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Abstract

To better understand the sublethal effects of insecticides (Spinosad, emamectin benzoate, thiodicarb,
monocrotophos and fenvalerate) on Spodoptera litura, under eCO2 and eTemp several studies were
carried out to investigate the sublethal effects on the developmental stages and feeding indices of S.
litura. The Relative Growth Rate, Relative Consumption Rate, Efficiency of Conversion of Digested
food and Efficiency of Conversion of Ingested food decreased with increase in temperatures after
exposure to sublethal doses (LCio0 and LCao) of spinosad and fenvalerate . Contrastingly, higher feeding
indices were recorded in the larvae treated with Emamectin benzoate, monocrotophos and thiodicarb.
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1. Introduction

Climate change is the most important, complex environmental issue to date. Global Mean
Surface Temperature (GMST) and atmospheric CO,concentrations have been increasing at an
alarming rate since 19"century. The projected increase in temperature by 2100 was set by 1.4
—5.8 °C with the increase in the amount of CO; in the atmosphere by about 40 per cent. The
increase in the amount of CO; in the atmosphere would reach to 500 to 1000 ppm by the end
of 21% century (IPCC, 2014). These two dimensions of climate change viz., eTemp and eCO,
influence the growth and development of insect pests directly and indirectly and in turn effect
the population dynamics and their status (Srinivasa rao et al., 2015) 21, The combined effects
of temperature and CO, dilutes the biochemical constituents of the foliage and inturn effects
the growth parameters of the insect pests interms of lower growth rate, slow larval
development and increased feeding (Fajer et al., 1989) [©1,

The only option for management of this pest is chemical control. Temperature has a prominent
effect on insecticide effectiveness (Busvine, 1971) [, Elevated temperature results in
breakdown of particular insecticide into either more or less toxic metabolites and may vary
with type of insecticides. Therefore, warmer climate necessitate an increased insecticide usage
(Noyes et al., 2009) 1 which is expected in the form of higher amounts or dosages.
Insecticidal effects on insects can be categorized into direct toxic effects and sublethal effects.
The former one causes the mortality of insects and sublethal dose of insecticides have large
influence on insect emergence, pupal weights, larval and pupal durations (Han et al., 2012) [
and feeding indices (Xu et al., 2016) 25, The target pest are not killed immediately after
application and effects the physiological and behavioural changes of the target pest, till the
insecticide is reduced over time. Though the temperature, CO and insecticides have adverse
affect on the growth and development of the insects but the combined effect was not studied so
far. Hence an effort was made to study the combined effect of sublethal concentrations of
insecticides (emamectin benzoate, thiodicarb and monocrotophos) under two CO2 levels (380
+ 25 and 550 £ 25 ppm) at five different temperatures viz., 28, 29, 31, 33 and 35 + 0.5 °C on
the feeding indices of S. litura

2. Material and Methods

2.1 Maintenance of Crop

The popular variety of sunflower DSRH -1 procured from Indian Institute of Oilseed Research
(IIOR) was raised at different set conditions comprising of ambient (380 + 25 ppm; 28 °C),
eTemp. (380 + 25 ppm; 29, 31, 33 and 35 % 0.5 °C), eCO2 + eTemp. (550 + 25 ppm; 29, 31,
32 and 35 £ 0.5 °C) and eCO2 (550 + 25 ppm; 28 °C) in Carbon dioxide and Temperature
Gradient Chambers (CTGC). Similarly, the test insect S.litura was also maintained at same set
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conditions in CO2 growth chamber. Enough caution was
taken to have consensus between CTGC and growth chambers
conditions.

2.2 Rearing of S. litura larvae

The egg masses of S. litura were collected from field and
initially maintained in the entomology laboratory at Central
Research Institute for Dryland Agriculture (CRIDA) to
buildup the population. Later the insects were maintained
under at respective set conditions (eCO2 and eTemp
conditions viz., 550 and 380 * 25 ppm and 28, 29, 31, 33 and
35 £ 0.5 °C inside the growth chambers).

2.3 Preparation of Sublethal Concentrations of
Insecticides

Bioassays were conducted on third instar (six day old, 30 mg)
larvae of S. litura (Balasubramanian, 1982) under laboratory
conditions using leaf dip method (Method No. 7 of IRAC,
2014) DO Mortality data recorded after 72 HAT was
subjected to probit analysis (Finney, 1971) [l by using
Statistical Packages for Social Sciences (SPSS) to calculate
LC10, LC30 values and were considered as sublethal
concentrations  (Table 1). The effect of sublethal
concentrations of insecticides on the feeding indices of
S.litura was assessed at each concentration at respective set
conditions. The data on growth parameters viz., larval weight,
amount of food ingested and amount of faeces excreted were
used to estimate various insect performance or food
conversion efficiency indices (Waldbauer, 1968 and Srinivasa
Rao et al., 2009) 221 and the formulae for the estimation of the
indices are given below.

Relative growth rate (RGR): It is defined as weight gained
by the larva in a day. It is expressed in g g day™.

RGR = Increase in larval body weight (g) / Average larval
weight per day (g).

Relative Consumption Rate (RCR): It is defined as the per
captia consumption of foliage by larva in a day. It is
expressed in g g* d*. Calculated by the formulae

RCR = Weight of food consumed (g) / Average larval body
weight (g) per day

Efficiency of conversion of ingested food (ECI): ECI is an
overall measure of an insect’s ability to utilize the ingested
food for growth and development and expressed in terms of
percentage.

Weight gained by larvae (g) during feeding period / Weight of
the food consumed (g) X 100

Efficiency of conversion of digested food (ECD): It is the
larval weight gain per unit weight of leaf digested and
expressed interms of percentage. Calculated by the formulae
Weight gained by larvae (g) during feed period / Weight of
the food consumed (g)-Weight of the faeces (g) X 100

2.4 Statistical analysis

The data on growth parameters of S.litura (viz., weights and
durations of larvae and pupae and per cent adult emergence)
and insect feeding indices (AD, ECI, ECD, Cl and RGR) after
exposure to sublethal concentrations were analyzed using
ANOVA with CO; level as main factor and temperatures as
sub factor deployed in Factorial CRD.
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3. Results and Discussion

The effect of sublethal concentrations of test insecticides viz.,
Spinosad, Emamectin benzoate, thiodicarb, monocrotophos
and fenvalerate on the feeding indices of S. litura were
discussed below. The feeding indices RGR, RCR, ECI and
ECD were significantly affected by eCO, and eTemp after
exposure to sublethal concentrations of insecticides. In the
present study, RGR and RCR of S. litura decreased with
increase in sublethal doses of spinosad (LCio to LCsp) and
temperatures (28 to 35 °C) under both levels of CO,. The
lowest relative growth rate (0.075 g g day?), RCR (1.14 g g
! day), ECD (10.30%) and ECI (9.77%) was recorded at 550
ppm; 35 °C after exposed to LCso concentrations of spinosad
compared to ambient conditions (RGR- 0.125 g g* day?;
RCR - 1.28 g g* day?; ECD -18.45% and ECI - 16.38%)
(Table 1 & Fig 1).

Lower feeding indices were recorded at LCsz values
compared to LCio and untreated control. Similar trend of
lower feeding indices were recorded after exposure to
sublethal concentrations of fenvalerate under both levels of
CO; (Table 5). Analogously the findings of Ebeid and
Gesraha, 2012 ™! also indicated the reduced growth rate and
food consumption after exposure to sublethal doses of
spinosad. The findings of Elsayed et al., 2013 B were on par
with the present results and recorded reduced ECD and ECI.
Though the RGR and RCR decreased with increase in
sublethal doses of emamectin benzoate, monocrotophos and
thiodicarb (Table 2, 3 and 4 & Fig 1) but increased with
increase in temperatures under both levels of CO,, The highest
relative growth rate (0.066 g g* day?), RCR (1.75 g g day™l),
ECD (18.07%) and ECI (19.64%) was recorded at 550 ppm;
35 °C after exposed to LCsp concentrations of spinosad
compared to ambient conditions (RGR- 0.053 g g* day™;
RCR - 0.66 g g* day*; ECD -9.86% and ECI — 4.52%). The
feeding indices recorded at LCsz were lower than those
recorded at LCyo and untreated control.

Similarly the other insecticides thiodicarb and monocrotophos
also showed decrease in RGR, RCR, ECI and ECD compared
to untreated control at temperatures (28, 29, 31, 33 and 35 °C)
under both aCO; and eCO, thus indicating lower feeding
indices. This is due to larvae utilize all of its energy obtained
from food sources for detoxification rather than development
inturns affects the normal growth of the insect (Martinez and
Emden, 1999) . The reduced consumption rate and ability
to convert food into biomass might have extended larval
developmental  period with increase in  sublethal
concentrations.

The present results indicated that larval indices significantly
varied across two CO; levels and at five temperatures (28, 29,
31, 33 and 35 °C). The larvae after exposure to test
insecticides exhibited poorer insect feeding indices with
decreased RCR, RGR, ECI and ECD compared to untreated
control across temperatures. The relative growth rate (RGR),
an index of growth coupled with the weight of the insect
larvae declined greatly when larvae allowed to feed on foliage
applied with sublethal concentrations. It represented that food
might be inedible to the insects and might have acted as
inhibitor so that the treated larvae did not have sufficient
nutritional components for its normal growth (Schoonhoven
et al., 2005) [,

Earlier reports of Jansen and Groot (2004) % indicated that
reduced RGR might be due to irreparable damage to the
cellular surface of the midgut lumen. The RGR of insects
increased with increase in temperatures under both aCO; and
eCO, after exposure to sublethal doses of emamectin
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benzoate, thiodicarb and monocrotophos. But in contrast
decreased in spinosad and fenvalerate treated insects under
both aCO, and eCO, Relative consumption Rate measures
quantity of food consumed per unit body weight of insect per
day was significantly lower in S. litura larvae treated with
sublethal doses compared to control across temperatures
under both aCO, and eCO-. The lower values of RCR is due
to lowest food consumption and less larval weights due to
insecticidal stress (Nagapasupathi et al., 2003) **l, The RCR
of insects increased with increase in temperature under both
aCO; and eCO, after exposure to sublethal doses of
emamectin benzoate, thiodicarb and monocrotophos and
decreased in spinosad and fenvalerate treated insects.

The higher concentrations of five test insecticides
significantly decreased the ECD and ECI and inturn affected
the normal growth of the larvae (Martinez and Emden, 1999)
(141, The reduced consumption rate and ability to convert food
into biomass might have extended the larval developmental
period. The gain in larval weight was more at eCO, and
corresponding temperatures compared to aCO,, This might be
due to lower protein content and higher carbon and CN ratio
in the foliage, thus indicating reduced efficiency in the
conversion of ingested and digested food by the larvae fed on
leaves of sunflower grown under eCO, compared to aCO;
(Manimanjari, 2017) 23],

The present results inidicating lower feeding indices with
increase in sublethal doses were in conformity with Elsayed et
al., 2013 Bl who reported decreased RGR , CI, ECD and ECI
in the larvae treated with spinosad @ 70 and 200 g a.s. / 200 |
compared to control. Naggar and Jehan, 2013 stated that the
S. littoralis larvae treated with emamectin benzoate and
spinosad, reduced RGR (7.12 and 15.17%, respectively), ClI
(2.9 and 3.8%, respectively), ECD (2.39 and 4.83%,
respectively) and ECI (2.20 and 4.39%, respectively),
respectively compared to control (20.6, 5.5, 8.70 and 7.60%,
respectively). Similarly, the reduced ClI and RGR in the
abamectin treated S. littoralis larva was reported by Abo-El-
Ghar et al., 1993 [, Nagapasupathi et al., 2003 % reported
poor feeding indices (lower RGR, ECD, ECI and CI) in
thiodicarb treated S. litura larvae compared to the control.

http://www.phytojournal.com

The poor feeding indices in pyrethroid treated insects were
reported by Gist and Pless (1985) [8l under insecticidal stress.
The indices viz.,, RGR, CI, ECD and ECI increased with
increase in temperature under both aCO; and eCO,, and was
less evident at eCO; due to poor nutritional quality of the
foliage grown under eCO, The reduction in protein and
nitrogen often leads to poorer feeding indices. Under eCO;
and corresponding temperatures (28, 29, 31, 33 and 35 °C),
the leaf chewing herbivores responded by increasing the food
consumption and reducing the food conversion effiiciency
(Williams et al., 2000; Chen et al., 2004) 2 31 compared to
aCO- at corresponding temperatures.

The present results were also in conformity with Rama devi
and Jha, 2018 [*8 who recorded higher values of RGR, RCR,
ECD and ECI with increase in temperature from 20 to 30 °C.
Similarly Shwetha et al., 2017 9 reported significantly
higher values of RCR and AD at eCO, + eTemp (285.59
mg/g/day, 77.13%, respectively) compared to aCO, + eTemp
(270.35 mg/g/day and 73.83%, respectively). The increase in
RGR with increase in temperature was reported by Akbar et
al., 2015 where RGR was maximum at 35 °C (0.1 g g* day™)
compared to the insects reared at 15 and 25 °C (0.073 and
0.083, g g* day'respectively).

The combined effect of eCO, and eTemp on the sublethal
concentrations viz., emamectin benzoate, thiodicarb and
monocrotophos increased the RGR, RCR, ECD and ECI with
increase in temperatures from 28 to 35 °C under both aCO,
and eCO, . The reduced feeding indices might be due to
reduced biochemical components (Carbohydrate and protein
content) in the insect body. The body weight of larvae was
comparatively higher at higher temperatures compared to
ambient under both levels of CO, which results in lower
values of AD. On the other hand, the insecticides spinosad
and fenvalerate decreased RGR, RCR, ECD and ECI at higher
temperatures, as the leaf chewing herbivores were exposed to
higher concentration of insecticides at higher temperatures
which resulted in poor feeding indices. However, from this
study it is evident that these insecticides regulated the growth
of S. litura instead of instant killing.

Table 1: Effect of sublethal concentrations of spinosad on the RGR and RCR of S.litura at eCO2 and eTemp. Conditions

Interaction RGR (g g “*day?) RCR (g gt day?l)
(CO2 X Temp Control LCio LCaso Control LCuo LCso
(°C) aCO; eCO2 aCO2 eCO> aCO2 eCO2 aCO, | eCO2 | aCO2 | eCO2
28 +19C 0.153+ | 0137+ | 0.144+ | 0128+ | 0.125+ 0.115 176+ | 182+ | 156+ | 1.79+ | 1.28+ | 1.56
0.002 0.006 0.001 0.002 0.001 +0.002 0.03 0.02 0.02 0.05 0.05 0.04
29+ 19C 0.156+ | 0141+ | 0141+ | 0120+ | 0.112+ | 0.102+ | 184+ | 196+ | 150+ | 1.74+ | 1.19+ | 142+
B 0.002 0.005 0.002 0.003 0.002 0.002 0.03 0.01 0.04 0.03 0.01 0.02
31+ 1°C 0.160+ | 0.143+ | 0.138+ | 0.114%+ | 0109+ | 0.095%+ | 198+ | 218+ | 146+ | 1.62+ | 1.08+ | 1.38
B 0.002 0.003 0.003 0.002 0.001 0.002 0.05 0.03 0.04 0.03 0.05 0.04
33+19C 0.163+ 0.148+ | 0.135+ | 0.108+ | 0.096 + 0.082+ 202+ | 224+ | 138+ | 150+ | 092+ | 1.26
0.003 0.003 0.003 0.005 0.001 0.001 0.01 0.02 0.04 0.05 0.03 0.04
35+ 19C 0.166+ | 0.152+ | 0.131+ | 0100+ | 0.082% | 0.075+ | 214+ | 238+ | 125+ | 142+ | 084+ | 1.14 +
B 0.002 0.002 0.002 0.001 0.001 0.001 0.04 0.02 0.04 0.03 0.03 0.04
F. test 316.78* NS 39.74* 7.85* 187.10* 31.28*
S.Em+ 0.001 0.02 0.001 0.02 0.02 0.005
CD(p = 0.05) 0.002 NS 0.002 0.05 0.04 0.014
CO2
aCO2 0.160 0.158 0.149 1.94 1.43 1.06
eCO2 0.141 0.139 0.130 2.12 1.62 1.35
F. test 116.00* NS 3205.67* 777.12* 453.88* 8222.06*
S.Emz+ 0.001 0.007 0.0003 0.008 0.006 0.002
CD(p = 0.05) 0.002 NS 0.001 0.021 0.017 0.006
Temperatures
28+1°C 0.156 0.154 0.145 1.79 1.69 142
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29+ 1°C 0.153 0.151 0.142 1.90 162 1.31
31+1°C 0.149 0.148 0.139 2.07 154 1.23
33+1°C 0.147 0.146 0.136 2.13 1.44 1.09
35+1°C 0.145 0.143 0.133 2.25 1.34 0.99

F. test 316.78* NS 237.72* 40.53* 51.39* 2273.63*
S.Emzt 0.0003 0.012 0.001 0.012 0.01 0.004
CD(p = 0.05) 0.001 NS 0.002 0.033 0.03 0.011
CV (%) 2.12 1.84 1.06 1.81 3.19 1.92

aCO2 — 380 = 25 ppm; eCO2 — 550 + 25 ppm
All values are mean + standard deviation

* Significant @ 5% level of significance

NS — Non significant

RGR — Relative Growth Rate

RCR — Relative Consumption Rate

Table 2: Effect of sublethal concentrations of emamectin benzoate on the RGR and RCR of S.litura at eCO2 and eTemp. Conditions

Interaction RGR (g g!day?) RCR (g gt day?h)
(CO2 X Temp Control LCuo LCaso Control LCuo LCso
(°C) aCO; eCO2 aCO; eCO2 aCO2 eCO2 aCO; | eCO2 | aCO; | eCO2
28 +1°C 0.148+ | 0.128+ | 0.080%+ | 0.072+ | 0.053+ | 0.043+ | 1.85+ | 198+ | 1.25+ | 141+ | 0.66% | 0.84«
B 0.002 0.001 0.001 0.001 0.002 0.002 0.03 0.02 0.03 0.04 0.01 0.02
29 +19C 0.152+ | 0.132+ | 0.082+ | 0.078+ | 0.062 0.05 199+ | 206+ | 147+ | 164+ | 085+ | 101+
B 0.001 0.002 0.003 0.003 0.001 0.001 0.03 0.06 0.03 0.02 0.01 0.02
31+19C 0.159+ | 0.140+ | 0.087+ | 0.082+ | 0.065+ | 0.058+ | 212+ | 221+ | 1.62+ | 190+ | 1.02% | 1.27 =
B 0.001 0.003 0.004 0.001 0.001 0.002 0.05 0.06 0.01 0.05 0.02 0.05
33+ 1°C 0163+ | 0150+ | 0.092+ | 0.088+ | 0.069% | 0.063+ | 236+ | 242+ | 181+ | 212+ | 1.19+ | 152+
B 0.002 0.001 0.001 0.002 0.002 0.002 0.04 0.04 0.05 0.01 0.07 0.05
35+ 19C 0.168+ | 0.158+ | 0.099+ | 0.091+ | 0.074+ | 0066+ | 252+ | 268+ | 203+ | 225+ | 148+ | 1.75%
B 0.005 0.001 0.002 0.002 0.001 0.004 0.04 0.06 0.02 0.07 0.06 0.06
F. test 374.06* 71.32* 130.70* 29.36* 65.23* 221.28*
S.Emz 0.001 0.001 0.001 0.01 0.01 0.005
CD(p = 0.05) 0.002 0.002 0.002 0.03 0.03 0.014
CO2
aCoO2 0.091 0.089 0.060 2.17 1.64 1.04
eCO2 0.101 0.093 0.075 2.27 1.87 1.28
F. test 582.31* 476.66* 520.73* 4521.25* 2015.23* 9124.29*
S.Emz 0.0003 0.0004 0.0003 0.005 0.004 0.004
CD(p = 0.05) 0.001 0.001 0.001 0.013 0.011 0.010
Temperatures
28+1°C 0.105 0.087 0.062 1.92 1.33 1.02
29+1°C 0.103 0.089 0.064 2.03 1.56 1.25
31+1°C 0.096 0.092 0.067 2.16 1.76 1.34
33+£1°C 0.091 0.095 0.070 2.39 1.97 148
3H5+1°C 0.087 0.096 0.073 2.60 2.14 1.52
F. test 104.34* 45.33* 61.27* 356.95* 258.92* 3749.01*
S.Emz 0.001 0.001 0.001 0.007 0.006 0.002
CD(p = 0.05) 0.002 0.002 0.003 0.020 0.018 0.006
CV (%) 2.32 247 2.32 2.02 2.26 2.06

aCO2 — 380 = 25 ppm; eCO2 — 550 + 25 ppm
All values are mean + standard deviation

* Significant @ 5% level of significance

NS — Non significant

RGR — Relative Growth Rate

RCR — Relative Consumption Rate

Table 3: Effect of sublethal concentrations of thiodicarb on the RGR and RCR of S.litura at eCO2 and eTemp. Conditions

Interaction RGR (g g “'day™?) RCR (g g *day™?)
(CO2 X Temp Control LCio LCaso Control LCuo LCao
(°C) aCO2 eCO2 aCO2 eCO2 aCO2 eCO2 aCO2 eCO2 aCO2 eCO2 aCO2 eCO2
28+ 1°C 0.142+ | 0.124+ | 0.082+ | 0.076x | 0.060+ | 0.053 184+ | 192+ | 166+ | 1.72+ | 128+ | 146%
0.002 0.001 0.03 0.05 0.03 +0.01 0.03 0.02 0.02 0.02 0.03 0.04
29+ 1°C 0.148+ | 0.128+ | 0.090+ | 0.082+ | 0.068 + | 0.057 191+ | 200« 1.71+ 184+ | 1.39+ | 152+
B 0.003 0.002 0.01 0.02 0.02 +0.02 0.03 0.01 0.03 0.02 0.03 0.02
31+ 1°C 0.152+ | 0.132+ | 0.093+ | 0.088+ | 0.072+ | 0.060 206+ | 218+ | 186+ | 192+ | 148+ | 168
- 0.002 0.003 0.02 0.03 0.01 +0.02 0.05 0.03 0.03 0.03 0.03 0.04
33+ 1°C 0.158+ | 0.142+ | 0.098+ | 0.094+ | 0.078+ | 0.063 218+ | 224+ | 196+ | 212+ | 152+ | 176
B 0.003 0.001 0.03 0.01 0.02 +0.01 0.01 0.02 0.02 0.07 0.04 0.05
35+ 1°C 0.163+ | 0.150+ | 0.112+ | 0.101+ | 0.081+ | 0.066 225+ | 238+ | 204+ | 224+ | 164+ | 184+
B 0.005 0.001 0.02 0.02 0.01 +0.03 0.04 0.02 0.04 0.06 0.06 0.03
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F. test 801.82* 6.011* 116.61* 29.36* 55.20* 155.11*
S.Emz+ 0.001 0.001 0.001 0.01 0.009 0.009
CD(p = 0.05) 0.002 0.002 0.003 0.03 0.024 0.026
CO2
aCo2 0.152 0.089 0.060 1.94 1.85 1.46
eCO2 0.136 0.093 0.075 2.12 1.97 1.66
F. test 832.30* 172.36* 137.35* 4521.25* 3011.13* 2072.94*
S.Em+ 0.0003 0.0003 0.0003 0.005 0.004 0.004
CD(p = 0.05) 0.001 0.001 0.001 0.013 0.011 0.011
Temperatures
28+1°C 0.133 0.087 0.062 1.79 1.69 1.37
29+1°C 0.138 0.089 0.064 1.90 1.78 1.46
31+£1°C 0.142 0.092 0.067 2.07 1.89 1.58
33x1°C 0.150 0.096 0.070 2.13 2.04 1.65
3vx1°C 0.158 0.095 0.073 2.25 2.14 1.74
F. test 176.28* 326.72* 26.28* 356.95* 263.87* 136.60*
S.Em+ 0.0005 0.001 0.001 0.007 0.006 0.006
CD(p = 0.05) 0.0013 0.003 0.003 0.020 0.017 0.018
CV (%) 211 4.08 6.59 181 2.04 2.47

aCO2 — 380 = 25 ppm; eCO2 — 550 + 25 ppm
All values are mean + standard deviation

* Significant @ 5% level of significance

NS — Non significant

RGR — Relative Growth Rate

RCR — Relative Consumption Rate

Table 4: Effect of sublethal concentrations of monocrotophos on the RGR and RCR of S.litura at eCO2 and eTemp. Conditions

Interaction RGR (g g* day?) RCR (g g *day )
(CO2 X Temp Control LCuo LCaso Control LCuo LCso
(°C) aCoO2 eCO2 aCo: eCO2 aCO2 eCO2 aCO2 | eCO2 | aCO2 | eCO2
: 0142+ | 0128+ | 0082 | 0078+ 0065+ | 188+ | 202+ | 152+ | 1.86+ | 1.02% | 1.22¢%
2821°C | 5002 | 0002 | #0002 | 0002 ]072%0002 5001 | 003 | 002 | 003 | 004 | 001 | 002
- 0149+ | 0134+ | 0097 | 0.089 = 201+ | 216+ | 168+ | 102+ | 121+ | 138+
29+1°C 0002 | 0002 | 0002 | 0001 [-082%0.0020.07140.0011 0" | 506 | ‘003 | 002 | 0.01 | 0.02
. 0153+ | 0140+ | 0.106 | 0.100 % 218+ | 220+ | 182+ | 208+ | 134+ | 152+
31+1°C 0002 | 0003 | +0.001 | 0002 [-091¥0.0030.08320.002) "y ns" | o5 | ‘001 | 005 | 002 | 005
: 0158+ | 0146+ | 0112+ | 0.108 + 239+ | 246+ | 198+ | 212+ | 148+ | 1.60 %
33£1°C | 5003 | 0002 | 0002 | o0oo1 [-102#0.00110.09240.002) "6 | 04 | 005 | 001 | 007 | 005
- 0163+ | 0152+ | 0121+ | 0.114 256+ | 2.69% | 206+ | 221+ | 1.66% | 1.75%
85+1°C 0004 | 0001 | 0001 | 0003 [-1080.0000.09940.0021 ° )" | "h06 | 002 | 007 | 0.06 | 0.06
F. test * 358,52 4.09% NS 12.50% 13.56*
SEm* 0.0005 0.0004 0.0001 0.01 0.02 0.003
CD(p = 0.05) 0.0014 0.0011 0.0003 NS 0.05 0.008
CO2
aCo; 0.159 0.104 0.001 217 1.64 1.0
eCO; 0.140 0.098 0.082 2.27 1.87 1.28
F. test * 5353.2% 808.94% NS 301.04% 256,14
SEm* 0.0002 0.0003 0.00002 0.004 0.009 0.001
CD(p = 0.05) 0.0006 0.001 0.00007 NS 0.024 0.003
Temperatures
28+ 1°C 0.135 0.080 0.069 1.92 133 1.02
20+ 1°C 0.141 0.093 0.077 2.03 1.56 1.25
312 1°C 0.146 0.103 0.087 2.16 1.76 134
33+ 1°C 0.152 0.110 0.097 2.39 1.97 143
35+ 1°C 0.157 0.118 0.104 2.60 2.14 1.52
. test * 502.19% 1644.85* NS 184.41 154,26
SEm* 0.0004 0.0003 0.00006 0.007 0.014 0.002
CD(p = 0.05) 0.0011 0.001 0.00016 NS 0.038 0.006
CV (%) 1.65 177 2.45 2.02 463 213

aCO2 — 380 + 25 ppm; eCO2 — 550 + 25 ppm
All values are mean + standard deviation

* Significant @ 5% level of significance

NS — Non significant

RGR — Relative Growth Rate

RCR — Relative Consumption Rate
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Table 5: Effect of sublethal concentrations of fenvalerate on the RGR and RCR of S.litura at eCO2 and eTemp. Conditions

Interaction RGR (g g *day™?) RCR (g g *day™?)
(CO2 X Temp Control LCio LCao Control LCuo LCao
(°C) aCoO eCO2 aCoO: eCO2 aCO2 eCO2 aCO2 | eCO2 | aCO2 | eCO2
28+ 19C 0182+ | 0.176 + | 0.178%+ | 0.162 % 0.165 0.149 1.75 188+ | 168+ | 1.72+ | 142+ | 154+
0.01 0.01 0.012 0.012 +0.012 | +0.011 | +0.13 0.01 0.05 0.05 0.04 0.02
29 +1°C 0.189+ | 0.182+ | 0.169% | 0.155=% 0.159 0.138 188+ | 195+ | 150+ | 165+ | 136+ | 142+
- 0.02 0.02 0.009 0.012 +0.014 | +0.018 0.01 0.04 0.03 0.01 0.03 0.01
31 +10°C 0.197+ | 0.191+ | 0.157+ | 0.150+ 0.148 0.127 195+ | 2.08+ | 148+ | 153+ | 1.28+ | 1.30*
- 0.01 0.02 0.015 0.014 +0.015 | +0.013 0.04 0.05 0.02 0.05 0.05 0.05
33 +1°C 0206+ | 0.202+ | 0.148+ | 0.142+ 0.141 0.121 202+ | 216+ | 1.32+ | 140+ | 1.16+ | 1.21 *
B 0.02 0.02 0.013 0.011 +0.012 | +0.014 0.01 0.05 0.05 0.05 0.05 0.03
35+ 1°C 0224+ | 0.212+ | 0.144+ | 0.138% 0.134 0.117 215+ | 228+ | 128+ | 1.32+ | 1.08%x | 1.17%
- 0.01 0.03 0.014 0.013 +0.018 | +0.013 0.03 0.03 0.05 0.02 0.04 0.08
F. test 102.43* 18.04* 164.74* 127.77* 69.58* 19.95*
S.Emt 0.0005 0.0007 0.001 0.01 0.002 0.002
CD(p =0.05) 0.001 0.002 0.003 0.03 0.006 0.006
CO2
aCOs 0.198 0.159 0.149 2.31 1.91 1.26
eCO2 0.186 0.149 0.130 2.44 2.10 1.36
F. test 1103.26* 605.68* 1667.45* 168.42* 968.19* 884.45*
S.Emt 0.0002 0.0003 0.002 0.005 0.0004 0.0004
CD(p =0.05) 0.0006 0.0009 0.006 0.015 0.0012 0.0011
Temperatures
28+1°C 0.185 0.170 0.157 1.86 1.56 0.88
29+1°C 0.192 0.162 0.149 2.13 1.78 1.01
31+1°C 0.199 0.153 0.138 242 1.97 1.31
33+x1°C 0.202 0.145 0.131 2.56 2.24 1.52
35+1°C 0.212 0.141 0.125 2.90 2.50 1.82
F. test 122.41* 49.47* 76.12* 1960.84* 58.45* 68.32*
S.Emz+ 0.0004 0.005 0.006 0.01 0.001 0.0009
CD(p =0.05) 0.0012 0.014 0.018 0.03 0.003 0.0026
CV (%) 2.03 2.04 147 2.23 1.79 2.57
aCO2 — 380 = 25 ppm; eCO2 — 550 + 25 ppm
All values are mean + standard deviation
* Significant @ 5% level of significance
NS — Non significant
RGR - Relative Growth Rate
RCR — Relative Consumption Rate
35 Spinosad
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Fig 1: Effect of eco2 and eTemp on the ECD and ECI of S. litura after exposure to sublethal concentrations of insecticides (Similar trend of
increased ECD and ECI was recorded in Thiodicarb and monocrotophos treated insects and decreased ECD and ECI was recorded in fenvalerate
treated insects)

Contrastingly the RGR and RCR increased with increase in temperatures under both levels of CO: after exposure to sublethal concentrations of
emamectin benzoate, thiodicarb and monocrotophos.

The decrease in RGR and RCR might be due to test insects did not have sufficient nutritional components for its normal growth.
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