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INTRODUCTION

The rice leaf roller Cnaphalocrocis medinalis Guenee is

known and fecorded as a pest of paddy from 19th century dnwards.h
But till recently it was considered only as a minor pest in India.
With the introduction of high yielding strains of rice and
consequent changes in the pattern of rice culfivation, fhe
relative imﬁortance of various pests on this crop has undergone
drastic changes. The continuous and-qften overlapping cropping
pattern of paddy has provided an unlimited and perennial food
supply for insects. This, combined with the equable and
subtropical weather conditions, prevailing in the west coast
regions of india, led to the rapid muitiplication of many of

the pests. The high yielding strains gf rice need high doses

of fertilizers and the application gf thgse, especially the
nitrogenous ones,‘makesvthe crops more susceptible to pest
-attack¢ Protection of the high yielding stiains thus nacessitatéd
extensive and intensive use of pesticides which inter alia caused
the eradication of the naturalqgnémy eqmplex. As a result of

all these, many innocuous pestsﬁbuilt>ﬁp their population to

unbelievable heights and became major pests causing regular and



‘extensive damage ite rice. The rice leaf-roller is one among
these pests.

During the last one or two decades, reperts of very

'sevcrc damages caused to paddy orop by leaf-roller have appeared
from different paris of India (Usman and Patturudriah, 1955;
Abraham, 1958; Rajamma and Das, 1969; ‘Dorge et al., 1971;
Amom., 1971, 1972; Patel, 1972). The informatiom avaliable

on the eontrel of this‘pest is restrieted to the field evaluation
of some pesticides (Abraham, 1958; Cemdana and Calera, 1964;
Rajsmma and Das, 1969; Chaudhary and Bimdra, 1970; Anen., 1971‘
and 1972; Baléapbralonian et gl;,-19738 Venkataraman et al.,
1973). These reperts show that many of the newer insecticides
are not fully effective against 1cat;rollcr of paddy. Similarly,
inseeticides reported effective at ene plaee, have proved
1noffc§tivo at other places. Objective studies were hence taken
up with a view to evolving more effsetive econtrol measures
against C.,medinalis. These studies covered ithe assessment of
relative toxieity of inseeticides to the different stages of the
pest, relative efficacy of various imnsecticides to the larvae

in their natural habitats within leaf feolds, the performance of
various insecticides (when applied at biweekly intervaia) in

preventiing leaf injury under field
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conditions and the persistent toxicity of different pesticides

apolied under field conditions to the first instar larvze.

The insect-plant relationships between C.medinalis aund
different rice varieties also were studied in detail. The
aspects covered in these studies were‘the effect of infestation
on the yield of rice when infested at different stages of fthe
crop, the effect of infestation on different rice varieties
at boot leaf stage, ovipositioh preference of the moths of
C.medinalis to different rice varieties, and the effect of
varieties on the extent of leaf consumed by the larvae and on
the biology of the past. The extent of Jamage éauséd to different

rice strains when grown in the field was also studied.
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REVIEW OF LITERATURE

Cnaphalocrocis medinalis Guenee (Subfamily-Pyraustinae;

Family-Pyraustidae; Order-Lepidoptera) was first described by

Guenee (1854) under the name Salbia medinalis. Walker (1859)

changed the name to Botys rutelalis. In 1863 Lederer described

it under the name Cnaphsglocrocis iolinalis and later in the same

year Guenee made detailed studies on the insect aznd named it

as Cnaphalocrocis medinalis. This name remains unchanged.

Distribution

Tt has beewr recorded as a miner pest from different varts
of the world. As early as 1896 Hampson repar ted it from the
Oriental and Australian regions. Other places from vhere this

pest was recorded are Hanoi and Thaiwan in Indochina (Duport, 1913

and 1919; Ou, 1957), Ceylon (Huston, 1920; Jardine et al., 1924),

¥

China (Hsu, 1932), Philippines (Canus, 1921; Goco, 1921; Sylayan,

1938; Oatanes and Sison, 1941; Anon., 1965), Labian and adjacent

1924 :
islands of Malaya and in Malaya (Gater,,1925; Wyatt, 1957; Ahmed

Yunus, .1964), Duteh East India (Goot, 1927), Hokaido & Japan

(Kuwayamma, 1928; Higuchi et g;.,‘1968), Madagascar (Frappa, 1929),

Coehin China (Commun, 1930), Siam (Ladell, 1933), Japanese mandated



South Sea Islands (Esaki, 1940) and Pakistan (Alam and Alam, 1964).

The first record of this pest in India was that of
Lefroy (1909). Pleteher (1914) observed it as a minor pest of
paddy, occasionally causing considerable damage in ﬁortherﬁ
Circars. Ayyar (1917) recorded it from Godavari and Visagapatnam
areas. it,was also recerded as a sporadic pest in Calcutta
(Misra, 1920), Malabar (Bellard, 1921) and Ganjam (Ayyar; 1932).
Usman and Putturudriah (1955) reported the occurrence of this
pest in Mysere causing upio 25 per cent damage. A very severe
dsmage of the thaladi crop in Madras was reporied by Abraham (19%8) .
Bap Reddy (196é) recorded leaf-roller of paddy as a mimer pest
in Andh ra Pradesh, Bihar, Kerala, Maharashtra, Mysore, Orissa,
West Bengal and Tamil Nadu. Vevai (1968) observed it as a minor
pest in Assam, Maharashtrazand Uttér Pradesh. Severe incidence
of this pest has been reported from Kerala (Rajamﬁa and Das 1969)
Madras (Anon., 1971), Konkan, Thana‘ang Kﬁlaba Dis:jricts of
Maharashtra (Dorge et al., 1971), Punjab (CEauda:j and Bindra,
19703 Aﬁon., 1972) and Titaban region of Assam (Anon., 1972);
Light to heavy incidence of C.medinalis was reperted from several
centres in India where All India Co-ordimated Riec Iiprgvantnt

Project trials are in progress (Anon., 1971'aﬁ€\1978)f




Biology and seasonal incidenes

A brief descriptjion of the biology of the pest was
given by Fletcher (1914). He observed that the pupa was brownish
and the larvae pupated in leaf folds and pupal period lasted for
8ix days. The nature of eggs and egg laying and the duration
of larval and pupal periods were first deseribed by Otanes and
Sison (1952, unpublished) as seen queted by Cendana and Calora
(1964). Abraham (1958) studied the duration of different life
stages of the pest in Madras. Biolegy was studied briefly by
Alam and Alam (1964) in Pakistan ahd Cendana and Calora (1964)
in Philippines. The bieology and bienémics of the pest wers

studied by Rajamma and Das (1969) in Kerala.

The pest was reported to be prevalent during August-
September in Madagasecar (Frappa, 1929), during April in Indonesia
(Commun, 1930), throughout the year in Taiwan (Ou, 1957), during
October-January in Thanjavur Distriet of Madras (Abraham, 1958),
in August—séptember in Philippines (Cendana and Calora, 1964)
and during October, Noﬁember and April at Coimb%ire in Madras

(Veluswamy et al., 1973).



Nature of damage

Duport (1913) reported Q.medinalis as a minor pest of
paddy, the larvae of which bore into thé stems of the plants.
Lefroy (1914)-observad that the ecaterpillars of this pest lived
on the leaves of rice plants and some varieties of grass,
folding over the edgas of the leaves and féstening it with
a few silken threads. The néture of larval feeding and the

damage caused were described by Rajamma and Das (1969).

Alternate hosts

Box (1953) and Kalra (1964) recorded C.medinalis as a
pest of sugareane. Cendana and Calora (1964) reported that

‘the insect feeds on rice, corn, sugareane, millets, sorghum

and grass species in Philippines. The grasses Pennisetum

pedicellgtum, Dichanthium annulatum and Panicum sp. werse

recorded as alternate hosts of leaf-roller (Gargav and Katiyar,
1971). This pest has also been repoerted from ragi in Mysore

(Vishakantaiah and Jayaramaiah, 1972). The wild species of

rice Oryza perennis, 0. cbingcri;-g. subulata, Q. latifolia,

0. malampuzhenéis, 0. alta and a eross between 0. perrenis and

‘ 0. echinger were also found harbouring the larvae of C.medinalis

(Veluswamy et al., 1973).



Natural enemies

A number of parasites have been reported from different

life stages of the pest. Apanteles angustibasis and Brachymeria

‘excarinata (Gohan 1925), A.ruficeps and Melcha maciliceps (Alam

and Alam, 1964), Elasmus sp., Rhysipolis sp., Macrocentrus sp.,

Spathius sp., Goniosus sp., Apanteles sp., G. iriangularis,

Diatora lissonata, Chatomyobia fuvana (Narayanan et al., 1964),

Sympiesis sp., Eurytoms sp., Eupteromalus sp., Gonioszus sp. nr.

depressus, Apanteiss Sp. nr. opacus, Bracon sp., Braeen gelechiae,

B. ricinicola, Cardiochiles sp., Cedria anomala, Hormius sp.,

Meteorus bacoorensis, Micropglitis sp., Labrorynchus apiealis,

Leptobatopsis annulipes, Pristomerus sp., Syseuetus sp.,

Temelucha SP. nr. basimacula (Rae et al., 1969), Apanteles

~ syleptae, Coelenius sp. (Abraham et al., 1972) were the larval

parasites recorded. Trichespilus pupivora eould be reared on

the pupase Pf C.medinalis. (Ananthanarayan, 1934). Xanthopimpla sp.,

t al., 1964),

X. immgeulata, Tetrastichus sp. (Narayanan

Brachymeria sp., B. eXxcarinata, Pectrobius sp., T. ayyari,

Eupteremalus sp., Trichomalopsis apantelectenus (Raé,gj al., 1969)

and Tetrastichus isrgeli‘(Abrahamfgi g;.,}197é) wori,t&a*ynpal

parasites known. Alam and Alam (1964) notedf?QSeri!O #Ij




spidcfs and a carabid larva predacious on leaf-roller
caterpillars. They alse toandithat Tetragnatha sp and

- Oxyepes Javanns (spiders) were predatory on moths. Minah
feeding on the moths in field and fhe lizards eating up tﬁe
moths in laboratery were alse rcet:dcd a8 natural enemies by
tﬁon. A granulesis virus has been ;cportcd on C.medinalis
frem Fiji (Steinhaus and Marsh, 1962) and from Kerala

(Jaeob e% al., 1971). \

Control measures

Duport (1925) and Frappa (1929) suggested desiruetion
of the stubbles after harvest te check the pest population.
Applieatien of 0.08 per eent parathiem (Israel et al., 1955)
TEPP, parathiom and toxaphane (Galera; 1956; Rivera, 19%6), BHC
after destruetion of leaf-rolls (Ou, 1957), 0.025 per cent
- parathien, 0.02 per con_f endrin snd 0.03 pcr cent BHC (Abrahal,‘
1958), soap solution and DDP sprays‘(eendana and Calera, 1964),
sevin, parathion and DD at 0.2, 0.04 and 0.2 per cent respectively
(Rajamma and Das,.1969), endrin, dimetheate, phesphamiden,
BHC, DDT and carbaryl (Chandhary amnd Bimdra, 1970), endrin 0.05
‘per cent, carbaryl 0.24 per ccnt‘(norgc et al., 1971) were

reported effective against C.medimalis. In the insectieidal
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trials conducted uhder‘the A1 Iﬁdia Co-ordinated Rice
Improvement Project during 1970, monocrotophos granule (G) and
enﬁlsion (E), SD 6626 G, diazinon G, eytrolane G, dichrotophos G
and E., phosphamidon E, fenitrothion E ané phosvel E atf.S

and 0.71 kg per hectare gave some control of leaf-roller
‘caterpillars though the results were not conclusive (Anen., 1975}.
During 1971 in similar trials, cytrolane G'and carbgfuran G at

0.5 and 1.0 kg. ai/ha ware e;aluateq at 15vcentréé in India

along with local practice of insecticidal schedule. Pest
incidence was Severe at 5 centres . viz. Aduthurai, Cuttack,
'nandya,'Marutheru, Pattambi and Tenali. At Aduthurai and A
Pattambi the local practice of applying 0.65 per cent parathion
gave the best control. Carbofuran was found bétter‘than cytrolane
at Aduthurai and Cuttack and reverse was the result af other
centres. In a second trial dursban and quinalphes granples

at 0.75 and 1.25 kg ai/ha were evaluated at 12 centres. Dursban
at the higher dose and quihalphos at either’daée, appiied 3 or

4 times, proved effective. But 1oca1‘practice'of spray;ng with
parathion 0.05 per cent and carbaryl 0.21par egn? alternately

at 15 days intervals was the most‘effecti#e:tgsaﬁndnt.f’In a
 third experiment,. phosvel, chlorofevinpbos,éﬂéxstﬁphgg,,phoslenaat

0.5 kg ai/ha, dursban at 0.25 kg ai/ha,,agiyq“ﬁi; caﬁﬁ&ryl,
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' BHC and diazinen at 1.5 kg. ai/ha were évaluated at 12 ‘centres.
The ieafaraller ineidence was high at‘Tenalilonly.' There spraying
with leptophos, chlorofevinphos, me thomyl and dursban were found |
effective and comparable with parathion weekly sprayings.
Diecrotophos, pbosélone, quinalphos, ambithion and fenthion also
were indicated effective. In another experiment condueted at
seven selected eentires (based on previous incidence of leaf-roller
attaek) lindane, malathion, fenitrethion and diazinon at 0.75 kg.
ai/ha, ethyi parathion, dicrotophos, phosphamidon, quinalphos,
formothion and endrin at 0.40 kg. ai/ha, cytfelane, furadan and
dursban at 1.5 kg. ai/ha were evaluated. The centres chosen

were Aduthurai, Coimbatore, Ludhiana, Mandya, Pattambi, Rajendra
Nagar and Tenali. Weekly application of‘parathion was effective
at Aduthurai. When judged on the basis of larval counts none of
the other treatments were effective. But all treaiments except
dicrotophos, formothion and endrin were found effective at
Coimbatore. A% Rajendra Nagar also all treatments were equally
effective; fenitrothibn and phosphamiden were slightly better
than others. At Ludhiana the incidence was too low for an
evaluation. Lindane, phosphami@on and dibrotopbos were most
effective and comparable with parathion at Mandya. These were

followed by fenitrothion, diazinen and quinalphos during thaladi
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erop (Anon., 1971). At Pttambi, parathion was found to be the
best; Tfenitrothion and dicrotophes in Kuruvai season and qninaiphoa
and diorotophos during the thaladi season also gave good contrel
(Anon., 1971). Dimeeron, dursban, folidol and ekalux were reported
effective at Aduthurai, Faisabad and Ludhiana and galecron, tameronm,
furadan (G), birlane, fundal, carbofuran and phosvel were moderately
effective at Marutern (Anon., 1972).A Balasubramoniam e% al., (1973)
reported that parathion, toxaphane and DDT were mest effective
aninst the pest followed by methyl parathion + DDI, phosphamidon
and carbaryl. Raj and Morachen (1973) observed in s experiment
using ocomplex, mixed and straight types of fertilisers that the
last treatment recorded the maximum infestation by leaf-roller

while the others were on par.

. Varietal resistance

Veluswamy et al. (1973) screened 100 varieties of rice in a
field prcrincqf and found some varieties resistant to leaf-roller
infestation but it did not include any éf the common varieties
‘grown in Kersla. Haneefa gt al. (1973) found that plant height,
second internode distance and length of second leaf were negatively
correlated and width of second leaf positively correlated with

leaf~roller infestation.
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Iaterials

Moth collection cage (Figs. 1 4 and B) -

This cage is rectangular measuring 2 m long, 1 m broad
and 1.5 m high., The frame is made of 22 x 2 mm gngle iron.
The sides, except the bottom are covered with mosquito net

clothing.

Oviposition cage (Fig,2 4)

This has an iron frame consisting of three rings held
one above the other with iron bars. The uppermost ring measures
35 cm, the middle one 14 cm and the lowest 15.5 cm in diame ter.
The uppermost and middle rings are at a diétance of 35 cm wﬁile
the middle and lower rings are 12 em apart. The space enclosed
between the middle and upper rings is apprroximately sn inverted
cone. A cloth bag {(in mosquito net clothing), open at both ends
andvstitched to occupy the above space, is fixed to the frame as
sgen in the figure. The upper end is closed with a piece of

mosqu;to net clothing held in position with a thread tied round‘

the top ring.



Fig. 1. Moth cellection cage

A. Angle iron frame of the cage

B. Cage complete with mosquito
net clothing



FIG 1




Pig.

Fig,

2 A,

2 B.

2 C.

3 A,

3 B.

Oviposition cage, complete
with moths of C.medinalis
set for oviposition.

Paddy tillers ready for
expesgure to moths for
ovipesition.

Paddy planis with eggs
tied up and kept for hatehing
of eggs.

Insect preof cage

Potted plants with the
frame work of the cage
alene.

The complete cage over
potted plants.
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.
Insect proof cage (Figs. 3 A and B)

The plants raised for the assessment of quantitative
reduction in yield due to leaf-roller attack were protected
from pésts usiné an insect proof cage. This cage has an inner
frame ﬁade of cane ring (35 cm diameter) fitted to 4 numbers of
120 cm long bamboo splinters. The lower ends of the splinters
are connected with pieces of iron wire which prevented the
sliding down of the cage over the pot and the thread ftied round
the free ends of the splinters pre?ented the topling of the
cage. The frame is covered with a cyiindrical cage stitched
to size with mosquifo net clothing, The upper end also is

closed. The lower end of the cage is tied round the pot.

Insecticides used

Details of the insecticides used are given in Table 1.

Sprayers: used

A Potter's spraying tower, working at a pressure of 24 cm
mercury was used for laboratory sprayings and a 6 litre pneumatic

‘sprayer (knapsack) was used for field sprayings.

Paddy strains used

IR 8 alone was used for rearing the insects required for

insecticidal experiments and also for the different laboratory



FIG 2




Table 1
of C.medinalis
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~Details of the insecticides used in the studies on the control

Common name

Commercial name Chemical name

Source (Name of
Distributors)

Benzene hexa- Gammaxane
chloride
Endrin Endrin
Endosulfan Thiodan
Ethyl parathion Folidol
Methyl parathion Metacid
Dichlorvos Nuvan
Carbophenothion Trithion
Diazinon Basudin
Flsan Elsan
Fenthion Lebaycid
- Malathion Malathion
Leptophos Phosvel

1o2s3;4,5;6-hexachlﬁro- 

cyclohexane

1,2,3,4,10,10-hexa-
¢hloro-6,7,epoxy 1,4,4a,
5,6,7,8,8a octa hydreo
1~4,5,8 dimethanonaph-
thalnene

6,7,8,9,10,10~hexachloro
1,5,5%5a,b,9,9%9a-~hexahydro
6,9-methano 2,4, 3-benzo

dioxa thiepin-3-oxide

0,0-diethyl-0-4~nitro .
phenyl phosphorothioate

0-0-dimethyl-O-p-nitro~-
phenyl phosphoro thioate

2-2-dichlorovinyl -
dimethylphosphate

O—O—diethyl—S-(chhloro-
phenyl thiomethyl) phos-
phorodithioate

0,0-diethyl-0-(2~iso-
propyl-6-methyl~-4-piri-
midinyl phosphorothio-
ate

0,0-dimethyl s-(phenyl
acetic acid ethyl ester)
dithio phosphate

0~0-dime thyl-0-(4, methyl
-mercapto 3-metby1

phenyl) thiophosphate

0-0,dimathyl-s-(1,2,
dicardethoxy ethyl)
phosphorodithioate

0-(2,5=-dichloro-4-bromo
phenyl) O~-methyl pbenyl
thiophosphonate

Tata Fison,
Bombay .

Tata Fison,

Bombay.

Hoescht

Pharmaceuticals,

qubay.

Bayer India Ltd. 3
Bombay.

Bayer India Ltd.,
Bombay.

CIBA of India Ltd.,
Bombay .

Mysors Insectlcldes,
Madras.

Tata Fison,
Bombay .

Bharat Pulverising
Mi%ls Ltd., Madras.

Bayer India Ltd.,
Bombay.

Cynamid India Ltd.,
Bombay.

Mysore Insecticides,
Madras.
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thio) ethylphosphoro-
thioate

Common name Commercial Chemical Source (Ngme at
name name Distributors)
Acephate Orthene O,s~dimethyl N-acetyl Tata Fison,
‘ phosphoramidothioate Bombay. ‘
Quinalphos Fkalux 0,0-diethyl-0~(quino- Sandoz India Ltd.,
xaly-2 thionophosphate) Bombay .
Carbaryl Sevin 1-naphthyl N-methyl Union Carbide
carbamate India Ltd., Bombay
Fenitrothion ‘Sumithion 0,0-dimethyl O-(3-methyl  Tata Fison,
4-nitrophenyl) phophoro-  Bombay.
thioate ,
Triehlorfon Dipterex Dimethyltrichloro- Bayer India Ltd.,
‘ ’ hydroxyethyl Bombay.
phosphonate
Thiometon Ekatin 0,0-dimethyl-s-ethyl- Sandoz India Ltd.,
mercaptoethyl dithio- Bombay.
phosphate
Phosphamidon . Dimecron 2-chloro-2-diethyl CIBA of India Ltd.,
carbamoyl-1-me thyl- Bombay.
venyl-dime thyl phosphate
Dimethoate Rogor 0,0-dimethyl-s-(N methyl Tata Fison Ltd.,
carbamoyl methyl) phos- Bombay .
phorodithioate
Monocrotophos Nuvacron Cis-(2-ethyl carbamoyl- CIBA of India Ltd.,
1-methyl vinyl)-dimethyl Bombay .
phosphate _
Formo+thion Anthio , 0,0-dimethyl-S-(N-formyl Sandez India Lid.,
~N-methyl-carbomyl- Bombay
methyl) phosphorodithio-
ate
- Phorate Thimet 0,0-diethyl-S-(ethylthio)- Cynamid India Ltd.,
methyl-4-phosphorodithio~ Bombay.
ate
Methyl demeton Metasystox 0,0-dimethyl-S-2(ethyl- Bayer India Ltd.,

Bombay
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and field experiments. - In the ekperiménts for studying the
insect—plant relationships 18 rice varieties viz. IR8

(Peta x Dee Geo Woo Gen), Karuna (IRS x Adt27), IR20

(IR262 x TKM6), Pankaj (Peta x Tankai Rottan), H4 (Muringakayan x
Mass), Rohini (Ptb10 x IRS), Aswathi (Ptb10 x Dee Gegfggn),
Triveni (Ptb15 x Annapoorna), Jaya (TN1 x T141), Aannapoorna

(TN1 x Ptb10), Cavery (TN1 i TKM6), Mashoori (Mayang Ebos

80/2 x Thaichung 65), 2dt 27 (GEB 24 x Noorin 8), TKMé (CO 18 x
GEB 24), Jogannath (a mutant from T{4i), Ptb9 (a pure line

selection), TKM1 (a2 pure line selection) and Kochuvithu (a local

variety) were used.

Methods

Collection of motas of Cnaphalocrocis medinalis from field

“

Moths regquired for the,studids were coilected from
field using the moth collection caga.’ The cage‘was put in
rice fields where the moths occufred‘iﬁ 1a:§endmbers. The
plants enclosed in the cage wera disturbed'ffambelbﬁ‘ﬁith a
stick., This caused the moths to<1§évs the blants aﬁd>sett1e

inside the cloth cage. When suffieient num§§r 9f«m§t§a,had_



thus settled, the cage was teken out and placed én the field
bunds and the moths collected in specimen tubes from inside the

cage. This method enabled the collection of the moths without

- any injury.

Rearing of C.medinalis in the laboratory

Moths were also reared out in'the laboratory, using the
larvae collected from infested fields‘and,reared on votted plants.
When the larvae pupated in leaf folds, the pots were put under
the moth collection cage. On emergence the moths settled within

the cage and they were collected as described earlier.

Collection of the eggs of C.medinalis

Eggs were collected with the help of the oviposition cages.
A few tillers of paddy were planted in a tin can (16x14 cm)
filled to 3 quarters with mud. The tillers were made to pass
through a circular opening at$the eeﬁtre of the 1id closing the
tin. The opening of the tin was cloged with cotton wool wound
round the tillers. A small cotton swéb dipped in honey diluted
with water4(1:1), was provided as feeding ma%erial for the moths
as shown in Fig.2B. The oviposition cage was then placed over

fittecl avound
the tin in such 2 way that the second ring of the cage tlghtlyk

1



thé upper rim of the tin. About fifty moths were introduced
in each cage. They laid eggs entirély on the plants avoiding
the mosquito nettiﬁgbof the cage. The cage along with the moths
was transferred over fresh plants daily éo that each day's eggs

could be collected separately.

Collection of first inswr l=rvae of C,medinalis

-

The leaves of the tillers On which eggs were laid were
held togefher by tying a thread around (Fig.2 C). ‘This helped
in retaining the first instar caterpillars in groups (when they
emerged) on the leaves, which otherwise tended to run about onv
emergence and fall to the ground. WNWhen the tied-up leaves were
released on the third or fourth day ofnegg laying, the first
instar larvae could be seen moving actively and some hanging
down oﬁ silken threads from the margins and tips of leaves.
.These could be collected e€asily with a camel hair brush. A table
lamp focused on the leaves couid hasten the activity of the larvae
énd this arrangement was found necessary for the collection of

first instar larvae when the population was low.

“"Rearing of caterpillars of C.medinaglis

" The caterpillars were reared on potted paddy plants in

thellaboratory. First instar larvae were put on potted plants.

!
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When the leaves of the plants in one pot were eaten up the
larvae were transferred to fresh potted plants. The larvae in
the different stagés, required for vérious experiments, could

be drawn from the cultures thus maintained in the laboratory.

Assessmen@rof contact toxicity of various insecticides to
moths of C.medinalis

Moths used in this experimgnt were reared out of grown
up caterpillars collected from field and maimtaiﬁed on potted
plants in the laboratory. The moths were collected‘with the
moth collection cage and were transferred t0 the oviposifion‘
‘cages and fed with honey. No paddy tillers were provided iﬁ
these cages. Thecse moths were collected back at the eadfefw.
48 hours, put in petridishes (9 cm diameter) 10 motbs in'each
dish and closed with wire gauzZe covers and sp?ayed»under
Potters' tower, using 1 ml of the spray fluiad for each dish.‘
The sprayed dishes were dried under an electric fan fcr,ﬁiVQ/
minutes and the moths trgnsfe?red'to 500.m1 glaSs bégké;s an%;'
closed with muslin cloth. Honey on cotton swabs was'pxévided

as food for the moths in each beaker. Mortality counts werse

takéﬁ at the end of 24 hours, counting moribynd ansfgiséjg,gM i

2

dead. LC 50 values were calculated from the.

by proebit analysis (Finney, 1952).
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Asgesgment of relative texicity of insecticides to the
fourth instar caterpillars of C.medinalis

-

The caterpillars for this experiment were collected
from infested rice fields. They were removed from the leaf
folds and liberated in a large ﬁrough which ensured s proper
mixing up of the tesi insects. From these, actively moving !
fourth instar caterpillars measufing about 8 mm long were
used for the e€xperiment. The catérpillérs ware sprayed under
the Potters' tower in petri dishes. The larvae in each dish
were sprayed with 1 ml of the insaéticide emulsion. The
- sprayed dishes were covered and ke@t under an electric fan’
for 10 to 15 minutes with the lids slightly open. When the
spray fluid had dried up the treated caterpillars were
transferred to untreated paddy tillers planted in pots and
enclosed in cages (40 x 3.5 cm) made of perforated polythene
sheets (Fig.4). The lower end of the cage was tied to the -
bgse of the tillers with a bit of cotton wool in between.

The upper end of the cage was sealed with a flame after ’
introducing the treated larvae. A piece of galvanised iron
wire bent in a circle at the top agd pPlaced inside served: to
keep the polythene cage extended. The mortglity of treated

caterpillars was recorded at the end of 48 hours, counting



Fig, 4. I?netieidg treated caterpillars
- of C.medinalis set on untreated
paddy tillers planted im flower
pots sand enelosed in polythene bags,
for mortality observations.

Fig., 5, The modified Potters Spraying tower
used for spraying C.medinalis
eaterpillars im leaf felds.
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the moribund ones also as dead. The per cent mortality was

I

corrected with Abbott's formula. The data were subjected to

probit analysis (Finney, 1952) and LC 50 values calculated.

Assesgment of the relative toxicity of insecticide sprays
to caterpillars of C.medinalis in rice leaf folds

Culms of paddy of uniform size were planted in 23 cm
flower pots. The tillers were tﬁeﬁ thinneé g0 that 30numbers
df more or less similar 1eaﬁes were retained in eaeh'pqt.
Fourth instar larvae were made to establish oh these leaves
by putting the larvae on them and giving 24 hoﬁrs for their
establishment. The plants were then sprayed under a ?étterS'
tower (modified) witﬁ ingecticideéL For this the lower
platform of fthe spraying tower was removeﬂ and the pot was
Placed under the tower on a revolving platform operateé,by
0.5 H.P. motor (Fig.5 A). The spraf;d Plants were allewed
to dry in the room. ZFach plant was then enclosed in‘a cage
made of perforated polythene sheet, 45 cm long, i5 cn diameter
at the upper and and 7.5 cm at the 1ewerkenﬂ (Fig.5 B). The
mortalities caused by the insecfieiécs ware‘nptqd at-%he oﬁd
of 48 hours after spraying. TheIdatakwcrq'atéﬁistically,\

analysed.
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Assessment of the effeet of insecticide sprays on the
population of caterpillars of C.medinalis in field

SeventyAfive plots, each 2x2 m were demarcated in a
highly infested field, with 1 m border around each plot)
ensuring as far as possible, similarity in the intensity of
attack based on visual observation. A pre application count
of the larvae in each plot was madé iﬁ térms of the(number
of 1live caterpillars present in 200 leaf folds collected at
random. The caterpillars were liberated back, in the
respective plots, after counting. The insecticides were
then applied on the plants using a knapsack sprayer, taking
adequate precautions, with the aid of screens, to prevent
contamination‘by drift. Fortyeight hours after spraying
tbe popul ation in each plot was reassessed as done earliser.
From the pre -and-post-treaitment counts‘the per cant reduction
in populgtion was estimateé and the data were statistically

analysed.

Assessment of the extent of leaf damage caused by caterpillars
. of C.medinalis in fields ireated with insecticides at biweekly

intervals

Paddy was transplanted in the field at a spacing of

1515 cm, adopting standard agronomie practices. Two weeks
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after planting,,thrae:blocks of 25 plots, each plot méasuring
3m long-and 3m wide, were marked out in the field with 1m
border around each plot. Insecticides were applied as was
done in preceding experiment. The spraying was repeated at
intervals of 14 days till the boot leaf stage. At 1ate boot

leaf stage, when the incidence usually reached the peak, the

plants in each plot were cut out and brought to the laboratory.

The leaves were counted and rated under 5 categories based

on the extent of damage noted.

. A no attack
B less than 25 per cent leaf area eaten
c between 25 and 50 per cent leaf area eaten
D between 50 and 75 per cent leaf area eaten
E more than 75 per cent of the leaf area eaten

An index was worked out for each plot using the following

formula:

AX0+Bx14+4Cx2+Dx3+ExA4

A+B+C+D+E
These indices were statistically analysed for determining the
@ffect of the treatments on the extent of 1eaf damagse. The

.

experiment was repeated in three seasons.
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Assessment of persistent toxieity of insecticides on paddy

.plants to the first instar caterpillars of C.medinalis under

field conditions.

Paddy seedlings were transplanted in figld with
15x15 cm spacing. Two hundred and nineteen plots, gach of
2x2 m size, were marked out in the field with 1 m Dborder
around each piot. The insecticideé were applied with a
knapsack sprayer. A fandomised bloék design was adopted for
the experiment. Gunny: screens were kept all around the plots,
while spraying, %o avoid side effects due to drift of
~insecticides. To assess the persistent toxicity, 4 tillers
‘were uprooted at random from each plot, at different intervals
after spraying and were immediately transferred %o specimen
tubes glong with some mud snd water. They were then brought
to the laboratory and caged. The tube with the tillers was
passed through a 40x3.5 cm polythene bag, open at both ends,
in such a way tﬁat the le af portion of the tillers got enclqsed
in the cage. The lower end of the cage was tied round the
base of the tillers with some cotton wool in’between. The tube
was then removed and the tillers planted in flower oots. This
method minimised the logs of residues from fthe leaf surface

by handling during caging. PFirst instar larvae were exposed
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to the plants in the cages for 48 hours. Then the tillers
weré cut out and placed on white paper. The dead and living
caterpillars on the tillers and in the cage were counted.
Per cent mortality thus obtained was corrected with Abbott's
formula. The residual toxieity was calcilated in terms of
PT index following the method of Pradhan (1967) where P is
the period for thch toxicity permisted and T the sum of

corrected mortalities divided by the number of observations.

Assesgment of the effect of infestation by caterpillars of

C.medinaglis on three varieties of rice in relation to the

hstage of the crop

Flower pots, 30 cm diameter, were filled with soil
collected from rice fields. Manures and fertilisers were
applied at standard doses and nine paddy seeds were séwn in
each pot. Ten days after the sowing, all except 3 seedlings
wére removed from each pot. These plants were,protected
from natural pest infestation with iﬁsect proof cages. At
different stages of growth caterpillars were allowed to feed
on the plants in sufficient numbers\so as to ensure thorough
feeding of the leaves in 2 days time (Fig. 6). At fhe end of

2 days the larvae were collected back, the insect proof cages



Fig. 6.

Fig, 7.

Paddy plants showing the maximum
demage dune %o leaf-roller
infestation (left 3 pots) as
against uninfested plants
(right 3 pots).

Measurement of paddy leaf area
eaten by leaf-roller eaterpillars.
A. Paddy leaf damaged by the larva.
B. Graph paper. C. Glass plate.

The leaf is kept spread fally on the
graph paper with the glass slide

pat over it., The lighter areas om
the leaf are those eaten by the
caterpillars.
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ramoved, the pots transfe?red to field cages (6x2x2 m) and
mainfained tilllharvest. Potted plants of corresponding
stages unexposed to caterpillars and transferred to field
cages served as control. Subsequent pest incidence was
prevented by the application of carbofuran granules at 1.5 kg
ai/ha and by spraying parathion 0.05 per cent as and when
requireé. The yield in infested plants and the corresponding
control plants was recorded separately. The effeet of
infestation at different stages of the crop was assessed

in terms of the per cent reduction in yield (eamparadvto
corresponding controls).r The dataiwere statistically analysed.

of
Assessment of the effectediinfestgtipn by the larvae of

C.medinalig, at different levels of popuiaﬁon, on the

vield of different varieties of rice

This was done at the pre booitlng stage of the crop.
First instar caterpillars were introduced at different levels.
The establishment of the larvae on the hosf Plants was
facilitated by bringing and tying together the leaves of the
plants and the leaves were released 2 days later. rﬁhe insect
proof cages were removed at‘khe end of 3 weeks and the pots

were transferred to field cages along with corresponding controls.



FIG 6
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Subsequent pest incidence was prevented by spraying 0.05
per cent parathion. The yield data were collected and

analysed as done in the preceding experiment.

Assessment of oviposition response of moths of C.medinglis

in relation to different varieties of rice

One mé&h 0ld rice plan ts of each variety were planted
in mud taken in 90 x 60 mm specimen tubes. Twelve leaves
were retained in each lot. The tubes with the tillers were
arran ged atfrandom in a moth coliection cage and 50 moths
were introduced into the cage. Cotton swabs soaked in
diluted honey were provided in the cage for feeding the moths.
At the end of 48 hours the tillers were removed from the cage
and the number of eggs present on each variety were counted
and recorded. A similar experiment using the different

varieties of rice at bootleaf stage also was carried out.

Assessment of the effect of varieties on the extent of

leaf consumed by caterpillars of C.meédinalis

Fourth instar caterpillars were individually confined
to the boot leaves of potted plants of different rice varieties

using long polythene cages. At the end of 48 hours the larvae
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were removed. Each damaéed leaf was placed between a glaés
slide (75 x 25 mm) and a piece of transparent graph paper
(Fig: 7). This was held against light and the area eaten
by the caterpillar (transparent portions) was read from the

graph paper in sq. mm.

Assaessment of the effect of rice varieties on the duration

of larval and pupal development of C.medinalis and the

per cent mortality during the period

Newly hatched caterpillars were confined on tillers
éf different rice varieties grdwn in pots using elongated
volythene cages. When the leaves in the cages were eaten up
the larvae were transferred to fresh tillers which were caged
in the same manner. The 1ar§ée‘were allowed to pupate inside
the cages. The emergence‘of mothskin eaéh cage was 'recorded
daily. From the data obtained the duration of larval and
vuval development and the perdentage of morfality during the

immature stages were calculated.

Assessment of the effect of rice varieties on the size and

sex ratio of the moths of C.medinalis \

First instar caterpillars were put on potted plants

- of different rice varieties at tﬁe rate of 50 larvae per pot.
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Moths emerging from each variety were collected separately
and preserved in 70% aleohol. The size and sex ratio of

60 moths, collected at random from each lot, were determined.
The size was determined in terms of the length of the body
"and the width across wings. These were meaSured’by placing
the moths on a glass slide kept over a graph paper. Then

the abdomen of each moth was cut outgsepafately aﬁd treated

- with KOH, glacial acetic acid and carbol xylol (phenol and
xylol 1:1) for dehydration and cleariggl Then the sex was
determined by examinining the external genitalia 6f the
severed.abdomen. The 1eng£b and width of the male and female
moths could thus be obtained separately. ihe ratio of the

males to females in the whole lot of 60 moths was calculated.

Assessment of the effect of rice varieties on the 1cngévity
and fec#ndity of moths of C.medinalis and the hatehing
percentage of the eggs laid

Moths obtained from different rice varieties were
taken in oviposition cages proviééd with few tillérs of the
correspondiﬁg varieties. The fillers thusVexp§sed were changed
on alternate days till all the moths in the cages died. The

mortality of the moths was recorded daily amd the dead moths
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were collected and preserved in 70 per cent alcohol. Sex of
these moths was determined as described earlier. The fecundity
was calculated by dividing the total number of eggs obse:ved on
gach variety by the total number of females present. The eggs
12id were maintained for 5 days after counfing and the number of

aggs hatched was recorded.

Assessment of the damage caused by C.medinalis to different

rice variefies grown in field

The different varieties of rice were grown in field in
3 x/3 m plots. A Randomised Block Design was adopted for this
experiment. The time of planting in different plots was adjusted
so that all the varieties came to bootleaf stage simultaneously.
A% late boéﬁeaf stage the plants were cut and brought fo the
laboratory. The leaves were counted and rated on the basis of

leaf roller damage as described earlier,
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DETAILS OF EXPERIMENTS AND RESULTS

A series of experiments were undertaken %o study

1) Control of C.medinalis using insecticides and

2) Insect-plant relationships between C.medinalig and

rice varieties

STUDIES ON THE CONTROL OF C.MEDINALIS USING INSECTICIDES

Experiment 1

Dosage-mortality relation between various insecticides and

moths of C.medinalis

Experimental details

Insects used

No. of moths in each
replication

No. of replications for
each treatment

SRR 1

Treatments

Control

-y

*e

One day old moths reared out

in the.laboratory
10

3

24 insecticides at doses
shown *in Appendix I were usad

This consisted of treatments



: with water+solvent+emulsifier
(maintaining the concentration of
golvent and emulsifier at 5 and
0.625 per cent respectively)

Preparation of insecticides ¢ All the insecticides eicept
diazinon and elsan were prepared
from pure or téchnical grades.

These waere fomulated as emulsions
using benzene (Chloroform in the
cass of carbaryl) as solvent

and Triton x 100 as emulsifier.
Stock solutions of toxicants at

20 ‘times higher strength than

thé reéuired concentrations were
prepared by dissolving adequate
quantities nfkthe materials in

the réspective solvents. One mlof
the stock solution when diluted 20
times nith water containing 0.658
pnr cent emulsifier gave an emulsion
maintaining the solvent and emulsifier

at 5 and 0.625 per cent levels



Period of the experiment.
Tempe rature under which
the experiment was

conducted

34

~ respectively. In the case of low

dilutions the quantity of toxicants
required for such stock solutions
were too small to be weighed out
and hence the same was prepared by
diluting .stock solutions of higher
strengths with respective solvents.

While formulating each insecticide

‘ allowance was made for the active

ingredient present in the fechnical
grade. In the case of diazinon and
elsan'commercial.emulsifiable
concentrates (basudin 20E and Elsan
containing 20 and 30 per cent active
ingredients respectively) were di%uted
with water to prepare the concentrations
required in this experiment.

1-12-1971 to 30-1-1972

29 + 2°C.



Relative humidi ty under 378 + 4 per cent
which the experiment was ,

carried out

As described under methods (Page 20)

Procedure

Results:

Appendix I gives the per cent mortality of the moths when
éprayed with different dilutions of insecticides as observed at
the end of 48 hours of spraying. Fig. 8 gives the ld—pxlinés
and Table & gives the summary of the results of probit analysis
of the data. A biotogramic fepresgntation of the LCSO Va;ues is
given in Fig. 10. Comparing the tbxicity of insecticides, taking
BHC as a unit, it is seen that all insecticides other tham ‘
trichlorfon and endrin were more toxic than BHC. ZEthyl parathion
was very highly f%oxic to the mbths, being 1296.8 times as toxic
as BHC. Methyl parathion and diazinon also showed high toxicity
being 369.8 and 311.9 times as toxic as BHC respectively.

Elsan (197.34 times toxic), fenitrothion (167.38), carbaryl (75.3%2),
and acephate (39.89) were also remarkably toxic to leaf roller
moths. The relative toxicity of other insecticides were in the

following descending order: fenthion, quinalphos, carbophenothion,

methyl demeton, malathion, thiometon, phorafe, rhosphamidon,



Fig. 8., 1ld-p lines for C.medimalis moths

and different insectioides
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Fig. 10.

Fig. 11.

LC values of varieus

inseeticides of the moths
of C.medinalis.

LC values of varieus

inseetiecides to 4th instar
caterpillars of C.medinalis.

Fig. 12 A to D.

Per cent mertality eof
eaterpillars of C.medinalis

in leaf feld when sprayed

with different insecticides

at 3 graded eoneentirations and
their means.

12 A, Lowest doses 12 C, Highest doses
12 B, Medium doses 12 D, Mean

1. BHC 13. Acephate

2. Endrim 14. Quinalphos

5. Endesulfan 15. Carbaryl

4, E.parathioen 16. Fenitrothion
5. M.parathion 17. Triehlorfon
6. Dichlervos 18. Thiometon

7. Carbophenethion 19, Phosphamidon
8. Diasinon 20. Dimetheoate

9. Elsan 21. Monoeretophos
10. PFenthion 22, Formothion
11. Malathien 23. Pherate

12. Leptephos 24. Methyl demeton
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Table 2 Contact toxicity of various insecticides to the moths of C.medinalis

Insecticidés

Hetgrogenity* Regression LCBO Fiduecial Relative Remarks
% Equation limits toxieity
(3)

BHC 3,010 = 1.343x + 3.229 0.02084000 ' 03919900 1.000 x=log(conc.x10%)
Endrin 0.850 = 2.384x + 1.605 0.02655000 8:833?;888 0.785 x=log(cone.x10°)
Endosulfan 0.820 = 4.314x - 3.645 0.00741300 §:30210700 2 841 x=1og(cone.x1of)
E.parathion 1.010 = 1.223x + 3.691 0.00001600 8:8888;;?2 1296.800 x=log(conc.x10%)
M,parathion 1.010 = 2.362x + 0.861 0.00005636 8:888823%? 369.765 \Xalog(cpnc.x106)
Dichlorvos 1.309 = 2.425x + 0.804 0.00537000 9:39722200 3,880 x=l0g(eonc.x10%)
Carbophenothion 4.3%92 = 2.454x + 1.716 0.0021780? 8:88%?;;88 9.568 leég(oonc.x104)
Diazinon 0.214 = 3,723x - 1.798 0.00006697 8:8888;g$3 311.180 x=10g(oonc.x106)
Flsan 0.980 = 1.380x + 2,204 0.00010570 300341290 197.140  x=log(cone.x10”)
Fenthion 0.105 = 2.297x + 0.576 0.00116%0 $:901323%0 17,827 x=log(conc.x10”)
Melathion 0.827 = 1.058x + 3.497 0.00266700 §-8831220 7.814 x=log(conc.x10%)

4.122 = 1.516% + 3.777 0.00640766 0+00876000 5 555 4 10g(cone.x107)

Leptophos

0.00468700



Acephate
Quinalphos
Carbaryl
Fenitrothion
Triechlorfon
Thiomatoﬂ
Pﬁosphamidon
Dimethoate
Monocrotophos
Fofmothion
Phorate

Methyl demeton

1.404

9.870

©1.920

0.573
1.592
5.586
0.495
0.210
0.808
0.554
0.397

1.336

it

[

1.127x
2,63%0x
2.703x
1.619x
1.037x
1.940x
1.368x
0.529x
2.268x
1.109x
0.852x

1.310x

4,191
1.544
1.062
1.607
4.072
2.185
2.670
4.404
0.160
2.638
3620

3.130

0.00052740
0.00206100

0.00027670

0.00012450 -

0.08337000
0.00282506
0.00501400
0.01279000
0.01884000

0.01355000

0.00444000

0.00263000

V. UUURLD 7V
0.00043530

0.00258200
0.00164400

0.00330400
0.00023170

0.00016830
0.00008204

0.10770000
0.06451000

0.00363400
0.00219600

0.00751900
0.00334400

0.03206000
0.00509300

0.02375000
0.01494000

0.01717000
0.01070000

0.00867800
0.00197500

0.00450400
0.00153900

39.892
10.112
75.316
167.381
0.250
7.376
4.156
1,629
1.106
1,538
5.034

7.915

x=log(cone.x10")
x=log(conc.x104):
x=log(conc.x105)
x=1og(conc.x104)'
x=log(conc.x102)
x=1og(eonc.x104)
x:log(conc.x104)
¥=1og(conc.x103)
x=1og(c@nc.x104)
x=log(conc.i104)

xalog(eonc.x103)

x=log(conc.x103)

*Data were not heterogenous in these cases;
Y = Probit kill.

mortality;

LCSO = Concentration calculated to give‘BO per cent

LE .
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dichlorvos, leptophos, endosulfan, dimethoate, formothion,

' monocrotophos.

Experiment 2

different insecticides and

Dosage-mortality relation between

caterpillars of C.medinalis

Experimental details

- Stage of caterpillars used

No. of caterpillars in each
replication
No. of replications

Treatments

Control

Preparation of insecticide
dilutions

Period of the experiment
Temperagture under which the

experiment was conducted

Fourth instar, measuring

about 8 mm in length

(1Y

15

e

3

Twenty four insecticides at

.o

doses shown in Appendix IIT
were used

As in Experiment 1

As in Experiment 1

4-2-1972 to 3-4-1972

-e

o

29 + 1°C
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The relative humidity under

which the experiment was

conducted : 78 + 4 per cent
Procedure . : As described under methods
(Page 21)

Results:

Appendix If gives the per cent mortality of the larvae
observed at the end of 4é hours after treatment with various
insecticides. The results of probit analysis of the data and
the relative toxicity of various insecticides taking BHC as
standard are presented in Table 3. Fig. 9 give; the 1d-p lines
for ‘the various insecticides. A biotogramic representation of

* the LC values of the insecticides is given in Fig. 11. The

50
resuﬂ% showed that ethyl parathion was the most toxic chemical
being 35.19 times as.toxic as BHC. It was folloﬁed by methyl
parafbion, elsan and endosulfan which were 29.10, 23.93% and

20.47 times as toxic as BHC respectively. Phosphamidon, acephate;
mohoorotophos, dimethogte, diézinon, carbophenothion, quinalphos,
fenitrothion and formothion which were more than 10 times as

toxic as BHC may also be considered effective against the pest.

The relative toxicity of other insecticides were in the following



Fig. 9.

ld-p lines fer C.medinalis
caterpillars and Various

inseeticides

1. BHC

2. Enérin

3. Endosulfan
4, E.parathion
5. M.parathion
6. Dichlorvos
7. Carbephenothion
8. Diazinon

9, Elsan
10. Fenthion
11. Malathien
12. Leptophos

13,
14.
15.
16.
17.
18.
19.
20.

22,
23,
24,

Aeephate
Quinal phos
Carbaryl .
Fenitrothien
Trichlorfon
Thiometen
Phosphamidon
Dimethoate
Monoerotophes
Formothion
Phorate
Methyl demeton
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Table 3

Contact toxicity of various insecticides to the 4th instar caterpillars of

L

0.008730

Cemedinalis
Insecticides Heterogenity* Regression LC Fiducial Relative Remarks
x% ) . equation %0 limits  toxieity

BHC 0.037 Y = 1.413x + 2,183 0.092900 0322380 1,000 x = log (come. x 10%)

Endrin 1.882 Y = 0.869x + 4.052 0.012300 922800 7,552 x = 1og (come. x 107)

Badeswlfen 0.384 Y = 1.541x + 2.447 0.004539 8:88%2?3 20.467 x = log (comec. x 10%)

E.p;rafhien 1.721 Y = 0.712x + 3.989 0.002640 321233 35.189 x = log (cone. x 10%)

M.pavathion  5.593 Y = 2,825x + 0,752 0.003102 J:002322 29.104 x = log (cone. x 10%)

Dichlorvos 1.597 Y = 2.127x + 0.743 0.010020 3:912390 9,271 x = 10g (come. x 104)

Carbophenothion 3.078 Y = 3.791x + 1.670 0.005834 O:99%37TT 15,923 x = log (come. x 10%)

Diazinon 4.631 Y = 2.708x + 0.386 0.005346 9-9%819% 17377 x = 10g (come. x 10%)

Elsan 1.757 Y = 1.197x + 3.097 0.003882 0003487 25.9%0 x = log (come. x 10%)
 Fenthion 0.459 Y= 1.198x + 2,374 0.015560 $°933388  5.970 x = log (conc. x 10%)

Malathion 0.612 Y = 0.89x + 3.054 0;014880 8:883%;3 6.243 x = log (cone. x 10%)
 Leptophos 0.273 Y = 2.046x + 0.785 0.011480 0015110 g 590 , . log (conc. x 10%)



Acephate ' 0.729 Y = 1.652x + 2.230. 0.004753 8:88@;25 19.550 X = log (conc. x 10%)
Quikalphos 3.307 Y = 1.584x + 2.198 0.005875 8:8812?? 15.812 x = log (come. x 10%)
Carbaryl 1.234 Y = 1.709x + 1.469 0.011640 -3:372870  7.981 x = 1og (conc. x 10%)
Fenitrothion 1,500 Y = 1.860x + 1.572 0.006966  0:902939 13.336 x = log (cono. x 10%)
Trichlorfon 0.965 ¥ =1.398x + 1.840 0.018200 J:933590 5104 x = 1og (come. x 10%)
Thiemeton 4;662 Y = 1.906x + 0.084 0.015210 8:81?338 6.110 x = log (conc. x 10%)
Phosphamidon 5,193 Y = 1.727x + 2.110 0.004710 8:88§?$§ 19.723 x ="log (conc. x 10%)
Dimethoate 0.515 Y = 2,600x + 0.530 0.005234 888%2792 17.749 x = log (cone. x 104).
Monocrotophos  0.178 Y = 2.471x + 0.905 0.004764 g:gggggg 19.500 x = log (come. x~194)
Formothion 0.272 Y = 0.673t + 3.743 0.007523  3:90%690 12,349 x = 1og (ome. x 10%)
Phorate 0% 394 Y = 2.129x + 0.531 0.0125% 0:922380 7,380 x = 1og (eome. x 104)
Methyl demeton 0.118 Y = 2.082x + 0.474 0.014900 g:g{?ggg 6.230 x = log (comc. x 10%)

| *Data were not heterogenous in these cases; LCSO ==.Concentration calculated to give 50 per caent

mortality; Y = Probit kill.

(3 A
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descending order: dichlervos, leptaphos, carbaryl, endrin,

phorate, malathion, methyl demeton, thiometon, fenthionm,

trichlorfon, BHC.

Experiment 3

-

The relative toxicity of insecticide sprays to the fourth

instar caterpillars of C.medinalis in rice leaf folds

Experimental details

Treatments

¢ Insecticides used were the
sameé as in Experimenti
Preparation of insecticide ¢ PFach insecticide was applied
dilutions ‘ | at'threevlavels (vide Table 4).

The different concentrations
‘ ~ of inssoticides were prepared
by diluting commercial
formulations with wéter. BHC
and carbaryl were used as
suspensions prepared from
wettable pbwders, acephate
and- trichlorfon as solutions
prepared from soluble powders

and the other insecticides



%3

a8 emulsions prepared from
emulsion conéentrates; While
- formulating the various
concentrations of insecticides
the aetive ingredient in the
commercial preparation alonse
was taken into consideration.

Fourth instar larvae of Q.m;dinalis

e

Insects used

No. of larvae in each

replication 30

3

No. of replications

Control : Larvae in leaf folds sprayed
; with water alone.
Period of the experiment : 1-4-1971 to 22-4-197}

Temperature under which

the experiment was carried

out 29 + 2°C
Relative humidity under

which the experiment was

carried out 78 + 4 per cent

As described under methods (Page 22)

Procedure -
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‘Results:

The data are presented in Table 4. A biotogramic
representation of the corrected per gent mortality is given
in Figs. 124, B, C and D. Ethyl parathion which gave 75 per cent
kill wastZmost toxic at the lowest doses of the different
‘inséctcides. At this level the combarative efficacy of the
insecticides which gave more than 50 per cent kill were in the
following descending order: eth}l parathion; carbaryl,
carbophenothion, methyl parathion, phosphamidony feptophos,
 phorate, quinalphos, fenitrothion, thiometon, fenthion. At the
middle level carbaryl was found to be the best, the efficacy
of other insecticides being in thefollowing deséending order:
carbaryl, dimethoate, meﬂﬁyl parathion, ethyl parathion,
carbophenothion, formothion, thioﬁeton, fenitrothion, fenthion,
| m. demeton, phorate, phosphamidon, leptophos, monocrotophos,
quinalphos, acephate. The relatiﬁe.toxicity of various insecticides
which caused more than 50 per cent‘mortality, in the highest doses,
.were in the following descending order: Ethyl parathion, carbaryl,
N
carbophenothion, methyl parathion, dimethoate, fenthion,
fenitrothion, tgiometon, fofmothion, leptophos, phosphamidon,
1phorate, monocrotophds, me thyl demeton, quinalphos, BHC, acephate,

dichlorvos. Based on thgmeans of the per cent mortalities at three



Pable 4 q'iﬁiiiivi toxieity of insecticides

: | | t,:EQneentratians Mean

Insecticides _ 7,7§}€~ L, L, Ly

BHC 0.10 0.20 0.3%0 28.01 (31.96)
Fndrin ‘ 0.02 0.04 0.06 17.42 (24.67)
Endosulfan 0.02 0.04 0.06 11.07 (19.43)
E.parathien 0.02 0.04 0,06 75.00 (60,00)
M.parathion 0.02 0.04 0,06 64.57 (53.47)
Dichlorvos 0.04 0.08 0.10 27.59 (31.69)
Carbophenothion 0.02 0.04 0.06 68.03 (55.57)
Diazinon 0.02 0,04 0.06 13.86 (21,85)
Flsan 0.02 "0.04 0.02 33,07 (35.10)
Fenthion 0.05 0.075 0.10 56.29 (48.62)
Malathion 0.03 0.06 0.10 7.43 (15.68)
Leptoephos 0.05 0.075 0.10 ‘ 61.67 (51.75)
Acephate 0.05 0.075 0.10 47.59 (43.62)
Quinalphés 0.03 0.06 0.10 60.55 (51.09)
Carbaryl - 0.10 0.20 0.30 74.21 (59.48)
Penitrothion | 0.02 0.04 0.06 60.20 (50.84)
Trichlorfon 0,05 0.10 0.20 12,71 (20.76)
Thiometon . 0.03 0.05 0.10 56.74 (48.87)
Phosphamidon 0.02 0.04 0.06 63.81 (53.07)
Dimethoate ~ 0.03 0.05 0.10 49.24 (44.57)
Monocrotophos 0.02 0.04 0,06 49.28 (44.59)
Formothion 0,03 0.06 0.10 41.04 (39.83)
Pherate 0.02 0,04 0.06 60.68 (51.17)

Mathyl demeton - 0.03 0.05 0.10 44,26 (41.70)

Figures in parentheses are angular transformations of percentage



spraysd on éaterpillars of g.medi'7ff  rica leaf folds
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-

_per cent mortelity in

L, Iy *-   o Mean
30.24 (33.36) . 58.03 (49.62) - 38.42 (38.31)
19.42 (26.16) 47.09 (43.33). 27,09 (31.38)
11.64 (19.95) - 18,86 (25.74) 13.68 (21,70)
75.77 (60.52) 94,92 (76.78) 83.14 (75.76)
76.69 (61.13) 82.37 (65,08) 74.88 (59.92)
42.%4 (40.60) 51.34 (45.77) 40.20 (39.55)
74.77 (59.85) 83.39 (65.95) 75.67 (60.45)
13.48 (21.53) 38,78 (38.52) 22,04 (28.25)
39.10 (38.72) 42,29 (40.57) 38.10 (38.13)
66,92 (54.89) 79.34 (62.97) 67.87 (55.47)
22.84 (28.55) - 29.38 (32,82) 18,78 (25.68)
63.56 (52.87) 72.21 (58.19) 65.90 (54.27)
59.19 (50.29) 53.84 (47.27) 53.56 (47.03)
61.36 (51.55) 63.57 (52.88) - 61.83 (51.84)
78.76 (62.56) 88,42 (70.11) 80.85 (64.05)
67.26 (55.10) 77.59 (61.75) 68.54 (55.89)
22,77 (28.50) 44.07 (41.59) 25.32 (30.21)
69.02 (56,18) 75.43 (60.29) 67.27 (55.11)
64.75 (53.58) 70.98 (57.41) 66.57 (54.68)
76.86 (61.25) , 81.10 (64.24) 69.82 (66.68)
 63.36 (52.75) 67.00 (54.94) 59,98 (50.76)
71.23 (57.58) 72.41 (58.31) 61.93 (51.90)
65.55 (54.06) 69.32 (56,38) . 65.23 (53.87)
65.80 (54.21) 66.97 (64.92) 59.16 (50.27)
. ’ Analysis of Variance Table
Sourece s DF MS F
Motal - 40843.10 215.00 560,70
Treatment ~ 39809.60 71.00 78.,09%*
Error 1033.50 144.00° 7.18

**#Significant at 1 per cent level
¢.D. for comparison among insecticides (mean) at 5 per cent level(2.48)
C.D. for comparing insecticides at each level (4.30)
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levels of the insecticldes tried, the relative efficacy eof

those insecticides whieh*ea!:cd more than 50 per cent morfality
were in the following descemding order: Ethyl parathion, carbaryl,
eqrbophcnathien, methyl parathion, dimethoate, fenitrothionm,
fenthion, thiometon, ph;syhaliaon, leptophes, phorate, formothien,
qiinaiphos, monocrotephos, methyl deme tom, acephate. BHC, endrinm, |
endosulfan, diehlorvos, diazinon, elagn,'malathien and triehlerfon
were ineffective atl allblevels of treatments. In general ethyl
parathion, carbaryl, carbepheﬁothion and methyl parathion

appeared to be most effccfive against g.icdinalis larvae when

sprayed in their leaf folds.

Experiment 4

Effeect o secticide spr on t wlation of the v of

G.neding;is in an infested field
Experimental details

Treatments , ¢ 24 insecticides at doses
shown in Table 5 were sprayed
Preparation of dilusions of ¢ The inseeticides were prepared
insecticides ~ from commercial formulaiisns
as in'ﬂxperinant 3
Control | ‘ t Plets sprayed uith\whti? alone

served as contrel



No. of replications

Design of experiment
Plot size

Period of experiment

Temperature during the period

Relative humidity during the

period

Procedure

Results:

£y e

»e

-
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Randomised Block Design
2.x 2 m

29-1-1972 to 7-2-1972
maximum 30f4 to 30.7°C

Av.30.6°C

«t
Q
N
——
~J
(o]
Q

minimum 21.4
Av.21.6°C
maximum 91.6 to 9%3.6 per cent
Av.92.6 per cent

minimum 5611 to 62.9 per cent
Av.59.5 per cent

As described under methods

. (Page 23)

Results are given in Appendix IIT, Table 5 and Fig. 13.

The insecticides which gave more than 50 per cent reduction in

pest population can be ranked in the following descending order:

Ethyl parathion (72.53% per cent), carbaryl (69.03), Carbopenothion

(67.64), methyl parathion (66.79), dimethoate (64.25), fenthion

(64.20), fenitrothion (62.23), leptophos (61.07), phosphamidon

(59.04), phorate (57.18), formothion (52.44), methyl demeton (52.18),



Fig. 13. Mean per ennt reduction of the
larval pepulekiem of C.medinalis
caused by spraying of various
insecticides in am infested
field,

Fig., 14 A to C.

Mean indices of leaf damage
caused by caterpillars ef
C.medinalis in pleis treated
with different inseecticides at
biweekly intervals.

14 A, First seasom 14 B, Second season
14 C, Third seasen

Figs., 15 A to C.
| Persistent toxieity of
various insecticides on
paddy to the first imstar
caterpillars of C.medinalis
when applied at three
graded concentirations.

| 15 A, Lowast doses 15 B, Middle doses
15 C. Highest doses

1. BHC 13. Acephate
2. Bpdrin 14. Quinalphos
3., Emdosulfan ° 15, Carbaryl

4., E.parathion 16, Penitrothioen
5. M.parathien 17. Trichlorfen
6. Dichlerves ) 18. Thiemeton

7. Carbophenothien 19. Phosphamidonm
8. Diazinon . 20. Dimethoate
9. Elsan 21. Monoerotophes
10. Fenthienr 22. Formothion
11. Malathion 23. Phorate

12. Leptophes . 24, Methyl demeton
. 25. Control -
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Table 5 Reduction of the larval population of C.medinalis, - 49

caused by spraying various insecticides, ip‘an

infested field

Insecticides Concentration Mean percentage reduction
, (Per cent) in population
BHC 0.20 44,67 (41.93)
Endrin 0.04 24.84 (29.89)
Endosulfan 0.04 15.81 (23.33)
'E.parathion . 0.04 72.53 (58.36)
M. parathion ' 0.04 66.79 (54.81)
Dichlorvos 0,08 27.54 (31.65)
Carbophenothion 0.04 67.64 (55.33)
Diazinon . | 0.04 20.67 (27.04)
Elsan " 0,04 27.11 (31.87)
' Fenthion 0.075 64.20 (53.25)
Malathion 0.06 15.30 (23.03)
Leptophos 0,075 61.07 (51.39)
Acephate 0.075 45.97 (42.69)
Quinalphos 0.06 51.26 (45.73)
Carbaryl 0.20 69.03 (56.19)
Penitrothion 0.04 62.23 (52.08)
Prichlorfon 0.10 24,69 (29.79)
Th iome ton 0.05 46.78 (43.18)
Phosphamidon 0,04 59.04 (50.21)
Dimethoate 0.05 64.25 (53.28)
Monocrotophos 0.04 49.17 (44.53)
Formothion 0.06 52.44 (46.40)
Phorate 0.04 57.18 (49.18)
Methyl demeton 0.05, 52.18 (46.25)
Control 10.94 (19.31)

Figures in parenthesis are angularltransformations of percentages.
" Analysis of Variance Table

Souree v SS DF
Total 12076.49 74
Treatment 10966 .89 24
Error 1106.81 - 50

*¥*Significant at 1 per cent level. C.D. at 5 per cent level

MS

456.95
22.19

F

20,59%*

-

(7.69)



50
‘quinalphos (51.26). Thg chlorinated hydrocarbons and cyelediene;
were ineffeetive in controllimg the pest in field. Carbaryl was
highly effective. ~Anang organophosphates beth contact and
systemic insecticides iednced the popnlatibn gignificantly.
Monoecrotophos (49,17), thiometon (46.78), acephate (45.97) and
BHC (44.67) also may be éonsidered moderately effective. - |
Diehlorvna, elsan, endrin, trichlorrbn, diazinen, endosulfan

and malathion were ineffective.
\

Experiment 5

The extent of damage caused by C.medinalis in fields treated

with different insecticides at biweekly intervals

Experimental details
Treatments - ¢! The inseeticides used and

- their doses were the same as
in Experiment 4

Preparation of dilutions of

insecticides ‘ $° As in Experiment 4

. Design ef experiment ¢ Randomised Block Design
Flet size | : 3x3m
No. .of replications : 3;

Control ¢t Treatment with water alene



Period of experimeént
First season

Temperature during the period

Relative humidity

Total rainfall
Second seagon

Temperature during the period

Relative humidi ty

.. .o

(1) - ..

4-6-1971 to 20-8-1971
maximum from 27.9 to 29.09°C
Av.29.18°C

minimum from 21.6 to 23.9°C

Av.22.74°C

maximum from 87.3 to 96.0
per cent

Av.90.74 per cent

minimum from 69.7 to 81.62
per cent

Av.74.73 per cent

-T770.,0 mm

12-12-~1971 to 20-2-1972
maximum from 22.9°C to 34,7
Av,.30.93°C

minimum from 19.6°C t023,4°C
maximum from 80.9 to 94.1

ver cent

'Av.90.10 per cent

minimum from 54.7 to 76.7

per cent



Rainfall s Nil

Third season : 19=2-1972 to

Temperatﬁre during the period: maximum from
Av.31.91°C

minimum from
Av.23.01°C

Relative humidity maximum from

Av.87.61 per
minimum from

Av.61.37 per

Total rainfall 38.4 mm

*e

Procedure

Results:

cent

29-4~1972

32.0 to 32.3°C

20.8 to 25.5°C

85.1 to 91.3% per cent
cent
55.3 1o 63.9 per cent

cent

As given under methods (Page 24)

The results of the experimentis conducted in three seasons

are presented in Tables 6 and Appendices IV,

Vand VI, A

biotogramic representation of the same is given in Figs. 144,

B and C. In the first season the damage in treatments 4did not

differ from control significantly. In the second season leaf

damage was significantly lower in plots treated with ethyl

parathion, methyl parathion and carbaryl when compared with



Table 6 Mean indices of leaf damage caused by C.medinalis in plets
treated with insecticides at biweekly intervals

. Insecticides Conc.% First season  Second season Third season
BHC . 0.20 0.153 . 1.482 1.960
Endrin 0.04 0.132 1. 384 4.165
Endosulfan 0.0 0.120 1.515 1.070
E.parathion 0.04  0.175 0.081  0.33%6
M.parathion 0.04 - 0.146 0.263 ‘ 1.089
Dichlorvos 0.08 0.142 ‘ 1.423 2.23%1
Carbophenothion 0.04 0.172 1.193 1 1.797 .
Diazinon 0.04  0.199 1.409 1.440
Flsan 0.04 0.125 1.438 1.338

- Fenthion 0.075 0.167 1.806 1.564
Malathion 0.06 © .0.172 1.335 1,768
Leptophos 0.075 0.116 0.849 0.713
Acephate ‘ 0.075 0.171 1.021 0.255
. Quinalphos 0.06 0.140 0.619 0.700
Carbaryl 0.20 0.131 0,273 0.743
- FPenitrothion 0.04 0.151 1.047 - 0.962
Trichlorfon 0.10 0.113 1.875 1.681
Thiometon 0.05 0.118 1.887 1.985
Phosphamidon 0.04 - 0.182 1.022 o 1.482
Dimethoate 0.05 0.115 0.885 - 0.577
Monocrotophos 0.04 0.146 ' 0.925 1.396
Formothion 0.06 0.178 1.749 2. 177
Phorate 0.04 0.105 : 0.896, 1.83%6
Methyl demeton 0.05 - 0.125 0.903 1.534
Control 0.245 1.400 1,502
c.D. Not significant 0.959 0.736
Analysis of Variance Table -
Source JEER DF MS z
Second season Total 35.26 74.00
Treatment 17.43 24.00 0.73 D, 14%%
Broor 1830 L3800 Oisa  2.26
. \ . .
Third season  Total 66.91 74,00
: Tregtment  53.41 24.00 : 2.23 19,9 %*
Block 8.09 2.00 4,05
Error 5.41 48,000  0.11 00-16

**Significant at 5 per cent level



control. The indices of\damaéévinlthese treatments were 0.0%31,
0.26% and 0.273 respectivély. The compargtive efficécy of o%herA
treatments (which were more effective than control) was in'fhe
following descending order: quinalphos (0.619 damage index),
leptophos (0.849), dimethoaté (0.885), phorate (0.896), methyl
demeton (0.903), monocrotophos (0;925x‘ acephate (1.021),
phosphamidon (1.022), fenitrothion (1.047), carbophenothion
(1.193), malathion (1.335). During the third season the damage
in plots treated with acephate (0.255);’ethy1 parathion (0.33%6),
dime thoate (0.577), quinalphos (0.700), leptophos (0.713) and
carbaryl (0.743) was significantly 1;wer than that in control
there being no significant difference among themselves. The other
treatments in which the damage remained lower than that of control
were fenitrothion (0.962), endosulfan (1.070), methyl parathion
(1.089), endrin (1.165), elsan (1.335); monocrotoﬁhos (1.396),

diazinon (1.440) and phosphamidon (1.482).

Experiment 6

Persistent toxicity of insecticides applied on paddy, to the

first instar caterpillars of C.medinalis, under field conditions

Experimental details




Same as in Experiment 3

-

Insecticides used
Control : Plots sprayed with water alone

Preparation of insecticide .

dilution As in Experiment 3
Design of the field

Randomised Block Design

gxperiment

e

Test insect used for First instar caterpillars of
assessing residual toxiecity C.medinalis

in laboratory

No. of larvae used in each

replication ¢ 10

No. of replication for each

. AN

treatment H

Period of experiment : 26-8-1971 to 16-9-1971

Temperature during the period maximum 29.4»t0'31.4°0
-AV.30.4°C‘ |

minimum 23.2 to 24.4°C
Av.23,8°C

Relative humidity during the : ‘maxiﬁum 84.1.to 91.9 per cent
period ’ Av.88.00 per cent

minimum 66.00 to 76.4 per cent

Av.69,060 per cent



Rainfall ol
Procedure . ¢ As described under methods
(Page 25)

- Results:

The data relating to the persistent toxicity of‘inéecticides
calculated for each dose are presented in Tafles 7 to S. A
bioctogramic represeﬁtation of the PT indices is presented in
Figs. 154, B and C. It may be seen that persistent toxicity of
the various insecticides applied at the lowest doses was in the
following descending order: monocrotophos (783.09 PT index),
quinalphos (760.4), phosphamidon (709.64), leptophos (706.94),
me thyl demeton (703.23), carbaryl (671.04), formothion (632.24),
ethyl parathion (621.00), carbophenothion k577.62), phorate
(493.28L methyl parathion (483.48), fenitrothion (481.23),
dimethoate (452.10), acephate (385.20), elsan (355.05), mzlathion
(343.92), endrin (323.35), thiometon (321.60), endosulfen
(293.10), trichlorgfon (237.05), diazinon (258.7%), fenthion
(252.32), BHC (13°.64), dichlorvos (105.92). At the miccle foges
the persistent toxicity was in the foilowing desceﬁding order:

- carbaryl (1477.44), monocrotophss (4408.96), ethyl parathion

(993.33), quinalphos (977.06), Aeptophos (940.52), formothion (530.17),



Methyl demeton
*»

Table 7 Pergistent toxicity of various insecticides sprayed
(Highest doses) ' '
: Intervals affer
Insecticides Conc.%
0.25 0.50 1 2 3. 4 5 6 7 8
BHC 0.30 100 100 100 79.0 50.0 20.0
Endrin 0.06 100 100 100, 100 80.0 63.3 88,8 76.7 36.6 7.4
Endosulfan 0.06 100 100 100 80.6 80.0 70.0 45.1 34.5 16.7
E.parathion 0.06 100 100 100 100 100 100 100 100 86.6 68,7
M.parathion 0+06 100 100 100 100 100 100 81.3 30.7 23.6 20.2
Dichlorvos 0.10 100 81.3 82.0 27.5 26.6 13.3 26.0 7.7
‘Carbophenothion 0,06 100 100 100 100 100 100 100 65.2 63.3 54.7
Diazinon 0.06 100 100 100 89,3 63.3 70.0 88.8 26.8 26.6
~ Elsan ) 0,06 100 100 100 100 100 100 100 53.7 50.0 34.3
Fenthion 0.10 100 100 100 100 100 100 100 46.0 56.6 27.5
‘Malathion 0,10 100 100 100 85.3 80.0 63.3 78.7 72.7 60.0 48.0
Leptophos 0.10 100 100 100 100 100 100 100 84.3 90.0 68,8
Acephate 0,10 100 100 100 100 100 66.7 55.5 53.7 50.0 59.9
“Quinalphos 0.10 100 100 100 100 100 100 100 100 93.3 75.6
Carbaryl 0.3 100 100 100 100 100 100 100 100 100 100
Fenitrothion 0,06 100 100 100 100 100 100 90.3 44.1 40.6 48,1
Trichlorfon 0.20 100 100 100 100 86,6 66,6 77.7 26.7 13.3
Thiomaton 0,10 100 100 - 89,2 72,1 63,3 46.6 36,0
Phosphamidon 0.06 100 100 100 100 100 100 85.0 80.4 73.3 48.1
Dimethoate 0,10 100 100 100 100 83,3 70.0 14.8 14.8 19.2
‘Monocrotophos 0.06 100 100 100 100- 100 100 100 100 100 100
Formothion 0.10 100 100 100 100 100 100 100 65.2 70.0 68.8
.Phorats 0,06 100 100 100 100 80.0 70.0 44.4 57.5 50.0 17.2
0.10 100 100 100 100 100 80,0 62.9 44.8 60,0 51.4
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on paddy, to the first instar larvae of C.medinalis, under field conditiens

spraying (in days)

11 12 13 14 15 16 17 18 19 20 P

»

9 10 T PT
4 74.83 299,32
8 68.38 547.64
7 69.65 487.55
82.0 37.0 27.5 3.4 ' 12 78,94 947.28
8 75.58 604.64
6 45.55 273.30
71.3 18.5 30.9 10.3 f 12 72.43 869.16
, 7 73.86 517.02
46.% 55,5 24.0 11 74.14 815.54
14.3 | 48 76.76 690.84
12.3 10.0 | 10 67.52 675.20
46.4 33,3 36.1 41.2 24.0 36.6 46,6 17.2 16 71.36 1141.76
53,5 51,7 62.8 34.3 34,3 13 68.16 886.08
85.5 81.3 65.2 54.6 72.1 26.6 4 14 84.63% 1184.82
100 100 100 100 95.0 86.0 62.0 38.3 22,3 10.7 9.5 19 82.09 1559.80
21.4 9 76.76 690.84
7T 74.54 521.78
5 72,45 362,25
35.7 44.4 10,3 | 11 75.16 826.76
| | ' | 7 66.90 468.30
100 100 90.0 90.0 72.3 79.3 75.6 73.3 59.0 58.5 34.5 15.5 20 84.00 1680.00
28.5 40.7 17.1 10.3 12 71.47 857.64
| 8 71.91 575.28
71.3 33.3 30.9 20,6 10.3 | ‘ 13 64.36 836.68




Table 8

B

Parsistent toxicity of various insecticides sprayed

(Mlddle doses)
Intervals after
Insecticides Conec.%
0.25 0.50 1 2 3 4- 5 6 7
BHC 0.20 100 100 82¢3 82.0 53.3 43.3 22.2
Endrin 0.40 100 100 100 65.2 63.3 53.3 66.6 11.5 30.00
Endosulfan 0.04 100 100 53.5 48.1 53.3 66.7 29.6 3.8
Esparathion 0.04 100 100 100 100 100 96.6 97.0 88.2 76.0
M.parathion 0,04 100 100 100 91.6 83.3 83.3 88.8 49.8 26.7
Dichlorvos 0.08 100 14.8 21.4 30.9 20.0 10.0 7.4
Carbophenothion  0.04 100 96.2 100 100 96.6 96.6 100 42.2 46.6
Diazinon 0.04 100 100 100 92.6 53.3 3%6.6 70.2 15.3
~ Flsan 0.04 100 100 100 100 . 100 80.0474.0 61.3 30.0
Fenthion 0.075 100 100 100 100 73.3 43.3 23.% 11.1 10.0
‘Malathion 0.06 100 100 100 100 63.3 83.3 73.9 30.7 26.6
Leptophos | 0.075 100 100 100 100 100 100 100 88.2 63.3
Acephata 0.075 100 100 100 100 83.3 73.3 55.5 34.5 40.0
" Quinalphos 0,06 100 100 100 100 100 100 88.7 65.2 36.6
Carbaryl 0.20 100 100 100 100 100 100 100 100 100
Fenitrothion 0.04 100 100 100 100 80.0 86.6 62.9 34.1 23.3
Trichlorfon 0.10 100 100 82.0 72.1 40.0 56.6 70.2 39.1
h 1 ome ton 0.05 100 88.8 78.5 44.6 46.6 33.3 11.1
Phosphamidon 0.04 100 100 100 100 90.8 37.0 61.3 50.0 20,6
Dimethoate 0.05 100 100 100 85.8 80.0 63.3 63,3
Monocrotophos 0.04 100 100 100 100 100 100 100 100 100
Formo thion 0.06 100 100 100 100 100 56.6 66.6 65.2 66.6
Phorate 0.04 100 100 100 85.8 76.6 70,0 62.9
Methyl demeton  0.05 100 100 100 82.5 80.0 73.3 51.7 26.8 66.7
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on paddy, to the first instar larvae of C.medinalis, under field conditions -

spraying (in days)

9 10

8 P T PT
5 69.01 345,05
65.54 458.78
_ 56.87  341.22
68.7 60.6 62,9 51.5 41.2 3.4 76.41  993.33
10.7 ' ' 73.51 588,08
29.2 146 .00
44,6 46.4 29.6 70.72  777.92
71.00  426.00
24.2 25.0 3.7 66.51 665,10
< 55.00  385.00
41,2 21,4 , 67.31  605.79
48.1 35.7 33.3 68.8 24.0 10.3 3.3 67.18  940.52
30.9 35.7 7.4 63.38 633.80
45,6 46.3 77.7 79.0 30.0 34.3 13,3 48.8& 69.79  977.06
100 100 100 100 95.0 87.0 62.0 40.0 27.0 20.0 10.0 82.08 1477.44
27.5 25.0 14.8 | | 82.85 628,50
70.00  420.00
57.55 287.75
39.3722.3 20.6 .61.82 618,20
80.34  401.70
100 100 100 90.6 90.0 75.8 76.5 46.6 16.6 - 88.06 1408.96
78.5 57.1 66.6 75.47  830.17
. 85.04  425.20
78.5 68.55  754.05

39.2 51.5




’ .

Tatle S Persigtent toxieity cf various insecticides sprayed
(Lowest doses) ’

Intervals after

Insecticides Conc.% .

0.25 0.50 1 2 3 4 5
HHC 0.40 100 13.9 57.1 13,7 13.3 10.0
Endrin 0.02 100 100 82.0 72.1 30.0 50.0 18.6
Endosulfan - 0,02 100 100 46.4 48,1 40.0 50.0 25.9
E.parathion 0,02 100 100 100 100 43.3 40.0 51.7
M.parathion 0.02 100 100 100 100 73.3 90.0 70.2
Dichlorvos 0.04 100 14.8 7.1 13.7 13.3 10.0
Carbophenothion 0,02 100 100 100 100 86.6 70.0 44.4
Diazinon 0.02 100 100 49,9 37,7 30.3 33.3 11.1
Elsan 0.02 100 100 100 41.2 73.3 56.6 25.9
Fenthion 0.05 100 100 100 30.05 43,3 13.3
Malathion 0.03 100 100 42,8 37.8 46.6 30.0 33.3
Leptophos 0.05 100 100 100 100 100 63.3 66.6
Acephate 0.05 100 100 100 85.6 62.0 33.3 21.3
Quinal phos 0.03 = 100 100 100 75.5 90.0 76.6 85.0
Carbaryl 0.10 100 100 100 100 100 80.0 71.3
Fenitrothion 0,02 100 100 100 85.8 70.0 43.3 24.9
Trichlorfon 0.05 100 100 60.6 61.8 43.3 29.6 6.6
Thiome fon 0.03 100 85.0 78.5 68.7 60,0 43.3  14.8
Phosphamidon 0.02 100 100 100 100. 100 70.0 59.2
Dimethoate 0.03 100 100 100 82.0 79.3 65.0 46.6
Monocrotophos 0,02 100 100 100 100 100 100 100
Formothion 0.03 100 100 100 100 100 86.6 T0.2
Phorate 0.02 100 100 100 -100 80,0 50.0 25.9

Methyl demeton 0.03 100 100 100 68.7 60,0 43.3 7T4.0




on paddy, to the first

f

y

=3

.62

instar larvad of G.medinalis, under field conditions

spraying (in days)

6 7 8 9 10 11 12 13 P T PT
4 34,66 138.64

5 64,67 323,35

. | 5 = 58.62 293.10
72.1. 53.3 41,2 21.4 22.3 10  62.10 621.00
19.2 6  81.58 489.48
4 26.48 105.92.
26.8 33,3 57.8 7.1 9  64.18 577.62
5 51.75 258,75

a 5 71.01 355.05
' 4 64,58 258, 32
15.3 16.7 T.4 8 42,99 343,92
30.7  40.0 27.5 25.0 3.7 41.2 10.3 7.4 13 54.38 706.94
11.5 ' | 6  64.20 385, 20
88.2 54.9 46.4 30.0 17.2 10.3 13.1 12. 63,37 760 .40
66.7 53.3 31.0 17.8 9  74.56 671.04
24,1 20.0 10.0 10.0 9 '53.47 481.23
5 5741 287 .05
, 5 64,32 321.60
57.5 56.6 34.3 35,7 18.5 6.9 11 64.51 709.61
29,6 6  75.35 452.10
76.7 73.3 85.8 21.4 9  87.01 78%.09
46.0 56.6 30,9 8 79.03 6%2.24
A6.7 36.6 1.4 8 61,66 493.28
18.5 13.7 11 63.93 703.23

88.7 76.7 51.5 36.0
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kcarbophenothidn'(777.92L\ ﬁeth&l demeton (754.05), elsan (665.10),
acephate (633.80), fenitrothion (628.50), phosphamidon (613.00)
malathion {605.79) methyl parathion (538.08), endrin (453.73),
“diazinon (426.00), phorate (425.20), frichlorfon (420.00),

dime thoate (401.70), fenthion (335.50), BHC (345.05), endosulfan
(341.22), thiometon (287.75), dichlorvos (146.00). At the highest
doses the persistent toxicity of the insecticides was in the
following descending order: monocrotophos (1680.00), carbaryl
(1559.71), quinalphos (1184.82), leptophos (1141.76), ethyl
parathion (947.2%), acephate (886.08), carbophenothion (869.16),
formothion (857.64), methyl demeton (836.68), phosphamidon
(326.76), elsan (a15.54) fenitrothion (690.24), fenthiocn (690.74),
malathion (675.20), methyl parathion_(604.64L phorate (575.22)
endrin (547.64), trichlorfon (521.78), diazinbn (517.02),
endosulfan (487.55), dimeihoate (468.3%6), thiometon (362.25),

BHC (293.32), dichlorvos (273.30). It is seen that the residues
in samples collected at the end of six hours after spraying caused
comple te mortzlity of caterpiilarsvin all the treatments, 3C,
endrin and endosulfan which are known to have long persistence

had much less persistent toxicityuto leaf roller larvae than most
of the organophoéphates which are generally considered as non

persistent insecticides. Among the orgenophosphates the residual



‘6&

" toxieity wés least for Qiehlgf;bé, it being considerably reduced
in 48 hours after spraying aﬁd tofally lost within a period of

6 days after spraying. At the lower doses the residugl toxicity
was significantly reauced within 12 hours affer spraying.
Monocrotophos was the mqst persistent organophosphate. The
residues of the insecticideg at the three levels caused 100 per
cent mortality of the larvae even at 10, 10 and 5 days respectively
after spraying and the toxicity persisted upto 20, 16.and 9 days
respectively. Insecticides like dieﬁlorvos, digzinon, HIC,
thiometon, endosulfan, trichlorfon, dimethoate, endrin, fenthion
and phorate also had comparatively low persistent toxiecity.
Carbaryl had a long persistence almostAcomparable to that of
monocrotophos at the higher doses of 0.3 and 0.2 per cent. In
general there was a higher persistence of the insecticides at

the higher doses. But the difference in the persistent toxicity -
between the two higher doses of cach insecticide was however not

gsignificant.
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STUDIES ON THE INSECT-FLANT RELATIONSHIPS BETWEEN C.MEDINALIS

AND RICE VARIETIES

'Experiment 7

Effect of infestation by caterpillars éf C.medinalis on the

yield of rice in relation to the stage of the crop

‘Experimental details

Varieties of rice used

No. of replication for each
treatment

Stage of the crop at which plants
were exposed to larvae

No. of larvae liberated in -

each replication

Control

- Period of experiment

e

..

*e

Y

Three varieties of rice

. viz. IR8, Annapoorna and

Koehuvithu were used

3

"At weekly intervals from

50 days after sowing
In sufficiently large numbers
to. ensure complete feeding of

leaves in 48 hours

‘This consisted of plants in

three pots unexposed to the

larvae

4-3-72 to 14-7-72
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maximum 29.1 %o 32,6 °C

-

Temperature during the peried
g | minimum 20.8 to 25.5°C
Av.23,63°C

maximum 83.7 to 93.6 per cent

(2]

Relative humidity during the
period Av.88.12 per cent
minimum 55.% to 78.0 per cent
| Av.66.99 per cent

Total rainfall 627 mm

As degeribed under methods

Procedure

(Page 26)

Results:

The data on the weight'of grains of rice plants exposed
to infestation by larvase of C.medinalis at different stages of
.growth are presented in Appendices VII and ViII. Mean percentage
of reduction in grain yield as compared to control are gi#an
in Table 10 and represented in Fig;16. It may be seen that the
infestation at all stages of growth reduced the yield significantly.
In the case of IR8 the maximum reduction‘of 58.16 per cent in
grain yiéld was in plants exposed to the larvae 85 days after
sowing. The reduction in yield was less in plants exposed to

infestation earlier to or later than tbis occasion. From the



Pig.

Fig.

Fig.

16,

17.

18.

‘Mean percentage reduction in

paddy graim yield over ceatrol,
caused by C.medinalis larvae to
different riee varieties at
different stages of groewth,

Mean inerease in percemtage of
chaff in the yield of different
rice varieties infested by
C.medinglis larvae, at verious
intervals after ‘sowing, ever
mean peroentage of echaff im
uninfested control plants.

The mean percentage reductien
in grain yield ef different
varieties of rice (ecompared to
the yield in control) caused by
3-different levels of larval
population of C.medinalis at
pre weoting stage of the erop.

1. IR8 10. Anmapoorna (culture.2e)
2. Karuna 11. Cavery

3. IR20 12. Mashoori

4. Panka} 13. Adt27

5. H4 14. TKM6

6. Rohimi 15. Jagamnath

7. Aswathi 16. P9

8, Triveai 17. TKM1 -

9. Jaya 18. Kochuvithu
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. Table 10 Mean per cent reduction in the good grain yield of 3
varieties of rice exposed to C.medinalis infestation at
various intervals. after sowing over the yield of uninfested
plants ' '

-

67

‘Intervals agfter

sowing (in days)

Varieties of rice

IR8 Annapoorna Kochuvithu

50 23.45 (28.96) 35.65 (35.48) 60.10 (50.83)
57 23,13 (28.75) 48.59 (44.18) 62.08 (51.99)
64 45.64 (42.50) 43.21 (41.10) 45.17 (42.23)
71 50.00 (45.00) 44.42 (41.79) 30.03 (33.23)
78 52.72 (46.56) 26.51 (30.99) 4.75 (12.37)
85 58.16 (49.90) 8.50 (16.95) 3.40 (10.60)
92 48.98 (44.52) 4.44 (12.15) 3.37 (10.38)
99 31.56 (34.18)

106 36.06 (36.91)

113 S 4.30 (11.96)

120 2.73 ( 9.48)
CD ( 7.76) (10.72) ( 9.16)

Figures in parenthesis are angular transformations of percentages

IRS

Annapoorna

Kochuvithu

Analysis of Variance fable

Source

Total .
Treagtment
Error

Total
Tregtment
Error

Total
Treatment
Error

ss
63553

5390.
462,

3406.

28381

524.
9300.

3917
382

.12
64
483

52
.61
91

45
.66
.79

DF

32
10
22

20
6

14

20
6
14

i

N 0
= \0

oo
o

480.27
37.49

1486.26
27.34

12.31

54.36



85th day occasion to the‘13§th'day,occasion, the percentage
reduction decreased from 58.16 to 2.73. In genaral the reduction
was substantial in piants ekposed to infestation at various
intervals from 50th to 10%th day, while the’yield reduction in
Plants exposed to the larvae on 113th and 120th days after

gowing were negligible.

The maximum reduction in yield of Annapoorna was noted
in plants exposed to the larvae on the 57th day after sowing
(48.59 per cent) while the yield r;duction was less when the
plants were subjected to the attack earlier than and later to
this occasion. The per eent reduction was 35.65 per cent only
at 50th day and it.declined to 4.4 per cent at the 92nd day
occasion. The yield reduction_was substantially high in plants
exposed upto 78 days aftqr sowing (raﬁge 26.51 to 48.59 per cent)

the reduction was negligible in plants subjected to infestation

on 85th and 92nd days affer sowing.

In the’cése of 'Kochuvithu' also the maximum reduction in
yield was observed in plants exposed on 57th day after sowing
(62.08 per cent). At the 50th day infestation the reduction was
60.01 per cent while infestatién at various intervals after 57th

day showed a progressive decrease in the yield the percentage



"being 45.17, 30.03, 4.75, 3.40 ahd 3.37 in plants exposed on
64th, 71st, 78th, 85th and 92nd days respectively after sowing.

It is also seen that the infestation from 78th day after sowing

did not cause any substantial decrease in yield.

Date on the chaff yield of the.plants'exposed to the
larval infestation at different stages of growth are given in
Appendix VIII. Table 11 gives the increase in percentage of
chaff yield over those of correqunding,controls. Eig.17
represents the same. It may be 9bs§¥ved that the infestation
resulted in an increase in chaff per;entage. ‘In‘IRS, the maximum
increase in chaff perkent was in plants sdbjected to infestatibn
85 days after sowing. There was a ﬁrogressive reduction in
chaff percentage on either side of fhis peak point ie. fowards
the earlier and later periods. From the peak percentage
difference of 48.04 on 85th day it dwindled to 9.87 per cent
on the 50th day occasion and on the othér side it decreased to
0.92 per cent on 120th day. The increase in percentage of chaff
produced was high in exposures of infestation from 64th day to

106th day. o ’ ¢

In the case of Annagoofna the highest quantity of chaff

-

(46.28 per cent higher than in the control) was found in plants



fable 11

Mean increase in'perééhﬁage of chaff in the yieid of

different varietieé,of:rice infested by C.medinalis at

various intervals after sowing, over the mean per cent
of chaff in uninfested centrol plants

Intervals after

sowing (in days)

Warieties of rics

IR8 Annapoorna | Yochuvi thu
50 9.27 (12.31) 26,07 (30.66) 67.79 (55.42)
57 9.68 (18.12) 36.28 (42.87) 73.27 (62.22)
64 23.94 (32.54) 38.07 (38.10) 40.49 (39.52)
71 29.43 (32.85) 45.55 (42.45) 21.01 (27.32)
78 41.19 (39.93) i4:66 (22.50) 2.94 ( 9.36)
85 48.04 (£3.27) 6.01 (14.18) 2.09 ( 58.31)
© 92 35.97 (36.85) 2.69 ( 9.40) 2.23 ( 2.56)
99 19.52 (26.22)
106 23.27 (28.74)
113 2.43 ( 9.01)
120 0.92 ( 5.21)
( 6.84) (13.50) (10.62)

"CD at 5 per cent level

Figures in parenthesis are angular transformations of percentages

IR8

Annapoorna

Kochuvithu

Analysis of Verianée Table

Source

Total
Treatment
Error

Total
Treatment
Error

Total
Tre atment
Error

ss

4960.
4601.
.42

-40

359
4650

3816.
£33.

15552,
15038.
514.

66
24

89
51

52
39
13

DF

32
10
22

.20
6
14
20
6
14

Ms T
Hess e
R I A

259123 68.27



subjected to infestétion57‘§éys after sowing. The chaff
produetion was less dueAﬁq ﬁhc iﬁfestatien on 50th day occasibn
(26 per cent) and at intsr;aislléter to the 57th day occasion.
Frém the 64th day there was‘a’progressive decrease in chaff
production, the inerease over contrel deciining to 2.69 per cent

on the 91st day occasion.

In the rice vafiety Kochuvittha very high increase in
the quantity of chaff was in evidence due to infestation. It
was 80 in the earlier stage of crop than in_the later stages.
The peak in chaff production was 78.27 per cent more than in
control and it was caused by the infestation on 57th day affer
sowing. The increase in chaff was less on the 50th day
infestation (67f79 per cent) and on the occasions following
57thrday ie. 64th, 71st, 78th, 85th and 92nd days; the chaff
production at these océasions‘were in correspondingly decreasing
mggnitudes ie. 40.49, 21,01, 2.94, 2.09 and 2.23 per cent

respectively.

Experiment 8

Effect of different levels of infestation by the larvae of

C.medinglis on the yield of differént rice varieties

Varieties of rice used : Eighteen varieties listed

- . L4



72

No, of plants ih each

replication i 3.
No, of replication for each
treatment : 3 i

f

..

Stage of crop infested One week prior to booting

with larvae stage

Pirst instar within 24 hours‘

.Stage of C.medinalis larvae
liberated ~after hatching
Levels df infestation "t i) 1 larva per leaf
4\ii) 2 larvae per leaf
,iii) 3“1arVae per leaf
iv) 4 larvae per leaf
Control ": Plants in pots without larval

ihfestation

.

Period of experiment 20-8-1972 to 4-2-1973

. maximum 28.9 to 31.3°C

.o

Temperature during the period
Av.30.59°C
minimum 22.70 to 23.2°C

Av.22.91°C

.e

Relative humidity during the maximum 88.4 to 96.7 per cent

" period Av.90.60 per cent



minimum 52.1 to 8é.3 per cent
'Av.68,79 per cent

Total rainfall during the

period : 826.1 mm

Procedure ¢ As described under methods
(Page 27)

Results: . o .

The data on the yield of graiﬁ‘in the different rice
varieties are presented in Appendii IX, The mean per cent
reduetion in good grain yield(compared to the corresponding
controls) caused by different levels of larval population and
their means,6 are given in Table 12}andvFig. 18. It may be seen
that in all the varieties the reduction in’yield due to the
infestation was directly proportional to the dose of larvae.
There were variations in the extenf,of yield reduction due %o
infestation in the different varieties of rice as may be seen in
the mean reduction values. While among some varieties theée
differencés were significant, among others they were not. In
general, it may Ee observed that the‘méan yield was least affected

in the varieties H,, TKM6 and IR20 (14.01, 17.84 and 18.00 per

47

cent respectively). The varieties'Koehuvithu, IR8, Rohini,



Mean per cent reduéfi n;in good grain yield of different rice

‘varieties exposed- to 4 population levels of C.medinalis larvae

one’ week prior booting stage of the crop
Rice . | _Po?ulation levels
varieties L1 L2 13 L4 Mean
IR8 59.81(50.64) 47.24(43.44) 37.00(37.46) 27.02(31.32) 42.52(40.71)
Karuna 46.15(43.01) 34.68(36.08) 21.93(27.92) 11.60(19.91) 27.66(31.73)
IR20 34,16 (35.77) 21.20(27.41) 20.26(26.75) 3.31(10.46) 18.00(25.10)
Pankaj 52.28(46.31) 30.79(33.70) 23.61)29.02) 6.18(14.38) 26.29(3%0.85)
Ha 36.00(36.87) 15.27(23.01) 9.92(18.35) 3.07( 9.98) 14.01(22.05)
'Rohini 58.01(49.67) 52.49(46.43) 35.75(36.82) 18.44(24.43) 40.61(39.59)
Aswathi 47.78(43.73) 37.60(37.82) 34.91(36.22) 14.69(22.54) 33.03(35.08)
‘Triveni 61.46(51.62) 47.91(43.80) 37.93(38.02) 15.90(23.51)~40.02(39.24>'
Jaya 46.01(42.79) 37.33(37.66) 27.44(31.59) 17.36(24.62) 31.45(34.17)
Annapoorna  46.46(42.98) 42,02(40.49) 27.31(31.50) 16.19(23.88) 32.42234.71)
Cavery 54.75(47.72) 40.64(39.61) 19.44(26.16) 5.49(13.53) 27.20(31.75)
Mashoori 55.16(47.96) 42.90(40.92) 32.01(34.50) 13.98(21.95) 35.10(36.33)
Adt27 45.72(42.56) 35.32(36.46) 19.57(26.26) 8.26(16.70) 25.89(30,49)
- TKM6 45.36(42.3%4) 27.90(31.87) 12.83(21,08) 0.81( 4.64) 17.84(24.98)
Jagannath 49.68(44.83) 35.15(3%6.36) 29.07(32.63) 13.65(21.68) 31.06(33.87)
Ptb9 50.39(45.23) 42.01(40.47) 32.87(34.98) 14.44(22.33) 34.01(35.75)
TKM1 56.77(48.90) 49.60(44.89) 27.22(31.45) 18.99(25.83) 37.51(37.77)
Kochuvithu  75.41(60.24) 65.86(54.25) 51.22(45.70) 33.15(35.17) 56.73(48.84)

‘!

Table 12

7

Figures in parenthesis are angular transformations

Sourcse
Total

Brror

Aggiysis of Variance Table

ss  DF

37108.73 215
Treatment 26558.79
10549.44

71
144

Ms ¥
374.07 <
73.26 Do11

L1
L2
L3

L4

W u-u

CD for comparing varieties at 5% level(6.85)

of percentages.

Four larvae per leaf
Three larvae per leaf
Two larvae per leaf
One larvae per leaf
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Priveni, TKM{, Mashoori anéé§539 suffered very high yield

loss due to the caterpillar infestation and the mean per cent

reduetion varied from:-56.77 to 34.01. The other varieties

occupied intermediételpositions with reference to yield reduetion.

A4Y27, Pankaj, Cavery, Karuna, Jagannath, Jaya, Annapoorna and

Aswa}hi may thus be grouped as moderately tolerant to the

infestation the per cent reduction being 25.89, 26.29, 27.20,

27.66, 31.06, 31.45, 32.42 and 33.03 respectively.

Experiment 9

Oviposition response of moths of Q.medinalis in relation tg

different ~varieties of rice

Rice varieties used
Stages of plants exposed for

egg laying

No. of leaves kept for
ovipﬁsition in each replication
No. of replications for each
variety 3’3," stage

Period of exposure to moths

for egg laying

e

..

Same as in Experiment 2
One month old plants and
plants at boot leaf stage

were used

‘

12

2 days



Period of experiment

Temperature during the period

Relative humidity during the

period

(a)
(b)
v(a)
(v)

(a)

(b)

76

On ome month o0ld plants:
18-2-1973 to 22-2-1973

On plants atvbootleaf stage:
4-3-1973 to 8-4-1973
naxinanz 31.5 to 33.2°C

Av.32.40°C

minimum: 22.3 to 24.4°C

Av.23.20°C

meximum: 31.5 to 32,9°C
Av.30.44°c‘

minimums 22.34 to 24.4°C
Av.23.9°C

maximum 88 to 91 per cent
Av.89 per cent

minimmm 59 to 69 per cent
Av.63.4 per ceat

maximum 83 to 89 per cent
Av.87 per ecent

minimum 61 to 70 per cent

‘Av.66'per cent



Nil

Rainfall during the peried

Procedure : As described under methods
(Page 28)
Results:

The results are presenied im Table j} and Fig.19. It may
be seen that there was considerable variations in the number of
eggs laid by C.medinalis moths on different rice varieties. The
mean number varied from'14.33 to 30.66 in the case of one month

" 01d plants and from 8.00 to 21.00 in the case of plants at the
beot leaf stage. The relative preference for the different
varieties for egg laying remained mere or less same at both the
/occasions. At the one month old stage mipimum pumber of eggs
were found on Kochuvi thu the mean number being 14.33 per plant.

It was followed in the ascending order by TKHG, TKM1, Adt27,

Ptb9, Panka), Triveni, H4, Cavery, IR20 Aswathi there being

no significant difference among thenaelve;. The mean number of
eggs on these varieties were 14.66, 15,66, 16.33, 17.66, 18.33,
18.66, 19.00, 19.66, 19.66 and 20 reapectively. Karuna, Jagannath,

Annapoorna, Rohimi, Masheori, Jaya and IR8 were preferred for



- Fig. 19

Pig. 20

Pig. 21

Fig., 22

A. Mean number eof eggs laid by
C.medinalis moths on ‘
one-nonti-old paddy plantn'
of different varieties.

B, Mean number of eggs laid by
C.medinalis moths on
’ai?ferenf riee varieties at
.boot leaf stage of the crop.

Mean area of the leaf of different
rice varieties soraped by 4th
instar caterpillars of C.medinalis
in 48 hours.

Larval plas pupal duratiem of
C.medinalig reared onm éi!fcrent
Tice varieties.

Mean per cent mortality of
C.medinalis daring larval plus
pupal periocds of development.

1. IR8 10. Anrapeornaa
2. Karuna 11. Cavery

3. IR20 12. Mashoori
4, Pankaj 13. Adt27

5. H4 14. TEM6

6. Rohini 15. Jagannath
7. Aswathi 16. Ptbh9

8., Triveni 17. TKM{

9. Jaya 18. Kochuvitha
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Table 13 Mean number of eggs of C.medinalis on different rice
varieties at different stages of the crop

Mean number of eggs per plant

Rice varieties

At one month At Dboot leaf
0ld stage . stage
IRS ‘ 30.66 21.00
Karuna 20.33 16.00
IR20 19.66 15.00
Panka} 18.33 11.00
H4 19.00 14.00
Rohini 26,66 20.00
Aswathi 20.00 15.00
Triveni | 18,66 11.00
Jaya . 28.66 18.00
Annapoorna 24.33 , 21.00
Cavery 19.66 11.00
Mashoori \ 28,33 21,00
Adt27 16.33 10.00
TKM6 14,66 8.00
Jagannath 23,66 18.00
P+b9 : 17.66 ‘ 10.66
TKM1 15.66 10.00
Kochuvithu 14.33 8.00
C.D. at 5 per cent level 5.877 8.794
Analysis of Variance Table
At one month o0ld stage ‘ ~ At boot leaf stage

Source Total Treatment Error Total Treatment Error
SS 1723.70 1271.00 452.70 2140.80 1126.80 1014.00
DF 53.00 17.00  36.00 53.00 17.00 36 .00
MS 74.76 12.58 66.28 28.17
™ -~ OA [ B 4 rg
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oviposition, the mean number of eggs being 20.33, 23.66, 24,33,

26.66, 28,33, 28,66 and 30,66 respectively. At the boot leaf

stage also Kochuvithu was least preferred for oviposition and

the order of preference for other varieties was also the same

. as for the plants at one mondh 0ld stage.

Experiment 10

Effect of varieties of rice on the extent of leaf consumed

" by caterpillars of C.medinalis

Varieties of rice used

No. of larvae exposed on

each replication

No. oﬁ replications for wach
variety

Time allowed for the feeding
Period of the experiment
Tgmperature under which the
experiment was carried out
Relative humidity under which
the experiment was carried out

Procedure

se

]

Same as in Experiment 2

10
48 hours

15-4-T3 to 20~4-73
29 + 1°C
78 + 4 per cent

As described under methods

(Page 28)



ﬁesults:

The data on the leaf area of different rice varieties
Vconsumed are presented in Table 14 and Fig. 22. It may be
observed from the results (especially with reference to the
C.D. values) that the area of leaf surface from which the
caterpillar afe the green matter varied significantly in the
different varieties. The area of 1eaf consumed was least in
TEM6 (354.5 sq.mm) and it was closely followed by IR20 (413.8)
| and H4 (446.5), there being no significant difference among
these three varieties. The extent of leaf area eaten in the
case of Ptb9, TKM1, Mashoori, Karuna, Rohini, Jagannath and
}.IR8 was considerably high, this being 547.6, 554.2, 578.7,
648.2, 649.4, 685.9 and 748.4 Sq.mm respectively. The varieties
Annapoorna, Cavery, Pankaj, Triveni, Adt27, Jaya, Kochuvithu and
Aswathi occupied an intermediate position with reference to the

;eaf area eaten.

Experiment 11

Effect of varieties of rice on the larval plus‘pupal duration

and mortality of C.medinalis during development

Varieties of rice used ¢ Same as in Experiment 2

!
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Table 14 Mean area of the boot leaf of different rice

varieties eaten by C.medinalis caterpillars
in 48 hours

Rice varieties o Mean area of leaf eaten
: (in Sq.mm)

IR8 \ 748.4
Karuna . 648.2
TR20 413.8 i
Pankaj 457.8
H4 446.5
Rohini 649.4
Aswathi 540.8
Triveni Q 462.0

- Jaya 487.0
Annapoorna 449.6
Cavery 452 .7
Mashoori | 578.7
AdE27 . 473.2
TKM6 - 354.5
Jagannath o 685.9
P49 ‘ 547.6
TEM1 ’ ' ' 554.2
Kochuvithu - | 491.1
C.D. at 5 per dent level 90.9

Analysis of Variance Table
1

Source SS DF MS F
Total 3575282.5 179
Treatment 1832009.4 17  107765.26 10.01

Error 1743273.1 162 10760.95



‘No. of first instar larvae
used in each replication

No. of replications for

each variety (treatments)
Period of experiment
Temperature under which the
experiment was carried ouf
Relative humidity under which
the experiment was carried out

Procedure

Results:

..

.o

(2]

5&1;2

10

10

25-4-1973 to 25-6-1973

29 + 2°C

3 i per cent

As desceribed under methods

(Page 29)

hl

Results are presented in Table 15 and in Figs. 21 and 22.

-The duration of development from hatching to moth emergence

varied significantly when the insect was reared on different

rice varieties. The duration on TEM6 (30.78) was significantly

higher than on all other varieties under test. The duration on

H4, A4k27, IR20, Jaya, Pankaj, Cavery, Jagannath, Aswathi,

Annapoorna, Kochuvithu and TKM1 ranged from 28.89 to 27.59

X

days, the difference among themselvesﬂbeing statistically

dnsignificant. The duration was least in Mashoori (26.16 days)



Table 15 ﬁuration'of larval plus pupal developmeht and‘pqr
cent mortelity of C.medinalis reared on different
rice varieties

Larval'énd}pupal Per cent

Rice varieties duration (in days) mortality

IRS . 27.45 55,7

Karuna 27 .50 60.8
IR20 ‘ 28,53 - 63.7
Pankaj 28.41 V 61.6
HA 28.89 63.2
Rohihi , 27.07 59.6
Aswathi 28.00 58.1
~Triveni 27.27 54.4
Jaya 28.47 58.8
Annapoorna 27.38% 56.9
Cavery 28.39 58.8
Mashoori 26.16 56.3%
Adt27 28.64 63.3
TKM6 ’ 30.78 64.4
Jagannath 28,12 56.9
Ptb9 27.18 62.1
TKM1 27.59 52.7
Kochuvithu 27.78" 56.3%
C.D. at 5 per cent level 1.39 4.2
Analysis of Variance Table

Larval and Source SS DF M8 F
pupal Total 2451.8 495
duration Treatment 250.7 17 14.75 3.2

Error 2201.1 478 4.60 21
Per ceant Total 71026.7 179
mortality Treatment 67512.4 17 3971.32 180.5

during Error 3564.3 162 22.00
development o :
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and ¥he remaining variéfies based on the length of development
duration were in the following descending order; Rohini, Ptb9,
Triveni, IR8, Karuna the duration being 26.16, 27.07, 27.18,

27.27, 27.45 and 27.50 days respectively. The difference among

these was not statistically significant.

Data on the mortality of immagture stages during the
larval plus pupal period of C.medinalig showed that in general
there was high mortality under laboratory conditions. There
was also in evidence considerable variations in the percentagse
mortality of C.medinalisg when reared on different varieties of
rice. The mortality was highest in TKM6 (64.4 per cent). In
IR20 and H4 the mortality was 63.7 and 63.1 respectively.
The per cent mortaldty in these fhree varieties differed
significantly from those of the remaining ones while the
differences among themselves were not statisgtically significant.
The other varieties were ranked in the following descending
order based on the per cent mortality o the larvae Adt27 (63.3),
Ptb9 (62.1), Pankaj (61.6), Karuna (60.8), Rohini (59.6),
Cavery (58.8) = Jaya (58.8), Aswathi (58.1), Jagannath (56.9) =
Annapoorna (56.9), Kochuvithu (56.3) = Mashoori (56.3), IRS (55.7),

‘Priveni (54.4), TKM1 (52.7).
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Experiment 12

. Effect of different varieties of rice on the sex ratio and

size of moths of C.medinalis reared on them

N

Varieties of rice used ¢ Same as in Experiment 2
No. of moths from each variety

used for the determination of

60

sex ratio and size

30-5-1973 to 15-7-1973

..

Period of experiment
Temperaturezunder which the

30 + 1°C

s

insect was reared out

Relative humidity under which

.

the insects were reared out: 78 + 4 per cent

-

Procedure 'As described under methods

(Page 29)
Results:

Results are presented in Table 16 and Figs. 23 and 24.
The size of the moths varied to some extent depénd;ng on. the
variety of rice on which they weré reared. The differencqs were,
however, not very remarkable and moths reared on a few-v;rieties

alone showed significant difference in size to others under

study. The moths reared onm Adt27 were the smallest. The other



Fig., 23,
Fig. 24.

Fig. 25.

Sex ratie of the meths of
C.medinalis reared out on
different rice varieties

Size of moths of C.medinalis
reared out on differemt rice
varieties

Mean longevity of the moths
of C.medinalis reared out on
different riece varieties

1. IR8 10. Annapooraa

2, Karuma 11, Cavery

3. IR20 12. Mashoori
4. Panka}] 13. Adta7

5. H4 14. TEM6

6. Rohini 15. Jagannath
7. Aswathi 16. Pth9

8. Trivemi X 17. TEM1

9. Jaya 18. Kochuvithu
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Table 16 The size and sex ratiom of moths of C.medinalis reared - 86
' out on different rice varieties

Rice . Body length Wing expanse No. of - Sex
varieties Male Female © Male Female Male Female Tatio
IRS 9,75 8.82 15.55 15.56 32 28 1.14
Karuna | 8.71 + 8.00 14.79 14.80 39 21 1.86
IR20 8.05 7.93 14.54 14.62 25 35 0.71
Pankaj 8.69 7.97 14.75 14.92 35 25 1.40
H4 7.93 7.51 1%.89 14.54 34 26 1.31
Rohini 9.32 8.40 15.40 15.49 30 30 1.00
Aswathi 3.78 - 8.08 14.81 14.94 32 28 1.14
Triveni 8.80 8.09 14.96 14.94 25 35 0.71
Jaya 9.63 8.15 15.19 15.23 32 28 1.14
Annapoorna 9.73 8.89 15.43 15.52 23 37 0.62
Cavery 9.08 8.71 15.16 15.00 20 40 0.50
Mashoori 9.78 8.86 ©15.80 - 15.86 27 33 0.82
Adt27 7.69 7.50 12.57 14.29 23 37 - 0.62
TEM6 8.03 7.84 | 14.22 14.57 29 31 0.93
Jagannath 9.00 8.12 15.14 15.00 21 39 0.54
Ptb9 3.88 8.1 15.09 15.00 26 34 0.77
TEM { 1 9.25 3.31 15.25 15.25 36 24 1.50
Kochuvithu 9.36 8.71 15. 41 15.50 32 23 1.14
CD 1.85 0.55 0.63% 0.61
‘ Analysis bf Variance Table

Source ss DF MS F
Body length Total 610.00 515 .
of male Treatment 182, 90 17 10.759. 12.54

Error 427,10 498 0.858 *
Body length Tot al 552.03 558
of female Treatmert 72,60 17 4.270

Error 479.43% 541 0.89
Maximum width Total 761.19 519
of male Treatment 229-24 17 130480 12 74

Error 531.95 502 1.060 *
Maximum width Total 678.17 558
of female Treatment 91,17 17 {1B.360 A

Error 587.00 541 “1.,090 *

Source gi DF
x2 test for Total 35.27 18 Significant
sex ratio Combined data 0.73 1 Not significant

Heterogenity 34.54 17 Significant



varieties can be ranked in fhe following ascending order
based on the size of moths reared out onithem. H4, TKM6,
IR20, Pankaj, Karuna5 Aswathi, Triveni, Ptb9, Jagannath,
Cavery, Jaya, TKM1, Rohini, Kochuvithu, Annapoorna, IRS8,

Mashoori.

Male: female ratio of the moths of C.medinalis reared
on different rice varieties varied sigpificantly male being»
preponderant over females in Karuna and females proponderant
over males in Cavery and Jagannathf Male.to femalé ratio of
moths reared from these varieties were 1.86. 0.50 and 0.54
respectively. Based on the male: female ratio the other
varieties may be ranked in the following descending order:
TKM1 (1.50), Pankaj (1.40), H4 (1.31), IRB.(1.14) = Jaya (1.14) =
Kochuvithu (1.14) = Aswathi (1.14), Rohini (1.00), TEKM6 (0.93);
Mashoori (0.82), Ptb9 (0.77), IR20 (0.71) = Triveni (0.71),
Adt27 (0.62),= Annapoorna (0.62). The differences among these

varieties were, however, not statistieally significant.

Experiment 13

The longevity of moths of C.medinalig reared on different

rice varieties, their fecunditi and hatching percentage of

the eggs laid by them




Varieties of rice used

No. of moths used for eég‘
laying in each replication

No. of replicafions‘for

each rice variety
‘Period of experiment
Temperature under which the
experiment was carried out
Relative humidity under which
the experiment yas carried out

Procedure

Results:

The results are

- e

..

88

Same as in Experiment 2

20

3

15-7-73 to 31-8-73
29 + 2°C
78 + 4 per cent

As described under methods

(Page 30)

presented in Table 17 and Figs. 25 to 27.

There was considerable difference in the mean number of eggs laid

by moths reared out on different rice varieties;

from 35.3 to144.0Q eggs per female.

these ranged

Moths reared out from Adt27

- laid the minimum number of eggs and those from Ptb9 laid the

maximum. Moths reared out on H4 and IR20 slso had low fecundity

the mean number of eggs being 37 and 39 respectively.

The mean

number of eggs laid by moths reared out on TKM6, Aswathi, Pankaj,



Fig. 26. Mean number of eggs laid by
Comedinalis moths reared out
on different rice varieties.

Fig. 27. Mear hatching percentage of
eggs laid by C.medinalis
moths reared out on different
rice varieties.

Fig., 28. Mean indices of the leaf
damage caused by C.medinalis
caterpillars on different
varieties of rice grewn in
field.

1. IR8 10. Annapoorna
2. Karana 11. Cavery

3. IR20 12. Mashoeori
4, Panka} 13. Adt27

5. H4 14. TKMé

6. Rohini 15. Jagennath
T. Aswathi 16. Ptb9

8. Trivemi 17. TKM1

9

Jaya 18. Kochuvithm

[
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Longevity and fecuxfdity of C.medinalis moths reared outf@ﬁg '
different rice varieties and the hatching percentage of .
eggs laid by them .

Tabiek17

Mean No.of

Longevity - Per cent
Rice varieties (Days) eggs Per of eggs
: female hatched
IR8 4.30 109.0 92.6
Karuna 4.35 96 .0 95.0
IR20 2.27 39.0 76.0
Panka}j 3.35 59.0 87.6
H4 3.30 37.0 81.0
Rohini 4.12 98.3 ©90.3
Aswathi 3.42 58.0 89.3
Triveni 5.20 65.0 89.3
Jaya 4.02 68.0 85.3
Annapoorna 3.43% 64.0 84.0
Cavery 4.00 7.3 90.7
Mashoori 4.56 134.3 93.3
Adt27 3.27 35.3 75.3
TKM6 3.25 58.0 80.3
Jagannath 3.45 64.0 87.6
Ptb9 5.37 144.0 98.3
TKM1 3.38 136.0 90.6
Kochuvithu 3.63 -~ 72.0 95.6
C.D. at 5 per cent level ,
0.08 13.87 5.31
Analysis of Variance Table
Source SS DF MS F
. Longevity Total 616.5 1079
of moths Treatment 566.2 17 33.31 702.7
Error 50.3 1062 . 0.05 *
Facundity  Total 75468.0 53
of moths Treatment 72944 .1 17 4408.48 6238
Error 2523.7 36 70,11 *
Per cent Total 2488.0 53
of eggs Treatment 2100.0 17 123.53 11'46
hatched Error 388.,0 36 10.78 *
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Jagannath, Annapoorna,' Triveni, Jaya, Kochuvithu and Cavery
were 58, 58, 59, 64, 64, 65, 68, 72 and 77.3 respectively. The

remaining varieties viz. Karuna, Rohini, IR8, Mashoori and TKM1
) laid
yielded moths having high fecundity the mean number of eggs, by

them being 96, 98.3, 109, 134.3 and 136 respectively.

The data also show that the hafching of the eggs laid by
moths regred on different varietiés of rice ranged from 75.3 to
9é.3 per cent the lowest being in Adt27 and highest in PtDb9.
The other varieties may be ranked, based on the hatching
percentage of the eggs, in the folldwing descending order:

IR20 (76), TKM6 (80.3), H4 (81.0), Annapoorna (84), Jaya (85.3),
Pankaj (87.6)=Jagannath (87.6), Triveni (89.3L=:Aswathi (89. 3),
Rohini,(90.f), TKM1 (90.6), Cavery (90.7), IRS (92.6),

Mashoori (93.3), Karuna (95), Kochuvithu (95.6).

Experiment 14

Damage caused by larvae of C.medinalis to different rice

varieties under field conditions

Varieties of rice used : Séme as in Experiment 2
Design of experiment ¢ Random Block Design

No. of replications 3
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Plot size 3x 3m

29~10-72 to 26-3-1973

.e

Period of experiment

maximum 28.9 to 32.8°C

‘Temperature during the period
Av.29.6°C
minimum 21.8 to 24.4°C
| Av.22.8°C |

meximum 81.4 to 96,7 per cent

Relative humidity duriné
thé period Av.91.4 per cent
minimum 52.1 to 76.4 per cent
A#.65.5'per cent

Total rainfall during the

period 205.3 mm

Procedure : As described under methods
-(Page 31)

Results:

The data are presented in Table 18 and Fig. 2%. 1In
field the least leaf damage was noted in Kochuvithu the index
‘of damage being 0.0127. The extent of damage in TKM6, TKM1,
Ptb9, Adt27, Pankaj, Triveni, IR20, H4, Cavery, Karuna,
Annapoorna and Jagannath showing the indices of 0.0156, 0.0552,

0-46885
0.1118, 0.2203, 0.2649, 0.2772, 0.3996, 0.4535, 0.4883, 0.5717and
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Table 18 Mean indices of leaf damage caused by C.medinalis
larvae to different rice varieties in field

Rice varieties : " Indices of damage
TRS 1.1363
Karuna 0.5038
TR20 0.3996
Pankaj 0.2649
HA | 0.4535
Rohini _ 0.9977
Aswathi 0.4885
Triveni 0.2772
Jaya 0.9955
Annapoorna 0.5717
Cavery ‘ 0.4883
Mashoori 0.8910
Adx27 0.2203
TKM6 0.0156
J agannath 0.5760
Ptb9 | 0.1118
TKM1 0.0552
Kochuvi thu 0.0127
C.D. 0.78
Analysis of Variance Table
Source 55 DF M3 F
Total 12,6323 53
Treatment 6.1685 17  0.3%629
Bloeck 1.3544 2 0.6772 2.41

Error 5.1094 34 0.1503
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0.5760 respeciively did not differ significantly among
themselves or from Kochuvithu. IR8 suffered ﬁaximum damage
and iﬂwés closely followed by Jaya, Rohini and Mashoori. The
indices of leaf damage in these varieties did not differ

significantly among themselves.



DISCUSSION



- DISCUSSION

Results of experiments éo far reported on the»reigtive
efficaecy of various insecticides in controlling rice leaf
roller é.medinalis are summarised in Table 19. Most of these
experiments4;ere aimed at evaluating the efficacy of the
insecticides against C.medinalis when applied in field in
regular schedules. Though a wide range of insecticides have
been used in different parts of India, the results obtained
are highly variable and inconclusive. It appears that a
prophylactic schedule of insécticideﬁtreatments will not
ensure positive results against C.medinalis. This may be due
to the characteristic distribution of the pest in patches in
the field due to the larval habit of remaining protected in
leaf folds and also due to the destruetion of the natural

iénemies by repeated insecticidél appliqatibn. A need-based

and rational use of insecticides whieh will cause minimum
disturbance to the ecosgystem is likely to be more advantageous
for the long term control of C.medinalis. Hence detailed
studies on some aspects of the control of this pest were

T

undertaken.
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Table 19 Comparative effieaey of varieus inseoticides against
C.medinalis as reperted from vaerious studies
Si‘ Locatien Insecticides Effeotive Reference
* tried Insecticides
1. Philippimnes TEFPP, toxaphane TEPP, Calora, 1956
and parathiom toxaphane =md Rivera, 1956
parathien
2., Thaiwan BHC BHC Qu, 1957
3. Madras Parathion, endrim Parathion, Abtraham,
followed by BHC endrin, 1958
followed by ‘
BHC
4., Kerala E.parathien, DDBTE, Sevin, Rajeamma &
endrin, sevim parathion, Das, 1969
dichlorves, phosphar DBT
midon, dimethoate,
endesulfan, BHC
5. Rajendra Nagar, Birlane G&EC, Asedrim Monoeroto- Anem., 19704
Tenali and @&EC, SD 66266, phosG&EC,
Aduthurai disul phetonG, endo- SD 66264,
sulfanG, diasinen@, diasinonG,
dipterexG, Fenthion eytrolamneG,
G&EC, BICG, sevidolG, JursbanG&EC,
dursbanG&EC, oytro- phosphami-
laneG, phorate+BHC, donEC, feni-
fenitrethion+mala~. trothienEC
thionEC, phésdphami- and phosvel
donEC, DDVPEC, EC gave some
nuvacronEC, fenitre- contrel. But
thionEC, SD 6538EC, data were
phosvelEC not eenclu-
sive
6. Panjab Endrin, malathien, All treat- Chaundhary
. dimethoate, phospha- ments except and Bindra,
midon, BHC, DDT and DD? spray 1970
carbaryl - all as gave very
sprays. Malathion, high redue-
carbaryl and BHC - tions in

as dusts

pest popula-
tien

G.=Cranule

EC = Emulsifiable concentrate
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3%' Location Inseecticidss Effective Reference
* tried Insecticides
7. Aduthurai, Parathion, Parathion at  Anon,,1971

Cuttack, Mandya,
Maruteru,
Pattambi, Tenali

8. Pattambdi

9. MTenali

10, Aduthurai

11. Coimbatore

carbaryl, endrin,
cytrolane, carbo-
furan, diazinon

DusrsbanG, skaluxG,
parathion and
carbaryl alterna-
tely

Phosvel, chloro-
fevinphos, diAecro-
tophos, phosalone,
formothion, quinal-
phos, methomyl,
fenitrothion, mala-
thion, dursbhan,
fenthion, phospha--
midon, propoxur,
carbaryl, BHC,
diazinon, ethyl
parathion, endrin

Cytrolane, carbo-
furan, lindans,
malathion, feni-
trothion, diazinon,
ethyl parathion,
phosphamidon,
dichrotophos, for-
mothion, quinalphos,
endrin.

do.

Pattambi and
Aduthurai.
Carbofuran
better than
cytrolane

at some
centres.
Reverse at
other places

Dursban &
ekalux para-
thion and
carbaryl
alternately

Phosvel,

chlorofevin-
phos, metho-
myl, dursban
& ethyl para-
thion, Dicro-
tophos, pho-
salone, qui-

- nalphos,

dursban)
ambithion and
fenthion also
gave good

‘control

'Parathion
alone was
effective

"All treat-
ments except

dicrotophos,
formothion
and endrin

S

Anon., 1971

Anon., 1971

Anon.,1971

do.

4
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birlane, cytirolane,
diazinon, trichlor-
fon, phosphamidon,
dursban, quinalphos,
endrin, ethyl para-
thion, fenitrothion,
fenthion, monocroto-
phos, dichlorvos,
carbaryl+BHC,
carbaryl, phorate,
endosulfan, phosvel.

-

ekulux were
were effec-
tive at all
centres.
Since data
were reported
differently
no further
comparison
was feasible

g%' Location Inseecticides Effective Reference
* tried Insecticides
12, Mandya Cytrolane, carbo- Lindane, Anon., 1971
furan, lindane, phosphamidon,
malathion, fenitro- dicrotophos
thion, dia2Zinon, followed by
e. parathion, phos- fenitrothion,
phamidon, dicroto= diazinon and
phos, formothion, quinalphos
quinalphos, endrin
13. Pattambi do. Parathion, do.
’ fenitrothion,
dicrotophos
and quinalphos
14. Rajendra Nagar do. All treatments do.
: - fenitrothion :
and phospha~
midon were
slightly
better than
others
15. Maharashtra Endrin and carbaryl Endrin and Dorge et al.,
carbaryl 1971
- 16. Aduthurai, Fenitrothion+mala- Phosphamidon, Anon., 1972
Faizabad, thion, formothion, dursban, e.
Ludhiana BHC, dicrotophos, parathion and
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8l.

Insecticides

No Location Effective Referenece
* tried Insecticides ’

17. Marutherm Chleropyriphes, Galecren, Anon., 1972
fenitrothion, fen- tameron, car-
thien, MIPOC, bofuran,
phorate + BHC, ehlorofevin-
temeron, galeeren, phos end
‘vamidothien, chle- leptophos
rofevinphos, ecarbe- were remark-
furen, acephate, ably effec-
dimethoate, para- tive
thion, Femsulfa-
thien, chloropyri~
phes and leptophos

18, Coimbatore Diazinen, parathiemn, Parathiom, Balasubra-
endrin, phapha- toxaphame + - moniam et al.,
midon, carbaryl, DDT, methyl- 1973
endosulfan, Diehlory parathion+DDT
vos, fenthieon,
fenitrethien,
methylparathion+
DD?, toxaphane+DDT

19, Ceoimbatore Diaginon and Diazinen and Venki taraman
Sevidel granmules, Sevidol et al.,1973
parathien spray granules,

; parathien

spray




o accomplish effective conirol of a pest using
insecticides the 1life stages of the pest pfevalent in the
field have to be taken into consideration since thelrelatiVG
susceptibility of different 8tages of an insect to insecticides
will vary. The larvae and moths are the two stages of
C.medinalis vulnerable to insecficidal pressure in the field.
Hence an evaluation of the available insecticides against

these two stages has been made.

Relative toxicity of the insecticides to the moths

based on LC.., values has been studied for the first time.

50
The moths have the habit of remaining on the foliage of rice
crop throughout their existence. This haﬁit makes the moths
vulnerable to control by the contact action of the insecticides
applied. The relative toxiéity ofvinsecticides based on LCSO
values determined by laboratory evaluatiens will give. a

picture of the toxicants' effect on the moths under field

conditions to0o0.

The results preseﬁted show that the insecticides vary
cohsiderably in their toxieity to the moths. Ethyl parathion
is highly toxie, being 1296.8 times more toxie than BHC (which

is taken as standard) while methyl parathion, the next best
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insecticide is 369.77 times more toxic. Other insecticides
having good contact toxicity to the moths are diazinon, elsan,
fenitrothion, carbaryl and acephate. The chlorinated compounds,

BHC, endrin and endosulfan have very poor toxicity to the moths.

The systemics also are not effective.

Studies on dosage-mortality relations between the
different inseciicides and fourth instar larvae of C.medinalis
have also been done for the first time.‘ Results of these
studies show a much different picture from what is manifested
in the case of moths. Among the 24 insqcticides tested, a
dozen are highly toxic %o the larvae. As in the case of moths,
ethyl parathion is the most toxie one.’ It is closely followed
by methyl parathién, elsan and endosulfan in toxicity. Other
insecticides which showed significant toxicity to the larvase
are acephate, phosphamidon, monocrotophos, dimethoate, diazinon,
carbophenothion, quinalphos, fenitrothion and formothion.

Though systemie poisons were ineffective against moths,
phosphamidon, monocrotophos, dimethoate and formothion manifested
good contact toxicity to the larvae. They were more toxic than

even the well known contact poisons like BHC, carbaryl, endrin
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and malathion. But the.ByétéﬁicginSecticides, phorate and
rthiometon did not have amy significant contact action. HIC

was the 1east‘toxic among fhe insecticides tried. Though
endosulfan is 20.47 times as toxic as BHC, endrin which is
structurally related to endosulfan is only 7.55 times toxic.

In general the effective insecticides were in the organophosphate

group.

‘Since the larvae remain within leaf folds they may not
receive the insecticides directly on their body when sprayed
in the field. The insecticide deposits and residues on the
plants may kill the larvae by contact, when they come out of
the folds and try to establish dn new leaves, The mortality
may also.be caused as a result of stomach toxicity. Hence the
relative toxiqity of the insecticides to the larvae shown in
bioassay studies may not corresﬁond to theii relative efficacy
in field application. This has been revealed in the laboratory

'studigs in whiceh cate?pillars of C.medinalis established in
leaf folds were sprayed under a precision sprayer (Potter's
tower). Each insecticide was evalugted at three graded
concentrations. The relative ranks of the insecticides based

on the mortality caused by them at the three different
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concentrations and those based on mean mortality (calculated)
are presented in Table 20. There is a general correspondence
among the rélative ranks of the three concentrations of the
different toXicants. But the lowest doses of_lgptophos,
quinalphos and phosphamidon are iﬁ 6th, 8th and 5th positions
respectively while in the middle doses their positions are
13th, 15th and 12th and in the higﬁest doses they are in 10th,
15th aﬁd 11th positions respectively. Dimethoate and formothion
have 13th and 16th rank respectively at lower doses, 2nd and
6th positiohs in the middle doses and Sth and 9th positions
respectively at the highest doses. The mean mortality values at
the graded doses of each insecticidq presented give an overall
picture of the relative toxicity of the various insecticides.
| Ethyl parathion, carbaryl, carbophenothion and methyl parathion
were found to be superior to the other insecticides’under
test in controlling C.medinalis larvae in leaf folds.
Endosulfan, malathion, diazinon, trichlorfon, endrin, elsan,

BHC and dichlorvos gave very low mortalities. Other treatments
were of intermediate toxicity. Among them dimethoate,
fenitrothion, fenthion, thiometon, phosphamidon, leptophos,
phorate, formothion and quinalphos also may be classed as

moderately effective in controlling C.medinalis caterpillars
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Table 20 Relative efficacy of various insecticides, at different
levels, to larvae of C.medinalis established in leaf
INSECTICIDES
Rank o
based on hat o
mortality g o < = = )
g:g.cos:: g 8 .E‘c.?;qfi’«fig‘é‘ §
~ £ > © g g o0 0 9o o A P H 0 H @& + A ey
~N ® @ &4 < O O H L P O PyO O L @@ O ©0 o o g
g S 4 H 0 g -HSQGH%HHGJ.G.CHP-PE
~ O e 0~ & & P O g © $ o g & P 0 o © &
4 o 4 O N O P O P O gL 0O 0 B v 0 g H o
B o E - .amd o s 3o 8IREY 2 E g H S
A ApmsARSARE 2SS S ES8EEEESE A S B
 Applied
at lower 18 20 21 17 24 6 14 82 92210 5 13 12 16 7 15
" levels
Applied
at middle 19 22 23 18 20 1316 151 821 7 12 2 14 6 11 10
levels ‘
Applied
‘at higher 16 19 22 21 23 10 17 15 2 720 8 11 513 9 12 14
levels
Mean 18 20 22 19 23 10 16 1326 21 8 9 5 14 12 11 15
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in leaf folds,

A comparison of thé»;ontact toxieity of the different
insecticides to the larvae of C.medinglis and the mortality
causéd by the same insecticides to the larvage in leaf folds
reveals the following (See Fig. 29). Ethyl and methyl parathion
which have good contact toxicity.are'highly effective in killing
the larvae in the 1eaf folds too. On the other hand endosulfan,
diazinon aﬁd elsan possessing high contact toxicity to the
larvae when,directli applied were ineffective in killing them
within leaf folds. Similarly‘some(insecticides manifesting
relatively low contact action cause higher mortality of larvae
in leaf folds. ZExamples are carboé}nothion, fenthion, 1eptaphos,‘
carbaryl, fenitrothion, thiometon, phosphamidon, phorate and
methyl démeton. But monocrotophos which is known as a systemic
poison maintains a higher rank as a contact poison (7) than as

a toxicant killing larvae in leaf folds (14).

Good contact pdisons may thus prove ineffective in the
field evidently because the larvae rehaining in leaf folds do
not receive‘sufficient quantity of the toxicants directly'on
their body. The insecticides ranking 1low as contact poisons

menifest higher toxicity to the larvae in folds probably through
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the stomach and fumigant aetion of the toxicants which are
not manifested in the bioassay of contact toxicity. The
penetration of some insecticides inte the tissues lying
immediately beneath the applied surface also might contribute
| towards this shift in the relative toxieity of_insecﬁicides

when applied on the leaf folds harbouring the larvae.

A comparison between the toxieity of the different
insecticides to the larvae of C.medinalis in the leaf folds
as evaluated in the laboratory and toxicity of insecticides
»to the larvae on plants in an.inquted field are presented
in Fig. 30. It may be observed that there exists a more or
less strict correspondence between the mortality of larvae in
leaf folds and the reduction of larval population in thse field.
caused by the different insecticides. This is as expected.
’Obviously the choice of insectieides for field control of this

pest cannot be based on their relative contaet toxieity.

Based on the results of the experiments on the toxieity
of different insecticides to the larvae of Q;medinalis under
laboratory and field conditions the insecticides under test
can be ranked as followg: ethyl parathibn, carbaryl, carbophenothion,

- methyl parathion, dimethoate, fenthion, leptophos, phosphamidon,
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phorate, formofhion) mathyi dime ton, gquinalphos. Even the
maximum reduction in field populatioh (in plots treated with
parathion) was 72.53 per cent only. The earliest report of
the relative ranking of insecticides based on pre and post
treatment éounts of the larvae in field was from Punjab.
Choudhary and Bindra (1970) found that malathion, endrin,
dimethoate, phosphamidon, BHIC and carbaryl as sprays and
carbaryl, malathion and BHC as duysts caused significant
reduction in the larval population of C.medinglis in field,
seven days after spraying. All treatments except malathion
and DDT sprays gave more than 90% reduetion in population.

In anothe£ report from Punjab (Anon. i97i) the first relative
efficacy of the insecticideé tested (those insecticides which
are not included in the present investigations are omitted)
was in the following descending order: phosphamidon,
fenitrothion, ethyl parathion, formothion, malathion, endrin.
But in the present investigations malathion and endrin are
notét all effective againét C.medinalis caterpillars. The
percentage reduction in larval population due to insecticidal
treatments have also been reported from some cenires of All 7

India Co-~ordinated Rice Improvement Project (Anon;, 1972).
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But these results from different centres could not be compared
among themselves since the methods adopted for the evaluation
of the efficacy of insecticides were different at the various

centres.

As mentioned earlier the results of the prophylactic
schedule of treatments of insecticides agéinst C.medinalis are
highly variable. These variations may partly be attributed %o
the inherent defects in the’methods adopted for the evaluation
of the effect of the insecticidal treatments. The usual method
of counting the attacked leaves on randomly selected plants
under the treatments does not appear to be reliable as the
incidence of this pest often occurs in the field in isolated
patches. Further, the mere number of attacked leaves will not
reveallthe extent of damage since the attack ranges from just
a nibbling of the chlorophyll from the leaf surface to the
exténsive removagl of green matter from wholeﬁleaf area. The
field évaluation of insecticides was hence done eliminating
these possible grrors. The extent of damage was assessed by
counting the total leaves in the treated plots and by rating

them on the basis of the extent of chlorophyll eaten by the

larvas.
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During the first season of this experiment the
insectigide treatmenté did not shOW'ény significant effect
in controlling the larvae. The leaf damage in all the plots
including control was very low. The futility and wastage of
insecticidal application in schedule in rainy seasons is thus
indicated. In the second and third seasons of the experiment
the extent of leaf dsmage in plots receivihg insecticides
varied significantly from control. Dufing the second season
the damage in plots treated with ethyl parathion, methyl
parathion and carbaryl alone was significantly lower than that
of control.» The other insecticides which reduced the damage
to le vels lower than in control were quinalphos, le ptophos,
dimethoate, phorate, methyl demeton, monocrotophos, acephate,
phosphamidon, fenitrothion, carboéﬁnothion, malathion and
endrin. But there was no significant difference among themselves
including control. 'In the third seasan the dam;ge in plots
treated with acephate, ethyl parathion, dimethoate, quinalphos,
leptophos and carbaryl was significantly lower than that in
control. The damage in plots treated with fenitrothion, endosulfan,
me thyl parathion, endfin, elsan, monocrotophos, diazinon and

phosphamidon was lower than in conirol though the difference
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among themselves including control was not statistically
significant. The treatment in which the damage was significantly
lower than that of the level of the control in both the seasons
were ethyl parathion and carbaryl only. Though methyl parathion
was second best during the second season it came to 9th position
during the third season. Similarly acephate:which was the best
,during the third season was in the 10th position only during

the second season. Dimethoate, quinalphos and leptophos which
were in the 3rd, 4th and 5th positions in the third season had
fairly high ranks during the second season also, viz. 6th, 4th

and 5th respectively. Fenitrothion gpd monocro tophos which

were in the 12th and 9th positions in the second season were
maintaining high ranks of 7 and 12 resﬁectively in the third
season. The performance of other insecticides varied considerably
during the two seasonsgs. Ethyl parathion, carbaryl, methyl
parathion, leptophos, acephéte, quinélphos and dimethoate Sprayed
in biweekly schedule may be considered promising in controlling
lleaf roller, especially with reference to the leaf damage caused
by the caterpillars, in the field. Fenitrothion and monocrotophos
can be ranked as moderately effective. These insecticides had

been reported effective against C.medinalis in some centres of
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the ACRIP trials also (Table 19). The relative efficacy of the
insecticides based on the extent of protection of leaves from
damage did not agree with their relative‘toxicity to the moths
and caterpillars. These discrepancies may be attributed to other
factors 1like the bersistence of insecticides, impact on natural

enemies etc.

Assessment of persistence 6f insecticides on plants is
important for the seléction of appropriate insectipgides for the
control of a pest with minimum disturbance to the agro-eco system.
The information on the persistent toxicity of various insecticides
to a pest and to its important natural enemies will be of help
in formulating an integrated programme s for cohtrolling the insect.
'Efforts to rear the parasites of C.medinalis in the laboratory
were not successfui and hence in the present studies persistent
toxicity of the insecticides to the larvae of C.medinalis alone
could be assessed. A consolidated ;tafement of the PT indices
of the different insecticides in the three doses tried and their
mean Value along Qith a’relative ranking of the toxicants are
presented in Table 21. There ;s a general agreement in the

relative ranking of the insecticides based on PT indices in the .

three different doses. But phosphamidon ranks 10 and 12 at
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- Pable 21 PT indices of various insecticides sprayed at different
levels in the field
PT indices
Treatments : Mean
In lowest . In middle In highest
doses doses doses
BHC 299, 32(23) 345.05(21) 261.03(23) 261.00(23)
Endrin -547.64(17) 458.78(15) 323,35(16) - 443.25(17)
Endosulfan 487.55(20) 341.22(22) 293.10(19) 373.96(21)
E.parathion 947.23(5) 993.33(3) 621.00(8) 853.87(5)
M. parathion 604.64(15) 588,08(14)"  489.48(11) 560.73(14)
Dichlorvos 273.30(24) 146,00(24) 105.92(24) 175.07(24)
Carbophenothion 869.16(7) 777.92(7) 577.62(9) 741.57(8)
Diazinon 517.02(19) 426.00(16) 258.75(21) 400,59(20)
El san 815.54(11) 665.10(9) 355.05(15) 611.90(11)
Fenthion 690.84(13) ~ 385,00(20) 258.32(22) 444.72(16)
Malathion 675.20(14) 605.79(13) 343,92 (15) 561.64(13)
Leptophos 1141.76(4) 940.52(5) 706.94(4) 929.74(4)
Acephate 886.08(6) 633.30(10) 385.20(14) 635.03(10)
Quinalphos 1184.82(3) 978.04(4) 760.40(2) 974.42(3)
Carbaryl 1559.20(2) 1477.44(1) 671.04(56) 1236.33(2)
FPenitrothion 690.84(12) 628.50(11) 481.23%(12) 600.19(12)
Trichlorfon 521.78(18) 420.00(18) 287.05(20) 409.61(19)
- Thiometon 362.25(22) 287.75(23) 321.60(18) 323,87(22)
Phosphamidon 826.76(10)  613.20(12)  709.61(3%)  718.19(9)
" Dimethoate 440.46(21) 401.70(19) 452.10(13) 431.42(18)
Monocrotophos 1680.00(1) 1408, 96 (2) 783.09(1) 1290.63(1)
Formo thion 857.64(8) 830.17(6) 632.24(7) 773.35(6)
Phorate 575.28(16)  425.20(17) 493.28(10) 497.92(15)
Methyl demeton 836.63(9) 754.05(8) 703.23(5): 754.65(7)

(Relative efficacy is given in parenthesis)
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middle and lowest doses respectively while in the highest dose
it ranks 3. A ranking based on the mean indices can be taken
| for comparing the persistent toxieity of the various insecticides

to C.medihalis.

BIC, endrin and endosulfan whiech are known as highly
persistent insecticides showed very low persistent ftoxieity to
C.medinalig. The persistence of these toxicants is even lower
than those of the organophosphates which as a group are considered
a8 nonpersistent inseeticides. A rapid deterioration of
chlorinated insecticides, even faster than some of the
organophosphates, under field conditions in Kerala, have been
reported earlier also (Ali et al., 1969; Koshi, et al., 1972).
Among the 24 insectieides studied monocrotophos had the maximum
persistent toxieity fo C.medinalis larvae. This was very closely
~followed by carbaryl, quinalphos, leptephos and ethyl parathion.
Those with very low persistence include dichlorvos, BHC, thiometon,

endosulfan, diazinon, trichlorfon, and dimethoate. Others showed

intermediate degree of persistence.

Fig. 31 reveals a general correlation between the extent
of leaf damage as influenced by insecticidal treatments in field

in schedule and the persistent toxieity of these insecticides.
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Monocrotophos, carbaryl,iqﬁinqléhos, leptophos and ethyl parathion
, thch showed high persistent foxieity reduéeé the leaf damage

also significantly. Methyl parathion and fenitrothion which had
medium persistence and dimethoate which had little persistence

‘also reduced the leaf damage. These insecticides had high toxicity
on leaf roller caterpillars when applied in leaf folds. The

higher efficacy of persistent insecticides for schedule application
is evidently because the first iﬁstar lafvae fail to establish

due to fhe residual toxicity of the insecticides. But such
insecticides may be harmful in the long run in tracts rich in

parasi te population.

Table 22 gives the relative efficacy of different
inseeticides against the leaf roller C.medinalis in relation
to the different ﬁethods of application. In Table 23 the
insecticides found effective against the moths, larvae in leaf
folds and field as well as for prophylactic treatment in schedule
are grouped as persistent, moderately persistent and non-persistent
insecticides. In selecting the best insecticide for the control |
of C.medinalis, persistenf insecticides may be chosen for the
tracts where fhe natural enemies of the pests are scarce and

moderately persistent and least persistent insecticides for the
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Table 23 Insecticides found effective against C.medinalis in
laboratory and field evaluations grouped on the basis
of their persistent foxicity
Method of Highly persistent Moderately - Least
evaluation ‘persistent persistent
adopted
LC 50 values ethyl parathion, me thyl diazinon
against carbaryl parathion,
moths elsan,
fenitrothion,
acephate
Reduction of ethyl parathion, me thyl dime thoate
larval population carbaryl, parathion, and phorate
in field 72 hrs carboﬂgnothion, fenthion,
after spraying leptophos, fenitrothion
and the effect formothion, and phospha~
of spraying on methyl demefon, midon
- larvae in leaf folds  quinalphos
in the laboratory
Reduction of ethyl parathion, me thyl dimethoate‘
leaf damage in carbaryl, parathion,
field when quinalphos, fenitrothion,
sprayed in leptophos,. acephate
schedule monocro tophos
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tracts rich in natural.enemiqs and where the artificial
colonisation of the paraéites will be feasible. The selection

of pesticides must also be done witélreference to the predominant
life stage of the pest in field at the ‘time of insecticidal

application.

Studies on the insect-plant relationships between
C.medinalis and different rice varieties have yielded very
informative results. One of these relates to the effect of
the larval infestation on the good grain yield of the plants
subjected to the infestation at different growth stages. The
infestatiohs applied on'plants in these studies were designed
t0 ensure maXimum démage to the crop and in effect it resulted
in total damage of the leaves at each of the stages of the crop
under study. The stages subjected to infestation were spaced
at weekly intervals, starting from 50th day after sowing, since
natural infestation in field usually occurred in serious

proportion only from that stage of the crop.

The results of these studies showed that there was a
critical stage at which the infestatien by the pest caused the
maximum reduction to the grain yield. This critical phase in

the case of IRS was at the 85th day occasion while in the case
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of Annapoorna and Koéhu#iﬁku the critical ﬁeriods were at

57 days after sqwing.‘ IR8 is é medium duration variety (130 days)
while the other fwo are short-duration varieties (100 days).

It is interesting to note that the critical period in all the
varieties corresponded to the booting stage of the crop. The
"reduction in yield due to the larval infestation progressively
declined towards the earlier and later occasions from the booting
stage. The complete destruction of leaves at booting stage left
the crop without leaves at the beading, flowering, filling and
ripening stages. Even then there was considerable filling of
grains in all the varieties studied. The constituents utilised
for the filling of these grains might have been derived from

the materials stofed in the culm and sgeaths of{the plants prior
to the destruction of leaves. Earlief studies on physiology

of rice plants have indicated sueh a possibility. In IR8, for
instance, it has been reported that étar¢h and dextrin increased
in proportions in leaf sheath and culm frbm 6 to 10 weeks after.
transplanting with the highest level occurring in the 10th or
11th week. After booting and through flo&ering and grainﬂ
development the starch was found depleted presumably getting

translocated to the filling grains (Anon., 1970). The larval
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feeding at the occésipns‘priar to booting appeared to reduce‘
thq quantity of iﬁgredienta Stored in the culm and sheath but
these plants were still left with the boot leaf and some top
leaves for the rest of their life time. Top leaves of the
plants are reported to'contribute heavily to the formation of
the grains. (Pujiwara and Suzuko, f957; Mastsushima, 1957);
'Why the leaf damage occurring prior to booting stage caused
lower levels of reduction in yield than 1gaf damage at booting

stage can hence be attributed to this phenomenon.

In general, severe infestation by the larvae as provided
in the present studies, brought about highly significant reduction
in graih yield from 50th day of sowing onwards. The yield
reduction was comparaﬁively low in plants exposed to larval
infestafion, subsequent to 106th, SSth, and 78th days after
sowing’in the case of IRS, Annabqorna and Kochuvithu respectively.
This may maginly be due to the fact that the filling of grains
was completed by that time and suﬁsequent leaf damage did not
affect tﬁe yield significantly. Furtber, the damage of the |
leaves at this stage was not as thorpugh as in previous occasions
gince the larvae did not feed as extensively on the older 1ea§es

aé on younger'leaves. It may be presumed that C.medinalis
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infestation after the filliﬁg‘of grains will not reduce the

yield significantly under field conditions too.

Another result which merits mention is the relative
magnitude of the loss in yield sustained by the three varieties
under test, caused by larval infestation.\ The variety Kochuvithu
- suffered the greatest loss in yield due to the pest infestation
than the other two varieties. Kochuvithu is a local vériety
while the others are the improved high yielding strains. The
superiority of the high yielders over iocal strains, in the
capacity to compensate the ioss due fo’pest damage, is fhus

evidenced.

The results on the variations in the production of chaff
due to the pest infestation at the different stages show that
the pattern of the relationships were similar to those of the

good grain but in reverse propoftion.

The yield data presented in appendices VII and VIITI show
an apparent anomaly in that there is\a progressive reduction
in the mean yield of grains oblmined from control plants (uninfested
piants) of the various‘lots corresponding‘with the advancemen t
of the period of infestation by the larvae. The ¥rain weight .

fell from 95.6 to 79.8, from 84.5 to 70 and from 62.5 to 51.5
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grammes ﬁer pot in the caée,ef 138, Annapoorna andeochqvitha
respectivély. This phenomenon appeared to be correlated with
the durations for which tEe plants were kept in the insect
proof cage prior to their shifting to the field cages after
submission to insect inféstations. In the insect proof cages
sunlight is shaded to some extent.’ Th%s adversely affect the
‘plant and the longer is the period spent by the plants within
the insect proof cages more will be this adverse effect. Thus
‘tbe leaf damage caused by the larvae and the shading in the
insect proof cages reduce the grain yield. The shade factor

was eliminated from this by taking separate controls for each

oceasion.

The overall observation from the/experiment may be
summed up as follows: |

1. Infestation a2t the boot leaf stage of the crop causes
the maximum reduction in yield.

2. Infestation during the late vegetative phase zand in
post booting stage, till the filling of.the grains, also reduces
the yield significantly.

3. There is no significant reduction due to the

infestation at post-filling stage of the crop.
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4, Severe infestation by leaf roller caterpillafs
causes substantial reduction‘in yield in ali the varieties
under study.

5. Lopal rice varieties suffer greater reduction in

yield than high yielding varieties when leaf damage is intense.

!

To study the response of different varieties of rice to

" the attack of leaf roller caterpillars the different varieties
were subjected to the same doses of infestation under identical
conditions. Four doses of larvae were used for each of the
varieties. In general fthe different varieties responded to each
of the/levels in a similar pattern. There were variations in

the reduction in grain yield in different rice varieties due to
the pest infestation even though the plants were subjected to
obligatory feeding by the caterpillars. H4, TKM6,and IR20 were
observeb to Suffer_the leoaet loss in'yield due to the leaf roller
infestation (14.01 to 18,00 per cent) and Kochuvithu the local
strain suffered the maximum reduction (50.77 per cent). The

per cent reduction in yield in the remaining 14 varieties ranged :
from;26.29 to 43.52. Among these IR8, Rohini, Triveni, TKM1,
Mashoori and Ptb9 showed fairly high rate of loss, varying from

34.01 %o 43.52 per cent. The other varieties showed moderate
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raesistance with reference to yield reduction.

A comparison of the exﬁbnt of leaf area of different
rioe varieties(consumed by éaterpillars‘of C.medinalis and the
mean reduction in yield sustained by them due to leaf roller
‘infestation, both obligate feeding, shows that these two are
closely related (Fig. 32). Thig ;ndicates that the variations
in the reduction in yield is mainly due to the variations in

the extent of leaf eaten by the caterpillars on different rice
varieties. TKM6, IR20, and H4 in which leaf consumption was
less showed the least reduction in grain yield also. On the
other hand varieties like IR8, Rohini, Mashoori, TKM1 and Ptb9
which showed higher degree of leaf damage when fed by the larvae
sustained considerable reduction’in yield also due to larval
infestation. There were discrepant cases also which involved
varieties like Karuna, Triveni, Annapoorna and Kochuvithu wherein
there is no correspondence between the extent of leaf area fed
and the percentagebreduction in good grain yield. This may be
due to otﬁer reasons such as the variations in the establishment
of the first instar larvae on potted plants, variations in the

percentage of mortality of immature stages etc.

Painter (1951, 1958) classified the types of plant
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Comparison of the mean

leaf area of different

rice varieties eaten by
caterpillars of C.medinalis
in 48 hours and the mean
reduetion in graim yield of
different rice varieties
exposed to the larval

infestatien.

1. IRS8 10. JAmnapeerna
2.” Karuna 11. Cavery

3. IR20 12, Mashoori
4. Panka}l 13. Adt27 -

5. H4 14, TEM6é

6. Rehini 15. Jagannath

7. Aswathi  16. Pth9
8, Trivemi 17. TKM{
9. Jaya 18. Kechuvithu
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resistance mechanisms under three categories viz. (a) preference
and non-preference (b) antibiosis and (c¢) tolerance. Beck (1961)
recognised non-preference and antibiosis alone as the resistance

mechanisms of agriculfural importance.

Response of C.medinalis to the different rice varieties
reflecting the preference-nonpreference mechanism, was manifested
in two experimenis. In one ef the'different Varieties were exposed
to moths of C.medinalig %o ascertain their relative preference,
if any, to the rice Vafieties for‘oviposition. In the other
experiment, the extent of leaf damage sustained by different rice
varieties as a result of leaf roller infestation, when grown in
random plots in field, was assessed. A combined representation
of the results of the two trials is shown in Fig. 33. It is
clear that the extent of leaf damage noted in different varieties,
when grown in field, was directlj proportional to the number of
eggs noted in different rice varieties in the other experiment.
The varieties which suffered most were those which were preferred
by moths for oviposition‘and vice versa. The preference of
’caterpillars for feeding does not appear to be operative in
the result of the field experiments as may be seen clearly in

El

the comparison given in Fig. 33. Thus the relative resistance



Fig. 33.

Comparison o the mean number
of eggs laid by C.medinalis
moths on one-month-eld plants

0f different riee varieties,

the mean indices of leaf damage
in different varieties when
grown in field amd the per cent
reduetion in grain yield of
different varieties expesed to
C.medinalis.

1. 1IR8 10. Annapoorna
2. Karuna 11. Cavery

3. IR20 12. Masheori
4. Panka} 13. Ad$27

5. H4 14. TKM6

6. Rohini 15. Jagannath
7. Aswathi 16. P+»9

8. Triveani 17. TEM{

9. Jaya 18. Kochuvithm
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manifested by the varieties when grown in adjacent plots

simul taneously is mostly due to oviposition preferencé than,

due to 'antibiosis'. Non-preference Eas also been recognised

as an important factor of resistance by some workers (Pathak, 1371)
since such non-preferred Vérieties usually escaped or developed

less infestation.

The question of the possible antibiosis, exerted by the
different rice varieties on rice leaf roller was examined with
reference to the effect of the varieties oﬁ the duration of
immature stages, mortality in larval and pupal development,
size of the resulting moths, the sex ratio, longevity and
fecundity of moths reared ouf on different varieties and the
hatching percentage of the eggs laid by them. The relative
ranking of the different rice varieties with reference to these
aspects are given in Table 24. In this raﬁking of varieties,
plants with followiﬁg effects on varidus biological features
of the‘insect are treated as susceptible ones and those,with

reverse attributes as rela tively resistant ones:-

(a) Duration of immature
stages of the insect low

(b) Mortality of immature stages
during development low
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Table 24 Relative ranking of different rice varieties based on
various aspects of antibiosis ‘to C.medinalis

RICE VARIETTIES

Criterion
adopted © ~
E Kw £
o + +>
© A oo S - H : T
3 o B ] [o]
[w] [y} g ¥ o 2 o4 O I~ % ::>S
S O X -+ 8 P & © © <o N N o~ o
?ESRsS a i @SR EEER 28 S
(]
HMHVMEEQ.‘.QEh«OS«E«ll—,,Q%E!M

Larval and Pupal
duration (dis-
cending scale) 14 1346 2 17 915 510 7 18 31 8 16 12 11

Mortality of im-
mature stages ‘ : :
(descending scale)16 7 2 6 3 8 11 17 10 13 9 15 4 1 12 5 18 14

Size ,
(ascending scale) 17 6 452 14 7 812 16 11 181 310 9 13 15

Longevity of
moths ) «
(ascending scale) 14 15 3 54 13 6 17 12 7 1116 2 1 8 18 10 9

Fecundi ty
(ascending
scale) 151336214 5 910 81216 1 4 7 1817 11

Hatehing
percentage ) :
(ascending scale) 14 16 2741110 9 6 513151 3 8 18 12 17
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(¢) Male/Pemale ratios

of resulting moths low
) (3) TLongevity of moths ~ high
(e) Size of resulting moths high

(f) Pecundity of resulting
moths high

(h) Hatching percentage
of the eggs laid by ‘
resulting moths high

Results on sex ratio of the moths reared on different rice
varieties showed considerable variations. In Karuna males were
significantly highef and in Jaganﬁath and Cavery females weare
significantly predominant. The variations in the sex ratio of
mo ths ¥eared out from other varieties did not differ
significantly among themselves. With reference: to all other
aspeéts of 'antibiosis' studied, the variation among the different
varieties was highly significant. Rice varieties showing less
'antibiosis' will help the inseet in building up the popuiation
fast. The ranking in Table 24 shows that the varieties IRS,
Mashoori, TKM{1 and Xochuvithu were highly faYOurable for the
'multiplication' of C.medinalis while IRZO, Adt27, TKM6, H4 and
Pankaj appeared toc be highly unfavourable to the insect's
multiplication. In varieties such as Kéruna, Rohini and Ptb9

though the factors relating to the rate bf.multiplicatipn(such
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as longevity of moths, their fecundity and percentage of egg
hateh) are high the survival factor remain very low. In
varieties like Triveni, Annapoorna and Jagannath the survival

percentage remain high while multiplication factors remain low.



SUMMARY



SUMMARY

A series of laboratory and field experimentis were conducted
to study the rela tive toxieity. of 24 insecticides to moths and

larvae of the rice leaf roller, Cnaphalecrecis medinalis, the

relative efficaey of these inseeticides in controlling the pest
in the field and the 1néect—p1ant relationships between C.medinalis

and different rice varieties.

Suitable metheds for the colleetion of moths of C.medinalis
Ifrom the field, for the collection of their eggs and first imstar
larvae in sufficiemtly iarge numbers and‘for rearing the inseet

in the laboratory, were evelved.

Contact toxicity of 24 insecticides to the notSa of
C.medinalis was assessed for the riruf time by spraying the meths
directly with the insecticides. The LCg, of the insecticides
ethyl parathion, methyl parathien, diasinen, e¢lsan, fenitrothiom,
carbaryl, acephate, fenthion, quinal phos, ecarbophenothion, methyl
deme ton, malathion, thieneton, phorate, phosphamidon, dichlorvos,
leptophos, endosulfan, dimethoate, fermothion, monocroiophos, BHC,
endrin and trichlorfon were .000016, .000056, .000067, ,000105,

.000124, .000277, .000522, .001169, .002061, .002178, ,002635,

.002667, .002825, .004440, .005014, ,005370, .006407,
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.007413, 012790, .013550, .018840, 0,02084, 026550 and

08337 respectively.

Contaet toxieity ef the above imsecticides fo thevlarvac
of C.medinglis was also studied for the firgt time. The LC.,
values for ethyl parathion, methyl pgrathian, elsan, endesulfan,
phosphamidon, acephate, monecre%ephps, dimethoate, diazinon,
carbephenethien, quinalphos, fenitrethien, formothien, diehloervos,
leptophes, carbaryl, endrim, pherate, malathien, methyl demeton,
thiometon, fenthion, trichlorfom and BHC were .00264, .003102,
.003882, ,004539, . 004710, .004753, .004764, .005234, .005346,
.005834, .005875, .006966, .007523, .01002, .0114, .01164, .0123,

.01259, .01488, .0149, .0152, ,015%6, .,0182 and .0929 respectively.

Relative toxieity of the 24 imsecticides to the larvae

- of C.medinalis established within‘liaf folds was assessed nsing

a precision spraying technique in the laberatery and by applying
each inseeticide at 3 doses. DBased om means of the percentage

of moertalities at the 3 doses, ethyl parathiomn, carbaryl,
carbophenothion and methyl parathion giving 83.14, 80.85, 75.67
and 74.88 per cent mertality respGEtively were the most affeétive.
Dimethoate, fenitrothion, fenthion, thienefon, phosphamidon,
leptophos, phorate, formothien a#d quinalphos ﬁere moderately

effective with 69.8, 68.54’ 67.87’ 670279 66057, 65.90, 65027,



130

61.93 and 61.83 per'ecat»iirtulity respectively and menoerotophos,
me thyl dengton, acephate, dichlervos, BHC; elsan, endrinm,
trichlorfon, diagzinon, malathion and endosulfan were the least
effective giving 59.98, 59.16, 53.56, 40.20, 38.42, 38.10, 27.09,

25.32, 2304, 18.78 and 13.68 per cent mertality respectively.

Spraying under Iield,conditiohs, ethyl parathien, carﬁaryl,
carbophenothion, methyl pqrathiqn, d%netboate, fenthion,
femitrothion, leptophos, phosphamiden, phorate, formothien,
methyl dimeton, quinal phes, monocrotophes, fbiometon and acephate
wer§ found to be more effective tham BHC taken as the stamdara,
giving respectively 72.53, 69.03, 67.64, 66,79, 64.25, 64.20,
62.23, 61.07, 59.04, 57.18, 52.44, 52.18, 51.26, 49,17, 46.78
and 45,97 per cent reduetion in larval éopulation. Dichlorvos,
elsan, endrin, trichlorfon, diasiﬁen, endosulfan and malathienm
v@re 1?3; effective than BHC wit‘ 28.54, 27.11, 24.84, 24,69,
20.67, 15.81 and 12.35 per eent reduetion inm larval population

respectively; BHC gave a reduction of 44.67 per ceant.

Field evaluatiom of the relative effieacy of different
 inseeticides, applied at biweekly intervals, im controelling leaf

damage caused by C.medinalis larvae showed that ethyl parathkion,

me thyl pa:athien and carbaryl gave the best contrel in one season,



131

the leaf damage indices béing,significantly lower in these than

in the' other tréatments. In a second season acephate, ethyl
parathion, dimethoate,’quiqalphos, leptophos and carbaryl showed
significant reduction in leaf damage the aifference among themselves
being statistically insignificant. The damage in vlots teated

with the otber inseéticides in‘botﬁ the seagsons did not differ

significantly from control.

Persistent toxiecity of 24 insecticides to the first
instar caterpillars of Q.medinalis was studied by spraying the
insecticides at three different gradéd'doses on rice plants and
byheXposing th'e larvae to leaves collected from the treated plants
at regular intervals. Based on the means of the IT indices of
each insecticide 2t various doses, monocrotophos hsd the maximum
persistent toxicity and it was closely followed by carbaryl,
quinalphos, leptophos and ethyl parathion.> The other insecticides
came in the following descending order: formothion, methyl demeton,
carbophenothion, phosphamidon, acephafe, elsan, fenitrothion,
methyl parathion, malathion, phorate, fenthion, endrin, dimethoate;

trichlorfon, diazinon, endosulfan, thiometon, BHC and dichlorvos.

The experiment to study the effect of leaf damage on the

'yield of 3 varieties of rice viz. IRS, Annapoorna and Kochuvithu,
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when subjected to maximumyinfestation by g.médinalis caterpillars
at different growth stages;of the crop showea that in all
varieties infestation at the bootleaf stage caused the maximum
reduction in yield. Infestation at the late vegetative phase
and at the post-booting stage till the grains were filled, also
reduced the yield significantly. The pest incidence during
poct-filling stage of the crop, even with heavy populstion of
caterpillars, did not reduce the grain yield significantly. " In
general, severe infestation by leaf roller céused significant
rgduction in yield in all the three vgrieties. But the lobeal
variety suffered greater reduction in yield than the )@brid

high yielding varieties when subjected to obligatory infestation

by the pest.

The response of 18 varieties of rice to infestation by
4 different population levels of C.medinglis larvas was studied
in terms of the per cent reduction in yield of grain caused by
the infestation; H4, TKM6 and IR20 suffered the least loss in
yield. Kochuvithu a local variety suffered the maximum reduction.
IR8, Rohini, Triveni, TKM1, Mashoofi and Ptb9 were also highly

susceptible. Pankaj, Adt27, Cavery, Karuna, Jagznnath, Jaya,

Annapoorna and Aswathi wefe moderately tolerant.
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The oviposition responée of'g.medinalis.moths to the
different Qice varieties was studied with provision for the moths
to choose their favoured varieties. There was significant
variation in the number of eggs observed on different varieties.
The average number of eggs‘laid;per plant at one-month stage was
least on Kochuvithu (14.33) followed by other varieties in the
following fiescending order: TKMS (14.66), TEM1 (15.66), Adt27
(16.33), Ptb9 (17.66), Pankaj (18.33), Triveni (18.66), H4 (19),
Cavery (19.66), IR20 (19.66), Aswafhi (20.00), Karuna (20.33),
Jagannath (23.66), Annapoorna (24.33), Rohini (26.66), Mashoori
(28.33%), Jaya (28.66) and IR8 (30.66). The same trend was seen

with the varieties at boot leaf stage also.

The extent of leaf area from which the leaf-roller
céterpillar fed during 48 hours on different rice varieties was
ascessed by devising a suitable technique. Taking the limitation
'in the extgnt of feeding as an index of resistance, the different
varieties of rice tested could be ranked in the following descending
order: TXM6, IR20, H4, Annapoorna, Cavery, Panksj, Triveni, Adt27,
Jaya, Kochuvithu, Aswathi, Ptb9, TKM1, Mashoori, Karuna, -Rohini,

/

Jagannath, IR8. ’

The extent of =n tibiosis shown by different rice varieties



to C.medinalis was assessed in terms of the duration of immature
stages, mortality during larval and pupal developments and size,
the sex ratio, longevity, fecundity and hatching percentage of

the eggs of moths reared on different varieties.

Taking longer duration of immature stages of the‘pest as
correlated with resistance of the plant's to the larval infestation,
the different varieties of rice screened could be ranked in the
following deseending order: TKM6, H4, Adt27, IR20, Jaya, Pankaj,
Cavery, Jagannath, Aswathi, Annapoorna, Kochuvithu, TKM1, Karuna,

IR8, Triveni, Ptb9, Rohini and Mashoori.

Relating higher mortality among larvae and pupae to the
resistance of varieties to the infestation, the varieties could
be ranked in the following descending order: TKM6, IR20, H4, Adt27,
Ptb9, Pankaj, Karuna, Rohini, Cévery; Jaya, Aswathi, Jagannath,

Annapoorna, Kochuvithu, Mashoori, IR8, Triveni and TKM1.

On the basis of the longevity ﬁf fhe moths reared out
on different varieties, the varieties could be ranked as: TKM6,
Adt27, IR20, H4, Pankaj, Aswathi, Annaboorna, Jagannath, Kochuvithu,
TKM 1, Cévéry,-Jaya,‘Rohini, IR8, Karuna, Mashoori, Triveni and

Ptbo.
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The proportion of male meths in the progeny reared on
different rice varieties was significantly higher in Karuna
only. Females were predominant in Jagannath and Cavery.
fhough there were differences among the sex‘ratios in other

varieties these were not statistically significant.

Wifh reference to the fecundity of the moths of C.medinalis
’reared out on different rice varieties, the varieties could be
ranked in the following descending ader: Adt27, H4, IR20, TKM6,
Aswathi, Pankaj, Jagannath, Annapoorna, Triveni, Jaya, Kochuvithu,

Caveri, Karuna, Rohini, IR8, Mashoori, TKM1, and PtbO.

There was statistically significant difference in the
"hatching percentage of the eggs laid by moths of C.medinalis
peared out on different rice varieties. Taking low percentages
of hatching as an index of resiétance the varieties scrseﬁed
could be ranked in the foll&wing deséending order: Adt27, IR20,
TKM6, H4, Annapoorna, Jaya, Pankaj, Jagannath, Triveni, Aswathi,

Rohini, TKM1, Cavery, IR8, Mashoori, Karuna, Kochuvithu and Ptb9.

Taking smaller size of the moths as a factor unfavourable
for the population buld up of the species the different rice
varieties could be ranked in the following descending arder:

Adt27, H4, TKM6, IR20, Pankaj, Karuna, Aswathi, Triveni, Ptb9,
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Jagannath, Cavery, Jaya, !kﬁ1, Rohini, Kochuvithu, Annapoorna,

IR8 and Masheori, S |

The varieties ecould be ranked im the following descending
order based on the extent of leaf damage caused by the pest
under‘fiold inqutation; Kochuvitha, TEM6, TEM{, Ptb9, Adt27,
Pankaj,‘!riveni, IR20, 34; Cavery, Aswathi, Karuna, Annapoerna,

4 .
Jagannath, Mashoori, Rohini, Jaya and IRS,

Relative toxieity of differemnt 1nseotieid;a to the larvae
of C.medinalis assesséﬁ by laboratery bioassay methed does not
hold gbod under field conditions; good contact poisons appear
ineffective in field and vice versa. The need for ficid
experimentation for choosing effeetive insecticides for the

control of pests like paddy leaf roller is thus indicated.

There is correspondance between the mertality ef the
larvae in 1eai folds when sprayed with various insecticides im
the laberatory and the reduetion im larval population in an

infested field treated with the seme inseeticides.

There is a general negative correlation between the

persisient toxieity of various insectioldes on paddy to the
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first install larvae of C.medinalis and the extent of leaf
damage under the insecticidaiitreajments in field. ’Oarbaryl,
quinalphos, leptophos, monocrotophos and ethyl parathidn winich
have longer persistent toxicity cause correspondingly low

leaf-roller damage when sprayed in field at biweekly intervals.

Out of the 24 insecticides studied, 12 are effective
against C.medinalis larvae basgd on different aspects investigated.
These insecticides can be ranked in the following descending
order of efficacy: ethyl parathion, carbaryl, carbophenothion,
me thyl parathion, dimethoate, fent&ion, leptophos, phosphamidon,
phorate, formothion, methyl deme ton and quinal phos. Ethyl
parathion, carbaryl, methyl parathion,‘elsan, fenitrothion,
acephate and diazinon are effective in coﬁtrqlling the moths
of C.medinalis. For prophylactic treatmenf under conditions in
kerala, ethyl parathion, carbaryl, quinalphos, 1eptophos,
monocrotophos, methyl parathion, fenitrothion, acephate and
dimethoate are promising since the extent of leaf damage in plots

treated with these insectcides is low.

Among the insecticides found effective in the above trials
ethyi parathion, carbaryl, carbophenothion, leptophos, formothion,

me thyl demeton, quinalphos and monocrotophos have the maximum
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persistent toxicity fto the_first instar larvae of C.medinalis:
methyl paratﬁion, eisan, fgﬁitrothion, acephate, fenthion and
phosphamidon are moderately persistgnt and diazinon, dimethoate
and phorate the least persistent. BHC, endrin and endosulfan

which are known as highly persistent insecticides show very low

persistent toxicity to C.medinalisg larvae.

Under obligate feeding, there is positive correlation
‘between the leaf area eaten by the larvae of C.medinalis (on
different rice varieties) and reduction‘in yield caused by fbe
larval infestation. Under field conditions the extent of leaf
damage noted on different rice varieties is correlated to the
number of eggs laid on them, when simﬁlfaneouély offered for
oviposition. Hence non-preference of varieties for oviposition

‘makes them less liable 4o infestation under such situations,

Q

Antibiosis studies have shown that varieties like IF%,
Maghoori, TEKM1 and Kochuvithu are highly favourable for population
build up of C.medinalis while IR20, Adt27, TXM6, H4 and Fankaj
are highly unfavourable. Among these TEM6 is tall and 1odging
énd is not abhigh yielder. Hen?e it can be used in breeding
programmes fgr evolving leaf-roller resistgnt varieties, while
the other resistant varieties may be preferred fbr_tracts showing

heavy incidence of C.medinalig regularly.
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Appendix I Per cent Wertality of C.medinalis moths sprayed
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E.parathion, 33.3 40.0 66.7 76.7
M.parathion 26.7 40.0 56 .7
- Diazinon 20,0 33.3 46.7
- Carbaryl
PFenitrothion
Appendix I Per cent mortality of C.medinalis meths sprayed
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Endosulfan ’ .
Dichlorvos ‘ ’
Carbophenothion 13.3 ' 30.0
Elsan 30,0 42,0 60.0 66,7
Fanthion 30,0 43,3 56.6 70.0
Malathion 23%.3
Leptophos
Acephate 30.0 60,0 70.0
Quinal phos ‘ 20,0
Thiometon 20.0
Phosphamidon 10.0 - 13.3
Appendix I DPer cent mortality of C.medinalis moths sprayed
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BHC 33.3
Endrin
Trichlorfan
Dimethoate 43,3 46,6 50,0
Monocrotophos 20,0 26.7 36.7
Formothion ' . 40.0 43,3 46.7
Phorate 43.3 50.0 66.6
Methyl demeton 36.7 56.6 76.6 83.3




with different concentrations of va:ii&g;insecticides in the laboratory
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Appendix IT  Per cemt mortality of 4th instar caterpillars'

insectieides
o S © ¥ £ & & R R g ¢ R 8
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B.H.C.
Endrin - 26.7 40.0
Endosulfan 31.1 C 37,7 48.8
EsParathion 28,9 36.6 53,3 60.0
M.parathion 28,9 60.6 80.0
Dichlorvos 17.8 24,4
Carbophenothion 26.7 37.7 46.6
Diazinon 28.9 3.1 35.5
Elsan 15.5 31.1 53,3 50.0
Fenthion 20.0 28.8
Malathion - 28.9 28,9 35.5
Leptophos 13.3 22.2
Acaphate 26,7 42,2 60.0
Ruinalphos 17.8 40.0 |
Carbaryl 11.1 20.0
_ Fenitrothion 22,2 31,1 33,3
Trichlorfon 28.9
Thiometon 11.1 17.7
‘Phosphamidon 22,2 50.0 62.2
Dimethoate 20,0 , 50.0
Monocrotophos 20.0 . . 50.0 '
Formothion 40.0 44 .4
Porate 6.7 13.3 15.5
Methyl demeton ' 15.5




of C.medinalis sprayed with differeﬁt eﬂ#”«ntrations of various
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Appendix ITI

~Reduetioen
vlen diffex
infested fie

al population of C.medinalis
jecticides were sprayed in an

No. of live caterpillars per
200 leaf folds collected at
random (mean of three plots)

Control

Insecticides Concentration
(Per cent)  Pretreatment 48 hours after
treatment
BHC 0.20 66.66 36,00
Endrin 0.04 70.00 52.67
Endosulfan 0.04 73.00 61.66
E.parathion 0.04 72,66 20.33
M. parathion 0,04 65.33 21.66
Dichlorvos 0.08 75.33 54.66
Carbophenothion 0.04 74,00 24,33
Diazinon 0.04 66,00 52,00
Elsan 0.04 69.66 50.79
Penthion 0,075 65.33 24.00
‘Melathion 0.06 72.00 63.00
Leptephos 0.075 ’72.66 28.33
Acephate 0.06 70.33 36.67
Quinal phos 0.06 73.33 36,00
Carbaryl 0.20 70.33 22,33
- Fenitrothion 0.04 S T71.33 26,66
Trichlorfon 0.20 69.00 52,66
Thiemeton 0.05 69.33 37.33
Phoblanidon 0.04 66.66 27.00
Dimethoate 0.05 69.00 25,00
Monecrotophos 0.04 68.00 33.33
Pormothion 0.06 7700 37.00
Phorate 0.04 70.00 29.66
Methyl demeton 0.05 70,66 34.00
64.66 59. 33




Appendix IV

Extent of 1eaf é
plents treated wi
~ biweekly 1nterv‘

T""caaused by C medinalis to rice
'ifferent insecticides at
irst season)

150

Inseeticides and

~ concentration (per cent)

‘Mean' number of leaves damaged per ploi

to the extent of

A B c D E
BHC 0.20 20111.00  857.33 1015.00 ,191.66 17.33

Endrin 0.04 19877.33  664.00  722.66 220.00 12.33
Endosulfan 0.04 19393,33 545.66  720.33  154.33 22.33
E.parathion 0.04 18685.33 632.66 1228.66 283.33 36.66
M,parathion 0.04 20577.33 724.33 868.33  247.00 10.00
Diehlerves 0.08 18799.00 1003.33 . 682.00 178,00 17.66
Carbophenethion 0.04  19288.33 802.33 1263.66 99.33 12.33
Diazinon 0.04 18580.33 1552.00 1256.66 241.66 17.33
Elsan 0.04 13474.66 839.66 . 732.66 105.00 6.33
Fenthion 0.075 18862.66 892.66 1193.33  125.33 11.66
Malathien 0.06 19552,66 1552,66 1182,33 57 .33 -

- Phosvel 0.075 18502.33 1179.66  243.66 270.33 142.33
Acephate 0.06 20139.66 940.33 947.33  217.66 37433
Quinalphos 0,06 19247.33 1074.33  763.33 126.66 -
Carbaryl 0.20 20834.66 826 .00 979,66 46,33 19.00
Penitrothion 0.04 20582.66 920.00 957.00  167.00 39,00
Prichlerfon 0.20 21140.66  615.00. 576.66 238.66 9.33
Thiome ton 0.05 20584.66 680.66 580.33 185.33 18.00
Phesphamidon 0.04 20587.00 746 .33 1453.66  135.00 44,66
Dime thoate 0.05 20661.33 1031.33 782.33 71.33 40,00
Monocrotophos  0.04 20525.00 810.00 707.66  246.66 27.66
Formethien . 0.06 20576.66 1175,33 302.33  406.66 9.00.
Phorate 0.04 21667.66  1047.33 229.33 371.33 14.00
Methyl demeton 0.05 21184.00 1569.00  117.33  323.33 15,66
Control 21620.00 1624.00 336.33 1214.66 4.00

A = No damage

‘B = 0 to 25 per eent of leaf area damaged

C = 25.%to 50 per ecent of leaf area damaged
D = 50 to 75 per cent of leaf area damaged
E = 75 to 109 per cent of leaf area damaged
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Extent of leaf. ét;aga caused by C.medinalis to rice
plants treated with different insecticides at
biweekly intervals (8econd seasen)

Insecticides and

Mean number of leaves damaged per plot

100

eoncentration (per cent) to tle extent of
A B c D E
BHC 0.2 8926.66 1715.00 1526.66 1625.00 3723.00
Endrin 0.04 9951.66 2175.00 1760.00 1715.66 4027.66
Endesulfan 0,04 9742.66 1790.33 1410.33 1639.00 6752.00
E.parathien 0.04 17668.33 525.00 453,33 66.66 -
M.parathien 0.04 21640.00 751.33 482.66 836.66 549, 33
Dichlerves 0.08 10675.33 1684.00 1838.00 2180.66 4485.66
Carbophenothion 0.04 11036.33 1765.33 1063.00 1800.66  3413,.33
Diasinen 0,04 10456.00 1929.33  1511.33 2342.66 4274.00
 Elsan 0.04 9367.66 2300.00 1960.00 1874.00 4617.33
Penthion 0.075 9536.66 1430.00 1546.66 2250.00 6883.33
Malathien 0.06 11026.33 2294.66 2165.33 1674.00 3545.33
Phesvel 0.075 11068.00 1176.66 498.33 1131.66 2055.00
‘Acephate 0.06 9503.33 1620.00 1533.33  686.66 2573.33
Quinalphos 0.06 15590.00 1583.66 1284.33 1627.00 1010.66
Carbaryl 0.20 18013.33  491.66 460.00 566 .66 660.00
Penitrethion 0.04 12056.66 1331.66 1810.00 2176.66 2220.00
Triehlerfon 0.20 6451.33 3072.66 2532.00 1989.33 5713.00
Thiometon 0.05 6197.33 4847.66 2147.66 2602.00 6272.33
“Phosphamidon 0.04 10960.00 1038.33 1533.33 1566.66 2003.33
Dimetheate 0.05 14671.66 1065,00 1736.66 1043.33 2966.66
Monocretophos 0.04 14139.33 1133.66 977.00 1064.00 2805.33
Formothion 0.06 6636.66 1940.00 1946.66 2043.33 4853.33
Phorate 0,04 12640.00 950 .00 353,33  2640.00 1713.33
Methyl demeton 0.05 12383.,00 1387.00 1031.66 1292.00 2376.33
Control i 9900.00 1446.00 2344.66 1436.00 4422.66
A = No damage
B= 0 1o 25 per cent of leaf area damaged
C= 25 to 50 per cent of leaf area damaged
' D= 50 te 75 per cent of leaf area damaged
E= 75 to per eent of laaf area damagcd '



Appendix VI  Extent of leaf de
plants treated wi
biweekly intervals

sed by C.medinalis %o rice
rent insecticides at
ird season)

15@?*(

Mean

Insectcides and number of leaves damaged per plot
concentration (per cent) %o the extent of
A B ¢ D E

'BHC 0.20 7668.00 2316.66 2573.3%  1961.33 3742.66
Endrin - 0.04 8057.66 1366.33  1159.33 1063.00 2183.33
Endosulfan 0.04 7173433 1843.33  1872.66 1212.00 2060.00
E, parathioen 0.04 11723.33 1966.66 1366.66 616 .66 -
M.Parathion 0.04 8963.33 1873.33  1226.66 1066.66 2460.00
Dichlervos 0.08 3856 .66 1980.00 1520.00 1983.33 5195.00
Carbophenothion 0.04 5778.00 2408.66 1503.00 2380.66 4003.33
Diaginon 0.04 8553.33  2056.66 1580.00  2620.00 2960.00
Flsan 0.04  8842.00  2091.33 1344.66  1455.33 3202.66
Penthien 0075  10286.66  1110.00 1448.33  2116.66 4573.33
Malathion 0.06 4463,33 1800.00  1046.66 1860.00 3460.00
Phesvel 0.075  10918.33 755.00 ©  729.00 747.66 1253.33
Acephate 0.06  8840.00  1043.33 (2P66.66  300.00  86.66
Quinalphos 0.06 8476 .00 1983.33  626.66  1123,33 536,66
Carbaryl 0.20  15280.00 1100.00 1013.33 1066.66 2020.00
Penitrothion 0,04 9103.33 1146.66  1276.66 1840.00 1033,33
Triehlorfon 0.10 6780.00 2133.33  2120.00 1786 .66  4180.00
Thiometon 0.05 5256, 66 1616.66  1248.33 1476.66 4581.66
Phosphamidon 0.04 7007.33 1282.33° 1508.33 1867.33 2950.00
Dimethoate  0.05 13566,66 1165.00 483.33 635.00 1166,.66
Monocrotophos 0,04 6958.66  1975.33 1356.66 1264.66 3275,33
Formothion ~ 0.06 4376.66 2303.33 2246.66 2376.66 5993, 33
Phorate 0.04 4616.66 2176.66  1760.00 1716.66 4023.33
Methyl demeton 0.05 6786.66 1900.00 1596.66 1993.33 3076.66
Control 6770.00 1136.66 676,66 780.00 3823.33

A = No damage : '

B = 0 o0 25 per cent of leaf area damaged

C = 25 to 50 per cent of leaf area damaged

D = 50 to 75 per cent of leaf area damaged

E = 75 %0100 per cent of leaf grea damaged



Appendix VII

Mean weight eof good grains (in g) of different
varieties of rice exposed to C.medinalis larvae
at various intervals after sowing and the mean
yield in’corresponding control plants

Interval after IR8 Annapoorna Kochuvithu
sewing (in days) I T I . . 1
50 73.10  95.60 55.80  84.50 25,20 62.56
57 73.10 ~ 95.20 42.37  82.40 22,97  60.30
64 50,50  93.20 45.27  79.75  31.90  57.9
71 45.10 90.80 39.08 70.50 39.20 . 56.00
78 42.80  90.50  50.45  68.50  48.86  51.%0
85 37.40 89.00 63.60 69.50 50.20 52 .00
92 42.00  83.00 66.58  70.00  49.80  51.50
99 55.20  80.50
106 49.80  78.00
113 75.57  79.00
120 77.50  79.80
I = Infestéd Plants

IT = Uninfésted\plants
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Mean weight:ef,chaff‘in different varieties of
rice exposed to C.medinalis larvae at various

intervals after sowing and the mean weight of
chaff in corresponding control plants

Interval after IR8 _ Annapoorna ~ Kochuvithu
sowing (in days)
| I II I I I 11
50 14.41  9.86 31,10 10.09 19.33 6.05
57 14.28 9.87 24.81 . 10.72 20.42 6.65
64 19.96 10.59 | 24.01 11.63 17.30 8.15
71 18.56 11.45 ‘25.98 13.97 13.93 9.31
- 78 22.34 11.44 17-.50 13.73 12.24 11.20
85 22.40  11.87 15.87 12,76 11.79 11.10
92 21,01 14.31 15.00 | 13.82 12.04 11.09
99 19.13  15.44
106 19.65 16.64
113 14.26 16.58
5120 13.62  16.67

I = Infested plants
II = Uninfested plants



Appendix IX  Mean weightﬁiih g) of‘good grain of different
rice varieties exposed to C.medinalis larvae at
4 populatien levels one week prior to booting stage

185

¥

Population levels

‘Riece varieties

4.larvae 3 larvae 2 larvae 1 larva
per leaf per leaf per leaf per leaf
IRS 25.99 33.84 40.35 46 .41
Karuna 37.47 45.59 54,66 61.75
TR20 45.39 54.23 54.95 66.37
Pankaj 32,81 47.60 52.39 64.29
H4 41.43 54.99 58. 46 63.00
Rohini 22.50 25,52 34.29 44.01
Aswathi 34,12 40.65 42,73 55.07
Triveni 29.52 39,52 A7.40 64.15
Jaya 39. 49 45.92 53,22 60.66
Annapoorna 33.94 36.69 46.14 53.15
Cavery 31.73 41.55 56.10 66.25
Mashoori - 23.92 30.43 35.96 45.85
Ad$27 40.16 47.52 59.08 67.62
TRM6 33.80 44.39 5%.62 61.50
Jagannath 32.48 41.87 45.82 55.75
P4b9 26.72 31,12 36. 11 45.00
TRM4 22,22 25.86 37.19 41.32
Kochuvithu 12.39 17.19‘ 24,48 33.46
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amage, caused by C.medinalis larvae
;;ed varieties grown in field

156

Rice~variety A Bj. C\ D E
IR8 13121.66 1418.66 1511.66 1520.00 3589.00
Karuna - 15160.00 446,33 738.33 766.00 1324.00
IR20 15758.33  811.33  750.00  527.33  1018.33
Panka} 14049.33 180.00 249.33 425.33 698.66
H4 15357.33 304.00 408. 66 83%2.00  1280.33
Rohini 12586.33  1145.00  1448.66  1205.66°  2870.66
Aswathi 13459.33 677.00 605.00 609.66 1011.33
Triveni 18422.66 388.00 178.00 196.66 986.00
Jaya 13356.00 948.33  1019.33  9879.33  3161.00
Annapoorna 15469.33 664.00 769.33 810.66 1419.33
Cavery 16258.66 554.66 786.QO 866.66 1226.66
Mashaori ‘ 13502.00 1535.66 1348.00 ‘ 2169.00 2168.33
Adt27 16875.00 533.33 443,33 386,66 406.66
TKM6 12986.00 14.66 6.66 25.00 23.66
Jagannath 14218,.33 884.3%3 893.66 818.00 1275.66
Ptb9 11644.66 112.66 151.66 127.00 150.00
TKM1 17869. 30 97.66 - 88.00 125.66 102.66
Kochuvi thu 12608.00 18.00 14.00 32.66 6.66

A = No damage .

B= 0 to 25 per cent of leaf area damaged

C = 25 .to 50 per cent of leaf area damaged

D= 5 to 75 per ecent of leaf area damaged

E = 75 10 100 per cent of leaf areca damaged
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