ 83.45, The HCN content of the damaged tubers
was pignificantly lower the quantities being 25.19 and



Table 7. Effect of feeding by grubs of L. comoghora on the starch, wlose,
anwlopaetin and HON contents of cassava tubers.

mean values of

control plant undaxaged tuber oi‘!‘ damaged tuber of Ch
infested plant infested plent

Starch % 62.97° 70, 22% 53,25 4,152
(62.6 - 76.2} (62.0 = 76.2) (30,1 - 58.1)

Arylose % . a3 23,76 16,52 1.250
(23.2 - 26.0) (22.1 - 26.2) (14.8 - 19.7)

Amylopectin % 75.63% 76.3L% 83.45" 1,267
(7.0 - 77.8) (73.8 - 77.9) (80.5 - 85.2)

HON pg/t g 25.19% 23.38° 11.17° 5474
(16.2 - 40.2) (18.0 - 33.3) - (5.7 - 15.7)

Notations with different letters indicate significaut difference at 1% level.

Figures in parenthens shov the range.

€6
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11.17 pg/x in ocontrol and treatment, respectively.

The cooking quality of damaged tubers was also
seen badly affeoted. These tubers were ﬁoor}y cooked,
less staxrohy, non-mealy, less tasty, hard and slightly
yellowish in colour. The taste panel found them less

acceptable for consumption.

3.3.2 Cacao (Theobrome gacao Limn,).

The d;nage caused by different levels of érub
population on five-month-old plants and as obserﬁed at
45 days after the introduction of the grub afo presented
in Table 8 and Fig., 6. The damage caused even by the
population level of one grub per plant was highly
significant when compared to ocontrol. The height of
the plant was reduced from 52.1? to 44.53 cm tap root
length from 25.27 cm to 17.4 om, weight of top growth
from 19,88 to 13.95 g.and woight of underground growth
from 9.59 to 6.33 g. While the control plants produced
a mean nuwber of 7.86 leaves the number of leaves produced
by ths plants infested by the grub was 1.33 only: With
reference to the reduction in plant height the effect of
higher levels of grub population was not muoh marked., But
the tap root length and production of leaves were drastically -
reduced by the increasing number of grubs around the plant
(Plate VIII a and b), The weight of top growth and under-

ground growth also were similarly affected.
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Table 8. Extent of damage to cacac (Theolrema cacao) by different levels
of grub popwlaticn ¢f L. consophora.

Mo, of grubs/plant

0 i 3 3 ¢D
Height (cm) 52.13% 4453 40,50°  40,40°  2:60
No. of lesves emerging after  7.86°  1.53° 0.13° 0,00  0.70
introduction ef grubs.

Length of tap root {(cm) 25,27  17.50°  12.67° 6.000  2.16
Weight of tep growth (g) 19,88 13.95°  9,51°  6.53% o0.98
Weight of wadergrownd 9.5  6.53°  3.19° 1.0  o.k

growth (g)

Notations with different letters indieate significant differences at

1% level.

<l



Fig. 6. Extent of dauage done te cacao
(Theobroma cagao) by different
levels of grub population of
L, coneophora,
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Plate VIII, Nature u£>damage on ¢asan
(Theobrome cacag) caused by

L. congopliora.

a) seedling

b) healthy root, lateral root destroyed
and tap root dameged
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3.3.3 Wild sunn-hemp (Crotalaria striata DC.).

The plants were exposed to the insect at the rate
of one grub per plant only since the higher levels of pest
population killed the plants outright. Table 9 and Fig, 7
showed that the mean height of the plants exposed to the
grub was 90,6 cm only as against a mean height of 165.06 cm
for the control plants. When the unaffected plants had
32,93 branches and 203.6 leaves, on an average, the
plants exposed to the grubs had 13.33 branches and 44;8
leaves, respectively, The length of the tap root also
was drastically roduéed (Plate IX a), the mean lengths
in gontrol and treatment being 98,26 and 25,46 cm,
respectively. The mean welghts of the above ground and
underground growth of control plants were 67.2 and 45.91 g,
while the weights of the treated plants were 25.39 and
8.73 g, respeotively. The tap roots and lateral roots
were seen cut at different lengths. Even when the tap
root was not eaten up by the grub the growth was seen
adversely affeoted. The dearth of irrigation hastened
the manifestation of the symptoms of infestation. The
leaves drooped and gradually turned yellowish (Plate IX b).
However, at the population level of one grub per plant,

total mortality of the plant was not noticed.
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Table 9, Extent of dmgcilo vild sunn-hemp
(Crotalaria striata) by grub ef L. coneophora.
mean values of ‘
plants plants cY
undamaged damaged

Height (cm) 165.06" 90.60° - 7005
No. of branches 32.93" 13,33 2.69
at harvest ‘
Ne. of leaves at 203.609' ’;&.86]’ | 15,45
harvest ?
Leogth of tap 98,26" 25,16" 8,58
roet (om)
Weight ef tep 67.20" 25.39” 7017
grovih (g)
Weight ef underground . &5.91‘ B.ﬂb 350

grevtk (g)

Notations with different letters indicate eignificent
differences at 1% level except at the last item vhere the
difference was at 5% lavel. .

97



Fig, 7. Extent of damage done to wild sunn-hemp
(Crotalorin striata) by grub of
L. coneophora.
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‘glate IX, HNature of danage on wild sunn-henmp
(Croteleria striata) censed by

L. coneophora.

a) healthy root, lateral root destroyed
| and tap root damaged -

b) healthy and damaged plants
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3.3.4 Coconut palm (Cocos nucifera Limn.),

In the nursery the grubs were seen zeeding on the
tip portion of the roots only where the tissue is aprt:
Whenr such roots were fully consumed the grubs moved to
the collar region of the seedlings and tunnelled into ‘
the soft growing plumule (Plate X a). This type of
damage caused the drylng of spindle 1earbfollowed ﬁy
yellowing of the outer leaves and gradual death<or the

" seedling.

The palms in the gardens reported as pest infested
since 1952 showad characteristic aerial symptoms like

yvellowing of entire leaves up to the inner whorl.

In the infested garden the fresh roots Qnerging
from the bole region were seen eaten away. The growing
point of the older roots were also seen eaten up
(Plate X b). 'In badly infested gardens which suffered
a oontinuous attack of the pest for years the leaves
became sickly yellow, flowering was delayed, formation
of nuts reduced and immature nutfall occurred and fhus
the yileld got reduced (Plate XI & and b). In 4-5 year-old
palms even when a heavy population of grubs was seen at
the bottom the above aerial symptoms were not clearly

manifested.



Plate X. Nature of damage on cocomut palm
{Cocos nuci;era) caused by L. eoneophora.

a) coconut scedling, root damaged and
collar region tunnelled by grubs

b) healthy and damaged roots






Plate XI, Nature of damage on coconut palm

(Cocos nmoifera) caused by L. coneophora
(continnation).

a) an infested coconut garden

b) a coconut palm in a severely infested garden
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3.4 Distribution of the life stages of L. coneophora
in different depths of soil and their seasonal
cocurrenoe

3.4.1 Distribution_of population in different depths
of soil.

Adults.

The mean percentage of the adults in different depths
of soil observed at fortnightly intervals is recorded in
Table 10 and Fig., 8. In both the locations beetle
population was seen low in the depth of 0-15 cm, In
Thazhakkara in 1978 and 1979 no beetle was collected
from this depth, while in 1980 low level of 6.7 per cent
of the population was found in the above depth., The
populations at 0-15 cm depth at Vazhuvadi during 1978, 1979
and 1980 were 4.3, 0 and 2.0 per ocent, respectively. In
the second depth of 15-30 cm also the beetle population
was relatively low. At Thazhakkara the total populations
at the depths of 30-100 cm were 79.10, 87.5 and 82,4 per
oent during 1978, 1979 and 1980, reIpe&tIVely, while at
Vazhuvadi the populations at the depth during the three
years were 95.7..72.7 and 81.7 per oent, respectively.

At both the locations, the maximum population observed was
in the maximum depth of 60-100 cm during 1978, and 1980,
while in 1979 the highest level of population was at the
depth ranging from 30-45 om.
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Table 10. Distribution ef the adwlts of L. coneophera in different depths ef seil
observed during different menths &t twe locations in Alleppey District.

depth P ntage poepalatien ebserved in. total

erce of pepula
lecation of soll Apr. May Jun, Jul, Aug, Sep., popula-

__year (em) & b a B & b = % 8 B a btion($)

Thaghakkara , :
1978 0=1%9 0 0 0 0 o0 o 6 0 6 0 o0 O 0.0
1530 0 O 0 0 0 0o 33 % 100 0o O O 20,8
30-43 0 0 0 0 20 0 133 17 0 o0 0 0 12,5
560 G O 'O 20 20 7% 33 O 0 0 0 o 25,0
60-100 0 O 0 80 60 25 o0 33 0 0 ©0 o 41,7
1979 0-15 0 0 ¢ 6 0 0 0 o 0O 0 o o 0,0
: 15-30. 0 - 0 ¢ ©0 0 20 33 25 O 0 0 12,5
30-k5 0 O 0 O 50 33 20 33 -5 50 100 100 ' 37.5
45-60 0 O 0 0 5 22 20 33 0 5 o O 2.9
60-100 0 O 0 0 O 4 4 o0 25 0o 0 0 28,1
1980 0«15 0 O 6 0 0 o 0 10 7 22 o0 O 6.7
1%-30 0 0 o 0 0 0 0 10 20 22 0 O 10.8
J0=45 O O 6 5% 50 25 % 3 24 0 0 0 29,7
%60 0 O 0 50 20 17 33 14 7 11 0 0 16,2
60-100 0 O 0 0 30 % 17 33 36 L& 0 0 36.5

Vashuvadi
1978 0-15 0 0 6 0 O0 11 17 O 0 0 0o 0 L3
1530 0 0 o 0 6 0 o0 0 0 0 0. 0 0.0
30-43 0 O 0 3 5% o0 17 20 0 0 0 0 26.1
-60 0 O 0O 0 o0 22 5% W 5% o0 0 o 17.4
60-100 0 O 0 70 50 67 17 &0 30 0 0 0 52.2
1979 =15 0 O 6 6 0 0 0 0 0 0 0 0 0.0
15%30 0 O 0 0 0 20 29 &2 40 29 0 0 27.3
30-45 0 0 0 0 A5 21 50 17 40 29 30 ©0 333
4560 0 O 0 0 &% %0 14 17 20 14 5% O 27.3
60-100 0 O 0100 10 0O 725 0 2 0 0 12,1
1980 0-15 0 0 20 0 ©8 O 0 o c 0 0 o 2.0
15.30 100 100 20 0 0 12 O 1k 0 5 0 0 16.3
0-4% 0 O 60 17 20 13 20 29 0 0 o 0o 20.4
k5-60 0 O O % 30 37 4w 1% % © 0 0 26,6
60-100 0 0 0 33 5% 38 40 43 5 5% 0 O 34,7
tetal rainfall (-! .

Aprid May June July August September
yoar a b a b Y b a b Y » s b
1978 k2 30 17 231 o34 137 2% 177 330 129 99 61
1979 14 48 14 a2 - 272 981 155 139 63 70 1kh 133
1980 W3 19 8% 92 207 34 306 212 179 88 101 110

a = first fertnight of the menth; b = second fortnight ef the menth.



Fig. 8.'

Distribution of different life stages of

L, conecphora in different depths of soil

observed at two locations in Alleppey Dist.
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Eggs,

Data are epown in Table 11 and Fig. 8. Minimum
percentage of eggs was observed at the top layer of
0-15 cm depth the mean number being 0 to 8.7 at
Thazhakkara and O to 1.0 at Vazhuvadi. At both the
locations around 80 per cent of the eggs were collected

from 30-100 cm depth except in 1978 at Thazhakkara.
First instar grubs.

The distribution of the first instar grubs is
prasented in Table 12 and Fig. 8. The population was
least in the deepest layer of 60-100 ci being absent in
many observations and the mean percentages were 3.8 and
1,7 during 1978 and 1979, respectively, at Thazhékkara
and 2.9 and 2,6 at Vaghuvadi, The mean populations in
the next higher level of 45-60 cm also were relatively
lower, these being 5.1 and 14,6 for Thaghakkara and 10,3
and 13,6 for Vazhuvadi during 1978 and 1979, respectively.
The highest percentages of population were observed in the
seoond depth range of 15=30 om in both the locations
during 1978 and 1979 the percentages being 50.6, 40.4,
35.4 and 33.8, respectively. During 1978, a higher
population (21.3 per cent) was observed at 30-45 cm depth
than at 0-15 cm (19.1 per cent), whereas in 1979 the
~ depth of 0-15 cm had a higher percentage of population
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Table 11, Distributiea ef the eggs of L. censephora in different
depths of seil ebserved durin: different manths at two
lecatioms in Alleppsy District,

location depth rcentage of ation sbserved im total

of mell May Jun. Jul, Aug, Sep. popwla-

yoar (m) b & b s » & b __a btien($)
Thazhakkara

1978 0-15% 0 0 33 19 0 0 0 0 0 8.7
15-30 0 11 67 60 % 0 0 0 0 32.9

30-4% 0 % 0 A 0 100 O ¢ o 23.7

43-60 0 0 0 0 0 0 0o 0 0 0.0

60~-100 100 5 0 0 & 0 0 0 0 34.7

1979 0-15% 0 0 0O 0 © 0 0 0 0 0.0
. 15-30 0 8 20 0 46 48 &4 0 0 24.5
30-43 0 &9 3% 5i 4k 0 & c 0 33.9

45-60 0 0 43 46 0 %2 52 0 o 335.2

60-100 0 43 0O o 10 0 0o 0 0 8.3

1980 0-15 9 0 16 0 O 0 3 0 ¢ 2.1
15-3%0 0 11 41 0 45 0 15 0 o 15.8

30-45 0 41 4: 50 30 52 38 0 0 4.1

45-60 0 0 0 38 0 LB 45 0 O 2%.2

60-100 91 48 0 12 2% 0 0 0 0 15.5

Vazhuvadi

1978 0-15 0 1 0 0 O 0 0 0 0 0.4
15-30 0 c o 0 0 0 0 0 0 0.0

30--45 0 10 0 41 10 100 O 0 o0 15.1

45-60 5 cC 0 5 &% ¢ O 0 ¢ 13.5

60-100 9% 89 O C 29 0 0 0 0 70.9

1979 0-~15 0 0 o o 0 0 0 0 O 0.0
1530 0 0o 3 L 4o 0 43 28 AS 20,4

30-45 0 16 4 56 5 100 57 60 55 4%5.3

L5-60 0 0 41 12 0 0 0 12 o0 9.3
60-100 0 84 55 28 0O 0 0 0 o0 2%.8.

1980 0-15 3 3 0 0 3 0 0O 0 0 1.0
. 1330 61 0 0 0 0 0 45 0 O 13.1

30k 36 15 20 12 Lh G0 55 0 0 35,1

4%.60 0 0 16 54 B4 &0 O 0 0 22.1

60-100 0 82 53 34 O 0 0 0 o 29,6

total raimfall (mm)
May Juns Jaly August Seplember
] a b a b a b & b

1978 431 234 137 2% 177 330 129 99 61
1979 22 272 281 153 139 63 70 14k 133 .
1980 92 207 321 306 212 179 88 101 110

a = first fortnight ef the menth; b = secomd fortnight of the momth
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Teble 12, Distributien of the first instar grubs of L. consophora in different
depths ef seil ebaerved during different mexths at two locatiens im

Alleppey Disirict.

tetal

' depth percentege of pepulatisn ebuerved in
location of soil May Jun, dul, Aug, Sep. Qot.pepala-
yoar {cm) B a b a b & b a b a tion{%)
Thaghekkara
1978 0-15 67 © 0 20 28 253 16 19 18 29 19,1
15-30 33 75 33 30 & % 5 55 45 57 50.6
30~-45 0 25 53 50 /) T3 11 20 ‘ 14 21.3
5.0 O 0 6 0 L 0 2 15 8 0 5.1
60-100 © © 7?7 o0 O 19 06 4 o© 0 3.8
1979 0-15 0 80 0 20 48 4 33 19 0 ¢ 25.0
15-30 0 20 20 % 37 ke 47 52 30 100 40.4
30-48 0 0 3% 18 & 8 11 12 70 0 18.3
k560 0O 0 45 5 4 0 8 15 ¢ 0 14,6
€0-100 0 0 0 3 0 0 2 0 0 1.7
Vaghuvedi
1078 0-15 23 17 13 s B L 29 35 17 23 0 240
15=30 23 50 37 30 48 k7 35 17 15 €0 35.4
30-45 O 3% 37 30 30 2 25 33 B4 0 27.4
k560 &b ¢ 13 15 & 0 5 8 8 k0 10.3
€0-100 8 0 0 3 0 0 0 a5 0 0 2.9
1979 o-15 0 4 15 12 1% 17 3 53 20 1k 23.4
15.-30 0 40 31 A 27 43 17 42 13 57 33.8
30-45 O 20 4 16 M 36 47 5 27 14 26,6
5-60 0 ¢ 8 23 17 0 17 0 14 13.6
60-100 0 0 o o O 0 11 0 13 0 2.6
tetal raisfall !n[
May Jun. Jul. Ang. Sep. Qct,
a |- 2 a b 8 b 2 b &
1978 231 234 137 250 £77 330 129 99 61 27
1979 22 272 281 153 139 63 70 144 133 101

a = first fortnight of the month;

b = seoond fortnight ef the momth
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(25 per oent) than 50~45 cm depth (18.3 per cent). But

at Vaghuvadi during 1978 and 1979, 0-15 cm depths ﬁad

less population (24 and 23.4 per cent, respectively) than

in depths of 30-45 om (27.4 and 26.6 per cent, respectively).

Second instar grubs.

£

Data relating to the population of the second
instar gpuha are presented in Table 13 and ¥ig. 8. The
mean popﬁlation vas laxilﬁl at 15-30 cm at Thazhakkara
during 1978 and 1979, percentages being 35.8 and 40,2,
reagpeotively. It was followed by the dGeepar layer of
30-45 cm during 1978 (34.9 per cent), while in 0-15 om
depth the population was low (11.3 per cent). During
1979 in 0-1i5 cm there was 24.4 per oent of tﬁe population
while at 30-45 om dept# it was 22.8 per cent only. AL
the deeper depths of 45-60 and 60-100 cm , the percentages
of population in 1978 were 12.3 and 5.7 per cént, respectively,

and in 1979 the same wore 11.8 and 0.8 per oent, respectively.

At Vazhuvadl during 1978 the highe; popnlation
(40.0 per ocent) was observed at 30-45 cm and the population
was less at 15-30 om (29.4 per oent) and 0-15 cm d;pths
(11,7 per cent). But in 1979, the highest population Evel
was at 15-30 el'depth (45.5 per cent) and it was followed
by the populations at 30-45 cm depth (30.3 per cent) and
0-15 om depth (15.2 per ognt). During 1979'9nd 1979
the population level at 45=-60 and 60—;00 én d;pthl were



Table 13, Distributien ef the secoxd instar grubs of L. cemeophers in
different depths of seil ebserved during different menths at
tue loontiun in Alleppey District,

locatien depth mreontup af popujatiem ebsgrved in tetal
——— of meil Jul, S-E, -~ Qet,  Noy, pepula-
year (em) s _» s b tien(s)
Thazhakkara : . ; .
1978 0-15 0 12 14 o 7 18 29 17 0 11,3
15-30 0o 75 72 17 3 4 5 3 62 338
3045 0 12 14 25 62 18 1% 39 38 34,9
4360 0o o 0 8 28 18 0 6 0 123
60=100 o 0 0 50 0o 0 0 0 0 57
L 190 =15 67 11 3% K 32 9 ¢ 12 50 24k
15=30 33 8 M AN 3 6 70 58 50 40.2
3045 0 11 11 15 4% 14 20 18 0 228
4860 6 0 11 8§ 21 1k 10 6 0 11.8
€0-100 o o 0 0 O 0 .0 & 0 o8
Vashuvadi . : ,
1978 Out’ 6 0 4 o 7 33 0 o 0 11,7
1530 50 18 55 Lk 7 33 14 2% 40 99.4
%0-45 % 6k 0 11 67 25 74 63 20 40.00
U860 0o 9 0 33 o0 8 14 12 20 106
€0-100 o 9 o 11 19 o 0 0 20 8.2
1979 0-15 o o & % 0 2 20 7 .0 152
15-30 0 O© 0 12 100 %0 & 27 100 459
B0~k 0O 0 60 38 0 20 20 %0 0 30.3
4560 0 0 0o o 0 20 20 20 0 6.1
60-100 o 0 0 o o 0 o 0 3.0
total rainfall ‘-n)
Jul, Aug. " Sep. Oct. .  Hov,
a b a b a b ) b a
1978 250 177 3% 129 99 61 27 .25% 958
1979 153 139 63 70 1k’ 133 101 28 98

a w first fortnight ef the month;

b = second fortnight of the month.
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relatively low ranging from 3.0 to 10.6 per cent only.

Except'in a very few occasions second instar grubs were
! cm ' .

not recorded in deoper levels of 60—100Aand in many

observations they were lacking at 45-60 cm depth also.
Third instar grubs.

The populations at different depths are presented
in Table i4 and Fig. 8. Maximum population was seen at
15-30 cm depth during 1977-78 and 1978-79 at Thazhakkara
(35.8 per cent). The population was in a descending
scale at depths of 30-45 (26.1 per cent), 45-60 (17.4 per
cent), 0-15 (11.8 per cent) and 60-100 cm (8.7 per cent)
during 1977~78. During 1978-79 also yhe same trend was
observed. But in 1979-80 the highest population was
recorﬁed at 45-60 cm depth (29.5 per cent) and the popu-
lation showed relatively lower trends at depths of 30-45
om (24.8 per cent), 60-100 om (20.5 per oent), 15-30 om

(18.2 per cent) and 0-15 em (6.9 per cent), respectively.

At Vazhuvadi also high population level was observed
at depths of 15-30 em (32.3 per cent) and 30-45 cm (27.4
per cent) during 1977-78 and the same trend (35.3 per
oent and 24,6 per cent) was seen in 1978-79 also. But
during 1979-80 the highest population level: (3;.9 per cent)
was observed at 30-45 and 45-60 cm depths. The population

levels in other strata were relatively low ranging from
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Table 14, Distributien of the third imstar grubs ef L, csnesphera im differeat

depth percentage.
lecatien of wmeil Oct. Nev, Dae, Jan,
Jear (em) a b a b e b a b
Thashakkara " ' '
1977-78 0=-15 100 90 o0 2 11 21 0 0o
15-30 0 48 35 36 41 &3 6 23
30-43 0 17 25 30 30 25 3 AN
. &B-60 0 10 30 15 15 11 47 1%
60-100 0 5 10 0 A 0 12 3
1978-79 0-1% 0 0O 0 15 14 20 10 13
15-30 0 0 235 38 25 30 20 3h
30-45 0 5 41 29 25 Lo 40 20
4£5-60 7 % 25 9 25 10 20 13
60-100 5 T 17 9 11 0 10 .20
1979-80 0=15% 60 o 0 18 11 13 5 12
13-30 50 50 22 38 26 27 15 29
3045 50 50 k8 96 30 20 0 29
4%5-60 6 0 17 9 26 20 35 18
60-100 0 0 13 9 7 20 512
Vashuvadi
1977-78 0=-15 0 13 0 14 12 12 12 o
15-30 07 . &0 ho 35 35 .. 6 13
30-45 0 13 14 1A 12 19 28 27
45-60 60 O ik 20 41 23 41 60
' 60-100 0 0 ‘31 11 0o 12 18 0
197870 0-15 0 O 0 0 0 O 22 7
15-30 29 11 23 38 18 33 22 29
303 - 43 67 36 25 A7 33 0 43
4560 14 22 27 38 18 14k & o
60-100 1 0 14 0 18 19 5 21
1970-80 0=1%5 it 9 12 0 A 15 7 10
15.30 0 O 23 21 35 14 10
30=45 43 B4 . 50 43 33 15 2
A5-60 1k 27 12 14 33 25 50 &0
60-100 19 9 0 ©0 8 10 0 20
Lot}
Getobap November Desamber Jama
a » a » a » ‘8 %
1977-78 150 287 249 196 27 29 a
1978-79 27 235 255 362 127 5
1979-80 ' 101 28 98 145 Th 11

a o first fortnight of the momth; B = second fertnight of the me
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depths of seil ebserved during different months at two lecatiens in Alleppasy Dist.

L]

populatiien ohserved ia total
Feb, Mar. Apz. My Jun, Jul, pepula~
a b a b a b a b a b’ & b tion($)
0 3 6 14 8 18 17 17 ¢ 0O 0 0o 11.8
0 25 24 41 54 Al 58 29 0 0 18 0 33.8
20 17 35 351 29 29 25 17 17 50 36 0 2.1
53 19 35 12 8 6 0 21 33 50 36 0 17.4
27 36 0 2 0 3 0 17 5 0 9 0 8.7
¢ 12 0 0 0 9 26 0 0 9 0O 0O 9.8
7 31 21 2 53 36 58 50 o 9 18 0 28.2
i 6 42 16 0 9 0 O 17 50 36 0O 25.5
14 19 26 21 0 18 11 50 33 %50 36 0 18,8
6h 31 11 42 50 27 5 0 5 O©. 9 0 18,0
12 12 0o 0 0 0 0 0 0 o0 0 0O 6.9
6 12 7 8 ¢ ©O B 0 0 © 0 O i8.2
24k 18 7 8 5 15 12 40 50 33 0O o0 24,8
7 ¥ 29 67 55 35 50 20 0 33 0 0 2.5
12 29 57 17 40 50 0 Lo 5 33 0 o 20.%
0 8 19 7 0 11 17 0 0 0 0 O 7.6
20 31 25 25 31 22 59 0 W ¢ 0 0 2.3
53 38 by 32 6 56 25 9 50 %0 0 0 7.4
20 8 6 11 0o 11 ¢ 9 10 %0 0 0 18.4
7 15 6 2% 0 0 0 82 0 0 0 O 14,2
0 9 o & 10 22 0 20 e o 0 0 6.5
a5 32 8 7 " kO 68 60 20 37 67 100 109 35.3
0 18 21 25 30 7 20 20 63 33 0 0 24.6
50 18 37 &6 10 2 20 40 6 0 0 9 18.5
25 23 33 18 10 © 0 0 0 0 0 0 151
0 0 0 0O 0 0 5 0© 0 O 0 0 .8
¢ 0 5 0 20 20 5 O 33 O 6 0O 14,3
21 36 L2 37 20 40 ¢ 0 L2 &40 0 0O 31.9
57 30 20 47 4 &0 0 12 17 26 0 O 31,9
21 A4p 26 16 2 0 0 88 8 &0 0 O 17.1
rainfall (mm

Fabruary Maroh April May Jums Jaly

a b a a b a b s b a b

29 L2 30 17 231 234 137 250 177
0 14 0 24 14 48 14 22 272 281 153 139
30 43 19 a5 92 207 321 306 212
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7.6 to 18.4 per cent, 6.5 to 18,5 per cent and 4.8 to
17.1 per cent during 1977-78, 1978-79 and 1979-80,

respectively.
Pupal instar.

The distribution of pupae in different depths of
the s0il 18 presented in Table 15 and Fig. 8. At
Thazhakkara no pupae were found in the upper strata of
0-15 em depth during the entire period of observation
and except in the year 1979 pupae were not present at
the depth of 15-30 om also. Pupae were collected from
the depths of 30-100 cm during all the ycars, The mean
percentage of pupae present at the depths of 30-45 ¢m,
45-60 er and 60-100 om ranged from 12.9 to 24.1 per cent,

9,6 to 37.5 per cent and 29.2 to 77.4 per eent, respectively.

buring 1978 and 1979 pupae were not collected from
the top strata of 0-i5 cm depth at Vazhuvadi, while in
1980 a small percentage (3.4 per cent) was found in
that strata. In the depth of 15-30 cm the percentage
of pupae present ranged from 4.4 to 15,1, In the strata
of 30-45 cm, 45-60 ca and 60-100 c¢m the percentage ranged
from 11,7 to 32.7, 19.1 to 34.0 and 20,7 to 64.7,
respectively. %The highest level of pupae was found in
the deepest strata of 60-100 ecn.
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Table 15. Distriltutien of the pupae of L. comsophera in different depths ef seil -
ebssrved during different momths at twe locatiens in Alleppey District.

location depth percentage of populatien ebserved in total
——;.-;;— of soil Mar, Apr, May Jun. Jul. Aug. pepula-
{cw) & b & » a b a b a b a btioa(f)
Thazbakikara
1978 0=-15 0 O 0 0 0 0 0 0 0 0 0 0 0.0
15=30 0 0 0 © 0 0 0 0 0 0 o 0 0.0
30-45 0 o0 0 0 2 0 0 100 0 100 0 o 12,9
45-60 0 O 0 0 0 1% o 0 25 O 0o 0 9.6
60-100 O O 0O O 71 8% 100 O 7% © 0 0 7.4
1979 0-15 0 0 0 © 0 0 0O 0 0 0 0 | 0.0
15-30 0 0 0o 0 0 0 0 235 0 100 0 0 12,5
30-45 0 0 0 5% 25 0 0 15 3 0 133 5% 20,8
45-60 0 0 100 % 0 67 6 8 6 0 33 50 37.5
60=100 0 O 0 0 70 33 A0 5k 0 0 33 o0 2.2
1980 0-15% e o 0 O 6 0 0 0 o 0 0 0 0.0
1530 0 0 0 0 0 0 0 O 0 0 0 0 0.0
30-45 0 0 2% 20 33 80 22 25 0 12 0 0 2%.1
45-60 0 0 2% &4 133 20 11 19 22 38 0 0 2.1
60-100 0 O 5 A& 33 0 67 % 78 50 0 O 51.6
Vaghuvadi , ‘
1978 0-15% 0 0 o 0 g 0 0 0 0 0 0 0 0,0
15-30 0 0 0o 0 20 9 a O ¢ O 0 0 Lok
J0-4% 0 0 0 0 0 13 8 20 33 0 0 0O 11.7
45-60 0 O 0 0 20 0 28 30 67 O 0 0 19.1
60-100 ©0 O 0 0 60 78 64 %50 0 O 100 O 64.7
1979 0-15% 0 0 0 0 0 o o 0 0 0 0 0 0.0
. 15-30 0 O 0 o0 0 0 0 33 %50 38 0 0 15.%
30-45 0o O 0 0 33 0 37 % 33 38 0 0 32.7
4%-60 100 100 0100 33 67 25 11 0 25 0 0 31.0
6-100 0 ¢ 0 0 33 33 & 0 17 O 6 O 20.7
1980 0-15 0 o0 9 9 0 0 0 o0 0 0 0 o Jok
15-30 0o 0 9 0 29 O 0 0O 0o 0 0 o 45
%0-4% 50 50 18 27 57 25 1 8 50 3 ¢ 0 25.0
L5-60 25 50 18 64 14 75 39 33 25 O 0 0 34%.0
60-160 25 0 46 O 0O 0 % 58 25 50 0 O 32.9
- total rainfall (mm
Mareh ~ _April = _iMe Jwge = July  August,
a b a b a b b a b a b
1978 12 29 42 30 17 231 23 137 250 177 330 129
1979 0 24 14 48 14 22 272 281 153 139 63 70
1980 8 30 4% 19 85 92 207 321 306 212 179 88

a = first fortmight of the month;

b = second ferinight of ihe month

o
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%.4.2 Influence of soil temperature and soil moisture.
on_the distrjpution of the 1ife gtoges of
L. coneophora. - -

The &iatyiﬁution of the beetles and di!feféht“inltarl
of grubs of g..coneophora is shown in Fig. 9iahd 10,
Maximum number of beetle population was seen’ in the
temperature range of 29-31C and soil moistu;e of 9-11
per cent. In the case of first inatar grubs the highest
nean number (52) was observed in the tenperafure range of
29-31°C and qoi} moisture range of 8-10 per cent, The
peak mean population of second ingtar grubs (37.5) was
observed in the temperature range of 31-33°C and'aoil
moisture of 8-10 per cent. Third instar grub also
preferred the temperature range of 31-33°C (mean number

66) and moisture range of 7-9 per cent,

%.4.3 Seasonal distribution of the life stages of
L. coneophora,

Data relating to the seasonal distribution of 1ife
steges of L. coneophora are presented in Tables 16 and 17
and ¥ig. 11. The adults were generally seen in soil from
the second half ofmuay to tho end of August. But, at
Vazhuvadi during 1980 beetles were collected from the
first half of April onwards. The beetle population
renéined hi;h from the second half of May to the end of
July during 1978 at both the locations. During 1979




Fig. 9. Mean number of adulis and tirst instar

grubs of L. coneophora observed in
different ranges of soil temperature and
moisture.

a) adults

b) first instar grubs
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Fig.

10,

Mean number of cecond and third instar
grubs of L, coneophora observed in
different ranges of soll temperature
and moisture.

a) second instar grubs

b) +third instar grubs
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Table 16. Seasenanl occurrence of the adults, egge, first instar grabs

location ' neumber obhserved
life .Itl.lo “Jear ‘-gpr:ll . . May b . June .
Adult Thaghakiars
1978 0 0 0 5 5 h
1979 0 0 0 0 2 9
1980 0 0 0 0 10 12
mean 0.0 0.0 0.0 2,3 5.6 8.3
Vaxhuvadi :
1978 o 0 0 10 . 14 9
1979 0 0 ¢ 2 11 - 14
1980 2 2 5 6 10 8
mean 0.6 0.6 1.6 57 11,6 10.3
Egg Thazhaklara '
1978 16, - 15
1979 0 39 49
1930 o011 ik ¢ |
mean 9,0 27.6 32.0
Vachavadi
1978 90 92 0
1979 0 .69 78
1580 36 62 69
mean 52,0 7.3 49.0
First instar Thaghakiara
grad 1978 3 4 15
1979 0 5 k9
neAn 1.5 .5 32.0
Vaghavadi
1978 ' 13 6 8
1979 0 5 13
meaR 6.5 5.5 10.5
Seeend imstay Thashakkars
grob 1978
1975
moAD
Yaghuvadi
1978
1979
meAD

s = first fortnight ef the menth
b = sscead forinight of the month
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and seeend instar grubs of I, comsephera in cecenut gardens aé twe locatiens.

iy tho-!onth af

July Anguat Seplember Octehex November
a b . b a » a b a b
3 6 1 0 0 0
10 3 4 2 1 1
6 gt w9 o
6.3 10,0 6.3 36 0.3 0.3
6 5 2 0 0 0
14 12 5 7 2 0
5 . 7 .2 2 0 0
8.3 . 8.0 3.0 3.0 0.7 0.0
53 36 18 0 9 0
59 39 hi . 23 0 0
80 67 o4 74 0 0
64.0 47.% 42,0 32,3 0,0 0.0
27 20 15 o ] 0
25 55 51 5 40 55
56 3 50 60 0 0
%6.0 38,0 8.6 .37.6 - 13.3 18.3
10 25 3 55 47 I8 7
39 7 2% 36 48 10 2
%I, ﬁ-o 27.5 ‘505 h?., 2&00 h.’
30 27 21 . 12 13 x5
25 29 a3 1 . 19 19 .7
27.5 'M:M,0 22.0 29.0 15.9  #5,0 6.0
0 8 7 i 29 17 7 18 B 0
3 9 9 13 38 2 10 17 6 6
1.9 8.5 8.0 12,5 3.5 19.% 8.5 175 7.0 3.0
2 11 11 9 1% 12 7 8 10 0
0 0 5 8 2 15 5 1% 7 0

1.0 %5 8,0 8.9 8.5 15.5 6,0 11.5 8.5 0.0
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Table 17. Seasomal occurrence of the third instar grubs amd

life

location
year

nenber observed

Oct,

I\}OV °

Pec.

b

Jan, . .

a

i

Feb,

a

b

shage

third
instar

papa

Thazhakkara
1977-78

1978-79
197980
mean
Vazhuvadi
1977-78
1978-79
157986
mean
Thazhakkara
1978
1979
1980
mesn
Vazhuvadi
1978
1979
1980

nean

2.0 22.6
0 15
7 9
7 1
4,6 11.6

2% 61

Y  ,34
o5 3

21.6 43.0

353

22 8
8 . 7
21,6 1646

17
17
2%

19.3

20
15
21,0

26
21

22.3

17
20
20

19,0

17

18

1%
16.3

13
15
17,

15,0

15

1
10

15,0

15
1%

16 .

17

23.0

13
22

10

15.0

a = first fortnight of the momth
b = second fortnight oi the month



|
Fig. i1. Secasonal occurrence of different
life stages of L. coneophora.



Fig. 11. Scasonal occurrence of different
life stagos of L. coneophora.




pupae of L, coneophors in ooconut gardens at two locaticns,

115

in the month of

Mar, Apr,. May Jun, Jul. Aug

a b a b o b a b a b a b

17 51 37 3% 12 2 12 2 :11 0

19 19 s 1 19 2 7 1 .0 o0

% 12 =20 20 8 5, 2 3 -0 0

16.6 27.3 23.0 10,3 13,0 10.3 7.0 2,0 3.7 0.0

16 28 13 9 9 11 10 & o 0

2% 28 10 A 5 5 1 3 12 7

19 19 10 10 2 8 12 5 0o o

10.6 25.0 11,0 20.0 5.3 8,0 1.0 40 40 2.3

o o o o 7 13 5 1 5 1 0 ©
0o o 2 2 ¥ 3 5 13 1 3 3 2
0 o ¥ 5 6 5 9 16 9 & 0 0
.0 0,0 20 23 56 7.0 63 100 8,0 40 1.0 0.6
© o o o 5 2 25 10 3 0 2 0
1 2 0 A& 3 3 922 9 8 0 0

¥ & 22 1 7 4 18 12 5 2 0 0
1.6 2,0 7.3 5.0 5.0 20,0 21,6 103 4.3 3.3 0.6 0.0
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the period of high population was observed from the second
half of June to the first half of August at Thazhakkera
and fron early June to the end of August at Vazhuvadi. In
1980 higher population was observed from the beginning of
June to the end of August and Thazhakkara, while at
Vazhuvadl it was observed from the beginning of May to the

end of July.

The eggs were generally seen from the second half
of May to the end of August. At both the locations eggs
were not obtained during the second half of May in 1979
and during that year at Vazhuvadi eggs were obtained till

the end of September.

First instar grubs were obtained from the second
half of May to the beginning of Ootober during 1978 at
both the locatiocns and from the beginning of June to the
beginning of Ootober in 1979.

At Thazhakkara seoond ingtar grubs were found from

the second half of July to the first half of November
during 1978 and first half of July to the second half

of November in 1979. At Vazhuvadi in 1978 seoond instar
grubs occurred from the first half of July to the first
half of November and in 1979 they were observed from the
first helf of August to the first half of November only,
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Third instaxr grubs woere generally seen from the
first half of Ootober at both the locations {(at Vashuvadi
from socond half of Ootobor during 1977-78), to second
half of June. Howeover, grubs were seen wp to the first
half of July during 1977-78 at Thazhakkara and up to
the end of July during 1978-79 at Vezhuvadi. During
1977-78 at Vazhuvadi grubs ocecurred only from the
gecond half of October. Thus the grubs were in field

for ahout 10 months.

Pupae wore found from the first half of May during
1978 at both the locations, to the second half of July
at Thazhakkara and the first half of July at Vaghuvadi.
During 1979 at Thazhakkara pupae werce seen from the
beginning of April to the end of August agnd during 1986
also they were seen from the beginning of April, but
only up to the end of July. At Vazhuvadi they were
seen during the last two years from the first half of
March to the end of July. Pupae were seon in all the

observations during May to the first bhalf of June,

3.5 Adult emergence of L. ooneophora

The nurber of beetles collected per week, from a
50 m2 plot in an infested area, during 1976-78 is
presented in Table 18 and Fig., 12 along with the average

gsoll temperature and rainfall data of the corresponding
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Table 18, Effsct of rainfell and eoll iempereture on tha sdult emergence of
. L. eoneophora.

. . _1976 1212 ‘ - 1078
month & rain- Soil No, of rain- spil No, of rain=- soil No, of
dete fall. tomp. beetles fall  temp. beetles £ell  temp, baotles
e (zm) oC () oC (1om) oG
Mar, 7 0.0 38.0 0 12,3 37,7 0

1% 13.6 36,5 1 0.0 37.4 0

21 21,6 36,2 2 16.1  35.5 2

28 0.0 37.5 0 12,8 37.5 0
Apr, & 10,0 36.5 0 0.0 37.0 0 10,0 37.5 0
11 5.0 360 5 3.6 3644 7 41,9 35.7 12

18 15.0 36.4 33 3.6 36.1 10 0.0 37.0 0

25 7:0 36,3 25 31.9 36.2 10 30,3 34,2 5

May 2 0,0 3640 2 14,8 36,1 & 7.4 36.2 6
9 0.0 37.0 0 113.6 33.0 b 57.5 35.3 11

16 0.0 37.4 0 75.3 32.0 11 62.2 3%.0 30

23 40,0 35.2 1 26,4 33.8 23 168.3 31.5 32

30 12.5 35.0 2 101.4 32.1 35 75.9 33,1 29
Jun, 6 152.0 34.0 19 62,7 30.5 50 119.3 28,9 48
13 29,0 35.3 22 119,8 31,5 75 100,8 31.9 40

20 0.0 36,3 32 164,53 27,6 102 110,0 29,7 84

27 8%0 33.2 51 103.7 £8.1 21 141.6 31.7 123
Jul. 4 60,0 30,2 90 17.9 30,2 £60 k2,4 30.2 179
11 40,0 30,7 81 73.6  29.4 389 169.8  238.9 75

18 33.0 29,9 70 136.3 29.5 117 23.2 20,0 268

25 68,0 29.1 82 142,8 27.2 80 191.9 29,1 128
Aug, 1 78,2 %0.9 82 33 29.5 33 92,0 28,0 26
110.1 31,0 25 0.8 33.53 L 90.3 £9.3 9

15 7.0  33.0 A 38.2 31.9 0 71.0 28,7 A

22 10,0 33.5 0 83.7 30.7 0 134.2 23,6 0

2 21,2 32,5 0 81.9 30.1 0 0,0 30,5 0
Sepe 5 1,2 23,1 0 17.0  30.5 0 0.0 31.9 0
12 .6 32.1 1 70.6 30.4 2 1.6 3h.4 0




Fig. 12. Adult emergence of l.. oocneophora in
relation to rainfall and soll temperaturs.
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treatment was 66.4 and 35 days, respectively. The
qnantity of insecticides found in samples as per chemical
and bioasday were showing an overall agreement:. The '
half life of BHC when applied in April as estimated by
the two techniques was 89.6 and 97.6 days; respectively.
For the June, Auguet and September eehedules half

lives ae estimated by chemical aeeay ‘wers 71 8, 66.4

and 35 days, respectively, while the eorresponding
values for bioassay were 74.00; 64.3 and Sf eaye.

The downward movement of BHC appiied in April
commenced significantly with the oneet of monsoon in
June and in enbsequent ebeervations 20 3 to 50 per cent
of the total residue'aVaitable:yas]observed in the layer
15-30 cm depth. Movement of residue to the lower layer
of 30~45 cm depth was observed during the'rirth and
sixth months arter treatment and the residuee present
in theee layere were 3 7 and 1. 9 per eent of the total
reeiduee,.reepeetively, When applied in June higher
:froportion of the pesticide had moved to the lower
depths, Residues ranging froml13;6 to 50 per cent ot
the total quantity_wer‘e found at the depth of 15-30 cm
and 6.6 to 25 per‘eeet:at the depth of 30-45 cma, In
the case of August and September treatments also higher
mpvemept of theiieeeetieide to the lower-depth of

cm
30-45, was observed.
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The data relating to tho ﬁereistence ond movement
of haptachlor are presented in Table 22 and Fig. 13,
The porsistence of heptachlor wag found to be more than
that of BHC. Tho half lives of ths pesticido applied
in April, June, August and Septembor were 72.2, 76.5,
87.7 and 82.3 days, respectively. Whon applied in
April the pesticide moved to the third depth of 15-30
om only and the residue from 1.63 to 16.6 per cent of
the total quantity available in the soil had moved to
this layer. The insecticide was not detected in soil
of lower depths. But in June epplication, 4.2 per cent
was observod in the fourth depth in the month of
October. In August application residue ranging from
4,76 to 29.4 per cent of tho total quentity was detected
in depthg of 30-45 cm., In general the movements in
terns of distance eand guantity wvere less than that of

BHC,



Table 22. Persistence and dowaward movement of heptachler spplied on surface loyer of loemy eand soil.

half

treatments ;:;1}1 ingecticide resides (ppxm) in soil observed in the month of pn:'iﬁ:i

(cm) _Apr. May Jun, Jul. Aug., Sep. Oct. Nov. Dec. (doys)

Bicassay .

Heptachlor 5 kg ai/ha 0- 7.5 0.68% 0.50 0.50 0.20 0.0L 0.05 0.01 0.00 0,00
applicd in April 7.5- 15 0,70 0.50 0.45 0.40 0.35 0.30 0.31 0.10 0.05
15-30 0,60 0.00 0.00 0.0 0.05 0.00 0.01 0,01 0.01
30 - 45 0,00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00

_ me2an 0.36 0.25 0.21 0,15 0.12 0.09 0,08 0.03 0,01 72,2
Heptachlor 5 kg ai/be 0-7.5 0.70* 0.61 0.39 0.20 0.90* 0,75 0.55 0.20 0.00
:;gh&rd in April 7.5 15 0,69 0.58 0.2 0.43 0.95 0.80 0.60 0.50 0.30
15-30 0,00 0.00 0.00 0,01 0.08 0.10 0.15 0.15 0.00
30 - 45 0,06 0,00 0.00 0.05 0.03 0.0% 0.0% 0,01 0.00

msan 0.3% 0,28 0.20 0,17 0.49 0.51 0,33 0.2 0.07 76.5
Heptechlor 5 kg ai/ha 0 -7.5 0.70* 0.52 0.30 0.18 0,15 0.08 0,02
applied in June 7.5- 15 0.72 0.58 0.48 0.36 0,23 0.20 0,13
15 - 30 0.60 0.01 0,05 0,08 0,07 0.05 0.03
30 - 45 0.00 0.00 0,00 0,00 0,02 0.00 0,00

=zon 0.35 0.28 0.21 0.15 0.12 0.08 0.03 87.7
Heptachlor 5 kg ei/ks 0 =7.5 0.71% 0,55 0.40 1,01 0,63 0.42 0.%0
;:;hszmrm Juzs 7.5~ 15 0.6 0.60 0,52 1.05 0,81 0.70 0.62
15 - 30 0.00 0,02 0,02 0,15 0.10 0,15 0,09
30 - 45 0.00 0.00 0.060 0.02 0,00 0.01 0,00

=meAn 0,32 0.20 0.2 0.55 0.383 0.32 0.27 82.3

#Residues in mamples collected 2% hours after insectioidal spplication.

Weather data has been given in Table 21,

OLT
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DISCUSSION

The biology of Leucopholis coneophora Burm. weas
studied in detail for the first time, though brief
descriptions of the life stages of the paat wers published
by Nirula et al. (1952), Nirnla (1958), Sekhar (1958)
and Veeresh et al. (1982). The eggs were seen deposited
gingly in moiast earthen celle, The cells were formed by
the extrusion of the vagina, preceding the laying of
each egg. It oould not be confirwed whether the extruding
vagina produced the cell by mere compaction of the soil
or whether any comenting substance also was pecreted by
the insect. Formation of such cells was not reported

earlier on L. ooneophora. Tashiro et al. (1969), Fleming

(1972), Veeresh (1977) and Yadava (1981) had observed
gimiler egg chambers in soil made by A, majalis,

P. japonica, H, serrata and H, gconsanguinea, respectively.
Tashiro et al, (1969) and Yadava (1981) also found that
the formation of egg chamber was by extrusion of the

vagina which formed a bulbous organ.

The eggs of L. coneophora were observed to increase
in length and width from the third to the ninth day of
incubation and subsequently the,sizo remained statilc.
Nirula (1958) also had observed a similar increase in

the size of the eggs of L. coneophora. But he took the
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measurenments of eggs immedlately after egg laying end
just before hatching only. No other reference relating
to the inorease in size of the eggs of L. ooneophora

in early development was seen in literature. But
similar increase in the length and width of eggs was
reported on A. malalis (Schwardt and Whitcomb, 1943),

H, longipennig (Haq, 1962) and H. serrata (Veeresh, 1977).

It was observed in the present investigation that
the weight of the egg also increased from third to the
fifteenth day. The lncrease In size and welght
followed a slgmold trend. Increase in weight was
reported for the eggs of M. melolontha (Hurpin, 1956 b).

and Costelvtra zealasndioa White, the grass grub of

New Zealand (VWightmen, 1973). The absorption of
moisture during developmental phase of the egg was
attributed as the reason for the increase in size,
Fleming (1972) found that newly laid eggs of

P, japonica contained 45-50 per cent of water, whereas
the water oontent was 81.8 - 84 per cent at hatching.

He obgerved tpgt this higher porcentage of water content
could fully account for the increase in weight during

embryonic development.

Morphology of the first, second and' third inestar
grubs was studied in detail with a view %o fixing
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distinet identifying features for various instars, As
it is obvious from the results presented tho three
instarc of grubs could be distinguiehod by the
differenco in hoad capsule width ond hody sire only.
Hean head capsuleo widthe of the firat, seoond and

third instar grubs vere 5.19, 4.8@ and 7.71 ==,
respectively. These differences could acsily bhe made
out by visual observations algo. In the present study
the body length, width, weight and head oapsule
xoasuremonts as woell as the duration of devolopment were
studicd separately for the grubs destined to develop ae
zales and females, The results showed that there was
no significant difference in the size and head capsule
meoasurenents of tho first and second inster grubs of
the male and female ingsects. But in the third instar
stage, the male grubs were significantly chorier and
weighed just half that of femsles. Sekhar (1958) and
Nirula (1958) had given a brief deseription of the first
and third inster grubs of L, concophora collected from
the field, The mmeasuremonts reported by theso authors
shoved slight veriation from those af tho present
ptudies; The difference in weight seen between tho
grubs of the two sexes ocould be due to the imcrease in
development of tho reproductive system and higher storage

of fat bodies in fewmnles, Vith reference to the size
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and welght of pupae and adults also the same trend
hotween males and females was observed. In the larval

duration no major difference was noticeable.

In earlier descriptions of the adults of L, comeophors,
Nirula (1958) alone had attempted to differentiate the
two sexes on morphological characters. He had pointed
out the difference in shape of the tibial spur of the
hindlegs as a reliable character for differentiating
the mexes, But this character was found confusing in
the field observations and hence a more reliable morpho-
logical character was sought in the present investigation.
In the case of L. irrorata (Lopez, 1931 b) ema%A. majalis
(Tashiro et al., 1969) antennal characters was pointed
out as a meanad of separating the pexen. Hence that
character was studied for L. coneoophora and i1t was
observed that sexzes could easily be separated on the
baslis of size of the antennal club, The antennal eclub
of the males was 2,55 mm long and thrice as -long as its
width, whercas in the case of females it was 1,62 mm

long and twice as long as ite width,

Adult behaviour of L., coneophora wae observed in
detall in the present investigation. The emerging males
left distinct emergence holes in the soil (Plate III)
which gave an indication of the population level of the

pest during the period of observation, The existence
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of such emergence holes and tholyr significance in
estimating the possible crop damage in succeeding
months wes pointed out with reference to H. serrata
(Veerosh, 1977). Tha beeotle cmorging out of tho soil
remainad cn their wings for a shortwhile. They
remained above 2oil for 25-35 minutes ocnly. The
emerging individuals wore predominantly males.

The sex ratio of the beotles colleoted froa field was
1t 0,099 (males : femaleca) whersas in laboratory
rearings the proportion observed was 1 ¢t 0.734., The.
males alighting on tho ground locatod the females
renaining in soll with their antennce protruding out,
Soon the females were peen coaming out of the coil end
mating the with the males., Immediately after tho
commenceront of the matimg the maie was dragged into the
gsoil by the female, the mating proceos being continued.
Mating procese waa typical of other mololonthine
beotles (described by Veerssh, 1977 and Yadava, 1981),
Nirula (1958) reported that the mating ooculd bhe
obsorved in tho leaf-stalks of adjacent plants to00.
But in the course of the present investigation such

bahaviour was not noticed.

The adult feeding of L. conaophora was studied
for assgessing tho possible damage to interorops in tho

infested coconut gardems. Tho plants avallablo in the
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locality were provided in leboratory for feeding. There -
was no indication of feeding on any of the materials
provided. The gut content of the field collected
beetles also indlcated that the adults did not feed

on any vegetation, Lack of feeding in the adult stage
of L. congophora was reported earlier by Sekhar (1958),
Nirula (1958) and Veeresh et al. (1982). But other
species of the gemus, L., rorida(Leefmans, 1915),

L. pinguis (Beeson, 1921) and L. irrorata (Otanes and
Karganiila, 1940) were reported to feed on the foliage
of crop plants as well as weeds in the vicinity. The
practice of collecting and destroying the beetles of
some root grubs like H. sorrata end H. gonsanguines,
while congregating on food plants in the site of

rd
emergence, wWas not found feasible in the case of
L. coneophorsa.
Anong the different specles of Lemnoopholis,
L. coneophora was found widely diatributed in Kerala.

L; burmeisteri had also been reported from the northern

districts of the State. These species and L. lepidophora
were reported from different diétricts of Xarnataka

too, Separation of the grubs of these specles on
morphological characters will have relevance in

pursuing sclentific investigations on the bionomiecs
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and oontrol of these pests: Veeresh (1981) and Veeresh
et al, (1982) studied importent characters of

L. lepidophors and L, burmeisteri and some salient
characters of L. goncophora for the purpose of identifying
the grubs of the three species. Since it was not
.sufficlontly comprehensive a q?tailed study of the '
norphological characters of L. concophora was made
and by utilising the deseription of L, lepidophora
and L. burmeisteri given by Veercsh (1981) a key was
developed for the identification .of the grubs of these

three species.

The numher of antero~frontal setae and pali were
found to be lower than the range reported by Veeresh
ot al, (1982) and in the case of stridulatory teeth
it was observed to be higher than the range roportoed.
There wag general agréement with reference to the

othor characters studied.

As in the case of any other insect, the root
grubs were also influenced by the type of food they
received during the period of development and that
factor affected the survival rate in development and
subsaquent build up of the population. This phencmenon
was observed on Aphodites howitti Hope (Crane, 1956),
H, conganguinea (Kalra and Kulshreshtha, 1961),

C. zoazlandice (Farrell and Sweney, 1974%) and
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M, melolontha (Hauss, 1975). In order to ascektain the
influence of various inter er mixed ecrope grown in
ooconut gaxrdens in the root grub-infested tracts in
Herala the effeot of four representative crops 'viz.
eassava (for tuber crops), coconut (palms), cacao

(tree crop) and wild sunn-hemp (legume) on the develop-
ment and blology of L, coneophora waes studied. The
results presented revealed that the different host
plants tested had significant influenes on the development
and population bhuild up of the insect. In terms of the
duration of development from egg to adult, cassava was
found to be the best host for females of L, goneophora
and cassava and:coconut were on par and superilor to
other host plgnts in the case of males. Cacao and
crotalaria we;e on par though the duration was the
longest in the latter host. Influence of nutrition ‘on
the larval duration among root grubs was observed earlier
on A, howitti (Crane, 1956) and H. consanguinoca (Xalra
and Knlshreshtha, 1961). The duration of development
of first instar stage was not significantly varying.
The favourable influence of nutrition was manifested

in the second inptar stage and persisted throughout

the remaining stages of development. The size, as
manifested by length and width ot third instar grubs

also showed favourable influonce of cassava and coconut.
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In general, crotalaria was the least favourable and
cacao came in between. Kalra and Enishrestha (1961)
found that grubs of H, gconsanguinea fed on sugarcane
had greater length and width than those fed on grass
roots. With reference to weight gain, the different
hosts"had no influence in the case 0f male grubs,
while cassava and coconut were found to be better host
plants for female grubs. In the case of body size

and weight of adults also the same favourable trend
of coconut and cassava vas distinctly manifested.

In general, oacao and crotalaria were on par and
inferior to other hosts. BReports of weight difference
based on larval food are available on other white
grubs also. Weight gain of grubs of C. gealandica
was significantly different on Lotus pedunculatas.
than on a hybrid of this species (Farrell and

Sweney, 1974). Greater overalljweight increase in

M. melolontha was recorded on broad leaved plants

(Hauss and Schutte, 1976).

The influence of different hosts on survival of
immature stages of L.. ooneophora was revealed in Table
5 and Fig. 3. 1t was also observed that the difference
in the survival percentage gotilanirested in %he
pupal and adult stages only. fopulation build up is

likely to take place much faster when fed on oalla;a
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and ooconut roots than on oacao and crotalaria, Hauss
and Schutte (1976) observed that the mortality of

M. melolontha was less for grube fed on broad leaved

plants than on roots of grasses., They also found that
the effect of food on mortality and weight gain was

not apparent until the grubs reached second instar
stage. Wilson (1978) reported that survival of

C. zealandica was highest on large leaved vigorous

lines gt white clover. With regard to the longevity

of nalég of L. ooneophora aleo cassava and coconut were
on par and higniticantly superiof to the other two crops.
But in the case of females ¢cassava was superior even to
coconut, Similarly, the adults reared using cassava and
cooonut had significantly longer preoviposition period
and higher fecundity as compared to the adults reared
on cacao and crotalaria. Initial body weights of

female adulte reared on cassava and coconut were signi-
ficantly higher than that of females obtained from other
crops. Higher egg production was also seen in females
having higher initial body weight. The eggs laid by
them showed a higher hatching percentage also. Farrell
(1973) reported that egg produotion of C, zealandica
varied significantly with initial body weight, These
results indicated the possibility of some favourable

factors in the nutrient content of cassava and cooonut
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which increassed the biotic potency and survival rate
of L. coneophora. In general different hosts seemed
to have same influence on the grubs of males and

females of L. coneophora. Tho overall result obtained

from thegse studies indicated the possibility of a
higher population build up of L. coneophora in coconut
gardens with no intercrops and those cultivated with
cassava than in gardens inter/mixed cropped with cacao

or crotalaria.

The nature and extent of damage caused hy
L. coneophora on the inter/mixed crops referred to
earlier were also studied in detail, Cassava was
found to be highly susceptible to the infestation of
L. coneophora at the time of planting and during the
early stages of growth. The grubs ate away the roots
and rind of the stem just below the ground level
which resulted in the failure of absorption and
translocation of nutrients and water from the soil.
As a result of this the aerial portions of plante got
stunted and they gradually died. The death of the
plant was hastened as a result of moisture stress,
Normally the planting of cassava was usually bheing done
during the summer showexrc of anch and April, whsn the

third instar grubs of L. coneophora remain aotive,
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As a result of thig, a prophylactic treatment with
insecticides had become an inevitable practice for
getting proper establishment of the crop in the pest

infested tracts in Kerala.

The injury done to cassava in lator stages of growth
was relatively lower as revealed from the second experiment.
Even with a population level of five grubs per plant,
none of the plants died out completely. With reference
to the various growth characters the incidence of the
pest was found to affect the plants adversely to a
gignificant level even with a lower population of one
grub per plant. The damage done hy the population level
of one grub per plant did not vary significantly from
the next higher level of three grubs per plant., These
were on par with five grubse per plant level of population
with reference to the number of newly emerging leaves
and weight of roots other than tubers. With regard to
the remaining effeote studied the population level of
five grubs per plant was significantly more deleterious.
The grubs getting access to a well formed tuber Kept
feeding on it without damaging nontuber forming roots
or the remaining healthy tubers. This probably kept
the plant apparently healthy though a significant
reduction in the yleld of healthy tubers was brought

about,
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The results obtained from the experimont revealod
that limited numbers of tubers in a plent alone were
damaged@ due to the infestation of L. coneophora grubs
and oven in infested tubers tho damage was partial,

Yence it was found desirable to assess then¥éﬁuction in
quality of the undamaged tubers and of the paxtly
damaged tubers in infested plants and also their consum-
ability. The data presented in Table 7 showed that the
quaiity of undatoged tubers in the plants infested by

the grubs, in:tormo of starch, amyloge, amylopectin and
hydrocyanic acid content remained on par with tubers

0f the plants unexposed to the grubs, But the unaffeoted
portions of partly daomaged tubers showed a lowor percent-
age of starch and amylose and a higher percentage of
amylopectin. In the infasted tubers the HCN content wao
rolatively lower. The mechanical injury caused by the
grubs could have facilitated the escape of HCN from the
tubors, The reduction of totallstarch and amylose and
inerease of amylopeetin would reduce the cooking quality
of the tubers. The taste panel also reported them to

be loss acceptable for consumption,

The data given in Tablo 8 and Fig. 6 showed that
cacao was highly sugceptible to damage by L. coneophora.
Even at the population level of one grub per plent, at

four-month-old stage, the emergence of new leaves and
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growth of the plant got significantly reduced. The
aboence of new flushes led to a stunting in the plant,

roduction in the underground and top growths. .

In the case of crotalaria also the population level
exceeding one grub per plant was fatal, Even with one
grub per plant, orotalaria was seen badly affected.
Significant reduction in growth was observed even in
pPlants with intact tap roots. This might have been
cuaged by the feeding injury on the side roots and

rootleta,

Boing a perennial plant the effesct of different
levels of grub population on coconut could not be studied
in potoulture experiment. The synptoms of damage due.
to the infestation of L, consophora cn coconut palms in
field alpo were difficult %o notice in the beginning of
infestation, But palms in the gardens reported infested
singe 1952 showed the clear symptoxs of infestation such
as the reduction of roots, shortening of loaves, yellowing
of leaflets and shedding of buttons and immature nuts.
Consequently the yleld was drastically reduced. Similar
observations weore made on infested palus by Veeresh and

Viswenath (1983) in Karnataka.

Data in Table 10 and Fig. 8 showed that a higher
percentage of beetle population bf'k. coneophofa resnained



145

at 30-~100 cm, the maximum population being confined to a
range of 60-100 om depth. DBeetles collected till the
nonth of June were mostly from the depthP of 45~-100 cm
whereas a relatively higher proportion was obtained at
15«30 cn depths from June to August. The beetles
collected till June might have been pre-emergencse
individuals whereas the collection obtained from July
oanrdu included the beetlos which had emerged, mated
and resettled for egg layiqg. Since the eggs were
usually laid in upper strata of the soll, the mated
beetles would have preferred the upper zones, Rai et al,
(1969) also recorded a similer phenomenon in H, consanguinea,
where the beetles found at a depth of 75 cm before
energence resettling in a depth range of 0-30 cm after

emergenco,

With reference to the distribution of eggs the
least number was found in the range of 0-15 om depth.
The distribution of the eggs in lower depths over
different years showed an erratic trend. In general,
& higher proportion of eggs was found in the depth range
of 15~-60 cm, At both the loocations a higher percentage
of oggs was observed in depths of 60=-100 cm during May
and June. From the month of July to September they were
largely obtained from the range of 15860 cm depth.
Nirula (1958) observed that the eggs were laid at 7.5 - 15 cm.
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normally while in summer they were found up to a depth
of 30 en, But in the present investigation 30 cm depth
ﬁas found to be the normal and proferred zone., Beetles
of majority of root grubs lay eggs in upper layers
reaching a depth of 15 cm (Haq, 1962; Srivastava and
Khan; 19633 Raodeo and Deshpande, 19841; Nair and Daniel,
1982). But in the case of L. rorida (Leefmans, 1915),

L. irrorata (Otanes and Karganilla, 1947) and H. insularig

(Srivastava and Khan, 1963) deeper depths were algo

seen preferred for egg laying. The distribution of eggs
might be in relation to the nature of the roots gvailable
in different depths for the feeding of g{ubs. Eighty
per cent of the coconut roots were reported to be

found below a depth of 30 c¢m in loamy sand solls

(Kushwah et al,, 1973) and this might have caused the
preference of L, coneophora for deeper strata of soil
during ezg laying.

The highest population of first instar grubs was
geen at a depth range of 15-30 om during 1978 and 1979
at both the locations. Percentage of population in
the deptp range of 0-15 and 30-45 cm was rather
erratic for two cantreé and also during the two years
of obgervation, Though the eoggs were seesn in deeper
layers, first instar grubs were seen in fairly large

nunbers in the upper strata of 15=-30 cm, where the
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ooconut roots normally do not exist. Obviously, the
first inster. depended on the roots of weeds and other
intercrops as source of food. Nirula (1958) and
Veeresh et al. (1982) ohserved that first instar grubs
largely depended on orgeniec matter and the roots of

grasses and weeds for thelr feeding.

Second ingstar grubs were largely distributed at
15-45 cm depths. Percentage of grubs seen at lower
depths was very low, Generally, the top zone of 0=15 cm
also had less population though at Thazhakkara during
1979, 24.4 per cent of the population was recorded in
that zone. Between the two depths of 15-30 and 30=45
em slight preference for the former depth range was
indicated but this did not hold good for both the
locations and for the entire period of observation.
In the different monthe during the period of observation
no definite trend in the depth-wise distribution of

grubs could be made out.

Regarding the third inetar grubs the highest
“population was observed at a depth of 15~30 cn during
1977-78 and 1978=79 at both the locations, During
1979~80 at'bhoth the locations.the maximum population
was at ‘45-60 cm depth, During 1979-80 the total
rainfall was just half that of the other two years,

especially from October to May. Consequently the moisture
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in the upper layers would have been lower during the
period and temperature higher an& that might have resulted
in the preference of the grubs rér deeper depths of soil,
During the month of October, they were predominantly seen
at 30 em debth. Yhen the rain was recoived in Novenber
the grubs even migrated to the upper strata of 15-30 cn.
The influence of rain over the distribution of third
instar grubs wac alsoc evident from the reverse trend in
distribution from January. In January, February and
March, the highex percentage of grub population was
observed in deeper depths of 30-100 om, This might pe
due to the comparatively highker soll temperature and

less molsture in upper depths of soll during the summer
months, Downward migration of grubs of L, coneophora
from the upper to the lower layers during cummer months
was reported earlier also (Mathen ¢t sl., 1964 and
Nirula, 1958). Holotrichia longipennis (Haq, 1962),

A. ﬁa;alis (Tashiro et al., 1969}, P, japonica (Fleming,

1972), H. serrata (Veeresh, 1977) and H. conganguinea
(Yadava, 1981) also were reported to move to different

depths due to the flucituations in moisture level:,

f

Pupge were ohgerved largely in the dépths of 30-100
cm. The instances of pupal population observed in the
higher level of 15=30 cm were mostly 1ﬁ the nénth!or June
and July, when the rainfall was high, The higher rainfall
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stimulated the pupating gruba to remain up by virtue of
the higher humidity conditions there. The depth

ohosgn for pupation was idontified as a speoles character
(Ritcher, 1958). But Yadava (1981) observed ihat‘in

the case of H., consanguinea soll temperaturq and moisture
had considerable influence in deciding the depth of
pupation. In the case of L. coneophora also it appeared

"'to'be influenced hy the soil conditioms.

The grouping of the nutber of adult and larval
instars of L, coneophora with reference to different
ranges of soil temperature and soil moisture (Fig. 9
and 10) indicated their strong tendenoy to congregate more
in preferred zonea of temperature and moisture, The
adults preferred a temperature of 29-31°C and the soil
moisture of 9-11 por oent. The first instar grubs
were more predominant in o temﬁerature range of 29-31°C
while the seoond and third instar grube preferred a
temperature renge of 31-33°C., The first, seoond and
third instar grubs preferred 8-10, 8-10 and 7-9 per
oent of soil moisturec, respeotively. Influenoce of soil
moisture in the diptribution of white grubs at different
depths of soll wap observed by earlier workers also,
Nirula (1958) found that the grubs of L. coneophora
remained in the superficial strata in the :giny season

and migrated to deeper strata during sunmep;seaaon,
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searching for zones with sufficient moisture,
Venlkitaramaiah (1969) observed the grubs of H. nilgiria
“1jopp1ng activity when the soll moisture went below

20 per cent, Ral et al, (1969) found that the grubs

of II, conpenguinea which normally remcined at 15 on
depth moved to deeper layers of soll when drying
occurred, Veeresh {1977) reported an upward and
downward povementn\ot grubs of H, serrata depending-

on the soil moisture. Shorey and Gyrisco (1960)
observed that the grubs of A, rajalis showed & preference
for different ranges of soll moisture., But below the
level of four per cent and above tpat level up to i2
per cent the grubs did not show any dominant choloe,

The movement of grubs in relation to the different
levels of soil temperature has been reported in the
case of H. longipennis (Hag, 1962), H. oonsanguinea
(Rai et al., 1969), A. majalis (Tashiro ot al., 1969)

P. japonica (Fleming, 1972), M. hippocastani (Mischenko,
1974), H. serrata (Veefeﬂh. 1977) and M, melolontha
(Valenta and Gavells, 1979). Detalled studiss conduoted
for finding the different ranges ot'tenperature and
nolpture preferred by any species of white grub were

not seen in earlier literature.

The seasonal occurrence of the life stages of

L. ooncophora also has been studied for the first time,
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Period of occurrence of adult stage 1n the soil was found
t0 be from the second half of May to the end of August.
The obmmencement of the continuous erergence of adults
coincided with the onset of monsoon with heavy rainfall,
The delayed monsoon in 1979 had delayed the appearamnce

of adults up to the beginning of June, However, at
Vazhuvadi stray beetles were collected in April before
the commencement of momnsoon in May., So also, Stray
beetles could be collected rarely in September from both
the centres. Since beetles were not found in the solil
prior to the onset of ronsoon 1t could be 1nte£§d‘that
the delay in the occurrence of rain might have delayed
the emergence of adults from pupae. Vith reterence’to
the occurrence of beetle population in soil no distinct
peak oould be observed. In general the population 1n‘
the months of June and July was higher than the population
in May and August.

The period of ococurrence of eggs had an overall
agreement with the occurrence of adults in soil. In
1978 and 1980 tho eggs wore obtained from the second
half of May, whereas in 1979 eggs were recorded from
June onwards. Thopgh at Vaghuvadl the beoetles were
reocorded in the montﬁior April and May the eggs weore
obtaineq in the sanmples collected from the latter half

of May only., As peen from the mean number of eggs
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presented in Table 16 there was no distinct peak period

of occurrence of eggs in tho fiold.

The first instar grubs occﬁrred froa the seoond
half of May to the beginning of October, but the higher
level of population was recorded from the second half

of June to the end of Septermber.

The seoond instar grubs, in both the locations
ocourred in significantly higher numbers from the geeond

half of July to the first half of November.

The third instar grubs were seeﬁ from the first
half of October to the end of July of succeeding year.
The populations at hoth the locations were significantly
higher from the seoond kalf of October to the first half
of June, as oompared to the populations in the preceding
and succeeding periods, Populations recorded from
different locations overx a period of three years or the
mean values did not reveal any distinct peak period of

occurrence of third instar grubs in the field.

Pupae vere secen from the beginning of March till
the end of August, but the number recorded in Maroh
and August was relatively low and the regular period
of occurrence of pupal 1ngtar c¢emn be treated as April

to July.
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Nirula (1958) had observed that egge were seen
froa the middle of June to the end of August and that
the grubs survived uwp to May. But in the present study
the first instar grubs vere seen up to the end of
September and the third instar up to the end of July
of the succeeding year. The seasonal occurrence of
the different life stages of L, coneophora haa signifiocant
bearing on the development of pfbper 1naec¥101&e schedules

v
i

for the control of the pest.

Perliod of comnencement qt.peak emorgence of adults
was observed to fluctuate betéeeﬁ‘the second week of
May and the first week ‘of Juné, :Tha edergonce geclined
by the last week of July or theltirst veek of August.
The total rainfall during the pPrexonsoon period of March
and April appearcd to influenoe the time of peak
emergence, In 1976, when the premonsoon fain!all was
low the commencement of peak emergence was geen in
June only, In 1978, when the maximnm premonsoon showers
ocourred the emergence commenced hy the tirat week of Mpy.
In 1977, the premonsoon rainfall was of an intermediate
lovel and'th? emergence of adults comzenced by the‘
seoond week of May., Thus, 1t appeared that the total
quantum of rainfall received in the months oI Harohquril

end early May rather than the oommenoement of rainy

peason initiated boetle emergence. Nirula (1958) opined
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that first en massec omergence of beetles of L. coneophora
started a fortnight after the ongménoement of the south
west monsoon. Veeresh et agl. (1982) observed that sinoe
pupating Leucopholis grubs go deeper ocompared to other
specles, sometimes reaohing 60-70 cn,substantial preecipi-
tation is necessary for the moilsture to reaoh thic depth

to trigger beetle emergence..

The soll tcmperature appeared to influence the
emergence of beetlos. The period during which 1t
touched tho mark of 37°C no beetle emérgenoe oould be
observed, But suoﬁ high lavols 6! 80il termperature
oocurred during the premonsoon periocd only and hence
the adverse effoot of high level temperature during the
peak omergence period could not be observed during the
period of this study. About 60 per cent of the total
beetle population emerging 1fom the s0il wao in the
month of July in all the three years.

The present recommendation for the oontrol of

L. ooneophora is two applications of heptachlor, BHC,
chlordane or aldrin once in April and another in
August, This recommen?ation wae hased on the results
of a limited number o0f field experiments, the results
of vhich were not in full agreenent or conclusive
(Nirula ané Menon, 1957; Nirula, 1958; Mathen ei al.,
19643 Johnson and Nalr, 1966; Abrahem and Knrinﬁ; 1970),
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The high degrec of hoterogané}y in the distribution of
grudb population in the field ig probably the major factor
for tho inconsistency of tho results obtained in the
experiments. The tining of pestioide application as
obsorved by Veercsh et al. (19882) will be vexy vital

for the effeotive control of the pest. The present
practice of treating the field in April does not appear
to bo purposeful since the pest population available

in the f£ield during that period 1is mostly in the third
instar grub stage which inhabitfdeeper layers of soil,

where the posticides are not 1likely to reaoh.

A series of precise osperimonts wore hence carried
out in the present studics with a view to finding the
nost effoctive and econcaic insecticide for the oontrol
o2 L. coneophore and to fix the most advantageous period
for the application of the pestioidg. Chlorinateq
inpgecticldes alore were ineluded in the studies since
pesticides like phorate, earharyl,‘carbofuran,
quinalphos and thiodemeton (Abraham, 1979) and
rnalathion (Mathen et al., 1964) vwere reported very
ineffective and also hecause the applicatica ot.syatemio
granulgs to a perennial oll and food crop like oocoonut
may cause residue hazards. The high cost of granules

is enother limiting faotor.
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In one exporiment tho relative tcxicity of aldrim,
DHC, chlordene and heptaohlor was assossed adopting precise
bioassay techniquo. Against the second inster grube
aldrin was found to be the bost,closely followed by
héptaohlor, whereas the third instar was more susceptible
to heptachlor than aldrin, the forzer being 1.8 times
more toxic than the latter. ©n cost basis also heptachlor
had to be preferred to aldrin, Though heptachlor was
much more toxic than BHC (about three times toxic) to
the grubs of L. coneophora the latter also was found
appreciably effoctive. Chlordene, howevor, was found

far less toxic than the other insecticides and ineffective.

No previous work has becn reported on the bloassay
of pesticides against the grubs 61 L. ponegphora.
Heptachlor which was found as the best inseoticide in
the present experiments was rated on par with aldrin,
BHC and chlordone against L. consophora (Abraham ahd
Xurisn, 1970) and was reported to be inferior to BIC,
alarin and chlordane earlicr (Mathen et al., 1964).

It was found to give satisfactory control of L. burmoisteri
(Rao and Bavappa, 19613 Rao, 1963).'£. lopidophors

(Rao, 1963), L. rorida (Rao, 1966) and L. irrorata
{(Apostoi and Litsinger, 1976b). Against H. consanguinea
Sherma and Shinde (1970b) and Srivastava gt. al. (1971)
got encouraging results, whilc Desai ond Patel (1965)
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and Rai ot al., (1969) found the pesticide ineffective.
Againat H, gorrata Kaul gt al. (1966) roported that
heptachlor was less toxic than dieldrin, aldrin,
ohlordenc and toxaphane. Since the technigue followed
in the present investigation waos nore foolproof the
results obtained now may be treated as reliable. Aldrim,
though equally toxio to the second instar grubs, wae
inferior to heptachlor against the third instar grub.
Moreover, the cost of aldrimn required for treating one
hectare of coconut gardemn, at LD90 level, was 1.5 times
that of heptachlor when the pest occurred in the seoond
instar grub stage and 2.6 times when the pest was in
the third instar stage. In viow of these facts,aldrin
was not included in further studies for evolving a-
sultable ohemical control schodulo against L. ooneophora.
Chlordane which was 9.4 times less toxic to heptachlor
against the geoond instar grub and 4.3 times less toxiec
to the third instar grub also was dropped from further

ptudies.

BHC was found less toxic than aldrin and heptaohlor
to L. coneophora. This inseotioide had boen widely tested
against root grubs., Nirula (1958), Mathen et al. (1964)
and Abraham snd Kurian (1970} found the pesticide
offectivo against L. coneophora while Johmson and lNair
(1966) reported the lnseotiolde ineffective, Against
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L. rorida (Edgar, 1958), L. lepidophora (Rao, 1963},

L. irrorata (Apostol and Liteinger, 1976b) and

L. burmoisteri (Kﬁmar and Deniel, 1981), BHC had been
reaormiendad as an effective peat§oidq. Agalnet

. oonsenguinesa also negative (Gupta and Avasthy, 1957;
Prapad and Thakur, 1959; Khauna et al., 1968; Ral st al.,
1969; and David et al., 1976) end positive (Kalra and
Kulghreshtha, 1961; Desai and Patel, 1965; Joshi; et al.,
1969; and Srivastava gt al., 1971), resulte had boen
reported on the efficacy of BHC. Againast K., serrata
David and Ealra {1966) and Abraham and Rajendran (1978)
reported effeotive control with BHC, while Kaul et al.
(1966), David gt al. (1976) and Jose and Kaul (1978)
found 1t ineffective, Though BHC was less toxie than
heptachlor and aldrin to L. concophora the toxicity
appeared to ke sufficiently high to oause adequate and
pconomical control of the pest under field conditionas.
Thus,based on the results of the bioasgay studies BHC

and heptachlor were chosen on efficaocy-cum-cost criteria

for further evaluation under field condition.

BAC and heptaohlor applied in the field tubs 4in
different scheduleg showed that all the treatments
reduced the population of second inptar grubs sffectively
prior to thelr attaining the third instar or pupal stage:,
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Tho performance of hoptachlor at LD90 lovels was better
than that of BHC at the ecme levels. Among fha
difforent schedules in which the pesticides were tried,
June and September application pt‘both the inseotioldes
and June applieation of heptacylo; eliningted the pest
prior to the attainment of pupal instar, whereas in
field tubs troated yiph BHC in tho month of Jume alono
1.79 percent:;ix> of the grubs reached the pupal stage.
The schedule of April and August treatment of the two
insectieoldes was significantly inferior to the June

and Septecber combination. A single application of
oelther of the inpecticides in Aprillalona gave unsatisfactory
oontrql though heptachlor was hattér than BHC, It can be
concluded that L. concophora can be best controlled by a
gsingle round of treatment with heptachlor at the rate

of 1.4 kg ai/ha in the month of June or with BHC applied
in June and September, osach trgatmen@ being nsdé at the
rate of % kg ai/ha of the toxicant. Applioationlof any
pesticide in April is likely to be less effective since
the prement studies showed that-th? third instar grubs
prosent in ths field during the period wara'not anenable
to control using the inseotioidau tested under normal
Iield dosagas. Furthar the grube inhabit the deepar
strata of Boil in April and the inaeotioidem applied

in the top layar of soil at 0-15 om nay not reach doumn

to the grubs.
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Largo soale uso of chlorinated insecticides in
soll may pose the rosidue problems since they are reported
to persist for very loag periods undexr field conditions,
Hepce the extent of such hazard and the movement of
pesticide downvards through infiltration were studied
in detail., The rooults (Table 21, 22 and Fig., 13)
ghowed that BHC applied in the monthe of April, June,
August and September had half livea of 89.6, 71.8,

66.4% end 35 days, respectively, and the residues alwost
completoly disappeared within 7, 5, 4 and 3 months,
respectively. The persistence of BHC undor oonditions
prevailing in Korala was far below the persiatanée
reporied from gsubtropical countries vig, 3 to 5 years
(Edwards, 1966), 11 yesrs (Lichtenotein et al., 1971)

and one year (Kuutson et al., 1971).

Tho dissipation of 70 to 95 per cent of the
residue was reported from differcunt parts of India
within periods ranging from 3 to 16 months (Agnihothri
et al,, 1974 and 1977; Eavadia and Gupta, 1976 and
Srivastava and Yadava, 1977). The variation in the
persistonce of the inseoticides applied in different
months of the year could not be corrslated with the
total rainfall, soil temperaturo and mean atrmospheric
temporature as is seon in Teble 21. The date in the

table and Fig. 13 aleoc showed that neither the quantum
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‘of residuos estimated by chemical and bioassay techmiques
nor the half life caloulated did very sigrnificantly.
Thie showved the reliabllity of bioassay technique in
the assay of BAC, The dipsipation of heptachlor {Table
29) did not show significant difference from the trend
ghown by BHC, The half life of the incecticlde applied
during different monthe of the year did not show as
wide a variation as in the cese of DHC, Like BHC for
hoptachlor also VWilkinson and Finlayson (1964) reported
peroistence for nine years and Stewart and Fox (1971)
for 12 years. Other studies reported so far showed
persistence for periods ranging from four months to !
twolve months only (Knutson ot gl., 1971; Guenzi et al.,
1971; Harrioc and Sans, 1972 and Agnihothri, 1978), In
genoeral, heptachlor was little more persistent then BHC,

Wifﬁ reference to the dovnward movement of the
pesticides in soil under conditions prevalent in Kerala,
it was seen that BHC mixed with the soll up to a depth
of 15 ci reached up to a depth of 45 cm within a month
or two; In the caee of heptaohlor the infiltration vwas
taking place a little slower, In both the caseso the
qua&ﬁity of pesticide rosidues reaohing the lower depthes
6f'15lto 45 ca was far below the level of conoontration
| reqn#*ad for causing mortality leg. coneophora grube,
(LDsb ;alues for second and third inetar grubs wvere
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0.7423 kg si/ha (0.35 ppm) and 2,677 kg ai/ha (1.27 ppa),
respectively, in the case of heptachlor and 2.371 kg ai/ha
(1.12 ppm) and 7.017 kg ai/ha (3.3& ppe), respoetively
in the case of BHC), This indicated the desirability of
raking the insecoticides to deeper layers of soll for
better control of L. coneophora in coconut gardens.
Similar leaching of BHC to lower layexs of soll have
been reported earlior also (Liehtenstein, 1958; '
Ergymanska and Mackilewicz, 1969; Gawaad et al., 197i

and Venkitaramainh and Singh, 1972). But Agnihotiri

et al. (1977) eould not recover heptachlor or BEC from
any depth below the level to which it was raked into

the soil. Knutson ot al. (1971) and Stewart and Fox
{1971) found the penotration of heptachlor to a depth

of 30 en and 25 em, rospectively: The rate of downward
novement of pesticide could not be correlated with
rainfall since in all the months during the period of

observation there was signifieant rainfall,
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The biology of the coconut cockochafer Leucopholis
coneophora Buram., was studied in full for the first time.
Tge teéhniques for ?earing the pest in rooted coconut
Beedalplantad in pots were standardiped., Detalls of
egg laying, formation of egg chambers in soil and the
increase in the size of tﬂe éggs during the:anbryonio
development were observed in detall., The d?VelOpnent
of the grub stages of males and females was followed up
separately. The larval characters viz, the length,
width and weight of the grubs and the duration of the
ditt?rent instars were studied, It was observed that'
the grubs of males and females did not vary significantly
in the first and second instar stages. The third inster
grubs and the pupae of ths laieslhad only half the weight
of those of females though in miée the difference was not
that significant. The mean larval duration was 260 days
for males and 270 days for females and the pupal durations
were 25.3 and 25.7 days, respectively. The study on the
genoral norpholsgy of the throe ?nstarl of grubs did not
show remarkable difference faclilitating their identification
exoept the lhiead capsule widths which were 3.19, 4.84 and
7.71 mm for the first, sccond and third instars,

respoctively.



164

For the differentiation of the males end females of
L, ooneophora in fisld, the external cheracters of the
beotles were studied end the size of the amtennal olub
was identified as an easy and reliable index for the
purpose, The antemnal oludb of mele wag 2.55% mm long and
thrice as long as its width, while that of the female was

1.62 mm long and twioe as long as the width.

Adult behaviour of L. coneophora was studied in
the fleld. The beetles emerging for a short flight
bofore mating wore largely males, while females romained
in the so0il with their head and antennae protruding.
Ratio of malos and females collected from flold wae
i 2 0,099, while that of laboratory resrings was
1 : 0,734, Adulte mated on the ground and never rested
on paants around. Mating proocees was typieal of the
Belolonthine bectles, DEmerging beotles left a hole at
the point of exit and these emergence holes gave an

indication of population density during the seapon,

Adults of L, consophora did not congregate on troos
around the point of emergence or feed on them. Exposure
to difforent plont materials in the laboratory and the
exomination of gut content of beetles collected from
field indicated that they did not feed in the cdult stage.
This restricted the possibility of adopting mechanioal
control of the pest by the collection end destruction of

adults during emergence time.
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Studiea on the detailed external morphology of the
third instar grud enabled the development of a taxonomio
key for identifiocation of the grubs of the three spsoies
ot Leucopholis prevalent in Kerala viz., L., conecophora,
L, burmeisteri and L, lepidophora.

The effeot of four different host plants vigz,
cassava, oacao and wild ;unn-honp (orotalaria) selected
‘rrou among the inter/mized crops grown in coconut plant-

ations, and the main orop coconut on the biology of

L. goneophors was studiod. Coconut and caesava had a
favourabls effect on the 1lnseot with reference to the
duration of development end size of the third instar grubs,
pupae and adults. Crotalaria was:the least £avouréble host
plent and cacao remained at an intermediate level., In the
case of males the weight was not influenoed by the different
hd-ts.lwhile cassava and coconut produced female grubs
weighing more. Crotalaria and oadao were on par and inferior
in this regard. With retereneé to the survival percentage
of immpture sptages aloo, cassava and ococonut were more
‘gafoufable to the poﬁ?. Insects reared on these hosts

had greater longevity and higher feeundity too; The
hatching percentage of eggs laid qy inseocts f;nred in these
hosts was also higher., In general, the effect of different
hosts on the grubs of male and female in-eotéldid not show

remarkable variations. Results indicated the possibllity
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of faster build up of the population of L, ooneophora
in coconut gardens free of other crops and in gardens
grown with favourable crops like cassava than in areas
where plants like cacao and wild sunn-hemp are grown

as intercorops.

The nature and extent of damage caugsed by grubs of
L. concophora on the ahove seleoted crops also was
studied by exposing plants raised in pots to different
levels of larval population, Cassava was more susceptible
at plenting time and during early stages of crop growth
since the infestation often causecd the death of plants
due to the eating up of the rind around the stem at ground
level, 1In later staoges, though the yleld was reduced to
some oxtent, plants wersz not totally killed even with a
population of five grubs per plant. The edible quality
of attacked tubere got reduced probably due to a fall in
amylose contont and increase in the fraction of amylopootin,
But the unattecked tubera in infosted plants were not
affocted. A taste panel also reported the poor quality
of the apparently healthy portion of partly damaged

tubers.

Cacano was found to be highly susceptible to
L. coneophora. Even with the population of single grub
per plant the total height and tap root length were

drastically reduced and the production of new lsaves
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practically errested. The weipghts of aerial and underground

growthe were alsc significantly reduced.

Crotalaria was most susceptible., A population lovel
of ono grub-per plant significantly reduced the numbor of
branches and leaves, length of roots and weight of above-

ground and underground growths,

In cooonut seodlinge the grubs tunnelling at the
collar region caused the drying up of the spindle leaf
followed by the yellowing of outer leaves and gradual
death of the plants. Gardens infested by the grubs
continuously ;or years caused debility of the paims,
yellowing of lcaves, shedding of buttons/immature nuts

end congoquent reduction in yield,

Population of different 1life steges of the pest
in different depthe of the soil was studied at two
locations in the infested belt over a period of three
years. The beetles were found more at depths of 350-100 o
during pre-emergcnoe season and between 15 and 30 cm depths
during post-emergence period. Eggs were seen predominantly
at depths of 30-100 cm, first instar grubs at 15-30 om,
second instar at 15~45 cm and third instar at 15«30 ca.
Lack of sufficient moisture in upper strate induced a
downward movement of the grube and that led to an erratic

trend in thelr distribution during different periods
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of the year. The pupal instars were more in deeper strata

of 60-100 cm depth.

Grouping of the numbers of adult and three instars
of grubs of L. coneophora over different ranges of temper-
ature and molsture for the three years of obgervation
revealed thelr tendency to prefer certain ranges of
temperature and moisture, The adulte preferred a soll
temperature of 29-31°C and so01l moisture of 9-1ii1 per ocent.
First instar grubs preferred 29-31°C while second and third
inster preferred 31-33°C. The soll nmoisture ranges
preferred by the first, sscond and third instar grubs were

8-10, 8-10 and 7-9 per cent, respectively.

The seasonal occurrence of the life steges of
L., coneophora also was studied for the first time over a
period of three years. Adults were collected from May
to August and the popnlatioﬁ'ﬁas'nore in June and July
than in other months, Eggs ocourred from the latter
fortnight of May to tho end of August, first instar grubs
from the second half of May to October, second instar from
éeoond‘hnlt of July to first half of Névenhar end third
ingtar was found from first half of October to the end of
July of the succeeding year. Fupae were seen from the

beginning of April to thas end of July.

The adult emergence appeared to ho triggered by the

quantum of rainfall during the premonscon period rather
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than]the comnencement of the rain; season. During early
emergenoce period in March/April when soil temperature
reached 37°C the heetles failed to emerge. However, no
correlation was observed between beetle emergence and
factors like rainfall, soil moisture and soil temperature

during May to August.

Since the results of 1nleot;cidal oontrol experiments
reported earlier were not oonolu-ivo probdbly due to the
erratic nature of the distribution of the polt, the
toxiolty of four ohlorinated hydrocarbon inueoticides to
the second and third instar grubs of L, coneophora was
aslissed by adopting precise bioa;say techniques suitably
developed ;or the purpose. The order of toxioity of the
ingseoticides aganinst the second ingtar grub was aldrin o
heptachlor >> BHC > chlorddine and ?gaz}n-t third instar grubs
it was heptachlor > aldrin > BHC > ohlordane.

Based on the bioeffiocacy data and cost factor
haptaohlor and BHC were further evaluated 1n'a field trial
(in tubs) for the control of L., coneophors. ROI&itl
revealed that one apﬁiioation of heptachlor at 1.4 kg ai/ha
in June sx two applications of BEC each at 5 kg al/ha in
June and Septeihe? would give complete kill of grubs.
Insecticide treatment in April wa; found to bo less effective
Probably becausé the only life stage of the pest avallable
1n‘tie1drdur1ng the period was third instar grubs which
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lived in deeper strata of soil in April and which required
& very heavy dose of pesticides to get killed. The
germination percentege of groundnut seeds sown in treated

tubs also endorsed the above findings.

Since the use 0f chlorinated hydrooarbon insecticides
in so0ill 18 generally believed to leave residues for long
periods and also hecause no previoun studies in this line
were available the perasistence of BHC and heptachlor in
Kerala soils was studled using standard chemical and
biloassay techniquea. The half lives of BHC applied during
April, June, August and September were 89,6, 71.8, 66.4
end 35 days, respectively and for heptaohlor the half
lives variled from 72.2 to 87,7 days.

The downwaxrd movement of the pesticides wae assossed
to know the possibilities of the toxicant, normnlly raked
to a depth 01:15 cm in soil, readhing the lower strata
whexe the life stages of the pes@ are generally seen in
large numbeys. BHC and heptachlor penctrated to a depth
of 45 om within a month or two after treatment but the
quantlty thus moving down was too low to cause the death
0of any of the grub qtagas of L, coneophora, Thig
indicated the desirability of incorporating the insecticide

to lower depths in soll.
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consophora in different depths of soil

year.

in different pericds of the

Distribution of adults of L.

‘M ’..

Anzn

& b

(cm)

a b Total

S.po

b

dal,

Jun,

Nay
b

a b

ysar

'h

lﬁcatian

0

00 0 0 ‘0

0
0

Thaghakkara 1978 0-15

0
0

0
0

1 0
00

3

0
0

13=30

1

30=-45

1
4

0 0 O

4%5-60

60o-160

" 10

00 00
1 0 0

2

0 0
0

2

0

Total

1979 0-15

0
0

0
0

15=-30

12

0

Jo-43 0 O
45-60

0 -160

2

i 60

0

0

01

7 30

0

3

0

30-45
4560

-

60-160

0
0
0

0

0
0
0
0

2

0
0
0

Total
1978 0-15 )

10 12

Vashuvadd

15=30

12

30-45

0
0

10 o0
2 10 o

2

0

0

0
0

45-60
co-160

0

o oo
-
o o
= B
o o
N o
" o
w Qo
o _Q
ﬁ =]
=
-
o o
o o
Q O
- R
.m i
b &
=

<A

ha

|4

© o
-

(- I~

.

L2~ |

< -

0
0

0
0

15-30

30-45
55-60

60180

Bu&. -t

o

3 02 0

1
i 12 5 7 2 0

0
0
1

0

Ll

1
0

0
0

0
0

Total

1980 0-15

111].11

0

0

13-30

30=45
4560

13
17

49

15,

60180

0’0

2 2

Total

7 22 00

plt..

Population given ia the totel nmmber of adults 1n 10
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Apmadixz g, Distribution of eggs of L. coneophora in different depthl ot
soil in different perlodl o! the year,
oot youe W Wy dm I de
Thaohalbaws 1078 015 0 0 5-120 0 0 0 © 0 1%
139-30 0 &4 10 32 11 0.0 O 0 57
3048 0 18 0 11 0 18 0 0 0 4
60 0 © 0 0 0 0 0 0 o 0
0160 16 19 0 0 25 0 0 0 O 60
Total 16 3% 15 55 36 18 0 0 0 173
2979 o0-12% 0 ©0 © © ¢ ©0 0 © 0 9
15%-30 0 35 10 ¢ 18 21 10 O O 62
3-45 0 19 17 32 17 0 % ©0 O 86
60 0 0 2 27 0 2 13 0 0 84
o140 0 17 0 O & o6 0 ©0 o0 o1
Tetal 0 39 49 5 35 4 95 0 0 253
1980 o015 1 0 5 0 0 0.2 0 0 8
153 0 3513 03 011 o0 0 %
3023 0 18 14 40 90 33 ® 0 0 153
460 0 0 0 3V O MY 0 0 o
Go190 10 21 O 0 17 6 O0 0 0 58
Total 11 4k 32 80 67 & A 0 0 372
Vaghwvadi 1978 0.5 © 1 0 O0 0 © G0 O O 1
153 0 0 0 0 0 0 0 0 o 0
3045 0 9 0 11° 2 15 0 0 O %7
4560 4 0 0 16 13 0 0 0 0 33
€160 8 82 0 0 5 0 0 ©0 0 173
Total 90 92 O 27 9 15 0 O O
1979 '0-15 0 O 0 ©0 ¢ 06 0 0 0 0
155 0 0 2 125 02 1 25 &
3043 0 11 3 14 30 51 30 24 30 193
460 0 03 3 0 © 0 5 0 4
G040 0 5 4 7 0 0 0 0 0 106
Total 0 69 78 23 55 51 93 40 35 436
1980 0«15 1 2 0 O 1 ©0 0 © O A
1530 22 ©0 0 O ©0 02 ©0 0 4
345 13 9 18 7 17 30 33 0 o0 127
4-60 0 o0 11 30 21 % 0 0 0 82
Go100 0 51 4 19 0 ©0 O 6 0 110
Total ‘36 62°69 % 39 5 6 0 0 372

Pepulatiea given 1s
s = first fortnight

the totol cuamber of eggs in 10 pits.
of the month; b = second tortnight of the menth
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Appendix 3. Distribution of first instar gruobs of L. consophera in
different dapths of soil in different pericds of the year.

locatien year depth May Jun, Jul. Aug. Sep. Oct.

(c) D 8 b o b = b &b = total
Thazhakknra 1978 0«15 2 0 0 22 7 7 9 9 7 2 &5
1530 1 3 5 316 1728 2517 & 119

30-43 0 18 51 117 #%i1 1 50

4560 0 01 01 01 63 0 12
60-100 0 0 1 00 (6 0 20 © 9

Total 3 &13 1025 3155 4738 7 235

1979 0-15 0 4 0 1113 1112 9 0 G 60
1530 0 110 1810 1117 28 3 2 97

4 o0 017 7 1 2 4 67 0 Ak

¥%-60 0 02 21 0% 70 0 139
60-100 0 0 0 12 00 10 O 4
Total 0 549 3927 2536 4810 2 240
Vazhuovadl 1978 015 3 411 75 614 2 3 o0 42
1%30 3 3 3 913 101 2 2 3 62

3043 0 2 3 9 8 510 4 7 0 &8

4360 6 0 1 41 0 2 11 2 18
60-100 1 6 0 10 OO0 3 0 O 5

Total 13 6 8 3027 20140 1213 5 175

1979 o0-1% 0 2 @ 3 A & 7 10 3 1 36
1%.30 0 2 4 11 8 10 3 B8 2 & 952

30-43 0 1 6 418 9 3 1 & 1 &
W-60 0 01 75 03 04 1 A
60100 0 0 0 ©0'0 0 2 0 2 O 4

Total 0 513 2529 7 1%

2318 19 15

Population given is the total number of grubs in 10 pits.
a = first fortnight of the menth; b = second fortnight of ths w:onth,



Appendix 4, Distribuilon of setond instar grubs of L., coneophara in

different depths of soil in different periocds of the year.

locaticn year djg'})l :ull.) f“‘{' !:ap}.) Eott.) E‘"{‘ g'ci‘ total
Thaghakkars 1978 0-15 0 1 1 0 2 3 2 3 00 0 0 12
153 0 6 %5 2 18 &7 S0 00 38

-5 0 1 13 18 3 1.7 3 0 00 37

n5-60 0 0 01 8.3 01 00 00 13

60-100 0 0 0 6 00 00 ©9 0 0G0 6

Tetal 0 8 712 217 718 .8 0 0 0 106

979 o015 21 3 6 122 62 3.0 00 3

133 17 44 114 710 30 00 5

30-43 0 1 1 2 17 3 23 o0 o0 o0 0 2

60 000 11 83 11 00 00 15

619 0 0 00 ©00 o031 00 00 1

Totel .3 9 9013 3822 1017 6 0 0 0 127

Vashuvadi 1978 0-15 00 5 0 11 00 00 ©0 0 10
15350 1 2 64 1 4 12 4O 00 25

33 1 7 01 103 %55 206 00 34

5560 0 2 03 0 11 20 00 9

60-100 0 1 0 1 3 0 0 0 2 0 0 0 7

Total 2311 11 9 1512 7 8 10 0 0 0 85

1979 015 0 0 2 4 03 11 00 O00 11

' 1%30 0 6 01 2 2 &84 %20 00 18

3-485 0 0 33 04 16 00 00 17

k560 0 0 ©0O0 O 4 13 00 O0O0 8

60200 0 0 00 02 01 ©00 00 3

Total 0 0 5 8 215 515 72 0 0 0 57

Pepulation given is the total nunber of grubs in 10 pits.
& = first fortnight of ithe month;

b = second foxrtnight of the month.
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61
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35
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11
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1
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1
0
0
2
1
3
1
0
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0
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0-15
15-30
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0-1%
15-30
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4360
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Appendiz 5. Distrivutien of third instar grubs of L, consephera-ia

lecation o

Thachakkara

Vashuvadi

1

£0.160

14
10

14

7 1

Total
0-13
15-30
45-60
60.180
Total

Populstion given is the tetal mwmber of grabs im 1 pits.

3045

1979=-80




jiferent dsptbs ef #oil in different porieds of {hs year.

total
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103

12

10 41 5 11, 12 292
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Appendiz 6. pigiribation of pupas of L. coneophord in different depths of soil

Apr,
a b
0

0

Moy,
7Y
0

ipth

. {em)
0~15
15=30

de

1978

in different periods of the year.
year

lacation

Thaghakkara

0.&.3%.

L= — I - |
[~
. -
o - o

Qo QO

LT — I |

0 0
00
0 0

30-45
45-60

10
18
14
11 3 3 2 48
15
15
32

1
0
0

0 0 31
0

0
1
0
0
0

|
03
4 0
0
2 3
4
9 8

5

1
3
2
7
513
3

5
0
2
1

511
713
3 1
B 3
0

2 1
2

0
0
0
2
2
2
5

0
0
0
0
0
2
0
1
1

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0-15

60.160
15=30

Total

1970  0-15

15-3%0
F0=45
45-60
60100
Total
50=45
45-60
60-1&0
Totel

1080

62

9 16

L

b

13
19
12
30
88

68

0
0

10 00

6

0
0
2 0
20
0
0
0
00
0 0

0
0

00
1 0
o0

¢
33
23
0 2

8
1 0

>
LAk o2

0

2.

5

25 10

3

J

1

0

335 229
4

2
16
0
8
3
9
2
7
18 12

3
n
1
3

318
525

7 4

Population given is the total number of pupas in 10 pits.

a = firet forinight of the month;

0
1
4
1

0
D o
6 0
c o
0
0
0 0
0 4
2
3
& 7
10 o0
L 4 2211

b = cecond fhrtnight of the month,

0
0
0
9
0
0
0
0
0
2
0
0
2
2
0

0
0
¢
0
0
0
0
1
0
0
2
1
1

0=-15
15=30
0-15

60460 0 0
15-30

Total

1979 0-15

30=45
15=30
30-45
45-60
60.160
Total
30-45
4560
60180
Total

45-60

1978

1980

Vazhuvadi



Appendixz 4, Distribution of second instar gruba of L. ooneophora in-
different depths of soil in different poriods of the year.

depth Jul. Nov. Dac

location year (ca) a b .:ugl; EOPI; got{) a b a l'31;otll
Thaghaldara 1978 0-15 0 4 1 0 2 3 2 3 0 0 0 0 12
153 0 6 5 2 18 47 560 00 38

30-45 0 1 i3 18 3 1. 7 30 0 0 37

60 00 01 83 01 00 00 13

60-100 0 0 0 6 00 ©0O0 0O ©00 6

Tetal 0 8 712 2 7 718 .8 6 0 0 106

1979 015 2 1 3 6 12 2 0 2 3.0 0 0 31

1330 1 7 * & 114 710 30 o0 o0 51

70-4% 0 1 1 2 127 3 23 00 0 0 99

%560 000 11 8 3 11 0¢ 00 15

60100 0 0 00 00 041 00 o0 i

Total ,3 9 913 382 1017 6 0 0 0 127

Vashuvadd 1978 0-15 00 5 0 11 ©0 0 0 0 0 0 10
130 1 2 6 % 1 4% 12 40 00 25

3-45 1 7 01 10 3 55 20 00 3

w60 01 03 01 11 230 00 9

6o-100 0 1 01 3 0 00 2 ¢ 00 7

Total 241 11 9 1542 7 8 10 0 ©0 0 85

979 015 0 0 24 05 11 00 00 11

136 00 031 23 2& 7 0 00 18

30-45 0 0 33 04 16 006 00 17

%60 0 0 006 04 135 00 00 8

60-100 0 O 6 Q a 2 0 1 0 0 0 @ 3

Total 0 0 5 8 2 515 7 0 00 57

Pepulation given is the total mumber of grubs in 10 pits.
& = fixst fortnight of the month; b = second fprtnight of ths month.
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Appeadix 3, Distributien of third instar grubs ef L. conse

ora im

b
12

b
12

a
1

izt

)
0-15

year
1977-78

L

leostien
Thazkhakkara

15=-30

18

30-45 10 3
45-60

60160

0
0

13

17

5 28

61

20

Tetal

0-15
15-30

1978-79

30-45
4360

60.160

2
|

13

20

Tetal

0-15

15-30

1979-80

30-45
45-60

60.180

0

17

20

Tetal

0-13

1977=78

Yazhuvaii

14

14

11

0

15-30

30=45

45-60

60100

Tetal

0-15
13-30

1978=-79

3

30-43

A3-60

1

60100

14

17

22

Total

0~-15

15-30

1979-80

6

3
1

30-45

45-60

60. 160

10

14

20

11

7

Total
Pepulation given ie ths tetal number of grubs im 10 pits.




Appendiz &, DPistribution of second inmter grube of L. coneophora in

different depths of soil in diffevent nerinda nf the vearp,

ci.pth'

location year (ca) gull., iﬂg{, f;’ep}; getb ._EO'?';) 2“5 total
Theghakkara 1978 0-15 0 1 1 ¢ 23 2 3 0 06 0 0 12
%3 0 6 52 18 &7 50 00 738

345 01 13 183 17 30 00 37

45-60 0 0 01 8 3 041 0600 0 0 13

60-100 60 ¢ 0 6 O 0 0 0 9 0 o O 6

Total 0 8 712 9217 718 8 G 0 0 106

1979 0-15 2 1 36 12 2 02 30 00 3

1530 1 7 4 &% 118 710 30 00 S5

50-55 0 &1 12 17 3 23 6 ¢ 00 929

4560 00 11 8 3 14 e06 00 15

60-106 0 0 00 00 01 00 00 1

Totel .3 9 913 3822 1017 6 0 0 0 127

Vaghuvadi 1978 0-45 000 5 0 114 0 0 0 0 0 0 10
153 1 2 6 4& 1 % 4 2 4% 0 00 25

30-455 1 7 01 103 55 206 00 3

45560 0 1 0 3 O i1 2906 00 9

Go-100 0 1 01 3 0 00 20 00 7

Total 211 11.9 1512 27 8 10 0 O 0 85

1979 o©-15 0 0 2 & 0 35 11 00 o0 0 1t

130 ¢ 0 o031 2 2 2% 70 00 18

-4 0 0 3 3 0 4 16 00 00 i7

%560 0 0 00 6 4 13 ©0 00 8

60-100 0 O 0 0 g 2 0 1 0 0 0 0 3

Total 0 0 5 8 215 5§15 7 0 0 0 57

Pepuletion giver is the total pumber of grubs in 10 pits.
a = first fortnight of the month;

b = second fortnight of the wmonth,
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Appendix 8, Distribuiion of third instar grubs of L. consephora-im

lecaticn "N year d?g:li .Oct.h .Nor.b alilm.h .Ju;L )
Thazhakiara  1977-78 0-1:;3’ 1 12 o 12 6 6 o 0
15-30 0o 29 7 22 22 12 1 3
30=45 0 10 5 18 16 7 6 &
45-60 0 6 6 9 8 3 8 2
¢o-160 0 3 2 o 2 0 2 A
Tetal 1 60 20 61 5 28 17 13
1978-79  0-1% o 0 o 5 4 4 2 2
1%-30 o o 5 13 7 6 4 5
5045 0 2 9 10 7 8 g8 3
60 2 2 3 3 7 2 &k 2
60460 1 @ 3 3 3 0 2 3
. Tetal 3 4 22 34 8 20 20 15
1979-80  0-15 o o ¢ 6 3 2 1 2
15-30 1 1 13 7 4 3 5
50=45 1 1 11 9 8 3 8 5
4560 0o o 5 3 7 3 7 3
60-180 0 o 3 3 2 3 1 2
Total 2 2 25 3% 27 15 20 17
Vashuvadi 1977-78  0-15 0o 2 6 5 2 3 2 0
15-30 0 11 1 14 6 9 1 g
3045 0o 2 5 5 2 5 E &
4%5-60 0 0 5 7 7 6 7 9
60160 0 0 11 4 o 3 3 0
Tetal 0 15 3% 3% 17 26 - 17 15
1978=79 0=15 0 o 6 0 0 0 L 1
15-30 2 1 5 3 3 7 48 4
30-459 3 6 8 2 8 7 0 6
4560 1 2 6 3 3 3 1 0
601860 1 0 5 0 3 4 29 3
Total 7 9 22 8 17 21 18 14
1979-80.  0-1% i 1 1 0 1 3 1 1
15-30 0 o 2 3 5 7 2 1
3045 3 6 4 3 8 3 4 2
45-60 1 3 ) I ¢ 8 5 7 &
60.160 2 1 0o o 2 2 0 2
Total 7 11 8 7 24 2 1% 10

Population given is ths total number of grubs im 10 pits.
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Appendix 9, Distributiea of third instar grube ef L., cens

ora im

year

lecation o

[EY

-

12

12

i

0-13
15-30
30-45
45-60

¢0.160

Toetal

1977-78

Thazhakkara

10

0
0

13

17

54 28

61

20

60

0-15

1978-79

0

15-30

30-43

2
: |

4360

co.460

Tetal

0-15

1979-80

1

1530

3045
A5-60
60.100

Tetal

0

20 17

15

0=1
15-30

1977-78

Vashuvadi

14

14

1

0

3045

A3-60

60160

15

17

26

17

3% 35

15

0

Tetal

0-15

13-30

1978-79

2

30-45

43-60

60100

14

17

Tetal

0-1%

15-30

1979-80

3045

1
2

45-60

60.160

ik 10

24 20

11

7.

Total
Pepulatioen given is the tetal number of grubs im 10 pits.
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Appendiz 9, Diotrﬁhtion ofj third instar gruks of L, conesphora-ia

lecaticn . year | izg:.s .Oct.b .Nor.b .Du.b .Jn;Lt
Thediskiara  1977-78 o-'1||5U 1 12 o0 12 6 6 o o
1530 0 29 7 22 22 12 L 3

30-%5 o 10 .5 18 16 7 6 &

4560 0 6 6 9 8 3 8 2

60.1%0 o 3 2 o 2 o0 2 &

Total 1 60 20 61 % 28 17 13

1978-79  0-15 0 o 0o 5 L4 e 2
15-30 0 o 5 13 7 6 4 5

30-43 0 2 9 10 7 8 8 3

hs-go 2 2 5 3 7 2 A 2

60480 | 0 3 3 3 0 2 5

r.t.ﬁfl 5 4 ©£2 Sk 28 20 20 1%

1979-80  0-15 o o o 6 5 2 1 2
153 1 1 5 135 7 & 3 5

30.,455 1 1 11 9 8 3 8 5

60 o 0o & 3 7 3 7 3

60.“?;0 0o o0 3 03 2 3 1 2

Tetal 2 2 235 % . 15 20 17
Veshuvadi 1977-78  0-15 0o 2 0 5 2 3 2 o
15-330 0 11 1 1 6 9 1 2

30-45 0o 2 5 5 2 5 A4

ts—?ﬁo 0 0 5 7 7 6 7 9

60-1%0 0 0 11 Y 0 3 3 0

Tetal 0 13 35 35 17 26 17 1%

97879 o5 0o 0o 0o o0 0 0 & 1
13=30 2 1 5 3 3 7 L T

so-lihs 5 6 8 "2 8 7 o 6

as-_qp 1 2 6 3 5 3 1 o0

60-18p +t o 3 0o 35 & 9 s

Totu:l 7 9 22 8 17 21 18 14

1979-80  0-15 1 1 1 0 1 03 1 1
15-3')':0 0 o 2 3 5 7 2 1

045 3 6 4 3 8 3 & 2

45-60 1 3 T 3 8 5 7 4

60-161:0 g 1 0 0 2 2 0 2

Total 7 1 8 7 2% 2 14 10

Populstion given is the tetal n_ﬁmbtr of grubs im 10 pits,



Agpeadixn 5, Distributien eof third instar grubs of L. consophora-im

.b m
®
Nl [~ ]
.b m
-
%i i
93 %
28 3
1R
51 s
i S
N
® a
1E
%
sl 4
il -
[ ]

15-30

10

30-47
45-60

60160

Tetal

13

17

5 23

61

20

60

0-15
15-30

1978=79

0

30-43
4560

o160

1
3

15

Tetal

0-15
15-30

1979-80

1

30-45

0
0

45-60

60.180

2

Tetal

0-13

15-30

1977-78

Vaghuvadi

1k

1k

1

J0=45

45-60

6000

11

0
0

15

17

26

17

35 35

15

Tetal

0-15
15-30

1978=-79

30-45
45-60

£0.10D

1

14

17

Total

0=15

15-30

1979-80

6

3

30-45

45-60

&o. 180

2
7

mamber of

Total

10

14

2% 20

11

‘rlh' i= 10 pitlo

18

Population given is ths tetal
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Appendix 9, Distributien ex third mﬁ}'u- grubs of L. consephora im

-

lecation N yoar | dg:li ioct.b . éN“.h .Doe.b 'Ju;l |
Thashakkara  1977-78 0-15{" 1 12 0 12 6 6 0 o
15-30 0 29 7 22 22 12 1 3

30-45 0 10 5 18 16 7 6 4

45-60 0 6 6 9 8 3 8 2

60160 0 3 2 o 2 0 2 4

Tetal 1 60 20 61 5. 28 17 13

1978~79 0-15 0 o 0o 5 A 2 2
15-30 o o 5 13 7 6 4 5

5045 0o 2 9 10 7 8 8 3

k5-60 2 2 5 3 7 2 Kk 2

co.4b0 1 0 5 3 3 0 2 3

Tetal 3 &4 22 3 23 20 20 15

1979-80 0-15 0 0 0 6 3 2 1 2
15-30 1 1 5 13 7 4 3 5

30=45 1 1 11 9 8 3 8 5

45-60 0 o b 3 7 3 7 3

60.180 0O o 3 3 2 3 1 2

Tetal 2 2 23 A 27 15 20 17

Taghwvadi 1977-78 0-15 0 2 0 5 2 3 2 0
15-30 0 11 14 14 6 9 1 2

30=45 0 2 5 5 2 5 4 4

45-60 0 o 5 7 7 6 7 9

60180 ¢ 0 11 & 0o 3 3 0

Tetal 0 15 35 35 17 26 17 15

1978=79 0=15 o 0 0 0 0 o L 1
15-30 2 1 5 3 3 7 L 4

30-45 3 6 8 2 8 7 0 6

45-60 1 2 6 3 3 3 1 0

60-160 1 o0 3 0 3 4 9 3

Total 7 9 22 8 17 21 18 14

1979-80 0-15 1 1 1 0 1 3 1 1
15-30 0 o0 2 3 5 7 2 1

3015 3 6 4 3 8 3 L 2

5560 1 3 1 1 8 § 7 &

60-160 2 1 0 0 2 2 0 2

Total 7 11 8 7 2% 20 1% 10

Population given is ths tetal number of grubs im 10 pits.



Appeadix 5, Dietributien of third instar grubs of L. consephora-ia
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different dspths ef soil in different periods of ths year.
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VIi
Apyemdiz 6. Digiribwtion of pupse of L. consophora in different depths of soil

in different periods of the year.
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Appendix 7. Moteorological date relating to Thaghaklora for the period

depth January Februsry , March April May

yeor (cm) a b a b a b a b . b
1977 0-15 soil tempsrature °C

15-30

30-45

45-60
1978 0-15 43.0 43.8 444 4@.3 L0.5 38,0 28,3 32.5 P0.5 41,6

15-30 34,0 34.3 344 36,9 35.0 38,6 29.2 29.7 35.3 35.3
30-43 32,45 32.4 33.8 .8 32,6 36.4 29.4 20.0 33.0 32,5
45-60 31.5 31.% 33.2 33.0 32,0 3%0 20.0 28.8 31.0 31.0

1979 0-15 9.9 %0.2 A44.9 43.8 43.0 45,0 43,0 4b.4 33.0 27.7
15-30 33.3 33.7 35.3 36.8 36.9 35.9 37.5 36.6 32,2 26,9
30-45 3.1 32,4 35,0 A4 344 35.2 36.0 3h.8 32,8 32.2
45-60 50,0 29.2 733.0 32.0 35.6 346 348 32,6 32.0 34.0
1980 0-15 41,0 50,8 40,0 41.3 46,9 48.8 4%.1 39.1 42,5 413

15-30 33.9 32.5 33.9 35.6 36.4 38.1 40.4 35.3 33.0 36.4
30-453 32,5 31,8 33.0 344 39.9 36.2 36.4 34.4 34.0 34,8
45-60 31.8 31.8 32.0 31.9 34.8 36.3 35.3 32.0 33.0 33.0

1977 O-15 MM
15-30
30-45%.
54560
1973 0-15 7.6 3.2 47 46 5.9 6.9 Fk 55 7.4 47
15-30 73 6.1 5.8 43 6.3 10,1 6.6 7.3 7.2 49
50=-45 6.6 8,9 7.2 6.5 7.7 12.2° 5.6 7.6 6.3 4.7
143-60 7.2 8.9 7.7 6.6 8,4 11.3 53 6.8 6.3 6.4
1979 0-15 7.5 4.6 6,3 4.0 B.8 59 4,9 11,5 10.8 5.8
15-30 75 6.1 6.4 48 7.3 51 53 13.6 11.5 7.3
30-4% 7.2 6.9 6.7 55 8.2 7.7 59 13.4 148 8.6
45-60 83 83 8.7 6.2 87 81 66 158 161 13.2
1980 0-15 50 fLuh 43 3l 3.0 7.3 T3 5.2 5.4 5,6
15-30 5,6 4.9 5.0 5.2 4.0 49 55 8.0 7.2 5.9
30-45 73 7.8 6.0 5.8 5.6 5.5 4.6 8.7 6.4 7.8
4%-60 56 7.3 7.3 6,2 7.2 59 55 6.5 6.5 7.9
1977 total rain ‘m[
1978 0 0 5 18 12 2 42 30 17 231
1979 60 0 o i 0 o 44 48 1m 22
1980 0 0 0 0 8 30 43 19 85 92

s = first fortnight of the month b = seoond fortnight of the month



frem September, 1977 to September, 1980.

Juns July August September October November Dacenber
a b a b a b a8 b 8 b a h a b
32,1 42,5 41,1 32,8 39,7 9.2 40.1 4i.1
29.k 36,9 36,2 31.3 344 33.0 343 35.8
28,5 33.3 32.3 31.2 30.6 30.4 31.3 29.4
28.0 30.1 23,5 27.0 29,0 29.1 29.1 28,5
35.5 32,5 32.7 30.8 35.8 33.6 43.0 34.A 41.6 40,8 35.3 39.9 39.4 30.4
31.9 29.7 30.8 29.5 30.5 30.4 32.0 32,2 35.3 32.2 30.8 347 34.2 33.6
29,4 29,0 20.6 29.45 28.9° 28,4 32.4 30.8 31.8 32,4 30.4 32.4 31.2 32.0
28.5 28,0 28,6 29.0 28,0.27.6 31.0 30.0 30.5 31,0 30.0 31.3 30.5 30.8
43.0 38,3 35.8 37.5 28,9 36.3 40.1 35.2 41,0 37.1 35.8 38.3 37.2 39.8
38.0 33.9 30,8 34,7 28,0 ‘347 31.0 33.5 355 33.0 33.1 .34 31.3 347
35,0 31.9 31.0 32.4 28,2 32,6 31.1 31.% 32,4 32,5 30.8 31.2 35L.2 32.6
34,0 30.4 20.5 30.6 28.6 31.4 31.5 29.3 51.5 31.0 29.4 30,0 30,8 3.1
35,4 3%.4 26,1 28,1 30.1 31.9 38.1 37,3
34,8 32.8 26,9 29.5 31.2 32.0 29,5 35.2
o1 32.6 20,4 30.0 3L.5 32,35 29.0 30.3.
32,0 32,0 20.4 30.0 3.5 32.5 2.0 29.5
' 9.2 %9 6.1. B.5 7.8 7.9 4.8 4.7
9.8 B.4 6.8 7.7 6.8 7.5 %1 5.k
10.8, 9.9 6.5 8.4 7.4 8,8 .51 5.4
12,8 14,9 6.5 0.8 10,6 10,2 6.5 9.8
27 10.2 8.3 8.7 11.6 10,3 7.9 6.5 6.3 5.2 53 5.4 5.5 3.3
7.2 8,6 7.9 9.2 14.2 9.3 8,5 7.3 7.00 8.1 8.2 6.5 6.5 43
6.7 9.9 8.4 12,7 17.7 10.2 9.5 8.8 6.9 8.9 8.9 8,3 7.2 5.9
6.7 10.8 B.9 15.1 17.9 10,1 11,9 12,5 6.8, 10.5 16,9 8.3 6.8 7.2
6.2 6.5 9.6 7.6 B.4 10.5 8.8 7.7 5.7 5.0 %3 5.2 43 3.9
7.1 6.8. 9.2 9.8 8.8 9.3, 9.3 81 6.7, 6.3 8.2 7.4 7.3 A5
7.8 8.2 9.8 9.0 i1.1 9.2 9,5 9.6 B.1 7.4 8,7 7.3 7.5 5.6
12,1 6.8 12,4 1.k 12,8 147 13.7 13.5 1.2 11.5 10.4 B.6 9.4 2.3
6.5 9.0 9.6 9.5 10.5 8.7 7.5 6.5
58 7.6 11.4 10,2 10.8 9.3 8.5 8.4
7.8 6.5 13.4 10,7 10.9 10.1 8.7 8.9
2.9 6.9 16.9 10,8 11.3 11.1 149 13.4
799 686 150 237 249 196 27 29
234 137 250 177 330 129 99 61 27 255 255 362 127 25
o72 281 153 139 63. 70 1s% 133 101 28 98 145 7 11
207 32 306 212 179 88 101 110




Appeadiz 8, ANOVA relating toi-

Table 1.
BouUrce 4.1, mean sum of aguares
duration of grub duration duration
first second third total of pupal of egg
instayr . instar instaxr period to adalt
© Male ' ' '
Host ] 2k 43 403, 20%% 245, 6% 2003.371 21,02 a535%. 207
Error | 36 13.78 48,51 88.11 121.0% 2.60 123.61
_. . F’ellalo T
Hoot '3 3.89 694, 33%% 518. 265 2165, 70%* 20, 4gTH 2461, Yt
Error ¥ 14,92 A2, 57 67.30 63.08 4,53 74.48
Table 2.
soox'ce d.f. menn enn of sguares
male fenale
length width veight length width - weight
Host 3 53, 76%% 3.36% 0,64 91,75%* 2,29%% he30%
Error 36 6.25 0.86 0.31 T 2.99 0.6% 3.17
Table 3.
EOGICe d.£. mean gum of sgqguares
__rale fomale
length width weight length ‘width welght
Erzor 26 5.2 1.02 0.038 3.95 1.5 0.31




Appendiz 8 (econtd,..)

Table 4.
B0UrcH d.!_.' noan sun of sgquares
male female
length width weipght length width waight
Host 3 20.90%* 1.61 0,63 26,30%%# 11,89%% 2,253
Error 36 2,67 1,58 0.05% 2,60 1,34 1,11
Table 5.
soUrcs d.f. mean sum of squares
mle femalo oviposition No., of parcent
longevity long_e_vity pordod egd laid ege Batehed
Host L3 529, LGFE 43,95% 354, 10## 3745, 29%% 102,62*%
Error 36 - 9.90 5.20 7.52 206,51 23.22
Table 6.
lo'urce d,f. mean sum of sgqguares
No. of veight of
new , v+ demaged undemnged
height girth leaves top growth roots tubers tubers
Replication 14 1818,34  0.029 155,24 15334.49  16078.75 176955.79  4062509.83
Treatment 3 16993.02%% 1,28%% 1303,52% 807227.75%% 66790.94** 2104567.84%%  807277,75+*
Error 42 502,13 0.0031  165.73 14912.94 11356, 42 126948.33 15912,94
M%-gwmﬂ;m
Replicotion 14 2%0669.82
Treatment 3 72497545, 910
Error 52 277699.72




Appendix 8 (contd...)

XIx

Table 7.

source d.f. .mean sum ef squeres
staroh iuyloso sxylepectin HCN

Treatment 2 8"9 . 53“ 190. 6‘6“ 187. 51** 581 . m
Error . 27 20.47 1.87 . 1,90 35.58

Tat!l. 8,
source d.f. nedan sum o©f squares

weight of weight of
height ney length of abovegreund underground

leaves tap root grorth ___growth
Replication 15 17.81 "1.023 '18.99 3.02 T 2,35
Treatment 3 559, 0g%* 209, G 980, 534+ 505, 44 % 176.10%*
Error L2 13.26 0.96 9,10 1.731

1.79




Appondix 8 (contd...)

XI1x

Table 9.
source d.f, meon n'u- o squares _
veight of veight of
height No. of No,., of length of sboveground wurdsrgromnd
branches leaves tap reot growth growth
Replication 14 124,26 25,24 322, 93.02 52.92 15.02
Treatmnt i 41589, 63%¢ 2881, g 188972, 03%% 39750. 254 13107, Gl 10364, 66
Exror 14 85,34 11.77 387.58 119.54 83.41 20.97
Table. 20.
source d.f. mean sum of sgquares
survival enrvival mortality
of of of
gxubp grubs papas plante
Treatoont 8 1514 694+ 1022, O5# 2306, 95%%
Erxror 15 6.92078 7.7565 20.997
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ADSTRACT

Tho hiology ot the cogonut oockohater Leuoogholin
coneophora Burm, was studied in detail tor tho Iirlt
time. Techniques for rearing the pestn fron egg to aﬁult
in potted plantulkept in field were wstandardized. Tﬁ.
egg laying behaviour of adults was observed, The morpholo-
glcal changes of eggs, ditrerent 1nsthrs of grub-'and
pupae during developnan% wore studied in detail, The
changes in ipmaturce stages of male and female inpects
wore traced separately. The genoral norpﬁology of
different instars of the grubs was studied in full with
a view to finding distinct identifying charaaters for .

each,

The extornal morphology of the adults was exaained
for identifying suitable eharao§0r9 for the separation
of male and femsle individuals and the nature of antennae
in the two soxes wnﬁ found as an e¢asy and relinble

index for separating then.

Adult behaviour of L. coneophora was studied ip
the field. The emorgende of beetles, formation 91
emergence holes, flight qpt;vity of the beetles, mating
behaviour and feading were observed in deteil, ghult
feading was studioed by providing the pqgtloa with

coxmon plants seen in coconut gardens, in yhe 1abqratory.



Beotles collected from field were dissected and their

gut content was cxaminod for studying the consumption

of materials, if any. L. coneophora was not found feeding
during adult stage.

The studies on the detailed extormal morphology of
the third instar grubs of L. conecophora emabled the
development of a texonomic key for the identification of

the three species of Leucopholic prevalent in Korala vis.

L. coneophora, L, Qnrmgisﬁé;l and L. lepidophora.

The effect of four different host plants viz.
cassava, ¢oconut, caoao and wild sunn-hemp (orotalaria)
on the biology and development of L. coneophora was
studied in detail. The effect on duration of life stages,
body length, width and welght, survival of immature stages,
preoviposition period and feocundity were studied énd it was
obsorved that the larval nutrition had‘signiticant effect
on all the ﬁbove aspeots, Cassava and cooconut were found

morae favourable for the pest than caoao and crotalaria.

The extent and nature of damage done by L. coneophora
to the above hoat plants (exoept in the case of cooonut)
was studied by exposing the plants to different levels of
grub population in pots. Cassava was found to be more
suscaptible at the time of planting and during early

stages of growth. Vhen reoleased om four-month-old orop



evon a heavy population of rive grubs per plant did not
kill them oqtright. The tubers when ﬁartly ﬁaﬁa&ed
suffered a reduction inlthe deliéable qualities for
consumption. Cacao and crotalaria were highly susoceptible.
Even a low £opulatioﬁ of one grub per plant'ooused

drastic redﬁction 1n.the gfoﬁfh of plants and sonetimes
resulted in the death of the plants. In'seedling:stagss
coconut lomafileu got killed by the infestation of
g.‘ooneophoraL "Grown up phantations suﬁjected to the
infestation of pest, continuously for years, showed

severe aymptoms and drastic reduction .in yleld.

The distribution of the different 1ife stages of
L. coneophara in different depths of ‘soil was studied
at two locations in the infested belt over a period of
three years adopting suitable techniques. The distribution
of beetles, eggs, three instars of grubs and pupaé in" °
different depths over different seasons of the year: was
studied. The nuhberé of adults meen in different soil
temperature and so0il molgture ranges were also observed
t0o aggess the preference of zanes, if any., Adult
emergence and factora influencing the same also were

studied.

The biocefficacy of four chlorinated bhydrocarbon
ingecticides against the second and third ingtar ‘grubs
of L. conpophora was assessed by adopting precise bioassay




techniques and the relative toxicity was in the following
descending order for the former aldrin— heptaohlor> BEC>
chlordane and heptachlor— aldrin —-BHC > ohlordane for
the latter,

The relative efficaoy of BHEC and heptaohlor chosen
from the above experiment was further evaluated in a field
experiment {applied in tube) in different schedules to fix
the best time of application for controlling the pest.
Single application of heptaohlor in June or two applications
of BHC in June snd September gave .complete oontrol of the
pest. Application of pestioides in April was found to be

less effective.

Persistence of BHC and heptachlor under field condition
was studied by assessing the quantity of inseotioides in the
so0ll samples oolleoted at different intervala after treatment.
Half lives of the inseotioides applied in different months
also werc assessed. The persistence was not as long as it
was reported by earlier workers from outside Kerala. The
downward movement of the pesticides was also studied by
assessing the insecticide gontent of soil samples from
treated plots oollected from different depths. Slight
infiltration from 15 com to 45 om depths was observed but the
extent of residue content was not adequate to ocause mortality

of L. coneophora grubs. This indloated the desirability of

raking insecticides applied in field below the usual level of
15 cm,





