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INTRODUCTION



I N T R O D U C T I O N

The oooonut pelm, Cocos nuoliera Linn., rightly 
eulogised as "Kalpavrlksha", every part of which ie put 
to one use or other, grows abundantly in the south­
western strip of India. In Kerala,oooonut is the major 
orop and the size of holdings ranges fron a single pain 
to about one thousand pains, the upper llnlt being regulated 
by a ceiling on the land holdings In tho State* The 
inportanoe of oooonut in the soolo-econonlo status of
Keralites needs no enphasls and it oooupies a predominant

*
role in all the culinary preparations, religious rites 
and oonnereial and industrial enterprises* The orop 
offers a great deal of employment opportunities and 
economic stability to the people. As estimated a total of ~ 
7,00,000 ha of land is under oooonut cultivation in the 
State. Coconut la gaining importance in other States UK# 
Karnataka; Tamil Nadu, Andhra Pradesh, Gujarat, Maharashtra, 
Orissa, West Bengal, Assam, Andaman and Nloobar and 
Lakshadweep also. The estimated annual yield of about 
600 orores of nuts falls short of the country's Industrial 
and dlstary requirements by nearly thirty per cent.

Oooonut palms are affected by a few dieeasee and 
four major Inseot pestB. Among the inseot pests, the 
cockchafer Leuoopholis coneophora Burm. prevails as a serious
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one in Kerala and In some parts of Karnataka* It assumes 
importance as its grubs feed on the tender roots of the 
palm and is, therefore, responsible for damaging the 
vital parts and oausing significant reduction in yield*
It is treated on par with three other major pests viz. 
the rhinoceros beetle, Oryotes rhinoceros L. damaging 
the orown and spathes, the leaf eating caterpillar 
Opisna arenosella Vlk. (arNephantis serinopa Meyr.) 
gnawing the chlorophyll content of the foliage and the 
red palm weevil, Bhynchophorus ferruaincus 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. faking into account the severe damage to various 
orops and the wide distribution in the oountry white grubs 
have been declared as national pests (Parainath and 
Janardan Singh, 1981). Crop losses to the tune of 30 to 
80 per oent 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 
Implemented an All India Co-ordinated Reaearoh Project 
on white grubs with effect from April 1, 1980 operating 
at six centres. Studies on L. coneophora have not been



Included In this project.
Adequate information on the biology and bionomlos 

of L. coneophora is not on record and effective and 
eoonomio methods of control are not established conclusively. 
Biology, bionomics and control of the pest have been 
dealt by Ni'rula et al. (1952), Nlrula (1958) and Veeresh 
et al. (1982). These publications give only scanty 
Information on the life history, nature and extent of 
damage, distribution and seasonal occurrence of different 
life stages and oontrol of the pest. In this context 
detailed studies on L. coneophora covering the following 
aspects were taken ups-
1. Life history of the pest In laboratory and In potted 

plants in field,
2. effeot of different host plants viz. cassava, 

cacao, and wild sunn-hemp, on the development of the 
inseot,

3. symptoms of attack on the above crops and oooonut,
4. distribution of the pest with reference to different 

seasons of the year and at different depths of the soil,
5. relative efficacy of insecticides to the seoond and 

third lnstar grubs assessed with preeise bloassay 
techniques,

6. evaluation of effective pestioides in the field,
7. fixing an effective and economic tohedule of insecticidal

3
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application for the oontrol of the pest,
8. assessment of the persistence of BHC and heptaohlor 

in the loamy sand soil of Kerala and
9. vertical movement of the Insecticides in soil 

assessed through hioassay and chemical assay 
techniques.

4
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REVIEW OF LITERATURE

Information available on the systematic position 
and biology of Leuoopholis coneophora Burmeistsr and 
on the eoology, behaviour and oontrol of the root grubs 
have been briefly reviewed here,

1,1 Systematic position

Latreille (1802) raised the family soarabaeldae, 
under this HaoLeay (1819) introduced the sub-family 
melolonthinae. The genus Leuoopholis was erected under 
the sub-family melolonthinae by Dejean (1833),
Blanchard (1845) made Improvements on Dojean'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. Pat11 (1978) found that the grubs of 
Leucopholis could be distinguished from those of 
Holotrichia based on differences in proplegmatla and 
setal characters. Veeresh (1981) furnished a key for 
the identification of the South Indian genera of root 
grubs and these Included Leuoopholis also.

Bnrmeister (1855) erected the species coneophora 
under the genus Leuoopholis. Brenske (1892) furnished 
details of 29 speoles of Leuoopholis and L.,coneophora Burn 
was one among them. Brenske (1894) studied the morphology
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of LoiioophoI.it spp. and pointed out the importance of 
wing characters in identifying the speoles coneophora. 
Veeresh et al,. (1982) made a comparative study of the 
diagnostic characters of the gruhs of three species of 
Leuoopholls viz. Lsuoopholis coneophora Burm., ' 
Leucopholis lepldophora Blanchard and Leucopholis 
huraelsterl Brenske.

1.2 Biology of Leucopholis coneophora Burm.

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

Nirula and Henon (1957) made further studies on 
the biology of the pest and they observed that the 
Insect had an annual life oyole and the adults emerged 
en masse within a couple of weeks commencing from the 
onset of rain and they remained aotlve for about eight 
weeks. The eggs laid in soil in June/July hatched in 
20 days. They also observed that grubs fed till 
April or early May and then pupated.

Seshadrl (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 life stages of the pest
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briefly. He ajso observed that the eggs which were 
creamy white, tranelueent and smooth when freshly laid 
absorbed moisture and inoreased in size during embryonic 
development. It became dirty white at hatching.
Freshly emerged grubs were white with light brown 
head. He observed that early lnstar grub fed mostly 
on organic matter and roots of grasses. Pupal period 
was observed as 20 days. The adult longevity was 
recorded as one month and males were seen dying 
earlier than females. Adults laid eggs for 15 to 35 
days after emergenoe. Ovlpositlon commenced h to 7 
days after mating. Adults lived for one to four days 
after completion of egg laying.

Sekhar (1953) furnished a detailed morphological 
description of the adult of L. ooneophora. He reared 
the gruhs oolleoted from field in the laboratory and 
found that the duration of first instar grub was 
shorter than that of the final lnstar. Final lnstar 
grubs entered into prepupal stage within 20 to 33 days 
from the date of collection from the field* They 
constructed cells in sell for prepupation from 9-12 
days. Pupal duration was observed to range fron 26 to 
33 days in the laboratory and 26 days in field.
The final lnstar grubs were observed to harbour a large 
number of eggs and this was attributed as a reason for
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the commencement of ovlposition immediately after the 
emergence of the adult. Unmated females laid undersized 
eggs which did not hateh. The mated females laid 20 to 
28 egge. Adults lived for 19 to 36 days.

1.3 Adult emergence
Adults of L. coneophora emerged from soil during 

April and remained aotiTe up to August with en masse 
emergence in Hay-June. Stray beetles were seen In 
March also (Nirula* 1958).

Other root ferubs vis. Holotriehia oonsanguinea Blanchard 
in Bihar (Kalra and Kulshreshtha, 1961)* nolotriohla 
lnsularis Brenshe in Rajasthan (Srlvastava and Khan* 1963)* 
Holotriehia serrata Fabr. in Bihar (Majumdor and 
Teotia* 1965), Holotriehia nilglrla Arrow In Hysore 
(Venkltaramalah, 1969), £■ eoneanguinea in Rajasthan 
(Eushwaha and Noor, 1976a), H. serrata in Karaataha 
(Veeresh, 1981) and in Maharashtra (Raodeo and Deshpande,
1981) and oookehafer beetles of areoanut gardens 
(Daniel and Kumar* 1976) were also reported to emerge 
between April and August.

1.4 Faotors governing adult emergence
The premonsoon showers were reported to initiate 

adult emergence of laucopholia lrrorata Chevr. (Lopez,1931 a), 
L. coneophora (Nirula, 1958) and H. serrata (Veeresh, 1977)*
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The amount of rain received was also attributed as 
a faotor Influencing the emergence. A total rainfall of 
5 to 10 m  was reported as a pre-requisite for the 
emergence of H. serrata (Veeresh, 1977)° Yadava (1981) 
found that H. eonsanguinea emerged with 28 bbi rain In 
Rajasthan,while the same species in Maharashtra required 
33 mm rain for emergence (Patll and Hasabe, 1981).
But Veeresh et al. (1982) observed that Leucopholls 
emerges only after a couple of rains in May-<June since 
the pupation of this species occurs in, deeper layers 
of 60-70 cm and substantial precipitation was necessary 
to reach the depth and trigger beetle emergenoe.

A minimum of 50 per oent atmospherio humidity was 
found necessary for the emergenoe of H, serrata 
(Veeresh, 1977).

Couturier and Robert (1956) reported that low 
ground temperature was congenial for the emergence of 
Melolontha hippocastanl F.

i 1

The peak emergence of the beetles of coneophora 
was reported to coincide with the monsoon showers in 
Kerala (Nlrula, 1958). Same condition was reported for 
L. irrorata in Philippines (Otanes, 1927)> H. eonsanguinea 
in Bihar (Kalra and Kulshreshtha, 1961), In Gujarat 
(Desal and Patel, 1965) and In Rajasthan (Ral et al..1969) 
and H. nllgiria In Mysore (Venkltaramalah and Shamanna, 
1973).
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The daily flight activity of chafer beetle* after 
Mergence was also reported to he influenced by rainfall. 
Prevalence of rain during the emergence tine was reported 
to hinder the flight activity of H. serrata (Veeresh,
1973a)* Zivanovic (1976) found that frequent and heavy 
rainfall along with low temperature hindered the 
activity of beetles of Melolontha ■elolontha (l ).
E, conBanauinea also did not cone out on days with rains 
in evenings (Tadava, 1981), He also found that atnospheric 
humidity influenced the dally activity of H. coneangulnea 
more than the rain. Even If rain was not received for 
few days after the commencement of emergence high 
hunldlty in the atmosphere maintained the flight activity 
of the beetles.

Hurpin (1956 a) found that higher temperature 
combined with sunshine stimulated the evening flight 
of M, melolontha. Tashiro et al. (1969) reported that 
Amphimallon ma.iaiis (Razoumowsky) was not observed at 
temperatures below 52°F, Fleming (1972) reported that 
beetles of Ponillia laponlca Newman were active on 
days when temperature reached 21°C. But Tadava (1981) 
observed that temperature was not a deciding factor 
on the dally emergence of H. con sanguine a.
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Flight activity of chafer beetle* wae correlated 
with light intensity aleo. Couturier (1967) found that 
flight of M, hlppocaetanl wae found not only hy reduction 
In Intensity of light hut aleo hy an Increase in the 
degree of polarisation In evening hours. He observed 
that violet and near violet light (372-426 nAO induced 
the flight of beetles. At sunset and suxPrlse lights 
of other wave lengths failed to mask the violet light 
and that provided the stimulus for emergence,
Tashlro et gl, (1969) reported the emergence of
A. malalig at 130 ft-c and flight to trees at a light*
Intensity of 30 ft-c. Gruner (1974 and 1975a) reported 
that the flight of Fhvllouhaga ulaei Blanch, was 
triggered off hy a light intensity of 0,1 lux and 
Manipulation of photo-period caused advancement of 
the evening flight. Yadava (1931) and Patil and 
Haeahe (1981) also observed that the emergence of
H. eonsanguinea was related to speolfio light intensity.

I.5 Hating
Mating behaviour of L. coneophora was described 

briefly by Nlrula (1958). The beetles In copulation 
flsw about or moved on the ground or were seen resting 
on the leaf stalk of plants around the site of 
emergenoe. Mating started 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 vale descended and tnraed 
towards the opposite dlreotion of the female hut the 
union did not break* The position of male and female 
beetles In opposite directions in the matins process 
was noted in H. serrata (Veeresh, 1977) and
H, consansulnea (Patll and Hasabe, 1981) also.

Duration of matins varied in different species. 
Hating of H, lnsularis lasted for 15 minutes (Srlvastava 
and Khan, 1963), that of H. serrata for 4-5 minutes 
(Veeresh, 1977) and that of H, consansulnea for 7-16

i

minutes (Yadava, 1981). 4

I.6 Adult feedlns
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 find any food material In the gut. Coohiltotis 
melolontholdee (Gerst.), (Jepson, 1957) and Anomala 
velula (Ritchey, 1958) were also reported to abstain

I

from feeding In the adult phase. Adults of A. ma.ialis 
were observed to have slight feeding only. (Tashiro et al.. 
1969)* Several other species of root grubs are known 
to be defoliators (Rlteher, 1958).
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1,7 Nature of dau|§ caused by root grubs on ■ different
orops

1,7,1 Cooonut.

The first rsoord of L., coneophora as a pest of 
cooonut pain was wads by Nlrula et al. (1952). Tbs 
roots of infested pains were seen sewered off near the 
boles. Leaves of attached pains turned yellow and 
the formation of nuts was reduced. Heavy attack caused 
innature nut-fall and delayed flowering in older pains 
and stunting In young pains, Abraham and Kurlan (1970) 
observed that the grubs fed on apioal tender region of 
the roots which affected the process of absorption of 
nutrients and consequently caused the yellowing of 
leaves and nut shedding. Yeeresh (1976) reported 
H; serrata as a pest of coconut pain in the plains of 
Karnataka.

1.7*2 Areoanut.
Leuoopholis lepldophora was found associated with 

roots of areoanut pain in Karnataka (Futtarudralah 
and Channabasavanna, 1957)* Rao et al. (1961) reported 
that areoanut seedlings were attacked by Lepidiota sp.
(a close relative of Leuoopholis) in Karnataka and the 
attack caused the drooping and drying of leaves.
Affected seedlings cane off easily since the entire 
root system was eaten away just below the ground level.
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Sometimes the gruba even bored Into tha bole. Grown 
up palms attacked by the gruba showed a sickly pale 
yellowing of leaves, poor production of Inflorescence 
and fall of 1 Mature nuts and caused heavy loss In 
yield. Bajamanl and Nambiar (1970) observed that the 
grubs first attaoked tender roots and then the older 
ones. Stem of the attacked palms tapered and became 
unsteady and they got easily blown down by wind.
Kumar (197%) reported that the palms attaoked by 
L. burmeisteri died fast. Nalr and Daniel (1982) 
observed that the young palms attacked by L, burmeisteri 

, died fast while the older palms continued to survive 
for a longer period, though they were unproductive. 
Veeresh et al. (1982) observed that the attack of root 
grubs on areoanut 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 diseases also.

1.7.3 Cassava.

Leefmans (1915) reported serious damage oaused : 
by root grub Leuoonholis rorida F. to oassava In Java 
for the first time. The affooted plants drooped owing 
to serious damage to the roots. The young plants died
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when the grabs danaged the roots and sten. Nlrula (1958) 
noted that the gruhs of L, ooneophora burrowed Into the . 
fleshy tubers and they regained In the save tuber till 
the entire food naterlal was eaten up* Phvllophata sp« 
and L. rorlda were also reported as serious pests of 
oassava In Colunbla (Ballotti and Sohoonhoven, 1979)*

1*7*4 Other root/stew tubers.
Nlrula (1953) reported that L. ooneophora 

oaused danage to roots of yam, oolocasia, sweet potato 
and other underground tubers in Kerala* Lai and Pillal
(1977) found that L. ooneophora attaoked Dioscoria alata 
and Dioscorfea esculenta also* Veeresh and Vlswanath

/(1933) found that potato and other tuber erops In
Karnataka suffered total loss due to white grub lncldenoe

1
when the orop was subjected to attack at the tine of 
tuber fornatlon and the attack at grown, up stages of 
the orop reduced the narket value of the tubers though 
there was no reduction in yield.

1.7*5 Knbber.

Rubber nursery was seen attaoked by L. rorlda 
In Java (DeFlulter, 1941)* Tho tap roots of affooted 
plants were eaten near to soil and plants were getting 
killed (Edgart 1958). Rao (1965) found that the root 
grubs fed the rootlets of plants in nursery and
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progressively consumed the lateral roots, eventually
reached the tap root which also got debarked* As a
result of this dawage the seedlings turned yellow,
shoots got dried up end ultlnately they fell In wind.
A single grub could destroy the entire root systen
of a snail seedling and oause Its death (Anon. 1968).

Br.OutTbreak of L. rorida and L. trlstls/caused heavy 
daisage to immature rubber plants In Malaysia (Anon.
1976).

Leucopholis plnsuis Buns, also was reported as 
Injurious to rubber plants In nursery (Beeson, 1921). 
Abrahan and Bajendran (1978) reported a severe Incidence 
of H. serrata on rubber seedlings in nurseries In 
Kerala. The attacked plants did not show any external 
syaptOM of daaage though the tap roots were seen eaten up 
slnoe such plants had produced many lateral roots.
But when these plants were transplanted In the wain 
field, they got uprooted in wind.

1.7*6 Sugarcane.

Otanes (1925) noted that sugarcane in Philippines 
was severely attaoked by L. irrorata. Roots and stew 
were seen eaten up and as a result the plants wilted 
extensively. Uiohanco (1928) reported L. irrorata as the 
■ost Injurious root grub of sugarcane in Philippines.
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Prasad and Thakur (1959) recorded heavy incidence of the 
grubs off H. eonsanguinea on sugarcane In 31har. Kalra 
and Kulshreshtha (1961) reported fron Bihar that the 
gruhs of H. eonsanguinea fed on the rootlets and root 
hairs of sugarcane in such severity that the entire 
root system was paralysed* Gruhs were found associated 
with main roots. They fed hy outting roots at their 
hases. Larvae injured the main stalk also hut they 
were never found within the stalk. Lightly Infested 
clumps in whloh roots were not completely cut recovered 
while heavily damaged clumpe dried out. Hortorell 
and Goud (1965) observed that white gruhs caused a 
reduction of 15 to 20 tonnes of cane per acre when the 
infestation ranged from 10,000 to 20,000 gruhs per acre. 
Gruner (l975h) reported that three or more gruhs of 
Phvllophaca natrueloides Paullan per sugarcane clump 
significantly reduoed the number of stems per dump.
A population showing more than ten larvae per olump 
reduoed the height of cane hy ahout 10 per cent. 
Slthanantham (1978) found that H. serrata damaged the 
underground portion of sugarcane and caused the death 
of plants. Mammon (1981) reported drying of 1-3 month- 
old sugaroane seedlings due to the attack of gruhs of 
Schigonvcha 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 nature stalk were noticed.

1.7.7 Groundnut.
Bal et al. (1969) deserlhed the nature and feeding 

of H. consangulnea on groundnut and synptons caused hy 
the pest. The grubs ate away nodules of the plants 
and the fine rootlets and also girdled the naln root. 
.Varieties haying a tap root systen were highly 
susceptible to the attack. Affeoted plants beoame 
pale with a wilted appearance and finally dried out.

1.7.8 Sunflower. ~

Veeresh (1977) observed that sunflower was 
susceptible to H. serrata though the plants, could 
withstand the attack when enough Moisture was available 
In the soil and the tap root was not damaged. But 
Sukhlja (1978) found that white grub lnoldence on 
sunflower In Kashmir caused stunting and drooping 
of leaves followed by death of the plants.

1.7.9 Cereals*
Teetes (1973) reoorded the incidence of 

Phvllophaga crlnlta (Burn.) on sorghum and wheat and 
he noted that significant loss occurred when the 
gruh population was 2/ft2 or greater. Apostol and 
Litsinger (1976a) found that L. Irrorata on corn
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oaused the atuntine °* plants and lov yield, Affected 
plants turned purple before dryinf.

A ainfle grub per foot of P. ianonlca reduced the 
yield of blue grass by 13 to 30 per oent depending on 
aoll aoisture. With greater population densities 
yield reduotlon wai oonalderably high (Ladd and 
Buriff, 1979).
1,8 Seasonal distribution of the life stages of

root grubs

Nirula and Menon (1937) observed that eggs of 
L. ooneonhora were present in June-July only,while 
Nirula (1958) reported that egge were seen up to August.

Eggs of H< Insular!e were also reported to 
ooour In June-rJuly (Srlvastava and Khan, 1963) and those 
of H, serrata from February to July (Majuadar and 
Teotia, 1965)i of H, consanguinea froa July (Rai et al.. 
1969), of H. nllalrla froa July (Venkitaramaiah and 
Shaaanna, 1973). But the eggs of H. serrata were reported 
to occur froa April to August In Bangalore (Veeresh,
1973a) and froa June to August (Raodeo and Deshpande,
1981) in Maharashtra.

Larvae of L. irrorata were seen from May/June to 
January/February/Maroh (Lopes, 1931 a). Nirula (1958)1
observed the first instar grubs of L. ooneonhora in 
field in June/July and the third instar grubs up to the
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■onth of Hay. Dssai and Patel (1965) reported that 
gruhs of H. eonsanguinea preTalled In the field up to 
November. But Ral et al. (1969) could find them only 
up to Ootober. Apoatol and Lltslnger (1976a) found that 
the first and seoond lnstar larral population of 
h, Irrorata peaked in early and late June and third 
lnstar grubs in November. Veeresh (1977) reported 
that the first lnstar grubs of H. serrate were seen 
from April to July, seoond lnstar from April to September 
and third lnstar from Hay to February.

Pupae of L. irrorata were reported to occur from 
April to June (Otanes, 1925). But Apostol and Lltsinger 
(1976a) found the pupae of this inseot from February to 
March. In the case of H. a errata pupae were seen from 
September to March (Veeresh, 1977) and H. eonsanguinea 
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 stages of 
root grubs in eoll was studied by various workers.
Nlrula (1958) found the sggs of L. ooneophora in soil 
at a depth of 7.5 to 15'em.

Eggs of L. rorida were seen at 25 to 85 cm depths 
(Leefmans, 1915)» h- Irrorata at 20 to 30 cm (Lopez, 1931a)
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H. ooniannHinw* at 5 to 10 ca (Kalra and Kulihreshtha, 
196i), Holotrichia lonsipennis (Blanch.)' at 2.5 to 5 oa 
(Haq, 1962), H. insnlarls at 2.5 to 15 oa (Srlvastava 
and Khan, 1963), H. serrata at 15 to 23 oa (Majuadar 
and Teotla, 1965)* H. nilgiria at 39 to 40 ca 
(Venkitaraaaiah and Shaaanna, 1973)» g. serrate at 7 to 
12 ca (Raodao and Deshpande, 1981) and L. huraelsterl
at 5 oa (Nalr and Daniel, 1982).

Lsefwans (1915) reported that aajorlty of the grubs 
of L. rorlda were seen 50 ca helow the surface of soil.
Ral et al• (1969) found that gruhs of H. eonsansuinea
reaalned In upper 15 oa of soil. Daniel and Kumar 
(1976) found the gruhs of L, huraelsterl at 7*5 to 10 ca 
in aolst soil and at 30 to 45 oa In dry condition, 
Veereeh (1977) ohserred the gruhs of H. serrata at a 
depth of 10 to 40 on. However, in June aaxlaua 
nuaher was seen at 20 ca,in July/August at 10 to 20 cn 
and In November/January at 20 to 30 cm. Jose and 
Kaul (1978) reported that the grub of H. serrata was 
confined to 13 ca depth of soil. Yadova (1981) found 
the gruhs of H. oonsansulnea at 10 to 20 cm depth,

Lopez (1931a) reported that pupae of L. irrorata 
were found at a depth of 20 to 30 oa. Kalra and 
Knlshreshtha (1961) found pupae of H* consansulnea 
at 30 to 150 ca depth. Apostol and Lltslnger (1976a)
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found tho pupae of L. Irrorata at a depth of 80 on* 
Veeresh (1977) found maximum number of pupae of 
H, serrate at 20 to 40 cn depth of soil*

Adults of H. oonsanguinoa were seen at 15 to 75 cm 
depth of eoll. After emergence adults were.mostly seen 
up to 50 cm range (Bel et al. , 1969)* dose and Saul
(1978) found adults of H. aerrata up to 30 cm depth 
during March hut during the period of adult emergence 
in December they were seen at 45 to 60 cm depth.

1*10 Factors governing vertical distribution andmovement of the life stages of root grubs

Movement of the grubs of H. eonsanguinea in 
morning and evening depending on soil moisture and 
temperature was reported by Gupta and Avasthy (1957)* 
Nlrula (1950) observed that the distribution of the 
life 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. He also observed that 
the grubs remained near to the surface during early 
morning hours and during rainy season,compared to 
late noon hours and dry season* respectively. The 
vertical migration of the grubs at different periods 
of the day and at different seasons of the year was 
attributed to the moisture content of soil.
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Shorty and Gyrlsco (i960) found no pronounced change in 
vertical distribution of A. ■alalia until after drying 
had proceeded below the range of available toll moisture. 
Critical soil Moisture level wae found to be four per 
cent and above that level grubs showed no dominant 
choice up to 12 per cent. Kalra and Khlshreshtha 
(1961) did not find morning and evening movements in 
the case of the grubs of H. eonsanguinea. Hathen et al. 
(1964) also reported vertical migration of the grubs of 
L, coneophora at different periods of the year depending 
on soil moisture and temperature. Tashlro et al. (1969*3 
found that when adequate moisture was available grubs 
of A. malalis occupied the upper 5 cm of soil where food 
occurred in abundance. Bal et al. (1969) found that the 
grubs of H. eonsanguinea remained in 15 cm layer having 
sufficient soil moisture and moved up and down depending 
on the moisture level of the soil. Valenta and Gavells 
(1970) found that the grubs of M. melolontha moved up fron , 
their over wintering sites (60 to SO cn) when soil 
temperature reached 6°C, But when the temperature reached 
9°C grubs were in surface layer at 0 to 20 era. They 
observed that in autumn when temperature of soil at 0 to 
20 cm 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. laponica was In response to ohange In the 
moisture and temperature. H. serrata was also reported 
to move up and down In soil depending on available 
moisture (Veeresh, 1977)*

Distribution of the pupal stage was also reportedi
to be correlated with temperature and moisture of soil*i
Depth at whloh pupae of A. ma.lalia occurred In soil 
depended on moisture oontent and type of soil 
(Tashiro et £l<, 1969). According to Veeresh (1977) 
site of pupation of Hi 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 cm 
depth and they further observed that fall in temperature 
rather than moisture brought about this behaviour of 
pupating grubs. Yadava (1981) also observed that 
pupation was directly related to the soil moisture 
and temperature.

i
1.11 Horizontal movement of root grubs

Horizontal movement of grubs waL observed in the 
case of H. consansuinea (Kalra and Kulshreshtha, 1961),
A. ma.lalia (Tashiro et al., 1969), £. -iaponlca 
(Fleming, 1972) and H. serrata (Veeresh, 1977).
In all these cases the availability of food was attributedi
as the factor causing the migration*
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i.12 Chemical control

1.12.1 Leuoopholis ooneophora Dura.

Application of five per cent ohlordane at 28 lb/aore 
gave good oontrol of grub* of L. coneophora (Nlrula and 
Men on, 1957)* Ten per cent BHC duet at one cwt/aore 
gave effective control of the larvae and was superior 
to DDT and there was no significant difference between 
the performance of different formulations of these 
pestloides (Nlrula, 1958). Valsala (1958) reported that 
five per cent chlordane at 28 lb/aore or 10 per cent 
BHC at 56 lh/aore applied once a year after south west 
monsoon gave satisfactory control of the pest*
Insecticides had to he tilled or ploughed to six inches 
depth in soil. Hathen et al. (196b) found that 
heptachlor was inferior to BHC, aldrin and chlordane 
and malathlon was totally ineffective in the oontrol of 
gruhs. Johnson and Nair (1966) obtained best result 
with five per cent aldrin at 100 lh/aore but aldrin 
50 lb and one per cent gamma-BEC at 100 lb/acre were 
ineffective. Abraham and Kurien (1970) concluded that 
five per sent aldrin, BEC or three per Cent heptaohlor 
at 120 kg/ha or 10 per oent chlordane at 60 leg/ha 
applied twice a year, in April and In August, effectively 
controlled the pest.
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Abraham (1979) tested granules of oarbaryl, 
carbofuran, phorete, qulnalphos and thlodemeton at 
4, 6 and 8 kg ai/ha. All the doses of all the 
Insecticides were superior to control hut reduction 
In grub population was as low as even 36 per eent only.

Veeresh £t £l. (1982) recommended drenching 
of soil with Chlordane 208C Q l/aore or Aldrin 30EC 
2 1 in 400 1 water in the gap between the premonsoon 
showers and on the onset of monsoon in May-June for 
the control of L. ooneophora.

1.12.2 Other species of IjgucojriiSiijK

Edgar (1958) reported that BHC 0;1 per cent 
spray was effective for the oontrol of L, rorida 
in rubber nursery in Malaya. Bao et al. (l96l) 
found satisfactory oontrol of L. lepidophora.
L. burmelsteri and a related species Lepidiota sp. 
in areoanut gardens with chlordane and heptachlor.
Bao and Bavappa (1961) found that chlordane (mtox SBC) 
at eight ounce in 100 gallons of water and 20 per 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 ml/100 1 of water and BHC five
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per oent dust 63.0 kg/ha were reported better for the 
control of areoanut white gruh (Rao, 1963). According 
to Rao (1966) rubber plants In nursery oould be protected 
fron L. rorlda by pouring 0.1 per oent heptaohlor in 
6-8 Inches deep holes. Sheshadri (1969) found that 
phorate 8 g per areoanut pain gave 73 pox* oent kill of 
the grubs of L. bumelsteri and was superior to 
phorate 4 g per pain. Kunar (1974) used tinethoate, 
thlodeneton (Dlsyston and Solvirex)̂  ohlordane at 
30 kg/ha, phorate at 15 kg/ha and carbofuran at 45 kg/ha. 
Mean nunber of grubs per plot ranged fron 1.38 to 35*0 
In treatnent as against 82 In control. Dinethoate was 
the best followed by phorate. Apostol and Litslnger 
(1976b) reported that comparatively lower lnseotiolde 
dosages were sufficient to control the first and second 
lnstar grubs thah the third lnstar grubs of L. irrorata 
In Philippines. Lindane and ohlordane at one kg ai/ha 
provided 100 and 90 per cent control, respectively, and 
were cheapest. Chlordane 4 kg and dleldrln 2 kg were 
equally effective but were nore expensive.

Dinethoate 5 g at 30 kg, ponganla oil eake at 
2000 kg five per cent ohlordane at 90 kg, five per oent 
BHC dust at 120 kg and qulnalphos 1.5 per cent dust at 
120 kg per hectare applied twice a year once just 
before the onset of nonsoon and a second round In October

v.
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at the close of monsoon gave significant oontrol of 
white gruhs in areoanut gardens (Kumar and Daniel,
1981).
1.18.3 Holotrlchla consanguine*.

Gupta and Avasthy (1957) found that 10 per cent 
BHC dust at 118 lb/aor;e gave 50 per oent reduction of 
the pest population in Bihar* Prasad and Thakur (1959) 
found that BHC at 15 lh/aore virtually gave no oontrol 
of gruhs. Kalra and Kulshreshtha (1961) tested BHC, 
aldrln, chlordane and DDT at 5 and 10 lb ai/aor# as 
single application in May and two applicatione in H^y 
and July. A single application of BHC 10 lb oaUeed
71.4 per oent reduction of grubs. Two applications 
proved more effective with 85.7 par oent reduction of 
grubs. Deeal and Patel (1965) tested BHC, aldrln, 
chlordane and heptachlor and found that BHC 10 per cent 
at 40 lb/aore was superior others. The mean teat 
plant mortality was 5.7 in treated plots as against 
10*3 in oontrol plots. Eaul et al. (1966) worked out 
LD Ô values of different chlorinated insecticides against 
third instar grubs and ranked them in the following 
desoendlng order: toxaphene, chlordane, aldrln, BHC, 
dieldrin, heptachlor and gamma-BHC. Patel et al.
(1967) recorded 54 per oent reduction in groundnut
plant damage at 60 lb/aore of BHC while 80 lb/aore could not
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protect More plants, Chlordane and heptachlor -were leea 
effective. Khanna et jgl; (1968) reported partial control 
of grub only with 10 per oent BHC at 50 lh/acre.
Joahl jt al. (1969) In a laboratory trial got 76 and 68 

per cent Mortality of third Inetar grubs with BHC 7 .5  

lb and heptachlor 8 lb/acre, respectively. Sane doaea 
of lnseotioldee caused 86 and 80 per cent Mortality of 
first lnstar grubs. Bal jgt al. (1969) reported that 
BHC 5 leg, aldrin 6 kg and heptachlor 6 kg/ha applied as 
dust vere ineffective in checking pest damage; Sharna 
and Shlnde (1970a) found that the BGjq of phorate was 
0.08, heptachlor 0;20, lindane 0.625t ohlordane 0.844 
and aldrin 2.829 against the third lnstar grubs.
Sharna and Shlnde (1970b) found that pre-sowing application 
of phorate and heptachlor granules at 3 kg ai/ha cheoked 
the Infestation oh groundnut and the treatment was 
nore effeotlva than post-sowing application. Granules* 4
offered protection to the crop hy repelling the gruhs 
and hy killing then, Srivastava £t 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 heptaohlor at 
25 kg/ha controlled the pest. Sharma and Shlnde (1973) 
reported that phorate or dlsnlfoton at 2 kg ai/ha 
protected pea plants hut 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 aldrln 
at 10 kg ai/ha were inferior to phorate. Kadu et 
(1976) found among the Insecticides tested 10 per cent 
carhaiyl at 125 kg/ha as most effective causing 63 per 
cent mortality of the gruhs. Dwlvedi et al* (1976) 
found that phorate and f ensulfothlon at 25 kg/ha 
' effectively controlled the grubs. Prasad (1977) 
reported highest yield and lowest plant mortality of 
groundnuts and lowest larval population .with 3 kg ai/ha 
of phorate. Yadava et (1977) found that phorate 
and fensulfothlon were most effective for field control

A

of the pest* Kadu £t 3I. (1978) found that the grub
1

mortality continued in field plots treated with BHC 
or carbaiyl at 125 kg/ha for one month* Bhakatia and 
Sukhija (1978) reported fensulfothlon, phorate and 
carbofuran at one kg ai/ha applied in furrows proved 
effective . According to Sukhija (1978) phorate 2 kg 
ai/ha was effective in controlling the pest. Vora .gt
(1978) found that prlmiphos ethyl granules at 1 .5 kg ai/ha 
was best for control of grubs. Srlvastava and Mathur
(1979) observed that among the various methods of 
chemical control the use of phorate granules was the 
best for the control of grubs, but being costly and 
uneconomic, it had not received wide acceptance.
Sprinkling of chlorpyriphos (20 EG) in soil followed
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by watering or flooding proved economical. Shlnde et al.
(1980) reported that baaed on hC^Q values the relative

*effleaoy of test Insecticides was in the following 
descending order: qulnalphost phorate, oarbofuran,

i i i ' \ ' 1 v > Jdieulfoton, heptachlor, endosulfan, lindane and aldrin, 
Nath and Srivastava (1980) determined the values
of 10 insecticides to third lnstar grubs and found then 
in the following descending order: phorate, dieulfoton, 
dieldrIn, endoaulfan, aldrin, lindane, heptaohlor, BHC, 
ohlordane and toxaphene* Yishwanath (1980) found 2.5 
kg ai/ha of phorate reduced post population and increased 
the crop yield. Heptachlor and aldrin were also 
significantly superior to control. Srivastava et al. 
(1982) found seed treatment with oarbofuran (50 FP) as 
a good method for protecting groundnut from the pest.

1.12.% Holotrichia oerrata.

David and Kalra (1966) found BHC at 4.5 lb al/acre 
gave satisfactory control of the pest. Veeresh (1973b) 
reported that phorate 6 kg/acre gave effective oontrol 
while heptachlor 6 per cent duet at 18 kg/acre was 
Ineffective* Bhatnagar et al* (1975) recommended the 
use of lindane 5 8 at 50 kg/ha, fensulfothlon or 
phorate at 25 kg/ha, for white grub control In groundnut 
field. Five per oent dust of heptachlor 175 kg/ha wae
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ineffective. Veeresh et al. (1976) found oarbofuran at 
0*75 kg and phorate 2.3 kg were effective in controlling 
tha grube. Kushw&ha and Noor (1976b) found nephospholan, 
pborata (2.5 kg ai/ha) and oarbofuran (1*3 kg/ha) ware 
auparlor to dlaulfoton and qulnalphos (2.5 kg ai/ha). 
David at al. (1976) found an appraolabla reduction of tha 
grub population and Increase In yield of sugarcane by 
the application of fensulfothlon or qulnalphos at 5 kg 
ai/ha during May/June. BHC 10 kg and dieulfoton, 
phorata and chlor̂ fsnvî phos 5 kg ai/ha were lnsffeotlve. 
Veeresh (1977) reported that phorate 0.79 kg al/aora 
uniforaly applied before sowing of sugarcane, when the 
grubs were in the first lnstar* was effective. 
Application of lnseotiolde at the grown up stages of 
the grubs did not prove satisfactory. Insecticidal 
application was not found effective against grubs 
under unirrlgated conditions and in dry lands. Best 
results were obtained only when the plots were 
irrigated ianedlately after treatnent. Jose and Maul 
(1973) found BHC at 5 kg ai/ha gave reduction of 
pest but oarbofuran was superior. Abraha* and 
Bajendran (1976) rsoonendid drenching with one per 
oent aldrin, ohlordane or heptaohlor around the baee 
of rubber plants In nurssry or soil application of 
10 psr oent BHC at 75 kg/ha for reducing the lncidenee
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of H. ■trrata. Pat11 et al. (193l) found that the Most 
effective dust treatment for oontrol of gruba was BHC 
10 per oent at 125 kg/ha. As granules five per oent
dlazlnon, 10 par oent phorate or three per oent' >
■ephosfolan each at 25 kg/ha were the best for oontrol 
of the pest. I

Studies oonduoted on the oontrol of other Indian 
root gruhs are Meagre. Srlvastava and Khan (1963) 
found aldrln 2 per oent and BHC 10 per oent dust at 
100 lb/aore were effective against H. lnsularis. 
Venkitaranalah (1969) reported good oontrol of
H. nilglrla with dleldrln and Telodrln. D1oouza et al. 
(1970) found that Phorate 10 G and gaaaa-BHC applied 
to elght-nonth-old ooffee seedlings afforded oonplete 
oontrol of H. nilglrla but ga**a-BHC caused narked 
yellowing of leaves. Chaeko and Bhat (1974) found 
that the granules of fensulfothlon* Disyston, 
dlwethoate and p̂ Orate offered high Mortality of
H. nilglrla. Saohan and Pal (1974) found BHC + carbary1 
(Sevldol) 2.5 kg al/ha was superior to 10 per cent 
BHC or phorate 2.5 kg ai/ha for the oontrol of H, lnsularis. 
Saohan and Pal (1976) reported that 10 per oent BHC, 
sevldol or chlorphyrlfos gave 72 to 82 per oent 
reduotion of grubs of H. lnsularis.
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1.13 Management practice*

1.13*1 Leucopholle app.

Leefmana (1915) suggasted ruling rad poda of 
gaps! otai wnntrb for attracting and trapping tho beetle aK
of L. rorida.

Otanes (1925) anggasted hand collection of adulta, 
ploughing and picking of gruhs for control of L. irrorata. 
Uiohanco (1930) did not agree to the hand collection of 
beetles. Otanes and Karganllla (19̂ 7), however, 
suggested oolleotion of grubs, exposure of,grubs for 
feeding by chicken and bird* eolleotlen and deatruotlon 
of adults from hoat plant and pro»otlng the parasite 
Chipsonerie11a auraicollle as effective methods for the 
control of L. irrorata. Rajemani and Namblar (1970) 
suggested that good drainage would reduce the population 
of white grubs in areoanut gardens slnoe the gruhs were 
found In low lying areas where high water table existed 
or water logging conditions prevailed. Nair and 
Daniel (1932) recommended the removal of wild growth 
in the garden for the control of L. burmelsterl.

in the case of L. ooneophora an Integrated oontrol 
•ohedule suggested by Kurlan et al. (197%) Included 
mechanical cum cultural methods like deep ploughing or 
digging of soil to expose immature atages to daaaioation
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or predation toy natural enemies like birds and ■email, 
attraction of adulti to light and killing, exploitation 
of parasite CMmwnmeriella collarisTJnenatode DB 156 

and pathogens. Veeresh et al. (1982) suggested hand 
collection of adults, digging and destroying grutos 
around standing orops for the oontrol of the pest In 
coconut gardens.

1*13*2 Holotrichla spp.

Avasthy (1967) suggested rotation of orops 
in endeaic areas. Yadava (1981) suggested a Management 
practice for the control of H, oonsanauinea involving 
the collection and killing of beetles,spraying the host 
plants with insecticides to kill the adults coning 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-cultural 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 ali (1982) observed that oontrol of
H. serrata would be possible only when pest was managed 
from eggs to adult adopting several methods of oontrol 
and any single method alone would not oontrol the pest 
effectively.
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1*14 Persistence of BHC in soil

Edwards (1966) reviewing the available literature 
concluded that it took 5 to 5 years for 95 par oent 
dissipation of lindane in soil depending on climate, 
soil type and cropping* Llohtenstein et al. (1971) 
reported that in USA it took 11 years for 95.5 par oent 
dissipation of lindane used as a single soil 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 oent BHC was degraded 
in 180 days and this rapid degradation was explained 
on the basis of higher ground temperature* Havadia 
and Gupta (1976) found a comparatively longer 
persistence of BHC which extended up to 15/16 months 
In Rajasthan.' Pal and Kushwaha (±977) also reported 
88 per oent reduction in BHC deposits after five 
months 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 lost in three months when applied at the 
rate of 5 to 30 kg/ha* They attributed this rapid 
loss from soil to quick volatilisation*
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1.15 Persistence of heptaohlor in soil

Lichtenstein and Schulz (1959) found soil 
temperature as an important faotor in the persistence 
of insecticides in soils. No insecticide loss was 
found in frozen soils.- At a temperature of 6°Gf 
16 to 27 per oent of aldrln and heptachlor were lost 
within 56 days, whereas, 2 to 14 per cont of the 
Initial lnseoticldes alone was found after 56 days 
when held at 46° C< Wilkinson, and Finlays on (1964) *
found the toxic residue of heptaohlor nine years after 
treatment in silt loam soil in field. Wiese and 
Basson (1966) from South Africa, reported that 
prevailing weather conditions had marked effect on 
the rapidity of degradation. Knutson et al. (1971) 
found residue of heptachlor and heptaohlor epoxide 
in Great plain soils, hut there was no accumulation 
from year to year and ahout 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 soil mixing was done 
and was flooded. But Stewart and Fox (1971) detected 
residues of heptaohlor in Nora Sootia in 12 years 
after application. Harris and Sans (1972) showed that 
biological activity of heptaohlor was completely lost 
in 16 weeks of application in Canada. Agnihotrl (1978)
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reported that dissipation of aldrin and heptaohlor was 
higher under Uncovered conditions than covered conditions). 
Eightythree per oent of heptaohlor 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

iLichtenstein (1958) showed that gamma-BHC leached 
to some extent fron treated soils downwards to untreated 
soil and such Movements continued under non-leaohlng 
conditions also. Krsymanska and Hacklewicz (1969) 
applied one per cent gamma-BHC at 1.5 hg/ha and raked 
into a depth of 7*10 cm. The percentage residue after 
one year at 0-10 and 10-20 cm was 23 and 25 per cent 
and after two years 17 and 16.8 per cent, respectively. 
Gawaad et al. (1971) carried out laboratory test to 
assess the leaching of gamma-BHC in three soil types 
hy passing water and found that 29*71* 13.99 and 13.33 
per oent of insecticide was lost from sandy, loam and 
sandy loam soils, respectively. Venkltaramalah and 
Singh (1972) recovered residue of BHC even from a 
depth of 61-72 cm in field soils having a history of 
20 years of BHC swabbing on coffee plants. 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 om.
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There was no leaching of KHC or heptaohlor beyond 0-15 on.'

Wiese and Basson (1966) reported that downward 
■orewent or leachabllity of Insaotioldea waa greater In 
light tolls In the oase of DDT, chlordane and heptaohlor, 
Harris and Sans (1969) analysed soils fron fans In which 
Inseotlcides at different depths of the soil were being 
need Intentirely. They detected residues of aldrln, 
dleldrln, endrin, heptachlor, chlordane# DDT and dicofol. 
In cultivated soils the residues were retained In top 
6 lnohes 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 
■alee penetrated to a depth of 12 lnohes only. Stewart 
end Fox (1971) reported that heptaohlor penetrated up to 
10 inches when average rainfall reached 35 lnohes.
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MATERIALS AMD METHODS

2.1 Biology of Leuoopholis ooneophora Bun.

2.1.1 Obtaining first Instar erubs In the laboratory.

Beetles collected from field vere used for this purpose. 
Mating pairs were collected in glass bottles half filled with 
■olst soil and were brought to the laboratory. Fro* these 
one feaale and four Bales each were liberated in breeding 
cages. Eaoh cage consisted of 30 c* dealwood box filled to 
three-fourth with loany sand soil passed through a 20 *esh 
sieve and sterilised to eliminate fungi pathogenic to the 
eggs of soil insects (Wlghtaan and Fowlerv 1974).. After 
releasing the beetles eaoh cage was kept dosed with a pleoe 
of nylon net held In position with a rubber band.

Eggs laid were collected dally passing the soil in the 
oage through a 20 *esh sieve. The eggs wero kept in petrl- 
dlshes in batches of 5-10 and were covered with sterilized 
■olstened soil. Water was sprinkled over the soil frequently 
to keep the same just wet throughout. The dishes were 
daily observed fro* the 20th day after incubation to record 
the aotual date of energenoe of grubs for assessing the 
period of incubation. Soon after hatohlng the grubs were 
transferred to garden pots filled with soil 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 first lnstar gruhs were 
transferred to three-month-old potted oooonut seedlings 
at the rate of one gruh per pot. The growth and moultings 
were heing observed at two days’ interval. Fron each 
lnstar ten specimens were eolleeted and preserved for 
studying detailed morphological characters.

2*1.3 Larval morphology of L* coneophora.

Third instar gruhs of L. ooneophora reared in the 
laboratory as detailed earlier (2.1*2) were hilled in 
hot water and put in 10 per cent KOH solution for four 
days. These were thoroughly washed in fresh water and 
kept in glaoial acetic acid for ten minutes and then 
transferred to ltl carbolic acid acetic aoid mixture 
for 15 nlnutes and finally to 111 oarholio aoid xylol 
mixture. Then they were mounted on slides in Canada 
balsam. Drawings were made using drawing hsad.
Utilising the data available on the characters of 
L, lepldophora and L, burmeisteri (Veeresh, 1981) a key 
was prepared for the identification of the gruhs of the 
‘three species Including L. coneophora.

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

v
The plants used for the studies were raised in garden 

pots (30 cm dia). The bottom of the pot was out out leaving
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a rim of 10-15 mi around tha edge. . Twenty mesh galvanlaad
j

iron nat out out into a circular disc vaa placed Inside 
the pot at the hottoa and the aaae wae fixed to the rim 
with oeaent' mortar. The pot a were then kept hurried to 
three-fourth in tha aoil. This facilitated the aaintenance 
of oondltiona in the pot similar to that of the field,
Tha pota ware than filled with loaay sand aoil.

In the caae of coconut, dehusked nuts having a tuft 
of fibres at the eyes were planted so as to have early 
rooting (Koshy and Sosamma, 1979)* Crotalaria and cacao 
seeds were sown in the pots and in the case of oassava 
15 cm long stem huttings were planted. Coconut seedlings 
were ueed for the experiment three months after planting 
and In the oase of oaoao and orotalaria two months old 
plants were used.

Three-day-old gruhs obtained from pots planted with 
sprouted groundnut seeds and kept in the laboratory (2,1.l)

, i  i i

were released in field pots at the rate of one grub per pot 
and 200 such pots were set for each crop. When the plantsi ! < ’
in the pots faded due to feeding, the grubs were transferred 
to the fresh plants which were potted earlier and were being 
maintained for the purpose. On reaehlng the prepupal stage 
the grubs were transferred to fresh pots, half filled with, ; 
soil. JEaeh grub was placed in a small pit in the soil and , 
was covered with an earthen dish over which further soil
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was added. This prevented the formation of the earthen oeXl 
by the pupa and facilitated further observations on develop­
ment. The pots were closed with nylon net held In position 
with rubber bands. When the adults emerged they were 
oolleoted 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 of different 
life stages of L. coneophora. as influenced by different 
hosts were recorded using the stages obtained from rearlngs 
separately maintained for the purpose. Slnee the insect 
was being reared individually till the emergence of the 
adults* the grubs developing into males and females could 
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 50 pots 
planted with cassava setts at the rate of one sett per pot. 
Ten pots similarly planted and kept without exposure to the 
grubs served as oontrol. All the plants were maintained 
with adequate irrigation. Another lot similarly planted 
and exposed to the grubs along with corresponding oontrol
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was maintained without irrigation towards the later 
stages to study the effect of irrigation on the infested 
crop.

Thirty days after treatment the symptoms visible 
on the aerial parts of the plants were recorded* The 
plant In each pot was then taken out oarefiilly hy 
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-old plants 
raised 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 io. four months after 
the releasing of grubs. Plants were taken out carefully 
as.done earlier and different growth parameters and the 
yield data were recorded.

Ten tubers from oontrol plants and 10 damaged and 
undamaged tubers each from plants Infested with the grubs 
were collected as three separate lots and the content of 
starch, amylose, amylopeotin and hydrooyanie aoid (HCN) 
in the edible flesh of samples were estimated, so as to 
assess the possible deterioration of the quality of the 
tubers due to the feeding of grubs.
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Starch wai estimated following tho method.of 
MaoCready at al. (1950). Fifty ag of powdered, dried 
tuber waa suspended In 50 al of 80 per oent alcohol, 
hoiled on a water hath, evaporated to 10 al and decanted 
after oentrifuging. The residue waft dissolved in 15 al 
of 52 per cent perchloric acid and aade up to 100 al 
with deionized water* One al of the aliquot was taken 
in a test tube diluted to 5 al and colour was developed 
hy addition of 10 al of enthrone reagent and heating for
7.5 ainutes at 100°C in water bath. The OD was measured 
in Beckman Model-26 Spectrophotometer at 650 na. Glucose 
was used as the standard.

Amylose was estimated by the method of Gilbert and 
Spragg (1964). One hundred ag of cassava flour was 
shaken in 10 al, IN NaOH and the volume was made up to

j

100 al. One al of aliquot was transferred to a 50 al 
volumetric flask and neutralised with 1 al of ION HCl, 
followed by 1 al of 10 per oent potassium hydrogen tartarate, 
volume was aade up to 45 al and 0.5 al iodine solution was 
added. Final volume was made up to 50 al. After 20 
ainutes the 00 was aeasured at 660 na. Pure amylose was 
used as the standard. Quantity of aaylopeotin was found 
by deducting the quantity of amylose from total quantity 
of starch.
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Tha rrtln a tlo n  o* boh «m  son. Kjr tha nethod 

daaorlbad »y Indir* >nd stab * (1969). On* S »1 flr r li  

tu tar I I I  honogrniaod In 85 «1 water nnd « « i token In •

500 a l  oonienl flan k . The fle e k  wan cloned with a 

rattier cork, haring a Vhotnon N o.i f i l t e r  paper a tr ip  

aoakod In alkalln a sodlna p lerat* and auapandad Iran  

the botten aide. A lta r 18 hour* the flan k war trannfnrrnd 

to  an ow n aalntainnd a t 60*C. T h irty alnuta* la ta r  tha 

f i l t e r  papar a trip  war taken out and alutad in  20 a l  

d l i t l l l i d  water* Absorbance of th* i l u t t  m *  r ic o r d il  

on a Beoknn Model-86 double beau Speotrophotoaeter at  

540 na. KCN wee uetd «• the standard*

P a la ta b llity  te a t was also carried out to  asstas tbs 

co o su M b lllty  of the tubers p a r tia lly  duaged by the pest* 

The tuber saaples were peeled and silo ed  to  w iifo m  else  

and were cooked In aant quantity of water and under 

Id en tical tenperature and b o ilin g  tin e . P a la ta b ility  of

the P^Jferatiens was cheeked by a ta ste  panel consisting  

e f  tea Isiiv ld w a ls.

2m3tS ****° 9***° *'*)-

FlYe-wonth-old caoao plants raised In pots as 

described e a r lie r  were exposed to  the feeding of second 

in sta r  grubs of L, coneophora a t the rate of 1 , 2 and 3 

grubs per plant. Eaoh treatment had 15 rep lica tio n s.



Fifteen plants maintained without gruhs 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 stinn-henp (Crotalaria striata DC.).

Wild sunn-hemp plants raised in pots were exposed 
to the seoond lnstar grub of L. ooneophora 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 control. At the end of 45 days after the introduction 
of grubs the different growth parameters of the plants were 
recorded.

2.3.4 Coconut (Cocoa nucifera Linn.).

Since it is a perennial crop 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 
their seasonal occurrence.

2.4.1 Assessment of the population.

The population was assessed at fortnightly intervals 
at two locations In Alleppey District vis. Thashakkara and 
Vazhuvadi from September, 1977 to September, 1980. At each

47
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location an Infested plot of 0r5 ha wae identified and 
in the ploty ten (i *5) pit* wore taken, three Metres 
away fro* the hasos of the pains. The soil In the pit 
vas renored in layers and the same was passed through a 
20 nesh sieve to separate out the life stages of the pest 
present. The number of eggs, different Instars of gruhs, 
pupae and adults present In layers of 0-15, 15-30, 30-45, 
45-60 and 60-100 em depths were recorded. Using these 
data the seasonal occurrence of the pest and their 
distribution in different depths of soil were assessed.

2.4*2 Assessment of soil temperature and moisture.

The temperature of the soil at each of the above 
depths excepting 60-100 cm was recorded, from the middle 
of each layer using Wllh.Lambreoht soil thermometers.
Samples of soil collected from each depth were dried to 
constant weight in an oven maintained at ?0°C and fro* 
the data the moisture percentage in eaoh sample wae estimated. 
The rainfall in the location was recorded using a FRP rain 
guage. The above data were collected for a period of three 
years from September, 1977 to September, 1980 at Thazhakkara.

2.4,3 Influence of soil temperature and soil moisture onthe distribution of life stages of L. ooneophora.

The soil temperature in ranges of 2*0 was plotted 
against the moisture content in ranges of two psr oent on 
a graph and the number of the different life stages of



L. ooneophora observed In different ranges of temperature 
and moisture (irrespective of the depths of soil in which 
they were present or monthe of the observation) were 
recorded in the graph so as to give a box diagram* The 
data relating to the beetles and larval lnetars in 
consecutive years were treated as replication and the 
analysis of variance was done. From the results the ranges 
of temperature and soil moisture preferred by the different 
larval instars and adults could be Identified.

2.5 Adult emergence and factors influencing it
Tho period of emergence of the adult beetles from 

the soil, the period of activity of the emerged insects and 
ths sex ratio of the emerging beetles wsrs studied by 
making regular collections of the beetles for three years 
from "50 m2 area of a heavily infested field. Rainfall 
and soil temperature in the area also were reoorded.

2.6 Chemical control
2.6.1 Relative efficacy of insecticides.

Relative toxicity of four Insecticides viz. aldrin,
BHC, ohlordane and heptachlor against seoond and third 
lnstar grubs of L. ooneophora was assessed. Five per cent 
dust formulations of these insecticides were applied in 
field in 1 m2 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 samploe 
from the different plots were collected from a depth of 
0-15 ca, using an anger of 7*5 ca dla. Ten such eaaples 
taken froa eaoh plot were nixed. Ton jam jars of 250 al 
capacity were half filled with the sample taken froa eaoh 
plot, Presoaked groundnut seeds were kept hurled in the 
soil as food for gruhs. Field collected gruhs of required 
age and unlfora size were liberated, one in eaoh hottle. 
Observations on mortality, paralysis and nornalcy were 
recorded at the end of 72 hours. Paralysed gruhs were 
also treated as dead. The experiment was repeated using 
graded concentrations of each insecticide till a mortality

i ,
range suited for the assessment of the values of the
insecticides was obtained. Data were corrected for control 
mortality using Abbott’s formula (1925)* The corrected 
percentage mortality was subjected to probli analysis 
(Finney, 1952).
2.6.2 Field evaluation of the efficacy of insecticides.

The relative efficacy of DHC and heptaohlor under 
field conditions and during different periods of the year 
was evaluated through a separate experiment. Cement tubs 
of i m diameter and 1 m height were used for the experiment. 
The tubs kept in open field were filled with soil. First 
instar gruhs oolleoted from field and kept under observation 
for three days were liberated in all the tubs commencing 
from June and at fortnightly intervals. This was continued
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throughout tho period of occurrence of the first lnstar 
grub In the field. Sprouted groundnut seeds -were planted 
in the tubs which served as food for the grubs. BEC at 
5 kg ai/ha and heptaohlor at 1,4 kg ai/ha were applied 
as fire per oent dust. The dust was nixed thoroughly 
with the eoll in tubs up to a depth of 15 on. For the 
assessnent of nost suitable period for the application of 
the inseotlcide eaoh insecticide was applied in four 
treatnents varying the tine of application. The periods 
of treatnsnt tried were in (a) April alone, (b) June 
alone, (o) April and August end (d) June and Septenber. 
Each treatment was replicated thrice. Untreated checks 
were also naintalned. The liberation of the grubs in 
the treatnents subsequent to insecticidal application was 
done by putting then in 30 on deep holes made in the soil 
so as to avoid the grubs coning in direct contact with 
Insecticide treated top soil at the tine of liberation.

The effect of the treatnents on the pest was 
assessed In toms of the nunber of grubs reaohing the 
third lnstar and pupal stagss as observed at the end of 
December and Hay, respectively, the normal period by which 
all the grubs reach the above stages in field.

One month after the last round of the Insecticidal 
application ie. In October, all the tubs were uniformly 
planted with germinating groundnut seeds at the rat# of 
25 seeds per tub. The mortality of plants in treatments
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also served as an index of the efficacy of treatments 
since it was correlated with the activity of the grubs 
surviving in various treatments during the period.

2*6.3' Assessment of persistence and vertical movement
of Insecticides in soil.
The experiment was conducted in a field where no 

ineectiolde application was done earlier. Soil in the 
experimental plot was loamy sand, dark grey coloured 
with 63 per cent coarse sand (2 to 0.2 mm), 22 per cent 
fine sand (0.2 to 0.02 mm), 5 per oent silt, 9 per cent 
clay and 0*3 per cent organic carbon. The pH of the 
soil was 6.3.

QPlots of 3 m area were prepared with bunds all 
around and leaving 1.5 * as boarder. BHC at 5 hg ai/ha 
and heptaohlor at 1.4 kg al/ha were applied as five per 
cent dust. Application of the pesticides was done as 
in the previous experiment (2.6.2'). Soil samples were 
collected with a tubular soil auger from 0-7.5? 7.5*i5» 
15*30, 30-45 and 45*60 cm depth, 24 hours after the 
insecticidal application and then at intervals of 30 

days.1 Ten such samples were taken from each plot. The 
samples were separately dried under shade.

BHC present in soil samples was estimated following 
the oolorimetric method developed by Seheohter and 
Hornstein (1952) as modified in AOAC (1965) and also 
by bloassay technique and heptachlor residue was estimated 
with bloassay alone.
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Extraction of insecticide.

Fron each sample 100 g soil mas taken in 500 ml 
conical flask and 800 ml acetone mas added to it. It 
mas shaken for 50 minutes in a shaker and then filtered 
over anhydrous Nâ SÔ . Volume of extract mas made up 
to 200 ml. One hundred ml extract mas used for ohemioal 
assay and remaining 100 ml tor hloassay studies.

Clean up.
The sample of 100 ml mas concentrated to 10 al 

passing air mith a manifold evaporator. Five ml of 
this mas taken in a long necked conical flask and mas 
dried mith the evaporator. The residue in the flask 
mas dissolved in 15 ml glacial acetic aoid. Then 2 g 
melonio acid mas added. Content mas refluxed on a 
sand hath for 45 minutes.
Determination of lnseotiolde.

Five ml nitration mixture (i:4 HNÔ  and Ĥ SÔ ) 
mas taken in a test tube kept in an ice hath. The 
delivery tuhe of the Hancock and Lavs apparatus mas 
dipped in the nitration mixture. One g zinc dust mas 
added into the long necked conical flask containing 
the cleaned up extract of lnseotiolde and the flask 
mas connected to the condenser of the above apparatus 
and then heated on a water bath. Refluxing continued 
for 90 minutes and the benzene evolved from the lnseetlcide
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residue was collected in nitration Mixture and got 
converted to m-di*itrobenzene. After 90 minutes the 
nitration mixture was transferred to 250 Ml separating 
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 layer was 
transferred to another separating funnel and was rewashed 
with ether and ether layer was transferred to the first 
separating funnel. Then the ether was washed three times 
with two per cent aqueous sodium hydroxide and again 
washed with saturated solution of sodium chloride, twice. 
Then the ether layer was transferred to anErlenmeyer 
oonioal 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 2-5 ml of the material in the flask 
remained. This was again dried hy swirling the flask.
The m-dlnitrobensene present in the flask was dissolved 
in 10 ml ethyl methyl ketone. Two ml of the aliquot wae 
taken in a test tube and wae diluted to 10 ml with ethyl 
methyl ketone, fr.5 ml of 40 per cent KOH was added and 
the mixture was shaken vigorously for two minutes and 
kept in darkness for eight minutes. Violet red colour 
developed was read in spectrophotometer at 565 nm using 
ethyl methyl ketone as reference. The amount of BHC
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in ifche extract wae determined with reference to a , 
regression equation derived hy using technical grade of 
the Insecticide.

i

Begresslon equation for estimation of residue.
Technical grade of BHC was diluted in acetone to 

give concentrations of 20, 40, 60, 80 and 160 fag of the 
insecticide and taken in long necked flasks. Colour was 
developed following the procedure described above. From 
the transmittance caused hy different concentrations of 
the lnseotiolde the regression equation was worked out.
The regression equation obtained was

y • 0.0101 + 0.0028X, where
y * transmittance and
x ■ concentration of insecticide in ppm.

Recovery test.
Samples of 50 g soil were taken in 200 ml beakers.

A stock solution of technical BBC was prepared in acetone , 
having a concentration of 10 fag per ml. Required quantities 
of this stoek solution wers added to the soil samples taken 
in the beakers so as to give graded concentrations of 10,
50 and 100 fag of the insecticide per sample. One lot 
mixed with acetone alone served as control. Additional 
quantity of acetone was added to the beakers to keep the 
soil completely immersed; The samples wers kept overnight 
and the insecticide was extracted and the quantities were
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determined colorimetrically as described earlier. Froa 
the data percentage of the Insecticide that could he 
recovered was calculated. The recovery for the above 
technique was found as 82-85 per oent.

Bloassay of insectloide 
Rearing of test inseot.

Adults of Drosophila nelanogaster Melg. were used 
as test Insect for the bloassay of residues of DEC.
The Insect was reared In the laboratory froa a single 
pair of Inseot under a constant temperature of 25°C#
The rearing nedium consisted of agar 25 g,corn flour 
75 g« Jaggery 65 g, yeast 3.5 g* vitamin B tablets 15-20 
numbers, propionic add 2 to 4 ml and distilled water 
1000 ml.

Preparation of the residue film in bloassay tube, 
exposure of test Inseot and assessment of mortality

Dry film method was used for the determination of 
the residues. One hundred ml of the extract prepared 
earlier wae cleaned by passing the same through a column 
containing four cm layer of absorbent mixture (l charcoal : 
1 oellte), 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 
ml of the extract was evaporated in a bloassay tube of 
30 mm dla and 250 mm length. The tube was kept rotating 
during the evaporation of the extraot to ensure the spread
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of the Insecticide deposit uniformly on the inner surface 
of the tube. After evaporation of the solvent the tube
i 1 '

was kept open for sufficient period to set the fumes of 
the solvent removed* Twentyfive adults each of 
D. melanogaeter (24 hour-old) were introduced in the 
bloassay tubes* The flies were not eexed. The tubes 
were closed and maintained at a constant temperature of 
B5°c. There were three replications for each treatment. 
Mortality or paralysis wae recorded at the end of 18 hours. 
Files exposed in tubes treated with acetone alone served 
as control.

Preparation of regression equation for residue estimation.

The mortality of D. melanomastar on dry films of 
technical grades of BHC 2, 3* 4, 5 and 6 ppm was assessed.
The mortality was corrected using Abbott1s formula. The 
data were subjected to probit analysis (Finney, 1952) and 
a regression equation was worked out. The regression 
equation obtained was

y * -1.0245 * 3.8238x, where
y m the probit mortality and
x « concentration of Insecticide in ppm.

Estimation of BBC residue in samples.
I

Using the mortality of the test insects exposed to 
the dry films in the bloassay tubes the quantity of inseotloide 
residues in samples eould be estimated using the above
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regression equation. 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 samples collected at different 
intervals oould bo determined by bioassay only* The 
insecticide was 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 ml of 2tl 
hexane isopropyl alcohol mixture. The extract was filtered 
and washed three times with 40 ml each of distilled water. 
Hexane layer was separated and filtered. Then it was 
passed through a column packed with activated charcoal, 
oellte 545 and sodium sulphate. The insecticide in the 
extract was estimated using D, melanogaster as test inseot, 
as was done in the case of BHC. The regression equation 
derived by using the technical grades of heptachlor was 

y * 0.9284 <«• 2.5624x , where 
y * the probit mortality and 
x t= concentration of lnseoticide in ppm.

The extent of recovery of the insecticide following this 
method was found to be 97-99 per oent.



RESULTS



R E S U L T S

3*1 Biology of Lencopholis coneophora Burm.

3.1.1 Ovipoaition.

- Eggs were seen laid in moist soil. Prior to egg - 
laying the female beetle extruded its vagina which helped 
to form bulbous egg chambers in soil. After laying one 
sgg the vagina was withdrawn. This process continued till
the egg laying was completed. Occasionally eggs were seen
in soil without any egg chamber also.

3*1.2 Egg.
Eggs, when freshly laid, were whito in'colour with

an yellow tinge; spherical, oval or elliptical (Plate la);
chorion smooth and coriaceous. As development progressed 
colour of the egg.changed 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 margin if kept on dry surface. This 
did not happen on a wet surface. One-day-old eggs did not 
hurst even on dry surface. Prolonged, exposure to dry 
conditions caused the shrivelling of the eggs. Mean length 
of just laid eggs was 4.49 mm (range 4.32 to 4.6 mm); mean 
width 2.95 ami (rangs 2.72 to 3*04 mm) and mean weight 
0.0194 g (range 0.0173 to 0.0203 g). At the time of hatching,



Plate I. Life stages of L. coneophora.

ft) «g«»

b) first, second and third instar grubs
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tha sis* lnsraassd to 5,90 an (rang# 5*60 to 6.08 mm) la 
laagth, 4.64 tm (rang* 4.31 tn 4.96 urn) la width and 
0.0718 g {rang* 0.0641 te 0.0799 g) in walght; Slis of 
tha agg (Flg.l) Inorsssad froa tha third to tha ninth 
day of Inciibatioa and than rasa In ad aara or laaa constant 
whlla tha weight iaoraaaad up to. tha fifteenth day.
Egga collected froa field and which were ahout to hatch had 
tha alia and weight of a1mliar ataga obtaiaad in tha 
lahoratary. Tha lneubatiaa periods of agga laid by baatlaa 
callactad froa tha fiald and hy thoaa raarad in tha 
laboratory on coaonut raota wara found to ba 23 daya.

3.1.3 Grub (Plata lb).

Firat Inatar grub.

Tha frashly hatobad grabs wara semitransparent»
bat within a day or two tha colour became bluish white 
and tha head and appendages tuned brown. On hatching, 
the u l c  grubs wara 14.6 mm (rang# 13 to 19 ms) long.
2.95 *s (raags 2.79 to 3*20 an) vlda and 0.0574 g 
(raaga 0.0469' to 0.0680 g) In walght. Tha fanala 
grubs wars 14.8 mm (rang# 13 to 17 m m) long, 2.99 mm  

(ranga 2.7 to 3.2 m m) wlds and 0.0592 g (rang# 0.0447 to 
0.0634 g) la walght.

Heads prognathous, slightly decliventt Mandibles 
rsddlsh brown with black apices. Hszlllary and labial



Fig. 1. Increase in the size and weight of the 
eggs of L. coneophora during the period 
of incubation.
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palpi light brown, with a honey brown tinge toward* the
apices. . Frons, face and vertex brown, with a few’ ' '
.scattered silvery setae, smooth and shiny and with a few' ■ ' | , J , , ; , , I’ ' ■ : ■ !" , t , nt‘deep, punotae on the frons and face and finely sculptured

■ 1' ; <,,!■>on the vertex and ocelpat. The head capsule width wae■ ' f
i • , . ■f h \ • if':3.19 nm (range 3*13 to.3.34 nr). Mandibles nearly as

I ■ j . ( (

long as tbe head minus the clypeus, light brown towards 
.the base, reddish brown towards the middle, ebony black 
towards the apex and had a dark spot at the base; eaoh 
with two teeth, one strong and pointed apieally and 
other fifhort and blunt, situated towards the base.
Clypeus, slightly darker than the head and ooncolorous

' lwith the face, apicalrmargin provided with fine brown
' ' ' " ' i iisetae. Antennae ooncolorous with head, four-segmented,

* »1 iasecond segment one ,andAhalf times as long as the first, 
third segment as long as the first and the terminal 
segment slightly swollen and subsqual to the first; 
apex of the terminal joint with a brown tinge. Antennae 
Inserted postero-lateral to the mandibles and the face.

Thorax! apices of legs and dorsal aspect of thorax 
brown, setae silvery brown. Best of the thorax yellowish 
white, segmentation indistinct; Spiracles distinct and 
brown In colour. First thoracic spiracle, oval, 
remaining ones with a raniform appearance, testaceous 
brown in colour.
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Abdomen: mostly white hut 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 from 
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.

Seoond instar grub.

At moulting to seoond instar, the grubs were oream 
coloured and soft. It was inactive during the first 
day after moulting and hody gradually became more 
selerotlzed. The seoond lnstar male grub had a mean 
length of 24.83 mm (range 22 to 27 mm),mean width of
5.3 mm (range .3*5 to 6.0 mm) and mean weight of 0.4890 g 
(range O.36OO to 0.6050 g). The mean length of female 
was 24.75 mm (range 22 to 27 mm), mean width 5.7 mm 
(range 5 to 7 mm) and mean weight 0.4781 g (range 
0.3710 to O.7O8O 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 yellowish-brown 
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 3.21 am). Mandibles brown to reddish brown at the
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bass and black at the apical half, apex ending In a strong 
tooth also haying a blunt snail dentation at the middle 
of the black area, situated In the Inner aspect. Clypeus 
honey brown, thickly pubescent particularly at tho apex, 
setae honey brown with a golden tinge. Lablius yellowish 
light brown, with two-jointed palpi. Haxillary palpi 
brown, three-jointed, with yery strong spines on the 
laclnla. Eye spots, dark reddish brown, situated at the 
base of the mandibles and subtended on either side at. 
the base of the yertex 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 being the shortest.

Thorax; transparent white with light brown patches 
towards the anterior side, setae light brown. Legs 
light brown with ooneolorous setae. Spiracles auricular, 
prothoraclc spiracle the largest and nearly twice as 
big as others, the remaining eight abdominal splraoles 
subequal in alee. Colour testaceous brown.

Abdomen; white with a dark slate blue colour towards 
the middle aspect; abdominal terglte provided with short 
splnaoeous hairs all oyer the apical end. with a golden 
honey brown tinge; distal half of abdomen nearly smooth, 
shiny with very few long setaceous hairs, the dark entrails 
sesn through the transparent body wall giving the area



a brownish black appearance; apex of the abdomen provided 
with dense setae which are longer than those on the 
anterior abdominal tergites.

The seoond lnstar grub fed well on coconut roots 
and males moulted in 51*6 days (range 45 to 60 days) 
and females In 51.6 days (range 40 to 57 days).

Third lnstar 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 abdomen. Just before prepupation 
they were 43.8 mm long (range 42 to 52 mm), 15.9 mm 
wide (range 13 to 15 mm) and 3.42 g In weight (range 
2.67 to 4.93 g) for males and 56.3 mn long (range 52 to 
60 ma), 16.3 mm 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 occiput somewhat 
smooth and shiny with a few long scattered setae 
Inserted in shallow punetae with a faintly leathery 
sculpture, frons mlorosculptured,irregular and distinct 
and face with a rough leathery sculpture. Head capsule 
mean width 7*71 mm (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.
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Running from behind to the Middle of the inner aspect of 
the mandlhle is a ridge ending in a blunt tooth subtending 
anteriorly a few tubercular projections and in the inner 
aspect with a few blunt teeth. Clypeus attached to the 
face with a distinct narrow area whioh is light yellow 
with a greyish tinge, rugoso-reticulately sculptured 
with two fovoae one on either side beset with very 
prominent honey brown setae. Labium, very prominent 
with two-jointed palpi, with an iridiscent red and blue 
lustjiro. Maxillae, with very prominent swollen cardo 
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 
segment half the length of the preceding three joints.

Thorax; creamy white with yellowish tinge.
Prothorax with a pair of coloured chitiniaed patches on 
either side. The anterior one large, light brown in 
colour and somewhat reniform in shape. Legs yellowish 
brown, bearing thiok protuberance armed with very stiff 
spinous setae distributed all around. Tarsus ends in 
reddish brown claw, black in the middle. Coxa nearly 
white; trochanter indistinct; femur most prominent; 
tibia shorter than the tarsal joints, whioh are thick,
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swollen and distinct. The prothoracic spiracles dark 
brown find nearly round, erihiform and nearly twice the 
size of other spiracles. Among the abdominal spiracles 
first two rounded oval and others round,. Segments beset 
with brownish hairs.

Abdomen: with ten tergites well defined, first 
eight comparatively narrow creamy white and bearing 
spiracles; the apleal two bare, smooth and shiny, dark 
slate coloured and without spiracles. The abdominal apex 
beset with brownish setae which have a golden yellow tinge.

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 Individuals Involved. 
The grubs moved in tunnels on their legs or on their 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 chamber were smooth and 
firm. Grubs lay on their back and became inactive.
The body then gradually shrunk, Intestinal content was 
voided and it entered the prepupal stage. The prepupa 
was deep yellow and it changed into the pupa in h to 8 
days.
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Duration of third instar grub including the i>repupal 
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 of 
eggs to pupation was 260 days (range 249 to 269 days) 
for males and 270,0 day® (range 257 to 281 days) for 
females.

3.1.4 Pupa (Plate II a arid b).

Fresh pupa was light brown in colour and as develop­
ment progressed the eolour gradually turned to deep brown. 
A few days before emergence of the beetle, the pupa 
became blackish brown. Pupa was exarato and lay on its 
baok in the earthen pupal chamber. Hale pupa measured
31.3 mm in length (range 30 to 34 ma), ±5.0 mm in width 
(range 14 to 17 mm) and weighed 2.35 g (range 2.06 to 
2.63 g), whereas the female pupa was 35>5 mm in length 
(range 34 to 38 jam), 16,8 msa 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 soil 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, Life stages of L, ooneophora (continuation)

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

o) beetles - left: male, right: female
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3.1.5 Adult (Plate II o).

The body of the newly emerged adult was soft and 
greyish white in colour. Subsequently, 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 bm)t 13.6 mm in width (range
12.5 to 16.0 mm) and mean weight was 1,69 g (range
1.34 to 2.10 g) and the female measured 30,9 mm in length 
(range 27 to 32 mm), 16.9 mm 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 olub of female was 1.62 mm long and 0.S03 
mm wide and that of male was 2.55 nrm long and 0.86 mm 
wide.

Emergence of adults from soil.

Hale beetles emerging out of the pupal chamber, 
on maturity, came upwards pushing up the soil. They 
remained for a short time with the head and prothoraoic 
legs protruding from the soil surface and facing the sky. 
The antennae were also held out in an erect position 
with the lamellae stretched out. Gradually they came 
out of the soil and took to wings with a 'buzzing1 sound,
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leaving a circular emergence hole of about 12-14 mm In 
diameter on the soil surface (Plate 111). Numerous 
such holes could he noticed on the ground during the 
emergence season In the infested area. Females seldom 
flew or made such emergenoe holes. They remained In soil 
with their antennae and part of the head protruding.

Sex ratio of stale to female oollected from field 
was 1 : 0,099 and ratio observed in the laboratory was 
1 : 0.734. The beetle emergence was at dusk around 
6.45 pm and they were on their wings for 25-35 minutes.

Hating.

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 back 
and in line with the female. But the mating continued.
After three minutes the female started 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 around eaoh 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



Plate III. 1Emergence hole* in the soil made by 
the beetles of L. coneophora.
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could not lie 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 oontent did not show any food 
material. Leaves and roots of coconut palm, banana, 
caoao, crotalaria, elephant foot yam, cassava, oolocasia, 
eupatorlum, pigeon pea, drumstick plant, rose and different 
grasses were prorlded 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 purpose of distinguishing grubs of 
L. coneophora from those of related species, detailed
morphological characters of the third instar grub were
studied. The diagnostic features noted are detailed 
below.

Cranium (Plate IT 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 obliquely



Plate IV. External morphology of the third 
inotar grub of L. coneophora.

a) head capsule and antenna

h) olypeus and labrum



p l a t e . IV.



set on either side of epicranial 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 antannal socket (as) with a granular 
patch towards distal end; clypeo-frontal suture (ofe) 
distinct, ridge-like; lateral frontal setae (ifs) 3, 
long and uniformly set on each dorso-lateral side of 
frontal suture anterior to clrcum-antennal setae.

Antenna (Plate IV a).

First antennal segmental setae (as l) 9-11; second 
antenna! 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 eaoh side, 
rugoso-punctate, anteclypeus (ac) less solerotised, 
nongranular and nonsetaoeous.

Labrum (Plate IV b),

Transverse median ridge (tmr) prominent; anterior 
ridge (ar) distinct; setae: i pair each of anterior 
median (am) anterior lateral (al) lateral median (in) and 
dorso-lateral (dl).
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Eplpharynx (Plate V a).

Hounded even Margin, acroparia (acrp) with 25-45 
long pointed setae; plegmatia (pig) 1A-18; proplegmatia 
Minutely rugouse; aeanthoparia (acp) 22-27; hell (h) in 
three rows 21-25; ohaetoparia (ohp) many, distributed all 
over, more prominent and clustered towards the pedium (p); 
zygum absent; epizygum poorly developed; dexiotorma (dxt) 
strong, well selerotized; pternotorma (ptt) well developed, 
separate or fused with laeotorsa; laeotorma (laeo) dark, 
strong; crepiB (orp) thin, nearly U-shaped.

Mandible (Plate V b).

Left: molar region (mr), dorsomolar area (ma) 
dorso-exterior region (dex) and calx (olx) well developed; 
dorso-Molar setae (dme) 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-lateral (plm) setae 6-7.

Maxilla (Plate VI a).

Cardo (c) setose; stipes (st) elongate; stridulatory 
teeth (stt) 16-18, conical, arranged in a single line from 
the base of the stipes to three-fourths the length distally; 
unci of galea (gu) and lacinla together (lu) 6-7.
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Plate V External Morphology of the third Instar 
grub of L. coneophora (continuation).

a) opipharynx

b) aiandlhleo - dorsal view
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Hatter (Plate Vlb).
Septula ( s )  long, narrow, nearly closed by pall; 

pall (p) 22-23; tegellum (t) 55-60, peg like short and 
stout appearing In nearly linear rows from the anterior 
to the posterior end; pretegellar setae (pte) 4-5 on eaoh 
side, prominent, very long and slender; harbula (h) 100 
or more; lateral setae (is) 50-40; anal opening angulate.

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

1 Antero-frontal setae 14-16 arranged 
in a single transverse line; 
aeanthoparia 15-17; right dorsomolar
setae 18-20.......................L. bumeisteri Blanch.

- Antero-frontal setae 20-25, arranged 
in a transverse line or In Irregular 
rows; aeanthoparia 20-27; right
dorsomolar setae 10-12.............................. 2

2 Epicranial setae 6; eircumantennal 
setae 11-13; proplegmatla rugose; 
aeanthoparia 22-27; epizygum poorly
developed........................ L. ooneophora Burm.

- Epicranial setae 4; circmaantennal 
setae 25-23; proplegmatla absent;
aeanthoparia 20-22; epizygum absent... L. lepidophora Brenske
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3.2 Effect of different hosts on the biology of
L. ooneophora

3.2.i Effect on duration of life stages.

Data relating to the larval and pupal duration of 
L. ooneophora reared on different host plants are presented 
in Table 1 and Fig. 2. The duration of the first instar 
grubB reared on different hosts did not vary significantly, 
though the variation ranged fro* 38.2 to 42 days in the 
case of *ales and 40.2 to 41.6 days in the oase of 
females•

The shortest development period of the seoond instar 
grub of the males was observed 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 wae 
significantly higher than that of cassava but the former 
was on par with that of oooonut. The maximum duration 
wae observed on crotalaria and it was significantly 
higher than the duration observed on other host plants.

With regard to the duration of development of the 
female insects also cassava and oooonut were on par and 
the latter was on par with cacao. The duration of 
development on crotalaria was the maximum and it was 
significantly higher than those on other host plants.



Tabic 1. Effect of different host plants on the biology of L. coneophora.

as an larral duration 
(days) Mean

pupal
Mean

duration 
from egg

host plants first
instar

second
inster

third
instar

total duration
(daye)

to admit 
(days)

Male
Cassava 38.2 

( 35 - 42)
48. 8* 

(44 - 54)
166.0a 

(151 - 177)
253.0a

(242 - 262) 23.3a 
(22 - 26) 299.3a 

(290 -- 309)
Coconut 40.3 (34 - 46)

51.6*b 
(45 - 60)

168. la 
(155 - 173)

260.oa 
(249 - 269)

b25.3 
(23 - 29)

308.3& 
(295 - 317)

Cacao 40.5 
(37 - 47)

55.7b (44 - 71) 181.9b 
(170 - 187)

278. lb 
(253 - 294)

26.8C 
(24 - 29) 327.9b $302 - 346)

Crotalaria 42.0 
(36 - 49)

63.4° 
(53 - 71)

179.7b (161 - 201) 285. lb 
(265 - 315)

24.7b 
(23 - 26)

332.8b 
(313 - 362)

CD MS 6.19 8.61 10.10 1.45 10.09
Feasle

Cassava 4ft 2
(36 1 45)

48.8° 
(43 - 55)

172.8a 
(158 - 183)

26l.8a 
(250 - 273)

22.9a 
(21 - 24) 307.7*1 

(297 - 320)
Coconut 40.9 

(38 - 51)
„  £ab 51.6

(40 - 57)
177.5s (164 - 189)

270. oa 
(257 - 281)

25.7b 
(23 - 29) 3l8.7b (304 - 333)

Cacao 41.6 
(35 - 47)

55.5b 
(43 - 71)

188. T1* 
(181 - 199)

285.8b 
(269 - 298)

26. lb 
(24 - 29) 334.9° (316 - 348)

Crotalaria 41.4 
(35 - 48)

67.7° 
(59 - 76)

b185.1 
(170 - 201)

294.2e 
(281 - 304)

25.2b 
(23 - 23)

342.4° 
(330 - 352)

CD MS 5.92 7.45 7.21 1.89 --- --7.83 - -
Notations with different letters indicate significant difference at level. 
Figures in parentheses s Iig w  the range. N3 = Not significant.
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The development of the third inatar grub also was 
significantly influenced by the host plants. The 
duration of males on cassava (166 days) was the minimum

■ ■ i. '

end it was closely followed by the duration on coconut
{ ‘i i

(168.1 days) the difference between the two being 
statistically insignificant. The development on cacao 
(181.9 days) was on par with that of orotalarla (±79.7 
daysi) and these were significantly longer than the 
durations on oooonut and casBava. With reference to the 
female also the duration on cassava end oooonut was

ifound to be on par and significantly shorter than the 
duration on cacao and orotalarla 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 
males and 261.8 and 270.0 days, respectively, in the 
case of females. In the case of males the duration of 
development on cacao (278.1 days) and orotalarla 
(285-1 days) were also on par and they were significantly 
longer than those on cassava and coconut. In the case 
of the females the total durations in orotalarla (294.2 
days) were significantly higher than that on cacao 
(285.8 days).



n

The papal duration of the Insects reared on oassava 
was the shortest (23*3 days) and those of oooonut and 
orotalaria were on par with that on cassava and signi­
ficantly thorter than that on oaoao. In the case of

Ifenales also the pupal duration was shortest on oassava 
(22.9 days), while the durations on the coconut, oaoao 
and orotalaria were on par and significantly longer than 
that of cassava.

With reference to the total life period fron egg 
to adult, oassava and oooonut were found to he very 
suitable for the pest, there being no significant 
difference between the duration of Bales on these hosts 
(299.3 and 308.3 days, respectively). But In the case 
of fenales, oassava was found to be significantly superior 
to oooonut having a shorter duration. In the oase of 
Bales and fenales the total durations on oaoao and 
orotalaria were found to be on par and significantly 
longer than those on the other two hosts.

3.2.2 Bffeot of different hosts on the body size of the
life stages.

Bata 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 fron 
first lnstar on oassava was the naxlaua (49.3 *■ for 
Bales and 56.8 an for fenales) and it was olosely followed

77
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Tabic 2. Effect cf different heat plants on the else and 
weight ef third Instar grubs of L. osneonhcra.

heet plants...L - . . .
length(urn) width

(nm)
weight
(s)

Male
Caskava 49.3a

(43 - 53)
14* la 

(12 - 16) 3.39 (2,87 - 4.11)
Coccnnt 48,8ab 

(42 - 52)
13.9* 

(13 - 15)
3.42 

(2.67 -4.98)
Cacao 46.8b 

(42 - 50)
I2,8b 

(12 - 14)
3.10 

(2,40 - 3.38)
Cretalaria 44.1° 

(42 - 47)
13.4b 

(12 - 15)
2.88 

(2.50 - 3.52)
CD 2,333 0.846 NS

Fenale
Caskava 56.8a 

(55 - 58)
15.9*b 

(15 - 18)
5.82® 

(5.03 - 6.29)
Coconut 56.3* (52 - 6o)

16.3* 
(15 - 17)

5.68* 
(4.78 - 6.65)

Cacao 53.9b 
(52 - 55)

15.5b 
(15 - 16)

4.94b 
(4.18 - 5.29)

Cretalaria 50.3° 
(48 - 53)

15.2b 
(14 - 16)

4.40® 
(2.96 - 5.07)

CD 1.570 0.727 0.512

Notations with different letters indicate significant 
differences at 1$ level for length end weight and at %  
level for width.
NS t Not significant
Figaros in parentheses give the range.
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toy those reared on coconut, there toeing no significant 
difference between the two. In the case of males reared 
on cjoconut (48*8 mm) and cacao (46.8 mm) the mean length 
did not vary significantly,while those reared on 
crotalaria were the shortest and significantly different 
from those reared on all the other hosts. In the case 
of females the length of gruhs reared on cacao and 
orotalaria were significantly lower than the length of 
grutos reared on coconut.

The mean toody width of full grown grutos of the
i

males reared on cassava was the highest (14,1 mm) and it 
was closely followed toy the width of grutos reared on 
coconut (13*9 mm) the difference toetween the two toeing 
statistically insignificant. In the case of females 
the toody width of grutos reared on coconut and oassava 
(±6.3 and 13*9 ram* respectively) were on par and 
significantly higher than those obtained from the remaining 
treatments. Minimum toody width was observed for grutos

l
reared on cacao and it wae proceded toy those reared on 
orotalaria in the case of males and orotalaria was 
preceded toy cacao in the case of female insects* the 
difference toetween them toeing statistically insignificant.

i

j The body weight of full grown grutos of males 
reared on different hosts 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 It wae closely followed hy gruihe 
obtained from oooonut (5.68 g). The difference between 
the two was statistically insignificant. Grubs obtained 
from cacao weighed 4.94 g» und was significantly less 
than the weight of gruhs on oooonut. and oassava and 
more than the weight of grubs on orotalaria (4;4 g). 
Minimum weight was obtained for grubs reared on orotalaria 
and the same was significantly less than those reared 
on other crops.

Data on the slae of pupae obtained from insects 
reared on different host plants are given in Table 3.

The mean lengths of the pupae of males reared on 
oassava and coconut (31.3 asm) was higher and on par and 
these differed significantly from the length of pupae 
reared on cacao and crotalaria the latter two being on 
par. The body length of pupae reared on oaoao and 
crotalaria did not differ significantly. Maximum pupal 
length in the case of females was recorded on cassava 
followed hy oooonut (36.0 mm and 35.5 aaaf respectively) 
and? they were on par between themselves. Body length 
of pupa reared on crotalaria (30.4 am) was the least.

iThe body length of pupa obtained from cacao differed 
significantly from the remaining hosts and was lesser 
than that on oooonut and more than that on crotalaria.

\



Table 3* Effect of different host plants on the size and 
weight of pup*e of L. coneouhora.I

host |planta length
(am)

width
(ran)

weight
__ ( d _ _ „

Male
Cassava 3i.3a 

(29 ~ 35)
15.0s 

(14 - 17)
2.75s 

(2.51*- 3.03)
Coconut

1
31.3a 

(30 - 34)
15.0a 

(14 - 17)
2.35b (2,06 - 2.65)

Cacao 28* 7̂  
(26 - 35)

13.7b (12 - 15)
2.23b 

(1.90 - 2.50)
Crotdlaria 28. lb 

(25 - 32)
13.2b 

(12 - 15)
2.35b (1.98 - 2.98)

CD 2.113 0.915 0.265
Ferale

Cassava 56.0a 
(35 - 38)

17.0“
(15 - 18)

4.56s 
(4.02 - 5.92)

Coconut 35.5a 
(34 - 38)

i6.a*b
(16 - 18)

4.28B 
(3.85 - 4.63)

Cacao 33.2b 
(29 - 26)

15.7bc (14 - 18)
3.36b 

(2,48 - 4.66)
Grotalaria

i
30.4® 

(27 - 35)
15.2® 

(13 - 17)
2.77® 

(2.10 ~ 4.00)
CD 1.806 1.114 0.513

Notations with different letters indicate significant 
differences at 1% level.
Figures in parentheses show the range.



With reference to the mean "body width of pupae 
cassava and coconut were found to ho the favourable hosts 
the measurements being on par and high in the base of 
male and female. In the case of males the body widths 
of pupae from cacao and orotalaria were on par and they 
were significantly lower than those obtained from coconut 
and cassava. In the case of females the body width 
of pupae reared on orotalaria was the least and it was 
preceded by those obtained from cacao the difference 
between the two being statistically insignificant.
Cacao and coconut were, also seen on par.

Maximum pupal weight was obtained for insects 
reared on oassava. In the case of males weight of 
pupae reared on cassava was significantly superior to 
those reared on the remaining hosts. Minimum body 
weight of pupae of males was obtained for insects from 
cacao, and it wae on par with the body weight of pupae 
obtained from coconut and orotalaria. In the case 
of females, weight of pupae from coconut and oassava 
did not differ significantly. Minimum 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 obtained from cacao 
was higher than those obtained from crotalaria and 
lower than those from coconut and cassava.
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The data on body size of adults obtained from grabs 
reared on different boats are given In Table 4. Body 
length^ of Bales and fenales obtained from coconut and 
oassava were on par and significantly higher than those 
obtained from the other hosts. Body long the; of adults 
obtained from cacao and crotalaria were on par and less 
than those obtained from cassava and coconut In the case 
of isales. In the case of fenales minimum body length 
was for adults reared on crotalaria.

The body width of the adult males reared fut from 
different hosts did not vary significantly. Hegardlng 
females the maximum width was recorded for Insects reared 
on coconut (l6.9 mm) and it was closely followed by those 
reared on oassava (i6.1 mu) the difference between the 
two being statistically insignificant. The lowest width 
was noted for the insects reared on cacao (14,3 mm) and 
it was preceded by tho go reared on orotalaria (15*6 tarn) 
the difference between the two being statistically 
significant. The body weight of adults obtained from 
cassava was maximum for both oesea (1*79 g and 3.24 g 
for male and female, respectively) and these were on par 
with those reared from coconut (l,69 g and 3,16 g for 
male and female on coconut). In the case of males, 
minimum weight was for Inseots obtained from orotalaria 
and the same significantly differed from the Insects
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Tabic 4. Effect of different host plants on the size and 
weight ef adult*' of L. coneophora.

host plantsi ■ ' .

length
(am)

width
(noa)

weight 
(flf* :

Male
r r

Cassava 26.8a 
(24 - 30) 13.5: 

(12 - 15) i.79a (1.61 - 2.02)
Coconut1 ! •

26.8® 
(26 - 28)

13.6 
(12 - 16) 1.69ab 

(1:34 - 2;10)
Cacao 23.2b 

(22 - 29) 13.1 (12 - 16)
1;52b 

(1.03 - 1.80)
Crotalaria 23.8b 

(22 - 26) 12.7 (11 - 16)
1.21° 

(1.00 - 1.81)
CD 1.483 NS 0.203

Female
Cassava 30.8a 

(29 - 32)
16.i*b 

(15 - 17)
3.24b 

(2.80 - 3.46)
Coconut 30.9a 

(27 - 32)
16; 9a 

(13 - 18)
3.l6a 

(2.72 - 4.21)
Cacao 29.0b 

(27 - 32)
14.3° 

(13 - 16)
2.48b 

(1.82 - 2.81)
Crotalaria 27-3° 

(25 - 30)
13.6b 

(15 - 17)
2.20b 

(1.98 - 2,76)
CD 1.474 1.051 0.341

Notations with different letters indicate significant 
difference at Ufa level.
NS = Not significant
Figures in parentheses shew the range.
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reared on other hosts. Body weight of sales reared on 
oaoao was slightly less than the weight of adults reaired 
on coconut, hut they did not differ significantly. In 
the case of females the Blnimua body weight was for adults 
reared on orotalarla (2.20 g) and that did not differ 
significantly from the weight of inseots reared on 
cacao (2.46 g).

3.2.3 Effect of different hosts on the survival of
immature stages, adult longevity, preoviposit ion 
period and fecundity.

The data relating to the survival of the different
life stages of L. ooneophora reared on different hosts
(Table 5; Fig. 3) when subjected to X2 test of independence
revealed that there were no significant variations in
the test Insects surviving up to third instar stage of
the pest. The third instar grubs surviving to pupal
instars varied significantly with reference to different
hosts. The maximum number was obtained from cassava and
it was followed by oooonut, cacao and orotalarla. The
adult emergence was also noted to be the maximum in
cassava (69) and it was followed by the number obtained
from coconut (63) cacao (42) and orotalarla (40). The

2gradual increase in the X values 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 hoat plant* on the survival of tb* immature stages of L. coneophora 
and til* longevity, pre-oviposition period and fecundity of adults.

No* of 
first inst&r 

host plants grub
obser­
ved

first instar grab surviving 
till attaining

second third 
instar instar 
stage stage

papal adult 
stage stag*

adult longevity 
(days)

a* an range

sean mean
pre-ovi- No. of 
position eggs/ 
period female
(day.)

mean
per cent 
of eggs 
hatched

Cassava 200 150 128 86 69 M 44.7a (36 - 54)
F 48./ (45 - 53) 34. oa 19.4® 96.8®

Coconut 200 140 126 72 63 :H 42.3&b (36- 50)
’ F ' 42.6® (37 - 50) 34.8® 18.5® 95.0®

Cacao 200 140 124 62 42 M 3S.7b° (31 - 46)
F y».5* (30 - 39) 30-9b 8.9b 58.2b

Crotalaria 200 150 124 67 40 M . 37. sc (31- 43)
F 33./ ( 30 - 37) 30.5b 7.2b 65.5b

y2 2.51 4*91 •iv8.35 **17.13
cs M 4.42

■■ CD F 2.89 2.15 2.52 13.24

M s Male F s Female
Notations with different letters indicate significant differences at 1$ level for assies and at level for females*
Ŝignificant at ̂  level ^̂ Significant at ife level. 00

CD



Fig. 3

Fig. 4

. Effeot of different host plants on the 
survival of the immature stages of 
L. ooneophora.

. The longevity, preovlposltlon 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 oase of adult Hales longevity recorded for 
insects reared on cassava was maxima* (44.7 days) 
followed by those reared on coconut (42.3 days) the 
difference being insignificant. Males obtained from 
oacao had lower longevity, but did not differ signifi­
cantly from the longevity of the males obtained from 
coconut. Minimum longevity was for adults obtained from 
crotalaria (37*8 days) and it was also on par with tho 
longevity of adults obtained from cacao. In the case 
of females,maximum longevity was recorded for adults 
reared on cassava (48.7 days), which was significantly 
different from the longevity of adults obtained from 
other host plants. Minimum longevity was recorded for 
the females reared on crotalaria (33.2 days), which was 
on par with the longevity of those reared from cacao 
(34.3 days). Longevity of females reared -out from coconut 
(42.6 days) was significantly lower than the longevity 
of adults obtained from cassava and higher than the 
longevity of inseots reared on cacao and crotalaria.

Freovipositlon period^ of females roared from 
oassava and coconut (34.0 and 34.8 days, respectively) 
were on par and differed significantly from those reared



on oaoao 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 from oassava and coconut (19.4 and 18.5 eggB 
per female, respectively). Minimum number of eggs was 
recorded fdt; ; females reared out from crotalaria (7.2 
per female) and this was on par with the number of eggs 
obtained from adults reared on cacao (8.9 per female).

Hatching percentage of eggs was also influenced 
by different host plants of the grubs. Maximum number 
of eggs laid by females reared out from cassava hatched 
and it 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 females obtained from 
oacao (58.2 per cent) and orotalaria (65.5 per oent) 
and the difference between them was Insignificant.

3.3 Nature of injury caused by grubs of L, coneophora 
to different plant hosts

3.3.1 Cassava (Manihot esculenta Crans.)

Out of 50 plants exposed to the grub, seven did 
not sprout, 13 died after sprouting within 30 days of

I

83
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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 attaoked 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 driod 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 eetts could have been attacked by the grubs subsequent 
to sprouting* Thirty plants which survived till the end 
had tapering stem 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 6t Fig. 5 and Plate VII b.
It may be seen that height of plants, exposed to grub 
population ranging from one to five number per plant,



Table 6. Extant af dosage done to cassava (Manihot esculents) hy different levels of 
grub population of L. coneophora.

0
No. of grubs/plant

1 3 5 CD

Height (cn) 263.29* 206.oob 201.47bC 186.60° 17.42

Girth (cm) 4.20* 3.97k 3.80° 3.51d 0.126

No. of leaves eserging after 
introduction of grubs. .

7o.20a 54.46b 32.93k 49.oob 9.21

Weight of top growth (g) 1388.33a 1031.sob 924.53° 873.93° 87.89

Weight of roots other than 
tubers (g)

202.99s 184.87ab 116.68b 77.26b 76.29

Weight of dassged tubers (g) 0.00s 603.93k 759.47° 817.80b 254.99

Weight of udaaaged
tubers (g)

2860.80* 2213.40b 2035.33k 1221.13° 343.00

Weight of underground 
growth (g)

3063,67s' 2423.03° 2151.00b 1334.98° 388.69

Notations with different letters indicate significant difference at lf> level.
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Plate VII. Nature of damage on cassava
(Manihot esculenta) caused hy 
L. coneophora.

a) seedling - damaged and healthy

b) damaged tuhora





ranged fron| 206~| to J 186.6) on as against 263 > 29 cn In 
oontrol plants. The population levels of one and three 
grubs per plant were on par while the latter was on 
par with the highest population level of five grubs 
per plant. With reference to the girth of plants also 
the infestation brought significant reduction when 
compared to oontrol. The nean girth of plants exposed 
to the pest at levels of one, three and five grubs per 
plant were 3*97, 3.8 and 3*51 cn, respectively.
These values were significantly different fron one 
another. With reference to the nunber of leaves which 
emerged after the release of gruhs there was significant 
difference between the control and treatnents while the 
treatnents were on par. The weight of top growth of the 
plants also varied significantly between the treatnents 
and control. The reduction oaused hy three and five 
gruhs per plant (924.53 and 873.93 g, respectively) was 
on par and was significantly higher than that caused hy 
one grub per plant (1031.8 g). The weight of roots 
(excluding tuhers) in plant exposed to three and five 
gruhs were 116.68 and 57.26 g, respectively, and these 
were on par. The root ŵeight in plants exposed to 
one grub was on par with that of control. Weight of 
danaged tuhers in plants exposed to the pest at the rate 
of one, three and five gruhs per plant viz. 603.93,
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759*47 and 817.80 g, respectively, were on par and no 
danage vas noticed in control plants. The weight of 
underground growth (root and tuhers) also varied 
significantly between control and treatnents. The 
weight in plants exposed to one and three gruhs 
(2423.08 and 2151.00 g, respectively) did not vary 
significantly while the weight of plants exposed to 
fivo gruhs was significantly low (1384.98 g). The 
weight of underground growth (3063*67 g) was significantly 
higher in control.

Qualitative changes in tuhers partly danaged hy the feeding of the gruhs of L. coneophora.

Results presented in Tahle 7 showed that the tuhers 
collected from the control plants and the undamaged 
tuhers obtained from plants Infested hy the root gruhs did 
not differ significantly with reference to the starch 
and hydrocyanic acid (HCN). contents as well as aiaylose 
anylopectln ratio; But the starch content of the danaged 
tuhers was significantly lower than that of control, the 
percentages feeing 53.25 and 67.97, respectively. Anylose 
and anylopectln ratio in the tubers collected from the 
oontrol plant was 24.37 ' 75*63 whereas the sane was 
higher in tuhers damaged hy the grubs, the ratio being 
16.52 I 83*45* The HCN content of the danaged tuhers 
was significantly lower the quantities being 25*19 and



Table 7* Effect of feeding by grabs of L. ooneophora on the starch, ss^iose* 
asylopectin and H ®  contents of cassava tubers.

fflsan value* of
control plant undamaged tuber of 

infested plant
damaged tuber of
infested plant

CB

Starch fa 67.97s 
' (62.6 - 76.2)

70.22a 
(62.0 - 76.2)

53.25^ 
(50.1 r 38.1)

4.152

Anylose $ 24.37& 
(23.2 - 26.0)

23.76a 
(22.1 - 26.2)

I6.52b 
(14.8 - 19.7)

1.250

Angrlopeetin f» 75.63s 
(74.0 - 77.8)

76.34a 
(73.8 - 77.9)

83.45k
(80.3 - 85.2)

1.267

HCN p % / l g 25.19®
(16.2-40.2)

23.38® 
(18.0 - 53.3)

11.17b 
(t 3.7 - 15.7)

5.474

Notations with different letters indicate significant difference at Ifa level. 
Figures in parentheses, show the range.
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11.17 jag/g in oontrol and treatment, respectively.
The cooking quality of danaged tuhers was also 

seen badly affected. These tuhers were poorly cooked, 
less starchy, non-nealy, less tasty, hard and slightly 
yellowish in colour. The taste panel found then less 
acceptable for oonsunptlon.

3.3.2 Cacao (Theobrona cacao Linn.).

The danage caused by different levels of grub 
population oil flve-nonth-old plants and as observed at 
45 days after the introduction of the grub are presented 
in Table 6 and Fig. 6. The danage caused even by the 
population level of one grub per plant was highly 
significant when couponed to oontrol. The height of
the plant was reduoed fron 52.13 to 44.53 tap root/
length fron 25.27 cn to 17.4 on, weight of top growth 
fron 19*88 to 13.95 g and weight of underground growth 
fron 9.59 to 6.33 g. While the control plants produced 
a neon nmsher of 7*86 leaves the nunber of leaves produoed 
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 nuoh narked. But 
the tap root length and production of leaves were drastically 
reduced by the increasing nunber of grubs around the plant 
(Plate Till a and b). The weight of top growth and under­
ground growth also were slnilarly affected.



oloMCTable 8. Extant •£ da*ag«Ato eacae (Thsotoega caoao) by different lercla 
of grub population of .L. eonaophoTa.

0
No. of grabs/plant 

1 2 3 CD

Height (cs) 52.13* b44*53 40,40° 40.40° 2.60

No. of leaves emerging after
introduction *f grnb*.

7.S6* 1.33 0.13° o.oofl 0.70

Length of tap root (ca) 25.27* 17.40b 12.87° 6.00d 2.16

Weight of tap growth (g) 19*88* 13.95b 9.51° 6.53d 0.98

Weight of waderground 
growth (g) 9.59* 6.33b . 3.19° 1.94d 0.84

Notation* with different letter* indieat* significant difference* at 
1% lerel.



Fig, 6. Extent of danage done to cacao 
(Theobrona oaoao) by different 
levels of grub population of 
L. coneophora.
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Plats VIII. Nature of damage on cacao
(Theofrroma cacao) caused by 
L. coneopbora.

a) seedling

b) healthy root, lateral root destroyed 
and tap root damaged





r l

3.3.3 Wild sunn-hemp (Crotalaria striata DC,).

The planta 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 ca only as against a mean height of 165*06 ca 
for the control plants. When the unaffected plants had 
32.93 branohes 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 reduced (Plate IX a), the aean lengths 
in control and treatment being 98.26 and 25*46 ca, 
respectively* The mean weights 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, respectively* 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 affected. 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 notioed.
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doneTable 9, Extant of damagsAto wild sunn-hexp
{Crptalari* striata) by grab af L. coneophora.

xean values
plants

undamaged

of
plants
damaged

CD

Height (ox) 165.06* 90.60* 7.25

No. of branches 
at harvest

32.93* 13.33*
(

2.69

Ne. of leaves at 
harvest

203.60* 44.86* 15.45

Length of tap 
roet (ex)

98.26* 25.46* 8.58

Weight ef tap 
growth (g)

67.20* 25.39* 7.17

Weight ef underground 
grswth (g) 45.91* 8.73* 3.50

Notation# with different lattars indie ate significant 
differences at lf> level except at the last item where the 
difference was at 55̂ level.



Extent of damage done to wild sunn-hemp 
(Crotalaria striata) by grub of 
L. coneophora.
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Plato IS. Nature of damage on wild sunn-hemp 
(Crotalaria striata) canoed by 
L. coneobhora.

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

b) healthy and damaged plants





3.3.4 Coconut pain (Cocoa nuclfera Linn.)*

In the nursery the grubs were seen feeding on the
tip portion of the roots only where the tissue Is soft.

* ^

When suoh 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

► . 1 o

damage caused the drying of spindle leaf followed by 
yellowing of the outer leaves and gradual death of the 
seedling.

The palms in the gardens reported as pest Infested 
since 1952 showed characteristic aerial symptoms like 
yellowing of entire leaves up to the Inner whorl..

In the infested garden the fresh roots emerging 
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 continuous attack of the pest for years the leaves 
became sickly yellow, flowering was delayed, formation 
of nuts reduced and immature nutfall occurred and thus 
the yield got reduced (Plate XI a 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 % Nature of damage on oooonut palm 
(Cocos nucifera) caused hy L. coneophora.

a) coconut seedling, root damaged and 
collar region funnelled hy gruhs

h) healthy and damaged roots





Plate XX. Nature of damage on coconut palm
(Cocos nuolfera) caused hy L. coneophora 
(continuation).

a) an infested coconut garden

h) a coconut palm In a severely Infested garden





3.4 Distribution of the life stages of L. coneophora 
in different depths of soil and their seasonal 
ooourrenoe

3.4*1 Distribution of population in different depths 
of soil.

Adults.

The aean 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 ca. In 
Thazhakkara in 1973 and 1979 no beetle was collected 
froa this depth, while in 1930 low level of 6.7 per cent 
of the population was found in the above depth. The 
populations at 0-15 ca depth at Vazhuvadi during 1973, 1979 
and 1930 were 4.3* 0 and 2.0 per cent, respectively. In 
ths second depth of 15-30 ca also the beetle population 
was relatively low. At Thazhakkara the total populations 
at the depths of 30-100 oa were 79.10, 87.5 and 82.4 per 
oent during 1978, 1979 and 1980, respectively, 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 aaziaoa population observed was 
in the aaaiaiia depth of 60-100 ca during 1978, and 1980, 
while in 1979 the highest level of population was at the 
depth ranging froa 30-45 oa.

7̂1
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fable 10. Distribution «f the admits of L. ooneophsre In different depths ef eeil 

ebaerred during different nenthe at tve looationa in Alleppey District.

depth » percentage ef pecnlatien eheerred In totallocation ef aoil Apr• H*y Jan. J*l. An*. Sep. popnla-year ________.(•■) a b a b a b a b a a b tien(jf)
Xkasfcaklcara

1978 0-19 0 0 0 0 0 0 0 0 0 0 0 0 0.015-30 0 0 0 0 0 0 33 50 100 0 0 0 20.830-49 0 0 0 0 20 0 33 17 0 0 0 0 12.549-60 0 0 0 20 20 75 33 0 0 0 0 0 25.0
60-100 0 0 0 80 60 25 0 33 0 0 0 0 41,7

1979 0-19 0 0 0 0 0 0 0 0 0 0 0 0 0.019-30 0 0 0 0 0 0 20 33 25 0 0 0 12.5
30-49 0 0 0 0 50 33 20 33 50 50 100 100 37.549-60 0 0 0 0 50 22 20 33 0 50 0 0 21.9
60-100 0 0 0 0 0 44 40 0 25 0 0 0 28.1

1980 0-19 0 0 0 0 0 0 0 10 7 22 0 0 6.7
19-30 0 0 0 0 0 0 0 10 29 22 0 0 10.830-49 0 0 0 90 50 25 50 33 21 0 0 0 29.749-60 0 0 0 90 20 17 33 14 7 11 0 0 16,2
60-100 0 0 0 0 30 58 17 33 36 44 0 0 36.5

Vaahmfadi
1978 0-19 0 0 0 0 0 11 17 0 0 0 0 O 4.3

19-30 0 0 0 0 0 0 0 0 0 0 0 0 0.0
30-49 0 0 0 30 90 0 17 20 0 0 0 0 26.1
49-60 0 0 0 0 0 22 50 40 50 0 0 0 17.4
60-100 0 0 0 70 50 67 17 40 50 0 0 0 52.2

1979 0-19 0 0 0 0 0 0 0 0 0 0 0 0 0.0
19-30 0 0 0 0 0 29 29 42 40 29 0 0 27.3
30-49 0 0 0 0 45 21 50 17 40 29 50 0 33.349-60 0 0 0 0 45 50 14 17 20 14 50 0 27.3
60-100 0 0 0 100 10 0 7 29 0 29 0 0 12.1

1980 0-19 0 0 20 0 0 0 0 0 0 0 0 0 2.0
19-30 100 100 20 0 0 12 0 14 0 50 0 0 16.3
30-49 0 0 60 17 20 13 20 29 0 0 0 0 20.4
49-60 0 0 0 50 30 37 40 14 50 0 0 0 26.6
60-100 0 0 0 33 90 38 40 43 50 50 0 0 34.7

tetal rainfall (mb)
April May June Julr Aturuat Sentenberyear a b a b a b a b a b a b

1978 42 30 17 231 234 137 250 177 330 129 99 61
1979 14 48 14 22 272 281 193 139 63 70 144 133
1980 43 19 89 92 207 321 306 212 179 88 101 110
a ■ firet fortnight of the nenthj b » second fortnight ef the Jaenth.



Fig. 6. Distribution of different life stages of 
L. coneophora in different depths of soil 
observed at two locations in Alleppey Dist.
1 adult
2 egg
3 first instar grub
4 second instar grub
5 third instar grub
6 pupa
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Eggs.

Bata are shown 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 0 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 1973 at Thazhakkara.

First instar grubs.

The distribution of the first instar grubs is 
presented in Table 12 and Fig. 8. The population was 
least In the deepest layer of 60-100 cm being absent in 
many observations and the mean percentages were 3.3 and 
1.7 during 1978 and 1979» respectively, at Thazhakkara 
and 2.9 and 2.6 at Vazhuvadi. The mean populations in 
the next higher level of 45-60 ca also were relatively 
lower, these being 5*1 and 14*6 for Thazhakkara 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 cm 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 oent) was observed at 30-45 cm depth 
than at 0-15 cm (19.1 per oent), whereas in 1979 the 
depth of 0-15 cm had a higher percentage of population
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Table 11. Diitribitlu ef the eggs of L. ceneephora in different 

depths of aeil observed dux lag different msnths at tvo 
leoations in Alleppsy District.

location
/ear

depth 
of sell(on)

percentage of regulation observed in total
popala-
tian(*)

May
b Ju n . a b Jul. 

a b Aug. a b Sap. a b
Thsshabkara

1978 0-15 0 0 33 19 0 0 0 0 0 8.715-30 0 11 67 60 31 0 0 0 0 32.930-45 0 34 0 21 0 100 0 0 0 23.745-60 0 0 0 0 0 0 0 0 0 0.060-100 100 54 0 0 69 0 0 0 0 34.7
1979 0-15 0 0 0 0 0 0 0 0 0 0.015-30 0 8 20 0 46 48 44 0 0 24.530-45 0 49 35 54 44 0 4 0 0 33.945-60 0 0 45 46 0 52 52 0 0 33.260-100 0 43 0 0 10 0 0 0 0 8.3

1980 0-15 9 0 16 0 0 0 3 0 0 2.115-30 0 11 41 0 45 0 15 0 0 15-830—45 0 41 44 50 30 52 38 0 0 41.145-60 0 0 0 38 0 48 45 0 0 25.260-100 91 48 0 12 25 0 0 0 0 15.5
Tashuradi

1978 0-15 0 1 0 0 0 0 0 0 0 0.4
15-30 0 0 0 0 0 0 0 0 0 0.030-45 0 10 0 41 10 100 0 0 0 15.145-60 5 0 0 59 65 0 0 0 0 13.5
60-100 95 89 0 0 25 0 0 0 0 70.9

1979 0-15 0 0 0 0 0 0 0 0 0 0.0
15-30 0 0 3 4 46 0 43 28 45 20.4
30̂ 45 0 16 4 56 54 100 57 60 55 45.345-60 0 0 41 12 0 0 0 12 0 9.3
60-100 0 84 53 28 0 0 0 0 0 24.8

1980 0-15 3 3 0 0 3 0 0 0 0 1.0
15-30 61 0 0 0 0 0 45 0 0 13.130-45 36 15 26 12 44 60 55 0 0 34.145-60 0 0 16 54 54 40 0 0 0 22.160-100 0 82 58 34 0 0 0 0 0 29.6

total rainfall (as)
Mar Jane July Aunat Sentanberb a b a b1 a b a b

1978 2?1 234 137 250 177 330 129 99 61
1979 22 272 281 153 139 63 70 144 1331980 92 20? 321 306 212 179 88 101 110
a ■ first fortnight ef the wrath; b ■ second fortnight of the aoath
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Table 12. Diatributien of tha first lnstar grabs of L. ooneophora In different 
depths ef soil observed daring different s»nths at two lo cat lens in 
Alleppey District.

location
year

depth percentage ef pepulatien ebaerred in tetal
of soil Hay 
(on) b

Jun.
a b

Jnl.
a b

Aug.
a b

Sep,
a

k
b

Oot.pepnla- 
a tion(j6)

Thazhekkara
1978 0-15 67 0 0 20 28 23 16 19 18 29 19.1

15-30 33 75 33 30 64 55 51 53 45 57 50.6
30-45 0 25 53 50 4 3 31 11 29 14 21.3
45-60 0 0 6 0 4 0 2 13 8 0 5.1
60-100 0 0 7 0 0 19 0 4 0 0 3.8

1979 0-15 0 80 0 29 48 46 33 19 0 0 25.0
15-30 0 20 20 46 37 46 47 52 30 100 40.4
30-43 0 0 35 18 4 8 11 12 70 0 I8.3
45-60 0 0 45 5 4 0 8 15 0 0 14.6
60-100 0 0 0 3 7 0 0 2 0 0 1.7

Yashoradi
1978 0-15 25 17 13 23 19 29 35 17 23 0 24.0

15-30 23 50 37 30 48 47 35 17 15 60 35.4
30-45 0 33 37 30 30 24 25 33 54 0 27.4
45-60 46 0 13 13 4 0 5 8 8 40 10.3
60-100 8 0 0 3 0 0 0 25 0 0 2.9

1979 0-15 0 40 15 12 14 17 39 53 20 14 23.4
15-30 0 40 31 44 27 43 17 42 13 57 33.8
30-45 0 20 46 16 41 39 17 5 27 14 26.6
45-60 0 0 8 23 17 0 17 0 27 14 13.6
60-100 :0 0 0 0 0 0 11 0 13 0 2.6

tetal rainfall (;-)
May Jen. J11I. Aw • Sep. Oct.b' a b a b a b a b &

1978
1979

231 ' 
22

234
272 137281

250
153

*77
139

330
63

129
70

99 61 144 133
27

101

a * first fortnight of the month; b = seoond fortnight ef the nonth
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(25 per oent) than 30-45 c m  depth (18.3 per cent). But 
at Vazhuvadi during 1978 and 1979* 0-15 c m  depths had 
lest population (24 and 23*4 per oent, respectively) than 
In depths of 30-45 cm (27*4 and 26.6 per oent, respectively).

Second instar grabs.

Bata relating to the population of the second 
instar grubs are presented in Table 13 and Fig, 8. The 
mean population was Maximum at 15-30 c m  at Thazhakkara

i

during 1978 and 1979,percentages being 35.8 and 40.2, 
respectively. It was followed by the deeper layer of 
30-45 cm during 1978 (34.9 per cent), while in 0-15 cm 
depth the population was low (li.3 per cent). During 
1979 in 0-15 c m  there was 24.4 per oent of the population 
while at 30-45 on depth it was 22*6 per cent only. At 
the deeper depths of 45-60 and 60-100 cn , the percentages 
of population in 1978 were 12.3 and 5.7 per cent, respectively, 
and in 1979 the same wore 11.8 and 0.8 per oent, respectively;

At Vazhuvadi during 1978 the higher population 
(40.0 per cent) was observed at 30-45 c m  and the population 
was less at 15-30 c m  (&9*4 per oent) and 0-15 cm depths 
(ll.7 per cent). But in 1979* the highest population hrel 
was at 15-30 c m  depth (45*5 per oent) and it was followed 
by the populations at 30-45 c m  depth (30.3 per cent) and 
0-15 cm depth (15.2 per oent). During 1978 and 1979 
the population level at 45-60 and 60-100 cm depths were



Ta¥la 13* Diatribntian af tha aaeomd instar grabs of |*. caaaomhsra in 
differant dapths of a ail sbisrrsd during diffarant nantha at 
tva loeatisns in Allappay District*

psroantass af nonalatian abaarrad in tatal
A 9 G C K U V U

J t w
af sail
(e»)

Jala
a ¥ a ¥ Sap, 

a ¥
Oct,
a h

V
Not. papnla- 
* *!•»(£)

ThashaMntra
1976 0-15 0 12 14 0 7 16 29 17 0 11.3

15-30 0 75 72 17 3 4? 57 39 62 33*8
30-45 0 12 14 25 62 18 14 39 38 34.9
45-60 0 0 0 a 28 18 0 6 0 12.3
60-100 0 0 0 50 0 0 0 0 0 3.7

1979 0-15 67 11 33 46 32 9 0 12 50 24.4
15-30 33 78 44 31 3 64 70 53 50 40.2
30-45 0 11 11 15 43 14 20 18 0 22,8
45-60 0 0 11 8 21 14 lo 6 0 11,8
60-100 0 0 0 0 0 0 0 6 0 0,8

Vaahwvadi
1978 0-15 0 0 45 0 7 33 0 0 0 11.7

15-30 50 18 55 44 7 33 14 25 40 99.4
30-45 50 64 0 11 67 25 71 63 20 40,00
45-60 0 9 0 33 0 «■’ 14 12 20 10.6
60-100 0 9 0 11 19 0 0 0 20 8.2

1979 0-15 0 0 40 50 0 20 20 7 0 15.2
15-30 0 0 0 12 100 40 40 27 too 45.3
30-45 0 0 60 38 0 20 80 40 0 30.3
45-60 0 0 0 0 0 20 20 20 0 6.1
60-100 0 0 0 0 0 0 0 n 0 3.0

total rainfall (wm)
Jul. a ¥

Aug.a b a Sap* b
Oct. Her* a b a

1978
1979

250 177 
153 139

330
63

12970 99144
61
133

27101 . 253 25328 98
a m first fortnight af tho nonth; b ■ tacond fortnight of tha nonth.
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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

cmnot recorded in deeper levels of 60-I00Aand in many 
observations they were lacking at 45-60 cm depth also.

Third lnstar grubs.

The populations at different depths are' presented 
in Table 14 and Fig. 8. Maximum population was seen at 
15-3,0 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 oent), 45-60 (17.4 per 
cent). 0-15 (ii.8 per cent) and 60-100 cm (8.7 per cent) 
during 1977-78. During 1978-79 also the same trend was 
observed. But in 1979-80 the highest population was 
recorded 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 cm (20.5 per oent), 15-30 ora 
(18.2 per cent) and 0-15 cm (6.9 per oent), respectively.

At Vazhuvadi also high population level was observed 
at depths of 15-30 cm (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 lrvel' (31.9 per oent) 
was observed at 30-45 and 45-60 cm depths. The, population 
levels in other strata were relatively low ranging from



Tabla 14* Diatribatian if tha third imstar grabs af L. canaapfaara la diffaraat
i07

lscatlsa
jaar of soil Oct* Nst. Dae. Jaa.

(«w) a b a b a b a b

0—15 100 20 0 20 11 21 0 D
15-30 0 48 35 36 ' 41 43 6 23
30-45 0 17 25 30 30 25 35 3145-60 0 10 30 15 15 11 47 1560-100 0 5 10 0 4 p 12 31

0-15 0 0 0 15 14 20 10 13
15-30 0 0 23 38 25 30 20 34
30-45 0 50 41 29 25 40 40 20
45-60 67 50 23 9 25 10 20 13
60-100 33 0 17 9 11 0 10 20
0-15 0 0 0 18 11 13 5 12
15-30 50 50 22 38 26 27 15 29
30-45 50 50 48 26 30 20 40 29
45-60 0 0 17 9 26 20 35 18
60-100 0 0 13 9 7 20 5 12

0-15 0 13 0 14 12 12 12 0
15-30 0 73 40 40 35 35 6 13
30-45 0 13 14 14 12 19 24 27
45-60 0 0 14 20 41 23 41 60
60-100 0 0 31 11 0 12 18 0
0-15 0 0 0 0 0 0 22 7
15-30 29 11 23 38 18 33 22 29
30-45 43 67 36 25 47 33 0 43
45-60 14 22 27 38 18 14 6 0
60-100 14 0 14 0 18 19 50 21
0-15 14 9 12 0 4 15 7 10
15-30 0 0 25 43 21 35 14 10
30-45 43 54 50 43 33 15 29 20
45-60 14 27 12 14 33 25 50 40
60-100 19 9 0 0 8 10 0 20

tatal
Ostobar NoTaahar Dcaaahtr Jaananj
a b a b a b a 4

150 237 249 196 27 29 oA
27 255 255 362 127 25
101 28 98 145 74 11

ffhaahaMrara
1977-78

1978-79

1979-80

Vaahovadl
1977-78

1978-79

1979-80

1977-78
1978-791979-80
a a first fortnight af ths loiih; b a aacoad fartnight of tho m i
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depth* ef a*il ebatrrad daring different Hontha at two leoaiiens in AXleppey Diet,

potmlatien obeerred in total
Feb. 
e b

Mar. a b
Apr. 
a b May a b

Jon. 
a b

Jul. a b
papula­
tion̂ )

0 3 6 14 8 18 17 17 0 0 0 0 11.8
0 25 24 41 54 44 58 29 0 0 18 0 35.8
20 17 35 31 29 29 25 17 17 50 36 0 26.1
53 19 35 12 8 6 0 21 33 50 36 0 17.4
27 36 0 2 0 3 0 17 50 0 9 0 8.7
0 12 0 0 0 9 26 0 0 0 0 0 9.3
7 31 21 21 50 36 58 50 0 0 18 0 28.2
14 6 42 16 0 9 0 0 17 50 36 0 25.5
14 19 26 21 0 18 11 50 33 50 36 0 18.8
64 31 11 42 50 27 5 0 50 0. 9 0 18.0
12 12 0 0 0 0 0 0 0 0 0 0 6.9
6 12 7 8 0 0 38 0 0 0 0 0 18.2
24 18 7 8 5 15 12 40 50 33 0 0 24.8
47 29 29 67 55 35 50 20 0 33 0 0 29.5
12 29 57 17 40 50 0 40 50 33 0 0 20.5

0 8 19 7 0 11 17 0 0 0 0 0 7.6
20 31 25 25 31 22 59 0 40 0 0 0 32.3
53 38 44 32 69 56 25 9 50 50 0 0 27.4
20 8 6 11 0 11 0 9 10 50 0 0 18.4
7 15 6 25 0 0 0 82 0 0 0 0 14.2
0 9 0 4 10 22 0 20 0 0 0 0 6.5
23 32 3 7 40 68 60 20 37 6? 100 100 35-3
0 13 21 25 30 7 20 20 63 33 0 0 24.6
50 18 37 46 10 2 20 40 0 0 0 0 18.5
25 23 33 18 10 0 0 0 0 0 0 0 15.1
0 0 0 0 0 0 50 0 0 0 0 0 4.8
0 0 5 0 20 20 50 0 33 0 0 0 14.3
21 30 42 37 20 40 0 0 42 40 0 0 31.9
57 30 26 47 40 40 0 12 17 20 0 0 31.921 40 26 16 20 0 0 88 8 40 0 0 17.1
rainfall
frbruaxr Marob April Mar June Julr
a b a b a b a b a b a b

5 13 12 29 42 30 17 231 234 137 250 177
0 14 0 24 14 48 14 22 272 231 153 1390 0 8 30 43 19 85 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 dietrihutIon of pupae in different depths of 
the soil id presented in Table 15 and Fig. 8. At 
Thazhakkara no pupae were found In the upper strata of 
0-15 cm depth during the entire period of observation 
and except in the year 1979 pupae were not present at 
the depth of 15-30 cm also. Pupae were colleoted from 
the depths of 30-100 cm during all the years. The mean 
percentage of pupae present at the depths of 30-45 cm,
45-60 cm and 60-100 cm ranged from 12.9 to 24.1 per cent,
9.6 to 37.5 per cent and 29.2 to 77.4 per cent, respectively.

During 1978 and 1979 pupae were not collected from 
the top strata of 0-15 cm depth at Vazbuvadi, 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 cm and 60-100 cm tho 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 cm.



Tati* 15* Distrtbatian af tha pnpaa of L. conaophara in diffarant daptha af sail 
absarvad during diffarant swaths at tv* locatiana in Allappey District.
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location
year

depth 
af soil

parcaatasa af popalatian absarvad in
Mar. 
a b Apr. a b

May a b
Jun. 
a b

Jul. 
a

  total
Aug. pspala- 
a b tioafjt )

Thasbakkara
1978

1979

1980

0-15 0 0 0 0 0 0 0 0 0 0 0 0 0,0
15-30 0 0 0 0 0 0 0 0 0 0 0 0 0.0
30-43 0 0 0 0 29 0 0 100 0 100 0 0 12.9
45-60 0 0 0 0 0 15 0 0 25 0 0 0 9.6
60-100 0 0 0 0 71 83 100 0 75 0 0 0 77.4

0-15 0 0 0 0 0 0 0 0 0 0 0 0 0.0
15-30 0 0 0 0 0 0 0 23 0 100 0 0 12.3
30-45 0 0 0 50 25 0 0 13 36 0 33 50 20.8
45-60 0 0 100 50 0 67 60 8 64 0 33 50 37.5
60-100 0 0 0 0 75 33 40 54 0 0 33 0 29.2

0-15 0 0 0 0 0 0 0 0 0 0 0 0 0.0
13-30 0 0 0 0 0 0 0 0 0 0 0 0 0.0
30-45 0 0 25 20 33 80 22 25 0 12 0 0 24.1
45-60 0 0 23 40 33 20 11 19 22 38 0 0 24.1
60-100 0 0 50 40 33 0 67 56 78 50 0 0 51.6

Vasbmradi
1970

1979

1980

0-15 0 0 0 0 0 0 0 0 0 0 0 0 0.0
15-30 0 0 0 0 20 9 0 0 0 0 0 0 4,4
30-45 0 0 0 0 0 13 8 20 33 0 0 0 11.7
45-60 0 0 0 0 20 0 26 30 67 0 0 0 19.1
60-100 0 0 0 0 60 78 64 50 0 0 100 0 64.7
0-15 0 0 0 0 0 0 0 0 0 0 0 0 0.0
15-30 0 0 0 0 0 0 0 33 50 38 0 0 13.5
30-43 0 0 0 0 33 0 37 56 33 38 0 0 32.7
45-60 100 100 0 100 33 67 23 11 0 23 0 0 31.0
60-100 0 0 0 0 33 33 41 0 17 0 0 0 20.7
0-15 0 0 9 9 0 0 0 0 0 0 0 0 3.4
15-30 0 0 9 0 29 0 0 0 0 0 0 0 4.5
30-45 50 50 18 27 37 23 11 8 50 50 0 0 25.0
45-60 25 50 18 64 14 75 39 33 25 0 0 0 34.0
60-100 25 0 46 0 0 0 30 58 25 50 0 0 32.9

1978
19791980

total rainfall
March. Anril sMay Jana Julr Aumat
a b a b * b a b a b a b
12 29 42 30 8

17 231 234 137 250 177 330 129
0 24 14 43 14 22 272 281 153 139 63 70
8 30 43 19 83 92 207 321 306 212 179 88

a ■ first fortnight of tha nonth; b * second fortnight of th* nonth
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3.4.2 Influence of soil temperature and soil' moisture.
on the distribution of the life stages of
L. coneophora.

I \ i t
The distribution of the beetles and different ins tan 

of grubs of L. coneophora is shown in Fig. 9 and 10.
Maximum number of beetle population was seen in the 
temperature range of 29-31°C and soil moisture of 9-11 
per cent. In the oase of first instar grubs the highest 
mean number (52) was observed in the temperature range of 
29-31°C and soil moisture range of 8-10 per cent. The 
peak mean population of second lnstar grubs (37*5). was 
observed in the temperature range of 3i-33°C and soil 
moisture of 8-10 per cent. Third instar grub also 
preferred the temperature range of 3i-33°C (moan number 
66) and moisture range of 7-9 par cent.

3.4.3 Seasonal distribution of the life stages of
L. coneophora.

Data relating to the seasonal distribution of life 
stages of L. coneophora are presented in Tables 16 and 17 
and Fig. 11, The adults were generally seen in soil from 
the second half of, May to the end of August. But, at 
Vazhuvadi during 1980 beetles were collected from the 
first half of April onwards. The beetle population 
remained high from the second half of May to the end of 
July during 1978 at both the locations. During 1979

o



Fig, 9. Mean niuabsr of adults and first ins tar 
grubs of L. oonsophora observed in 
dlffsrsnt rungs* of soil temperature and 
moisture.

a) adults
b) first instar grubs
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Fig. 10. Mean lumber of second and third Instar 
grubs of L. ooneophora observed in 
different ranges of soil temperature 
and moisture.

a) second instar grubs
b) third instar grubs
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Table 16. Saaaanal ocoirranc* of tho adult*, agga, first in*tar grab*
112

_ ala b a r o b a a r t a d
life atag#

Adalt

E*B

First instar 
grab

Saaand iastar
grab

location
yaar p̂ril a ' b

May
a b

Jnna
a b

Thashakbara
1978 0 0 0 5 5 6
1979 0 0 0 0 2 9
1980 0 0 0 0 10 12
nsam 0.0 0.0 0.0 2.3 5.6 8.3

Vashcfaii
1978 0 .0 0 10 16 9
1979 0 0 0 1 11 16
1980 2 a 5 6 10 8
naan 0.6 0.6 1.6 9.7 11.6 10.3

Thazhakkara
1978 16. 35 13
1979 0 39 69
1930 - 11 66 32
naan 9.0 27.6 32.0

Vadnvadi
1978 90 92 0
1979 0 .69 78
1930 36 62 69
naan 62.0 76.3 69.0

ThashaVVara
1978 3 6 15
1979 0 5 69
naan 1.3 4.5 32.0

Vaahoradi
1978 13 6 a
1979 0 9 13
naan 6.5 5.3 10.5

Xbaahakkara
1978
1979
naan

Vasharadi
1978
1979
naan

a ■ first fortnight of tha nonth 
b - saeaai fortnight of th* nonth



and u m i  lnstar grab# oJ L, eoaaaphara la eioiaut gardens at tvi locatiaas.
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l a  t k i  n a t h  a f
July August Saptaabar Ootabtr Noraabar

a b a b a b a b a b

3 6 1 0 0 0
10 3 4 2 1 1
6 SI 14 9 0 0
6.3 10.0 6.3 3.6 0.3 0.3
6 5 2 0 0 0
It 12 3 7 2 0
3 7 2 2 - 0 0
8.3 8.0 3.0 3.0 0.7 0.0

33 36 18 0 0 0
59 39 , kk 23 0 0
80 67 6b 74 0 0
64.0 47.4 b2.0 32.3 0.0 0.0

27 20 15 0 0 0
23 55 31 53 40 55
56 39 50 60 0 0
36.0 38.0 38.6 37.6 13.3 18.3
10 29 31 35 47 38 7
39 27 2b 36 48 10 2
24.5 96.0 27.5 45.3 47.3 24.0 4.3

30 27 21 40 12 13 5
23 29 23 ia 19 13 7
27.5 98.0 22.0 29.0 15.3 94.0 6.0

0 8 7 It 29 17 7 18 8 0
3 9 9 13 58 22 10 17 6 6
1.3 8.3 8.0 12.5 33.5 19.5 8.5 17.5 7.0 3.0

2 11 11 9 13 12 7 8 10 0
0 0 5 8 2 15 5 15 7 0
1.0 3.5 8.0 8.3 8.3 13.5 6.0 11.5 8.5 0.0
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Table 17* Seasonal occurrence of the third instar grabs sad

life
stage

location
year

n u m b e r o b 8 e r v e d
Oct,
a b

Nov,
a

»

b
Dec.
a

i

b
Jan.
a

t

b
Feb.
a b

i

third
instar

Thazhakkara
1977-78 1 60 20 61 54 23 17 13 15 36

grub
1978-79 3 V 22 34 28 20 20 15 14 16
1979-80 2 2 25 3* 27 15 20 17 17 17

mean 2.0 22.6 21.6 43.0 36.3 21.0 19.0 15.6 13.3 23.

Vazhuvadi
1977-78 0 15 35 35 17 26 17 15 15 13
1978-79 7 9 22 8 17 21 18 14 8 22
1979-80 7 11 8 ■ 7 24 20 14 10 14 10
mean 4.6 11.6 21.6 16.6 19.3 22.3 16.3 13.0 i2.3 15

pupa Thazhakkara
1978
1979
1980 

aean

Vazhuvadi
1978
1979

1980 
nean

a  =  f i r s t  f o r t n i g h t  o f  t h e  m o n t h

b  =  s e c o n d  f o r t n i g h t  o f  t h e  m o n t h



Fig, ii. Seasonal occurrence of different 
life stages of L. ooneophora.



Fig. 11. Seasonal occurrence of different 
life stages of h. coneophora.



pupa* of iu, congophora in ooconut gardem at two locations.
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i  a t fa * a o n t fa 0 t
Mar.
a b

Apr
a b

May
a b

Jan.
a b

Jai 
; a

■

b
Aug. 

a b

17 51

i <

37

i

34 12 24 12 2

c

11 0

19 19 2 11 19 2 7 1 0 0

14 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 0.0

16 29 13 9 9 11 10 4 0 0
24 28 10 41 5 5 11 3 12 7
19 19 10 10 2 8 12 5 0 0
19.6 25.0 11.0 20.0 5.3 8.0 11.0 4,0 4.0 2.3

0 0 0 0 7 13 5 1 4 1 0 0
0 0 2 2 4 3 5 13 11 3 3 2
0 0 4 5 6 5 9 16 9 8 0 0
0.0 0.0 2.0 2.3" 5.6 7.0 6.3 10.0 8.0 4.0 1.0 0,

0 0 0 0 5 23 25 10 3 0 2 0
1 2 0 4 3 3 22 9 6 8 0 0
4 4 22 11 7 4 18 12 4 2 0 0
1.6 2.0 7.3 5.0 5.0 10.0 21*6 10.3 4.3 3.3 0.6 0,
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the period of high population wee observed from the seoond 
half of June to the first half of August at Thazhakkara 
and from early June to the end of August at Vazhuvadi. In 
19S0 higher population was observed from the beginning of 
June to the end of August and Thazhakkara, while at 
Vazhuvadi It was observed from the beginning of May to the 
end of July.

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

First lnstar grubs were obtained from the seoond 
half of May to the beginning of Ootober during 1978 at 
both the locations and from the beginning of June to the 
beginning of Ootober In 1979-

At Thazhakkara seoond lnstar grubs were found from 
the second half of July to the first half of November 
during 1978 and first half of July to the seoond half 
of November In 1979. At Vazhuvadi in 1978 seoond lnstar 
grubs occurred from the first half of July to the first 
half of November and in 1979 they were observed from the 
first half of August to the first half of November only.
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Third lnetar grubs wore generally seen from the 
first half of Ootober at both the locations (at Vazhuvadl 
from second half of Ootobor during 1977-78), to second 
half of June. However, grubs were seen up to the first 
half of July during 1977-78 at Thazhokkara and up to 
the end of July during 1978-79 at Vazhuvadl. During 
1977-78 at Vazhuvadl grubs occurred only from the 
second half of October. Thus the grubs were In field 
for about 10 months.

Pupae wore found from the first half of May during 
1978 at both tho locations, to the second half of July 
at Thazhakkara and the first half of July at Vazhuvadl. 
During 1979 at Thazhakkara pupae ware seen from the 
beginning of April to the end of August and during 1980 
also they were seen from the beginning of April, but 
only up to the end of July. At Vazhuvadl they were 
seen during the last two years from the first half of 
March to the end of July. Pupae were seen In all the 
observations during May to the first half of June.

3.5 Adult emergence of L. ooneophora

The number of beetles collected per week, from a
O50 m plot In an infested area, during 1976-78 is 

presented In Table IS and Fig, 12 along with the average 
soil temperature and rainfall data of the corresponding
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Tablfl 1$, E£fact of rainfall and coil ttBpcratori on tha tdolt nergenea of 

L. eoncophora.

-------------- 1222__________   1977 1978Konth & rain- Soil No, of rain- soil No. of rain- soil No, of
date fall. teap, beetlee fall
, , (an) °C (nm)

Mar. 7 0.0
14 - 13.6
21 21.6
28 0.0

Apr. 4 10.0 36.5 0 0.0
11 3.0 36.0 5 3.6
18 15.0 36.4 33 3.6
25 7*0 36.3 25 31.9

May 2 0.0 36,0 2 14,8
9 0.0 37.0 0 113.6
16 0.0 37.4 0 75*3
23 40.0 33*2 1 26,4
30 12.5 35.0 2 101.4

Jtm. 6 132.0 34.6 19 62,7
13 29.0 33.3 22 119.8
20 0.0 36.3 32 164.3
27 83.0 33.2 31 103.7

Jul. 4 60.0 30.2 90 17.9
11 40.0 30.7 81 73.6
18 33.0 29.9 70 136.3
25 68.0 29.1 82 142.8

Aug. 1 78.2 30.9 82 3.3
8 110.1 31.0 25 0.8
19 7.0 33.0 4 38.2
2a 140.0 33.5 0 83.7
29 21.2 32.5 0 81.9

S«p* 3 1.2 29*1 0 17.0
12 5.6 32.1 1 70.6

tOBp.
°C

baotlee fall
M

tear).
°C

bsotli

38.0 0 12,3 37.7 0
36.3 1 0.0 37.4 0
36.2 2 16.1 35.5 2
37.5 0 12.8 37.5 0
37.0 0 10.6 37.5 0
36.4 7 41,9 33.7 12
36.1 10 0.0 37.0 0
36.2 10 30.3 34.2 5
36.1 4 7.4 36.2 6
33.0 4 57.5 35.3 11
32.0 11 62.2 33.0 30
33.8 23 168.3 31.5 32
32.1 35 75.9 33*1 29
30.3 30 U9.3 23.9 48
31.5 73 100*8 31.9 40
27.6 102 110.0 29.7 84
23.1 241 141.6 31.7 123
30.2 460 42.4 30.2 179
29.4 369 169.8 28.9 75
29.3 117 23.2 29.0 268
27.2 80 191.9 29.1 128
29.3 33 92.0 28.0 26
33.3 4 90.3 £9*3 9
31.9 0 71.0 28.7 4
30.7 0 134.2 23.6 0
30.1 0 0.0 30.5 0
30.5 0 0.0 31.9 0
30*4 2 1.6 34.4 0



Fig. 12* Adult emergence of L. ooneophora in
relation to rainfall and soil temperature.
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treatment was 66.4 and 35 days, respectively. The 
quantity of Insecticides found in samples as per chemical 
and bioas.my wore showing an overall agreement: The
half life of BHC when applied in April as estimated hy 
the two techniques was 89*6 and 97*6 days; respectively. 
For the June, August and September schedules half 
lives as estimated by chemical assay were 71.8f 66.4 
and 35 days, respectively, while the corresponding 
values for bioassay were 74.00, 64.3 end 37 days.

The downward movement of BHC applied in April 
commenced significantly with the onset of monsoon in 
June and in subsequent observations 20.3 to 50 per cent* i * i ' r? 1 i «

of the total residue available was observed in the layer
i ■ .

15-30 cm depth. Movement of residue to the lower layer
* i ! ‘ ‘ ■ j i  :

of 30-45 cm depth was observed during the fifth and
► i * i \ f ;

sixth months after treatment and the residues present
1 ’ i ’ * J ! n ‘ ^

in these layers were 3.7 and i;9 per cent of the total
* t * ■ ) ! 1 I 1 J | f i I

residues, respectively. When applied in June higher1 * 1/ * i
proportion of the pesticide had moved to the lower

■ ,,  i .■

depths. Residues ranging from 13.6 to 50 per cent of 
the total quantity were found at the depth of 15-30 cm 
and 6.6 to 23 per cent at the depth of 30-45 cm. In 
the ease of August and September treatments also higher
j f ' * < * • . f i , r "

i i

movement of the Insecticide to the lower depth of
cm30-45Awas observed.
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The data relating to the persistence and movement 
of heptaohlor ore presented in Table 22 and Fig. 13*
The persistence of heptachlor was found to be more than 
that of BHC. The half lives of the pesticide applied 
in April, June, August and September were 72.2, 76.3, 
87.7 and 32.3 daps, respectively. When applied in 
April the pesticide moved to the third depth of 13-30 
on 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 application, 4.2 per cent 
was observed in the fourth depth In the month of 
October. In August application residue ranging from 
4*7^ to 29*4 per cent of the total quentlty was detected 
In depths of 30-43 cm. In general the movements in 
terns of distance end quantity were leBs than that of 
BHC.



Table 32. Persistence and downward movement of heptachlor applied os surface layer of lossy eand soil.

treatments
soil
depth
(cn)

half1 *1 f*insecticide residue (ppm) in soil observed in the aonth of . "' periodApr. May Jan. Jul. Ang. Sap. Oct. Nor. Dec. (dcys)
Bioatsav

Heptachlor 5 hg ai/ha 0- 7.3 0.68* 0.50 0.40 0.20 0.01 0.03 0.01 0.00 0,00applied 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 0.00 0.00 0.00 0.01 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
mean 0.36 0.23 0.21 0.15 0.12 0.09 0.08 0.03 0.01 72.2

Heptachlor 5 kg ai/ho 0 -7.5 0.70* 0.61 0.33 0.21 0.90* 0.73 0.55 0.20 0.00each applied in April
and Aognst 7.5- 15 0.69 0.53 0.42 0.43 0.93 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 - 43 0.00 0.00 0.00 0.05 0.03 0.04 0.04 0.01 0.00
asan 0.34 0.23 0.20 0.17 0.49 0.41 0.33 0.21 0.07 76.5

Heptachlor 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 O.CO 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
as an 0.35 0.23 0.21 0.13 0.12 0.03 0.03 87.7

Heptachlor 5 leg ai/ha o -7.5 0.71* 0.55 0.40 1.01 0.63 0.42 0.40
each applied in June 
and September 7.5- 15 o.6a 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 - 43 0.00 0.00 0.00 0.02 0.00 0.01 0.00
as am 0.34 0.29 0.24 0.55 0.38 0.32 0.27 82.3

B̂eeiducs in pffinpleo collected 24 honre after insectioidal application. 
Weather data has been given in Table 21.
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DISCUSSION



D I S C U S S I O N

The biology of Leucopholis ooneophora Burm. was 
studied in detail for the first time, though brief 
descriptions of the life stages of the past were published 
by Nirula et al. (1952), Nirula (1958), Sekhar (1958) 
and Veeresh et al. (1982). The eggs were seen deposited 
singly in moist earthen cells * The cells were formed by 
the extrusion of the vagina, preceding the laying of 
each egg. It oould not be confirmed whether the extruding 
vagina produced the cell by mere compaction of the soil 
or whether any cementing substance also was secreted 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 
similar egg chambers in soil made by A, majalis,
P. japonica. H, serrate and H, coneanguinea. respectively. 
Tashiro et al. (1969) and Yadava (1981) also found that 
the formation of egg chamber w q b  by extrusion of the 
vagina which formed a bulbous organ.

The eggs of L. ooneophora were observed to increase 
in length and width from the third to the ninth day of 
incubation and subsequently the;size remained static. 
Nirula (1958) also had observed a similar increase in 
the size of the eggs of L. ooneophora. But he took the
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measurements of eggs immediately after egg laying and 
just before hatching only. No other reference relating 
to the increase 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. Maialls (Schwardt and Whitcomb, 19b3)f 
H. longjpennio (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 increase in size and weight 
followed a sigmoid trend. Increase in weight was 
reported for the eggs of M. melolontha (Burpin, 1956 b)̂  
and Costolytra zealandioa White, the grass grub of 
New Zealand (Wlghtman, 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* .iaponica contained b5-50 per cent of water, whereas 
the water content was 81,8 - 8b per cent at hatching.
He observed that this higher percentage of water content 
could fully account for the Increase in weight during 
embryonic development.

Morphology of the first, second and1 third instar 
grubs was studied in detail with a view to fixing
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distinct'Identifying features for various Instors. As 
it is obvious from the results presented tho three 
instore of grubs could he distinguished by the 
difference in head capsule width and body else only.
Mean head capsule widths of tho first, seoond and 
third Instar grubs were 3*19, 4aS4 end 7.71 mm, 
respectively# These differences could easily be Bade 
out by visual observations also. In the present study 
the body length, width, weight and head capsule 
measurements os wo11 as the duration of development were 
studied separately for the grubs destined to develop as 
males and females. The results showed that there was 
no significant difference in the size and head capsule 
measurements of tho first end second instar grubs of 
the male and female insects, But in the third instar 
stage, the Bale grubs were significantly shorter and 
weighed just half that of females. Sekhar (1933) and 
Nirula (1933) had given a brief description of the first 
and third Instar grubs of L. coneophora collected from 
the field. Tho measurements reported by these authors 
showed slight verlatlon from those of tho present 
studiesi The difference in weight seen between tho 
grubs of the two sexes could be duo to the increase in 
development of tho reproductive system and higher storage 
of fat bodies in females. With reference to the size
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and weight of pupae and adults also the same trend 
between males and females was observed. In the larval 
duration no major difference was noticeable.

In earlier descriptions of the adults of L. coneophora. 
Nlrula (19̂ 8) alone had attempted to differentiate the 
two sexes on morphological characters. He had pointed 
out the difference in shape of the tlblal spur of the 
hindlegs as a reliable character for differentiating 
the sexes. 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 h) ond̂ A. malalie 
(Tashlro et al., 1969) antennal characters was pointed 
out as a means of separating the sexes. Hence that 
character was studied for L. coneophora and It was 
observed that sexes could easily be separated on the 
basis of size of the antennal oluh. The antennal club 
of the males was 2.55 mm long and thrice as long as Its 
width, whereas In the case of females It was 1.62 mm 
long and twice as long as Its width.

Adult behaviour of L. coneophora was observed in 
detail 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 Buoh emergence boles and thoir significance in 
estimating tho possible crop damage in succeeding 
months woa pointed out with reference to H, aerratn 
(Veeresh, 1977). Tho tootle emerging out of tho soil 
remained on their wings for a shortwhlle. They 
remained above soil for 25-35 minutes only* The 
emerging Individuals wore predominantly males.
Tho ass ratio of the booties oolleoted from field was 
1 s 0*099 (males s females) whereas in laboratory 
roarings the proportion observed was 1 i 0.734. Tho. 
males alighting on tho ground located the females 
remaining In soil with their antennae protruding out. 
Soon the females wore eeen coming out of the soil and 
mating the with tho males. Immediately after the 
commencement of the mating the male was dragged into the 
soil by the female, tho mating process being continued. 
Mating process was typical of other mololonthine 
beetles (described by Veeresh, 1977 and Yadava, 1931). 
Nirula (1938) reported that the mating oould be 
oboerved in tho leaf-stalhe of adjacent plants too*
But in tho course of the present investigation such 
behaviour was not noticed*

The adult feeding of b. ooneophora was studied 
for assessing the possible damage to intercrops in the 
infested coconut gardens. Tho plants available in the
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locality were provided in laboratory for feeding* There 
was no indication of feeding on any of the materials 
provided. The gut content of the field collected 
beetles also Indicated that the adults did not feed 
on any vegetation* bach of feeding in the adult stage 
of L. coneophora was reported earlier hy Sekhar (1958), 
Nlrula (1958) and Veeresh et al. (1982). But other 
species of the genus, L. roridatLeefaans. 1915)*
L, pinguis (Beeson, 192i) and L. irrorata (Otanes and

i

Karganilla, 19̂ 0) were reported to feed on the foliage 
of crop plants as well as weeds in the vicinity. The 
practice of oollecting and destroying the beetles of 
some root grubs like H. serrata and H. consangulnea. 
while congregating on food plants in the site of 
emergence, was not found feasible in the case of 
L. coneophora.

Among the different species of Leuoopholis,
L, coneophora was found widely distributed in Kerala.
L. bunaeiateri had also been reported from the northern 
districts of the State. These species and L. lepidophora 
were reported from different districts of Karnataka 
too,. Separation of the grubs of these species on 
morphological characters will have relevanoo in 
pursuing scientific* investigations on the bionomics
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and oontrol of these pests. Veeresh (l9Ql) and Veeresh 
et al. (1982) studied Inportant characters of 
L, lepldophora and L. buraslateri and some salient'1 
characters of L. ooneophora for the purpose of Identifying 
the grubs of the three species* Since It was not 
sufficiently comprehensive a detailed study of the 
morphological characters of L» coneophora was made 
and hy utilising the description of L. lepldophora 
and L; burwoiateri given by Veeresh (l93l) a hey was 
developed for the identification' of the gruhs of these 
three speoles.

the number of antero-frontal setae and pall were 
found to he lower than the range reported hy Veeresh 
et al. (19S2) and in the case of strldulatory teeth 
It was observed to he higher than the range reportedi 
There was general agreement with reference to the 
other characters studied.

As in the case of any other insect, the root 
gruhs were also Influenced hy the type of food they 
reoeived during the period of development and that 
factor affected the survival rate, In development and 
subsequent build up of the populations This phenomenon 
was observed on Aphodltea howitti Hope (Crane, 1996),
H. conaangulnea (Kalra and Kulshreshtha, 1961),
C. zealandica (Farrell and Sweney, 1974) and
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M. aelolontha (Hauss, 1975)* order to ascertain the 
influence of various inter or mixed crops grown in 
ooconut gardens in the root grub-infested tracts in 
Kerala the effeot of four representative crops via, 
cassava (for tuber crops), coconut (palms), cacao 
(tree crop) and wild ounn-heap (legume) on the develop­
ment end biology of L, ooneophora was studied. The 
results presented revealed that the different host 
plants tested had significant! influence on the development 
and population build 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. ooneophora 
and oassava and coconut were on par and superior to 
other host plants in the case of males. Cacao and 
crotalarla were 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. consanguinea (Kalra 
and Kulshreshtha, 1961). The duration of development 
of first instar stage was not significantly varying.
The favourable influence of nutrition was manifested 
in the second instar stage and persisted throughout 
the remaining stages of development. The size, as 
manifested by length and width oi third instar grubs 
also showed favourable Influence of cassava and coconut.
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In general, crotalaria was the least favourable and 
cacao out in between. Kalra and Eulahreetha (1961) 
found that grubs of H. o one an guinea fed on sugarcane 
had greater length and width than those fed on grass 
roots. With reference to weight gain, the different 
hoets'had no Influence In the case of 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 was distinctly manifested.
In general, cacao and orotalaria were on par and 
inferior to other hosts. Beports 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 overall weight 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 Flgr 3. It was also observed that the difference 
In the survival percentage got manifested in ghe 
pupal and adult stages only. Population build up is 
likely to take place much faster when fed on cassava



and oooonut roots than on oaoao and crotalaria. Hauss
and Schutte (1976) observed that the nortallty of
£!• melolontha was less for grubs 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 lnstar
stage. Wilson (1978) reported that survival of
C. zealandioa was highest on large leaved vigorous
lines of white clover. With regard to the longevity 

V
of males of L. ooneophora also cassava and oooonut were 
on par and significantly superior to the other two crops.
But In the oase of females oassava was superior even to 
coconut. Similarly, the adults reared using cassava and 
oooonut had significantly longer preovlposltion period 
and higher fecundity as compared to the adults reared 
on oaoao and crotalaria. Initial body weights of 
female adults reared on cassava and coconut were signi­
ficantly higher than that of females obtained from other 
crops. Higher egg production w b b  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 produotlon of £. zealand!oa 
varied significantly with initial body weight. These 
results Indicated the possibility of some favourable 
factors in the nutrient content of cassava and oooonut

I
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which Increased the biotic potency and survival rate 
of L. ooneophora. In general different hosts seemed 
to have same Influence on the grubs of males and 
females of L. coneophora. Tho overall result obtained 
from these studies indicated the possibility of a 
higher population build up of L. ooneophora In cooonut 
gardens with no Intercrops and those cultivated with 
cassava than in gardens lnter/mlxed cropped with cacao 
or crotalaria.

The nature and extent of damage caused by 
L. ooneophora 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. ooneophora at the time of planting and during the 
early stages of growth. The grubs ate away the roots 
and rind of the sten 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 being done 
during the summer showere of March and April, whsn the 
third Instar grubs of L. coneophora remain aotivs.
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As a result of this, a prophylactic treatment with 
Insecticides had hecoue an inevitable practice for 
getting proper establishment of the crop in the pest 
Infested tracts In Kerala.

The Injury done to cassava In later 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 lnoldence of the 
pest was found to affect the plants adversely to a 
significant 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 gruhs per plant. These 
were on par with five grubs 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 effects 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 yield of healthy tuberB was brought 
about.
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The results obtained Iron the experiment revealed 
that limited numbers of tubers In a plant alone were 
damaged due to the infestation of L. coneophora grubs 
and oven In infested tubers tho damage was partial.
Hence it was found desirable to assess the reduction in 
quality of the undamaged tubers and of tho portly 
damaged tubers in infested plants and also their oonoum- 
abillty. The data presented in Table 7 showed that the 
quality of undamaged tubers in the plants infested by 
the grabs, initerms of starch, amylose, amylopeotin and 
hydrocyanic acid content remained on par with tuhers 
of the plants unexpooed to the grubs. But the unaffected 
portions of partly damaged tubers showed a lower percent­
age of starch and amylose and a higher percentage of 
amylopeotin. In the Infested tubers the HCN content was 
relatively lower. The mechanical injury caused by the 
grubs could hove facilitated the escape of HCN from the 
tubors. The reduction of total starch and amylose and 
increase of amylopeotin would reduce the cooking quality 
of the tubers. The taste panel also reported them to 
be less acceptable for consumption.

The data given in Table 3 and Fig. 6 showed that 
oaoao was highly susceptible to damage by L. coneophora. 
Even at the population level of one grub per plant, at 
four-month-old stage, the emergence of new leaves and
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growth of the plant got significantly reduced. The 
absence of new flushes led to a stunting in the plant, 
reduction 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, crotalaria was seen badly affected. 
Significant reduction in growth was observed even in 
plants with intact tap roots* This Bight have been 
cuased by the feeding Injury on the side roots and 
rootlets.

Being a perennial plant the effect of different 
levels of grub population on coconut could not be studied 
in potculture experiment* The symptoms of damage duo 
to the infestation of L. coneophora on coconut palms in 
field also were difficult to notice in the beginning of 
infestation. But palms in the gardens reported infested 
since 1952 showed the clear symptoms of infestation such 
as the reduction of roots, shortening of loaves, yellowing 
of leaflets and shedding of buttons and immature nuts. 
Consequently the yield was drastically reduced. Similar 
observations were made on infested palms by Veeresh and 
Vlswanath (±983) In Karnataka.

Data in Table 10 and Fig. 8 showed that a higher 
percentage of beetle population of L. coneophora remained
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at 30-100 cn, the maximum population being confined to a 
range of 60-100 cm depth. Beetles collected till the
month of June were mostly from the depths of 45-100 cn

»

whereas a relatively higher proportion was obtained at 
15-30 on depths from June to August. The beetles 
collected till June might have been pre-emergenoe 
individuals whereas the collection obtained from July 
onwards Included the beetles which had emerged, mated 
and resettled for egg laying. Since the eggs were 
usually laid In upper strata of the soil, the mated 
beetles would have preferred the upper zones. Rai et al. 
(1969) also recorded a similar phenomenon in H. oonsanguinea. 
where the beetles found at a depth of 75 cm before 
emergence resettling in a depth range of 0-30 cm after 
emergence.

VIth reference to the distribution of eggs the 
least number was found In the range of 0-15 cm depth.
The distribution of the eggs in lower depths over 
different years showed an erratic trend. In general, 
a higher proportion of eggs was found In the depth range 
of 15-60 cm. At hoth the looatlons a higher percentage 
of eggs was observed in depths of 60-100 cm during May 
and Juno. From the month of July to September they were 
largely obtained from the range of 15fH>0 cm depth.
Nlrula (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 on. But In the present investigation 30 cm depth 
was found to he the normal and preferred zone. Beetles 
of majority of root grubs lay eggs in upper layers
reaching a depth of 15 on (Haq, 1962; Srlvastava and
Khan, 1963; Raodeo and Deshpande, 1981; Nalr and Daniel, 
1982). But in the case of L. rorlda (Leefmans, 1915),

1 L. Irrorata (Otanes and Karganilla, 1947) and H. Insular!a 
(Srlvastava and Khan, 1963) deeper depths were also 
seen preferred for egg layings The distribution of eggs 
might be in relation to the nature of the roots available 
in different depths for the feeding of grubs. Eighty 
per cent of the coconut roots were reported to be 
found below a depth of 30 cm In loamy sand soils
(Kushwah et al., 1973) and this might have caused the
preference of L. coneophora for deeper strata of soil 
during egg laying.

The highest population of first Instar grubs was 
seen at a depth range of 15-30 cm during 1978 and 1979 
at both the looations. Percentage of population In 
the depth range of 0-15 and 30-45 cm was rather 
erratic for two centres and also during the two years 
of observation. Though the eggs were seen In deeper 
layers, first Instar grubs were seen In fairly large 
numbers in the upper strata of 15-30 cm, where the
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oooonut roots normally do not exist. Obviously, the 
first instar, depended on the roots of weeds and other 
intercrops as souroe of food. Nlrula (1958) and 
Veeresh et al. (1982) observed that first lnstar grubs 
largely depended on organic matter and the roots of 
grasses and weeds for their feeding.

Second lnstar 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 
cm 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 months during the period of observation 
no definite trend in the depth-wise distribution of 
grubs could be made out.

Regarding the third lnstar grubs the highest 
population was observed at a depth of 15-30 cm during 
1977-78 and 1978-79 at both the locations. During 
1979-80 at both 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 Nay. Consequently the moisture
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in the upper layers would have been lower during the 
period and temperature higher and that sight have resulted

iin the preference of the grubs for deeper depths of so11. 
During the nonth of October* they were predominantly seen 
at 30 cm depth. 'When the rain was recolved in November
the grubB even migrated to the upper strata of 13-30 cm.
The influence of rain over the distribution of third
Instar grubs was also evident from the reverse trend in
distribution from January. In January, February and 
March, the higher percentage of grub population was 
observed in deeper depths of 30-100 cm. This night be 
due to the comparatively higher soil temperature and 
less moisture in upper depths of soil during the summer 
months. Downward migration of grubs of L. ooneophora 
from the upper to the lower layers during summer months 
was reported earlier also (Mathen et al.v 1964 and 
Nirula, 193S)« Holotrichia longjpennls (Haq, 1962),
A. ma.lalis (Tashiro et al., 1969), P. iaponica (Fleming, 
1972), H. aerrata (Veeresh, 1977) end H. consanguinea 
(Yadava, 1981) also were reported to move to different 
depths due to the fluctuations in moisture level 1.

r
Pupae were observed largely in the depths of 30-100 

cm. The instances of pupal population observed in the 
higher level of 13-30 cm were mostly in the nontlB of June, 1

and July, when the rainfall was high. The higher rainfall

148
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stimulated the pupating gruha to remain up hy virtue of 
the higher humidity conditions there. The depth 
ohosen for pupation vas identified as a speoies character 
(Hitcher, 1956)- But Yadava (1961) observed that in 
the case of H. eonsanguinea soil temperature and moisture 
had consldorahle influence in deciding the depth of 
pupation. In the case of L. coneophora also it appeared 
to'be influenced by the soil conditions.

The grouping of the number of adult and larval 
instars of L. ooneophora with reference ta different 
ranges of soil temperature and soil moisture (Fig. 9 
and 10) Indicated their strong tendency to congregate more 
in preferred zones of temperature and moisture. The 
adults preferred a temperature of 29-3i°C and the soil 
moisture of 9-11 per oent. The first instar grubs 
were more predominant in a temperature range of 29-3i°C 
while the seoond and third lnstar gruhs preferred a 
temperature range of 31-33°C. The first, seoond and 
third InBtar grubs preferred 8-10, 0-10 and 7-9 per 
oent of soil moisture, respectively. Influence of soil 
moisture in the distribution of white grubs at different 
depths of soil was observed by earlier workers also.
Nirula (1956) found that the gruhs of L. ooneophora 
remained in the superficial strata in the rainy season 
and migrated to deeper strata during summer season,
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searching for zones with sufficient noiature, 
Venkitaranaiah (1969) observed the grubs of H. nilgiria 
'̂ topping activity when the soil noiature went belov 
20 per cent* Hal et al, (1969) found that the grubs 
of H, eonsanguinea which normally remained at 15 cm 
depth moved to deeper layers of soil when drying 
occurred, Veeresh (1977) reported an upward and
downward movement.- of grubs of H, serrata depending--

*

on the soil moisture. Shorey and Gyrisoo (i960) 
observed that the grubs of A, maialls showed a preference 
for different ranges of soil moisture. But below the 
level of four per cent and above that level up to 12 
per cent the grubs did not show any dominant choloe.
The movement of gruhs in relation to the different 
levels of soil temperature has been reported In the 
case of H, longipennis (Haq, 1962), H, oonpanguinea 
(Hal et al., 1969), A. ma.lalis (Tashlro et al., 1969)
P. Iaponica (Fleming, 1972), M. hippocastanl (Mischenko, 
197̂ ), 2* serrata (Veeresh, 1977) and M, melolontha 
(Valenta and Gavells, 1979). Detailed studies oonduoted 
for finding the different ranges of temperature and 
moisture preferred by any species of white grub were 
not seen in earlier literature.

The seasonal occurrence of the life stages of 
L. ooneophora also has been studied for the first time.



Period of occurrence of adult stage in the soil was found 
to he from the second half of May to the end of August.
The commencement of the continuous emergence of adults 
coincided with the onset of nonsoon with heavy rainfall* 
The delayed nonsoon In 1979 had delayed the appearance 
of adults up to the beginning of June, However, at 
Vazhuvadl stray beetles were collected in April before 
the commencement of monsoon in May, So also, stray 
beetles could be collected rarely In September from both 
the centres. Since beetles were not found in the soil 
prior to the onset of monsoon it could be lnfered that 
the delay in the occurrence of rain might have delayed 
the emergence of adults from pupae. With reference to 
the occurrence of beetle population in soil no distinct 
peak oould be observed. In general the population in 
the months of June and July was higher than the population 
in May and August.

The period of occurrence of eggs had an overall 
agreement with the occurrence of adults in soil. In 
1978 and 1980 tho eggs were obtained fron the second 
half of May, whereas in 1979 eggs were recorded from 
June onwards. Though at Vazhuvadl tho beetles were 
recorded in the month* of April and May the eggs wore 
obtained in the samples collected from the latter half 
of May only, As seen 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 flold.

The first Instar gruhs occurred fron the seoond 
half of May to the beginning of Oetober, but the higher 
level of population was recorded from the seoond half 
of June to the end of September.

The seoond Instar grubs, in both the locations 
oocurred In significantly higher nunbers from the seeond 

I half of July to the first half of November.

The third Instar grubs were seen from the first
half of October to the end of July of succeeding year. 
The populations at both the locations were significantly 
higher from the seoond half of October to the first half 
of June, as compared to the populations In the preceding 
and succeeding periods. Populations recorded from 
different locations over a period of three years or the 
mean valueb did not reveal any distinct peak period of 

| occurrence of third instar grubs in the field.

Pupae were seen from the beginning of March till 
the end of August, hut the number recorded in Maroh 
and August was relatively low and the regular period 
of occurrence of pupal Instar can be treated as April 
to July.
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Nlrula (1958) had observed that eggs were seen 
Iron the middle of June to the end of August and that 
the grubs survived up to Kay. But in the present study 
the first lnstar grubs were seen up to the end of 
September and the third lnstar up to the end of July 
of the succeeding year. The seasonal occurrence of 
the different life stages of L. ooneophora has significant 
bearing on the development of proper inseotlolde schedules

i 11
for the control of the pest.

Period of commencement of peak emergence of adults
t

was observed to fluctuate between the second week of 
Kay and the first week of June. The emergence declined 
by the last week of July or the first week of August.
The total rainfall during the premonsoon period of Karch 
and April appeared to lnfluenoe the time of peak 
emergence. In 1976* when the premonsoon rainfall was 
low the commencement of peak emergence was seen in 
June only. In 1978, when the maximum premonsoon showers 
occurred the emergence commenced hy the first week of Mpy. 
In 1977» the premonsoon rainfall was of an intermediate
level and the emergence of adults commenced by the ~* i

seoond week of Kay. Thus, it appeared that the total 
quantum of rainfall received in the months of March-Aprlli '
and early May rather than the comenoement of rainy 
season Initiated beetle emergence. Nlrula (1958) opined
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that first en Basse emergence of beetles of L. coneophora 
started a fortnight after the conmencement of the south 
west monsoon. Veeresh et al. (1982) observed that slnoe 
pupating Leucopholls grubs go deeper compared to other 
speoles, sometimes reaohlng 60-70 on,substantial precipi­
tation Is necessary for the moisture to reaoh this depth 
to trigger beetle emergence..

The soil temperature appeared to Influence the 
eaergence of beetles. The period during which It 
touched the nark of 37°C no beetle emergence could be 
observed. But such high levels of soil temperature 
oeourred during the prenonsoon period only and hence 
the adverse effeot of high level temperature during the 
peak emergence period could not be observed during the 
period of this study. About 60 per cent of the total 
beetle population emerging fron the b o I I  was in the 
nonth of July In all the three years.

The present recommendation for the oontrol of 
L. ooneophora is two applications of heptachlor̂  BHC, 
chlordane or aldrln once in April and another in 
August. This recommendation was hased on the results

f

of a Halted number of field experiments, the results 
of which were not In full agreement or conclusive 
(Nirula and Menon, 1957t Nirula, 19585 Mathen et al.. 
1964; Johnson and Nalr, 1966; Abraham and Kiirlan, 1970).
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tThe high degree of heterogeneity In the distribution of 
grub population In the field Is probably the major factor 
for tho inconsistency of the results obtained In the 
experiments. The timing of pestioide application b b 
obeorved by Veeresh et al. (19QS) will be very vital 
for the effebtive 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 tho field during that period is mostly in the third

sinstar grub stage which inhabitAdeeper layers of soil, 
where the pesticides ore not likely to reaoh.

A series of precise experiments wore hence carried 
out In the present studlea with a view to finding the 
moat effective and economic insectloldo for the oontrol 
of L, coneophora and to fix the most advantageous period 
for the application of the pestioide. Chlorinated 
lnseotloldes alone were Included in the studies since 
pesticides like phorate, earbaryl, carbofuran, 
qulnalphos end thlodemoton (Abraham, 1979) and 
malathlon (Mathen et al., 1964) were reported very 
ineffective and also because the application of systemic 
granules to a perennial oil and food crop like oooonut 
may cause residue hazards. The high cost of granules 
is another limiting factor.
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In one experiment tho relative toxicity of aldrln, 
BBC, chlordano and heptaohlor was assessed adopting precise 
bloassay technique. Against the second instar grubs 
aldrln was found to he the host,closely followed by 
heptaohlor, whereas the third instar was more susceptible 
to heptaehlor than aldrln, the former being 1,8 times 
more toxic than the latter. On cost basis also heptaehlor 
had to be preferred to aldrln. Though heptaehlor was 
much more toxic than BBC (about three times toxic) to 
the grubs of k. coneophora tho latter also was found 
appreciably effootlve. Chlordone, however, was found 
far less toxic than the other insecticides and ineffective.

No previous worfc has been reported on the bioassay 
of pesticides against the grubs of L. ooneophora.
Heptaehlor which was found as tho host insecticide in 
the present experiments was rated on par with aldrln,
BHC and chlordone against L. coneophora (Abraham and 
Kurlan, £970) and was reported to be inferior to BBC, 
aldrln and chlordone earlier (Nathen et al.. 1964). 
it was found to give satisfactory control of L. tmrsioisteri 
(Kao and Bavappa, 1961; Bao, 1963), l». lepldophora 
(Kao, 1963), L, rorida (Bao, 1966) and L. irrorata 
(Apostol and kitsinger, 1976b). Against H. oonsangulnea 
Sharma and Shinde (1970b) and Srlvastava et. al. (1971) 
got encouraging results, while Desai end Patel (1963)



end Rai ot al. (1969) found the pesticide Ineffective. 
Against H, serrata Haul et al. (1966) reported that 
heptachlor was less toxic than dleldrin, aldrin, 
ohlordono and toxaphane. Since the technique followed 
in the present Investigation was more foolproof tho 
results obtained now may be treated as reliable. Aldrin, 
though equally toxlo to the seoond lnstar grubs, waa 
Inferior to heptachlor against tho third lnstar grub. 
Moreover, the cost of aldrin required for treating one 
hectare of coconut garden? at level, was 1.9 times
that of heptachlor when the pest occurred in the seoond 
lnstar grub stage and 2.6 times when the pest was in 
the third lnstar stage. In view of these facts,aldrin 
was not Included in further studies for evolving a' 
suitable oheoloal control schedule against L. ooneophora. 
Chlordone which was 9*4 times less toxic to heptachlor 
against the seoond lnstar grub and 4.3 times less toxic 
to the third lnstar grub also was dropped from further 
studies.

BHC was found less toxic than aldrin and heptaohlor 
to L. coneophora. This lnseotiolde had been widely tested 
against root grubs. Nlrula (195B), Mathon et al. (1964) 
and Abraham and Kurian (1970) found the pesticide 
effeotlvo against L. coneophora while Johnson and Nalr 
(1966) reported the lnseotiolde Ineffective. Against
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L. rorida (Edgar, 1958), L. lepldophora (Rao, 1963)»
L. irrorata (Apostol and Litsinger, 1976b) and 
L. bureqIgtori (Kumar and Daniel, 1981), BHC had been 
reoozsaendsd as an effective pestioide. Against

i

H. oonsanguinea also negative (Gupta and Avasthy, 1957; 
Prasad and Thakur, 1959} Khanna et al., 1968; Ral et al., 
1969} and David et al., 1976) and positive (Kalra and 
Kulohreshtha, 1961; Deoai and Patel, 1965} Joshî  et al.. 
1969} and Srivastava et al.. 1971)r results had been 
reported on the efficacy of DHC. Against H. serrata 
David and Kalra (1966) and Abraham and Rajendran (1978) 
reported effective control with BHC, while Kaul et al. 
(1966), David et al. (1976) and Jose and Kaul (1978) 
found It Ineffective. Though BHC was less toxic than 
heptaohlor and aldrin to L. coneophora the toxicity 
appeared to be sufficiently high to oause adequate and 
economical oontrol of the pest under field conditions. 
Thus,based on the results of the bloassay studies BHC 
and heptachlor were chosen on efficaoy-cua-cost criteria 
for further evaluation under field condition.

BHC and heptaohlor applied In the field tubs in 
different schedules shoved that all the treatments 
reduced the population of second instar grubs effectively 
prior to their attaining the third lnstar or pupal stagej.
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The performance of heptachlor at levels was better
than that of BHC at the same levels. Among the 
different schedules in which the pesticides were tried,
June and September application of both the lnseotloldes 
and Juno application of hept&chlor eliminated the pest 
prior to the attainment of pupal instar, whereas in 
field tubs troated with BHC in the month of June alono 
1*79 percent;^ of the grubs reached the pupal etage.
The schedule of April and August treatment of the two 
insecticides was significantly Inferior to the June 
and September combination. A single application of 
either of the lnseotloldes in April alone gave unsatisfactory 
control though heptachlor was better than BHC. It can be 
conoluded that L. coneophora can be best controlled by a 
single 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, each treatment being made at the' 1 i
rate of 5 kg al/ha of the toxicant. Application of any 
pesticide in April is likely to be lees effective since
the present studies showed that the third instar gruhe

1 1 *
prosent in the field during the period were not amenable

* i ^

to control using the insecticides tested under normal
i m 1

field dosages. Further the grubs inhabit the deeper
' i . ‘strata of soil in April and the insecticides applied

i i iin the top layer of soil at 0-15 on nay not reach down 
to the grubs.
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Largo soale u s g  of chlorinated insecticides in 
soil may pose the residue problems since they are reported 
to persist for very long periods under field conditions* 
Hence the extent of such hazard and the movement of 
pesticide downwards through infiltration vero studied 
in detail. The results (Table 21, 22 and Fig. 13) 
showed that BHC applied in the months of April, June, 
August and September had half lives of 89.6, 71*@»
66.4 and 35 days, respectively, and the residues almost 
completely disappeared within 7* 5p 4 and 3 months, 
respectively. The persistence of BHC under conditions 
prevailing in Kerala was far below the persistence 
reported from subtropioal countries viz. 3 to 5 years 
(Edwards, 1966), 11 years (Lichtenstein et al.. 1971) 
and one year (Knutson et al.. 1971).

The dissipation of 70 to 95 per cent of the 
residue was reported from different parts of India 
within periods ranging from 3 to 16 months (Agnlhothri 
et al., 1974 and 1977! Kavadia and Gupta, 1976 and 
Srivastava and Yadava, 1977). ĥe variation in the 
persistence of the insecticides applied in different 
months of the year could not be correlated with the 
total rainfall, soil temperature and mean atmospheric 
temperature as is seen in Table 21. The data in the 
table and Fig. 13 also showed that neither the quantum



of residues estivated by chemical and bioaseay techniques 
nor the half life ealoulated did vary significantly.
This showed the reliability of bioassay technique in 
the assay of BHC. The dissipation of heptaohlor (Table 
22) did not show significant difference from the trend 
shown by BHC. The half life of the Inaectlolde applied 
during different months of the yoar did not show as
wide a Variation as In the case of BHC, Like BHC for
heptaohlor also Wilkinson and Finlayson (1964) reported 
persistence for nine years and Stewart and Fox (1971) 
for 12 years* Other studies reported so far showed 
persistence for periods ranging fron four aonths to 1 
twolve months only (Knutson et ol.» 197lj Guonzl et al.. 
1971} Harrise and Sons, 1972 and Agnihothri, 1978). In 
general, heptaohlor was little more persistent than BHC.

With reference to the downward movement of the 
pesticides in soil under conditions prevalent In Kerala, 
it was seen that BHC mixed with the soil up to a depth
of 15 cn reached up to a depth of 45 cm within a month
or two. In the case of heptaohlor the infiltration was
taking plaoe a little slower* In both the oases the

(,quantity of pesticide residues reaohing the lower depths 
of 15 to 45 cm was far below the level of oonoontration

* ' irequired for causing mortality of L. coneophora grubs./ 1
(LDjj0 values for second and third Instar grubs were
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0*7̂ 23 kg ai/ba (0*35 ppm) and 3.677 kg ai/ha (i.27 ppn)* 
respectively, in the case of heptachlor end 3.371 kg ai/ha 
(1.12 ppm) and 7*017 kg al/ha (3.34 ppm), respectively 
in the case of BHC). This indicated the desirability of 
raking the insecticides to deeper layers of ooll for 
better control of L. oonoophora in coconut gardens.
Similar leaching of BHC to lower layers of soil have 
been reported earlier also (Lichtenstein, 1959;
Krzymanska and Maoklewiez, 1969; Gawaad et al*. 1971 
and Venkltaramalah and Singh, 1972). But Agnlhottfri 
et al. (1977) could not recover heptachlor or BHC from 
any depth below the level to which it was raked Into 
the soil. Knutson et al. (1971) and Stewart and Fox 
(1971) found the penotration of heptachlor to a depth 
of 30 cm and 25 cm, respectively. The rate of downward 
movement of pesticide could not be correlated with 
rainfall since In all the months during the period of 
observation there was significant rainfall.



SUMMARY



S U M M A R Y

The biology of the coconut ooekohafer Loucopholis 
coneophora Bura. was studied in full for the first tine.
The techniques for rearing the pest in rooted coconutF , '
seeds planted In pots were standardised. Details of
egg laying, formation of egg chambers In soil and the

, 1
Increase In the size of the eggs during the embryonic 
development were observed in detail. The development

i

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 
different Instars were studied. It was observed that

p

the grubs of males and females did not vary significantly 
in the first and second instar stages. The third instar 
grubs and the pupae of the males had only half the weight 
of those of females though in size 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 
general morphology of the three instars of grubs did notI
show remarkable difference facilitating their identification 
except the head capsule widths which were 3.19, 4.64 and 
7.7i mm for the first, second and third instars, 
respectively.
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For the differentiation of the Bales end females of 
L. ooneophora In field, the external characters of the 
beetles were studied and the size of the antennal olub 
was identified as an easy and reliable Indox for the 
purpose. The antonnal olub of sale was 2.55 am long and 
thrice as long g o  its width, while that of the female was
1.62 mm long and twloe as long as the width.

Adult behaviour of L. ooneophora was studied In 
the field. The beetles emerging for a short flight 
bofore Bating were largely Bales, while females remained 
in the soil with their head and antennae protruding.
Ratio of Bales and females collected from field was 
1 1 0.099, while that of laboratory roarings was 
1 1 0.734. Adults suited on the ground and never rested 
on pftants around. Mating process was typioal of the 
melolonthlne beetles.' Emerging beetles left a hole at 
the point of exit and these emergence holes gave an 
indication of population density during the season.

Adults of L. ooneophora did not congregate on trees 
around the point of emergence or feed on them. Exposure 
to different plant materials In the laboratory and the 
examination of gut content of beetles collected from 
field Indicated that they did not feed in the adult stage. 
This restricted the possibility of adopting mechanloal 
control of the pest by the collection and destruction of 
adults during emergence time.
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Studies on the detailed external Morphology of the 
third instar gruh enabled the development of a taxonomic 
key for Identification of the gruhs of the three speoies 
of lieucopholiB prevalent In Kerala vis* L* coneophora.
L. burmolstart and L. lepidophora.

The effect of four different host plants viz. 
cassava, oaoao and wild sunn-homp (crotalaria) selected 
from among the inter/mixed crops grown in coconut plant- 
ations, and the main orop coconut on the hlology of 
L. eoneophora was studiod. Coconut and cassava had a 
favourable effeot on the insect with reference to the 
duration of development and size of the third instar grubs,

i

pupae and adults. Crotalaria was-the least favourable host 
plant and cacao remained at an intermediate level. In theI
case of males the weight was not influenced by the different 
hosts, while cassava and coconut produced female grubs

i

weighing more. Crotalaria and oaoao were on par and inferior
i. i

in this regard. With reference to the survival percentage 
of immature stages also, cassava and coconut were more
favourable to the post. Insects reared on these hoots

1 . ,

had greater longevity and higher fecundity too. The 
hatching percentage of eggs laid by insects reared in theoei
hosts was also higher. In general, the effect of different 
hosts on the grubs of 'male and festale insects did not show 
remarkable variations. Results indicated the possibility
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of faster build up of tlia 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-heiap are grown 
as lnterorops.

The nature and extent of damage caused by grubs of 
L. ooneophora on the above selected crops also was 
studied by exposing plants raised in pots to different 
levels of larval population. Cassava was more susceptible 
at planting tine and during early stages of crop growth 
since the infestation often caused the death of plants 
due to the eating up of the rind around the stem at ground 
level. In later stages» though the yield was reduced to 
some extenti plants were not totally killed even with a 
population of five grubs per plant. The edible quality 
of attacked tubers got reduced probably due to a fall in 
amyloae content and increase in the fraction of amylopootln. 
But the unattacked tubers in infested plants were not 
affected. A taste panel also reported the poor quality 
of the apparently healthy portion of partly damaged 
tubers.

Cacao was found to be highly susceptible to 
L. ooneophora. Even with the population of single grub 
per plant the total height and tap root length were 
drastically reduced and the production of new leaves

166
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practically arrested. The weights of aerial and underground 
growths were also significantly reduced*

Crotalaria was moot susceptible. A population level 
of ono grub-per plant significantly reduced the number of 
branches and leaves, length of roots and weight of above- 
ground and underground growths.

In cooonut seedlings 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 for years caused debility of the palme, 
yellowing of loaves, shedding of buttons/irraature nuts 
and consequent reduetlon in yield.

Population of different life stages of the pest 
In different depths 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 30-100 om 
during pre-emergenoe season and between 13 and 30 cn depths 
during post-emergence period. Eggs were seen predominantly 
at depths of 30-100 cm, first instar grubs at 15-30 cm, 
second instar at 15-45 cm and third instar at 15-30 cm.
Lack of sufficient moisture in upper strata Induced a 
downward movement of the grubs and that led to an erratic 
trend in their distribution during different periods
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of tlie year. The pupal I n B t o r s  were more in deeper strata 
of 60-100 era depth.

Grouping of the numbers of adult and three ins taro 
of grubs of L. ooneophora over different ranges of temper­
ature and moisture for the three yeare of observation 
revealed their tendency to prefer certain ranges of 
temperature and moisture. The adults preferred a soil 
temperature of 29-31°C and soil moisture of 9-11 per cent. 
First instar grubs preferred 29-3i°C while second and third 
instar preferred 31-33°C. The soil moisture ranges 
preferred by tho first, second and third instar grubs were 
8-10, 8-10 and 7-9 per cent, respectively.

The seasonal occurrence of the life stages of 
L. ooneophora also was studied for the first time over a 
period of three years. Adults were collected from May 
to August and the population was More in June and July 
than in other months* Eggs occurred from the latter 
fortnight of May to the end of August, first Instar grubs 
from the second half of Hay to October, second Instar from 
second half of July to first half of November and third 
Instar was found from first half of Ootober to the end of 
July of the succeeding year. Pupae were seen from the 
beginning of April to the end of July.

The adult emergence appeared to be triggered by the 
quantum of rainfall during the premonsoon period rather
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than the commencement of the rainy season. During early 
emergenoe period In March/April when soli temperature 
reached 37*C the beetles failed to emerge. However, no 
correlation was observed between beetle emergenoe and 
factors llhe rainfall, soil moisture and soil temperature 
during May to August.

Slnoe the results of Insecticidal control experiments
reported earlier were not conclusive probably due to the

:i ;
erratic nature of the distribution of the pest, the 
toxicity of four chlorinated hydrocarbon lnseotloldes to 
the second and third lnstar gruba of L. conoophora was

t
assessed by adopting precise bioatsay techniques suitably 
developed for the purpose. The order of taxiolty of the 
lnseotloldes against the second lnstar grub was aldrin 
heptachlor :> BHC >• chlordine and against third lnstar grubs

i| 1

it was heptachlor >■ aldrin ;>,BHC >  ohlordane.

Based on the>bioefflcaey data and cost factor 
haptaohlor and BHC were further evaluated in a field trial 
(in tuba) for the control of L, conaophora. Results 
revealed that one application of heptachlor at 1.4 kg al/ha 
in June am two applications of BHC each at 5 kg ai/ha In 
June and September would give complete kill of grubs.■ I
Insecticide treatment In April was found to bo less effective 
probably beoauso the only life etage of the pest available 
In^leld during the period was third lnstar grubs which
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lived 1 b  deeper strata of soil in April and which required 
a very heavy dose of pesticides to get killed. The 
germination percentage of groundnut seeds sow in treated 
tubs also endorsed the above findings.

Since the use of chlorinated hydrocarbon lnseotloides 
in soil Is generally believed to leave residues for long

i

periods and also because no previous studies in this line 
were available the persistence of BHC and heptaohlor in 
Kerala soils was studied using standard chemical and 
bioassay techniques. The half lives of BHC applied during 
April, June, August and September were 89,6, ?i.8, 66.4 
and 35 days, respectively and for heptaohlor the half 
lives varied from 72.2 to 67*7 days.

The downward movement of the pesticides wae assessed
to know the possibilities of the toxicant, normally raked

'to a depth of 15 cm in soil, reaching the lower strata 
where the life stages of the pest are generally seen in 
large numbers. BHC and heptaohlor penetrated to a depth 
of 45 om within a month or two after treatment but the 
quantity thus moving down was too low to cause the death 
of any of the grub stages of L. ooneophora. This 
indicated the desirability of incorporating the insecticide 
to lower depths in soil.
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AHm Ux 1. Distribution of adults of L. consophora in diffsrsnt dapths of soil in diffsrsnt psrlods of tba yaar.

location psar
dspth
M

Apr.a b a b
Jtmi 
a b Jnl. 

a b
Aug. 
a b Sap* a b Total

Tbatthskkara 1978 0-15 0 0 0 0 0 0 0 0 0 0 0 0 70
15-30 0 0 0 0 0 0 1 3 1 0 0 0 5
30-45 0 0 0 0 1 50 1 1 0 0 0 0 3
45-60 0 0 0 1 1 ■3 1 0 0 0 0 0 6
GO-ltJQ 0 0 0 4 3 i

-1 0 2 0 0 0 0 10
Total 0 0 0 5 5 4 3 6 i 0 0 0 24

1979 0-15 0 0 0 0 0 0 0 0 o ' 0 0 0 0
15-30 0 0 0 0 0 0 2 1 1 0 0 0 4
30-45 0 0 0 0 1 ;3 2 1 2 1 1 1 12
45-60 0 0 0 0 1 2 2 1 0 1 0 0 7

6 0  -160 0 0 0 0 0 i 4 4 0 1 0 0 0 9
Total 0

t 1
0 0 0 2 10 3 „ 2.,  1 1 ; 32

1980 0-15 0 0 0 0, 0, a f 0 2
' "l1.1. 1.

2 0 0 5
15-30 0 0 0 0 0 '0 0 2 4 2 0 0 8
30-45 0 0 0 1 5 3 3 7 '3' 0 0 0 22
45-60 0 0 0 1 2 2 2 3 1 1 0 0 12
60 -160 0 0 0 0 3 17 1 7 5 4 0 0r.,,27
Total 0 0 0 2 10 12 6 21 14 0

1 j  ,
0 74

VaaSravadi 1973 0-15 0 0 0 0 0 1 1 0 0 ,0 0 Q 2
15-30 0 0 0 0 0 ’  0 0 0 0 0 0 0 0
30-45 0 0 0 3 7 0 1 1 0 0 0 0 12
45-60 0 0 0 0 0 2 3 2 1 0 0 0 8
60-liBa 0 0 0 7 7 % 1 2 1 0 0 0 24
Total 0 0 0 10 14' 9

!o
6 5 2 0 0 0 46

1979 0-1.5 0 0 0 0 0 0 0 10 0 0 0 0
15-30 0 0 0 0 0 > 4 5 2 2 1 0 18
30-45 0 0 0 0 3 1 !3 ' 7 2 t 1 2 ' 2 1 1 0 22
45-60 0 0 0 0 5 |7 2 2 1 1 0 0 18
60-1 do 0 0 0 1 ' : 1 V 1 3 0 2 0 0 8
Total 0 0 0 1 11 14 14 12 5 7 2 0 $6

1980 0-15 0 0 1 0 0 "o' 0 0 0 0 0 0 1
13-30 2 2 1 0 0 :i 0 1 0 1 0 0 s
30-45 0 0 3 1 1

2 V 1 2 0 0 0 0 10
45-60 0 0 0 3 3 3 2 1 1 0 0 0 13
60-180 0 0 0 2 5 ■ 1

3 2 3 1 1 0 0 17
Total 2 2 5 6 10 8 5 7 2 2 0 0 49

Population givsn la tbs total rnabcr of adnlts in 10 pits*



Xmiix f. Distribution «2 sfga of h. comonhora la different dsptha of 
•oil in different periods of tbo year.

XX

location year daptb
(c)

May
b

Jtrn, 
a b Jul. 

a b
Aug.
a b

Sap, 
a b tstal

ThtshtVlnM 4 0*73 0-15 0 0 ' /p '9
\

10 0 0 0 0 0 15
15-30 0 4 10 32 11 0 ■ 0 0 0 57
30-43 0 12 0 11 0 IB 0 0 0 41
43-60 0 0 0 0 0 0 0 0 0 0
GO.160 16 19 0 0 29 0 0 0 0 60
Tetal 16 33 15 53 36 18 0 0 0 173

1979 Owl? 0 0 0 0 0 0 0 0 0 0
19-30 0 3 10 0 18 21 10 0 0 62
30-49 0 19 17 32 17 0 1" 0 0 86
43-60 0 0 22 27 0 23 12 0 0 84'
GO-100 0 17 0 0 4 0 0 0 0 21
Total 0 39 49 59 39 44 23 0 0 253

1930 0-19 1 0 5 0 0 0 , 2 0 0 8
13-30 0 3 13 0 30 0 11 0 0 59
30-45 0 10 14 40 20 33 29 0 0 153
45-60 0 0 0 30 0 31 33 0 0 94
e 0-1 (Jo 10 21 0 10 17 0 0 0 0 59
Total 11 44 32 SO; 67 64 74 0 0 372

Vashandl 1973 0-15 0 1 0 0 0 0 0 0 0 1
13-30 0 0 0 0 0 0 0 0 0 0
30-49 0 9 0 11 2 15 0 0 0 37
49-60 4 0 0 ig; 13 0 0 0 0 33

• 60-ldo 86 82 0 0 5 0 0 0 0 173
Total 90 92 0 27 20 19 0 0 0 244

1979 0-15 0 0 0 0 0 0 0 0 0 0
13-30 0 0 2 i: 29 0 23 11 25 87
30-43 0 11 3 14: 30 51 30 24 30 193
45-60 0 0 32 3 0 0 0 5 0 40
G0-l6o 0 59 41 7 0 0 0 0 0 106
Total t0 69 79 29 55 51 53 40 55 426

1980 0-15 1 2 0 0 1 0 0 0 0 4
13-30 22 0 0 0 0 0 27 0 0 49
30-45 13 9 16 7, 17 30 33 0 0 127

45-60 0 0 11 30, 21 20 0 0 q 82
GO-ldo 0 51 40 19 0 0 0 0 0 no
Total 36 62 *69 36 39 50 60 0 0 372

Pspulatisa girtn la the total uanbar of egga In 10 pita, 
a * first fortnight of tbo wmth; b » sscand fortnight of the aenth



Ill

Appendix 3* Distribution of first ins tar grabs of L. contophsra indiffarent depths of soil in different periods of the year.

locatien r«*r depth
M

May
b

Jun. 
a b

Jal.
a b

Aug. 
a b

Sap. 
a b

Oct.
a total

Thasdufekara 1978 0-15 2 0 0
t

22 7 7 9 9 7 2 45
15-30 1 3 5 3 16m 17 28 23 17 4 119
30-45 0 1 8 5 1 1 17 3 11 1 50
45-60 0 0 1 0 1 0 1 6 3 0 12
60-100 0 0 1 0 0 6 0 2 0 0 9
Total 3 4 15 10 25 31 55 47 38 7 233

1979 0-15 0 4 0 11 13 11 12 9 0 0 60
15-30 0 1 10 18 10 11 17 23 3 2 97
30-43 0 0 17 7 1 2 4 6 7 0 44
45-60 0 0 22 2 1 0 3 7 0 0 35
60-100 0 0 0 1 2 0 0 1 0 0 4

' Total 0 5 49 39 27 24 36 48 10 2 240
Vashnradl 1978 0-15 OTJ 1 1 7 5 6 14 2 3 0 42

15-30 3 3 3 9 13 10 14 2 2 3 62
30-45 0 2 3 9 8 5 10 4 7 0 48
45-60 6 0 1 4 1 0 2 1 1 2 18
60-100 1 0 0 1 0 0 0 3 0 0 5
Total 13 6 8 30 27 21 40 12 13 5 173

1979 0-15 0 2 2 3 4 4 7 10 3 1 36
15-30 0 2 4 11 8 10 3 8 2 4 32
30-45 0 1 6 4 12 9 3 1 4 1 41
45-60 0 0 1 7 5 0 3 0 4 1 21
60-100 0 0 0 0 0 0 2 0 2 0 4
Total 0 5 13 25 29 23 18 19 15 7 154

Population given is the total mnaber of grabs in 10 pits,a ■ first fortnight of the venthj b “ second fortnight of the nonth.



IV

Appendix 4. Distribution of second instar grabs of L. consonhara indifferent depths of soil in different periods of tbe yeer.

location year depth
<«)

Jul. 
a b

Aug. 
a b

Sop. 
a b

dot. 
a b

Not. 
a b

Dec. 
a b total

Thashakkara 1978 0-19 0 1 1 0 2 3 2 3 0 0 0 0 12
19-30 0 6 5 2 1 8 4 7 9 0 0 0 38
30-45 0 1 1 3 10 3 1. 7 3 0 0 0 37
49-60 0 0 O' 1 8 I 3 0 1 0 0 0 0 13
60-100 0 0 0 6 0 0 0 0 0 0 0 0 6
Tetal 0 8 7 12 29 17 7 18 . 8 0 0 0 106

1979 0-15 2 1 3! 6 12 2 0 2 3 0 0 0 31
15-30 1 7 4 V 1 14 7 10 3 0 0 0 51
30-49 0 1 1 ? 17 3 2 3 0 0 0 0 29
45-60 0 0 1 1 8 3 1 1 0 0 0 0 15
6O-I4O 0 0 0 0 0 0 0 1 0 0 0 0 1
Total ,3 9 9 13 38 22 10 17 6 0 0 0 127

Vashundi 1978 0-15 0- 0 5 0 1 14 0 0 0 0 0 0 10
15-30 1 2 6 4 1 4 1 2 4 0 0 0 25
30-49 1 7 0 1 10 3 5 5 2 0 0 0 34
49-60 0 l 0 3 0 1 1 1 2 0 0 0 9
60-100 0 1 0 1 3 0 0 0 2 0 0 0 7
Total 2 11 11 9 15 12 7 8 10 0 0 0 85

1979 0-15 0 0 2 4 0 3 1 1 0 0 0 0 11
15-30 0 0 0 1 2 2 2 4 7 0 0 0 18
30-49 0 0 3 3 0 4 1 6 0 0 0 0 17
49-60 0 0 0 0 0 4 1 3 0 0 0 0 8
60-100 0 0 0 0 0 2 0 1 0 0 0 0 3
Total 0 0 9 8 2 15 5 15 7 0 0 0 57

Population giren is the total mmber of grubs in 10 pits,a * first fortnight of the no nth; b = second fortnight of the aonth.



V
dpyaadii 5* Distrikwtio* of third im tar grubs sf L, oonssphsra in

1 scat in yoar dspth
(c);

Oct. 
a b

Not. 
a b

Doo. 
a b

Jan.
* .Jl

\

Tkaakakkara 1977-73
1 V

0-19 1 12 0 12 6 6 0 0
17-90 0 29 7 22 22 12 1 3
30-49 0 10 5 18 16 7 6 4
49-60 0 6 6 9 8 3 8 2
£0-1 dO 0 3 2 O 2 0 2 4
Total 1 60 2CI 61 54 28 17 13

1978-79 0-19 0 0 d 3 4 4 2 2
19-30 0 0 3 13 7 6 4 9
30-49 0 2 9 10 7 8 8 3
49-60 2 2 9 3 7 2 4 2

6 o _idO 1 0 3 3 3 0 2 3
Total 3 4 22 34 23 20 20 19

1979-80 0-19 0 0 0 6 3 2 1 2
15-30 l 1 5 13 7 4 3 5
30-49 1 1 11 9 8 3 8 9
49-60 0 0 ? 3 7 3 7 3
60. 160 0 0 3 3 2 3 1 2
Total 2 2 23 34 27 19 20 17

rashmdi 1977-78 0-19 0 2 0 5 2 3 2 0
19-30 0 11 14 14 6 9 1 2
30-49 0 2 3 9 2 5 4 4
49-60 0 0 9 7 7 6 7 9

60-1 do 0 0 11 4 0 3 3 0
Total 0 19 39 35 17 26 17 19

1978-79 0-19 0 0 0 0 0 0 4 1
*

s 19-30 2 1 3 3 3 7 4 4
30-49 3 6 8

116
2 8 7 0 6

45-60 1 2 3 3 3 1 0
60-100 1 0 j 0 3 4 9 3
Total 7 9 22 8 17 21 I S 14

1979-80 0-13 1 1 i 0 1 3 1 1
19-30 0 11 2 3 9 7 2 1
30-45 3 6 4 3 . 8 3 4 2
49-60 1 3 i11 1 8 9 7 4

60.16O 1 J|0 0 2 2 0 2
Total 7 11 8 7 24 20 14 10

Population glrsn is its total mnbir of grabs in l̂j pits.



d*pth» if «oiI in different porioda of ib» yaar.
VI

i

Fob. 
a h

Hire 
a ' k Apr. 

a b
Hay 
a b

Jon
A

■

k
Jul
a

>
b total

0 1
'i i - 
1 7 3 6 2 4

ii
ff 0 0 0 60

0 9 4 21 20 13 7 7 o: 0 2 0 181
3 6 6 16 11 10 3 4 2 1 4 0 132
8 7 6 6 3 2 0 3 4( 1 4 0 88
& 13 0 1 0 1 0 4 tf 0 1 0 44
13 36 17 31 37 34 12 24 12 2 11 0 303
0 2 0 0 0 1 3 0 tf 0 0 0 23
1 3 4 4 i 4 11 1 0 1 0 0 72
s 1 8 3 0 1 0 0 3 0 0 0 63
2 3 3 4 0 2 2 1 2 0 0 0 48
9 3 2 8 1 3 1 0 2 0 0 0 46
lb 16 19 19 2 11 19 2 7 1 0 0 235
2 2 0 0 0 0 0 0 0 0 0 0 18
1 2 1 1 0 0 3 0 0 0 0 0 47
4 3 1 1 1 3 1 2 1 1 0 0 64
8 3 4 8 11 7 4 1 a 1 00 0 76
a 5 8 2 8 10 0 2 1 0 0 33
17 17 14 12 20 20 8 3 £ 3 0 0 238
0 1 3 2 0 1 1 0 Q 0 0 0 22
3 4 4 7 4 2 8 0 4 0 0 0 93
8 3 7 9 9 3 1 1 3 2 0 0 79
3 1 1 3 0 1 0 1 1 2 0 0 33
1 . & 1 7 0 0 0 9 Q 0 0 0 41
15 13 16 23 13 9 9 11 10 4 0 0 288
0 2 0 1 1 9 0 1 a 0 0 0 19
2 7 2 2 4 23 3 1 4 2 12 7 103
0 4 3 7 3 3 1 1 7 1 0 0 72
4 4 9 13 1 1 1 2 a 0 0 0 34
2 3 S 3 i 0 0 0 6 0 0 0 44
6 22 2b S3 10 41 5 3 11 3 12 7 292
0 0 0 0 0 0 0 d 0 0 0 10
0 0 1 0 2 2 1 0 4 0 0 0 30
3 3 8 7 2 4 0 0 3 2 0 0 6?
8 3 5 9 4 4 0 1 2 1 0 0 67
3 4 3 3 2 0 0 7 1 2 0 0 36
14 10 19 19 10 10 2 8 12 

■ ■» — 3 o - 0 210



VII
Afpails 6* Distribution of pupa* of L. coneonhorai in different depths of soil 

in different periods of the year.

location year depth Max. 
a b

Apr, 
a b

Kay 
a b

Jun. 
a b

Jul.
a b

Aug.
a b total

Thazhakkara 1978 0-15 0 0 0 0 0 0 0 0 0 0; 0 0 0
15̂ 30 0 0 0 0 0 Q 0 0 0 0 0 0 0
30-43 0 0 0 0 2 0 0 1 0 1 0 0 4
45-60 0 0 0 0 0 2 0 0 i o' 0 0 3
60-1 &> 0 0 0 0 5 11 5 0 3 0 0 0 • 24
Total 0 0 0 0 7 13 5 1 4 1 0 0 31

1979 0-15 0 0 0 0 0 0 0 0 O ' 0 0 0 0
15-30 0 0 0 0 0 0 0 3 0 3 0 0 6
30-45 0 0 0 1 1 0 0 2 4 0 1 1 10
45-60 0 0 2 1 0 3 3 1 7 0 1 1 18
€o.ldo 0 0 0 0 3 1 2 7 5 0 1 0 14
Total 0 0 2 2 4 3 5 13 , r

11 3 3 2 48
1980 0-15 0 0 0 0 0 0 0 0 0 0 0 0 0

15-30 0 0 0 0 0 0 0 0 0 0 0 0 0
30-45 0 0 1 1 2 4 2 4 0 1 0 0 15
45-60 0 0 1 2 2 1 1 3 2 3 0 0 15
60-1 &> 0 0 2 2 2 0 6 9 7 4 0 0 32
Xotel 0 0 4 5 6 3 9 16 9 8 0 0 62

Veshnradi 1978 0-15 0 0 0 0 0 0 0 0 0 0 0 0 0
15-30 r 0 0 0 0 1 2 0 0 0 0 0 0 3
30-45 0 0 0 0 0 *i 2 2. 1 0 0 0 8
45-60 0 0 0 0 1 0 7 3 2 0 0 0 13
60-1&) 0 0 0 0 3 18 16 15 0 0 2 0 44
Total 0 0 0 0 5 25 25 10 3 0 2 0 68

1979 0-13 0 0 0 0 0 0 0 0 0 0 0 0 0
15-30 0 0 0 0 0 D 0 3 3 3 0 0 9
30-43 0 0 0 0 1 0 8 5 2 3 0 0 19
45-60 1 2 0 4 1 2 5 1 0 2 0 0 18
60--1&) 0 0 0 0 1 1 9 0 1 0 0 0 12
Total 1 2 0 4 3 3 22 9 6 8 0 0 58

1980 0-15 0 0 2 1 0 0 0 0 0 0 0 0 3
15-30 0 0 2 0 2 0 6 0 0 0 0 0 4
30-45 s 2 4 3 4 i 2 1 2 1 0 0 22
45-60 1 2 4 7 1 3 7 4 1 0 0 0 30
60-1&) 1 0 10 0 0 D 9 7 1 1 0 0 29
Total 4 4 22 11 7 4 18 12 . 4 2 0 0 88

Population given is the total ranter of pupao In 10 pits, 
e pi firet fortnight of the month; b = second fortnight of the month.
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Appendix 4* Distribution of second instar grub a of 1. ooaeonhora in­different depths of soil in different porioda of the year.

location

ghaahakkara

Vashmrodi

year depth
M

Jul. 
a b

Aug. 
a b

Sop. 
a b

Oot.
a b

Nov.
a b

Deo. 
a b total

1978 0-19 0 1 1 0 2 3 2 3 0 0 0 0 12
15-30 0 6 9 2 1 8 4 7 5 0 0 0 38
30-45 0 1 1 3 18 3 1.7 3 0 0 0 37
45-60 0 0 0 1 8 3 0 1 0 0 0 0 13
60-100 0 0 0 6 0 0 0 0 0 0 0 0 6
Total 0 8 7 12 29 7 7 18 ■ 8 0 0 0 106

1979 0-15 2 1 3 6 12 2 0 2 3 0 0 0 31
15-30 1 7 4 4 1 14 7 10 3 0 0 0 51
30-43 0 1 1 2 17 3 2 3 0 0 0 0 29
45-60 O' 0 1 1 8 3 1 1 0 0 0 0 15
6<Mqo 0 0 0 0 0 0 0 1 0 0 0 0 1
Total ,3 9 9 13 38 £2 io 17 6 0 0 0 127

1978 0-19 0* 0 9 0 1 14 0 0 0 0 0 0 10

15-30 1 2 6 4 1 4 i 2 4 0 0 0 35
30-45 1 7 0 1 10 3 5 5 2 0 0 0 34
45-60 0 1 0 3 0 1 1 1 2 0 0 0 9
60-100 0 1 0 1 3 0 0 0 2 0 0 0 7
Total 2 11 11 9 15 12 7 8 10 0 0 0 85

1979 0-15 0 0 2 4 0 3 1 1 0 0 0 0 11

15-30 0 0 0 1 2 2 2 4 7 0 0 0 18
30-45 0 0 3 3 0 4 1 6 0 0 0 0 17
45-60 0 0 0 0 0 4 1 3 0 0 0 0 8
60-100 0 0 0 0 0 2 0 l 0 0 0 0 3

- Total 0 0 9 8 2 15 5 15 7 0 0 0 57

Population given is the total xrnnber of grabs in 10 pits.a a first fortnight of the no nth; b - seoond fortnight of the aonth.



V
1

Appamdli 5. Diatrlbatiam af third instar graba at L. oonaaohora i»

laoatiam yaar
" " ' I

Thazkakkara 1977-73

1978-79

1979-80

Tashmdi 1977-78

1978-79/

\

I
\

> 1979-80

dapth Oct. ]
(cm) ft b n

131
0-19 1 12 0

15-30 0 29 7
30-45 0 10 3
45-60 0 6 6

60.160 0 3 2
Tatal 1 60 20
0-15 0 0 0
15-30 0 0 3
30-45 0 2 9
45-60 2 2 3

0'ri0 1 0 3
Tatal 3 4 22
0-15 0 0 0
15-30 1 1 3
30-45 1 1 11
45-60 0 0 4

60-1 do 0 0 3
Tatal 2 2 23
0-15 0 2 0
15-30 0 11 14
30-45 0 2 3
45-60 0 0 3
60-1 do 0 0 11
Tatal 0 15 35
0-15 0 0 0

13-30 2 1 3
30-49 3 6 D
45-60 1 2 6
60-160 1 0 3
Total 7 9 22
0-15 1 1 1
15-30
30-45 3

0
6

2
4

45-60 1 3 1
60.160 
Total 7

1
11

0
ai

Dao. Jam.
b a b a JL

12 6 6 0 0
22 22 12 1 3
18 16 7 6 4
9 8 3 8 2
0 2 0 2 4
61 54 28 17 13
3 4 4 2 2
13 7 6 4 3
10 7 8 8 3
3 7 2 4 2
3 3 0 2 3
34 23 20 20 13
6 3 2 1 2
13 7 4 3 3
9 6 3 8 5
3 7 3 7 3
3 2 3 1 2
34 27 15 20 17
3 2 3 2 0
14 6 9 1 2
3 2 3 4 4
7 7 6 7 9
4 0 3 3 0
33 17 26 17 13

0 0 0 4 1
3 3 7 4 4
2 0 7 0 6
3 3 3 1 0
0 3 4 9 3
8 17 21 IS 14
0 1 3 1 1
3 3 7 2 1
3. 8 3 4 2
1 8 3 7 4
0 2 2 0 2
7 24 20 14 10

Fapalation given ia tha tatal nambar of grabs im 10 pits.
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Appendix 4* Distribution of second instar grubs of L, coneoohora in
different depths of soil in different -nnrindn nt the -rear.

location
Thazhakkara

Vazhirmdi

year depth
<«)

Jul. 
a b

Aug. 
a b

Sep. 
a b

Oct. 
a b

Nov. 
a b

Dec.
a h total

1978 0-15 0 1 1 0 2 3 2 3 0 0 0 0 12
15-30 0 6 5 2 1 8 4 7 5 0 0 0 38
30-45 0 1 1 3 13 3 1 7 3 0 0 0 37
45-60 0 0 o' l 8 3 0 1 0 0 0 0 13
60-100 0 0 0 6 0 ,0 0 0 0 0 0 0 6
Total 0 8 7 12 29 17 7 18 8 0 0 0 106

1979 0-15 2 1 3 6 12 2 0 2 3 0 0 0 31
15-30 1 7 4 4- 1 7

i
10 3 0 0 0 51

30-45 0 1 1 2 17 3 2 3 0 0 0 0 29
45-60 0 0 1 1 8 3 1 1 0 0 0 0 15
60-1QD 0 0 0 0 0 0 0 1 0 0 0 0 1
Total 3 9 9 13 38 22 10 17 6 0 0 0 127

1978 0-15 o: 0 5 0 1 14 0 0 0 0 0 0 10
15-30 1 2 6 4 1 4 1 2 4 0 0 0 25
30-45 1 7 0 1 10 3 5 5 2 0 0 0 34
45-60 0 1 0 3 0 1 1 1 2 0 0 0 9
60-100 0 1 0 1 3 0 0 0 2 0 0 0 7
Total 2 11 11 9 15 12 7 8 10 0 0 0 85

1979 0-15 0 0 2 4 0 0*y 1 1 0 0 0 0 11
15-30 0 0 0 1 2 2 2 4 7 0 0 0 18
30-45 0 0 3 3 0 4 1 6 0 0 0 0 17
45-60 0 0 0 0 0 4 1 3 0 0 0 0 8
60-100 0 0 0 0 0 2 0 l 0 0 0 0 3
Total 0 0 5 8 2 15 5 13 7 0 0 0 57

Population giren is the total number of grubs in 10 pits,
a s first fortnight of the month; b = second fortnight of the month.



Appsmiix 5. Distribution of third instar grubs ofL. conssphora in
. ,. dspth Oct. Not. Dio. Jam.l-.ti.ii ̂  y—  . b . t a b _fc.„

' ” '  I-
12 6 6 0 0Thazhakkara 1977-73

1978-79

1979-80

fcshmradi 1977-73

1978-79

1979-80

0-19 1 12 0
15-30 0 29 7
30-45 0 10 5
45-60 0 6 6

60.1 Oo 0 3 2
Total 1 60 20
0-15 0 0 0
15-30 0 0 5
30-45 0 2 9
45-60 2 2 5

&o.ido 1 0 3
Total 3 4 22
0-15 0 0 0
15-30 1 1 5
30̂ 45 1 1 11
45-60 0 0 4

60-i flo 0 0 3
Total 2 2 23
0-15 0 2 0
15-30 0 11 14
30-45 0 2 5
45-60 0 0 5
60-1 0 0 11
Total 0 15 35
0-15 0 0 0

15-30 2 1 . 5
30-45 3 6 8
45-60 1 2 6

60-160 1 0 3
Total 7 9 22
0-15 1 1 1
15-30 0 0 2
30-45 3 6 4
45-60 1 3 1

60.160 2 1 0
Total 7 11 8

22 22 12 1 3
18 16 7 6 4
9 8 3 8 2
0 2 0 2 4
61 54 28 17 13
5 4 4 2 2
13 7 6 4 5
10 7 8 8 3
3 7 2 4 2
3 3 0 2 3
34 28 20 20 15
6 3 2 1 2
13 7 4 3 5
9 8 3 8 5
3 7 3 7 3
3 2 3 1 2
34 27 15 20 17
5 2 3 2 0
14 6 9 1 2
5 2 5 4 4
7 7 6 7 9
4 0 3 3 0
35 17 26 17 15
0 0 0 4 1
3 3 7 4 4
2 8 7 0 6
3 3 3 1 0
0 3 4 9 3
8 17 21 18 14
0 1 3 1 1
3 5 7 2 1
3 8 3 4 2
1 8 5 7 4
0 2 2 0 2
7 24 20 14 10

population given is tha total numbsr of grabs in 10 pits



AyjMriis 5* Diotribmtioa of third inotar grobo of L. conooidiQra lm

location yoor
*1+J }

dopth
(« ) ,

Oct. 
ft b

N ot. 
a b

Doc
a

i*
b

Joa.
* J l

t

Tkazkakkara 1977-73 0-19 1 12 0 12 6 6 0 0

15-50 0 29 7 22 22 12 1 3
30-45 0 10 9 18 16 7 6 4
49-60 0 6 6 9 8 3 a 2

60,1 do 0 3 2 O 2 0 2 4
Total 1 60 20 61 54 28 17 13

1978-79 0-19 0 0 0 5 4 4 2 2

15-30 0 0 5 13 7 6 4 5
30-49 0 2 9 10 7 8 8 3
49-60 2 2 9 3 7 2 4 2

60,1 do 1 0 3 3 3 0 2 3
Total 3 4 22 34 23 20 20 19

1979-80 0-19 0 0 0 6 3 2 1 2

13-30 1 1 3 13 7 4 3 5
30-49 1 1 11 9 0 3 8 3
49-60 0 0 4 3 7 3 7 3
6O-i<)0 0 0 3 3 2 3 1 2
Total 2 2 23 34 27 13 20 17

Yaxharsdi 1977-78 0-19 0 2 0 9 2 3 2 0

15-30 0 11 14 14 6 9 1 2
30-49 0 2 9 5 2 3 4 4
49-60 0 0 3 7 7 6 7 9

60-1 do 0 0 11 4 0 3 3 0
Total 0 15 35 39 17 £6 17 15

1978-79 0-19 0 0 0 0 0 0 4 1
15-30 2 1 9 3 3 7 4 4
30-49 3 6 B 2 8 7 0 6
49-6o 1 2 6 3 3 3 1 0
60-100 1 0 3 0 3 4 9 3
Total 7 9 22 8 17 21 18 14

1979-80 0-19 1 1 1 0 1 3 1 1
19-30 0 0 2 3 9 7 2 1
30-49 3 6 4 3 . 8 3 4 2
49-60 l 3 1 1 8 5 7 4

60.160 2 1 0 0 2 2 0 2
Total 7 . 11 B 7 24 20 14 10

Population giron is tbo total nnbir of grabs im 10 pits.



AfynUi 3# Diotribation of third inatar grabs of L_. conoophora im

looatioa

Thaskakkara

joar

1977-78

1978-79

1979-80

7sshmdi 1977-78

1978-79

1979-80

dspth
(<4):

Oct. a b Not. a b Poo. 
a b

Jam.
* ^

I I ' 3 '

0-13 1 12 0 12 6 6 0 0
15-50

iiJO-M
0 29 7 22 22 12 1 3
0 10 3 18 16 7 6 4

i
t 0

0
6
3

6
2

9
O

8
2

3
0

8
2

2
4

Total 1 60 20 61 54 28 17 13
0-19 0 0 0 5 4 4 2 2

h15-50 0 0 3 13 7 6 4 3
30-45jj 0 2 9 10 7 6 8 3
49-60tfl 2 2 5 3 7 2 4 2V
GoAQO 1 0 3 3 3 0 2 3
Total

I' 3 4 22 34 23 20 20 13
0-15
15-30

0 0 0 6 3 2 1 2
1 1 3 13 7 4 3 3

30-49
1149-60
I;

1 1 11 9 B 3 8 3
0 0 4 3 7 3 7 3

60.160
h

0 0 3 3 2 3 1 2
Total| 2 2 23 34 27 15 20 17
0-19

!i

15-30
ll

30-45

0 2 0 5 2 3 2 0
0 11 14 14 6 9 1 2
0 2 3 5 2 3 4 4

45-60
If

60-160
cTotal

0 0 5 7 7 6 7 9
0 0 11 4 0 3 3 0
0 13 33 33 17 26 17 13

oh
i'15-30

0 0 0 0 0 0 4 1
2 1 3 3 3 7 4 4

30-49
49-60

3 6 8 ' 2 8 7 0 6
1 2 6 3 3 3 1 0

go-100 1 0 3 0 3 4 9 3
Total

LI 7 9 22 8 17 21 18 14
0-13 1 1 1 0 1 3 1 1
13-30|i30-43

0 2 3 3 7 2 1
3 6 4 3 . 8 3 4 2

43-60 1 3 1 J 8 3 7 4
|

60.160 1 0 0 2 2 0 2
lj

Total
1 7 11 8 7 24 20 14 10

Popalstion givtn is ihs total mnsbsr of grabs ia 10 pits.



Affsadiz 5. Distribution af third instar grubs of L. oonsophora im

location year

Thaehakkara 1977-78

1978-79

1979-80

Tashmdl 1977-78

1978-79

1979-80

depth Oot. ]
(c m ) ft b a

0-15 1 12 0

19-30 0 29 7
30-*3 0 10 5
49-60 0 6 6
&0-160 0 3 2
Total 1 60 20

0-19 0 0 0

19-30 0 0 5
30-43 0 2 9
49-60 2 2 9
60-160 1 0 3
Total 3 4 22

0-15 0 0 0
15-30 1 1 3
30-43 1 1 11

45-60 0 0 4
60-160 0 0 3
Total 2 2 23
0-19 0 2 0

19-30 0 11 14
30-45 0 2 9
49-60 0 0 9

60 A 00 0 0 11
Total 0 15 33
0-15 0 0 0

19-30 2 1 5
30-45 3 6 8
43-60 1 2 6

60,100 1 0 3
Total 7 9 22

0-19 1 1 1

19-30
30-45 3

0
6

2
4

49-60 1 3 1

60-100 
Total 7

1

11
0
8

r. Deo. Jam.
b a b a J l
12 6 6 0 0
22 22 12 1 3
18 16 7 6 4
9 8 3 8 2
<D 2 0 2 4
61 34 28 17 13
3 4 4 2 2
13 7 6 4 9
10 7 8 8 3
3 7 2 4 2
3 3 0 2 3
34 23 20 20 13
6 3 2 1 2
13 7 4 3 3
9 8 3 8 5
3 7 3 7 3
3 2 3 1 2
34 27 13 20 17
3 2 3 2 0
14 6 9 1 2
3 2 3 4 4
7 7 6 7 9
4 0 3 3 0
33 17 26 17 13

0 0 0 4 1
3 3 7 4 4

K 2 8 7 0 6
3 3 3 1 0
0 3 4 9 3
8 17 21 18 14
0 1 3 1 1
3 3 7 2 1
3 . 8 3 4 2
1 8 9 7 4
0 2 2 0 2
7 24 20 14 10

popmlation giran is tbs total xmabsr of grabs ia 10 pits.



v
Appendix 5; Distribution ex third instar grabs oi L. eonssphora im

i
1testlea yearrU} j

Thashakksra 1977-78

1978-79

1979-80

raahvradi 1977-78

1978-79

1979-80

depth Oct. .3
(c m ) ft b a

i v
0-15 1 12 0
15-30 0 29 7
30-45 0 10 5
45-60 0 6 6
60_100 0 3 2
Tetal 1 60 20
0-15 0 0 0
15-30 0 0 5
30-45 0 2 9
45-60 2 2 5
6 o_1 (|30 1 0 3
Tetal 3 4 22
0-15 0 0 0
15-30 1 1 5
30r45 1 1 11
45-60 0 0 4

6O-l60 0 0 3
Tetal 2 2 23
0-15 0 2 0
15-30 0 11 14
30-45 0 2 5
45-60 0 0 5

60-1 io 0 0 11
Tetal 0 15 35
0-15 0 0 0

15-30 2 1 5
30-45 3 6 8
45-60 1 2 6
60-16o 1 0 3
Total 7 9 22
0-15 1 1 1
15-30 0 0 2
30-45 3 6 4
45-60 1 3 1

60-160 2 1 0
Total 7 11 8

Dec Jan.
b a h a JL
12 6 6 0 0
22 22 12 1 3
18 16 7 6 4
9 8 3 8 2
O 2 0 2 4
61 54 28 17 13
5 4 4 2 2
13 7 6 4 5
10 7 8 8 3
3 7 2 4 2
3 3 0 2 3
34 23 20 20 15
6 3 2 1 2
13 7 4 3 5
9 8 3 8 5
3 7 3 7 3
3 2 3 1 2
34 27 15 20 17
5 2 3 2 0
14 6 9 1 2
5 2 5 4 4
7 7 6 7 9
4 0 3 3 0
35 17 26 17 15
0 0 0 4 1
3 3 7 4 4
2 8 7 0 6
3 3 3 1 0
0 3 4 9 3
8 17 21 13 14
0 1 3 1 1
3 5 7 2 1
3 8 3 4 2
1 8 5 7 4
0 2 2 0 2
7 24 20 14 10

Population, given is the tetal mmber of grubs in 10 pits



Apptadlx J* Diatribmtiam af third inatar grubs of L. conaanhoraim

lacatiaa yaar j
dapth
(cm)

Oct. 
a b Nor. 

a b Dao. 
a b Jam.

» Jl
Thashakkars 1977-73

i *i 
0-1 9 ^ 1 12 0 12 6 6 0 0

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

60.1 do 0 3 2 <D 2 0 2 4
Tatal 1 60 20 61 54 23 17 13

1978-79 0-15 0 0 0 5 4 4 2 2

15-30 0 0 5 13 7 6 4 5
30-45 0 2 9 10 7 8 8 3
45-60 3 2 5 3 7 2 4 2

0'O0 1 0 3 3 3 0 2 3
Tatal 3 4 22 34 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 6 3 8 5
45-60 0 0 4 3 7 3 7 3

60-160 0 0 3 3 2 3 1 2
Tatal 2 2 23 34 27 15 20 17

Vaahmdi 1977-78 0-15 0 2 0 5 2 3 2 0
13-30 0 11 14 14 6 9 1 2
30-45 0 2 5 5 2 5 4 4
45-60 0 0 5 7 7 6 7 9

6 0-160 0 0 11 4 0 3 3 0
Tatal 0 15 35 35 17 26 17 15

1978-79 0-15 0 0 0 0 0 0 4 1
15-30 2 1 5 3 3 7 4 4
30-45 3 6 8 * 2 0 7 0 6
45-60 1 2 6 3 3 3 1 0
£OAG0 1 0 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 2 3 5 7 2 1
30-45 3 6 4 3 . 8 3 4 2
45-60 1 3 1 1 8 5 7 4

60.ido 1 0 0 2 2 0 2
Total 7 11 8 7 24 20 14 10

Population givan ia tha tatal imbir of grabs im 10 pita.



different daptha af soil in different periods of tbs year.
VI

Fab. Hare Apr. May Jm ■ Jul• totala a a b a b a b a b a b
0 1 1 7 3 6 2 4 0 0 0 0 60
0 9 4 21 20 19 7 7 0 0 2 0 181
3 6 6 16 11 10 3 4 2 1 4 0 132
8 7 6 6 3 2 0 9 4 1 4 0 88
4 13 0 1 0 1 0 4 6 0 1 0 44
13 36 17 91 37 34 12 24 12 2 11 0 509
0 2 0 0 0 1 9 0 0 0 0 0 23
l 5 4 4 l 4 11 1 0 1 0 0 72
2 1 8 3 0 1 0 0 3 0 0 0 69
2 3 3 4 0 2 2 1 ' 2. 0 0 0 48
9' 3 2 8 1 3 1 0 2 0 0 0 46
14 16 19 19 2 11 19 2 7 1 0 0 239
2 2 0 0 0 0 0 0 0 0 0 0 18
1 2 1 1 0 0 3 0 0 0 0 0 47
4 3 1 1 1 3 1 2 1 1 0 0 64
8 5 4 8 11 7 4 1 0 1 00 0 76
2 3 8 2 6 10 0 2 1 1 0 0 53
17 17 14 12 20 20 8 5 2 3 0 0 298
0 1 3 2 0 1 1 0 0 0 0 0 22
3 4 4 7 4 2 3 0 4 0 0 0 93
8 5 7 9 9 9 1 1 9 2 0 0 79
3 1 1 3 0 1 0 1 1 2 0 0 53
1 2 l 7 0 0 0 9 0 0 0 0 41
13 13 16 23 13 9 9 11 10 4 0 0 288
0 2 0 1 1 9 0 1 0 0 0 0 19
2 7 2 2 4 23 3 1 4 2 12 7 103
0 4 9 7 3 3 1 1 7 1 0 0 72
4 4 9 13 1 1 1 2 0 0 0 0 94
2 3 8 9 1 0 0 0 0 0 0 0 44
8 22 24 28 10 41 9 9 11 3 12 7 292
0 0 0 0 0 0 1 , 0 0 0 0 0 10
0 0 1 0 2 2 1 0 4 0 0 0 30
3 3 8 7 2 4 0 0 9 2 0 0 67

. 8 3 9 9 4 4 0 1 2 1 0 0 67
3 4 9 3 2 0 0 7 1 2 0 0 36
14 10 19 19 10 10 2 8 12 3 o • 0 210
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Appendix 6. Distribution of pupae of L. coneophora In different depths of soil 
in different periods of the year.

location year depth
• M

liar, 
a b

Apr; 
a b

May 
a b

Jan; 
a b

Jul.
a b

Aug; 
a b total

Thashalckara 1978 0-15 0 0 0 0 0 0 0 0 0 0' 0 0 0
15^30 0 0 0 0 0 0 0 0 0 0 0 0 0
30-̂ 5 0 0 0 0 2 0 0 1 0 1 0 0 4
45-60 0 0 0 0 0 2 0 0 1 o; 0 0 3
CO-100 0 0 0 0 5 U 5 0 3 0 0 0 24
Total 0 0 0 0 7 13 5 1 4 1 0 0 31

1979 0-15 0 0 0 0 0 0 0 0 0’ 0 0 0 ' 0
15-30 0 0 0 0 0 0 0 3 0 3 0 0 6
30-45 0 0 0 1 1 0 0 2 4 0 1 1 10
45-60 0 0 2 1 0 2 3 1 7 0 1 1 18
60 -100 0 0 0 0 3 1 2 7 P 0 1 0 14
Total 0 0 2 2 4 3 5 13 11 3 3 2 48

1980 0-15 0 0 0 0 0 0 0 0 0 0 0 0 0
15-30 0 0 0 0 0 0 0 0 0 0 0 0 0
30-45 0 0 1 1 2 4 2 4 0 1 0 0 15
45-60 0 0 1 2 2 1 1 3 2 3 0 0 15
60-100 0 0 2 2 2 0 6 9 7 4 0 0 32
Total 0 0 4 5 6 5 9 16 9 8 0 0 62

Vazhnvcdl 1978 0-15 0 0 0 0 0 0 0 0 0 0 0 0 0
15-30 0 0 0 0 1 2 0 0 0 0 0 0 3
30-43 0 0 0 0 0 3 2 2 1 0 0 0 8
45-60 0 0 0 0 1 0 7 3 2 0 0 0 13
6 0-1 do 0 0 0 0 3 18 16 5 0 0 2 0 44
Total 0 0 0 0 5 23 25 10 3 0 2 0 68

1979 0-15 0 0 0 0 0 0 0 0 0 0 0 0 0
15-30 0 0 0 0 0 0 0 3 3 3 0 0 9
30-45 0 0 0 0 1 0 8 5 2 3 0 0 19
45-60 1 2 0 4 1 2 5 1 0 2 0 0 18
60-1̂ 0 0 0 0 0 1 1 9 0 1 0 0 0 12
Total 1 2 0 4 3 3 22 9 6 8 0 0 58

1980 0-15 0 0 2 1 0 0 0 0 0 0 0 0 3
15-30 0 0 2 0 2 0 6 0 0 0 0 0 4
30-45 2 2 4 3 4 1 2 1 2 1 0 0 22
45-60 1 2 4 7 1 3 7 4 1 0 0 0 30

6 0-160 1 0 10 0 0 0 9 7 1 1 0 0 29
Total 4 4 22 11 7 4 18 12 4 2 0 0 83

Population given is the total mxxber of papas in 10 pits. ■ 
a “ first fortnight of the month; b « second fortnight of the month.
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Appendix 7* Motoorological data relating to Thazhakkara for the period

year depth
(on)

January
a b

February 
a b

j March 
a b

April 
a b

May 
a b

1977

1978

0-15
15-30
30-45
45-60
0-15 43.0

soil temperature °C 

43.8 44.4 46.3 40.5 38.0 28.3 32.3 59.5 41.6
15-30 34.0 34.3 34.4 36.9 33.0 38.6 29.2 29.7 33.3 35.3
30-43 32.4 32.4 33.8 34.8 32.6 36.4 29.4 29.0 33.0 32.3
45-60 31.5 31.3 33.2 33.0 32.0 34.0 29.0 23.8 31.0 31.0

1979 0-13 39.9 40.2 44.9 43.8 43.0 44.0 43.0 44.4 33-0 27.7
15-30 33-3 33.7 35.3 ‘36.8 36.9 35.9 37.3 36.6 32.2 26.9
30-45 31.1 32.4 34.0 34.4 34.4 35.2 36.0 34.8 32.8 32.2

45-60 30.0 29.2 33.0 32.0 35.6 34.6 34.8 32.6 32.0 34.0
1930 0-13 41.0 40.8 40.0 41.3 46.9 48.8 45.1 39.1 42.5 41.3

15-30 33.9 32.5 33.9 35.6 36.4 38,i 40.4 1*1.inm 35-0 36.4
30-43 32.5 31.8 33-0 34.4 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

1978

0-15
15-30
30-45
45-60
0-13 7.6

soil Dcisture £ (v/v) 

3.2 4.7 4.6. 5.9 6.9 3.4 4.5 7.4 4.7
15-30 7.3 6.1 5.8 4,3 6.3 10.1 6.6 7.3 7.2 4.9
30-45 6.4 8,9 7.2 6.4 7.7 12.2 5.6 7.6 6.3 4.7
45-60 7 :2 3.9 7.7 6.6 8.4 11.3 5.5 6.8 6.3 6.4

1979 0-15 7.3 4.6 6.3 4.0 8.6 5*9 4.9 11.3 10.8 5.8
15-30 7.5 6.1 6.4 4.8 .7.3 5.1 5.3 13.6 U.5 7.3
30-43 7.2 6.9 6.7 5.5 8.2 7.7 5.9 13.4 14.8 8.6
43-60 8*3 8.3 8.7 6.2 8.7 3.1 6.6 15.8 16.1 13.2

1980 0-13 3.9 4.4 4.3 3.1 3.0 7.3 7.3 5.2 5.4 4.6
15-30 4,6 4.9 5.0 5.2 4.0 4.9 5.3 8.0 7.2 3.9
30-45 7.3 7.8 6.0 5.8 3.6 5-5 4.6 8.7 6.4 7.8
45-60 5.6 7-3 7.3 6.2 7.2 5.9 5.5 6.5 6.5 7*9

1977
1978 0

total rain (nai)
0 5 18 12 £9 42 30 17 231

1979 60 0 0 14 0 24 14 . 4a 14 22
1980 0 0 0 0 8 30 43 19 85 92
a * first fortnight of tho month b = second fortnight of the eonth

I



frc* September, 1977 to September, 1930.
Jons July August Septenber October Novenber Bacenber
a b a b a b a b a b a b a b

32.1 42.3 41.1 32.8 39.7 39.2 40.1 41.1
29.4 36.9 36.2 31.3 34.4 33.0 34.3 35.8
28.5 33.3 32.3 31.2 30.6 30.4 31.3 29.4
28.0 30.1 29*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 34.4 41.6 40.8 33-3 39.9 39.4 59.4
31.9 29.7 30.8 29.5 30.5 30.4 32.0 32.2 35.3 32.2 30.8 34,7 34.2 33.6
29.4 29.0 29.6 29.4 28.9 23.4 32.4 30.8 31.8 32.4 30.4 32.4 31.2 32.0

23.5 23.0 28.6 29.0 28.0 , 27.6 31.0 30.0 30.5 31.0 30.0 31.3 30.5 30.8
45.0 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
58.0 33.9 30.8 34.7 28,0 34.7 31-9 33.5 35.5 33.0 33.1 ,31.4 31.3 34.7
35.0 31.9 31.0 32.4 23,2 32.6 31.1 31.4 32.4 32.5 30.8 31.2 31.2 32.6
34.0 30.4 29.5 30.6 28.6 31.4 31.5 29.3 31.5 31.0 29.4 30.0 30. Q 31.1
35.4 35.4 26.1 28.1 30.1 31.9 38.1 37.3
34.8 32.8 26.9 23.5 31.2 32.0 29.5 35.2
34,1 32.6 29.4 30.0 31-5 32.3 29.0 30.3
52.0 32.0 29.4 30.0 31.5 32.5 28.0 29.5

9*2 5-9 6.1. 8.3 7.8 7.9 4.8 4.7
9*8 8.1 6.8 7.7 6.8 7.5 5.1 5-4
10.8. 9.9 6.5, 8,4 7.4 8.8 5.1 5.4
12.8 14.9 6.5 9.8 10.6 10.2 6.5 5.8

7.7 10.2 8.3 8.7 11.6 10.3 7.9 6.5 6.3 5.2 5.3 5.4 5.5 3.3
7.2 8.6 7-9 9*2 14.2 0.3 8.5 7.3 7.0' 8,1 8.2 6.5 6.4 4.3
ti.7 9.9 6.4 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 9.9 15.1 17-9 10.1 11.9r 12.5 6.8, 10.5 16.9 8.3 6.8 7.2
6.2 6.5 9.6 7.6 8.4 10.5 8.8 7.7 3.7. 5.0 5.3 5.2 4.3 3.9
7.1 6.8. 9.2 9.8 8.8 9.3, 9.3. 8.1 6.7, 6.3 8.2 7.4 7.3 4.5
7.8 8.2 9.8 9.0 11.1 9.2 9.3 9.6 8.1 7.4 8.7 7-3 7.5 5-6
12,1 6.8 12.4 14.4 12,8 14.7 13*7 13.5 11.2 11.5 10.4 8.6 9.4 7.3
6.5 9.0 9.6 9-5 10.5 8.7 7*5 6.5
5.8 7.6 11.4 10.2 10.8 9.3 8.5 8.4
7.3 6.3 13.4 10.7 10,9 10.1 8.7’ 8.9
7.9 6.9 16.9 10,8 11.3 ll.l 11.9 1&.4

?99 V&6- 150 ' 237 249 . 196 27 29
234 157 250 177 330 129 99 61 27 255 255 362 127 25
272 281 153 139 63 70 144 133 101 28 98 145 74 11
207 521 306 212 179 68 101 110
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4ppeadiz S. ANCVA relating toi-
i Tabla 1.

Bouree d.f. B e a n  a s m  e! s q u a r e # ,

duration of grub duration duration
first
Instar

second third 
instar instar total of pupal 

period
of egg
to adult

■ Male
Host
Error 336 24.43

13-78
403.29** 545.62** 
45.51 83.11

2263.37™121.05
21.02**

2.60
2535-20**

123.61

Female
Hoot
Error 336 3.6914.92 694.33** 516.26** 42.57 67-30

2165.70**63.03
20.49**
4.43

2461.09**74.48

Table 2.

source d.f. m e a n  e n a o f ’ s q u a r e  s
mle female

langfh width weight length width weight
Host
Error 336

55.76** 
6,25 3.36* 0.64 

0.86 0.31
91.75**
2.99

2.29**0.64 4.39**
3.17

Table 3*
source d.f. B e e n  s u m  of s q u a r e s

sale ffissle
length width weight length width weight

nost 3 23.63** 8.96** 0.53** 65.49** 7.65** 6.46**
Error 36 5.42 1.02 0.08 3.95 1.50 0.31



XI

Appendix 9 (contd,..)
Table 4.

eonree d.f. B e a n  an a of s q u a r e s
sale female

length width weight length width weight
Host 3 20.90** 1.61 0.63** 26.30** 11.89** 2.25**
Error 36 2.67 1.58 0.05 2.60 1.34 1.41

- Table 5*
source d-f. n s a n am b of s q u a r e e

die female oviposition No. of percent
longevity longevity period egg laid egg patched

Host 3 5̂ .49** 43.95* 354.10** 3745.29** 102.82*
Error 36 9-90 5.20 7.52 206.51 23.22

Table 6*
source d.f. m e a n  e n m of e q n a r e 9

No. of weight of
height girth

new
leave* top growth

... „ damaged endamaged 
roots tnbera tnbers

Bepilention
Treatment
Error

14
342

1818.34
16993.02**
592.13

0.029
1.28**
0.0031

155.24
1303.52**
165.75

15334.49
807227.75**14912.94

16078.75 176955.79 4062609-83 
66790.94** 2104567.84** 807277.75** 
11356.42 126948.33 14912.94

Replication
Treatment
Error

14
342

veinht of underground growth 
240669.82 
7249734.91**
277699.72



XIX

Appendix 8 (contd...)

Table 7.

source d.f. „ h e a a s u n  of s q u a r e s
*starch aoylose csylspactln HCN

Treatment 2 849.53** 190.66** 187.51** 581.27**Error 27 20.47 1.87 1.90 35.58

Table 8.

source d.f. m e a n 1 s u m of s q u a r e S'

height new
leaves

1
length of 
tap root

weight of 
shoreground grotrth

weight of 
undergromu growth

Replication 14 17.81 1.023 18.99 3.02 2.35Treatment 3 459.08** 209.51** 980.63** 505.44** 176.10**Error 42 13-26 0.96 9.10 1.79 1.31
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-Appendix 0 (eontd. . . )

Table 9*

source d.f. M e a n  s u b  of s q u a r e s -

height
weight of

No. of No. of length of aboveground 
branches leaves tap root growth

weight of 
under ground 
growth

Replication
Treatnant
Error

14
1
14

m .26 
41589.63** 85.34

25.24 322,41 93-02 42.92 
2881.20s* 188972.03s* 39750.25s* 13107.64** 
11.77 387.58 119.54 83.41

15.02
10364,66*

20.97

Sable 20.

source d.f. n s • ri b u m  o f s q u ’a'rs's
mirvival survival 

of of 
grubs grabs pupae

Mortality
of

plants
Treataont 8 1514.69** 1022.65** 2306.98**
Error 10 6.92078 7-7563 20.997
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A B S T R A C T

Tho biology of the coconut cockchafer Leuoopholio• * i i * i i i i
ooneophora Burm. was studied in detail for the first 
time. Techniques for rearing the pests from egg to adnlt

.lV

in potted plante kept in field were standardized. The 
egg laying behaviour of adults was observed* The morpholo-

' igioal changes of eggs, different Instars of grubs and
<

pupae during development wore studied in detail* The 
changes in immature stages of vale and female insects 
were traced separately* The general morphology of 
different lnstars of the grubs was studied In full with 
a view to finding distinct Identifying characters for 
each.

The external morphology of the adults was examined
i i

for identifying suitable characters for the separation 
of male and female Individuals and the nature of antennae 
in the two sexes was found as an easy and reliable 
index for separating then.

Adult behaviour of L. ooneophora was studied in 
the field. The emergence of beetles, formation of1 ' ■ i
emergence holes, flight activity of the beetles, mating 
behaviour and feeding were observed in detail. Adult 
feeding was studied by providing the beetles with

1 1 1

common plants seen in cooonut gardens, in the laboratory.
1 1 i



Beetles collected from field were dissected and their 
gut content was examined for studying the consumption 
of materials, if any. L. coneophora was not found feeding 
during adult stage.

The studies on the detailed external morphology of 
the third lnstar grubs of L. coneophora enabled the 
development of a taxonomic key for the Identification of 
the three species of Lenoophollo prevalent In Kerala vis. 
h. coneophora. L, bnrmeiat'eri and L. lepldophora.

The effect of four different host plants viz. 
cassava, coconut, oaoao and wild sunn-heap (orotalaria) 
on the biology and development of L. coneophora was 
studied In detail. The effect on duration of life stages, 
body length, width and weight, survival of Immature stages, 
preovipositIon period and fecundity were studied and it was 
observed that the larval nutrition had significant effect 
on all the above aspeots. Cassava and oooonut were found 
more favourable for the pest than oaoao and crotalaria.

The extent and nature of damage done by L. coneophora 
to the above host plants (except In the oase of oooonut) 
was studied by exposing the plants to different levels of 
grub population In pots. Cassava was found to be more 
susceptible at the time of planting and during early 
stages of growth. When released on four-month-old orop



even a heavy population of five grubs per plant did not
1 1 ikill them outright. The tubers when partly damaged 

suffered a reduction in the desirable qualities for 
consumption. Caoao and crotalaria were highly susoeptlble.

t ■

Even a low population of one grub per plant‘oausod 
drastic reduction in the growth of plants and sometimes 
resulted in the death of the plants. In' seedling■stages 
coaonut sometimes got killed by the infestation of 
L. ooneophora. Grown up plantations subjected to the 
infestation of pest, continuously for years, showed 
severe symptoms and drastic reduction in yield.

The distribution of the different life stages of 
L, ooneophora in different depths of soil was studied 
at two locations in the Infested bolt over a period of 
three years adopting suitable techniques. The distribution 
of beetles, eggs, three lnstara of grubs and pupae in'; 
different depths over different seasons'of the year was 
studied. The numbers of adults seen in different soil 
temperature and soil moisture ranges were also observed 
to assess the preference of zones, if any. Adult 
emergence and factors Influencing the same also were , 
studied.

The bioefficacy of four chlorinated hydrocarbon 
insecticides against the second and third Instar grubs 
of L. ooneophora was assessed by adopting precise bloassay



techniques ana the relative toxicity was in the following 
descending order for the former aldrin^-heptaohlor^ BHC^ 
chlordane and heptachlor^ aldrin;^BHC^ ohlordane for 
the latter.

The relative efflcaoy of BHC 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 and September gave complete oontrol of the 
pest. Application of pestloides In April was found to be 
less effective. .

Persistence of BHC and heptaohlor under field condition 
was Btudled by assessing the quantity of lnseotloldes In the 
soil samples oolleoted at different Intervals after treatment. 
Half lives of the lnseotloldes applied in different months 
also woro 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 content of soil samples from 
treated plots collected from different depthe. Slight 
infiltration from 15 cm to 45 cm depths was observed but the 
extent of residue oontent was not adequate to oause mortality 
of L. ooneophora grubs. This lndloated the deelrablllty of 
raking Insecticides applied in field below the usual level of 
15 cm.




