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INTRODUCTION

Ingecticides have saved human beings from the disasters
of many contageous diseases and frequent occurrences of famine.
Sevéral developing countries which experienced big deficits
in food in late 1960's could tide over the crisis and get
themselves comfortably placed in food front, either through the
green revolution realised in their own country or through the
surplus food made available in the developed countries through
a miraculous increase in crop productivity which they could
achieve through modern farming technologies., . Plant protection
and insecticides played a pivotal role in these memorable
achievements of humanity. In spite of all that is said against
the continued use of pesticides, there is no two opinion about
the vast benefits derived from insecticides in different walks
of human life. Though intensive efforts are now being made
to keep insecticides out of the arenz of plant protection
none of the alternatives discovered or projected for the
immediate future has indicated the emergence of an effective
technique economically viable, for tackling the numerous
problems posed by insects. In this conbtext insecticides are
bound to stay as a part of modern technology in agriculture,
public health, trade and in several other areas of human life
for years to come. Plant protection scientists must hence know
all the good and bad effeects of insecticides so that adequate

precautions can be taken while recommending them for different
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needs in varying situations and the potent hazards from these

toxicants can be brought down to the minimum.

From the very commencement of chemical control of insect
pests in fields the odd phenomenon of the pesticide treated
plots holding populetions higher than those of control plots,
after an initial reduction}'and the occurrence of greater
damage in treatments compaﬁed to control nad been of regular
occurrence. For a long time this paradoxical situation was
being attributed to the desfruction of natural enemies in
treated plots. The destruction of natural eﬁémies would cause
an upsurge of the residual population after treatment while
the population in control wa.s being kept low by the activity
of natural enemies. In 1950's this phenomeﬁon was identified
as one of the direct adverse effect of insecticides on insects
and the term resurgence was coined to refer the same. In
subsequent years insecticide induced resurgence was reported
from different parts of the world (Bartlett‘and Ortega, 1952;
Saini and Cutkomp, 19663 Dittrich et al., 1974; Mc Clure, 1977;
Oka, 1978; Chelliah, 1979; Raman and Uthamasamy, 1983). At
International Rice Regearch Institute in Philippines resurgence
was being observed regularly especially with the population
of N. lugens, which was being controlled with all sorts of
insecticides used extensively for a number of years (IRRI,

1969, 1971, 1974, 1977). Having recognised as an important



limiting factor in the use of insecticides in an agroecogystenm
extensive regearches on resurgence had been initiated all over

the world,

In Kerala also the most'serioas pest of rice, especially
in Kuttanad the known rice bowl oflthéIState;'is undoubtedly
the rice brown plant hopper, ﬁ; lugens. This“pest‘emerged’in
devastéting proportions in 1973 rendering thousands of acres
of paddy land left with no straw or grain %o harvest. Since
ﬁhén:g. lugens has remained as potent menace in the agricul-
tural sector. The insecticides Which pﬁoved effective in
ea¢lier days had become ineffective in course of time and the
odd situations of the treated plots giving lesser yield ﬁhén
the untreated plots also occur in the area quite frequently.
This may also be attributed to the resurging pest populations

in the area,

Though a lot of basic informations on thé inducement of
resurgence in N, lugens by certain insecticides have been
generated in rééent years, particularly through the persistent
efforts of Chelliah (1979), Heinrichs et al. (1982 a & b) and
Reissig et al. (1982 a & b) at IRRI; many aspects are yet %o
be investigated, In this context the following green house
studies, laboratory experiments and field trial were taken up

at the College of Agriculture, Vellayani, during 1984-1986.



- 8. Gorrelatlng the variations observed in the factors
studied under item 7 and the varying levels of resurgence in
the populations of N. lugens in the corresponding treatments

with a view to understanding the mechanism of resurgence.'

9. Assessment of the direct effect of resurgence inducing
1nsect101des on the reproductive potentlal of W. lugens by
exposing last instar nymphs of the insect to varying sublethal

levels of insecticides.

10. Confirmation of the results obtained from green house
s%udies and laboratory experiments through a field ftrial and
alsc to study the extent of suppression of natural enemies of

lugens due to insecticide application and to ascertain its

role in csusing the resurgence of the insect.
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1. A geries df green house experiments wére carried out
for screening the insecticides recommended for the control of
rice pests:iﬁ Kerala for their-resurgence inducement in
N. lugens and to standardise the procedure for the screening

of insecticides for resurgence, eliminating possibilities of -

errors, if any.

2, Assesgsing the pgrsiStence of plant mediated resurgence

effect, induced by the insecticides, on rice plants.

3% Screening 21l the insecticides available in Kerala
for resurgence inducement since they may get recommended for
paddy pest control at the exigencies of nom-availability of

the recommended pesticides.

4. Ascertaining the resurgence effect, if any, of the

weedicides and fungicldes commonly used in paddy fields.

5. Studying the influence of different varieties of rice
on the inducement of resurgence caused by insecticides in

N. lugens.

6. Assessing the role of plant growth stimulatign caused

by‘insecticides on the resurgence inducement in N. lugens.

7 Assessment of the effect of resurgence inducing
insecticides on the nutrient content and biochemical constituents
of the treated rice plantes and on the feeding rate of N. lugens

exposed on treated plants for progeny production.
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1< REVIEVW OF LITERATURE

A brief review of literature related o the different

aspects covered in the present investigations is given below.

1.1. Definitions of resurgence

Ripper (1956) recognised resurgenéé as & problem in
plant protection for the first time. He defined resurgence
as a tremendous increase in pest popuiation brought about by
an insecticide, within a relatively chort time, in spite of
the good initial kill at the time of treatment. He listed
50 species of arthropods whose population showed resurgence
after treatment with diverse chemicals,C He also recognised
another type'of résurgence in which economically unimportant
non-target species developed in serious proportions when

chemicals were applied against a target species.

Heinrichs et al. (1982 a) suggested that a statistically
significant increase in population of the target pest in
insecticide~treated plots or in the damaée caused by the pest,
over that of untreated plots, may be called resurgence.
Chelliah (1987) suggested that an abnormal increase in pest
p0pulafions far exceeding the economic injury level must be
evident in resurgence. Jayaraj and Regupathy (1987) cpined
that statistically significant increase of the population in

treated plots over that of control plots, at any particular



period after insecticide application, would not be sufficient
for recognising resurgence and overall rate of increase or
decrease in population over a considerable peried of time in

treated and untreated plots should be taken into account.

1.2. Resurgence of pegts reported on &iffe:ent crops

1.2.1. RICE

1.2.1.1. HNilaparvata lugens St21

The first report of increased incidence of this pest in
tropics, due to the application of insecticides (hexachloro-
¢cyclohexane - HGH); was from the International Rice Resgearch
Institute, Philippines and a population three times higher
than that of control plots was observed (IRRI., 1969). In a
field experiment conducted during 1976, resurgence was recorded
in plots treated with NRDC 161 (deltamefhrin), méthyl parathion
and diazinon and the increasesg in pest populations observed
were 16.4, 6.0 and 4.7 fold respectively. In another experi-
ment conducted during the same period with wvariety IR 22,
insecticides FMC 35001, FMC %1768 and‘AC 64475 were also
found to induce resurgenc%/the increases in'populatiens being
28.1, 17.9 and 12,1 fold respectively. In these trials
perthane, acephate and vamidothion were'seen consigtently
reducing the reproductive rate, when compared to control

(IRRI., 1977). Chelliah and Heinrichs (f978) observed that



nynphs of N, lugens reared on plants treated earlier with
nethyl parathion and diazinon developed as adulis laying
significantly higher number of eggs than the insects reared
on untreated plants, They also observed that the hoépper burn
cauéed by'éiﬂ'to rice piaﬁts, éprayed with NRDC 161 and methyl
parathion; was significantly greater %han that caused by the
same number of happers.feedingldn untreated planmts. Aquino
et al. (1979) observed higher damage by N. lugens in fields
treated thrice, at 4, 7 and 10 wecks after planting with
azinphos ethyl, triazophos, methyl parathion, dimethoate;-_
monocrotophos and fenthion., In a labo:atory study Chélliah
and Heinrichs (1979 a&b) screened twenty four insecticides
for resurgence inducement in N, lugens and found that methyl
parathion, fenitrothion, deltamethrin, diazinon and fenthion
increased the reproductive rate of the insect significantly.
Carbophenothion, FMC 27289, PMC 31768, endosulfan, acephate,
phosphamidon, methomyl, azinphos ethyl, AC 64475, DS 15647,
cypermethrin and trlazophos were on par vith control while

A 47171, FMC 35001, vamidothion, BPMC and perthane reduced
the reproductive rate of the insect. Among granuler inseecti-
cides tested, diazinon, cartap and aldicarb inducéed resurgence
while carbofuran, dacamox aﬁd FMC 31768 were on par with

control.

Heinrichs et al. (1982 a) found that spraying rice four

times with deltamethrin and carbofuran resulited in 385 and
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20 fold inereases in nymphal populations of N. lugens
resvectively when compared to the population in control.
Reissig et al. (1982 b) evaluated thirty five insecticides

in five consecutive ﬁield trials at IRRI, Philippines and
found that azinphos ethyl, quinalphos, phenthoate, methomyl,
monocrotophos, triazophos, deltamethrin and fenvalerate
increased BPH population 5 - 10 times than that of control,
tetrachlorvinphos and pyridafenthion Qauéé@415 times increase,
diazinon; isazoﬁhos, carbofuran and me%hy1~parathion caused
30 - 35 tiﬁes iﬁcreaée and cyanofenphos eaused 72 times

increase when compared to the population in control.

Raman'and'Uthamasamy (1983) identified-deltamethrin,'
methyl parathion; quinalphos, cypérmethrin, permethrin and
fenvalerate as resurgence inducers of K. lugers with 1.19 to
2.24 times increase in the reproductive rate when compared

to the reproductive rate in control.

1.2.1.2. Sogatella furcifera Horvath

Application of deltamethrin, methyl parathion and
cypermethrin on rice at 20, 30 and 40 days after planting
(DAP) increased the progeny production of S. furcifera to the

extent of 28.5 to 60.9% over that of comtrol (IRRI., 1978).

=

Cypermethrin and cis-cypermethrin were reported to induce

resurgence of 8. furcifera in Malaysia (Vorley, 1985)
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1.2.1:3. XNephotettix spp.

Regurgence of rice green leaf hopper N, cincticepé,
following Iinsecticidal treatment was extensively reporfed
from Japan (Kobayashi, 1961%; Kiritani' et g;.,'1971i’Kiritani,
1979). TField experiments conducted'ih Tamil Nadu é;owed that
phorate granules applied at 2 kg ai/ha induced resurgence of
N. virescens (Distant) the population in treated plots being

twice that of control (Velusamy, 1987).

1.2.1.4. Zygina maculifrons (Motch.)

Mani and Jayaraj (1976) reported resurgence of blue leaf
hopper Z. maculifrons in rice fields 5 - 6 weeks after plant-
ing, consequenf on seed treatment or seedling root dip with
phosphamidon, acephate, monocrotophes, dimethoate or dicroto-
phos and the increase in population ranged from 1.6 Ho 2.6

times than that of control.
1.2.1.5. Chilovsuggressalis (Valker)

Miyashita (1963) observed an increase in the population

of striped stem borer C. guppressalis in many areas of Japan

after the large seale use of HCH and parathion for the control

of the pest.

1e2e1.6. Cnanhalocrocig medinalié-Guen,

Resurgence of leaf folder was noticed in fields treated

with phorate coupled with the adoption of closer planting and



the application of a higher dose of nitrogenous fertilizers
(Chellieh and Heinrichs, 1980). Subrameniam gt al. (1985)
reported that seedling roet dip with chlorpyriphos - for 12 h
followed by broadcasting of carbofuran at 20, 40 and 60 DAP
induced high levels of leaf folder infestation at 75 DAP.

1.2.2, COTTON

1.2.2.1., Aphis gossypii G.

As early as 1952 Baritlett and Ortega observed increased
incidence of A. gossypii in fields treated with ferbam, methoxy-
chlor, &ioxathibn, calcium arsenate and nicotine sulphate.
Application of DDT was found to stimlate +the build up of
aphids on eotton (Rulkarni and Ratagihallimath, 1955; Patel
et al., 1956), With the introduction and subsequent widespread
ugse of synthetie pyrethroids for boll worm control in cotton,
resurgence of A. gossypii was repeatedly observed. Application
of pyrethroids like cypermethrin, fenvalerate, permethrin
(Balasubramanian gﬁ_g;.; 1980), deltamethrin, fenvalerate and
permethrin (Sellammal et al., 1979) increased the population
of 4. gosszgi'. Sithanantham et al. (1973) observed that the
use of gystemic insecticides, disﬁlfoton, phorate and
dimethoate on cotton, for the control of sucking pests,
caused ‘gsignificantly higher population of cotton aphid after
an initial period of efficacy, in contrast to a distinctly

lower population on untreated plants.
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Deltamethrin; cypermethrin and fenvalerate induced
resurgence of A. gos 3311 to the tune of 5 to 6 fold
(Natarajan et al., 1987 b) and 10 to0 15 fold (Rengarajan
et al., 1987) over control. Three rounds of application of
synthetic pyrethroids viz. fenpropathrin, fiucythrinaﬁe,
fluvalinate (Rengerajan et al., 1987) and S 524 a new
pyrefhroid (Surulivelu and Sundaramurthy, 1987) induced
popﬁlation build up of coﬁton:to two to three times of the
populsation in control plots. Natarajan gz_gl, (1987 =)
observed a reduction in aphid populatioﬁ when cypermethrin,
fenvalerate and fenpropathrin were alternated with monocroto-
phos. Dusting with carbaryl increased aphid peopulation by
37 to 71 per cent over control (Thimmiah and Kadapas, 1987)
and spraying with endosulfan increased the populations 5 to 6
times of the population in control plots (Watarajan et al.,

1987 b).

1.2.2.2. Bemigia tabaci (Gennédius)

Flare up of vhite fly poﬁulation was reéorted subsequent
to the application of DD?, dimethoate (Joyce, 1959; Van der
Lazn, 1961), endosulfan (El-ﬁashir, 1974), phbsalone (Satpute
and Subramanian, 1983) and monoerotophos:(Dittrich et al., |
1985; Ajri et al., 1987). David e} al. (1986) observed that
the population of B. tabaci in plots treated with cypermethrin

and deltamethrin (ecotton variety MCU 5) was 35 and 27 per cent



higher than that of control. Natarajan et al. (1987 a)
reported that the application of cypermethrin, fenvalerate
and fenpropathrin when alternated with monocrotophos
increased the whitefly population two fold over the popula-

tion in plots treated with pyrethroids alone. -
1.2.2.3. Ferrisia virsgata (Coékrell)

In Tawil Nadu, Uthamasamy gﬁ al. (1987) found 4.7 fold
higher infestation of cotton mealy bug F. virgata over control
in plots treated with fenvaletate. -Permethrin, cypermethrin
and deltamethrin also induced higher build up of the mealy
bug. and the increase in poPulation ranged from two to four

times of the population in control (Patel gt al., 1987).

1.2.2.4. Ietranychus spp.

Application ofigynthetic pyrethroids on cotton resulted
in the resurgence of T. cinnabarinug Boisduval (RKuppusamy
et al., 1979; Ramesh Babu and Azam, 1983)., In Gujarat, high

population of I. cinnabarinus was recorded on cotton treated

with permethrin, cypermethrin, deltamethrin, fenvalerate and
cyfloxylate (Patel et al., 1987). Reddy et al. (1987)
concluded that continuous use of fenvalerate resulted in

resurgence of Tetranychus neocaledonicusg Andre. on cotton.

Pasupathy and Vemugopal (1987) observed lesser extent of mite

resurgence on cotiton treated with cypermethfin uaging
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electrodyn sprayer than when the same chemical was applied

with knapsack, mist blowér or ULV sprayers.

1.2.2.5. Amrasca biguttuls biguttula Ishida.

Significant increase in the pdpulation of A. bigubttula
was reported on cotton subsequent to the application of
disnlfoton granules (Sithanantham, 1968;.Navaneethan, 1970;
Regupathy and Jayaraj, 19733).-HoweVer spraying synthetic
pyrethroids or conventlonal insecticides even.up to five
rounds on cotton in Haryana did not induce regurgence of the

leaf hopper (Singh et al., 1987).
1243, BHINDI

1.2.3.1. Amrasca biguttula bisubtula Ishida.

Population of bhindi jassid A. biguttuls on plants
treated with disul%oton 2t sowing showed an inereasing trend

from eighth week after sowing (Regupathy and Jayaraj, 1973b).
1.2.%5.2. Aphig gogsypii G.

Regupathy and Jayaraj (1973é§®bser§ed that the applica-
tion of phorate on bhendi could control A. gossypii up to
five weeks after treatment and it caused an increase in the
population up to the extent of twice than that of the control
plants at the eighth week after treatmént, But dimethoate,

methyl demeton or disulfoton did not increase the population.
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1.2.3.3. Tetranychus urticae Koch.

Regsurgence of T. urticae was noticed on bhendi two
weeks after the third round of spraying with ethion and the
populations in treated plots were about four fold higher than
that of control plots (Narasimha Rao et al., 1987).

1.2.4. BITTER GOURD

1.2.4.1. Aphis malvae K.

Ravindranath and Pillai (1987) reported that 80 per cent
increase in the population of A. malvae was observed on bitter

gourd following two sprayings with deltamethrin.

1.2.5. BRINJATL

1.2.5.1. Myzus persicae Sulzex.

Subba Rami Reddi et al. (1987) recorded resurgence of
M. persicae on brinjal following five roundslof spraying
with cypermethrin and deltamethrin, the increase in treat-
ments being 314.5 and 129.5 per cent respectively of the

population in control plots.

1.2.5.2. Ietranychug cinnabarinus Boisduval

Uthamasamy et al. (1976) reported that the application

of acephate induced more number of L.cinnabarinus on brinjal.



Spider mite resurgence was also observed on brinjal treated
with endosulfan, fluvalinate and deltamethrin, the increase
being 2.9, 9.6 and 3.1 times that of control respectively
(Verma and Bose, 1987).

1.2.5.3. DBemisia tabaci. (Gennadius)

In Tamil Nadu, increased incidence of B. tabaci was
noticed on brinjal repeatedly sprayed with pyrethroids
(David et 8l.,; 1987).

1.2.6., CHILLIES

1.2.6.1. Polyphagotarsonemus latus Banks.

Resurgence of P. latus was reported on chillies caused
by three rounds of spraying with monocrotophos, methyl demeton,
thiometon, phosphamidon, formothion and phosalone, the popula-
tions observed two weeks after the third spraying being 34.8,
33.9, 30.1, 33.3, 33.6 and 12.7 fold higher than that of
control respectively (David, 1987). In another experiment
synthetic pyrethroids deltamethrin, fenvalerate, permethrin
and cypermethrin were also seen inducing resurgence of chilli‘

mite (Mallikarjuna Rao and Ahmed, 1987).

1.3, Factors influencing the resurgence of pests

Several factors influencing the inducement of resurgence

of insect pests have bBeen recognised.
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f,3.1, Type of ingecticide

No definite relationship could be established between
the degree of resurgence inducement and the nature of the
insecticides used. The resurgence inducing insecticides were
found among synthetic pyrethroids, organophosphates and
carbamates (Chelliah, 1979; Reissig et al., 1982 bs Chelliah,
1987). "

1.3.2. Dosage of insecticides

In several laboratory and field experiments the'doses
of insecticides used were shown o ha#e significant effect on
the degree of resurgence. Methyl parathion 0.04 per cent
emulsion gave high reproductive stimulation of N. lugens
while the reproductive rate was reduced at concentrations
higher and lower than 0.04 per cent (Chelliah and Heinwrichs,
1978). Chelliah and Heinrichs (1979 a) observed that aldicarb
at 1 kg ai/ha caused reproductive stimilation of N. lugens
and it was on par with control at the lower dose of 0.5 kg
ai/ha. Diazinon and cartap had stimulatory effect at the

doses of 0.5 and 1 kg ai/ha.

Application of sublethal concentration of methyl
parathion and cypermethrin (WL 43467) on the fifth instar
nymphs of N. lugens increased the fecundity of the insect and

there wag an inversge relationship between the dose and the



stimulatory effect (Chellizh and Heinrichs, 1978). Heinrichs
et al. (1982 b) investigated the effect of varying doses of
_insecticides on resurgence of_ﬁ. lugens in a field experiment
and they found fhat the higher doses of deltamethrih and methyl
parathion gave higher level of resurgence. Baléji et al.
(1987) reported increased progeny produciion of-ﬂ. lusens on
rice plants sprayed with lower dose 6f fenvalerate while in
the case of deltamethrin both higher and lower doses were

found resurgence inducing,

1.3.%3, HMumber of application

Chelliah (1979) reported gignificant increase in the
reproductive rate of N. lugensg exposed to plants sprayed
thrice with methyl parathion as compared to the population
on plants sprayed once, while the progeny production on plants
sprayed with deltamethrin once, twice or thrice did not show
significant differences. Heinrichs et al. (1982 a) observed
that the degree of resurgence increased with increase in the
number of insecticide applications on crops., In the surveys
conducted in Tamil Nadu, the population of B. tabaci on
cotton was found to increase in proportion with the increase
in number of applications of pyrethroids (Jayaraj et al.,

1987; David et al., 1987).



1.3.4. Growth stage of the crop

Raman (1981) reported that the application of resurgence
inducing insecticides at 20 and 30 DAP markedly increased the
progeny production of HN. lugens compared to the treatments
done at 40 DAP alone or at 10, 20 and 30 DAP Helnrlchs-et al.
(1982 a) found that deltamethrin and methyl parathion applied
elther at 50 and 65 DAP or at 20, 35, 50 and 65 DAP caused
greater degree of resurgence when gompared with any other
timing of insecticide application. Kenmore and Mochida (1984)
- observed that the application of deltamethrin and methyl

paréthion_at 42 and 49 DAP was more stimmlatory in Mindanao.

1.3.5. Method of application

Heinrichs et al. (1982 a) recorded 20 fold increase in
the population of N. lugens in fields sprayed with carbofuran
ﬁhile the root zZone application of the insecticide showed
only a four-fold increase in the p0pula%ion, But Reissig -
et al. (1982 b) observed that carbofuran applied in eoil
induced higher resurgence of N. lugensg while the chemical
sprayed on‘foliage eontrélled the pest effectively.

1.3.6. YVariety of the crop

Chelliah (1979) reported that deltamethrin and methyl

rarathion on a susceptible variety, T(W)-1 increased the
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reproductive rate of N. lugens while these insecticides
'did not cause resurgence on the three resistant cultivars

IR 26, Madgo and ASD 7. Aquino and Heinrichs (1979) found
that cypermethrin did not show any resurgence effect on
varieties with inherent resistance to H. lugené compared to
susceptible varieties. The degreés of resurgence ofAE.-lugens
and S. furcifera on different varieties of rice was studied
by Reissig et 2l. (1982 a) and Salim and Heinrichs (1987)
respectively and they found that the degree of resurgence
was inversely related to the levels of resistance. But such
a relationship between resurgence of BPH agd levels of
resistance could not be established in the studies conducted

by Raman (1981) or Mathew and Das (1987).

1.4. Mechanism of resurcence inducement

1.4.1. Resurgence of insects through the phytotonic

effect of ingecticides on host plants

Chelliah and Heinrichs (1978) found that the resurgence
inducing insecticides (methyl parathion, diazinon, WL 43467)
and noninducing insecticides (FMC 35001 and perthane)
increased the tiller number and height of rice plants. Number
of leaves was observed to be higher in plants treated with
certain resurgence inducing insecticides Llike deltamethrin,
methyl parathion and carbofuran (Heinrichse et al., 1979;

Raman and Uthamasamy, 1984). Direct relationship between
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the growth and archetecture of the plants and the number of
-insec%s alighting on them was observed by the authors though

a direct relationship between the resurgence and phytotonic
effecf could not be established. Chelliah and Heinrichs (1980)
observed that the application of resurgence inducing and non-
inducing insecticides did not influence the percehtage of

macropterous forms of N. lugens alighting on rice plants.

1¢4.2. DNutritional sgtatus of host plants and resurgence

of pesgts

1e4.2.1, Major elements

Rodriguez et al. (1957) observed higher incidence of
mites on beans and cotton treated with HCH. Further stundies
revealed that N, P and K content and plant growth in treated
plants were higher. Higher nitrogen and sugar content was
noted in beans treated with DDT and the higher population
build up of I. uriticae observed on treated plants was attributed
to the variations in nutrient content (Saini and Cutkomp, 1966).
Increasesin the nitrogen content of the plants treated with
insecticides and conseguent increase in pest population was
observed in the case of Aphis fabae Scop. on sugar beet

(Smirnova, 1965) and Tetranvehus sp. on apple (Lobzhanidze,

1977). Oka and Pimental (1974) observed similar increase in
nitrogen content of corn caused by the application of 2, 4=D
which resulted in a three-fold increase in corn leaf aphid |

population and one-third more fecundity in corn borer.



Mani and Jayaraj (1976) observed ‘that the highef build
up of rice blue leaf hdpper 4. macﬁlifronsﬁén ﬁlants subjected
to seed treatment or seedling root dip with phosphamidon,
monocrotophos, dimethoate and dicrotophos was due to high
levels pf nitrogen and phosPhorué, lower ca;l_cium and sugar
content and narrowed carbohydrate nitrogen ratio in treated

plants then in untreated plants.

1e4.2.2. HMinor elements

Cole et al. (1968) reported that the application of
organo-chlorine insecticides increased the content of calcium,
magﬁesium, manganese, iron, boron and zinc'in corn and beans.
Chellish and Heinrichs (1978) and Ramsn (1981) did chemical
analysis of rice plants, wvhich received foliar sprays of
resurgence inducing insectibides. They did not find signifi-
cant differences in Ca, Mg, Zn and Mo content of the treated
plants when compared\to untreated plénts. But there were
significant differences in copper and iron content of the

plants.

1.4.2.3. Amino acids and sugars

Thakre and Saxena (1972)'observed.that the application of
DDT, 2ldrin, endrin and lindane on beans stimulated synthesis
of the important amino acids argenine, histidine, leucine,

lysine, proline and tyrcsine in corn and decreased the content
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of tryptophan. Application of disulfoton, phorate and
dimethoate on cotton lowered the qarbohydrate content result-
ing in narrower carbohydrate nifrogen ratio and greater
quantities of free amino acids,’esPecially cystine, asparégine
and teyptophan., The improved biochemical status of the host
plant was suggested to induce development and higher reproduc-
tion in A. gossypii resulting in resurgence of the pest
(Sithananthanm et 2l., 1973). Regupathy and Jayaraj (1973 a,
1975 b, 1974) reported that the application of phorate on
bhendi resulted in an increage in nonprotein nitrogen,
ammoniacal nitrogen, total free amino acids; gsucrose and
potassium content and a decrease in the calecium content.

High incidence of A. gossypii and A, biguttula observed on
treated plants was attributed to the above changes in the
biochemical conient of the plants. Uthamasamy et al. (1976)
atﬁributed resurgence of Tetranychus sp. on brinjal, to
inereased levels of total and reducing sugars, proteins and
phospheorus and lower contents of phenols and potassium in

plants following the application of acephate.

Buenaflor (1981) investigated the biochemical basis of
brown plant hopper resurgence on rice in Philippines. The
levels of free émino nitrogen and Hotal nitrogen in the leaf
sheaths of rice plants treated with delbtamethrin were signifi-

cantly higher than the levels in plants treated with perthane.



Carbohydrate~-nitrogen ratio in deltamethrin treated plants
was lower than the ratio in the control or perthane treated
plants. Kempraj (1982) observed that the mumber of amino
acids in the ovarian tissues of N. lugens fed on rice plants
treated with methyl parathion was higher than that of the

insects fed on untreated plants.-

1.4.3. Bffects of insecticides applied on host plants

on the biology of the insect pests

1e4.3.1. Nymphal duretion

Chelliah (1979) observed a reduction in nymphal duration
of N. lugens when lower doses of resurgence inducing chemicals
diazinon and metalkemate ﬁeré applied in granuvlar formulation
to rice plants and he suggested that the shortened life cycle
might have accelerated the résurgence inducenment, But carbo-
furan and aldicarb caused no significant difference in nymphal
duration as compared to countrol though these insecticides also
induced resurgence. Application of deltamethrin was also found
%o indﬁee resurgence and a reduction of nymphal duration was
attributed as one of the mechanisms of resurgence inducement
in the case (Chellish and Heinrichs, 1980). But a significant
extension of larval period of Pieris brassicae L. was observed
vhen the larvae were fed on leaves ﬁreatedlwith sublethal doses

of resurgence inducing cypermethrin and permethrin (Tan, 1981).
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Knutson (1955) attributed the increased reproductive
rate of Drosophila melanogaster Mg., exposed to sublefhal

doses of dieldrin, to the increased adult longevity as a result
of which the fly had a longer reproductive period. Sublethal
doses of carbaryl (LDBO) significgntly increagsed the adult
longevity of Spodoptera liturs Fb. (Abo-Elghar et al., 1972),

carbofuran and carbaryl increased the longevity in Diabortica

virgifera Lec. (Ball and Su, 1979). Chelliah and Heinrichs
(1980) reported that adult longevity of N. lugens was increased
significantly on rice treated with deltamethrin while it
remained unchanged on plants treated with methyl parathion,

diazinon or perthane.

Adkinson and Wellso (1962) found that the longevity of
Pectinophors gossypiella Saund., which survived sublethal

doses of DDT, was shoritened. Chelliash and Heinrichs (1978)
dbéerved that direct application of methyl parathion, delta-
methrin, cypermethrin and FMC 35001, at their sublethal
dosages, on the fifth instar nymphs of N. lugeng did not
significantly influence the longevity of adults.

1.4.%3.3, Sex ratio

Dittrich et 2l. (1974) and Reman (1981) observed a

positive correlation between sex ratio and resurgence of
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7. urticae and ¥. lugens. Favourable influence of delta-
methrin, methyl parathion, guinalphos, cypermethrin,
permethrin, fenvalerate and fenthion on the sex ratio of

N. lugensg was reported by Raman and Uthamasamy (1983).

But Chellish and Heinrichs (1978 and 1980) reported
that the application of resurgence inducing insecticides did

not significantly influence the sex ratio of H. lugens.

1.4.3.4. Feeding rate

Chelliah and Heinrichs (1980) reported that the feeding
rate of;gi lugens was significantly higher on plants treated
with deltamethfin, methyllparathion and diazinon compared to
the feeding on plants treated with perthane oxr wﬁter. Raman
and Uthamasamy (1983) also observed an increase in the feeding
rate of H. lugens caused by quinalphos, cypermethrin,
fenthion, permethrin and fenvalerate. Gajendran (1984)
reported aﬁ increase in the feeding rate of A. gossypii
exposed on cotton plants treated with deltaméthrin and methyl

parathion at low doses.

But a reduction in feeding rate was reported on the
larvae of Pierig brassgicae exposed %o sublethal doses of

cypermethrin and permethrin (Tan, 1981).



1.4.%3.5. Reproductive rote / progeny production

Sitophilus granparius L. exposed to sublethal doses of DIT

had higher progeny production (Kuenen, 1958). Baritlett (1968)
found that among 55 pesticides tested, ferbam, calcium arsenate,
methoxychlor and dioxathion stimulated the reproduction of

A, gossypii while dieldrin, nicotine sulphate, phosphamidon and

carbaryl stimulated reproduction of T. urticae.

Moriarty (1969) reviewed the literature on the effect of
sublethal doses of synthetic insecticides on insects and c§n~
cluded that the insecticides might increase or decrease the
reproductive potential, change the behaviour of insects and also
iffect the enzyme induction. Hart and Ingle (1971) observed an
enormous upsurge of brown soft scale Coccus hesperidium L.
on citrus by sublethal exposure to methyl parathion. Resurgence

was observed with sublethal doses of DDT, toxaphene, and

endrin on Coleomegilla maculata DeGeer (Atallah and Newsom,

1966), phosphamidon on M. persicae (Parry and Ford, 1971),
carbaryl and fenitrothion on Spodoptera littoralis (Boisd.)

(Abo-Elghar et 2l., 1972), dimethoate on Fiorinia externa I.

(McClure, 1977), methyl parathion and methomyl on insect
pests of soybean (Sheéard et al., 1977), phosfolan, mono-
érotophos and leptophos on S. littoralis (El—ﬁakwah and
Abdel Salam, 1974), carbaryl and DDT on T, urticae (Dittrich

et 2l., 1974), carbofuran and carbaryl on Diabortica vergifers

Lec. (Ball and Su, 1979). Reproductive stimulation was



observed as the main wechanism of insecticide induced
resurgence of N. lugens was evi&encedlby the higher fecundity
of insects.feeding on plants treated with resurgence inducing
insecticides like deltamethrin, methyl parathion, diazinon,
fenitrothion and fenthion (Chelliah, 1979). Chelliah gt al.
(1980) topically applied LDg# LDy doses of methyl parathion
and deltamethrin on fifth instar'nymphs‘ofiﬂ. lugens and
found increased reproducﬁive rate in the'reéulﬁing adults
although the doses for maximum stimulation differed between
the two insecticides. Similar studies by Gajendran (1984)
showed that deltamethrin at Lﬁ1o and LDZO and carbaryl at
LD3§ doses stimulated the reproductive rate of A. gossypii
and methyl parathion and monocrotophos at LDy, level stimuiated
the reproduction of Dysdercus cingulatus Fb. on éotton. It
wag also observed that applications of sublethal doses of
resurgence inducing insecticides on successive generations of
pests resulted in a progressive increase in their reproductive
rateé. Exposure to sublethal doses of pesticides caused a
stimilatory effeet on the ovarian developnment, oocyte matura-
tion and secretory activity of corpora allata in the treated
insects and these might have caused higher reprodﬁctiqn rates

(Gajendran, 1984; Kono and Ozeki, 1987).

| Evidences were also available on the reduction in

reproductive rate of phytophagous insects consequent to the



exposure on sublethal doses of insecticides (Attiah and
Bordeaux, 1964; Beard, 1965; Zetler and Lecah, 1974; Hodges
and Meik, 1986; Alford and Holmes, 1986).

1.4.4., Destruetion of natural enemies as a cause of

regurgence

Bartlett and Ortega (1952) observed that the DDIT

induced resurgence of Chromaphis juglandicola (Ketb.),

Tetranychus bimaculatus Harvey, ZRaratetranychus pilosus

(C and F) and Lecanium gruinosum Coq. on walnut in Southern
Caiifornia was due to the adverse effects on the natural

enemy conmplex of thése pests. ‘Suppreséion of natural eneﬁies
following extensive use of broad spectrum insecticide was
suggested as an important factor contributing to BPH resurgence
in rice (Kobayashi, 1961; Miyashita, 1963; Kiritani ef al.,
1971; Kiritani, 1972 and 1975). Bartlett and Evart (1951)‘
attributed the removal of parasite Metaphycus luteolus (Thumb. )
for parathion induced resurgence of the sofﬁ (brown) scale

C. hegperidium on citrus. ZElimination of natural enemies

was considered to be the main factor responsible for the
outbreaks of many seeondéry pests of crops like Spodoptera
exigua Hb. following dimethoate application on cotton
(Eveleens éﬁh@l.l 1973), Plathypera sgcabra (¥.), Heliothis spp.,
Pgeudoplusia includens (VWlk.), Anticarsia gemmatalis Hb. and
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Epilachne verivestis Mals. following application of methyl

parathion and methomyl on soybeans (Shepard gt al., 1977).

Dyck and Orlido (1977) observed that methyl parathion

and diazinon reduced populations of (. lividipennis and

L. pseudoannulata in paddy fields and Vorley (1985) found
that cyperméthrin and Cig-2-cypermethrin reduced the spider
population sighificantly and ‘these resulted in the ultimate

resurgence of N. lugens.

Huffacker and Spitzer (1950) established that the
resurgence of P. pilosus C & F on pears in California was
not due to destruction of natural enemies. They attributed
the phenomenon to an indirect influence of some favourable
physiological effects on the host trees brought about by
the insecticides., Chelliah (1979) also cbuld not find
any correlation between the reduction in the natural enemies
of brown plant hopper caused by resurgence inducing insecti~
cides and the levels of resurgence of the pest. Subsequent
studies carried out =% IRRI, Philippines also showed that
BPH resurgence was appavently not caused by the suppression
of natural enemy population and it appeared as a minor
factor contributing to resurgence (Heinrichs et al., 1982 a

and 1982 b).



MATERIALS AND METHODS



2. MATERTALS AND METHODS

2.1. Raiging rice plants for the experiments

Rice variety T(N)-1 was raised in cylindrical clay pots
(15 x 15 em). Wetigﬁd s0il was collected, dried, homogenised
and filled in pots. Ammonium sulphéte, potassium chloride and
diecalcium phosphate were applied in solution in each pot in
required quantities to give half nitrogen, full phosphorus and
half potash of the NEK doses of 90,f45fan& 45 kg/ha respect-
ively. The remaining quantities of niﬁrogen and potash were
applied in two equal splits at active tillering and panicle

initiation stages of the crop.

Twenty one day old rice seedlings were transplanted at
the rate of one seedling per pdt. The water level in each’
pot was maintained at two cm throughout the growth period of
thé crop. At 10 DAP (days after planting) the plants were
covered with cylindrieal cages (13 x 100 cm) of transparent,
250 micron thick polyester film supplied by M/s. Karnataka
Sales Corporation, Bangalore. BEach cage was provided with
two voil cloth lined ventilations (5 x 10 cm) and the distal
end was coveréd with close meshed nylon net which was
tightened around the cage with a rubber band (Plate 1). The
caged plants were kepf inside a glass house and were main-

tained under normal temperature, humidity and light intensity.



PLATE I. Rice plant enclosed in polyester cage
for exposing test insect in various
experiments.



PLATE I
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2.2: Mass cultﬁring of N. lugens
; ; R T

 Since large number of insects of uniform size and age
vere required for different experiments, a culture of the
test insect was contimuously maintained in the 1aborapory.
Rice seedlings planﬁe& in pots at weekly intervals and
protected with polyester cages were~use& for this purpose.
N. lugens collected from field and réégéd.in the laboratory
kfor four to five generations, for-sk&bil@Sing the population,
was used as stock for the culture. ;Froﬁ;the stock ten gravid
female hoppers were collected and feieaSed onveach caged plaﬁt‘
for egg laying. TFor collection and re;éasé’bf ingects, a
gimple aspirator wag made by connecting a plastic tube:
(3 = 200mm) on either ends of a glaés tﬁbe (2 x 60 mm).
Distal end of the glass tube was closed with a piece of voil
cloth before inse:ting the plastic tube. This.arrangeﬁent |
helped to rebtain the insects sucked in within the distal
plastic fube so that they could easilyJEQ blown out on +to the
rice plants kept for oviposition. The iﬁsééts were transferred
to fresh plants every fifteenth houx éo.thét the eggs lai& on
“each plant'wbuld not wvary signifigaﬁtlj‘in_age. Adequate
number of plants with eggs were thus set, a$ regalar intervals,
so.as to ensure.the availability,of’sufficient numbers of the
required ingtars of the insect.throﬁghcu% fhe period of the
Aex@eriments. Imerging nymphs were maintained 6n the same

plants till the outer leaves showed yellowing. Then the



plants were cut at the base with a blade and the nymphs were
gently tapped on other fresh caged plants. The growing life
scages of the insect were fed on plants W1th1n the panicle
initiation stage so0 as to minimise variations on the test
insect due to the influence of the growth stage of the host
plant.

2.5, Assessment of therresurgénce inducement of different

insecticides in N. lugens in relation to the dosages

of the insecticides, and the number of‘insectididal

applications at different_growth stages of the crop

The éxperiment was conducted adopiing a completely
randomised design and each treatment was replicated thrice.
There were forty treatments including control. Thirteen
insecticides commonly recommended for paddy pest control in
Kerala viz. HCH (BHC 50 WP of Hlndustan igsectlcides Ltd Y,
fenitrothion (Sumithion 50 EC of Rallis India Ltd.), fenthion
(Lebayecid 1000 of Bayer India Ltd.), metﬁyl parathion (Metacid
50 EC of Bayer India 1%d.), quinalphos (Ekalux 25 EC of Sandoz
India Ltd.), dimethoate (Rogor 30 EC of Rallis India Ltd.),
monocrotophos (Nuvacron %6 WSC of Hindusban Ciba Ltd.),
phosphamidon (Dimecron 86 WSC of Hindustan Ciba Ltd.), phorate
(Thimet 10 G of Cyanamide India Litd.), BPMC (BPMC 50 EC of
Union Carbide India Ltd.), carbaryl (Sevin 50 WP of Union
carbide India Ltd.), carbofuran (Furadan 3 G of Rallis India
Itd.) and deltamethrin (Decis 2,8 EC of Coromandel Indag
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(P) Ltd.) were included in the experiment and each insecticide
was tried at three levels (vide Table 1). The application of
ingsecticides was done at tillering, panicle initiation oxr
booting stages of the crop. Repeated applications of insecti-
cides at (2) tillering agd panicle initiation, (b) tillering
and booting, (c) paniecle initiation and booting and (d) at
tillering, panicle initiation and booting stages also were

included in the treatments.

2.5.1. Application of insecticides

The suspensions/emulsions of the insecticides were
prepared from commercisl formqlgtions by mixing required
auantities of the fo:mglations with distilled water. Zach
treatment was done on four plants and they were caged and
maintained in the glass house. The plants selected for each
éxPeriment were ensured to be of the same growth stage and

stand.

Bach potted plant to be sprayed vas kept at the centre
of the platform of a revolvolite machine (Plate 2). The
spraying wasg done with an atomiser.connected to an elecirically
operated pressure pump maintained at 0.6 kg/cm? pressure. The
guantity éf spray fluid required to give cdmplete coverage of
the stem and leaf portion of the plants at each growth stage
was fixed by repeated trials. The optimum quantity for

spraying plants at tillering, P.I. and booting stages were



PLATE II. Method adopted for spraying potted
plants in green house experiments

1. nAtomiser _
2.<:Revolvolite machine
3.

Pressure pump
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found as 5, 7.5 and 10 ml respectively. Unifbim distribution
of spray fluid on'the plant surface was ensured by maintaining
g steady vertical motioen of the atomiser nozzle from the
bottom to the top of the plant and by keeping the platform

of the revolvolite rotating at a steady speed during spraying.
In case of granular insecticides (oarbofuﬁan and phorate) the
required quantities were direetly applied to the soil in

the pots.

Two hours after treatment the plants were enclosed in
cages.. The control planits were similarly treated with water
and caged. The plants were regularly examined for presence of

pests if any and they were removed when noted.

2e3.2, Assessment of progeny production of N. lugeng
on treated plants |

 Three gravid macropterous female.hépperé were collected
with the aspirator from the stock culture and were released on
each of the treated plants fourteen days after the treatment.
Four such plants‘were set up for each treatment. Three of
those were ﬁsed ags the three replicationé of the treatment.
On the fourth plant ten macropterouslfgmales were released and
maintained, This was used as a culture for replacing the
insects Qying in the treatments if ényq Such replacement was
done daily for seven days. The plants thus exposed for

egg laying for one week were kept, in the glass house’
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arranged in completely randomised design, after removing
the insects released for egg laying and caging the plants

individually.
2.%.%5., Dbservations

Nymphs emerging from the above treated plants were
collected and counted daily for a period of ten days. The
progeny production in each treatment was éalculated in terms
of cumlative number of nymphs emerging during the period

of observations.

Thirty nymphs from each treatment were transferred %o
separate caged plants and were reared to the adult stage for
asséssment.of the effect of treatment on the progeny produc-
tion in the second generation. Three gravid femle hoppers
collected from each of the above lots were exposed on a caged
plant and three such replications were Set‘up for each treat-
ment. They were allowed to oviposit for seven days and the
nymphs emerging over a period of next ten days were recorded
as done earlier. It was reckoned as the number in the second

generation,

The data on progeny production on plants treated at
different growth stages of the crop were analysed using ANOVA
after logarithimic transformation. The retransformed means
were presented in the tables and the values were compared with

Duncan's Multiple Range Test (DMRT).



For assessing the influence of growth stages of the
crop on resurgence inducement the data obtained from the
above experiment were regrouped stagewise. The progeny
productions of N. lugens on plants {treated with each resurgence
inducing insecticide at the tillering, panicle initiation or
booting stage and at the combinaﬁioﬁs of the growth stages
were assessed and the per cent increase in the population of
the insect in treatmenfs compared tQ coﬁ393ponding controls
were caleulated. These date were subjécted to analysis of

variance and the means were compared with DMRT.

2.4. Assessment of the persistence of the reéurgenee

effect of different insecticides on riece plants

treated at tillering, P.I. and booting stages

‘ From the results of the experiment 2.3 six resurgence
inducing insecticides YEE: fenitrothion,.fenthion, nethyl
parathion, quinalphos, carbaryl and deltamethrin were
identified and they were used in this experiment. The
ingecticides were applied thrice (at tillering, P.I. and
booting stages) and the plants were kept caged in a glass
house., Plants sprayed with water alone éerved as control,
Three caged plants each were taken from the treated and control
lots at 10, 15, 20 and 25 days after the last spraying. The
plants were exposed to N. lugens for egeg laying and the progeﬁy

production (one generation) was assesseé following the method

described in para 2.3.3.
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2.5 BScreening of insecticides Ffor the inducement of

resurgence in N. lugens

e —————1

All insecticides readily available in the market (exélud—
ing those covered in para 2.3) were screened for resurgence
after giving three consecutive sprayings. Fifteen insecticides
viz. endosulfan (Thiodan 35 EC of M/s. Hoechst Pharmsceuticals
and chemicals), malathion (Cythion 50 EC of M/s. Cyanamid
India Ltd.), formothion {Anthio 25 EC of M/s. Sandoz India
Itd.), phosalone (Zolone 35 EC of M/s. Voltas India Ltd.),
'ﬁethyl demeton (Metasystox 50 EC of M/s. Bayér India Lfd.),
DDVP (Nuvan 100 EC of M/s. Hindustaﬁ Ciba Ltd.), chlorpyriphos
(Coroban 20 EC of M/s. Coromandel Indag (P) Ltd.), methamido-
phos (Tamaron 40 EC of H/s. Bayer India Ltd.), FMC 3500i
(FMC'35001 24 EC of M]s. Rallis India Ltd.), carbaryl + DDVP,
HCH + DDVP, fenvalerate (Sumicidin 20 EC of M/s. Rallis Indila
Ltd.), permethrin (Permasect 10 EC of M/s. Bharat Pulverising
Mills Ltd.), cypermethrin (Cymbush 25 EC of M/s. Alkali and
Chemicals Corporation of India Ltd.), flucythrinate (Pay Off
10 EC of M/s. Cyanamid India Lid.) and control were included in
the experiment. The insecticides were sprayed at their higher
doses (vide Table 10) once each at tillering, panicle initia-
tion and booting stages of the plants. Progeny production of
N. lugeng on treated plants exposed for egg 1aving fifteen days
after the last spraying was assessed following the methods
degecribed in para 2.3.2 and 2.3.3. The data were subjected to

analysis of variance and the means were compared by DIMRT.



2.6, Assessment of the resurgence caused by different

granular insecticides in N. luszens when apy;ied

at tillerine and P.T. stages

Seven granuiar insecticides YE?‘ diazinon (Basudin 10 G
of M/s. Hindustan Ciba Ltd.), phorate (Thimet 10 & of /s,
Cysnemide India Ttd.), quinalphos (Ekalux 5 @ of M/s. Sandoz
India Ltd.), aldicarb (Temik 10 G of M/s. Union Carbide India
Itd.), carbofuran (Furadan 3 G of W/s. Rallis India Ltd.),
carbaryl + lindane (Sevidol 8 G of E/s,.Uhion Carbide India
Ltd.) and cartap (Padan 4 G of M/s. Coromandel'lndag (P) Ltd.)
were applied at 1 kg ai/ha edch at tiilering and panicle
initiation stages of rice. Untreated plants served as control.
Treatments were arranged in RBD and the'progeny production of
K. lugens was assessed by exposing the plants for egg 1aying
at thirty days after the second application of insecticides
and then following the methods described in para 2.3%.2 and
2.3.3. The data were subjected to analysis of variance and the

means were compared by DMRT.

2.7, Assessment of ﬁge resurgence cauged by fuungicides

and herbicides in 1. lugens

~ Seven fungicides viz, zineb (Dithane Z 78 of M/s. Indofil
Chemicals), mancozeb (Dithane M 45 of M/s. Indofil Chemicals),
captafol (Difolatan 80 WP of M/s. Rallis Indis Ltd.), ediphenphos
(Hinosan 50 BC of M/s. Bayer India Iitd.), kitazin (Kitazin 50 EG
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of M/s. Rallis India Ltd.); carbendazim (Bavistin WP of

ﬁ/s. BASF Igdia Ltd.), carboxin (Vitavax T5 WP of M/s.
Hindustan Insecticides Litd.) were sprayed at their field doses
(vide Table 12) at tillering, P.I. and booting stages of +the
plants. Plants treated with water alone served as control.
Progeny productions of N. lugens on treated plants exposed at
15 days after treatment for egg laying were assessed following

the methods described in para 2.3.2}and’253;§.

Seven herbicides viz. 2,4-D sodium salt (Fernoxone 80 WP
of ¥M/s., Atul Products Itd.), 2,4-~D ester (Weedone 18% WP of
M/s. Agromore Ltd.), pendimethalin (Stomp 30 EC of M/s.
Cyanamide India Ltd.), fluchloralin (Basalin 45 EC of M/s.
BASF India Ltd.), butachlor (Deichier 50 EC of M/s. Coromandel
Indag (P) Ltd.), thiobencarb (Saturn BOZEC of M/s. Pesticides
India Ltd.) and propanil (Stan F 34‘6fLE]éa Indofil .Chemieals)
were applied at their recommended field doses (vide Table 13)
at the stages stipulated in the package'of:praetices recommended
for rice cultivation by Kerals Agriqultural University (1586).
Treatments were arranged in a glaSs}hoﬁéé‘in CRD and the
progeny production of N. lugeng WéS‘asséésed following the

methods described in para 2.3.2 and 2.3.3.

2.8, Asgsessment of the influence .of rice varieties on the

insecticide induced resurgence of N, iugens

Eighteen varieties viz. Ptb 4, Ptb 20, Ptb 33, Annapoorne,
Rohini, Triveni, Jaya, Jyothi, Bharathi, Bhadra, Asha, Pavizham,
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Karthika, C 1727, IR 20, IR 36, Mashuri and T(N)-1 were
included in this experiment. Fenitrothion (0.05%) was sprayed
on sufficient number of potted plants‘of each variety at their
tillering, panicle initiation and booting stages. A similar
sgt of plants of different varietigs sprayed with water alone
served as control:  The treated and untreated plants were
protected with polyester cages. They were arranged in glass
house in split plot design with varieties as the main treat-
ment and insecticide as subtreatment. Fifteen days'after the
last spraying, four caged.plants were selected from treated
and control lots of each variety and thé plants were exposed
to N. lugeng for egg laying as,describedﬁin para 2.3.2,
Progeny production of N. lugeng in one generation was agssessed
as desecribed in para 2.3.% and the data ﬁere‘analysedcafter
lagarithmic transformation. The resurgence was assessed by
comparing the progeny produced in different treatments in

comparison with the progeny in corresponding controls.

2.9. Studies on the mechaniem of resurgence

Six resurgence inducing insecticides mentioned in para
2.4 and one reproduction inhibiting insecticide (HCH) were

chosen for detailed studies on the mechanisms of resurgence.

The insecticides were applied on plants raised in clay
pots and maintained in glass house as deseribed in para 2.1.

Three lots of plants were gprayed once at tillering, panicle
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initiation or booting stage of the crop. In a fourth lot
the téeatments were given thrice, once each at tillering,
panicle initiation and booting stages. Plants gprayed with
water at the respective stage/s served as corresponding
controls. Twenty five plants were treated in each lot and

kept in & glass house for the following experiments.

2.9.1. Assessment of the influence of insecticides on

the growth of riceﬁgiants

Gbservatlons on the helght, tlller number and number of
1eaves of the treated and control plantg in experiment 2. 9
were recorded fifteen days after the itreatment. Leaf area
. indices were calculated adopting the method suggested by
Gomez (1972). The progeny production of N. lugens also was [
assessgd in different treatments following the method described
in para 2.3.2 and 2.%5.3. The data collected from the experi-
ment were subjeeted to analysis of variance and the treatment
means were compared by DMRT. Factors showing gignificant

variations were correlated with the progeny produced by

X. lugens.

2.9.2. Assessment of the nutrient content and biochenical

constituents of treated plants

Fifteen days afier the insecticide application (vide

para 2.8) required samples of leaf sheath were collected from
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each treatment and the major and minor nutrients, free

amino acid and free sugars in the samples were estimated.

2.9.2.,1. Estimation of wmutrient conteéent of iice“plants

Samples of leaf sheath were dried in an oven m=intained
at 70°C. One gram of dry powdered‘leaf sheath was digested
with conc. sulphuric acid and the extraect was used for the
determination of major and minnr ﬁutrienﬁ eonfént. Total
nitrogen in the extract was estimated adopting the modified
micro-Kjeldahl method. Phosphorus waé'éstimatedvcolari-
metrically adopting vanado molybdo biphaspﬁoric method using
Spectronic 20 at a wave length of 476 nm. Pobtassium content
wag debermined using an BEL flame photdmeﬁer (Jackson, 1973).
The calecium, magnesium, zinc, manganese, copper and iron
contents were determined using o Perkin Elmer Model atomic

absoxrption spectroscope.

2,9.2.2, ZEstimation of free aggno acids

Ten g sample of cut leaf sheath of each replication
was plunged into boiling ethanol and kept for ten minutes.
The extract was collected and the tissues were crushed in a
mortar and pestlé and the content was filtered +through two
layers of cheese cloth. The residue was re-exbracted with hot
ethanol 80%. The two extracts were combined and filtered

through Whatman No.41 filter paper and the filitrate was
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concentrated in a water bath. The total free amino acid
content of the extract was debtermined by ﬁhe nivhydrin method

of Moore and Stein (1948) using leucine as standard.

2.9:2.3. Estimation of free sugarsg

One g of dry powdered leaf sheath from each sample was
extracted in boiling ethanol 80% Toxr 30 minmutes and the super—
natent was collected. The regidue was reexbracted gerially
with 60, 40 and 30% ethanol and finally with distilled water
and the supernatents were pcoled and the volume-was-réduced
to 20 ml in a water bath. One ml of saturated lead acetate
wag added to the supernatent for precipitating the soluble
proteins, It was then filtered through Vhatman No.1 filter
paper and the filtrate was collected in a volumetric flask
containing three ml of saturated Ea2HP04. The %otal free
sugars in the extract wvag estimated by the anthrone sulphuric

acid method degcribed by Deiraz (1961).

2.9.3. Assessment of the feeding indices of N. lugens

on plantg under different treatments

The techunique deveioyea by Pathek and Heinrichs (1982) was
glightly modified and employed for the study. Fifteen days
after the treatment three caged plants each were selected from
different treatments and also from corresponding controls.

Tillers of each plant were thinned leaving the main culm alone.



PLATE TII. Rice plant, set for assessing the
ugens adepting

feeding index of N. 1
bromocresol green method (Pathak &
Heinrichs, 1982).



.PLATE III
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The culm waa'pasggd through a hole at the centre of a eiréular
polyester film disc of 18 cm dia and the latter was positioned
above the water level in the ﬁot ueing;faar pegs as seen in
Plate 3. A Whatman No.! filter paper dise (11 cm dia) dipped
in bromoeréécl green solution twice and dried affer each
dipping, waa pasged down the culm through a central hole and
was placed over the paiyeater £11m dise. A cylindrical poly-
ester cage of 9 ém dia and of sufficienﬁ'height to enclese the
stem portion of the plani wes placed above the filter paper.
The bottom of the cage was fixeé~ﬁo the filter pager'all round
nsing.cellotape; A tubular device stitched out of nylbn cioth
was fixed around the upper end of the cage with a rubber band.
The free end of the device was tied around the stem of the
rice plant at the level of the leaves, with a thread after
placing & cotton wad, This device kept the leaves of the plant
cut of the cage and also prevented candenéaﬁion of moisture
inaide.' Five fifth instar nymphe collected‘from'laberatory
culture and starved for five hours were released on the stem,
using an aspirator, through a horizontal cut of two cm length
mede on one side of the cagé; The nymphs were allowed to feed
on the plant for 24 h. The honeydew eoxereted by them during
the period fell on the filter paper and got absorbed. The
honeydew produced blue spots. The filter paper was removed

24 h after the commencenent of Leeding end the total area of

the spotes on each paper wae measured by keeping a transparent
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graph paper above the spots and the area thus obtained in

each replication was treated as the feeding index (mme).

The data relating to the different resurgence inducing
factors covered in 2.9.2 and 2.9.% were subjected to analysis
of variance after working out the increase in percentage of

each factor in treatments over corresponding econtrols.

2.9.,4, Correlation studies

The association between each of the factors covered in
para 2.9.1 to 2.9.3 (growth parameters, autrients and bio-
chemical constituents of the plant and féeding index of
N. lugeuns) and the progeny production of H. lugens was studied
by subjecting the data in Tables 14 to 25 %o simple correlation

analysis,

The direct and indirect effect of the factors on resur-
gence was studied through path coefficient analysis as suggest-

ed by Wright (1921) and elaborated by Dewey and Iu (1959).

The data in the above tables were regrouped so as to find
the resurgence caused by the application of each insecticide af
the tillering, panicle initiation or booting stage and at
tillering + panicle initiation + booting stages of the crop.
The association between the resurgence inducing factors and
progeny production was assessed through simple correlation
analysis. The direct and indirect effects were assessed

through path coefficient analysis.
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2.9:5. Asgescment of the effect of direct application of

sublethal concentrations of different insecticides

on the progeny preduction of N. lugens

.Bioassay of HCH, fenitrothlon, fenthion, methyl parathion,
quinalphos, monocrotophos, carbaryl and deitamethrin against

the fifth instar nymphs of N. lugens was done.

Graded,concentrations of each insecticide was prepared
freﬁ the technical grades using benzene as the solvent and
triton X 100 as emulsifier. Fifth instar nymphs of N. lugens
were anaesthetized with carbon dioxide at a flow rate of
8.2£/10 seconds for a period of 50 seconds. A quantity of
two ml of each insecticide formulation was applied directly
on 25/anaesthetize& nymphs of N. lugens taken in a petri dish
and placed under a Potter's tower. The treated insects were
transferred to T(M)-1 seedlings (30 day old) raised in pots
and kept covered with polyester cages. DMNortality was recorded
24 hnours after treatment. The data were subjected to probit |
analysis following Finney (1971) and from the regression
.equations LC10’ LG2O, LCBO’ LC4O and LCBO values of each

ingecticide were estimated.

The above five sublethal concentrations of each insecti~
cide were prepared and applied on fifth instar nymphs of
N. lugeng, znaesthetized and taken in petridishes, under

Potter's tower and the treated insects were transferred to
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T(N)-1 seedlings and kept caged. Each treatment was replicated
thrice., When the nymphé moulted as adults avaiiability of
sufficient males to mate with the'surviving femalés was ensured
by releasing additional males into each replication. The mean
progeny production of three gravid females selected from each
replicate wvas assessed following the p:ecedure described in
vara 2,5.3. The data were transformed %o légariﬁhm and

subjected to statisticel anslysis (ANOVA with DVRT).

2.10. Pield experiment to assess the effect of 1nsect1cides
on the population build up of N. lugevs and 1t

natural eaemles

.,..—~—‘-‘-‘"""‘"

2,10:1. Lay out of the experimeni

The experiment was conducted during the ﬁunja (third
crop) season of 1986 in a farmer's field af Nedurmdi (Ruttanad),
Alleppey district. Twenty one day old T(N)-1 seedlinge were
transplanted at 2 seedlings/hill with a spacing of 20 x 15 cm.

2 and a buffer area of 1t m width wasg

Plot size was 5 x 3 m
left around each plot. Randomised Block Design was adopbed
for theleXPeriment. The crop hﬁsbandry'operations a8 recom-
mended in the package of practices‘pf Kerals Agricultural

University were adopted (KeralalAgricultUIal University, 1986).

2.10.2. Treaﬁgents‘

The insecticides, deltamethrin at 6, 12 and 24 g ai/ha
methyl parathion and auinalphos atb 0.125, 0425 and 0.5 kg ai/ha

t
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and HCH at 0.75; 1 and 1.25 kg ai/ha were included in the
treatments. Iach treatment was replicated thrice, The spray
fluid was applied in each plot with a pheumatic knapsack
sprayer. Gunny screens of one metre height were provided
around each plot at the time of spraying to avoid the effect
of inter plot drift in the experiment. The treatments were

given at 30, 45 and 60 days after planting.
2.10.3. Obgervations

The populations of N. lugens and iﬁs predators were
assessed at different intervals (vide Table 29) during the
period of the experiment. Nymphs and adults of N. lugens
present on ten randomly selected hills in each plot were
directly counted. The numbers of Microvelia atrolineats on
the water surface in 20 x 15 c¢cm areas were counted by trapping
the insects. This was done by suddenly immersing a rectangular
plastic frame (20 x 15 x 30 cm) at randomly selected spots.

The bugs trapped atAten such spots in each plot were directly
counted and the mean number per spot was calculated and
recorded. Other’predators (vide Table'3o to 33) were collected
vith a2 hand net. The collection from five semicircular sweeps,
madé diagonally in each plot, was caréfully transferred to a
polythene bag containing a2 cotton wad dipped in benzene. The
anaesthetized insects were sorted out and counted in the

laboratory.
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The data collected from the experiment were subjected
to / x + 1 transformation and then to analysis of variance.
The means were compared by DMRT, Since the pretreatment
populations of N. lugens in different plots showed hetero-
genelity and also because the insects were subjected to the
toxic effect of insecticides which also‘caused heterogeneity
in the population levels after each treatment, the data were
subjected-to miltiple covariance analysis. The variations
in the resurging populations of E..iugéns observed in the
experiment were correlated #ith the vaiiatioﬁs in the
predator populations observed 15 days prior to the period of

the observation on pest population.



RESULTS



3s%, Hesurgence of H. iucene cavged by diffarent_insagtigidea

glied on »iee, ot AifPerent ﬁDﬂPS and

grovth _staces of the ezop

3.4.1. Progeny production on plants trested el tillering stoge

The data on progeny produstion of H. lugens {twe genera~
tions) eoxposed to rice plants treated with insecticides at the
tillering stage and the resulis of statistical analysis of the

gsame are presented in Table t.

Waen the higher dosee of lnsecticides (Lg, vide Pable 1)
were applied, deltanethrin 0,004% showed the hishest resurgence
of . luzens in the firat pgenexation vith & mean progeny produc-
tion of 346.8. Penitrothion ﬁo1§& fenthion 0.1%, methyl para-
thion 0.1%, B2ME 0,1% and menﬁeraﬁaghaa Ou1% came on par with
deltamethrin, the mesn mumber of insects produced in the
treatmenté boing 516.2; 295.1, 295.%, 288.4 and 231.8 respect-
ively. Arore the ux@atmanta deltanethrin, fenltrothion, fen-
thion and methyl perathion produnesd significantly higher mamber
of nymphs thon in control while BPEC and monecrotophes came on
par with conitrol alse. Progony production was least on plante
sreatad with dimethonte 0.1% (166) and it was on par with
carbefuran 1 kg aifha, HOH 0.25%, phosphapidon 0.1%, control,
quinslphos 0.1% and phorate 1 kg ai/ha, The mean number of

inpects in the above treatments ranged from 177.8 to 259.9,
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Progeny production of H. lugensa on
rice plants {var. T(H) 1) trented with
difterent insecticides at the $illering
sioge

Table t.

Hoan number Of BYHPRE ODLeTved on pLAntS Lrented
with insecticidea at diffsrent concentrations /

Treatments doses .. :

B

Iy

s

Pivet generation

269,2 abedefe

HCH : 263,.0 mbodefg 186,42 LJkIn
Panitrothion 2%4.4 defghi]l 338.8 abe 34642 abed
Fenthion 204.2 ghlje 263.0 sbedefgh 295.1 abede
Methyl parathion 218,8 efghijk 228,.4 abedef 295.1 sbede
Quinalphos 229.1 defphijkr 288.4 shedef 213.8 efghijk
Dinmethoate 2344 defphi]  269.2 abedefg  166.0 klm
Monocrotophos 269,2 abedefy 25T7.0 bedefgh  281.8 abedefg
Phosgphanldon 186.2 1}klm 190,6 hijikl 190.6 hijkl
Phorate 147.9 1mn 26%.0 aboedefgh 2%9.9 defghijk
. BPHC , $138.0 mn 27%.4 abcdefg 268,4 abedefl
Carbaryl 26%.0 abedefegh 269.2 abedefe  245.0 cdefghi]
Carhofuran 114.6 n 269,2 abedefg 177.3 jkim
Deltamethrin 269,2 abedefy 363.1 a 346.8 &b -
Control 208,9 fghiik
Jecond generatlon
HCH 229.% b@ﬁﬂfgﬁi 27504 Qbev 263,0 8@0&8»
Penitrothion 186.2 hijk 177.8 1381 245.5 abedefy
Fenthion 263,00 abede 218.,8 bedefghi] 166,00 kim
Hethyl parathion 160.6 ghijk 23%4.4 abedefgh 251.2 aboede!
Quinalvhos 213.8 cdefzhijk 186.2 hijfk 229.1 bedefghl
Dimethoate 195,0 £ghijk 120.2 n 1413 lmn
Fonoorotophos 177.8 43k 26%3.,0 abede 144.5 lmm
Phosphanidon 199.5 fghijk 229,0 bedefght 186.2 hijk
Phorate 186.2 hifk 169.8 Jkim 204 .2 efghijk
BPHC 10046 ghijk 208.9 defghijk 208.9 defghijk
Carbaryl 208,.,9 defghijk 199.5 fghijk 1%8.0 _
Carbofuran 21%.8 cdefghlilk 269,2 abed 2%9.9 sbedefgh
Deltamethrin 177.8 431 281 .8 ab 02,0 0
Control 213.8 cdefghijk
1CH and earbaryl O«15% 0.25 0.25%
Corbofuran and phorate 0.5 g ai/ha 0,75 kg aifha 1.0 kg ai/ha
Deltamethrin 00015 0,0025% 00045 .
Other treatments 0,025 0.05% 0.1%

Heane under Iy, T, and L5 in a generation followed by & common letter
ave not significantly diffsrent at 5% (DIRT)



At the field doses of the iﬁaeetieidea'ibg,'vide Table 1)
also deltamethrin treated plants had the highest progeny
production of H. lugeps end it was on por with fenitrothion,
0,058, the meen nymphal populations being 363.1 end 338.8
respectively. These weré significantly higher then the popRla-~
tion in control. Field domes of methyl parathion, quinalyphos,
dimethonte, BPHE, cavbaryl, HCH, Penthion and phorate come oh
par with the above two treatmenis but they were alsc on par
with control, the mean number of ingects in the treatmente
ranging from 26% to 25B840nly. Reat of the treatments 2130

were on par with control.

The lowest doses of ineecticides tried {ﬁt, vide Toble 1)
did not incresse the progeny production significantly above
%h&% of control. Hinimum rumber of nymphs (114.8) vas observed
on plante treated with carbofuren 0.5 kg al/ha and the treat.-
ment came on par with BPEC 0.025% and phorate 0.5 kg ai/ha,
(138 and 147.5 respectively). These numbers were slgnifi-

sontly lower than the population in control.

. lugens reared %o the adult stage on plants treated
with deltomethrin (0.004%) produced a significontly higher
mirbor of incects in the sscond generation {302 ). vhen
conperad to the population on untreated plants (213.8). HEH

.25%, nethyl parathion 0.1%; fenitrothion 0.1% end ecarbofuran
% kv ai/ua came on par with deltamethrin. But the above
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treatments were on par with control also. Frogeny production
of H. lugeng was significently reduced vhen ﬁhé paranna vere
reared on plents treated with carbaryl 0,259, dimethonte Q.15
and monecrotophos 0.1%, mean nymphal populations in the treat-
monts being 138, 141.3 and 144.5 reaspectively. Significent

differences wore lacking among the asbove treaiments.

At the Pield dose algo, deliamethuin infuced remurgsnce
in tho second peneration (281.8) which came on par witﬁ
O 0,28, carbofuran 0.75 kg eifha, monoerotophos 0,050,
nethyl parathion, 0.05%, pheophanidon 0,05% and fenthion 080584
Thege treatoents came on par with control alac., Significont
reduction in progeny, whén compared %o coutrol, was observed
on plants treated with dimethoste §,05%. The least mamber of
nyopha (120.2) was noted in that treatment. |

A% the lower levels all the insecticides tested came
on par with contrel and the mean npumber of nymphs ranged from

177.8 to 263.

3.1.2, Frogeny productlion on nlants trested at P.1. stage

The date relating %o the experiment and the results of

gtotiotical enalysis of the ocame nre presented in Table 2,

At the hisher doses of the inscciicides maximum remxgence
¥ag obassrved on plants $reated with methyl pzrethion o §:2

(288.8) and 1t vas on por with quinalphos 0.1%, Tenthion 0.17%



25

Table 2, Yrogeny production of H,. 'u»ag% on rica plants
(vor. T{I) 1) treated witﬁmgf erent insesticides
2% the rpanicle initintion stage
“Hean mOmberT Of njmvhs obEerved on wlanta treatad
with ingectlicides at different concentrations /
Treatments . , — dones R
By Ly Dy
First genexvation
Hﬁﬁ _ 1%21.2 mn 159,48 hijkim 158,5 kim
Fenttrothion 151 ,4 1mm 166,00 1ikln - 213.9 bedefehi
Fenthion _ -, 218,90 bedefgh 263,00 abe - 245,50 abad
Hethyl parathion 213%.8 bedefghl 275.4 8b 288.8 o
Guinalphos 208,09 cdefohil 1506 defphijkl 26%.0 abe
Dinsthoate 182.0 efghijil 223.4 aboedefy  199.5 defshilik
Fonocratophos 173.8 ghija 1514 1on 20442 cdefghijk
Phoschanidon 122.0 n 15845 kim . 186,22 efghijil
Thorate 180.6 defghijkl 182,00 ofghijkl 131.8 mn
BEMe 169.8 hijiin 204.2 cdefehiil 162.2 Jkinm
. Corbaryl 2734 .4 abode 220,1 abedef 213.8 hodefphi
Cerbofuran 195:0 defehlidkl 162.2 Jiim 159 4 1
Deltamethrin iﬂ4,9 ﬂefghijmi 213 8 bedefchi 234.4 abede
Control 177.8 Zghifid
Sacond generation
O . $58.0 13 173,28 bedefeghii 223.9 abe
Pendtrothion 181.9 abodefghi 173.8 bedefchi] 1906 abedefghi
Fenthion 1908,0 abedefy 199,55 aboded 1475 fghi]
Hethyl paxataion - 208,99 abede 239,92 a - 1950 adoedeig
fGuinalphos 175.8 bedefghis 141,3 hij 1§4.9 efgndd
. Dimethoate 154.9 sfzhi) 128.8 } 1778 ahgdaighi
Honocrotophos 229 .1 &b 152.0 abodefghi 158.5 dofchi]
ﬁﬂa&ﬂﬁﬂmiéan 1%1-3 hij 186.2 abodefghi 144.5 ghil
Yhorate 166.0 edefghi] 1820 abodefghl 144,85 ghij
BPHC 144.5 ghi} 162.2 defghi] 195.0 abedefp
Carbaryl 162,2 defehi} 182,00 abedefghl 169.8 bedefghi)
Carbofuran 239.9 & 213.8 abed 154.9 ofghl]
Doltamethrin 169,68 bedefgni] 15%.4 fohid 181.2 abedefghi
Controld 181¢9 ahc&efghi
HOH and ear%aryl D155 -9.2& .25%
Cavvofuran and phorate 0.5 kg ai/ha G~?5 kg si/ha iy@ ke at/ha
Deltamethein : .ﬁain aGGES' 0.,004% :
@th@r'ﬁr@mtman%s 'a¢§25w 0.05% Q*1ﬂ

Heang undsy Iqr L2 and 53 in a geﬂaratian followed by 2 conmon
letter pre not aaﬁmifieantlv digterent at 5% level (DIRT)



and deltemethrin 0,004%, the rumber of progepy im the treat-
monts being 263, 245.5 and 234.4 respectively. The populaiion
in %he conirol was 177.8 only. The loweet nymphal count (131.8)
was pecorded on plants treated with phovate t kg al/ha end it

was on pay with carbofuran 1 kg si/ha, HOH 0.25¢ and control.

4%t the field dese of 0,05% methyl pavsthion chowed
maximum resurgence and it was closely followed by fenthion
0.05%, the nuunbers &f’ﬁgﬁ@hs in the trestments being 275.4 and
26% respectively. They were on par with carbaryl 0.2,
dimethoate 0,05% and deltamothrin 0.,002% snd these three

treatuends came on pr with control also.

A% the lower doses carbaryl 0,159 csused significant
inerease in progeny (2%4.4) wnen comprred with combrol.
Fanthion 00255, meﬁhﬁl sarathion 0.0254, quinalphos 0.025%,
carbofuran 0.5 kg oifbe,; deltamethrin 0.,001%, phorate 0.5 kg
aifhe and dimethoate 0.025% came on par with carbaryl, but
they were also on par with control. The nymphal population
in the shove treatments ranged from 182 to 218.8. Progeny
production, compaved o control, was seen significently
reduced on plants treated with phagphamiﬁaﬁwﬁgszﬁﬁ—and HOH
0,158, the nean numbsrs of nymphs on them belung 123 and 1351.8
respoctively, The difference between the two vas not

gtotistically oimificant, Feniltrothion 0,025% alsd come on



par with the nbove tresiments, but it was on par with

control alen.

At the higher doses none of the tmaétmeﬁta differed
pimnificently £rom cén%ral with referones to progeny produge
tion of . lusbns in‘tha second gemératien; The poan nyaphal
count in the treatments ranged from 144.5 %o 223.9 only while

in control it was 181,09,

A% the field dose aleo %ﬁe progeny vroductions in
different treatments excent the plants treated with'dime%hoate
were on par with that of control. The number of nymphs
obgerved in plants trented with dimethoste wee significently

lower than that of contrel.

At the lower doses alao_ali'tha ingecticides were on
:par with eéntzﬁi and the nyaphal pogula%iéﬁ in the txsatinents
ranged from 138 %o 2%9,9 and in control the count of nymphs
was 181.0, ' S

Fate3s ?regen- production on plants tregted et b

The data relating to the gxporinent and the remlts of

stetigtical analysig of the same ave presented in Table 3.

Yhen the higher doges of the insedtiecides were applied,
maximum POSUTZence WAl obmerved on plants treated with methyl

parathion 0.1% and it was olosely followed by fenthionm B.1%,
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are not significontly difforent ot 5% level (DIRT)

Table S. Frogeny mé,uc'si@a of e 3
{ml%c (g) 13 ")138&&9% m’h y (34E
at the booting ctage
““¥ean MANDET OF BYBPLS HDOSTVed On PIontn LRented
) mﬁh insecticiden at ﬁi*famnt mmmtwﬁi&m /
Treatments - Soges S R
331 ff’gﬁ f‘s o

Flrst genervation

HeH . 19046 ab@ﬁ&fgh 128.8 & 22342 ab
Penltrothion - 158,85 ofghif . 141.3 13k 21%,8 abed
Feuthion _ . 20442 abode? - 159;8 bodefghtfic 229.1 a

Msthyl parathion -M‘?a? rifk - o $1%4.9 % T 2%4.4 &
Quinelphos 18642 phodefghl 1514 ghifk  199.5 shedefg
Dimethoate 177.8 chodefPhl 186.2 avedefgnd 215.2 abed
Fonncrotophos 199,85 ehodefs 162.2 ﬁetghijk. 218,8 abe
‘Ph@ﬂphamiaon 181.2 abaﬁ&fgai 16242 defghijk - 204.2 abodef
Phorate . 213.8 aved 04,2 abedef 162,2 defghijk
BeMC 1698 ‘badefghijk 15449 Pani ik 166.,2 abedefght
Carbaryd 1901 a}m&efgtx 166.0 cdefzhtik 208.9 abede
Carbafuran 1474 hiji 1 495.0 abedefgh 13449 3k
. Deltamethrin 158.5 aﬁ‘gm,;m 15449 :ﬁghi&k © 195,80 abedefgh
Control . 169,28 abcdafghi ik
‘Heeond s'mmﬁaa
HOR ' 1479 mieﬁ’ghi:}k 20442 nved 2188 ab
‘Fenitrothion 128,8 hijk 162,2 hﬁﬁ%fghi;}k 12%.9 3k
Fenthion 144.5 defghifc  125,9 ijk 17748 abﬁ&ef,ghi
Hethyl parathion 165.9 bhedefzitik 173.8 abedafehly 12%.0 Ik
Quinalohos 144.5 dsfghij& 154..9 bedefghijk 230.9 &
:mmathoatb 208.9 & iﬁgqg badefzhilk 169.8 ahe&afghij
Honoarotophos 134,§ fghijx 16 ,a haéefghiik i?ﬁ.ﬁ absdes
Phosphamidon 151.4 cdeighi, k 117 8 ghiix
Phorate 151 *4 cdefzniik 188 '5 ;zadafg}zim 2%3;8 ab

BPXC 1758 avedefzhi) 18642 abedefz  147.9 cdefghidk
Carbaryl 128,86 nijk 1950 abode . 14143 efghije .
Carhofuran 16242 bodefphilk 154.9 bodefghijk 117.5 k
Zeltanethrin 534 ] *3&153. 181.9 abedelgh i§4n9 dededghlik
s:}oatml 75 .8 abcdafg&:}.j
m:zﬂ and cfszrbml 0.15% Sﬁ v
Carbafuran and phom‘ha 6.5 kg ai/hm g ai/ha
Deltamethriin 75

Other treatmonts @.635%

- By and 133 ina gamrai:ﬁ.@a fallgm& W e commBon leetar‘



the numbers of nymphs in the trestments being 234.4 and
zagei/zespectively; The shove treatments wers on par with =~
HOE 0.25%, monocrotophos $w1§,~§@ni%xﬁﬁhian:0.1%, dimethoate
De15, carbaryl 0.25%, phoophamidon 0.1%, quinalphos 0.1%,
deliamothrin 0.004% and BPMC 0.1%, but the latter treatments

‘weve on par with control also.

At the field doses and st the lovwer doses tested, the
mean progeny production in the different treatments vere in
the ranges of 128,08 to 204.2 and 147.4 to 213.8 respectively.

The treatmente 4id nopd vanQ significantly from control.

In the second generstion, resurgence was not cbserved
4 ony of the treatments. Progeny produnetion was gignificantly
lover on plants treated with carbofuran 1 kg ai/ha when com-
" pared with that of contzol (117.%5 and 173.8 regpectively).
Methyl parathion 0.1%, fenitrothion 0.1%, phoaphamidon 0.1,
carharyl 0.25%, BPNC 015 aﬁa deltamethrin 0.004% came on par

with carbofuran, but they were on par with control also.

The progeny production on planie treated with phogphamidon
0.05¢% was significantly lower tham that of control, the mean |
mpbers of nymphs produced being 117.5 and 173.8 respectively.
Fenthion D.05%, guinalphos 0.05%, dinethoate 0,05%, c&rbofﬁian
0475 kg ai/ha, phovate 0,75 kg ai/ha, fonitrothion 0.055 and

monocrotophes D.057% cane on par and also on par with control.
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At the lower doses all the insecticides tested come
on par with control and the mean mumber of nymphs in the

different treatments ranged from 128.8 1o 208.9.

Z.144. Progeny production of nymphs on plants treated at

tillering and P.I. stages

When the treatments were done twice, once at the
tillering and then at P.I. stages of the plants, deltamethrin
0.004% ranked first in inducing resurgence of N. lugens, the
mean number of progeny being 295.1 as against 162.2 in control.
Fenitrothion 0.1%, fenthion 0,1% and methyl parathion 0.1%
also came on par with deltamethrin, the number of aymphs
produced on plants treated with these insecticides being 245.5,
245.5 and 234:4 respectively. Rest of the treatments at the

higher doses were all on par with control (vide Table 4).

At the field doses tested, the mean numbers of nymphs
were significantly higher on planis treated with deltamethrin
0.002%, fenitrothion 0.05% =2nd methyl parathion 0.05% and
they were on par among themselves. The mean numbers of nymphs
produced in the above treatments were 295.1, 275.4 and 251.2
resPectively as against 162.2 in control. Carbaryl 0.2% came
on par with the above treatments but it was on par with control
also. Rest of the treatments did not vary significantly from

control,
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Table 4. Progeny productlion of H. lureng on rice
plants (var. () 1) twaﬁ%@g with different
insecticides at the tilleving and panicle
initiation atages
“¥onn TumbEr 67 NYNDAS OLAELVed On PIAnES
, , trented vith insecticides at different
Prontmonts e lOnOEn e ong [ doses
Firot generation
HEHE 147.9 hijk 190.6 cdefghl 199,55 bodefghi
Fenitrothlon 204,2 bedefohl 275.4 ab 245.5 nbed
Fonthion 169,8 ﬁfghij 1862 cdefghl) 245.5 abed

234.4 abede

fuinnlphos 17%.8 defzhij 199.5 bedefghi 166.0 efghijk
Mumethopte 199,.5 bedefghi 173.8 defghilk 158.5 ghilk
Monoerotophos 218.8 abedafy 195.9 bedefpght 199.5 eaefﬁhi
:?hgsphamiﬁzm 1585 g’a..‘jk 144&5 if{}’é 1}409 ﬁ{hijk
Phorate 182,0 cdefghi] 144.5 Lk 195.0 bedefgnd
BPRe 182,2 fahiik 191 .8 ik 177.8 ¢ ﬁefghij
Carbanyl 1@6.2 edafehnil 218.8 abedefg 2@@.9 bc&af;h
Carbofuran 208,9 hodefgh 120.2 & 181.9 cdelgni]
Vel tansthrin 155.0 hcﬁa@gai 205.1 8 205.1 a
Control 162.2 febijk
Becond generation -

HOom 186,2 bedefgh  2%4.4 abed 218.8 abedef
Panitrothion 1905 bedefgh  234.4 abod 204,2 shedefg
Panthion 239.9 abe 162:2 fenl 154,989 a2hid
Mathyl parathion 223.9 abeode 169.8 efghl 154.9 ghi]
Guinalphos 195.0 abedafph 151,% ghij 248,5 ab
Dinethoats 120.2 3k 20442 ahedef 158.5 ghil
Honoerotorhos 175.8 defghl 112.2 k& 195.0 abedefgh
Phoephanidon . 1;4.9 ghi] ‘igiﬁﬁ L3k 129.5 abodefs
Fhorate 138,0 ijk 1622 fand £29.1 abede
BeHe 144,5 hijk 234 .4 whed 195.0 abcdefph
Carbaryl 204,2 shodefpy  239.9 abe 195.0 sbedefgh
Carbofuran 134,9 ik 1778 adefghli  190.6 bodefgh
Deltamethrin 186,2 bodefgh  169.8 efghi 26%.0 8
Sontrol 190.6 bodefgh
HOHL and carberyl &.%En @.Zﬁ 0.25%
Carbofuran and phorate 0.5 kg aifis 0475 ke al/ha 1.0 kg ai/he
Deltamethrin 6.00158 00025 00045
Gthor $reatmentdy n@éﬁ(‘% ‘@5@; ﬂniwf

Hepng under Ty s Lg and L§ in a genozation fellowed by & common
lettor are not significantly different at 5% level (DIRT)
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At the lower doses nil the freatments were on por
with control and the mean pumbers of nywpbs in the different

treatments ranged from 147.9 t0 229.1 only.

¥ith reference to the nuwber of nymphs produced in the
second generation by ¥. lugens reared 6n treated plants delte-
methrin 0.004% wag the only inseaticide which showed signifilcant
reaurgence (246% compared to 1906 in contrel). Carbaryl 0525%,
BEMC 0.1%, monocrobophos 0.1, phosphamidon 0.1%, fenitrothion
0,170, HCH 0.25%, phovate 1 kg al/ha snd quinalphos 0.1% came

on par with deltamethrin but they weze on par with control also,

At the Tield dopes wesurgence wan not nobiced in any of
the trestmente in socond genexation. ot aignifiaénﬁ redustion
was obgerved in the number of nymphs produced on plants treated
with morocrotophoe 0@ﬁ5ﬁ-an& phosphanidon 0,055 the nurbors

being 112.2 and 131.8 rvespechlvely.

At the lowey dosea, dinethoate 0.025%, carbofuran
0.5 ke aifhe and phorate 0.5 kg ai/ho caused signdlicant
ré&ac%ianAiﬂ the number of nymehs produced in the gecond
generation (120.2, 134.9 and 138 respectively). FPhosphsnidon
and BFIC came on par with the above trestmenta bt they were

on par with control alsoc.



Resulta pertaining to the experiment and statistical

anaiysis of the dome are presented in Table 5.

Plants treated with fenlirothion 0.1% produced the
highest population af.nymphs in the first genoration and it
wan closely follewed by methyl pawathion 0.1%, the mean nymph
counts in the treatments being 239.9 and 234.4 respectively.
?haaphamiaam 0.05%, phorate qu kg ai/hae, BPIC 0.0%%,
dinethoate 0.05%, deliamethrin 9.6@@ ﬁ&? 0,25%, feonthion
0,05% and earbofuren 1 ke ai/he came on par with the above

two treatments; but they were on par with conbrol also.

At the field dose marimum mumber of nymphs vas seen on
plants treated with fenltrothion 0,:05% (229.1) and the number
wes pignificantly higher than that of contzol (169.8), HCH
04258, DPEC 0405, monocrobophos 0.05%, methyl parathion 0.05%,
quinslphos 0.05% and fenthion 0.05% were on par with fenilroe
thien; but they were on par with combtrol also. Carbofuran
0475 kg ai/ma and dincthoate 0.05% caused significant inhibi-
tion on the progeny production (12@ and 123 respectively) wvhen
compared with control., Phorate 0.75 kg ai/ha, carbaryl Q.27
phoaphanidon 0.05% and delismethrin 0.002%5 came on par with

the ahove two treatments and alse with conirol.
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Table 5. FProgeny praéacﬁian of Hs lugens on vice
plonts {var, T(H)} 1) tTeated with different
insacﬁiaiﬂea at the tillering and booting
atoges

Toan AUmber 6% TyMphS ObBerved On PLAALS Treated
with imsecticides at different

Troatnenis R goncentrations [/ doses
- — —— e SO
First generation
HeH : : 1380 jilm 1758 cdefeghl  195.0 abodelgh
FPenitrothion - 208.9 abode  229.1 abe - 2%9.9 8
Fenthion A 159.8 dofehl ikl 1§§. 8 abodefy 204.2 abcdefl
Hethyl parathlon 14445 ijklm 1949 abedofgh 2%4.4 ad
tainalphos 151.4 ghijkin i%své shedefohl 131.8 ¥in

- DAnethoate , 12409 1%la 220 m 19046 ahaﬁeﬂ;hi
Fonocrotophos 16640 defghl jidd 1&5.2 abedefshi 153.5 efzhijilin
FThosphanidon 190,6 abedefshi 151.4 ohijkim 186.2 abodefghi
Phornte : 204,2 wbodef  138.0 jrlm 177.8 bedefghi]

. BPMg . 166,00 dofohlikl 173.8 cdofehifk 18642 abedefghl
Sarvanryl - $28,8 1n 1479 hijkln 18@.2 abaﬁekghi
Unrbofuren . 208,9 abede 1262 m 218.8 phod
Uel u@‘(’iﬁﬁ?ﬁfin 134,89 3kin 15492 é"hidmﬂ 195.9 &bﬁ&ﬁ*’ﬁ’h
Control - a ‘ a 169.2 defohijkl
Seeond @eﬂe§a+iam L N
HOH | '15:3.43 efghijkin 218.8 ab 20,2 n
ﬁamitﬁatﬁian. 144,35 Ixlm !5%.@ edefehisk 199,06 ;&cda
Fenthion 173.8 bodefghil 144.5 13kdmm 165.0 abeded
Hothyl parsthion 169.2 cdefghijk 141.7 jklmn 15449 ﬁg& Jklm
Huinalphes 182,00 abedefghi 1449 ijklmn 147.9 hij:lmn
Dimetﬂaaté 186,2 abedefgh 166.0 Qofzhijkl 182.0 abedefght

Yonoeroterhos 1778 shedefenld 204.2 abode 151 .4 hiﬁ@lsn

”hﬁﬁ@h&ﬁi&ﬂﬁ 128.8 mmn 1758 bedefehil 154.9
Phorate 1??§8’5bcﬁ€&md32ﬁﬁtg agbod 18143 ﬁbc&afghij
BPN¥C 169,8 cdefaniik 120.6 abodefg 14143 jfkimn
Carbaryl 166 .0 defanijizl 182.0 abedefghi 151 o4 ¢hiiklon
Corbofuran 1%1.8 lmn 105,00 abedef 21%.,8 abe

- Deltemaethrin 175.8 bedefghld 144.5 Liclm 195,9 ahodel
Tontzol ' : 177 .8 bs&&fghij
HOH and ea¥bazyl £.15% 04255 04258

' Corbofuren and phorate 0.5 kg al/ha 0675 ke ai/ba 1.0 kg oi/ha
Deltanethrin 2,0015 04 szfx 0004
@ﬁhex‘ traﬁ-tmaﬁtﬁ ‘ 0@25% QGEN ﬁ&iff

Feans ueder Ly, In and Lﬁ in & aa@xaﬁiax followed by & cormon
etter ape pot sienificently Gifferent ot 5% level (DIRR)
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At the lower doses none of the treatments differed
from control with reference to progeny production and the
mean populations of nymphs ranged from 128.8 to 208.9 only

as against 169.8 in control.

There was no significant increase in the:progeny'
production of N. lugens in the second generation in any of
the treatments. The population of nymphs on plants treated
with HCH 0.25% was significantly lower (120.2) when compared
with control (177.8) and it was closely followed by the
population on plants treated wifh phosPﬁamidon 0.1%, BPMC
0.1%, monocrotophos 0.1% and carbaryl 0425%, Quinalyphos 0.1%

came on par with HCH and_phosphamidoh and also with control.

At the Tield doses all the treatments were on par
with control and the mean numbers.of nyﬁphs in different
treatmeﬁts ranged from 141.%3 to 218.8 oﬁly as against
177.8 in contrel,

The lower dose of phosphamidon caused significant
reduction in progeny of N. lugens in second generation'
(128.8) when compared to control (177.8) and carbofuran
0.5 kg ai/ha (131.8) came on par with phosphamidon. Fenitro-
thion 0.025% and HCH 0.15% also came on par with the two

treatments but they were on par with control also.
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3.1460 Erogeny production on plants treated, once

iy

ab F.T. snd then at booting siaczeq

Data zelating to the expeviment and the results of

gtatiotical analysis of the pame ave presented in Table 6.

)Wh@ﬂ insacticides wére’applieﬁ at P,l. and booting
stages, the regurgence observed was highent on plante treated
with fenthion 0.1% (251.8) vhile the ?apul&ﬁien»on‘untreatéd
plante vag 173.8 nymphs only. It was followed by guinalphos
0.1, dalﬁameﬁhrin 0,004% and nothyl parathion C.14, %he
nu@bar§ of nywmphs in ﬁ@e-%regtﬁenﬁs being 269.1, 263 and
24%.,% raespectively. The above trestments were on par and
significantly different from canﬁrgl; HOH 042594, BPHC 0,14
and carbaryl 0.25% came on par with the above trentments

bat they were also on par with confrol.

At the ficld doses, meximn réesurgence vas observed on
plants treated with methyl psrathion 0.05% and deltamethrin
0,002%; the numbeyr of nymphs observed in both the treatments
were the sémé (245.5) and significantly higher than that of
control {173.8). Fenitrothion D.05%, carbaryl 4.,2%, mono-
cxotaphés'6.05§b fenthion 0.05%, quinalphos 0.05% and HCII
-0.2%‘wére on par with the sbhove two treatments and aloo with
contzol. The insect population was lesst on plants treated

with carbofuran 0.75 kg ai/ha (123). TPhosphamidon 0.05%,
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Table G, Progeny production of He lusons on rice
"~ plants {vaxr. T(N) 1) treated with different
insecticides at the panicle inltiztion and
booting stages
floan numbOY 0F NyOPHS GLSErvVed on piants srented
¥with ingecticides at diffevent
Treatments S concentretions / doses
e ,, By Dy )
First generation
HCH 177.8 defghljle 195.0 bedefghi 204.2 abodefghl
Fenitrothion 208,9 sbhodefg  223.9 abodef 195.0 bedefghi
Fenthion _ 22%:9 abedel 208,9 abedefgh 281.8 a
Methyl parathion 218.8 abedef 245,5 abed 245.5 abed
Quinalyphos 182.0 cdefghij 20B.9 abedefgh 269.%1 ab
Dimethoats 177.8 defghij 154.9 ghijk 151.4 hijk
Honocrotophos 234.4 abede 21%.8 abedefy 199.5 bedefghi
Phosphanidon 154.9 ghijk 134:9 jk 147.9 1k
Phorate 162.2 fghijk  166.0 fghifle  147.9 iik
BRKC 147.9 ijk 166.0 fghijk  204.2 abedefshi
Carboryl 281.8 & , 223.9 abedef 240,0 abede
Carbofuran 195.0 bedefghl. 123.0 k 1%1.8 Jk
Deltamethrin 199.5 bedefghi 245.5 ached 263.,0 ab
Control | 173+8 efghi]
Second generation
HCH 175.8 bedefgh  208.9 abe 144.5 2ghi
Penitrothion 154.9 defghi 1696 abedef 177.8 bedefgh
Fenthion 162.2 cdefghl 204,22 abed 158.5 cdsighi
Mothyl perathion  182.0 bedeiyg 16242 cdefghi 204.2 abed
Quinalphos - 160.8 cdefghi 169,8 cdefghi 158.5 cdefghd
Dimethoate 12848 1 144.5 fzhi 182,00 bedelg
Honocrotophos 138.0 ghi 169.8 cdefghl  208.9 abe
Phosphanidon 186.2 abodefr  134.9 hi 134.,9 hi
Phorate 144.5 fehi 1653 ahode 229:1 ab
BPMC 177.8 bedefegh 151.4 efghi 204.2 abed
Cerbaryl 151:4 efghi 138.0 ghi 208.9 abe
Carbofuran 169.8 ¢defghli  199.5 abede 154.9 defaohi
Deltamethrin 208.9 abe 245:5 a 281.8 a
Control ‘ 204 .2 abed
HOH and carbaryl 0e15% | 0.2% | Q257 ,
Carbofuran and phoraste 0.5 k%.ai/ha 0.75 kg ai/ha 1.0 kg ai/ha
Deltamethrin 00019 0.002% 0 «004%
Other treatments 0.025% 0.05% 0.1

Feans under Dy, xz aﬁﬁ.z3 in & generation followed by 2 common
letter are not significantly different at 5% level (DMAT)
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dimethoate 0.05%, phorate 0.75 kg ai/ha and BPIC 0.05% were

on par with carbofuran and 2lso with control.

At the lower doses tried, carbaryl 0,159 was the only
insecticide found indueing rvesurgence of H. lugens with a
mean numbsr of 281.8 nymphs p@r'planta’ Penitrothion 0.025%,
methyl parathion 0.025%, fenthion 0.925§ and monccrotophos

ag&aﬁﬁ-came'an par with carbsryl and also with control.

Reaurgeacs‘wag'aat seen indvced by any of the iunsecticides
in the second goneration of I, ;ggggg. Progeny prcdgétian ¥ag
Bigaificaﬁtly‘lew in the pecond goenexation shen the insects
were resred on plantas treated with pﬁ@sphaéidan 0.1% and HOH
025%, the mean numbers of nymphs observed bBelng 1%34,9 and

{44.5 rezpectively as againgt the mean nunber af 294.é in |
/

conkrol, Carbofuran - 1. kg aifha, quinalvhos 0,°f, fenthion /
0:15, fenitrothion 0.1 and deliameshrin 0.,004% came on panr

with the abhove two insecticides and with conbrol.

Among the field dogeg of different insecticides tried

' lesst mumber of nymghé was recorded on nlants treated with
phosphamidon 0.05% and it was followed by carbaryl 0o 255,
dimethoats 0.055% and BPMC 0,05 (15449, 138.0, 144.5 and

151 .4 fasﬁéctivelgl the namber in the four tfea%maﬁtm’being
on par and signiflicantly lowsr than that'af control. Hethyl

parathion 0.05%, monocrotophos 0.05% eand gquiralphos 0.05%
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alsp came on por with the asbove insecticides but they were

on pay with control also.

At the lower doases tested, dimethoate 0,025%, monocroto-
phos 0,025% phorate 0.5 kg ai/ne and carbaryl 0.15% shoved
‘significant suppression in gm@gany production in second génora~
tion, the npmbers of nyuphs observed in the treatnenta being
128.8, 158, 144.5 and 151,4 reaﬁectivelg as againsﬁ 204.2 in

een%;olg Remaining treatmeats were On par with cantrol.

¥ aTe 'PQQEI} -

roduction on nlants breated thrice,
ance at $illering,
bootine ater

opce ot F.1. and then af

Date velating to the ezperiment and the results of
statistical anslysig of the same ave yresented in fadle 7.

Tha mean number of nymphs obgerved was highest on plants
treated with &el@amaﬁhrin 02,0045 (aaa.¢) and 1t was followed
by methyl parathlon @.1§, carbaryl 0,255, fenitrothion 0.1%,
fenthion O. 1% end guinsiphos 0.1%, the mesn pepulatians in
thene treatmanta heing 2T5.4; 2692, 251.2, 245.5 and 2%4.4
respaetively. A1l the aix treatments wore on par and signifie-
cantly &ifférenﬁ from contzol (177.8). lﬁhe»lcwesﬁ.nnmber‘nf |
nymgﬁs w&a'ﬁbservé& on plants treated with phorate ot 1 kg
ai/he (125.9 nympha) and 1t vas significantly lower than that
of control. Caorbofursn 1 kg ai/he, phoophemidon 0.1% and
BHR0 0.1% cape on par with phorate and also with control,
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Progeny pwaéncﬁicn of Is lugeng on vice

Table T.
_ vionts (varr. &{”} 1} tmeated vith different
Insecticides at the tilreving, ﬁ&ﬁi@l@
initintion and boatiwg’st gep
“TeAn AUMDOT oFf RYNDHS ODISVVed on pLants trested
with insecticides at Aifferent concentrations /
Tpoatnenta . N fdnocs , s
. T, 1
Flret generation
HOH | 144,5 wn 165,9 ¥irn 208,9 cdefmhlflk
Fenitrothion 24%5.% abedefgh  281.8 ob ' 251.2 abedelg
Fenthion 186.8 hijkin 240.0 abedefghl 245.5 abedefgh
Methyl parathio 257.0 abcdef 26%,0 abede 275.4 abo
Suinelyphos 186:2 hijklnm 208,9 cdefghilk 234.4 abedefghl
31me*h@nte 204.,2 defghiik 1950 fghiikl 1738 i£1m
Fonocretophos 186,2 Bijkln 180.,6 ghijklnm 186,2 hijxim
Phosphamidon 199.5 efchijk  169.8 kim 162.2 klmn
Fhorate 186,2 hilkln - 169,8 klm 125.9 n
BPMC 82,0 1jkin 147.9 162.2 klmn
Carbaryl 2%4,4 pbodefghi) 2?5.& acdafphijk 269,.2 abad
Carbofuren 195.0 fghilkin 162.2 klmn 147.9 1mn
Deltamethrin 230,9 abedefghi 295.1 288.4 &
Gontrol ' : 177.8 j&lm
Seocond generation
HCH 1443 hijk 131.8 5k 169.8 cdefahi
Fendtrothion 1413 hijk 1820 abodefg 165.0 defghl
Fenthion 223.9 a 147,59 fehijk 134.9 13k
Hethyl parathion 204.2 ahced 151 .4 febijk 17%.,8 bedefgh
Suinaelshos 144.5 ghijhk 199.5 abode 158.8 efghij
IMnethoate 24 33&8 ab 1§4a9 i w‘lijk 123.0 &k
¥onocrotophos 158.5 efghid 1514 ;4 Tahdik 131.8 jk
Phosphamlidon 1414% hijk 151 jk 169.8 cdefghi
Phorate 147.9 2anlik ?54 Lahdgk 204,2 sbed
DYMC 1%24.9 13k 162 .2 dsighij 144,5 ghijh
Carbaryl 186,22 abedel 162.8 defshid 177.8 abcdefeh
Carbofuran 162.2 defahi] 1?3.& bedofzh 144. § hijk
Deltamethein 213.8 abe 154.9 fahljk 16242 efg%i;
Control 1m5.2 ahc ef
HOH and c‘iﬁ@ﬁ@1 8&1‘:( 023-’ .25
Carbofuran and phorate 05 kg aifna 0.75 ko ai/ha 1.0 kg al/hs
Deltamethrin @,ﬁﬁ?m Q.Gﬂ&ﬁ 040045
Gthor tpeatmente 00255 04085 Qﬂ?y

Heemas under &1, 32 and 33 in a generation followed by a common
letier are not significently different at 5% lewel (DMAT)
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At the field doses tested also deltamethrin 0.002%
caused moximum build up of insect population and it was on
' par with fenitrothion 0.05%, methyl parathion 0.05% and
fenthion 0,055, the nean mumber of nymphe ohserved heing
205.1, 281.8, 263 and 240 respoctively, These vere signifi-
eanﬁly‘ﬁigher-%hau the pumber observed in control. Hamaining

treatnents were on pay with contzol.

At the lower doses, mavimum rosurgence wag observed on
plants treated with methyl parathion 0.025% (257 nymphs). It
was closely followed by fenitrothion 0.025% snd deltawethrin
0.0015# (245,5 and 5%9,9 respeotively). Siznificent differences
were not obmerved among the three treatments. Carbazyl 0.15%,
dimethonte 0.025%, phosphanmidon 0.025% and carbofuran 0.5 kg
ai/ha came on par with the above btrestments; but they were on

par with conbtrol also.

Bignificant rasmrgamae.ﬁaw nm% nated in the second
genaration whon the pazents reaved on plonts trested with the
difrerent doces of iasecticides were exposed to the game lot
of plants, the number of nywmphs produced ranged from 123 bo
2042 gs against 186.2 in control. Jigmilizont reduction im
the numbers of nyaphs vroduced in the gecond generatlion wes
observed on plants dreatsd with Qdimethoate D.1%, monocroisphos
Qitﬁf fenthion 9.1%, BPNC 0.12 and carbofuran 1 kg ai/ha

(423, 131.8, 134.9, 144.5 and 144.% respectively).



Fig. 1.

Resurgence of N. lugens induced by insecti-
cidal sprays at different growth stages of
rice

I, L, ‘ L3
Carbaryl 0.15% 0.2% 0.25%
Deltamethrin 0.001% 0.002% 0.004%

Other treatments 0.025% 0.05% 0.1%
Coloured histograms indicate first generation
progeny

¥ Significant increase (5% level)
Colourless histograms indicate second generation
progeny

+ Significant increase (5% level)
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Fig, 2.

Inhibitory effect on the progeny production
of N. lugeng caused by insecticidal sprays
at different growth stages of rice

L1 L

. o 2 . U3
HCH 0.15%  0.2%  0.25%
Phorate and]

carbofuran % 0.5 0.75 1.0
(kg ai/ha) : :

Others . '0.025% 0.05% 0:1%

Coloured histograms indicate first generation
progeny

* Significant reduction (5% level)
Colourless histograms indicate second generation
progeny

+ Significant reduction (5% level)
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At the field doses, phosphamidon 0.05% and HCH 0.2%
caused significant reduction in the mean numbers of nymphs
'produced, 131.8 in both the treatments. Fenthion 0.05%;
methyi parathion 0.05%, monocrotophos 0.05%, dimethoate 0.05%,
phorate 0.75 kg ai/ha, deltamethrin 0.002%, BPMC 0.05% and
carbaryl 0.2% came on par witﬁ phosphamidon and also with

control.

At the lower doses of the insecticides also, progeny
production on treated plants was significantly reduced. The
number of nymphs on plants treated with BPMC 0.025% was the
least (134.9). HCH 0.15%, fenitrothion 0.025%, phosphanidon
0.025% and quinalphos 0.025% also caused significant reduction
in population and these treatments were on par.' Phorate
0.5 kg ai/ha, monocrotophos 0:025% and carbofuran 0.5 kg ai/ha

came on par with BPMC; but they were on par with control also.

The stimulatory/suppressing plant mediated effects of
various insecticideé, on the progeny production of N. lugens
when applied at different levels at the different growth

stages of rice have been summarised in Figs. 1 and 2.

3.2, Influence of the growth stages of rice plants on the

resurgence effeet of different insecticides to N.lugeng

Data relating to fhe experiment and results of the
statistical analysis of the same have been presentéd in

Table 8.



Table 8. Influence of

growth stages of rice plants on the reéurgence induced by different insecticides

in N. lugens
Per cent increase in progeny production over control on plants treated with

S?O:gg izgges Fenitrothion Fenthion Methyl parathion

I, L, L3 L, L, L3 - L, oLy L3
Tillering 11.51 a 63.12 a 50.41 a =3.65 b 26.46 ¢ 41.33 a 4,40 a 37.49 ¢ 42,76 cd
PI -14.07 b =5.39 b 18.17 ¢ 21.86 a 48,34 a 39,90 a 20.26 ¢ 53,42 ab 61.86 a
Booting -9.08 b -18.33 ¢ - 23.84 be 20.01 a -0.02 £ 29.27 be -14.03 e -21.63 ¢ 35.71 4
Tillering and PI 26.89 a- 36.03 a 17.85 ¢ 36.65 a 30.40 b 21.98 ¢ 32.99 b 61.67 a 48.86 be
Eii%iﬁéng and 23.21a 35.69a -5.86 d 115 b 17.90@ 22.06 ¢ -13.65 e 16.71d 39.24 cd
PI and booting 1742 & 59.28 a 41.42 ab -3.48 b 6.30 e 41.11 a 32.04 b 45.19 be 32.61 4
Egg%gg;ﬂg' PL and 35.67 a 56.87 a 39.59 ab  3.98b 34.05 b 36.81 a  44.04 & 47.12 b  55.18 ab

Quinalphos Carbaryl Deltamethrin

L1 L2 L3 L1 L2 L3 L1 L2 13
Tillering 1.11 ab 38.21 a 1.99 d 26,93 ¢ 28.25 bc 19.69 b 30.25 a 76.77 a 66.73 a
PI 16.67 a 8.32 ¢ 48.29 ab 33.15 bec 28.57 be 19.64 b 10.50 ab 20.64 b 32.01 b
Booting 9.79 bc =10.01 e 17.58 ¢ 1M.47 4 -1.83 4 23.62 b c

‘Tillering and PT

Tillering and
booting

PI and booting

Tillering, PI and
booting

10.89
-9.98
-1.12

4,53

-6.15 b  =9.22 ¢ 13.45
23.1% a  50.63 62.28
-24.25 @ -13.10 e 1M.38 ¢  -21.99 ¢ -28.63 A 16.07
& 13.99 ¢ 21.76 ¢ 7.40 & 25.71 ¢ 19.32 b 12.20 &b 68.06 a  68.52
¢ 15.09 ¢ 30.09 be  31.80 bo 18.43 ¢ 49.04 a  32.57 &  62.43 a  59.07

ab 27.49 b 64.70 a 74,48 a
e 11.96 ¢ -20.66 e

[+ ]

80.51 a 45,59

o

Means followed by a common letter in a column are not significantly different at 5% level (DMRT)

£L
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Fenitrothion, at all the three levels, gave the maximum
resﬁrgence inducement at the tillering stage. At the lowest
and middle doses, all treatments combining the different growth
stages showed resurgence on par with that of the Fillering
stage. At the highest dose treatment at panicle initiation +
booting stages as well as the treatment at tillering + panicle
initiation + booting stages showed resurgence on par with that

of the tillering stage.

Fenthion, at 2all the three levels, showed high level of
progeny production on plants treated at panicle initiation
stage. At the highést dose the tillering sfége also éame on
par with panicle initiation stage; At the lowegt level the
population observed on plants treated at booting as well as at
tillering + panicle iﬁitiation stéges came on par with popula-
tion on plants treated at panicle ini%iation stage. The panicle
initiation + booting as well as tillering + panicie iniﬁiation +
booting also came on par with panicle initiation stage while
the increase in population in the remaining treatments were

significantly lower.

In the case of methyl parathion higher build up of the
population was noted at the panicle initiation stage at all
the three levels of the insecticides used. In general this
was followed by the tillering and booting stages. At-the
lowest and highest levels, the highest per cent increasesin

progeny production were seen in plants treated at tillering +



panlecle initistion + booting sioges and in the middle dome

in tillering 4 paniecle initiation stages.

Quinalphos gave the highest increase ia progeny production
in the panicle initiation stege in the lowest snd highest doses
and in tha'ﬁillering stage in the miédie ﬁdse. Among the
combinations the application of the insecticlde in tillering
and panlele initiation stages gave greate# inerease in popule-
tion than the rest, At all the threée levels, the tillering
&nﬂ‘ganicle initiation ghages were on par in inducing the

ineresse in progeny production.

A% the'highest doge of earbaryl the b@oting;stage also
ca@e on par with tillering and @%ﬁiele initiation sitages. The
higheat per cent incie&ae in pregeny production was qu@rveé
on §lants treated at tillewing -+ paniecle initiation atngeé,
4% the highest dosge treatment at tilleving + penicle initiastion +
booting stages alsoe came on par with tillering + panicle

initiation atage combinations,

In the cape of deltamethrin, the highest increase wag
recorded on plants treated st tillering stage at all the three
doses vaed, The panicle initiation stage also came on par with
the tilieﬁimg stage at the lowest dose of the ingeeticide and
at the other two doses the panicle initiation siage came just
below the tillering siage in ranking, DPooting stage showed

significantly lower level of increase in progeny productlion
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than the %illering otagesat the lovest dose and lower than
the tillering and panicle inltdation stage at the middle and
highent doses of the insecticide:. tried. The incresse in
progeny production in all the eombinaticnse except tillering +
booting stage were on par with the increase on plasnts treated
at tillering stage. |

343« Rexsistence of vesurgence effect induded by

inseckicides on rice plants treated sf tillering,
panicle initiiation :

The data relating 4o the experiment and the resulis of
the stetigstical analyais-af the data are presented in Table 9
and Fig. 3.,  The higﬁesﬁ progeny profuction was found on plantse
treated with deltamethrin (282.8) when the insects were exposeéd
on plants at 10 DA am@'tha:yayulaﬁien on plants treated with
fenthion (255.8) also came on ﬁax‘wiﬁh it. The latter was on
par with fenitzothion (240.8) also: The above three treatments
were followed by methyl paraﬁh&an and quinalphos. The papﬁ&a@
tiong on plants trested with HCH and carbaryl came on par with
thet of contxyol. u

The progeny productions on plants treated with deliamethrin,
f@nitraﬁﬁion.aaa fenthion nt 15 days after treatment {BAE) were
on par and the latter two were on nar with méﬁhyl varathion aleo.
ﬁuimalghcs and earbaryl w@re-laﬁs s%imul&ting- HOH alone came

on pay with aantrel¢t



Table 9. Persistence of resurgence effect of different
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ingecticides on rice plants treated at tillering;
panicle initiation and booting stages

Concentra- Mean number'ef nymphs observed at

Treatments tion , .
(%) 10 DAT 15 DAT 20 DAT 25 DAT

HCH 0.25 174.5 e 165.6 ¢ 193.9 de 200.7 abe
Fenitrothion 0.1 240.8 a  257.9 ab 236.9 ab 197.5 abe
Penthion 0.1 255.8 ah 248.9 ab 223.7 abe 192.7 abe
Methyl ' ' - e
paraihion 0.1 217.7 cd 243.0 b 203.6 od 214.7 ab
Quinzlphos 0.1 208,7 & 222.9 ¢ 2%0.9 ab 203.5 abe
Carbaryl ‘ 0,25 183,7 e 198,9 d 215.9 be 173,4 c
Deltamethrin 0.004 282.8a 270.9a 241.8a 225.5 a
Gontrol 172.3 ¢ 172.7 ¢ 181.7 ¢  187.4 be

(water spray)

DAT Days after treatment

Meang followed by a common letter in a column.
are not gignificantly different at 5% level

(DMRT)



Persistence of plant mediated resurgence
induced in H§. lugens by different insecticides

Treatments ;
Carbaryl & HCH 0.25 per cent suspension
Deltamethrin 0.004 per cent emulsion

Other treatments 0.1 per cent emmlsion
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The progeny production on plants exposed to N. lugens
for egg laying at 20 DAT showed parity in the case of delta-
methrin, quinalphos, fenitrothion, and fenthion. TFenthion
came on par with carbaryl and methyl parathion. The popula-

tion on HCH treated plants alone came on par with control.

At 25 DAT, the progeny produced on plants treated with
deltamethrin (225.5) alone was significaﬁtly higher than that
of control. Methyl parathion (214.7), Quinalphos (203.5),

HCH (200.7), fenitrothion (197.5) and fenthion (192.7) came on
par with deltamethrin and also on par With control. Progeny
production on cérbaryl treated plants came on par with the

progeny production in control.

As is shown clearly in Fig. 3 the resurgence induced by
the various treatments persisted up to 15 days after treat-
ment without significant change. When exposed on plants at
20 DAT the increage in progeny productions over controls were
considerably less, and at 25 DAT the resurgence inducement

was. seen completely lost except in deltamethrin.

3¢4. Resurgence effect of different ingecticideg in

N. lugens exposed on rice plants sprayed atb

tillering, panicle initiation and booting stages

Repeated application of the insecticides at different

s

growth stages of the crop was giving higher resurgence and hence

by adopting this schedule of spraying all the commonly available
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insecticides, excluding‘those covered in para 3.3, were
screened for resurgence and the data obtained and the resulﬁs
of statistical analysis of the same are presented in Table 10.
The numbers of the nymphs of‘ﬁk lugens in seven tieatments were
significantly higher than that of control. Highest number of
nymphs (283.2) was observed on plants treated with cypermethrin
0.02% and it was followed by methyl demeton 0.1% (276.4),
fenvalerate 0.04% (245.4) and permethrin 0.02% (237.2). The
differencés.among the above treatments were not statistically
significant. Malathion 0.2%, FMC 35001 0.1% and flucythrinate
0.004% also gave rise to significantly higher numbers of nymphs
(231, 244.9 and 223,9/respecﬁively) when compared with control
(184.6). The rest of the treatments were on par with control
and the mean numbers of nymphs in the treatments ranged from

155.3 to 217,

3.5, Effect of different granular insecticides on the

progeny production of N. lugens on rice plants

sreated at tillering and panicle initistion stages

The data relating to this experiment and the results of
statistical analysis are presented in Table 11, The mean progeny
productiong in the different treatments veried significantly.
The highest progeny production was in plants treated with
diazinon 1.0% (286.8) and it came on par with carbofuran 1.0 kg
ai/ha and cartap 1.0 kg ai/ha (237.8 and 211.8 respectively),
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Yable 10. Progeny production of H. lugens on wice
plants treated with ﬁiﬁfnranﬁ'in&aa%iaidea
at tillering, panicls initiution and
booting otages

“@an %umﬁﬁw mf

Troatunents ﬂanaen%ﬁ@ﬁiaas nymyhs abserved
Endosulfen D145 16648 £g
¥alathion 0,88 23140 be
Formothion 4 P8 11 162.6 fg
Phosalone Detass 1553 g
ﬁa@h&& demnebon 0,15 276.4 ab
vy o T 4 2%7@@ ede
Chlorpyriphos I8 189 def
Hethamidophos O.1% 191.5 def
PHE 35001 Dai% 244.9 ed
Corbaryl + DOVP 0425 + 0415 212,7 cde
HEH + DDVP | 0,25 + 0.1 175.4 g
Fenvalorate  0.04% | 2454 abe
Permethrin 0.+02% 237.2 abe
Cypermothzin 0.0275 28%.2 a
Flucythrinste 00045 2239 cd
Controld 124.6 efg

(wvater apray)

Hesmg followed by a

differont ot %9 level (DIET)

a coppon letter are nod alanificantly



Progeay produetion of I. lugens

on Tece plants treated with
grarmlar ingesticldes pt tillering
and ﬁﬁﬁ&ﬁle initintion ﬁtaﬁaa

F@&n wumbem of
nymphs obsorved

Treatments kgﬁggﬁha
Digeinon 140
Phocate 10
Guinalphos 140
Aldicarb 1.0
Carbofuran 1.0
Carbaryl + lindane | 1.0
{s&vida*)

Cartap 1.0
Contzol -

.2$$;a;a
205.7 e
1877 cd
1386 e
23'?«»8 ab
174.7 4

176.7 &

¥eans followed by a cormon letter are nol
eigpificaablg d*ffam&n% ot 59 leowel (DY)
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there being no sigrificant differonces among the three troate
ments. TFhorate 1,0 kg ai/ha ranked next with & mean progeny
production of 205.7. The preogeny production on phorate treated
vliants was significantly lower than that of diszinon irested
plants but was on pay with plants trested with carbefurasn and
eartap and the population in all the four treatments were signi-
ficantly higher than thet of control, Quinalphos 1.0 kg ai/ha
and sevidol 1.0 ke 2i/ba were on par with control while the
number (138.6) on aldlcard trented plants was significantly

lover than that of control.

Beba Prpgeny~prg&ucﬁiun ef‘g.ﬂlugqgg_an rice plants

treated with funcicides and berbicides

Thée deta relating to %the ezperiment and the resulis of
ostatistical analynis of the same ave presonted in Table 12,
Fone of the fungicides tested had any resargence affeet on
Hs lugens. Haximum nupber of imsects was observed on plants
trooted with sined 0,5% (802.5) and 1t was followed by
manconeh 0.3% (190,8), ediphenphos 0,13 (183.8), carbendasim
0.1% (171.8), carboxin 0,14 (162,7) and kitazin 0.1%¢ (157.7).
All the trestments were on per with control (178.7). Bignifi-
cant reduction in progeny was shserved on plants treated with

captafol (143.7).

Yhen H., lugens was exposed to plante treated with wverious

herbicides the populations of nymphs ranzed from 153.1 to 214,.3



?éablé 12 Mfect of 2ungicides apd h@:ﬁb&@i@@g, swwe«i o ies plantae,
on the nemmny tgraductien of He lupeps

Gongens e o o ol ’ . e . p
o ‘3o Py Hean number 0 o cdctidce Dogg Fean nomber of
Funpicides .txg#ie&s nymyhe obseryved Tezbioiden vg al Jha nymphs observed
Zined 043 202.5 a 2,4=D sodium salt 1.0 215.3 a
Hencozeb 0.3  190.8 sb 2,4-D eater 1.0 211.3 &
Captafol .3 | 143.7 & Tendinethalin 1.0 219.3 &
Edighenphosn L4 I 13%2.8 abe Fluohloralin 10 175.2 abe
Zitazin 0l 157.7 de Botachlier 1.0 16447 bo
Carbendazin 8 | 171.2 bed Propanil 1.0 145.0 ¢
Carboxin Gu 162,7 cde Thichencard 2.0 - 153.1 be
Control ' | . Ty Contzol T I
(wa ap 3@«@&*3?“3 | | 178.7 abod {vater m&x} 188.2 &b

Fungiames verse agmm& gt tillamag, ;:gar‘icle Initiation and booting stages and herbicidsa
at the tillering stape only _ ‘ ,

%g;g?)i‘euam by a common leiter in & ¢olurm are not simnificantly &ifferent at 59 lowel

£8
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only and the treatments were on par snd also with control
(188.2). Significant reductlon in progeny was observed on
plants tweated with propanil 1 kg ai/ha (145).

foxent

3.7+« Resurgence induced by fenitre

thion on dif

varieties of rice

The progeny produced on different rice verieties treated
with insecticide and on corresponding untreated control plania
are vregented in Table 1%. The resplts of the analyele of the

data are alge shown in the Table.

| The varieties Iin vhich Lhe progeny producilong weye
csilgnificantly higher thard those of the corresponding controle
 were HMushoorie {increange over control 80,9 per cent), C 1727
(78.84), Asha (77.25), T(W)-1 (73.41), Ptb 33 (66.14), Phadra
(58.19); Bharati (56.62), IR 356 (53.71), Triveni (52.80) ond
Jaya (42.17)s 7The nymphal populations in the remaining eight
-varieties were on par with those of the corresponding control
plante (the lnervease ranged froh -14.55 to 34,07). The above

two groups included vesistant and suscepitiblie varieties,

S.8. lechaniem of resurgence of N, It

FProm the resuliss of the experiment 3.1, 3ix resvrgence
inducing insecticides viz, fenitwothion, fenthion, methyl /
parathion, quinalphos, carberyl and deltemedhrin and & non-
indueing ingeetleide (HUCH) were chosen for detailed studies

- on the mechanism of resurgence inducement.



Table 13. Progeny production of I. lugens exposmed on
different vrice varieties $trezted with feniiroe
thion &% tillering, panicle inltiation and

booting stoges and on ¢ontrol plants

. Hean nupber of nynphs ?nexa&ge felasive
Vorieties _ pre&gpad on p;anta | gg@g&ma&r 2%§§§¥§,
untreated troated control reponted
Iashoordie 107,77 (4.68) 188,67 (5.24)  §0.9% g
¢ 1727 115,58 {4.75)  194.42 (5.27)  78.94% -
Asha 139,77 (4.94)  217.02 {3.38)  77.25% n
()=t 181,27 (5.20) 294,68 {5.54) 7T3.41% '8
Pt 33 104.58 (4.65) 170,72 (S.14) 66,14 2
Bhadra 134.29 (4.90) 192.48 (5,26) S8.19% jor
Basrathi 126,47 {4.84) 183,09 (5.21) 56,62% MR
iR 36 123.97 (4.92) 177.68 (5.18) 53.7i* S
Triveni 117.92 (8.77)  170.72 (5.14)  52.8% R
Jaye 127.74 (4.85) 175,91 (5.14) 43.47* 8
IR 20 196.57 (5.28) 230,44 (5.44) 34.07 8
Ttb 4 126.47 (4.84) - 151.41 (5.02)  24.94. -
Jyothl 174,16 (5.16) 196457 (5.28) 22.21 MR
Pavichom 148,41 (5.00) 149,90 (5.01) 1.49 1%
Pt 20 125,21 (4.83)  145.47 (4.98) 20,26 -
Zarthika 135.64 (4.91) 134.29 (4.9 ) -1.35 MR
Anmapoorna 151,41 (5.02) 15701 (4.92) -14.40 S

Rohini 249,64 (5.52) 2%5.09 (5.46) =-14,55 3

* menificont at 59 level

¢.D, for comnoring treatwents with corresponding control = 0,19
8 - Sugeeptidle IR - Yoderstely resistant B - Recistand
Figures in parentheses are transformed values (loge§3%
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3.8.1% Population build up of H. luzong in zelation io

2

the varviations in the arowth of rice plent

goraved with diffevent inseepicides at the

tillering stnca

The data on the stimlatery effect of different insecti-
aides applied on rice at tilleving etage and the gtatiastical
analyels of the same are presented in Table 14. Though the
number of tillers ronged from 8 to 9.3 per plantithe variations
verse not statistleally significemts: The numbers of losves
(zange 28,3 to 32.0) also 3id not vary significantly. Mean
helght of plonts treated vwith deltapethrin (66 cm) was highesot
ard it was on par with methyl parathion, fenltrothion, HCHU end
control, The rempining treatments £lz0 came on par vwith the
above brentmente except deltamethrin. Yith references to the
lea? arves indices HCH trested plants alone eame on par with
control (1.88 and 2.13 respoctively). The indices in all other
troatmenta {2.51 to 2.94) were:en‘@ar and significantly higher
than the index in contrel; The variations observed in the
population of nympha were significantly correlated with the
variations in plant height (» = 0,67) and leaf area indices
(r = 0.72).

%:8e25 ?apulaﬁioﬁ bgild up of H, lugens in zelation o

The data relating to the experiment and the remults of

gtatistical apalysis of the same awre pregented in Table 16,



Zable 14. Populstionm huild u @f;ﬁ.*ggggag,iﬁ~ré1&tio&,tg-ﬁhe.vmwxatinna
in the growth of rice plonte sproyed with different insecticides
at. the tillering stage

e ﬁéaﬁ :Heén "' Fean Leat " tean number
opoatoenbs jomcemtra= 5o, of  No. of  helght  sves of nymphs
Rkt () $illers lsaven of plants index gbaerved

e 0425 8.0 & 22,38  6f.7ab 1.8 b 189
Penitrothlon el 7.7 2 25.7 & 6443 ab 2482 & 314
Penthion Tat - 3.0 8 305 & 61s3 b 2.52 a 23%
Hethyl parathion - ©.4 ‘8.3 a I P I 6543 ab 251 8 258
Juinalzhos Ouf BT 3 28,7 = 6.3 b 2,75 2 213
Carbeeryl - De25 C G.3 - 28,3 2 51.0 b 2.7t a 260
Bodtamethrin 0008 - - BT a - -2 66.0 & 2,94 a 348
Control . 8.0a 2.0 8 $2.78b 2,43 b 210

i

Dorwelation coefficisnt e e o an®
hotween x and y . B8 RE 38T 0LT2 -

Heans followed by o commen letter in a coloan ave not significanily different
at 5% Level (DERT)

* Significont at 5% level

8



ﬁ@vmlwtieﬁ;%aiiﬁ ny of J. lugeas in relation to the veristionn
in the jgrowth of rice planty sproyed with ﬁ*ffereﬁ* insegticides
ot the panicle initistlon sloge

Tronfrents

F@naentzau

. tion
("")

&ean
M'@i af

tiliers

(!’}

Hean
Foe of

leaves
(x,)

Hoan
haight

of plante

€x3‘

heatl
BB

index
{34)

Hoan nrusber
of nynphn
observed
(v

HEHW

Fonitrothion

Yenthion

Dot

Hothyl parathion 041
Gainaleshos

Carbseyl

Deltamethrin

"}

L ke

ok

QG‘
025
2004

D25

ﬁ@ﬁ o

SuT &

9.7 &
10.0 3
BT &
10.0 &

533 &

3'3‘«3 k-3

34.7 &
36T @
357 &

347 &

THa &

723 be -

@?3‘3 &

T8.7T &b -
5337 e

Tie3 a

Tia &

31‘3 o

3;83 ab

525 BeC
4,45 &

%66 abe
5@25‘hﬁ

.6V abe

159
212

Correlation voefficient

at 5%

level {DEED)
* Jenificant at 9% level

Bs-hed antad & i & ?_ -
' %eﬁw&anvx'anﬁ.y S B 3405 .51
ﬁe&na foliowed by o counmon letier in o eslurm ars sot sisrnificanily difforent

8



39

The pean number of tillers (8,7 to 10.3 per plant) snd numbers
of leaves (33,3 to 36.7) Gid not show significont variations
ameng the different tresatments. Height of plants trented with
deltamethein (77.3 om), Ffenitrothion (76 cm) end quinnlphos
(75,7 cm) were on par and significantly higher than thet of
~control. The remaining treatmenits were on por with control.
The maximum leaf area index (4.15) obgerved was that of the
plants treated with methyl parathion and it came on par with
the indices of the plants treated with fenitrothion, guinalphos
and control also {(3.61 to 3.83). In the remeining treatnents
leaf area indices (3.18 to 3+3%) were on par and aigﬁifiéamtly
lower. Varistions in the porulsations of the nymphs were
positively correlated to the leaf aren indices (r = 0.51) but

not to the wvarying heights of plante In different treaiments.

308,35, Fopulotion bulld up of ¥. lugens in relation fo

the varietions in the srowth of plants gpraved

¥ith inssc%iciéga gt the booting stage

The data relating to the experiment and the results of
statistical analysis of the same are presented in Table 16,
The npumbers of tillexs (9 %o 10.7) and numbers of leaves
(39.0 %o 43.7) did not show statisticslly significont varie-
tiong. Height of plants treated with methyl parathion (92.3 com),
deltanethrin (01.3) and Ffenitrothion (31.0) were on par 2nd

aignificantly higher than the helghts of plants in remairing



fable 16. Populaiion Duild up of He Jupens in rolation to the voariations
~ in the growth of rice plonts sprayed with different insecticides
ot *ﬁm baeﬁpg stage .

. Gancentrae ﬁean Eean Fean Heat Mean numben

Treatments tiom - loa of Bo. of haight BTSN of nymphs

SRR %) - $illers  lesves :;I' g&&mts index ohserved
i (xi} : (12} " (’34) {y¥}

HOH 0.25  10.0a 4278  85.3b 6.2t c 222
Penitrothlon | 3% 3 0.7 a 4!«.& a $oa 6.0 bo 243
Penthion 2.1 10.38 40,72  85.0d>  £.03 e 221
| Methyl parathion 0.1 872 43.Ta  92.3a 84T abe 250
Guinalihes 0 - 952 42.3@ 83.0b  B.6Bab 201
Carbonyl 0.25 = 9,08  39.08  B2.0% S48 ¢ 212
Deltamothrin 0704 10.7a  43.3a&  9,3e .79 8y 192
Control 10,3 & .3 5 Bl.4 b &;;:52- e 171

s'arze}.ati@zg eaeri’icimﬁ N
h@tﬁi&m ® amsi ¥ | | :_"iﬁ. ﬁs o 9»4& | -9;132 -

Heang folloved By »n common letter in & oolusn ars ngt si@nifimtm ﬁiffermﬁ
at 5% level {(DMED)

* Bignificznt a% 5% lavel

06



treatments including control. Leaf area indices of plants
treated with deltamethrin (8.79), quinalphos (8.68) and methyl
parathion (8.17) were on par and the indices in former two
‘treatments were significantly higher than those of the plants
treated with fenthion; HCH and carbaryl (6.03 to 6.48). TLeaf
area indices in the latbter group came on par with methyl para-
thion, fenitrothion and control. Variations in nymphal popula-
tions were found significantly correlated with the heights of

the plants (r = 0.49) in different treatments.

3.8.,4. Effect of spraying different insecticides at the

tillering, naniclelinitiation and booting stages of

rice on the growth of the plants and the population

of N. lugens reared on the same

The results of the above experiment and the statistical
analysis of the data are presented in Table 17. Number of tillers
in plants treated with fenitrothion, deltamethrin, quinalphos and
methyl parathion (11 to 11.7) were higher than in the numbers in
remaining treatments including control. Numbers of leaves in
methyl parathion, deltamethrin and quinalphos sprayed plants
(47.7 to 49.3) were higher than those of the remaining treatments
and control. Plant height was also significantly higher in the
different treatments (86.7 to 89), except fenthion (78.7) and
carbaryl (77.3), vhen compared with that of control (79.7).

The leaf ares indices of the plants treated with deltamethrin



Table 17.

Population bulild up of ¥. lurens in relation o the varistions
in the prowth of vice ?ﬁnf% E%fﬁ?@ﬁ with differsnt insecticides

at the $illering, amiclw inttiotion and @0@§1@$ atbhaa
e

butwaen x gnd ¥

Qgpcgg%yﬁ-v.m@&n‘ iwﬁan . ‘Kaan . | J#&f  Hean musber
Trostments 1on i e of b2C, JN a? haiphy arss of ngapas
' 1) tillera leay of ?1m?ta irdex observed

zy) _tx23 A=) {xe) (¥)
HOH .25 8,7 % 41,0 b 8B.0 a 2,19 abe 207
Fenitrothion 0ot 1T e 8.7 &7.08  T.Ja0 e 251
Fenthion Ot 2.3 b 39.T b 72T W 6,92 ¢ 243
Hethol morathion D.4 1.0 n 27T & 20,0 & 8.97 ab 279
Tainslphos et 1.3 a 4%.3 8 - 86.7T=» 8,51 abe 254
Carbaryl 025 10.T ab . 40,3 % TT3 b  T.08 ¢ 268
Deliemothein 0004 1.5 & 48,0 a 6.7 & 9,75 a 284
Control 9.3 b 42,00 797 b 7.58 e 180
ééﬁéélatian @aéfﬂi&i&ﬁﬁ\ | 4§“{ | @‘gﬁ, “ é;j?k 0435 -

Veang folloved by a cormon letter in o column sre not significantly different

&t Ds level

(1IRTY

6
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(9.75) was the highest and it was on par with the indices of
plants treated with methyl parathion (8.97), quinalphos (8.31)
and HCH (8.13). Deltamethrin wes the only treatment which
showed significantly higher leaf area index in treated plants,
than in control plants. The correlationélbetween the variations
in population and plant height and 1eaf-areé indices VereA

statistically insignificant.

3.8.5. The effect of spraying different insechticides at the

tillering stage of rice, on the nutrient content of

the plants and the correlation between the variations

in nutrient content and progeny produetion'of N, luzens

exposed on treated plants

The data relating to the experiment and the results of
gtatistical analysis of the same are presented in Table 18. The
nitrogen content of the leaf sheaths showed significant varia-
tions. WNitrogen content (11.42 per cent higher than that of
corresponding control) in plants treated with fenitrothion was
maximim and it was significantly higher than the content in all
other treatments. It was followed by the plants treated with
deltamethrin (8.59 per cent) and fenthion (6.4 per cent) and the
differences among the three treatments were statistically signifi-
cant. Quinalphos and methyl parathion were less stimulating and
on par (3.89 and 2.57per cent). The nitrogen content in plants

treated with carbaryl and HCH were less than the nitrogen



Table 18. The effect of spraying different insecticides at tillering staze of rice plants on the nutrient
content of the leaf sheath (on dry weight basis) and the correlations between each of the factors
and the progeny production of N. lugens on the treated plants

between x and y

Concen— Mean per cent increase over corresponding coptrols in

I ticid trati Numb

N (5) (z,) ) G G () () G o mveon
HCH 0.25 -6.42 £ -3.71 ¢ 5.15 abc 8.42 a 6.78 a -12.53 a -9.02 a 8.5 ab L 1.32 -%.6 ¢
Fenitrothion 0.1 11.42 a 3.87 a 7.70 abc -1.93 a 7.65 a =16.20 a -4,89 a 12.8 a 0.53 50.4 ab
Fenthion 0.1 6.40 ¢ 3.54 b 10.70 a 3.39 a -5.11 a =-2.10 a -8.51 a 3.31 abc 2.86 41.4 o
Methyl parathion 0.1 2.57 d 5.87 ab 147 c' 8.20 a 12.70 a -10.90 8 ~1.42 a =-7.0% ¢ 1.61 42.8 v
Quinalphos 0.1 2.804d . 2.99b ' 5.88 abc =1.19 a -5.94 a -18.60 a ) 2.12 a 1.63 abc =1.95 2.04d
Carbaryl 0.25 -2.56 e 4.93 éb‘ 2.57 be 5.80 a 10.53 a '-3.1; a 2.44 a =444 c é.39 19.6 ¢
Deltamethrin 0.004 8.58 Db 8.37 a - 8.59 ab 5.74 a 15.37 8 -8.55 a -11.10 & -1.99 be 1.23 67.0 a
Correlation coefficient 0.79" 0.78" 0.19 0.01 0.25 0.05 -0.26 -0.10 0.28 -

Means followed by a common letter in a column are not significantly different at 5% level (DMRT) ’

* Significant at 5% level

V6



content of control plants. The variations in the nitrogen
content of the treated plantslwés gsignificantly correlated
(r = 0.79) with the variations in progeny production of

N. lugens in different treatments.

The mean per cent increéses of phosphorus content of the
plants treated with fenitrothion (9.87), deltamethrin (9.37),
methyi parathion (5.87) and carbaryl (4.93) were on par. The
increases in phosphorus content in plants sprayed with fenthion
(3554) and Quinalphos (2.99) came ﬁn par with those of methyl
parathion and carbaryl treated plants while HCH treated plants
showed a reduction in P content. The variatiohé in phos@horus
content was positively correlated with the variations in

progeny production (r = 0,78) in different treatments.

The per cent increase in the potash content of plantas
treated with fenthion (10.7) was the highest and it came on par
with those of deltamethrin (8.59), fenitrothion (7.70), quinal-
vhos (5.88) and HCH (5.15) treated plants. The per cent
increase in potash content in plants sprayed with carbaryl and
nethyl parathion treated plants were 2.57 and 1.47 respectively.
The variations in the conbtent of potash was not significantly

correlated with the progeny productions in various treatments.

The variations in the mean per cent increases in the
content of calcium (-1.9% 4o 8.42), magnesium (-6.11 to 15.37),
zine (-18.6 to =2.10), manganese (=11.10 to 2.44), copper
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(—7.03 t§:12.8)‘and iron (-1.95 to 2.86) compared to the
content iﬁzéorresponding'controls did not show statistical
signifidance. None of these factors showed-significant
correlation with the progeny production of N. lugens in

different treztments.

3.8.6. Effect of snréying different inseotipides; st the

panicle initiation stage of rice, on the nutrient

content of the glants and.the cérrelation between
the variations in nutrient contents and progeny

production of N. ;ggens.expose&.on treated plants

The results of the experiment and the results of
statistical analysis of ﬁhe data are preseﬁtéd iﬂfTable i9.
The nitrogen content showed significant variations in the
different treatments. Highest increase in nitrogen content
was observed in plants treated with femthion (21.28 per cent)
‘and all ‘the remaining treatments except deltamethrin end HCH
(=0.39 t0 17.25) came on par wifh fenthion. The per cent
increase in nitrogen content of deltamethrin and HCH treated
plents (-11.28 and ~15.41) were significantly lower than that
of control plants. The variations in the nitrogen content of
the treated plants was positively correlated (r = 0.49) with

the variations in the progeny production of H. lugensg observed

in different treatments.



Table 19.

The effect of -spraying different insecticides at
on the nutrient content of the leaf shea
each of the factors and the progeny prod

panicle initiation stage of rice plamts
th (on dry weight basis) and the correlations between
uction of N. luzens on the treated plants

Concen—

Mean per cent increase over corresponding controls

in .

>ticides tration : Number

%) (x) (x,) (z,) () (z) () (x (z2) (zg)  OF,mmphs

0.25. -15.41 ¢ 4,01 -3.05 a -9.98 a -3.09 a l -10.75 a 10.33 a 7.46 0.22 a -10.9 é_
srothion 0.1 . 17.25 ab 10.61 .4.58 a -2.76 a -10.23 a 0.22 cqd . 10.35 a 7.68 =0.44 a 18.9 4 -
1ion 0.1 21.28 a 4.48 7.02 a =5.84 a 6.80 a =-1.55 d 4.08 bed -4.88 -1.85 a 33.9 b
’]l parathion 0.1 15.11 ab 6.32 10.10 a —3f62 a -%.27 a é.65 bc. 8.00 ab’ -2.86 1.19 a 61.9 a
11phos 0.1 7.19 abe 5.22 6.41 a ~0.75 a -—5.58 a 1.29 ca. 1.86 cd 2.65 -0.4% a 48.3 b
ryl 0.25 -0.39 abc 5.28 6.82 a -4.62 a 1.58 a 13.71 ab - 6.15 Sc 2.95 -0.36 a 19.1 d
lmeth;in . 0.004 -11.28 bc¢  —=6.09 -2.28 a -2.57 ; -16.24 a 15.38 a- -1.12 4 -2.%8 -0.39 a 31.8 ¢
en 3 png g Tricient 0.49" 1.19 0.46" 0.16 0.16 0.38 ~0.38 .  -0.36 0.04 -

Meaﬁs followed by a common letter in a column are not gignificantly different at 5% level

~* Significant at 5% level

(DMRT)

L6
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The mean per cent incresses in the content of phosphorus
(=6.09 to 10.61), potmssium (~3,05 to 10.1), ealeium (-9.98 to
“0:T5), magnesinm (16,24 %o 6.8), copper {~4.82 to 7.68) and
iron (=1.85 to 1.19) 41d not ghow significant variations. None
of the factors showed significant influence on yrogeny production
of E. lugeng in different treatments except in the case of
potasaglum content where o signlficant correlation (r = 0.46) was

obacrved,

- The content of zine and monganese voried significantly
awmong the different trezitments. The per cent incremse in zine
content was neximum (15.38) in deltamethurin pprayed plants
which was followed by carbaryl (13%.71). The zinc content in
plante sprayed with methyl parathion, guinalphos, fenitrothion
and fenthion wers on par (=1.55 to 6.65), The content of zine
in HCH treated plants showed o aignificant vedustion {10.75)
when eampézeﬂ o the remaining treatments. The zangenese
levels in fenitrothion, HCH and nethyl rarathlon $rested planis
vere on par (8.0 b0 10.35 por cont increase) and the Sormer
two treatnents had highor increose than the othey inseecticide
teeated plants (=1,12 %0 6.15 per cent). However the
- variations in hoth the nutriente were not significantly
conrelated vith the variations in progeny production of

He lugens in the diffevent trectments.



3,8.7. Effect of spraying different ingecticides at the

booting stase of rice, on the nutrient content of

+the plants and the correlation between the variations

in the nutrient contents and progeny production of

. lugens exposed on treated plants

The data relating to the experiment and the results of
statistical analysis of the same are presented in Table 20.
Mean per cent increase in nitrogen content was maximum in
plants sprayed with fenitrothion (33.3) and the extent of
increase in methyl parathion (29.5) and deltamethrin (28.4)
treated plants also came on par with the former. The nitrogen
content in plants treated with fenthion (16.6 per cent increase},
quinalphos (13.9), HCH (4.01) and carbaryl (0.62) came next in
the raﬁking. The correlation between nitrogen content and
progeny production of N. lugens was not statistically signifi-

cant.

Phosphorus content in treated ﬁlants showed significant
inerease in the case of methyl parathion (2.8 per cent) only
while those of the remaining treatments (-11.6 to -3.37) were
on par or lower than the content in control plants. The
variations in phosphorus content was not significantly

correlated with the progeny production in various treatments.

The per cent increase in the potash content of plants
treated with methyl parathion (5.04) was the maximum and it

came on par with fenitrothion (4.68). The per cent increase



Table 20 The effect of sprayihg different insecticides at booting stage of rice plants on the nutrient
content of the leaf sheath (on dry weight basis) and the correlations between each of the
factors and the progeny production of N. lumzens on the treated plants

Concen— Mean per cent increase over corresponding controls in
ticid trati Nunmb

o @ &) (z) (x,) () () (5) (x) (zg) &y . ot wwens

0.25 4.01 de -10.22 b 0.20b -11.30 a 8.33 ab 3.87 a -6.61 bec .-14.90 cd -5.38 a 29.7 ab
trothion 0.1 33.30 a -11.60 b 4.68 a -19.30 8 17.70 a ~-3.96 a -5.11 abc/;18.10 cd -5.36 a 24,4 be
hion 0.1 16.60 bc =5,12 ab ~6.12 e -12.90 a 4.26 ab 3.38 a -10.60 be =12.90 gcd 0.24 a 29.? ab
yl parathion 0.1 29.50 a 2.80 a 5.04 a -8.91 & 19.10 a 4,37 a -2.86 ab ~2.96 aber =2.22 a 35.7 a
alphos 0.1 13,90 cd -9.35 b “1.44 ¢ =4.40 a 1.26 b ~1.54 a - 2.96 a - =-20.10 4 ~8.24 a 17.6 cd
aryl 0.25 . 0.62 e -3.65 ab —4.68 4 -1.85 a 0.23 b -3.98 a -12.30 ¢ 0.51a” =-6.90a 23.7 bc
amethrin 0.004 28.40 ab =3.37 ab -8.99 2 -14.50 a 7.42 ab 2.04 a -—7.43 be -8,04 ab; -3.94 a . 12.5 4
@lation coefficient -0.07 0.29 0.55" -0.01 0.26 0.35 -0.12 0.03  0.16 —

een X and y

Means followed by a common letter in a column are not significantly different at 5% level (DMRT)

* Significant at 5% level

00T



plonts and the treatments showed significant differences and

thay were in the follewing descending oxdor quinalphos (-1.44),
carbaryl (~4.68), Teathion (-6.12) snd deltomethrin (-8.99).
The variations in the pobtash content of trented planis were
‘slgnificently covrelated (@ » 0,55) with the variation in
progeny yroduction in H. lngens in diffovent trestnoents.

The mean per ecent increase in the content of caloium
{(=14.5 to =1.85), zince (=3,98 to 4.357) ond iron (~8.24 to 0.24)
414 not wvary significently. The content of magnesium showed
h&g&aat increape in plants aprayed with methyl parathion
{19.1 por cent) and 4% came on par with fenitrothion (17.7 per
cent), HOH (8.33 per cent), deltamethrin (7.42 per cent) and
fenthion (4426 por cent). The increane in the magnesivm

eontent in the rempining treztamvnts were marginal,

| i,
¥Yanganese content in plants sprayed with quinalphoe
{per cent increase over comtrol 2,96), methyl parathion (-2.86)
and Tenitrothion (~5.11), were on par. The comtent in the

vemadning treatments (12,3 to ~6.61) were on paxs

The content of copper decrenged in plants treated with
the Aifferent insecticiden exeopt in the oase of carbaryl
(por cent incrense over control 0.51). ©he copper content in
methyl parathion (-2.98) and deltamethrin (-B.04) sprayed plants

almo came on par with thot of carbaryl. The level of copper
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in the remaining treatments (-20i1 to -12.9) were on par. In
general the minor nutrient content (Ca, Mg, Zn, Mn, Cu or Fe)
of the treated plants did not exert significant influence on the

progeny production of N. lugens.

3:.8.8. The effect of spraying different inseeticides,vat the

tillering, panicle initiation and booting stages of

rice, on the nutrient content of the plants and the

correlation between the variations in the nutrient

content and progeny'production of . lggens exposed

on treated plants

The data relating to the experiment and the results of
statistical énaiysis of the same are presented in Table 21. The
nitrogen content showed highest increase in plants sprayed with
methyl parathion (58.8 per cent over control) and it was signifi-
cantly higher than the content in all other treatments. This was
followed by fenthion (48.8), deltamethrin (39.7) and fenitrothion
(33.9) in descending order with significant differences among the
treatments.. The per cent increase of nitrogen content in quinal-
phos (14.1) and carbaryl (8.99) sprayed plants were mnext in the
rank and the effect of HCH (4.29) was least. The variations in
the nitrogen content of the treated plants was significantly

correlated (r = 0.57) with the variations in progeny production
of N. lugens.

The content of phosphorus in all the treated plants were

lower than that of control plants. Mean per cent change in
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the phosphorus levels in plents sprayed with methyl parathion
(=215 per cent over control), carbaryl (~5.7) snd fenthion
(~9.58) were on par. The content observed in the remaining
treatments (~15.2 to «12.1) also came on par with fenthion.

The correlation eoeffiﬁianﬁlﬁttwsﬁn.tna sariations in phosphorus
content and progeny production of H. lureng of the treatad
plants was siznificant and posidive (v = 0.49).

The content aﬁ'@ﬁtéah showed maxizum inersase in fenthion
sprayed plents (9,09 per cent over control) ond 1% way almifi-
santly higher then the xost of the ¢reatments. The por cent
 ineveage of potash ohaezved i plante syrayed with deltamethrin
apd fenitrothion were on par and come next in mank, HCH and
‘methyl parathion sprayed plants hod potash levele leas than
that of controls Correalation hetween this factor end progeny
production of F. Lusens was statistically insignificant,

the per eent imcresses in the content of eslelun (~34.8
to 11.5), mpnesiun (=16,9 40 «0.9) and ging (10,7 to 52.6)
dtd not show statisticelly sigaificant variations, -

Per cent ingreame in the manganese content was highest in
curharyl 5p¥%faQ §1ﬁn§8 (2313)~nna.it cane on par with methyl
parathion (20.0) and ACH (17:1)s fenttrothion {15.8) also coue
on par with methyl parathlon and N0H. Inoresse in the manganess
content 4n the~mém¢iniag trea%mﬁaﬁﬁfwam@.eﬁmy mémginaz.



Table 21.

The effect of spraying different insecticides at tillering, panicle initiation and booting stages

of rice plants on the nutrient content of the leaf sheath (on dry weight basis) and the correlations
between each of the factors and the progeny production of N. lugens on the treated plants

Mean per cent increase over corresponding controls in

ticid teation Tamb
gctlc 8 ation

0.25 4.29 ¢ -15.20 ¢ -0.68 3.70 -6.37 & 22,10 17.10 ab. 2.85_bc 10.90 a 15.2 e
{trothion 0.1 33.90 ¢ + =12.10 b 5.0 1.85 -6.82 a  -2.02 15.80 b- -11.40d  -1.66 b  39.8 bed
thion 0.1 48.80 b/ -9.58 abc/ 9.09 9.77 a =16.90 a . 17.80 -5.71 @ 23.60 a, 13.30 a  37.1 cd
hyl parathion . 0.1 '58.80 &  -2.15 a - ~5.39 ~4.73 -0.90 & 8.25 20.00 ab- 18.50 a  4.46 ab 55.6 ab
nalphos 0.1 14,10 @ 1280 be  2.24 ¢ -34.80 -1.83 & 32.60 2.80 ¢  -7.97 cd  8.56 ab 30.5 d
paryl 0.25 8.99 @ - =5.70 ab’ 3.25 11.50 —4.66 a  =10.70 23.30 a©  9.77 &b/ 5.54 ab 49.4 abe
tamethrin . 0.004 39.70 ¢ © =15.20 ¢ 5.72 9.06 ~2.68a  14.10 416 ¢ 12.70 ab’ 2.9% ab 59.3 a
relation coefficient 0.57° 0.49" -0.01 0.08 0.19 -0.03 0.09 0.25 ~0.43 -

ween X and y

Means followed by a common letter in a column are not significantly different at 5% level (DMRT)

* Significant at 5% level

€0T
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Highest increase in copper content was recorded in plants
sprayed with fenthion (23.6 per gent over control) and it came
on par ﬁith methyl parathion (18.5), deltamethrin (12.7) and
carbaryl (9.77). The copper content in plants treated with
fenitrothion and éuinalphos were less fhan the lével in control

plants.

The per cent increase in iron cdnﬁént'of'ricé plants
wag maximum in plants sPrayéd with fenmthion (13.3) and all the
remaining treatments (2.94 to 10.9) came on‘par with fenthion
except fenitrothion (=1.66). .The variations in Ca, Mg, Zn,
Mn, Cu and Fe were not significantly correlated with progeny

production of N. lugens on treated plants.

3.8,9. Effect of spraying different insecticides, at the

tillering stage of rice, on the feeding index of

N. lugens, on the biochemical constituents of the

plants and on the progeny nro&uctiog;of the insgect

The data relating to the experiment and the results of
statistical analysis of the same are presented in Table 22. The
feeding indices of N.lugens showed highly significant variations
in different treatments. The highest mean per cent increase in
feeding index wés conpared to that in control observed on plants
treated with deltamethrin (37.6) and it was significantly

higher than the feeding in all other treatments. The per cent



Table 22.

Effect of sprayings
¢f pice on the feeding i

different insecticides at the tillering stage
pdex of . Iusens and on the bdlochemicnd

conztituents of the plonts ard the zorveiaticsn of the variations

in the content of sach of the shove fachore with the progony

produnction of the inssct in dilforent trenipents

“Treaitments

Coneens
tration

(%)

¥ean por cent incrense over corvespondingz controls in

@Ee&ing
Index
xyd

Free anino

acide

)

Erea

ougars
A=)

Carbohyarate/
nitrogen ratlo

tunbor of

nyephs
(¥}

#Hor
Fenitrothion
Fenthion

Hethyl parathion
Juisalphos
Gorbaryl

Daltomethein

0425
Q.
21
Del
(%
025
0,004

274 b
0.9 b

TT 4
2.1 e

=25 @&
19,3 be
16.7 ¢
21,7 b
Ted &

52 4
23.5 &

22 &
=23k ©

~34,3% £
~14,5 ¢
~3s8 B
«2G.% d0

~22.4 &

5 &

=39.4 o
~16.4 €
=59 b
~-24 .4 4
~28.9 4

-t} L R0

504 ab
414 b
428 b
2.0 4
19.6 ¢
7.0 =

Correintion coefficient

vetwean x and ¥

Qbﬂ?g

Qnagﬁ

a.m"

D8

-

Meane Tolloved by o common letter in o golunm aw

at 53 lewel (BRAT)
* 2enificant at 5% level

o not sienificantly different

90T
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" ineresse on plants treated with fenthion (30.9) and fenitro«

thion (27,4) were on par and siznificantly lover then that of
deltamethyin, The per cént increnaes in the faecdiag indices
ﬁ’@séﬂﬁé on plante trected with pethyl parethion, quinaiphos
and @m:wﬁ ware 1ovw (157, 7.7 and 2.1 roppectively). The

foeding i&dax of Hs ;,m on ymms treated wi%h ACH wae
_lmer %s&mn ‘that of ‘eontral {mr cent inerease -4.5) « The data

on the incrense in feeding indices in difforent treainenis
were significontly correlated with ihe diffevent lswels of

p&;@gew production of H. Jugeng ohserved in the trestments

Ex’: ) Q;ﬁg}.é‘.

Fhe mean per ceat incresass of the free amino acid

ponbent {compared 4o corvesponiing mﬁm) in the leaf sheaths

of plarata treated wi‘!:h deltemethrin (2%,5) aud methyl parathien
{21 ,7) wers on -g;»a::.' The latter was on paz wiih the incresnse in
fﬁniﬁmﬁhmﬁ t#&aﬁa& plants {19,3). Fenthion (16.7) was on
par with *enﬂm*hhima alﬂ@. The mean mmmﬁape ircrsages in
plants trested with quinalzhes (7+3), carbaryl (5.9) end HCH
(«R2.5) were very low, The varisiions in the free amino asid

. content of plants trected with ddfferent inmsaticldes wers

geen positively correlanted with ihe variations in the progeny

prodaciion of X, e iu different treatmints (v = '€§ ..,89).

fi‘-‘zz;a only treatment in which the content of free sugnrs

' ghowed an increase over -ﬁaa eontent in corresponding control
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wag HCH {2.2 per cent). The meximam reduction of sugars
was observed in plants trented with fenthion (34.3 per cent)
and 1t was significantly higher than all) other treatments.

" The free sugar content incranse iﬁ fsaitrathion\iwzapﬁ),.
 eavberyl trested plants (-2641) were on p@§7an&7the latter
was on par with ﬁeltamaﬁhxﬁﬁ_ﬁraaﬁaa_gzaaté slso (=22.4).
The deductions in the sugay contents of nethyl purathion
and qaiam&yhos_%méa%menﬁb'wen@ vory low {14,5 and 3.4 |
xeaééé%iva&&)&' The gereaﬁ%agaiéaég&aaaa xn'%ha»caﬁtént'a:
Tree sugara in different troatments ware hishly corvelated

| %o the varying populsation levels of H. ju

- the treatments.

%&e:ger‘éenﬁ inovense £n~ﬂg2hﬁhyﬂiat@ nitrogen
ratios in ﬁlanma'tr&aﬂa& with fenthion (»33,4) and fenitro-
thion (+36.3) were on par and sizsificuntly lower than in
‘zeat 6f the treniments. The gbhove treatnents were followed
b§~ﬁeltamethmin (~2a§9)‘§na parbaryl (=24.4) shich vore on
par, Hethyl parathion end gquinalphos bad the least sffeot
on C/H value., The decreage in the carbohydrate nitrogen
radios in different trestménte wers significently corvelated
with the incréame in %hg'vax?ing.yzggany production in the

trogtmonts.
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3.8.10. Effect of spraying different inseccticides, at

panicle initiation staze of rice on the feeding

indices of M. lugens, on the biochemical

it st

constituents of the plants and on the vprogeny

production of the insect

The data relating to the experiment and the resulis of
statistical analysis of the same are presented in Table 23. The
mean per cent increase in feeding index of N. lugens was maximum
in quinalphos (27.2) treated plants. It was on par with methyl
parathion sprayed plants (22.1) and was closely Ffollowed by
deltamethrin (20.3) treated.planﬁs; the differences bebtween the
latter two treatments being statistically insignificant.
Fenthion (17.3) came on par with delﬁame%hrin and fenitrothion
(15.6) on par with Ffenthion., The per cent increases in the
feeding iﬁd;ces observed on plants treated with carbaryl and
HCH were relatively low (9.9 and 6.1). The variations in feed-
ing indices were positively correlated (r = 0.82) with the
variations in the numbers of N. lugens produced in different

treatments.

Increases in free amino acid content of plants
sprayed with fenitrothion (28.6); methyl parathion (22.7)
and deltamethrin (21.9) were on par. Quinalphos (15.4)
came on par with methyl parathion. Per cent increases in
the amino acid content of HCH (1153), fenthion (9.6) and
carbaryl (3.4) treated plants were on par and less than

the increase in plants treated with methyl parathion. The



Ei{feot of ﬁﬁﬂﬁﬁiﬂ% different lnoecticides at the
initistion ostsge of vice on the feeding index of Iugong oo
on the blochemical constiftusnis of ‘Ne<p1am,m nwd tﬁs GorTelation
of the varintions in the esnt@hk af each of the above factors

with the wrogeny produciion of the ingecy in ﬁi@fezawt tra&%mgﬁta

Pablie 2%.

ﬁaaﬂ per'aant immxam&e av@ﬂ emxreapan&iﬁg e&nﬁn&la in

Concotim
Trontoents tration Feeding Fres %mira Free ﬁarnﬁhgdr&tef uumbar af

{#£) index- woides BREAYE nibrogen Tatio nymphs

) _ '(31;3 {Zg) ‘ &3} {14) {z)
HCE D25 | 6.1 & 11:% od ~£s8 B %?,6-% -~?ﬁ.9~e
Panttrothion Ol 15.6 4 28.6 2 =348 D 18,7 4 13,9 &
Penthion Dal 175 ¢d 9.6 cd =32 ¢  =~25.9 @ 3%.9 b

Hethyl vorsthion 0.1 22.% &b 22,7 a¥% =216 @ 1 Y A 61.2 &

Guinalyhos et 2?;H;m= 1@&&’&@:' o2 ab BT © 48.% b
Carbargl 0.25 - 9.9 -y F.4 4 1.2 8 13 B 19.% &
Peltamethrin 0.004 20,3 he 21,0 ab  ~17.2d4 230 e B e
Uorrelation covfficient 0.82% @a@¢§ 1 ® ’@'7ﬁ§- -

%@t&ﬁﬁn x and v =351

%&ﬁﬂﬂ fallowed hv o sormon lotior iam o eolumn are n&% Ei
at 5% level {ﬂ“ﬁ%}

® Significant ot 59 Tevel

OTT
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correlation betwsen anino seid content and progeny production
of H. lugens wes olgmificent (r = 0.24).

- Free sugar contont showed veduciion over corrssponding
vontrols except in corbaryl treated plants which had an
- increcse of 1.2 per cent., Haxloum reduction in amgsr'eonzant
was observed in §1ﬁ§%ﬂ ap?aya& with methyl uaraﬁhion and 4%
yan a&gniﬁaamly hi,g;hex ﬁm “!szm mada@tmm in mm:l.ning
trea tments, , Ealmﬁefhmn and fonthion fallwea this treatment
. with mean xs&uaﬁi&na Qf 1?02 and, :@.2 @Q& cent, ovez COrTa~
'. pﬁnﬁiﬁg‘cantrala. The eaaagea in the fzse awfaz content
'waa signiflcantly aaﬁ negstively e@rxaiate& fz w -6.522 *ith
tha variations iﬁ p&a&any prcﬂnctian n; ﬁngg*»

| earbahydxmtaafﬁﬁ&tx@gan.zatia.alaa ﬁ&ewnﬁ'réﬂnctida
in the different tﬁmﬂ;mnm except in HOH sprayed plants
(1246 per cent over control),. '-ﬁmaﬁéﬂehﬁmﬁm in the
| zmtig was observed in ylanﬁs sprayed vith methyd ?&r&ﬁhﬁoﬂ
" (31;? per cont) and 4t was on par with deltapethrin (28.0 per
csnt) and fenthion (25.9 per cent), Fenitrothion ranked
nexs (1@;7 per asnt) md @he roduosion 1n athax treatmonts
wore relatively lesm, The variations ebgarvaﬁ in the
| cambﬁ‘gdzaﬁér/ ﬁi%nééan tﬁﬁi&»amﬁ,gxcg@nx-pxaﬁuwhian of
H. “gggggvin/the different tﬁ@&ﬁaanﬁa wéxa<nagnt&va1y
coxreluted (& = 0.76),
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3.8.11. Effect of spraying different insecticides, at the

booting stage of rice, on the feeding index of

N. lugens, on the biochemical constituents of the

plants and on the progeny production Qf the insect

The results of this experiment and the results of
statlstical analy81s are presented in Table. 24‘ Per cent
increase in feeding 1ndex was highest in plants sprayed with
methyl parathion (23. O) and it was signlficantly higher than
the feeding indices in remalnlng tfeatments. It was followed
by deltamethrin (18.2) and fenitrothion (16. 4) and the
difference between the two treatments was statistically
insignificaﬁt. Increases in feeding indices Wére lesger in
rest of the treatmenis (3.8 to 9.6 per cént) and the data were

not correlated with the data on progeny production of N. lugens.

Free amino acid content increased to the highest level
in plants sprayed with deltamethrin (24.9 per cent and it came
on par with the content in methyl parathion (20.8 per cent)
and fenitrothion (18.7 per cent) treated plants. Fenthion and
HCH stood next in ranking end the increases in the treatments

were negligible.

Free sugar content of plants showed significant increase
over control (6.2 to 18.9 per cent) except in HCH and delta-

methrin treated plants (-3.8 per cent in both). The increase
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observed in plants gprayed with fenitrothion and guinalphos
were on par (18.9 and 17.0) and these were followed by wmethyl

parathion and fenthlon.

Except in carbaryl (5.1) and quinalphos (2.7) sprayed
plants, carbohydrate/nitrogen ratio in all treatments showed
significant reduction over the ratio in control plants.,
Moximam reduction in the ratio was observed in plants sprayed
with deltamethrin (21.1 per cent) and it was followed Ey
methyl parathion (15.1), the diffefeﬁce between the two treat-
ments being statistically significant. .The rest of the treat-

ments were on par (-7.3 to -8.9 per cent increase).

Variations in any of the biochemical constituents in rice
plants treated at booting Stage was not gignificantly correlated

with the variations observed in @rogeny production of N. lugens.

3,8.12., Effect of spraying different ingecticides at

tillering, penicle initiation and booting stages,

on the feeding index of N. lugensg, on the

biochemical congtituents of the plants and on the

progeny oroduction of the ingect

The data relating to the experiment and the results of
statistical analysis are presented in Table 25. Teeding index
of N. lugens varied significantly on the treated plants and

the per cent increase of the indices in deltamethrin (37.8)
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and fenitrothion (33.3) treated plantse were on per snd hisher
than iﬁ %ha-é@maiﬁiﬁg'%rﬂaﬁm@gﬁa. FPonthion and nethyl verde-
thion (25,7 end 23.4) monked next and the difference betwsen
the twe @x&atmaﬂﬁs wap stotisticsily insignificant, DTheso
wore followed by guinslphos (17.4) sad carboryl (10.5) and
there was significant Qlfforence bLobveen the two treastnsnis.
. The ﬁ@%ﬁﬂl&%&ﬁn»ﬁ@&fﬁiﬁi@ﬁﬁ.ﬁﬁgﬁﬁﬁﬁ the vnrisations In fegding
indlcen amélth@~véfiatiﬂﬂsvia progeny yr@du&tieﬁwﬂaﬁ gignifie

cant and positive (¥ = 0.60),

| Pexr cent inevense in froc amine accid content observed in
the §ifferent trestmonts, exdept in guinslphos and HOH treated
plunis, were on pur {11.4 40 20.9) and significantly correlated

with the variadtlons in progeny production (r = 0.5),.

3?ex'¢§nt-iﬁﬁxa&a@_ﬁnAthe f#@&‘ﬁagan‘cantant in pionts
trented with fenthion (21.6) and methyl parathion (13,6) wvere
on pay and @hey were folloved by deltamsthrin, carbaryl and
quinalphos {2.1 to éuﬁé the differences apeng the lattsy also
waxe-ingigﬁifisa§%.~ Sngar content in fenitrothion and 100
‘tﬁ@aﬁ@ﬁ plents vere lece than in control plente. Corwelation

‘botyoon freo suger conbent nnd progeny produciion of I.

wan significent and positive (2 = 0.61).

The ecorbonydrate/nittogen ratio of treated plants showed
 reduction over that of control plants and ihe per cent reducs
tione in methyl vorathion {91.1), fenitrothion {29.8) and
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deltamethrin (23.5) treated plants were on par and higher
than in the remaining treatments (-2;2 to -18.1). The
correlation between_the reduction in the ratic and progeny

production was not significant.

%:8:13. IBffect of treating the different growth siages

tillering, panicle initiation or booting and

at _all the three gtages) of rice with the

different resuregence inducing insecticides on

the progeny production of N. lugens reared on

the plants in relationAWith the feeding rate of

the insect and tokal nitrogen, Pree sugar and

free amino acid content of the plants

Date relating to the above aspects are presented in
Fig., 4. As indicated in the figure the per cent increase in
the population of N. lugensg on treated pléﬁts, compared to
the population on the control plants in respective growth
stages, were positively correlated with the feeding indices
and free amino acid content of the planis. The free sugar
content showed.a negative correlation with the nymphal popula-
tion on plants treated with fenitrothion, fenthion, methyl
parathion and deltamethrin. The variations in the free sugar
content of plants treated with quinalphos and carbaryl were

very low. Though the total nitrogen showed an increase over



Zable 25.  Bifeot of spraying ﬁii‘fe&,nt ingecticidea at the tillering, panicle
initiation :amc’& booting stages of rice on the feedlag inden of
He logons and on the M.@ci&mml constitcents of the ploniz snd the
‘corveiation of the yariations in the mzfﬁ ent of gach of the abovs
i&atmfa :gf.th the x’;m{;w,;g- pmﬁ uetion of the inoeot in different
roastnents , o

}Ffa&n pa“ ee»ﬁ%* im.:zsawa méas-: ameapamhg ceam‘: als* in

N %’ . ‘*3’, — ‘_“1"‘ -»‘W _— ‘*‘”»

RO 0.25  4.5e =1Z2e  ~10.8¢ 6.5 ab 15,2 0
Panitvothion i}‘i _' . 3’_5;.;5 & 16,0 &b whed & ,.25,;‘5 ed 3%5 3:&&
Fenthion Out 25.3 b 14,0 a8 2068 8.4 bo 3T ol
Methyl parsthion 0.1 23.4 b  i2.0a%  19.62 ~31.1 @ 55.6 a5
Guinalphos 0u 1T e 34D 24 10,7 &b 30,548
Carbaryl .25 10,54 1.4 80 6.6  -2.2a 49.4 abe
ﬁ%l&amatﬂniﬂ : ‘9..{&&@ 37..8 & 20.9 = | 6‘5 3 -23.‘5 ed , 59.;-3 2

ﬁur*’*emtiﬁn wm’fiﬁien*t * o om "
bétmw ® md y D 6@ 825G .81 0,26

Feons fo nmwm by o common letter in o column are not aignificanily diffevent
at 55 lews) (D¥RT) .

* Significant ot 5% level

LT



Fig. 4.

-

Association between the varying resurging
populations of H. lugens observed at different
growth stages of rice treated with different
ingecticides gud the varying contenis of free
amino acids, free sugars and total nitrogen
of the plants snd feeding index of +the insect

T Tillering
P Panicle initistion
B Booting
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control in 81l the steges of the cvop the varintion wes not

reloted to the variation iz the ilnsect populations,

gt@i’& )

?hﬂ'ﬁ@ﬁﬁ&l&%&ﬁﬁréﬁﬁﬁﬁiﬁﬁﬁuﬁﬁ betwosn he @ﬁ@@any'gr@@weﬁiun
and resurgence inducing f&eﬁégﬁwﬁﬁﬁ'@ﬁaasm%ﬁﬁ in Tablo 26. it
tillering stage the total nltrogen content and free amino acids
of the plante ond the fesding index of the inmects showed highly

aignificent and positive correletion with progony profuction

" feoeffictents 0.753, 0.801 end 0,086 pospeetively) while the
; P :

free sugnvs chowed a sigmificant negmiive Eé%fél&ﬁiﬁﬂié“gﬁ7i?}&
4% paniels initistion alzo the sane trond @&ﬁ‘@@ﬁ@éV@ﬁ but the
aﬁw&aﬁ&ﬁisﬁ petween Tooe aming oold éﬁﬁmﬁﬁﬁ and progeny produce
tion though ﬁasiﬁiye ag not ointioticelly aigﬂifiﬁﬁéﬂ; Zhe
correlstions belween vogargence inducing foctors snd the
popalntions obsépved as the dooilng stage of the erop were fint
slgnificant {the coefficionts varied fmn 0046 to 0.107).

Y¥hen the trestments were ropéated ot tillexing, ponicle initia~
tion and booting stages all the fouvw f&ﬁtaxa inducing resurgunie
showsd highly poeitive and sisifisant correlotion with the
variation in the iasegt populations, {(esefficients ransed fron
0.506 tn 0.614).
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The results of path coefficient apalyeis ave nlso
presented in Table 26, The nature of the cansel mechenisms
assumod in path analysis af the plant mediated effects on

resurgence is represented schematically in Fig, 5 aloo.

The residual effects ot the tillaoring (0.33) and panicle
fnitiation (0.39) s%gg&g showved tﬁai ﬁﬁa'mmgeé conse For
resurgence c@mlé'be %ﬁtm&buﬁeﬁ to the total nitrogoen, froe
sugers and amine scid conbent of the plants and feeding trdox
afithé 1@?@6&4 Bt only 4 pex cent of rosurgence obssrved at
the)ﬁé@timg atage 6@u}§-ﬁ%~aﬁtﬁiﬁn%gﬂ to the sbove fact@rs
{residonl agés};. %h&ﬁ.@&ﬁ inpecticides wﬁﬁﬁ'xageatedly applisd
at t41llering, panicles initictlon and booding stages 32 per cent

of vemurgence wes abtributadle to the above factors.

. Amongm the four factors jnduecing reoupgeics ot tillering
stage fres anino acid content E&d.@ha h&gﬁest\diﬁeﬁt afteot
(positive) on vesurgence and it was followed by the effect
abowi. by the freding ﬁnéiaﬁﬁ, The asspcistions batwéaﬂ these
foctors and resurgence alse were positive and significant.
The nssocintion betwoan %otnl sitrogss content and resurgonce
wae highly signifiesnt and positive whilé t&e'dﬁ$aat-gf£ect
of the factor was rélatively low and negustive. The positive

angooiation appeared to be due to the indirect influence



Table 26.

Correlation between the varying progeny production of '
N, lugens on rice plants treated with insecticides
Tfeni%rofhion, fenthion, methyl parathion, quinalphos,

carbaryl and deltamethrin)at each growth stage
factors inducing resurgence, and the direct and indirect
affects of the different factors on resurgence assessed

through path coefficient analysis

and the

Gorzelation Direct and indirect effects of
between progeny Residual
Ezgge of the gggdgggi;nence Total Total Free Feeding effect
P inducing & nitrogen sugars am;no index
factors acids
(x4 to x) (z4) (x5) (x3) ()
Tillering (x,) 0.783" -0.161 0.132 0.454 0.358 0.33
1 .
(x,) -0.717" 0.094%  =0.225  -0.309  =0.277
(%) 0.891" -0.132 0.126 0.552 0.345
3 0.552
(x,) 0.886" -0.142 0.153 0.468 0.407
?aiiglgi (£ 0.665" 0.326 0.092  -0.085 0.332 0.39
in a on T
(x5) -0.505" -0.118  -0.252 0.157  =0.292
(x;) 0.244 0.093 0.132  =0.299 0.318
(x,) 0.823 0.155 0.105  —0.136 0.699
Booting (x,) 0.046 -0.6 0.227 0.334 0.124 0.96
(%) 0.107 -0.281 0.51 -0.165 0.036
(x3)  0.077 -0.397 —-0.159 0.537 0.096
(x,) 0.104 ~0.499  0.118 0.326 0.1
Tillering + = (xy) 0.560° 20,519 ~ 0.518  0.154 0,407 0.61
. anicle 1n ia-
tion + Bootlng () 0.614" -0,370 0.726 0.077 0.181
(5) 0.506" -0.351 0.246 0.227 0.384
(x,) 0.602° -0.358 0.223 0.148 0.589

* Significant at 5 per cent level

Underlined figures are direct effacts



Path diagram representing the cesuse

(total nitrogen, free sugors, free amino acids
and feeding index)- effect (resurgence)
relationship. (variability induced by the
application of differxent insecticides at
critical growth siage/s of the crop

¥ Total nitrogen S Free sugars

A Free amino acids I TFeeding index

R Resurgence (per cent increase in progeny
production of N. lugens)



TILLERING

RESIDUAL

RESIDUAL

PANICLE 1NITIATION

RESIDUAL

TILLERING+ PX 4+ BOOTING

N ’

RESIDUOALY,




121

throush the feeding rate of the impect and the smine scid content
of the plant. In the direct and indireot effects shown by the
free sugar content on ﬁﬁsamgﬁnéa,aﬂ‘?ail ag ita‘aasaﬁimtien with
Tegurgsnce, 8 highly‘aigniﬂi@aatwnegmtiv& relation waa evident,
The above Factor alsy shoved sipnificant negative effeck throush
the foee amino acid content of the plant ané the fseding index.

A% the panicle initintion singe of the orop feeling
indices ghowed the maximum positlve éztwet on resurgence, It
wae followed by the total nitrogeon content of the plant. The
divect effect of Tree ﬁminﬁ asid content ﬁas\nugmtive but 1%
had exerted A hich positive indirect effect through the feeding
inﬁéx; The association between this factor and resurgencs was
positive and highly significani. %havﬁirset effect ond the
indiroct effect of the free angmr éan%antve$~tha-p1ant on
veﬁn?gance~as well as tho association of the free sugnrs with
rosurgence showed inverse relntionship,

Since the residusl effech obssrved in puth onalysis of
the data relating to the tmaa%ﬁeﬂ%axgﬁv@n at tha'&aéﬁiug atogce
wvas high {(0.96) no reliabls inferences could be drawn by ite
interpretation.

Yhen the repeated applicstion of the insscticides wae
done the fres pugar vontent éhaxeﬁ the highest positive effect
on resurgence vhile it had a negative indirect effect through



the totel niitrogen aaﬁtenﬁa The association betweon the
factor and resurgence also was found to be highly positive
and significant, Feeding inﬁax.alaa»hm&:high«aﬁ& poaitive
direct offect on rasurgénueg ﬁha direct effect of free zmino
acid slso vas positive. In thelr associntion with resurgence
also the eame positive relationship could be seon, Total
nitrogen content of the plant Led a negative diveot effect on
resurgence while it hed o positive indireot inflaqnce through
the free sugar c@ntant-afhﬁh@ngaﬁﬁ aud the fesding indox of
the insect, Thus in the associction between this factor and
resurgence a 5igg££icaaﬁ»§aaiﬁi§a réiaﬁiqﬁéﬁip was evident.

3.8,16. Correlation betwesn #

The rosulis of statisticel anclysis of the data ove
presented in Table 27. The verlations induced by fenitrothion
in the frae sagaw aan%@ﬁ# and free nuino acld content of the
plant ghowed significont negative correlation with resurgencs
while the correlation between fesding index and remrgence was
positive and siznificant. Though the toiml nitrogen content
. and growth stages of the plants were also negatively correlated
with remargance the ﬁarrﬁlatian»cc&itimi@aﬁn'vara not statiet-
foally significant. Variations induced by fenthion snd



N. lugens
growsh stages (T, P,
inducing resurgence (x4
effects of the different fac

on raice tvreatead wltil

eacil

through path coefficient analysis

s CU vl dlUE A
B and T + P + B) and the factors

to xc) and the direct and indirect
ors on resurgence-assessed

LA A L

i

gggi;igzigg Direct and indirect effects of

between progeny Residual
reotiotse DR ol mee  Eme  Ttwe gromh ST

%:g%grénduClng -gen acids

(%, to x5) (x) (x5) (%3) (xy) (%)
Fenitrothion (Xﬂ) -0.269 -0.022 ~-0.299 0.261 0.012  -=0.219 0.184

(x,) -0.697"  =0.016 -0.426  0.039 -0.133 -0.151

(%) 0.668%  -0.009  0.027 -0.634 -0.146  0.094

(x,) 0.765°  =0.001  0.217  0.355  0.260 -0.066

(x5) -0.223 -0.019 -0.254  0.235  0.068 -0.253
Fenthion (xq) -0.055 0.982  3.726 -0.034 =-0.003 -4.728 0.356

(x,) =0.331 0.804  4.554 =0.065 =-0.267 ~=5.357

(x5) -0.278 —0.127 -1.216  0.245 0,189  0.631

(x,) 0.549 -0.005 -1.908  0.072  0.638  1.752

(x5) =0.395 0.849  4.459 '—0.028 -0.204  =5.471
%ggg¥%ion (x) 0.1% 0.958 —1.433  0.648 0.22? -0.209 0.349

(x5) =0.201 0.834 —1.645  0.613  0.187 -0.190

(x;) -0.332 —0.758  1.233 -0.818 -0.138  0.149

(%,) 0.302 0.538 =0.764 0,280  0.403  -0.155

(x) 0.19 0.923 -1.438  0.564  0.288 --0.218
Quinalphos  (x,) 0.107 0.105  0.083  0.037 =0.109 . -0.009 0.235

(x,) =0.110 0.053  0.165  0.062 -0.382 =-0.006

(x5) 0.375 -0.047 -0.123 =-0.082  0.621  0.006

(x,) ©0.955°  -0.011 -0.059 -0.048  1.055 -0.002

(x5)  0.349 0.078  0.077  0.035 0,172 -0.013
Carbaryl (%) 0.504 -0.151 =0.633 =0.106 0.171  1.225 0.305

(x,) 0.467 -0.07% -1.297 -0.066  0.392  1.506

(x;) 0.587°  -0.070 -0.379 -0.227  0.165 1.098

(x,) . 0.605°  -0.045 -0.895 =-0.065  0.577 1.033

(%5) 0.772°  —0.104 —1.098 =0.140  0.335  1.779
Deltamethrin (%)  0.065 0.641 -0.768  0.024  0.173  =0.005 0.227

(x,) *=0.119 0.597 =-0.826  0.026  0.089  =-0.005

(%) -0.290 -0.139  0.196 -0.109 -0.239  0.001

(x,) 0.920° 0.131 -0.088  0.031  0.845  0.001

(x5) -0.213 0.598 -0.806  0.015 =0.014  0.006

* Significant at 5 per cent level

T Tillering
P Panicle initiation
B Bootilng



methyl pavathlon in the édiffevent Factors were not signifi-
orntly correlsted with the resuvgence of the insect, In the
ease of gquinalphos the varintions induced on the feeding
indices of the insesct obsvrved at different growth singes were
psen positively correlated with o bipghly significant coeffl- |
clont {0.935) with the vexying levels of repurgsnce oboerved.
In the oagse of carbaryl the wvaristions indvesd in the nrogony
production wag spon olanificontly and positively commolnted
with the froee mminoneid condent of the plamt, feeding indices
af tho ingect éa_wall-as thoe grovih shoces of iﬁ@ erops In
the oase of doltamoiiizin e significont pocitive asaoccintlon

- wag ohgerved hetwoen the foeding index of the inzect and

TOBURTINCE .

5,3,17, Path coefficient ¢

pelye

Tie results of anzlyuis are progented in Table 237 ond
FAze 6, The low residunl effects seen in path ceelficiont
analyols (0,184 to 0.356) indincted that the resurgence
observed could 1@rga;y~§@ attributed o the different factors

aﬂgﬁiaﬁ in the experiment.

Yhen treated with fenitvothion at different growth
stages of the orop the vardiability induced in the feeding
intex alone had a positive direct effeet on remrgenice, The
direct effeat of other faclors wms negative and they came in

the following descending order: froe amino acid, free sugars,
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Path diagrar representing the cause

(total nitrogen, free sugars, free amino acids
and feeding index) - effect (resurgence)
relationship. (variability induced by +the
application of each insecticide at critical
growth stage/s of the crop

2

N Total nitrogen
A Tree amino acids

Free sugars
F  TFeeding index
srowth stage R Resurgence

[4»]
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growth stege, total nitrogens The effect of diffevent factora
shown in path anslysis on resurgence agrsed with the associa~
tion of different factors with resuzgence.

In the caee of fenthion Givect sffect of free sugsre
was the highent and posldive and it was folloved by total
nitrogen content, f@aﬁing~inﬁ¢x and free aﬁiné acid content,
- The grovth a%awa had = high nagativs gffect on regurgence.,
Ectal nitroqmsn aaé free sagey content had hﬁqh 1aaireat
negative effsct tbraugh the gﬁ@ﬁtﬁ stages and thus %heir
eesociation with rasumganms becrne negative. Fros apino acid
:cantent had ycsitiva direct effact an‘xeauxgnvaa but {4+ showed
& negative sosociation with resurgsnce through its highly
negative indirect effect through the free augar content of
the plante |

Variations induced by methyl parathion in the total -

' niﬁmagén.eantenﬁ of the plant had hishest positive effect on
resurgence and 1t wae followed by the feeding index., Other
i&@tﬂxﬁrhﬁd-negat&v&ﬁafiéﬁf and they came in the following
descending order: free sugarsy free amino scid, growth stage.
The diract effecis of the different factors excopt the growth

" stages werae seen in éh&ix aaﬁaa&aﬁi@nvﬁiﬁh yasorgencs aleo,
The direct effect of growih aﬁagenéés'nagmtxva;whilgfiva
indirect ponitive efféé% through total nitrogen and free amino
aecld canten%ﬁlaﬁ to the popitive aﬁﬁaeiatiaa:@f'the two factors

. wiih resurgences
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uinalphoe induced chanpges in feeding index had the
highest positive and divect effeet on resurgsnce and it was
followed by free sugax content and total nitrogen sonbent,
The free amlnoacid content and growth stages chowed e negative
direct effect on mesurgsnee, Though the freoe sugar content
in the plend hed s divect positive effect 1%s negative indirveot
effect through the feeding index rendoved the assvcistion of
the Tactor with »emupgence negutive. \ﬁis“imrly'thé nggative
Birect effeot of free anlns neld content chowed ﬁaa&ﬁiwe
agsocintion with resurgence hecause of its pasitive indirsct
affect through fesding lndex., Hegotive direet offeat of the
grovth atogpe wam rondered poeitive in its sescciation with
resurgenes due to its positive indirvect effeet through all

tha other foctoras

¥hen traaiaé with esrbaryl the effect of growth stages
of the erop had the higheé%\ﬁiﬁaat effect on reeargence and
4% wna followsd by the feeding index. The divect effects of
Cthe remaining factors were nepmtive and {they uers in the
following descending orders; Ires pugarg; free cwmino acids,
totel nitrogen., The diveet negeitivse effset of tadal aitrogen,
froe sugars and frse anine acide wors @zendered posltive in
their neosolation with wosuzxgoned by thelr posltive indireet

effect through the arowth stogoes of the orop.

Fuen trested with deltanethrin the variations
induced on the feoding index of the imsect showed the highest
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direct effect on resurgence and it was followed by the direct
effects of total niftrogen content and the growth stage. The
direct effect of free sugar on resurgence was negative and it
was followed by the effec% of free amino acid. The direct
effect of different factors were indicated in their association
with resurgence also except in the caselof growth stage. The
positive direct effect of the growth stage was rendered negative
in its correlation with resurgence due to its positive indirect
effects through total nitrogen and free‘aminO'acia eontent of

the plants.

3.9. BEffect of direct application of sublethal doses of

different insecticides on the progeny prqduction of

¥. lugens

The data relating to the experiment are presented in
Table 28. At LC1O levels the highest progeny production
was seen in the surviving insects treated with carbaryl
(297.45) and-the progeny productioﬁ of ingects exposed %o
deltamethrin also was on par with it (280.6) ©both being
significantly higher than the poPﬁlation observed in control

(197.86). At IC,. level the population produced by insects

20
treated with deltamethrin (321.42) was the highest and i%
was significantly higher than the population in any of the
remaining treatments. Progeny production of surviving
insects treated with methyl parathion (285.9) and. carbaryl

(278.23) were on par and gignificantly higher +than



ﬂg&h‘}.g 23 -

yeodustion of marvivals

BfTect of different insecticides directly applied on
Fifsh ineiar nymphs of . lugens on the progeny
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the population produced by insects in control {20%.18), The
progeny production of insects exposed to monocrotophos {(171.24)
was significantly lower than that of control. A% magg levels
methyl pavathion (252.17) and carbaryd _{;2'57149) produced
aignifiﬁaaﬁlﬁ higheleevela of progeny when compaked to contzol
(192,31) At 504, levels nons of the insecticides wam found

t6 induce higher veproduction in H. Jusen ’ wonocrotophos and

HOW 4mhibited the reproductive rate when sompared to control,
At msé level insects troated with deltamethrin and aainalpi\oa
induced resurgence, the progeny produced by the trestad

innects being 264.92 and 243,22 vespsctively compared to 211,25
numbers in controls Carbaryl care on par with quinalphos

(the progeny produced being 227.23) and also with control.

) 'ﬁememftephdsﬂ and HOH which resmlted in the progeny productions
of 134.98 and 180,42 respectively wexe found to inhibit the |
repreductive rate simificantly.

The mean per cant increase of progeny produetion of
N. Juzens sxposed to varylng gablethal) levels of resurgence
indueing ingecticidoes over the progeny wvrodeetion in correspond-
ing controls are progented in mg; 7, HOH at all levels tried
inhibited the reprofuctive potentlal of M+ Jugens while
fenitrothion and fenthion 414 not ghow significant éffect on
the reproduction of the insect. MNethyl perathion, carbaryl
snd deltamethrin vere found to causeo aignﬁ.ﬁ@m remrgency
at lower doges (mw., 5Cp and Z;%Q) while gquinelphos had



Fig. 7. Effect of direct application of sublethal doses
of insecticides on the resurgence of N. lugensg
LC1O LC2O LCBO LC4O L050
HCH 0.081 0.114 0.172 0.246 0.312
Fenitrothion  0.011 0.029 0.052 0,072 0.093
Fenthion 0.015  0.027 0.039 0.056 0.074

ﬁiﬁﬁi’iion”i 0:022 0.034 0.045 0.061 0.083

Quinalphos 0.014  0.033 0.048 0.066 0.082
Monocrotophos 0.004 0,007 0.011 0.014 0.018
Carbaryl 0.075 0.110 0.145 0.18% 0.228

Deltamethrin 0.0008 0.0012 0.0016 0.002 040025
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the affect ak &ﬁgg lovel only, though ot the remaining levels
ploy there was inercemee in progeny pwolnction. Deltemethrin
caused signiflonnt resurgonce st the lower and highest levels
and ] "':,)'.;4 " 3 53 € O g n s "_ ‘ 3 A 7 R n -‘ ‘
tried (iiia, Lﬁgﬁ and L@b@} and ab %Csﬂ and &Ggg levels the

inereass in progony production was marglasle

310, Effaoeh of inoe

H. iungens

The resulds of the fisld experimont conducted at Alleppey
along with the results of stetistienl analysie of the aane ove

presented in Tadle 29. The nopulation of ﬁ}‘ﬁf:"”” nidor Lo

the insecticidal trestuent wepn hotewogensoums The populntion
loveis in different treatinente E@fﬁre the second spraying
{34 DAP) 4id not show statisdicelly sisnificant variations
and honee 1% was inferwved %that no resurgsnoe éf He Jugeng was

caused by the application of any of the insecticides,

Yopulntion of H. lugene cheerved pilor %o the third
apraying (49 DAP) showed atabisticdlly sigpnificant wariastions,
The populations observed in nlote trested with deltemethrin
D:024 kg ai/ha (235.2) and delinnethrin 0.012 kg al/he (252,7)
worg on par and plgndficantly ﬁigharﬁhmﬁ,the-gégmlmti@n in
contrel (108.%). It was folleved by the povulstions in rlots
ﬁzﬁa%ad with deltamethrin 0.006 kr aifha (179.8), methyl
parathion 0425 kg al/ha (178.8), methyl payathion 0.5 kg 2ifha
(158,38} and quinalphos 0.5 kg al/ha {158,6). ALY opther



Table 29. Resurgence of N. luzens in fields treated thrice with different insecticides as observed and as calculated
8iving weightage Tor variation in the pretreatment population counts and for varying levels of reductions
caused by insecticidal effect of treatments (multiple covariance analysig)
Mean number of insects / 10 hills in treatments
Before After Per Before Calcu~- After Per Befors Calcu- After Per Last Calcu-
nts first first cent ‘second lated second cent third lated third cent sanpling 1lated
ha ) spraying spraying reduc-— spraying (resur- spraying reduc- spraying (resur- spraying reduc- (resur— (resur-
‘ tion (resur~ gence) ’ tion (resur- gence) tion gence) genca)
' ence) ence)
(19 DAP) (22 DaP) 34 DAP) (37 DAP) %49 DAP) (52 DAP) (67 DAP)
0.75 22.0 bed 10.0 b S54.6 120.20 a 123.90 @ 26.0 ab 78.4 100.70 fg  105.0 ef 50.1 b 50.3 80.00 g 82.60 t
: (7.03) (12.70) (~7.02) (68.5) (=31.90) " (-13.20)
1.00 16.7 cd 5.7 0 65.9 113.90 a 131.30 ¢d 13.0 b 88.6 137.50 cde 151.4 bed 2.2 b ' 69,3 82.40 g 88.70 f
(1.42) (19.50) . (26.90) (143 ,1) (~29.80) (-6.83)
1.25 18.8 bcd 6.0 0 68.1 126.60 a 148.70 b 8.3 b 9%.9 89.30 g 106.7 ef 36.6 b 51.0 54.60 h 62,20 g
: (21.60) (25.30) (-17.50) (71.3) (=53.90) (-34.70)
0.125 27.7 ab 12.0 b 56.7 119.50 a 109.50 e~ 35.0 a 70.7 94.00 fg 92.0 £ 43.3 b 53,9 110.50 £ 117.00 e
(6.41) (0.36) . (-13.20) (#7.7) (-5.88) (22.90)
0.25 37.3 a 11.6 b 68.9 124,00 a 9%2.20 £ 15.6 b 87.4 120.90 def 134,41 cde 28.7 ¢ 76.3 116.20 £ 130.90 e
(10.40) (~15.20) (11.60) (115.2) (-1.02)  (37.50)
0.5 36.9 a 12.7 b 65.6 100.10 a 73.50 g 9.0 b 91.0 158.60 be 174.9 b 32.0 ¢ 79.8 174.90 e 187.00 4
(-10.90) (-33.70) (46.40) (180.1) (48.90) (96.40)
- 0.125 13.6 4 10.3 b 24.3 108.70 140.40 be 43.3 g 60.2 143 .30 cd 128.8 de 4.7 b 68,4 111.90 £ 117.90 e
n ' (=3.21)  (27.80) (30.50) (106.7) (4.68) _(23.80)
0.25 1%2.9 d "6.7 b 51.8 156.60 a 167.70 a  31.0 a 773 178.80 b 184.3 b 38.4 b 78.4 202.70 @ 211,40 4
- (21.60) (52.60) (65.10) (195.8) (72.70)  (112.10)
0.5 28.7 ab 7.0 b 75.6 124.20 a 109.50 e 14.6 b 88.2 158.80 becd 169,7 be 82.3 a 46.8 254.40 ¢ 242,70 ¢
(10.60) (0.36) (#2.90)  (192.4) _ (116.70)  (154.90)
0.006 25.9 abc 13.7 b 47.1 168.80 a 162.90 a 78,0 a 53.8 179.80 b 163.3 bed 81.9 a 54,5 211.90 4 209,80 4
C (50.30) (48.20) . (66.00) (162.1) (80.50) (120.40)
0.012 19.4 bed 10.0 b 48.5 126.40 a 139.90 be 38.4 a 639.6 252.70 a 249,9 a 94.7 a 62.5 312.20 b 293.60 b
(12.60)  (26.80) . (133.30) (300.3) (166.90) (208.40)
0.024 25.2 abe 7.0 b 72.2 127.30 a 120.60 de 27.7 ab  78.2 235.20 a 241.3 a 103.3 a  56.1 356.40 a 332.90 3
(13.10) (9.70) (117.20)  (287.5) (203.60)  (249.70)
27.3 ab  33.3 a =21.9 112.30 a 109.90 e 77.0 a 31.4 108.30 efg 62.3 g 108.6 a — 117.40 £ 95.20 £

Figures in parentheses are per cent increages over corresponding controls
Means followed by a common letter in a colunn are not significantly different

at 5% level (DMRT)

TCT
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troatments excopt methyl parathion 04125 kg ai!ha (14"5'3)
vera on par with control,

The resurgence effeats of the treateents were obmerved

in the last sampling alec, The highest population was in plots
sprayed with deltamethrin 0,024 kg al/ha (356.4) and 1% was
ssﬁ.gz; ﬁmaﬂy higher than 211 other troatmenta, It was Yollowed
oy the reszmgwce ebae*rma in ;a:.otn treated vith dél«bamthm
0,012 kg ai/!‘m (315.3) and m'al;gi mmmcn 0.5 kg ol /e
(258.4) and tho dakz fmm the two $restosnts being aignifie
mmz.y diffwmﬁ; I"apul&‘kiaw in plote treated with delto~
mm:m 04006 Eg ai/im (211,9) ard mmyl pam%hian @.25 kg
 ai/ha (202,7) weze or par and came next in rank, amng the

 reraining trestmonts quinalphos 0,5 kg ai/ba alons chowed.

 pesuzgence {174.9), The populstions in plote sprayed with
‘methyl parathion 0.125 kg si/he, quinalphos 0.25 and 0,125 kg
at/hs vere on per with control vhile the nusmbors of . lugens
in piots treated with different dogea of NHCH wers sigaiflcantly
lower than that of contrel,

| Whoen 1:&;9 dmte obitained before the second a;;my&ng {the
effoct of the firest inseoticidnl epplication) were adjusted
| throuzh mltipla covariange aualgsm taking the heterozeneity
in the preceeding mmmti&a at 19 DA (parentsl) and per cent
raduactions in pamlaﬁk:f.én esugsd by the insecticidal affect of
the treatmants (obsorved two dmys after Piret sprayiag)
statistionlly sienificant wvariatlons wore sedn anong the
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caloulated values, The highest dogea of methyl parathion

and deltamethzin and the lowest done of quinalphos came on
par with control while the populstion in other tveatmente

came significantly higher than that of control,.

In the population observed before the thizd spraying
(49 DAP) all treatments except the three doses of HOH and the
lover two dbses of quinalphon showed vesrgence and in the
resurgence inducing itrestments the increages in population
ovor control ranged from 30.5 to 117.2. In the calenlnted
population &1l the trestments showed varying lavele of
regurgence and in the resurgence inducing trastmonts the
. inorenses in poynlation over control manged from 47,7 to
3500.% per cent,

In the laat pampling at &7 DAY the thrée levels of dsita-
methrin sand methyl psrethion sud quinglphos @ 0.5 ki si/he
showed resurgence, the inereases in populadion compared %o
eontrol being in the range of £.68 g 20%.6 per cent. It in
the adjueted coluwn the thyeo levels of deliamethrin, wmethyl
parathion and quinalphos weve fount as vesurgence inducing
igﬁacﬁiaiéea and the per asﬁt inovesees of the populatione

in the treatnents over corzesponding ﬁén&ﬁ@l&:&aﬁgﬁd between
22,9 and 243,:7, |



Belt,

‘eanﬁmi aﬁ a, lggggg on zzne pzm.ﬂa%m e:ﬂ'
{3. ;g,vj,&gamgig m 2‘102.&

The population of the ;.amﬁaté;xéy wage collected at
different intervals from the treated fiolds and the results
of statistlcal analyeis of the data are presented in Table 30.
The population hefore -thé £irot spraying ronged from 5 to 14.4
aﬁﬁ the variatione ware stotiastically ;&ms;m‘:{magﬁﬁ ~ The mean

- popnlotions bHefore ;t:iw gecond trentment mgeﬁ Trom 14,9 %o
- 4049 and thore was heﬁaﬁg&mﬂy in the data, Plois pre-
xisual:?* *Esx-mi;eﬁ with ’i‘:ﬂﬁ? 'kg mfm and m@%ﬁvl paméthién

. ceantmlp m, neRn gagu;.m:zam afore the t};&xd treatment -

ranged tma_ 26.4 to 51.2:. The lenst m};um*ﬁj&a# was in plots
-previcusly *“;x:eéta& with quinalphon 0.5 kg aiﬂzé and the
maximm was in gzét troated with H0H 1.25 kg oi/hs which oame
“en par with a1} plots excapt those previously treated with
HCE 0,79 kg at/as {28,9), gulnaiphes 0.125 kg al/he (30.9)
oz 0.5 kg af/hn (26.4) and deltavethoin D.006 Xg al/ha (33.3).

ATter %::iw first ;a;yzmymg the population :in treatnmente,

- {243 to 54’3#5)’. when compared to mmtma iment population, &1
not show very cmnﬁmmmnn remaﬁwn. Exoapt in plots freated
with methyl gmﬁh&o& D5 kg al/hn a,na aeltamethrin 0.024 ke
. ai/ne the populations remained on por with control. After



Table 30.

Doge
Inpecticide kg
: aifha

| !iemz mzzzbﬁr ni Imga cm;ght / ﬁva awepa

Eira‘h troatnem:

Secan& tmatmnt

*Eh;i.“d tzreatmem:

) -ﬁafam

Aﬁ:ar )

'aefnra 7

_Afber

Eefgm

Atter

Tast

namgliﬁ?

{67 pap

Hon
140
.25

Quinalyhos G125
D425
Hothyl
parathion

D.25
0.5

Deltamethrin 0.006

0.024

Contzol

0,75

119w

1% .ys o
T3 n

'iiﬂg a

&15 &

| 11 *9 &
¢'3 &»
83 =

6.5} a
5.0 R
8.8 a

1@&5 &

énﬁ Bnbde
58 Bbo

- 3.4 be

2.9 he
4.0 bo
10.5 2

4.0 Bbo
2:5 ¢

2.9 bt
2&3 oL

28,9 &bﬁ
3503 &
1.3 ab

15.6 ed

25.4 ahcd

3@09“&

339 ab

357 ab

35.8 b

27.7 abed
28.9 abo

72&:1;.:5 bed

35,8 de
31.3 ahe
22.4 ode

110 @
*i¢$~a

4£0.9 8b
43.4 a

2549 heod

2G.2 aded

1 '&"3 E o

'52 «9 sbe

28.9 od

40,9 abed

512 a

%0.9 ¢d

26.4 &

479 ab

38,0 ahed
5@»? £

299 abod

32.:4 cde
27.8 de
26.9 &

24.9
42.4 bod
233 &

233 0

'3509 cde

£7.8 4o
5%.2 b

8.9 8

4?;5 ha

%24 a

153 B

3.8 &
18.2 ¢

28,9 abe

TaS 4
Z2.8 uh

5127 ab

§éa$ abe

Heans followed by 2 compon letter in a colusn are mt ai@nﬁ.eﬁwﬁy

different 2t 53 level (DMmT)

b -
V% B
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the second epraying the romlations in plots trented with
gquinnlphos 0.125 kg or 0.5 kz ai/ha and delismethrin 0.024 kg
ai/he alone were below the level of conbtrol. After the thirzd
trontment the populntions in plots trented with HCH 0.75 ks
ai/ha, quinalphes 0.25 ke aifhe, methyl parathlon 0:25 ke oi/ha
ané deltamethrin 0,012 kz ai/ha cnpe on par with control and
the populaiions in plots troated with deltomethrin 0.024 kg
al/he wap eignificantly higher then that of control. In
other trentments the popnintions wevs significanily lowar |
than that of conirols In the last sempling the mean number
af bugas in plots trested with mothyl »arathion 0.5 kg al/he
alone wag signifiesntly lover than that of the control. Al
other treatments ceme on par with control and the populmtion
in the treatments rangsd from 18,2 to 38.4 / five ewesps.

The varlations in the resurgence of F, Jugens obaerved at

1% daye after the firpt trsatwent (34 DAY, vide Teble 29) was
negntively correlated (r = =0,37) with the varistions in

population of £,  phgerved immedintely afber the

Lividepenni
Tiras tfaatmﬁnt'ﬁfgblﬂ 20}, thouzh the correlstion coefficient
was nonsignificant., JMonificant, poaitive ralationghlp between
the pest population in laet sampling (67 DAP, Table 29) and
predator population impedistely after the thirvd btreatwent

Zable 30) was slso oboexved,



“._in xieié

Mean rnumbers of bugs trapped before and after each
troatment and the resulie of statioiiocel maslysis of the data
are prosented in Teble 31, The populations pnisr to the
firet, seccond and thizd treatmonts wers in the ranges of _
748 to 1649, 6 t0 16.9 and 3.9 %o ‘ﬁ‘qs/ mawﬁcuvalm There
¥a3 no heterogonelty in the populstion. The pumbers of buge
| 'a;i‘tex: i‘siie first, second zmﬁ thivd spmying @t méduced o the

ranges of 1,9 0 11,8, 2.8 t0 8.3 and 1,5 0 8.9 respectively.

S:Lgn&ﬂemﬁ m&uctwn in g:ap:amtimm w&wn &ummmﬁ, $o contyrol
.'waa obesrved in plots coversd with HUR {1 25 kg 6i/ha),; nmethyl
parathlon (0425 kg ai/ba) avd deltsmethrin (0,024 kg ai/hm)
in the ficst spray. The data from the m;e#ai treated with
_ differant doges of the insecticides 41 xot show ststleticslly
| significont variabions after the ascond m;el third spyrays or

m the iast mpiliug dene at 67 DiP, The mimiam in the
rogurging populstions of ¥, lugems {at 34, 49 and 67 DAY,
vide Table 29) were not correlsted significantly with the
variationa obgerved in t&zé popalation of buéa a‘is oach of the
precesding occagions, {afhor fivat, second and third treatmend
me#@eet@vem, vide Table 31). " |



2able 31. Effect of insecticides on the popwlstion of H. atrolines
' in fi@lﬁ -

%ega nam&er o buga tramyeﬁ fr@m 3@9 en” ares @f‘w&*e&»&m&ﬁae&

Lose

Ingecticide kg ”irst traatmawt Bocond %ra&ﬁﬁ&ﬁﬁ %%””& traﬂtmaﬂt Tast
ai/ha - - — mappling

Before ft@r Sefore  After - Bofore Aaffex {G? 3&?}

Z B 6.9 8b Ha0 B
?ij & 5»9 ab 5.0 2
EeF B 1.5 ¢ . 1.9 .

Hes 075 16,3 a T8 gbe 15,08 2.9
) 'stf} ‘40\% 3~ 25‘05 33{’:5 '\} %aﬁ & % ma
1.25 A 1 1«92 29 0ad 6.5 & &0

2 ®

o

S

Quinniphos  D.i25 10.5 5 8.4 ab T8 8 4.0 5.5 a 5.0 abe 5.5 &
- D25 B9 na 4.8 bod 13,98 S.4n 9.0 o 8,0 & . 698
Qe 15.3 a T+0 abe 048 o 5.*3 G an Tud ad 4.5 8

&

Hethyl 0,125 13,92 11.8 a 16,92 35,58 898 2.9 be 4.5 2
parathion 0+25 T«8 8 1,9 4 BB 2 5088 6.9 @ 5.0 abe 8.0 2
Qis 12-@ a3 ?gg an !}‘jté & “;og; i 5.? 3 7n9 2 4;& 4

Delinpethrin 0.008 T.93 10.9a 5.0 0.

£.83 8 11.2 8 6.4 ab S0 &

0012 3.6 8 6.9 8bc 12.8a 6.8 0 B8 &8 4.0 akhe . 2.9 5

0024 8,83 2.9 ¢d 6.8 8 4.0 o 10,52 2.9 a 4.8 a

Control ‘ 2.9 8 8.0 ab 1%.4 8 8.,8=2n TeF a2 4.5 abe 549 &

s
w3

Homnin fn&l&vaé %" o popmon lebber in

golurn ore not oignificontly
different ot 9% level {(DInE)

¢

e T
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the cgg;tggi, of H, lusent
of Zetw

Mean purbers of spidors observed in plots troated with
various insecticides in the fisld and the resulis of statiate
o8l anplysis of the dats are pregenited in Table %2, Mean
nunbers befors the first, gscond sad third gprayings were
in the vangs of 1248 $6 5.4, 10.4 To 23.4 and 17.5 %o 4149'!
respoctively. The mesn vanges after the first, second gnd
third aprayingswere 1.9 to 1643, 6.9 to 3.4 and 8.8 to 36.3
respectively. Significant veduotion in population due to
treutments were sesn Im plote treatsd with the thres doses
of HOH and deltamethrin & 0,024 kz al/hna in all the three
epreyings, waen t}amméad to the fmz’:@amming sontrols, In
the leat samppling populations of spider iﬁ- plote tronted
with HOH @ 1t or 1.25 kg oi/ha, quinaliphos 0.25 kg aifha snd
Ael tamethinin 0.006 or D.024 kg al/hs werve loan thon that
af the covresponding conteole. The corvelaticn betwseen the
data on recurgence of K. lzeens obssrved and the popuiations
of fety

ramthe 3t the preseeding sceacions were not stotisd-

Leally slgpificant, ﬁﬁwww! & negative relotionskip {r » «0.2) |

cowld by obhmerved betwsen the dats obtained after the second
troatment of insschickdes.



a Table T2a

Bffont of insecliclies on the popnleation of Teitragnatha sp.

Insecticide

Doge
.

sl /ha

Eban auwbvrs @f sﬁiﬂ&rﬁ /'five awe&pa .

First ﬁxe&tmamf

ﬁaamwﬂ tr&a%mﬁﬁt

3hé§& tremtment

'Eesﬂxa "

Mtw

'.Qﬁf@“ﬁ

éf%arﬁ |

B&fﬂre

éf?az |

Iagt
anmpli:
(r'z pAD:

g

>

nniphos

Pethyl
paratbhion

Daliamethnin

Control

075
1.6

8425
DB

D25
NeH

D008
ﬁ:ﬁﬂ'i 2
0.024

32&@ bﬂ‘:&ﬂ

128 Q
164 4

41.9a

Thed ab

25,9 bed

35.4 ab

27,7 atcd
28:8 abed .9 abo

175 cde
5442 ab

4.4 cd

5!9 ol
.94

19‘5 abe |

14.9 &b
6.3 a

8.9 abe

14.3 ab

T3 bG
1 4 9 fﬁﬁ

20 «O Qb
13,8 ab

1649 b

19,8 ob
19.5 8b

- 22.7 B

10.4 b

168 ab
21T =

219 8
234 u
2249 &

159 &b

1643 cde
15,5 &t’
24.2 ebed
16.9 ade

3% d &

28.7 ab
25,3 sbed

17.5 hede
1549 de

27.0 8he

15;4 ‘ G )

e41§§3a

33,4 &b
29@9 abo

25.9 bod
1‘903 E‘ﬁ‘ﬂ‘“
35,4 ab

27.7 abed
283 abed

175 vde

542 8b

;22§§ baﬁﬁ« 1535 ed
‘ 8.8 d

32,0 ab
27.9 ab
22 9?4 bﬁ:

36-3 a
?2.‘3 ab

27.0 &b
3.0 ab
3.0 4

29'.9 ah

10,3 aba*r

749 be
80 0

,19@9»ab¢_'

10.58 abe
“12.7 ahe

6 ;,;S 9
16,9 o
T8 €

158 ab

Henugs followed b? a comron letter in & colunn are not signiﬁ*eantly
different at 5% level {(DERT)

ObT



- The populstion of %. nacudoannulsnta observed at
different m‘tﬁm&ls during the experiment and ﬁhé resalts of
statietical analysis of Yhe dnta arve presenied in Tadle 33,
The resulis showed thoi the spider hed o hatemgmeoua |
distribution ami the datn prior to each of the three spray-
inge a.hewedﬂmtuz;agamiﬁyg The populotions before the fivet,
aecond and third sprayivgs were in the range of O %o 4, 0 to
4 gnd 1,5 Yo 5.9 /raapeetivaly. e rangos of the populations
atter the three treatments were O to 2.5, U 16 5.5 and 0 %o
7.9 msg;actz.uly; After the firat spraying plote sprayed with
methyl ';i;amﬁhien..@;izﬁ kg ai/he hed population signifiecuntly
higher than that of eontrol, After the second treatmént plots
treated with methyl pewvathion 0.125 ox ©425 kg ai/ha hod
sismificantly higher number of the apiders then the control and
all other trentments were Oz par with control., After the third
trestment vlots trested with deltamethein 0,002 kg ai/ha had
the population sigpificantly hishsy thon that of control., In
the last saspling the z:azpulmiaﬁ zanged Proxw 0 19 2 numbers
only and the dats did not show signifisont veriations.



Table 33,

in field

Bffect of ingecticides on the population of L. poeudesnmulats

Iraeccticide

doge
kg
ai /oo

Heen numbey of spiders czught / five sweeps

Pirot troatment

decond iveatnent

Ehiﬂﬁ %reatmeﬁtu

Defore

Eﬁﬁey

Refore

After

Balors

Afteor

Iast

gompliw,

{67 Dap

oy

Quinalvhog

Hethyl

rarathion

Daliapethrin

Control

DTS

1.0

Uxidh
D25
0.5

0,125
De25
L& 1

E’}.B@é
0.012
2.024

2.9 ab
20 ube
1.9 ahe

D0 &
18 bed

4.3 &
2.9 ab
0.0 &
1.0 bod
.0 &
4.0 B

1.0 bed

0.0 b
G0 b
Geld B

140 ab

1.0 ab

Da0 b

ﬁ’its &
’3’ +0 b

B0 b
1.0 abh

D0 B

1«9 abe

s &
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DISCUSSION

Screening of insecticides used in the rice ecosystem for

their resurgence inducing effeet on N. lugens

A series of green house studies were carried.out with
a view to screening the insecticides, commonly-used for the
control of paddy pests in Kerala, for their resurgence ’
inducement in brown plant hopper, N. lugens. The screening
method recommended by IRRI (Heinrichs et al., 1981) comnsist=
ing of the exposure of}gravid females of the insect on rice
plants, treated thrice consecutively at 20, 30 and. 40 DAP
with field doses of the insecticides at 15 days after treat-
- ment and the sssessment of the progeny production was adopted
in the present investigation. The desirability‘of using
field dosages of insecticides in such screening has not been
established conclusively. Methyl parathion, cypérmethrin
(Chelliah and Heinrichs, 1978), aldicarb, mephosfolan'
(Chelliah and Heinrichs, 1979 a); FMC 35001 (Heinrichs
et al., 1982 b) and fenvalerate (Balaji gt al., 1987) wexe
found to induce significantly higher levels of resurgence in
N. lugens at lower dosages. Heinrichs gf al. (1982 D)
reported that deltamethrin and methyl parathion caused more
resurgence of N. lugensg at higher doses. Similarly phorate-
induced resurgences in A, gossypii on bhendi (Regupathy, 1971)

and in N. lugens on rice (Chelliah and Heinrichs, 1979 a) were
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more at higher doses. Diazinon and deltamethrin have been
reported to induce resurgence equally at lower and higher
doses in N. lugeng (Chelliah, 1979; Heinrichs et al., 1982 b;
Balaji et al., 1987). With a view %o avoiding chances for
missing the detection of resurgence inducing insecticides,
due to the inappropriate dosage used, all the insecticides
were tried at their field doses and also ét the higher and

lower levels.

The need for consecutive applioétioﬁé of insecticides
for induecing resurgence in insects élsd“hés not been con-
vincingly established. GChelliah (1979) _found that one, two
or three sprayings of deltametbrin were on par in indueing
resurgence of N. lugens. In the case of methyl parathion
two 'or ‘three sprayings weie found to be on par wvhile
three sprayings gave significantly higher resurgence than
when sprayed once. Heinrichs et al. (1982 a) observed that
a single spraying of deltamethrin in field failed to indﬁce
resurgenee of N. lugens while the second and third successive
sprayings caused a progressive increase in population and
very high resurgence, Raman (1981) obser%ed that two spray-
ings done a% 20 and 30 DAP was more resurging than three
sprayings done at 10, 20 and 30 DAP, thus implying that the
stage of the crop also was a faetor influencing resurgence.

Subsequently Heinrichs et al. (1982 a) found that the
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spplicontion of deltamethrin and methyl porathion twice at

50 and 65 DAP were more remirgenee inducing than the trent-
rents given at 20 and 35 ox 35 and 50 DAP, ‘Yhen the insecti-
cides vere applied once at 20, 35, 50 or 60 days after
planting there was no significant verlation in the levels of
resurgence observed. Fenmorse and Mochide (1984) obasrved
that spraying the ocrop at 42nd ond 49th doys afber planting
infueed greater resuzgenee than the sprayings done at othex
atages of the exbpg IR view of the contradicting findings
avellnblo on the effect of the number of sproyings and growth
gtages of the crop om the indncement of wesurgence, the
spraying the crop once at each of the three oritieal gwowth
stages of the erop (ﬁillﬁring, @gmiela';nitiaﬁian am& booting),
twice (at tillering and penicle initiatlon, tillering and
booting, panricle Ainitiation and bmaﬁinﬁlstﬁgﬁai and thrice
(st tillering, panicle initintlon and hwaﬁimg-@tagaﬁ)'were
included oo treatments in the present investiszsation.

The peaults presented in pare 3.1 %0 3.1.7 and showmn
comprehensively in Figs. 1 and 2 povealed that fenitrothion,
fenthion, m&thyi-pam&thi@ng quinelohos, carberyl and deliiw
methrin induced resurgence in M. lugens while HCH, dinethonte,

monecrotophon, phosphanidon, phornte, IPHC and carbofuran d4id

not show any resurgence inducing properdty. The insecticiden
in the latter gmup evan showed e gipgnificont euppression of

the pest bulld up in scme treatments.
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Avong the ingecticides identified ao resurgence

inducing ones, fenitrothion, fenthion (Chellish and Helnviohs,
'197§), methyl parathion (Chelliizh and Keinwiehé, 1979 and
1980; Heissig gt al., 1992 by Heinrichs ot nl., 1982 a and
19682 by Remen and Jthamosamy, 1983), guinalphos (Varsdharvsjan
8t 2le, 1977; Chandy, 1979; Roieslg of gl., 1982 by Roran ond
Uthamasany, 198%) and deltemethrin (IRRI, 1978, 1979; Chellinh
gt al., 19805 Relesig 2% gl., 1982 by Feinrichs. etal), 1982 and

1982 b; Ramen and Uthemscenmy, 198%; Palaii et al., 1987)

have nlmendy been reporied %o cause resurgence in H. Inrcong,

But Repan (1981) and Reiscig gb nl. (1982 ) observed thet

the population Found in fenthion Hrenied »ice fLeld wm3 not

| @ignifie%nﬁlg higher than that of eorresponding controla,

Gmr&axyl_ﬁ&s apt ddentified eaxlier as pn Insocticide capable
of inducing resurgence in H. lumens theugh it was kmown to

eaxuse the resurgsnce in 2. urilcse (Sartlets, 1968),

8. littoralis (Sbo-Hlghar e al., 1972), D. werpifers
and Su, 1979) and A. gossyn:

and Hadapa, 1987).

(Sl

(Gajendran, 19847 Thimmizh

The insectlcldes identified ns non-wesmargonce fnducing
ones wvere kmown to be so in earlier groen house gtudies also.
But oonetrotophos (Reissig ob al., 1982 b)), phorate (Chelliah,

1979) and carbofuran {Heinriche gf al., 1982 b) were ohoexved

%o inGuce resurgence in H. lugens in field exverimente.
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HOWeveg/the ingecticides identified as noﬁ-resurgence
inducing ones in N. lugeng were reported to induce the
resurgence of other insect pests. Buch resurgences were
observed in C. suppressalis treated with HCH (IRRI, 1969),
in Z. maculifrons (Mani and Jayaraj, 1976) and F. externa

(Me Glure, 1977) treated with dimethoate, S. littoralis

(El-lakwah and Abdel Salam, 1974), Z. maculifrons (Mani and
Jayaraj, 1976), D. cingulatus (Gajendran, 1984) and P. latus
(David, 1987) treated with monocrotophds, Z. maculifrons
(Mani and Jayaraj, 1976), T. urticae (Bartiett, 1968),

A. gossypii (Rengarajan; 1987) and P. ;gﬁgg ( David, 1987)
treated with phosphamidon and N, vireséens (Velusamy, 1987),
and A, gossypii (Regupathy, 1971; Regupathy and Jayaraj,
1973 a) treated with phorate. It appears that prior to the
recommendations of an insecticide for use in an agroeco-
system it would be desirable to screen the same against

all the importaﬁt peéts available in the niche to avoid the
resurgence of the target pést\and the emergence of secondary

pests through resurgence.

Carbaryl caused resurgence of N, _lugens at the lower
dose of 0.15 per cent only with one and two spraying vhile
with three gprayings it caused significant increase in

population at the highest dose of 0.25 per cent.
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The levels of resurgense saused by ingecticides in
diffevent twentuente (varying doses apd erop shages)
{(Tavle 1 %o 7) 4id not show simificznt veriations. Bosed
on the numbers of treatments in vhich each ingectleide
spused resurgenss, the remzgence inducing inseciicides
could be ranked in the following descending order: methyl
parathion (resurgence in 12 svut of 18 trsatnemin), deltas
methrin (10/18), fenitrvothion {9/18), fenthion (7/18),
guinalphos and carburyl (3/18 each).

The inseots growvn on plants dreated with deltemethrin
0.002 and 0,004 emuloions ot the tillevings etage of the
grop chowed the carry over of wesurgente effeet in the
sepond geperation, Uejondran (1994) obeerved that there
@aé ng carey ovar wifood £eﬁ‘weammgeﬂea_whila Balanji gt al.
{3?873 obaerved that the resurgonce induced by delinpethvin
in E. luseons persisted in the second generation also. In
the present ilnveptigation the inhibltion of the repxoduetive
potenilel manifested by HCH, dinethoats, moncerotophos,
vhosphonidon, pherats, BPHC and cerbofuron wewe founé to
pereist in e nupber of the treatments in the socond genera-
tion algo, out of 273 trentments in the ezperiment only
throe troatments undey &élﬁamaﬁhxim ghowed remrpence sifect

in the snecond goneration. Further the insects bred on plants,

treated thrioe with d@lﬁamathria, which shounld noraslly have
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reached the maximanm zresurging a%imalas'ﬁié not carry the
effect o the succeeding generstion. In the light of the
Enown mechanisme of resurgence lnducement alsc 1% ie hard to
gonceive a method bhrough which such inheritance can ocour.
Hence the observation hag 4o be trested am an anomaly in
the data, “

Out of 44 treainento which showed yesuwgence in the
present investlgntlons Pive were ot the lower doses of the

ponticiden, 14 wors At the middle snd 25 wewe ot the higher

. levelss A1l insecticides which showed wepurgence at lower

ii@velﬂ (axoept carbaryl) g&aifaﬁtaa the property at higher
1&?@&5 alao but not vige versst,  E$en.wi%h carbaryl vwhich
ghowed surgence abt lower level when three sprayihgs were
given, the highor dopge was nore resursging. I ean hence be
zoncluded that in green house soreenling of lnsesticiden, the
detection of resurgéence inducemont will be surver at higher

dowses than at lower doses,

- Qui of B4 tra&%mﬂnﬁs‘i#.w&iah the silx resurgence
inducing insecticides were applisd once at sasch of the three
aritical growth stages of the crop, 15 treatments showed
regurgence, Among similar trestoents with 4wo succsssive
apreyings slso 15/54 treatvents vanifested resurgences Out
of 18 trestments in vhich the Insecticldes were applied

thrice in succesglion 13 cshoved vesypgence. Thus three
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sprogings were found %o be more reliable than one or two
gprayings detecting resurgence, Hut two gprayings done at
$illering ond panicle initiation gtoges, tillering and
booting stages or at panicle indtintion and booting siages
818 not show similapy trends in resurgence inducements While
fonitrothion and fonthion showed higher resurgence on plents
srested at tillerlng and ponicle iniltintion sbtoges guinclyhos
fants trented at

ES

and carbaryl showed more resurgence on
panicle Anitlation end bootlng stages nnd me%hﬁl parathion
and deltamethrin showed rosumgence in both the éhe?& combinne
L tiong of plant siages. The pesuits imﬁiaatéé that ﬁhe
iﬁfluﬂm@e of 5xmwﬁh'$$ages of the koot vilante was more
foportant in bringing out th&'z&aaﬁgiﬁg'yxgpﬁztiés of insecti-
eidas than the mmnbor of applicntions glven. ?ﬁ@ repults aloo
showed that the crop growth sisge favourable for resurgence
inducement varied with the insecticldes involved, Oowe of the
inansciiciden showed higher ﬂaanxg@nce»affaeﬁ at tillerxing
gtage while yani@ie initiation stoge wos more favourgble fowv
cthers. In general the booting stage of the host plants was
the least fovourable. Thus the throe sprayings done
conseoutively at tillering, ponicle initiatlon and booting
shages of the crop may be considered as idenl for the detegs
tion of +the remirgence effecd of the insceticides in green

houss soreening.
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The result alse showed thot levels of remungonge.
induced by one, two ond three opravings of the insesticides

did mot causs signifiecant variations among the tyvenimento,

Honece repeated appliestion of on inaceticide may not be
ronuived under field roﬂd ons for inducing resurgence of

g pest. The dosage of the ingectleldes used and the critienl
gnovwth stagee of the crop ave likely o influonde the

incidencs of resursgence in field,

The obhservatione from the first sories of tho exparie
pents led %o the idontificnticn of oiz insecticides cousing
regupgence in . lugens. It was algo ostablished that Joz \
wettor dotection of remsurgence effees of insecticides in
gereoning experiments they should beat be tvied ot levels
higher than thelr field doses and eshould be applied conoec-
usively at the tillering, punicle inditiation and booting
gstages of the cxey prior to the release of insects for

asacusing progeny production,

Popalatence of wesuvcence effeed induced by insecticiden

gn rice nlantg

The wesults prosonted iz pera 3.3 and Fig. 5 showed
that the resnrgence inducing factors infeon $reated plants
romnined withont sigmifiocnnt reduction at 10 and 19 davs

afher troatment. AS 20 daye after tweatment mloo the
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resurgence effect persisted.but it was consgiderably less.

At 25 days after treatment the resurgence in&ucing effect
persisted in/on plants treated with deltamethrln only. The
insect161de induced resurgence was thus found to persist

from 15 to 25 days after treatment depending on the nature of
insecticides used. This aspect was s%udied'for the first time.

The resulis showed that the repeated'aﬁplication of insecti-

‘eides did not have any cumulative efféét‘oﬂ resurgence. The

results also endorsed earlier observations that even if an
insecticide cau31ng resurgence had been used inadvertently,
+the population build up eould be coptrolle& by using an
effective inseécticide later (Chelliah, 1979).

Sereening of insecticideg for their potency $o0 induce

regurgence on N. lugens

The results presented in para 3.4 shewed that
malethicn,.methyi demeton, FMC %5001, fenvalerate, per-

‘methrin, cypermethrin and flucythrinate may cause resur-

gence of XN. lugens while endosulfan, phosalone, DDVP,
chlorpyriphos, methamidophos, carbaryl-DDVP mixture and
HCH~DDVP mixture could be used for the control of the pest
without any hazard of resurgence. Malathion had not been
reported to induce resurgence of any insect so far though
it was repoxte& to caunse resurgence in citrus red mite
Panonychus citri (MeGregor)(Jones and Parella,1984). Methyl

demeton was reported to induce resurgenee in P. latus
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81 chillies {(Dovid, 19@7) Tt not dn M. lucena.  TIC 3sont

'y
1
-

(Heinriche gb gl., 1902 b), fonvalerate (Roimsiz 8% al.,

1982 by Raman end Uthawzoany, 1983), o }eragtbwiw and
porpethrin (Ramsr apd Uthamseany, 19583) vere alirveady reported
o induce the resurgonce in . Iugong on rice, The inaceti-
eides sereened out as nonereruReing ones vere grouped oo oueh
by earlier workews also (Chellish npnd Heinvichs, 1979 b;
feinriche ¢4 al., 1982 b; Relooiz o al., 1982 by lamen and

- Tthamesany, 108%).

.eéﬁiciﬁea g&avxwﬁnr Bhe ﬁﬂﬁ”ll“l n of

H, lugens on rice

Results presented in para 3.5 ghoved thnt the vrogeny

produstion of H. ’nwﬁmﬁ on plents exposed, 30 doys after the

treatment with different granulay insecticides, were slonifi-

cantly higher than those of control plants in the cese of
dinzinon, phorate, caxbofuran and cawtap while auinelyphos,
aldicardb and sevideol granules did not ghow eny woourgence
effect., TPhorate and carbaryl hod not chown Tesurpence in
the firat aereaning>%ri&l (paza 3.1) a% the dosnge levels of
0455 0,75 end 1.0 kg ai/ha. In that experiment F. lugens
wvas released op treated plants ot 55 days aftor tweatment,
The regiduss of ingeciticide &ﬁﬁiﬂg the period could have hod
gignificant toxicity to the ingeect vhich proventéd the

manifestations of ite resurgences effect. The resurgence
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induced by diasinon, oarisp and aldieard in ﬁj.gmﬁﬁgﬁ vas
meported earlier slso (Chellinh and Heinrichs, 1979 a).
Varadharajan {(1977) found that guinslphos gromules favourably
influenced the population ¥uild up of J. lugens while in the
present investigation the population or plants treated with
gainslphos cane on par with thed of 0an;ral Az ohgerved in
the presgent studies Helssigm ef al, (1982 b) Lound that sevidol
did not induce wesnrgesce in Y. lussns. The study further
ravenled that slow releame formelaliong of inssctlcldes
eoneed remurgonce afser s long lepse of tims only follewing
the treatment, ithan in the case of spray formulations. Hence
in sereening triela eufficient lopse of time aftor the
troatment with gramiozr formulations shouwld bde ensured priox
0 the exposuxre of the riants to the test ingects for the

sescaoment of progeny production.

Eff@ch-qg,“-nﬂiei&e@ and herbieides on the pemulation

Wild up of H. luzens

Bogults presented in para 3.6 ghowed that the funglciden
end veedicldes commonly used in the poddy ecosysien, at thelr
recomuended dossges and freguencies of applicetions, did not
induce resurgence in . lugend., Eany fancicides had been
roporsed to have insecticidal property and Ferbam was known

to induce resurgence in A, gagoyoii (Bextlett, 1968).
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Agreeing with the present findings none of the fungicides
1wsed for naddy pest control hud been detested %o induce

"

ragurgence in i, 1um@n@Aaa fop.

Eavrlier weporis on es&ﬁp@ree of H. Jusens cansed by
veedisides are also lacking. IRvidencos have atcumulated in
vecent years to chow th&t‘fhe chemienl chanpges in the host
plonts play an importond role iu induocing resuzgence of
inseots (Chellinh and Heilnvichs, 1930 and Heintichs and
Hoschide, 1994). Since weedicides are kmown to affect the
physiology and growth of torget planits they msy influence
growth of rice planto olse whon applied in fisld for weed
control. These changes might in tuwra affect the reproductive
potential of insects inhadbiting the niche, 2,4-D wns found
%o imduce resurgence of sphids end borers in corn (Oke and
Mmental,. 1974). In th&ﬁ sontant uh@ vaodicldos aammmnly
uped in Eeornle were scrﬁ@n & for %heir mopurgence inducement
in H. lugens. Hovever none of weedlcldes tested had signifi-

‘cont effect on the reproduetive potentinl of the pesb,

?LlrgffAst_gg diffevont vurietieg of xice on the Tesarrenes

- &ndueeﬁ by faniimothicn in ¥e lusensg

%«.m

The reaulss pregented in pava 3.7 bave posibively
eotablished that the varieiieg of pice will sigmificantly

in¥fiuence the naturze 2nd exmbtent of rosurgsusce caused by
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ingeqticiden. PFPenitrothion scrsened out as o highly
resurgence inducing insecticide using T{H¥)-1 variety of
rice falled to show any resurpgeace efﬁeet in Y. Jugeuns
‘when the iﬂéeet vas rearved on zrice verletios, IR 20, Ptb 4,
Jyothi, Pavizhaum, Ftb 20, Iowthiba, fvnapoorna and Rohind,
treated with the insccticide., The progeny produchtions of
He lugens were gignificently hisgher than in respective
controls on the variebies ﬁaéﬁsamie, 0=1727, Asha, 2(F)=1,
Ptb 33, Ihedrs, Fhaveti,; IR %6, Triveni and Joyn. I% vas
further obmerved that neth the grours included varietics
-noted as moderstely reslstont and suscepdible ones. Pth 33
viiich wag the only known BPI resigtant voriety included in
the expeximent appeaved in the group shoving resurgence of
the veat, |

The ﬁeauita thng aaﬁtr&ﬁi&teﬁ the earlier findinga thot
the degree of réamfgmnee‘inﬂueeﬂ in He lugens by insectieides
waé inversely velated bo the lovels of recistonce in the
varietios of rice uased for the exneriment (Chelliah, 1979;
Aguino and.ﬁeinrichs,1§?§: B@enaflégxg?981; Reigalg gt al.,
1982 b: Heiwriecha and Hbéhida, 1584: Salim and Heinrichs,
19875, But the present findinzs agreed with the earlier
renorbs of Raman {1981) and Mathew and Das {1587) $hat theve
wag no gpecific relation between the levels of resistance of
rice varieties used ond the degree of resurgence observed in

Ho Iugens. The number of voricties ineluded in the earlier
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studies ronged from two to three only ond the dearth of
variability in the resistance mechaniuma weuld have ocused
the apparent negntive zelationship betweon hoot resistance
and resyngence of inseed; The yresead study involviang o
wide zange of vice warietles shoved that the vardeties of
hoot plants would influence the induosment of resurgence,
Thews was no significant asseciatlon betveen the levele of
masisﬁaﬁea in the varie%ieé-involvaé and the lovels of
reoupgonce chserved in the insects tested. Uhile gereening

insocticides for pest contrsl in an sgroeccsystom 1t will be

desirable %o include all verieties of the host plant, populer

in the loecolity, in the ezperinent Tor dependsble remilis.

degurrence inducement throush rhyfotonie effecta or nlants

Tlant growth otimulotion Guo %o imﬁaaﬁieiée.agplication
has been aﬁ%r&butaa as & ocouge for resurgence inducement in
H. lugens. Chelliah nnd Heinwvichs {1578), Hoinricha end
Mochida (1984) and Bamen and Uthenaanmy {%9?4) agbserved thot
the increase in pland beight, munber ¢f tillers and nurber of
leaves caused by rogurgonce indueing inseoticides would remuld
in Yhe lush growth of the planta in field and i% may attract

wore winged nigratory adulds of the ifnsect and cause resursing

¥

populations. The faveurable micwoelimnte created by nove

Juxuriant growvth of the érop oy 2180 be eondueive 4o the

gheltering, feeding and muldiplicction of the insocisa.
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Tn the 1izht of these findings the iopact of the resurgence
induelng insecticidos, identified in the present investimne
tiona, on the growth of the plant was otudied in dotnil.

The resulits presented in para 3.,8.1 to %.9.4 showed thoi the
mamber of tillers and legves were simnificanidly hishesz on
plants trented thrice with methyl parathion, quinnlphos end
deltanethrin when the insecticides wers sprayed at tillering,
?aniEAE‘initi&%ian and booting atsges. Data welating to o
pingle applicotlon of the inpecticides did not show gimnifi-
cant vnriztions rslating to the mimber of $illers aond leaves
though rempgence ¥as noted in hese troatnents too. Tue
ahove inecoticides @&asé&_ai@nifieam$ly higher plont holght
alse when %meaﬁed ad yamieie initistion end hooting siacen
or at a1l the three critical srowth stages of the crop. The
leaf a@ea’inﬁiees of plonts treated with all the resurgence
irnducing iﬁﬂé&t&&iéeﬁ were glemificantliy highaﬁ $han thot of
contrel when the treatment was dons at tillering stage of the
crop but et pandele Inlilotion and bootling siages the trent-
mentg 4id not shov sigeilicant variations from corresponding

condrols.,

Significant cozrolations betwaen the varying plant

helghts and inseet populations weze goeen ot $illering and

hooting stages of the crop and botveen leaf arvea indicos and

vest populations at $illeping sud ponicle initintion stages.
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Puat the lov magnitude of waristions induced by the inscetie
cldep on differvent growih pavamcters ond the inconsistont
navure of the oboerved waviations in differont expowinonts
indleatod thal phy%ﬂtéﬁie ePfoct of 4he insecticides mny net
influence the zpeurgence of [, lusens sismificontly in £ield,
Chelldnh and Heinrichs (1980) obaorved that though the number
of ingects atiracted to planta treated with resuxgence |
inéueiag insecticides vwere slgnifiocantiy higher then the
mnber of ingoets alizhiing in ban%val¢ the phononenon was

no% di&ea%ly reloted to the mevsls of wesurgence obgerved.

1%& effock ef ﬁ@@&ﬁf@ﬁe@ 4na@ ing Anseoticides in the

nugzd ent content, pnd biochemical c@%ﬂt%ﬁue 158 of zics

plonts and on the feeding indices of ¥

1tf%w amﬁ thelr

Date, yraé@mﬁe& in pare 8.5 40 5,8.8 shoued that dhore
vere gignificant vapiotiona in the oubrlent Gwﬁv@ﬂ% @f the
leaf shoath of rice planta, spreyed with the resurgence
indueing and nﬁﬁiﬁ&ﬁ@iﬁg_inﬁ@&ti@i@&ﬁA&% different growth
phages ¢f the crop. The nutrlents ghoving such eigmificant
varistions in content were niitwzozen, vhasphinrus, ga%ﬁah,
nongeness, copper and ﬁiﬁﬂg &mong thespe nitrogen slone
shoved consistent voristions in the diffevent expeoriments.

Similay imf&n&nce.ﬂf’iﬁgemtieiﬁaa in the aatpient conbont of

’b

anted nlan*s wus Teparted earlisr also. Q@eum“ﬁ? ge of
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higher NPK content and higher mi%e population following the
application of DDT and HCH was reported‘by Redriguez et al.
(1957) and Saini and Cutcomp (1966). Enhancement of nitrogen
content in rice following the appllcatlon of systemlc insecti-
cides'and consequent resurgence of Z. maeullfrcns was reported
by Yani and Jajaraj (1976). increasemiﬁ the nicronutrient
cententlfollowing‘the applﬁcaﬁion of reeurgence in&ueing
1nsect101des was reportea 4in corn and beans (Cole et el.,
1968). But Chellieh (1979) and Raman (1981} ‘observed that

fhe ma jor and mlnor HUUTTGHﬁS in rice were ‘not smgnlflcantly

 sltered by the applicatlon.of,resurgence 1ndu01ng insecticides.

Results presented in para 3 8'9 to 3.8.12 revealed
_that the free amino acid content and free sugar content
of the leaf sheaths as well as the carbohydrate/nltfogen
ratio showed statistically signiflcant varlations when the
plants were treated with resurgence inducing insecticides at
different growth stages of the crop. Buenaflbr et 21. (1981)
observed that deltamethrin caused a significant increase in
total and free amino nitrogen in rice WEile a nonresurging
insecticide failed to cause such a change. He further
observed that the treatments did not increase the starch,

or sugar content of the plant.
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The feeding indicea of H. Jusens roleaaed on plants
treated with resurgence inducing iﬁﬂ@@%i@i&es also showed
highly eignificant variationsg iz all %ﬁa axperinents.
Similar offects on the feoeding rate afﬁgg_laaana exposed on
vice Sreated vith rosurgence infueing insacﬁici&ea, vere
obsepved earlier olso (Chellish and Meinvichse, 19803 Romen
and Utharseamy, 198%)., Doliumethrin and mothyl parathion
vere found to induce higher feoeding in A, gogsypli on cotton
{G= tendran, 1984). :

Snce sizpificand and consishont increase in the content
of total nitrogen, free gugars and free amino acid, in the
plante trested wiﬁh‘raamrgeﬁeﬁ inﬁﬁeiﬁg ingecticides and the
feeding indices of J. lusens exposed on the plants were
observed, the daia relating Yo these factors cbinined from
difforent ezveriments were correlated vith the resurging
popaladions of the insect in coxresponding treaimwents., The
dnte obtained from the @xp@rimen%'in which the inmecticidal
applicetion was done &t tillerving stege of the crep shoved
significant positive correlatlion hetwessh the total nitrogen
content/free anino seld com%ent/f@ediﬁg:inﬁaz and rosurgenceo
while the smger content hod a sigmificant negative correla-
tion with zesursence,., Tho same aaaeci&ﬁien hebveen the
different factors and vosurgence was ¢baeyved when the
treatmenta weve done ot panicle inltiation stage of the erop

nlso but for the lack of siatistical mignificnnce for:the
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correlation hetween the free owming acid content end PE -
gence, 4% bootlng stage the aaﬂoﬁiaﬁian betvoen #he four
fectors siudied and resurgence did ﬁ@ﬁ'&h@@‘gﬁaﬁiaﬁiaal _
gignificance, This étagn of the crop %aﬁ boor idenyified as
- the most wnfavourable one for the induceneat of resurgence
in M. lusens. Vhen thyeo sprayings were done one each at
tillewing, panicie inidistion and booting stnwes 2ll the
factors shaw@a h*whzy siﬁnific&uﬁ weaiﬁive agsaaimtzsn with
rogurgence, The corxrelation bebwoen %ﬁ free T content
showed an ir fiuence opposite %o tnat Qbs&%ﬁ@ﬁ in *i?l&ring

anu wanicle init siation ﬁ%&ﬁ&ﬁ on vaﬂuwggnca,

Positive associstion of the amin@.éeiﬁ‘ceﬁﬁenﬁ of the
rlants and populations of plant and 1eaf-h@ppax3 had besen
veporbed earliez (Seszaws, 1971; Cheng end Pathalk,  1972).
The fa?@ufahle;inflmaﬁae of phorate on the population build
up, of L. gosayell on cothon (Hegupnthy and Jayarad, 1973
Sithananthan gf gl 1075),

totronyvehus ap. on brinjal
(Uthamasamy b ks, 1976) through the onhancensnt of amino
nltrogen conteat of the plant was kmown, Higher numbers of
amino acidg vere obsexved in fhe ovavien tissues of J. lugens
brgeding on insecticide treated rice plente (Zempzaj, 1082).
k -
As observed in the prosent studles s aegative relstion-

ship betveen the carbobydrate contont and irvisecticide induced

rosuzgence had been reported in the case of A, gossypil



infesting cotton (Sithanantham et al., 1973) and Z.
maculifrons on rice (Mani and Jayaraj, 1976).. A\positive
relationship between the carbohydrate content and resurgence
was observed in spider mites on apple (Salni and Cutkonp,

1966), A@,g ossypil on bhendi (Regupauhy and Jayaraj,

1973 a; b) and Tetranvchus sp. on brinjal (Uthamasamy-et al.,
1976). As qbserved.in‘the presenp inveétigations, a . negative
relatiqnshiﬁ between resurgence‘and_carbohydrate/nitroggn
ratio in the hosgt plants was reported 1n ¥. lugensg |
(Buenaflor et al., 1981), A. gossypii (SLtnanantham et al.,
1973) and Z. maculifrons (Mani anleayaraj, 1976).

The path qoefficient analysis showed that at tillering
and panicle initiation stages mére than'sixty per cent of the
resurgence observed could be attributed to plant mediated
factors, The resurgence observed during the booting stages
could be explained to an extentkof four per cent only through
the different factors covered in the study. When thgee
consecutive sprayings were given, aﬁout 40 per cent of the
resurgence could be explained through the four factors
studied. The earlier experiments also showed that the
occurrence of resurgence of N. lugens was more in tillering
and panicle initiation stages than at bbéting stage. The
changes induced by these successive sprayings failed-to give

a cumilative influence on resurgence. This also endorsed
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the eariier finding that resurging effect induced by
ingecticides will only he of g temnporary noture and nowmnlly
do not persist for more than 8¢ doys after treatment. I

»

vas also seen from the poth coefficlient annlysia that the
sssosiatione betwogn the varying factors snd resungonce vere
not the dirsct effect of the concerned foetor on resursence
but 1t was the net result of the divect effect of the factor
and its indirect effects exerted throngh the othew footors
invalved in remurgense, Yor example, at dillering stare,

the positive and significant assaaiatia?‘af total nivrogen
contont with vresurgence was aotually cpuoed by 2 negative
divect effsct of the fac%ex'meéifieﬁ'bgliﬁs highly poesitive
Andizect effect exerted ihrougd: froe amino scld content and
fecding index. 4 similer phenonenon wag obsorved in the
sesociation betwsen the free snino aai&taauﬁ&nﬁ and resurgonge
gt paniele Initintion stage. Yith regard to the remaining
factors the ponitive or negotive influence seen in thein
asgociation with resurgence were &aflaa%ed in the direcd
gifect of thess facton/a ﬁn.ﬂesmnﬁeﬁca.ﬁmew though the ¢ffect
wes alvays suppleénented by the.inﬁirecﬁlefﬁecﬁs through other
Pactora. Since the ldentified resurgende inducing faetors
ere all related to the nutrition of thﬁi&n&@@t and since they
are all involved in the different metabolic path ways in the
insect they are likoly %o ezort an inieracting influence on

veourgomes, Obviously in simple correlation snelyeils vhere
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theé association of sach factor aﬂ.caaaiaave& independantly
for its assooiation with resurcence the mechonism by vhich
different faetors contributing to r@su;genee will not be
exposed fully. Yor this ourpose the puth analysis will
provide g vettes to0l., The pimple &@xgeiat&en analyslia of
the date showed that the totol nitfagﬁﬁ gontent, free amino
acid cenﬁ@aﬁs and faasding index hod o ?asitiva agsoois tion
with r@gnxgﬁwea aaile the fYotal sagarn eentavt had a sionifie
cant nega%ive assocliation when the res z”b@nce induecing
ingocticides vere applied at {a) tillaging; (b) P I and

(o) booting stages, Dut the posh anslysis revenled that the
direct and indirect inflvwence of the aﬁbve factors were
ghowing wide veriations at the different growth stages of
he crop and the mechanien, as swmm&rﬁse& in rxg, 5, W28 Q
very complicated ane with a lot of :n%e? ctions smong the

fochors,

Since each ins matiei&e had been @pmagsd at sillering,
panicle iniftlation, booting and tilléxiﬁg 4+ ponicle initia-
tion 4 booting stapes of the corop in the zbove ezneﬁiment
varying levels of inecresagse/dserease wore coused in the total
content of nitrogon, Iree sugar, Irec mmina acig at the absve

3%%% sionges of rice, The Fesding indicen of Be lugeng in
ﬁi?¢»r$nt treatoente alse had similay veriaskions, This

varichility could be corwvelated with the incrssve/decrease



%y'the progony production of . lusens in the porresyonding
frentmenta. These could be done by & regrouping of the dats
obtained Tmor the experiments cnd the results wore prosented

in para 3.8.16 and 3.8.17.

Simple correlation anslysis of 4the dato showed that the
association of the resurgence inducing fretors and resurgonce
wowe not significont in the mojowity of casea (Table 27).

But %he path coofficient analysis showed thot the planms
nediated resurgence czused by all the inseetieiées could

be attributed to the combined effeet of the four factors
covered in the siudy. The residuals zanged fzom 0.18 to
.55 only. The assoclablions be%ween4e§ﬁh_fa¢%axtan& TESUL-
pence a9 well as thé direct and indirvect effects exextiod by
the factor on resurgence showaed wide variations anong the
various insecticides tested in the experiments, Path asnlysis
of the data thue revecled that the ma@&%mi@m 6f resurgence
inducement was significantly iﬂfl&@@@@&%by'ﬁh@ chemica
né%ura of the dinsocticide inwvolved. ﬁo:gr@visua gtudies ave
available on the nutritional faectors coioing resupgence in
H. lusens or the cause effect analysis of the same. The

resulie of the experiments moy be purmavised ns followa:

The application of reswrgence irducing insecticides on rice
resulip in signifieant changes in mutritional statug of the

plant and ¢n the feeding rate of H+ lusens on treated plante.
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Bzeh of the fectors throagh ite direet effect and very
complicated indivect offects through the remmining faotors
account for the resurgence ssuesed by the iansceticide, 7The
rechanisn of resuvgence Inducenond ﬁﬁrﬁu@h the above factors
were seen sisnificanily influenced by tn@ grovth stages of
the crop and the chiemlonl nature of the ingeeticides involwed.,
" Path caefflmient aﬂ&lvaig nay e ouoges éted oo o better method

for anm3J51ng the conae effect rela %ioﬁshiu in zasu“pence.

Lifect of @abl@tha@uéas@svQf,ﬁeg;wgﬁm$&,inducinq,iﬂseatigiﬁes
apnlied directly on i, lugens

The recalts presented in poxza %;Qldn& Flge 7 chowed
that among the five ingecticides iéant*@i&ﬁ in the exporipent
ag msaurganca‘imdﬁeing onosy, tethyl p&ratnian, deltanethrin
gnd carbaryl coused pignificantly higher progeny production
when sprayed direotly at suble%hai-dosa?‘whi e the direct
of quiuwlphaﬁ was comparatively lese, Penitrothlon

o
end fenthion which caneed sigaificeat rosurgence through

L

he plant showed only m&fﬁital uereass in progeny pr@dgctisn
through direct applicatlion, HOH and monoewotophos which were
1dentified as nonvemirring iﬂﬁ&&#i&iﬁ@ﬁi in {the soroening
sxpezinenty, showad o suppresping effect on the progeny
preduction except at the Lcéﬁ lavel of ﬁha lntter., While
Eﬂig was the moat resurging doss of carbaryl, hishest stimla-

tion in methyl porathion and deltamethrin were observed at
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' 10,4 level shoved less resurgence than the murvivals in
‘lots tweated with the inpectiolde at Llg, lovel, In methyl
parathion and cevdbaryl the higher dopes were leSg resurgence

Anduoing.

The remlts thus showed thot the divect inducement of
resurgence coused by different immecticides in H. lugens
and the doge offect of the inseciiclden on resurgence varled

considerably, among the insecticldes tested..

" Chelliah et a2l. (1980) oboerved thet deltumethrin e
LD and I&Eﬁ% lovels and wothyl pavathion ot blyg Levels

sauged rvesueging effect In i) s Az obgerved in the

prosent igvagﬁigmtiaﬁa mﬁaédxaﬁaghés shoved an inhibitoxy
efféat in §§7ﬁn§szgii'(§gjaﬂ&rﬁn,'1934)§ The @tiﬁulatory
effect of corbaryl had been repoxted iﬁ?ﬁg litﬁaralia
(Bvo-Elghaz ef al., 1972}, T. urilcae (Dittzich et al., 1974),
Q, vorgifera (Ball and Su, 1973) &ﬁd.éﬁtgﬁmstni (Gajendran,
1984}, The dntn showed that oll insecticides waleh coused
plent medinted wesurgence of F. lpseng 62d not have dirost
stimalatony effe&ﬁ ¢n the insecv, and the dosage an"int@maity
of r@ﬁi@gﬁnee iﬁ&ueamént wers variably #ela%edw The direct
indugement of resurgence by iunssebiclides inm insccote have been
abtributed o their inﬁ&maati&a %i%h'%h@lbischawieal pathvnys
or with the enfooerine syabenm xesmi%iﬁguin hcxmmligesis {Zoan
and ﬁ@p&iﬁﬂ; 1961; Baman, 1981; CGajendran, 1984). In this

- backgoround the variability observed in the cause eifect
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relotionship of inseciicide induced refurgence 15 a
phenomeonon that can nowmally bhe santicipoted. Speecies

regponse to this effect elso is likkely to wvazy since even

gtrueturally related insecticides ghow wide differences in
their ivnteractions with the physiclogieal processes of the
secated insects, Honce the diveschy resuveing effect of a

pesticide alse will hove to be cosessed against all major

end minor pests in an egroecosystenm along with green howse

soreening, to engure the aveidonce of the resurgonce in

the darget speciesn and the possible flare up of secondary

poste under the field situwations.

Field ezperiment :

Yhe objegtivesn of the fiecld experiment vere bthe
conivention of the resnlis obinined from laboratory and
gresn house studies and aleo %o aasasaf%ma role of notural
.@nemies~af,§g‘1useﬁ3 in cauvslog the r@sﬁrgaace of the poet.
The results presented in para 3.10 shawéd thelt in the lasd
ganpling lower dose of methyl parmﬁhiqn;an& field dose and
lover doses of guinalrhog failed ko show resurgence vhile
in the resurging population at 49 D4F m#thyl parathion at
the lower dose clso had Caoused returgence. Thus quinalphoo
detected as rasupgence indueing ingsecticide failled 4o show
rosuvgence of N. lugens under field condition. A48 wos
pointed ount in the wesults (vide para 3.10 ) the end popula-

+ion counted for the assessment of the resurgence effect



170

g::

cticides would have cmerged from the residun
popuiotion of the pest in field alhew gach ineecticidal

trontueont. This residual pormiaiion would obvliouwoly be

affooted by 3ho hessrogenelity in the pretio entment populaiion
e ¥ & b

and the extonit of wednébion in thoed ;@m*lwtian coauged by the
inmocticidal apnlileoiien. 4 stobistieal corvelotion woa mode

" [

Tor bhaae verisbilities in the dats which . could hrve bosn

L***

{w:r

1n7luenced by the inhorent proporties of ingectieide, nethods

A

of oprlication and zlso on other microelimniio factors,
nroush the sbove statistical peocedare it would be po onsible
o make on estimote of the moxlmin momsible romurgence thnt
con he caused by on inssciticlde vhen meat fave urable condi-
s1ipng Tor the manifesinition of the effeect exist in the Iield.
Ynder such caleuloted lovels of rssurgence (vide Table 29)
there wore memarindble anrsenents in the wooupmance elfocy
manifeated by the three doses of deltomcthrin, nmethyl
parathion and gquinalphos in the groen house gtudies and
npdor $161d conditions. VYhen ve ¢oncelve rogungence 20 &
vhnenopenon cavsed by an lopecticide in an ecosyeten by Lis
4

inherent pronexty it

EJ

thoe hazard will be feceible through the proceasing of the
date adopting the abeve mliiple covariancs analyols technisue.
The aboosvation in $he green houpe gthudics thol resunpence

con be induced by a single applicoticrn of the pesticide aloo

L»‘b

" [ 2a oI "
comes truc whon the estimaded nopulation of . luzong
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at 34 DAP wos considered and not im the oboenved population.
In oll the treatmemis, as observed in green house studies,
the higheé levela of insectlicides were f und more romirgence
inducing than thelr lover doses. Vhea soroyed with higher
doses, afier prolonged veathoring the residues adeguate to
gxezt a direet stimulotory effect on the residual) population
of the pest and on the migrsting yopulotion wonld occur and
this in combination with the plant medisted effect wovld have
crused the observed vesurgence. The datn thus indicated that
applicatisn of insecticides at lsvels h?gh@r than the recon

mended dosages will cause none regurgonce thon vhen the

sreniments are done ot doses lower than the recommonded levels,

Phe pesurgence offect of metayl nparathion (IRRI., 1976,
1977, 1978; Squino gt al., 1979: Redseig gi al., 1982 b) in
£i21d had been vepowted earlier ut higﬁ lovels of § to 33
£01d increase in the pog&&aﬁi&n ghgexved by'%hé suthors vas
unt noticed in the present ilnveshigsmiion, It may be due %0

the lov pest pressure in the £1e1d during the period of study.

The dade on %he popilation fivetuntion of B.lividircnnis,

" 4
He pivolinents,

T yoy Ao
%G&J

zacnatha op. and 5. yooudoonsulata shoved

that the reopeated inscoticidsl $weatments dld nok canse a
persigtent deleterious effect on the population of these
notural enemies {vide para F.11 o 3.14). In the pogt-

trontment populotion counts of thesge notural onemies also
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marginal varietions alone wvewe observed among the differvent
treatments and in pany of the tyﬁatman%s the populations
wvere on par with those of the control ?1@%8_ This heppened
by the fast muldipliecciion of the residuzl population of
the ovganisms in the trented plots supylemented by the
porulation found migrating from the aﬁgaeﬁm& :ieﬂds. In

gpite of the significant popmlations af €+ Llvidivennis,

¥. atzolinests and Teizermothe op. corrolations between the
varying yapuiaﬁiana of the natural eaaﬂi@a and of the pept
d¢id not show stetisiiecal significance. J?he‘reaults thus
iné*em%ed that tae netural epenies of | “I luganﬁ do m@t play
any slgnificant rale in cqueirg r@ﬂufweﬁce of H. ;uagdg

' unﬁer field conditions,

ish (1379) ond Helnrichs g% al. (1922 b) also
obgerved %hat the veducetion in the p&pﬁl&ﬁi@ﬂ'of nntura]
enemies did not sewwve 285 & major factor cousing resungence
of N. Jugens. Reisslg gt al. (1982 ) found thnt resnrgence
im&ueiﬁg insecticides stimuloied pcmulatiens of ¥+ lurons
'zegardless of their toxiolty to pxad”tavs. Mt most of the
carlicr digeupsione on peat resurgence following insecticide
appliention strespsd the adverse effect of the toxicants on
notural ensmies asg a factor conmtribubting to resmirpences
(Yobayaghi, 1961; Hiyashiba, 19635; Eriton ani, et.al.,1972;
Dyck and Orlido, 1977}. Iut these obsexrvations were cone

jectural and not adeguately supported by research data,



173

|

The resulis obteined fyom the present investigation
shoved that the resurgence induced by imsecticides in e
pest population is combination of the éirea% gtimilaotory
effect on the reproductive poitentinl of the insect and the
indirect effect through the fevoumable changes brought in
the host plants pertlenlanly in the m&ﬁéi&n% s%atga and
_ biochemleal composition of the plant ticsues. The combined
effect of these twa cotegories of factors in types of induced

causing resurgence wae obgerved in field. A comparison of

the levels of xésurg@ﬁcé obzezrved inlgg_lugﬁns.cauaad by the
commarahle d@ées of some of the y&ﬁurgéﬁee inducing ingecti-
cides in the green house sxgezim@mﬁa,.lhbazatezy and field
ghown in Table 34 illustratee this yﬁiﬁt@ Eer $he identifica-
tion and assesamenﬁ'sf W%ggﬁgenee-iﬁ&aeimg propsrties of
insecticides green h@aaeﬂsc@aamiﬁg aamﬁinsﬁAwithr%he'asseasn
.ment of direct effect of the teki@antﬁ en the insects moy

ﬁe ag zelisble  or technigue as the £1¢1d evaluation. A
nmambor of faotors like the very nature of the imsecticide,
ite amaagé, voage of the éx@@ ot the time of application of
the pegticide, number of sprayinge, the' time lmg efter the
treatnent, the wvariety of host plants of the ingect and the
specios of the insect invelved were found to influence the
inbensity of resurgence coused by different peaticides.

These obgervations nozmally tempt one to suggest manipulation

of %he above factors for minimising the »esurgence hazaxde
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house, inbovatowy and f£ield exverinents
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from the insecticides. Bt it will be vary hard o gei

such reconprenfations strictly adopied by the farpers under
field condition eund therefore the safest method will he bo
withdray all the insecticldes identified as capable of
inducing resurgence in the major or ninor peats in each |
agroecogysten an suggested by previous workers (Heinriohs

et al,, 1982 b), The divect and indiveet effects of
differvent factors lmown to cause the regurgence of H. luzgens,
‘hased on the data obtained from the gréaemt otudies and the
informations available in literature, ﬁava/gre@anﬁ@ﬂ'im



Fig. 8.

Diagram to indicate the direct and indirect
effects of a resurgence-inducing insecticide
on the population of H. lugeng in rice field
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SUMMARY



SUMMARY

A series of experiments were conducted, under green
house conditions, %0 screen all the insecticidesg commonly
used for the conitrol of paddy pests in Kerala for their
resurgence inducement in N. lugens. Thirteen insecticides
were screened at their field doses and also at half and double
that of field doses, with a view to avoiding chances of missing
detection of resurgence effeet due to inappropriate dosage
used. The treatments were done once at each of the three
critical growth stages of the crop (tillering, panicle
initiation and booting) and twice or thrice by treating the
crop at all possible combinations of growth stages so that
the effect of number of insecticide applications and the
influence of growth stages of the crop on the inducement of
resurgence could be assessed. Progeny production of N. lugens
assessed by exposing gravid females of the insect on the
treated and control plants at 15 days after the treatment

gserved as the index of resurgence.

Methyl varathion, deltamethrin, fenitrothion, fenthion,
gquinalphos and carbaryl induced resurgence. Based on the
intensity of resurgence inducement the insecticides did not
show significant variations among themselves., Based on the
freqguency of occurrence of resurgence among the different

treatments relating to each insecticide (different dosage
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levels and at different growth stages of the host) they
could be ranked in the following descending order: methyl
parathion, deltamethrin, fenitrothion, fenthion, quinalphos,
carbaryl. The remaining insecticides, HCH, dimethoate,
monocrotophos, phosphamidon, phorate, BPMC and carbofuran
did not show any resurgence inducing property and some of
them exerted a significant suppressing effect on the progeny

production of N. lugens.

In three treatments in which deltamethrin was sprayed
once,; the resurgence effect was seen carried over 1o the
second generation of N. lugens. But the treatments in which
insecticide was repeatedly sprayed and in all the treatments
relating to the other five resurgence inducing insecticides
no carry over effect was observed. Hence the observation
was considered erronsous and it was concluded that there

was no carry over of resurgence effect over generations.

The data obtained from the experiment also showed that
for the sure detection of resurgence caused by pesticides,
they have to be used in screening trials at lévels higher -

than their field doses.

Three consecutive sprayings done at tillering, PI and
booting sbages of the hosh plan%s exposed the resurgence
effect of pesticides more thoroughly than when one or two

sprayings were given at the critical growth stages of the
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crop. The results also showed that the growth stages of
the crop had a higher influence than the number of sprayings

on the resurgence effect of pesticides.

The data showed wide variations in the influence. of
growth stages of the host plant on the inducement of -
resurgence caused by different insecticides. VWhen tillering
stage was favourable for some insecticides, panicle initia-
tion was better for some. In general the booting stage was

least favourable for the manifestation of resurgence.

Persistence of'plant mediated resurgéﬁce effects,
induced by the insecticides, was studied by exposing N. lugens
at different intervals after treatment and then assessing
the progeny production. Such a study was done for the first
time and the results showed that the effect persisted without
any fall up to 15 days after treatment and at lower but
gignificant levels at 20 days after treatment. At 25 days
after treatment deltamethrin alone showed slight effect.
Hence the application of resurgence induvcing insecticides
may induce resurgence in the pest population only temporarily

and will not exert cumulative adverse effeet in the niche.

Adopting the schedule of applying the insecticides at
higher dose, and giving the treatments thrice, once each at
tillering, PI and booting stages, 22 insecticides which were

not covered in the previous experiment, were:screened: in the
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green house. Malathion, methyl demeton, FMC 35001,
fenvalerate, permethrin, cypermethrin and flucythrinate
(1iguid formulations) showed resurgence. Diszinon, phorate,
carbofuran and cartap (granules) were found to have resur-
gence effect on N. lugens when screened with two treatments
at tillering and panicle initiation stages and the exposure

of the test insects at 30 DAT,

A% the recommended doses and methods of application
the‘fungicides zineb, mancozeb, captafol, ediphenphos,
kitazin, carbendazim and carboxin and the herbicides 2,4-D
{(sodium salt and ester); pendimethalin; fluchloralin,

. butachlor, propanil and thiobencarb were free from resurgence

_hazard.

The extent of resﬁrgence indﬁced by fenitrothion in
N. lugens, when treated on 18 different varieties of rice,
was studied adopting the procedure standardised in para 2.4.
The results showed that the varieties of the host plants had
high influence in the manifestation of resuigence. Fenitro-
thion screened ag a highly resurgence inducing insecticide
on T(N)-1 failed %o show resurgence of HN. lugens on eight
out of 18 varieties tested in the experiment. Levels of
resurgence and plant resistance to insecticides were not
inversely related. The results indicated the necessity for
using all popular varieties of host plants in an agroeco-

system while screening insecticides for use in the area.
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‘The resurgence inducing insecticides identified in
the first series of experlments and one noninduecing insecti-
cide (HCH) were used for studying the mechanlsm of resurgence
in detail. Phytotonic effect of each inseecticide was
ascertained through'pot'éulturentrials by observing the
various growsh parsmeters after treéatment.’ There was no
consistent trend in growth stimulstion (ntmber of leaves;
plant height and leaf area index). -The chsanges in plant
height and leaf ares indices were significantly correlated
with the«variations in insect populations at some of the
crop growth stages, but a strong associatlon between these
factors and resurgence could not be established Hence it
was concluded that the phytotonlc,effect,mey notvinfluence

the plant mediated resurgence significaently in field.

The role of nutritional factors in inducing resurgence
was investigated in relation to the build up of the popula-
tion of N. lugens. Among the major and‘miner nutrient
contents of the leaf sheaths of plants treated with resur-
gence induecing insecticides, nitrogen showed consistent
variations at the different growth stages of the crop and
- among the biochemical constituents free amino acids: aind.:free
‘sugars showed variations. The carbohydrate/nitrogen ratie
as well as feeding igdex of N. lugens also manifested

Y

gsignificant variations.
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The variations observe& in the above factors were
correlated with the variations in resurging populations
through simple correlation and path ceeff101ent analysis.
Results showed that the variations 1nduced in the nutritional
status of the host plant (total nitrogen, free amino acids
and free sugars) and in the feedlng rate of the insect could
be attributed as major mechanisms of plant-mediated resur-
gence, The direct and indirect effect of different factors
on réshrgence and interabtions among the factors varied
from insecticide to insecticide, possibly depending on the
chemical nature of the insecticides.

' The direct effect of resurgence inducing insecticides
on the reproductive potential of the insect was assessed
by SPiaying last instar nymphs of N. lugensg with varying
sublethal dosages of pestiéides and then assessing the
progeny production of surviving insects on untreated plants.
Methyl parathion and carbaryl caused significant resurgence
at lower doses (LC,,, LC,, and LCBO) W@ile deltamethrin
showed resurgence at LC10, Lezo.and also at LC5O levels.
Quinalphos had marginal effect. PFenitrothion and fenthion
had no effect at any of the doses, while monocrotophos and

HCH inhibited the reproductive rate.



182

The field experiment laid out in a farmer's field at
Alleppey District, a pest prone area, formed the last part
of the study. The insecticides identified-as resurgence
inducing ones were found to be so in the field experiment
also except quinalphos. The higher doses of the insecticides
caused higher resurgence. The level of resurgence observed
in the field showed én added efféct of tﬁé plant mediated
resurgence inducement and the direct effect of the insecti-
cides on the insect, The.fluctuation in the predator fauna
during the period of the experiment did ndt indicate'any

bearing on the incidence of resurgence.

The experiments revealed that thé resurgence caused by
some of the insecticides used for the control of N. lugens
was contributed by plant mediated effects alone viz. the
variations in the nutrient content and biochemical constit-
uents of the host plant and in some other insecticides the
plant mediated effects coupled with the direct stimulatory
effect on the biotic potential of the insect contributedrto
the inducement of resurgence in the field., The manifestation
of resurgence in an agroecosystem will be significantly
influenced by the chemical nature, toxicity, persistence, dose,
number and method of application of the insecticides; variety
and grdwth stages of the crop; the size of the residual and

migratory pOpulation‘as well as their life stages exposed
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to insecticidal -application. AseeSSment of plant mediated -
resurgence in the green house followed by ‘assessment of
sublethal effects of insecticides through direct application
on the insect be adopted as a rapid method of screening
insecticides o be used in an agroecosystem, instead of -

adopting laborious field screening.

The resurgence effect induced by the 1nsect101des did
not ehow any cumulatlve effect or carry over through genera-
tionss Hence the resurgence problem created by the use of
anlinsect101de in the field can ea811y be solved by with-
drawing the insecticide and using a nonresurging one to

check the enhanced population of the pest.
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APPENDIX I

Means of observed values relating to Table 18

Mean nutrient content of the leaf sheath (on dry weight basis) Number

Concen— £
Treatments tration N P K Ca Mg Zn Mn Cu Fe - e

(%) (%) (%)~ (#)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) DVEP
HCH 0.25 2.63 0.55 2.86 41.4 45,2 12.1 188 4.9 81.4 189
Fenitrothion 0.1 3.13  0.63  2.93  37.3 45.3 11.3 196 5.2 80«7 314
Fenthion 0.1 2.99 0.59 3.01 39.3 41.4 13.2 188 4.7  82.6 295
Methyl
pavaihion 0.1 2.88  0.61 2.76 41.6  47.2 12,2 203 4.3 81.6 298
Quinalphos 0.1 2.92  0.59 2.88 38.2 39,35 11.2 197. 4.7 78.7 213

Carbaryl 0.25  2.74 0.60 2.79 40.3 46.4 13.5 211 4.4 82,2 250
Deltamethrin  0.004 3.04 0.63 2.96 40.4 48.5 12.3 185 4.5 81.2 348
Control (water spray) 2.81 0.57 2,72 38.5 42.2 1%.5 206 4.6 80.% 210




APPENDIX IT

Meansof observed values relating to Table 19

Mean nutriént qohtent of the‘ieaf sheath (on dry weight basis)

0 Concen=- Number
restments tration of
. P K- Ca Vg Zn Mn Cu Fe

(%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) DYEPRS
HCH 0.25 1.94  0.51 3.7 35.4 37.2 11.2 236 4.5 88.7 159
Fenitrothion 0.1 2.68 0.59 3.43 38.3 36.2 12.3 236 4.7 - 87.7 212
Fenthion 0.1 2.77 0.55 3.51 36.3 43,1 12.2 220 4.2 86.7 249
Methyl e ' A
Quinalphos - 0.1 2.45 0.55 3.49 78.4 38.3 12.5 218 4.5 87 .7 264
Carbaryl 0.25 2.29 0.56 %31 %6 .4 41.3 14.4 227 4.6 ~ 88.3 212
Deltamethrin Q.OO4 2.62 0.59 3.66 37.4 34..5 14.2 212 4.2 - 87.9 235
Control (water spray) 2.28 0.53 3428 78.1 40,3 12.1 214 4.3 88,2 178




APPENDIX IIT

Meansof observed values relating to Table 20

Mean mutrient content of the leaf sheath (on dry weight basis)

Concen- MTumber

Treatments tration - , : of
: P K Ca Mg Zn Mn Cu Fe

(%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) DYTPHS
HCH 0.25 1.44 0.42 2,78 33.8 41.6 8.2 231 3.3 69.5 202
Fenitrothion 0.1 1.84 0.42 2.9%  34.2 45.1 7.6 236 3,2 69.3 213
Fenthion 0.1 1.62  0.45 2.61 33.4 40.2 8.2 222 3.4 73 .4 221
Methyl : ,
parathion 0.1 1.79 0.49 2.92 34.8 46.2 8.3 241 3.8 71.7 250
Quinalphos 0.1 1.58 0.43 2.74 36.5 39.3 7.8 255 3.2 67.2 201
Carbaryl 0.25 1.40 0.47 2.65 37.6 38.1 T.7 217 3.9 68.% 212
Deltamethrin  0.004 1.68 0.44 2.52 32,8 41,7 8.1 229 3.6 70.3 192

" Control (water spray) 1.39 0.48 2.78 38.% 38.5 7.9 248 3.9 73.5 171




APPENDIX IV

" Meansof observed values relating to Table 21

Mean nutrient content of the leaf sheath (on dry weight basis)

Concen-— Tumbex
Treatments tration - : . of
2 N P X Ca Mg Zn Mn Cu Fe

| (%) (# (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 2YTPES
HOH 0.25" 1.17 0.43 2.96 32.8 39.9 9.4 218 %.8  T2.8 207
Fenitrothion 0.1 1.65 0.45 3.12 320 39.2 7.6 215 3.3 64.5 251
Fenthion 0.1 1.83 0.46 3.24 34.4 36,3 9.1 176 4.6 4.3 249
Methyl | : L . . , |
paratnion 0.1 1.95 0,50' 2.81 3046 | 41.7 8.4 224 4.5 68.4 279
Quinalphos 0.1 1.41  0.45 3.06 35.4 41.3 10.2 191 3.5 7143 234
Carbaryl 0.25 1.35 0.48 3%.08 35.5 40.2 7.2 230 4.1 69.5 268
Deltamethrin  0.004 1.72 0.43" 3.14 35.9 40.8 8.9 194 4.2 67.7 284
Control (water spray) 1.23  0.49 2.97 31.6 42.3 8.0 186 3.7 65.5 180




APPENDIX V

Means of observed values relating to Table 22

Concen—

Feeding PFree amino

Carbohydrate/

N N . PFree Total Number

Treatments %é?tlon %Eig? %;édieu/g) sugars nit;ogen g;giggen of nymphs
HCH 0.25 272 1.19 1.92 2.63 0.73 189
Fenitrothion 0.1 363 1.42 1.35 3.13 0.41 314
Fenthion 0.1 373 1.39 1.25 2,99 0.43 295
Methyl

parabnion 0.1 324 1.45 1.61 2.88 0.56 298
Quinalphos 0.1 307 1.28 1.82 2.92 0.62 213
Carbaryl 0.25 291 1024 1.39 2.74 0.51 250
Deltamethrin 0.004 392 147 1.46 3.05 0.48 248
Control 285 1,16 1.38 2.81 210

(water spray)

0.67




APPENDIX VI

Means of observed values relating to Table 23

Concen- Feeding Free amino

Free Total Carbohydrate/ Number
Treatments ?é?tion %ﬁg§§ %;éﬂgeu/g) sugars nitrogen nitrogen ratio of nymphs
* HCH 0.25 246 1.18 2.17 1.94 1e11 159
Fenitrothion 0.1 268 1.36 2.17 2.68 "0.74 212
Fenthion 0.1 272 1.16 2.05 2.77 0.81 249
Methyl ‘
parathion 0.1 283 1.30 1.79 2.63 0.68 288
Quinalphos 0.1 295 1.22 2.23% 2.45 0,91 264
Carbaryl 0.25 255 1.09 2.31 2.29 1.01 212
Deltamethrin 0.004 279 1.29 1.89 2.62 0.72 235
Control




APPENDIX VII

Means of observed values relating'to Table 24

Concen- TFeeding Free amino Free

mestnents oo dmige seiss | DS, DM JRewmere/ Jmenof
HCH 0.25 216 . 1.00 - 1.53 © 1.44 1.06 222
Fenitrothion 0.1 242 . 1.09 - 1.89 . 1.84 1.06 213
Fenthion 0.1 23 1.03 . 1.72 1.62 1.03 221
i 0.1 256 1.1 1750 1,79 0.98 250
Quinalphos 0.1 228 . 0.89 - 1.66 - 1.58. 1.18 201
Carbaryl 0.25 219 . 0.97 - 1.69 "~ 1.40 .21 212
Deltamethrin  0.004 246 1.14 1.53 1.68 0.91 192
Control |

~ (water spray) 208 0.92 1.59 1.39 1.14 171




APPENDIX VIII

Means of observed values relating to Table 25

Concen- Feeding Free amino

. - b Free Total Carbohydrate/ - Number of
Treatments %;ition %E%S§ %;;dieu/g) sugars nitrogen nitrogen ratio nymphs
HCH 0.25 211 . 0.92 1.38 1.17 1.18 207
Fenitrothion 0.1 269 1 .21 . 1.45 1.65 1.03 251
Penthion 0.1 253 1.19 1.88 1.83 0.88 249
Methyl o
parathion 0.1 249 1.7 1.85 1.95 0.95 279
Quinalphos 0.1 237 1.08 1.58 1.41 1.12 234
Carbaryl 0.25 22% ' 1.16 1.65 1.35 - 1.22 268
Delbtamethrin  0.004 278 : 1,26 1,65 1.72. 0.96 284
Control 202 " 1.04 1455 1.23 1.26 180

(water spray)
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ABSTRACT

A series of green house experiments were carried out
for screening the insecticides, fungicides and herbicides
recommended for the control of pests, diseases and weeds
infesting rice in Kerala, for their resurgence inducement
in N. lugeng. Among the thiriteen insecticides screened,
each at three doses and applied at three critical growth
stages of the crop as well as at their possible combinations,
methyl parathion; deltamethrin, fenitrothion, fenthion,
quinalphos and carbaryl were identified as resurgence inducing
insecticides with no apparent differences among themselves
in %the intensitj of resurgence caused. HCH, dimethoate,
monocrotophos, phosphamidon, phorate, BPMC and carbofuran
were found to be free from resurgence inducement and some of
them even exerted a significant suppressing effect on the
progeny production of N. lugens. There was no carry over of
resurgence effect over generations. The results of the

experiments also revealed +that:

1. The manifestation of resurgence inducing property
of insecticides was more at the higher doses than at the

field doses or lower doses.

2. The frequency of occurrence of resurgence among the

different treatments with resurgence inducing insecticides



showed that a single application at any of the three critical
growth stages of rice and itwo applications combining any two
of the three growth stages were on par while three consecutive
treatments covering all the three growth stages was more

favourable for manifestation of resurgence.

3. The growth stages of +the host plant had significant
influence on the manifestation of resurgence inducement of
ingecticides. It varied with the properties of insecticides
used. Some manifested resurgence at tillering, some at

panicle initiation and none at booting stage.

4., The resurgence effect induced by the insecticides
was found to last in the treated plants for a period of 15 to
20 days after treatment and the results indicated, that there
vas no cumulative effect by repeated treatments on insect

populations.

In the light of the above findings the method of
screening resurgence inducing insecticides in the green
house was standardiged as the application of the insecticide
at doses higher than the field doses thrice covering the
tillering, panicle initiation and booting stages preceeding
the exposure of insects for assessment of progeny production

which may be done at 15 days after the third application.



In furfher screening adopting the procedure stand-
ardised above malathion, methyl demeton, FMC 35001,
fenvalerate, permethrin and cypermethrin were found inducing
resurgence in N. lugens. The granular insecticides were
screened giving two treatments (fillering + panicle initis-
tion) and exposing insects at 30 DAT for egg laying. Results
revealed that diazinon, phorate, cartap and carbofuran
caused resurgence of E‘ lugens, Indosulfan, formothion,
phosalone, methamidophos, chlorp?riphog, DDVP and their
combinations with HCH or carberyl (liguid formilations),
aldicarb; quinalphos and sevidol (granular)'weré-free of

resurgence hazard.

At the reeomménded doses and methods of application
the fungiéides zineb, mancozeb, captafol, édiphenphos,
kitazin, carbendazim and carboxin and the herbicides 2,4-D
(sodium salt and esﬁer)? pendimethalin, fluohloralin;
butachlor, propanil and thiobencarb did not post any

resurgence problem.

The inducement of resurgence by insecticide was seen
éignificantly influenced by the variety of host plants of
the insects involved. The levels of plant mediated resur-
gence inducement and resistance of the plante to inseet
.attack were not mutually related. In scréeﬁing‘insec%icides

for the controel of a pest in an agroecosystenm, the interaction



of the popular varieties of the crop available in the area

with resurgence inducement also should be studied.

The resurgence inducing mechanism of gix identified
insecticides was studied in detail. The results of a gseries

of green house and laboratory experiments revealed that:

1. Resurgence inducing insecticides brought about
some morphological changes in the crop causing some improve-
ments in the stand but the magnitude of the changes were not
adequate to influence the attractien of the insects or

build up of the pest population.

2. The application of the insecticides caused
gignificent variations in the nutrient content and biochemical
constituents of treated plants causing consistent changes in

the total nitrogen, free sugars and free amino acid contents.

3: The feeding of N. lugens on treated plants was

significantly higher as indicated by the feeding indices.

4. The correlation studies and path coefficient analysis
of the data relating to the magnitude of changes in the above
factors caused by the application'of insecticides could be
attributed as the major cause of plant-mediated resurgence

inducenment.



The dlrect appllcatlon of resurgence indu01ng dinsecti-
cldes revealed that some of the 1nsectlcldes which showed
plant mediated resurgence (methyl{parathibﬁ, deltamethrin and
carbaryl) nad direct“sfimulgting effect also on the progeny
production of M. IugenSfai swbleﬁhal’doses vhile some
(fenthion and fenitrothion) aid:not}shqwranﬁ‘increase-in
progeny production and sgme:(quinalphqs)Ashowed only marginal
effeét; While carbg;yl and methyl par;fhibﬁvweré more
stiﬁulatorj at lower ievels; deltaméthriﬁ'stimulated

reproduction at both the lower and higher levels,

The field expeiiment;revealgﬁtthat_the resurgence
observed in the field was the added effect of plant-mediated
resurgence observed in green‘houée'exﬁeiiménﬁs-and the
~direct effect of %he pesticideS»caused-bj,theiﬁ sublethal
doses. In,genéral the conclusions from the-green house
experiments were in agreement with the results obtained from
the field. It was seen that the changes in ﬁredaﬁory pOpula—
tion in field caused by the appllcation of pestlcides dld not
contribute szgnlflcantly to the 1nducement of resurgence
in_ﬂ._lugens. It was also observed that the assessment of
plant induced resurgence of insecticides in g?een house
experiments and the Qirect effeéts‘of thé toxicants oﬁ the
insects will serve as an effective alferﬁative elaborate
field experimengs for evaluating the-resurgeﬁcé'effec% of

insecticides.
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