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ABSTRACT

The present studies were conducted at Punjab Agricultural University, Ludhiana during 2019-22. The impact of variable minimum:maximum
temperature for 10:14 h, CO, and RH on food consumption and relative growth rate (RGR) of Cnaphalocrocis medinalis was analysed. The
food consumption and RGR of C. medinalis larvae were significantly influenced with change in temperature, CO, and RH conditions. Food
consumption and RGR increased with increase in temperature, CO,and RH. The increase in temperature (22:32°C to 26:35°C), CO, concentration
(400 to 450 ppm) and RH (75 to 85 %) was found to increase the food consumption (0.0210 to 0.0450 g larva!) and RGR (0.0200 to 0.0770 mg

mg'day™).
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In India, insect pests pose major menace to the rice
production causing 31.1-86.0 per cent yield losses with 25-30
per cent average losses to its production (Dhaliwal and Arora
2010). Climate change is the foremost environmental concern
that affects most ecosystems globally (Gray et al., 2014). Insects,
being poikilothermic are greatly affected by various environmental
factors, including a change in temperature and carbon dioxide
concentrations in the atmosphere (Bale ef al., 2002). Climate change
is already causing adverse impact on the agriculture sector and is also
affecting the livelihood of people depending on agriculture (IPCC,
2023). Climatic factors such as temperature, rainfall and relative
humidity greatly influence the outbreak of the insect population
(Siswanto et al., 2008). The global distribution, abundance and
ecology of plants and animals will all be significantly impacted by
the climate change (Mutamiswa et al., 2018).

The climate change influences physiology and behaviour
of herbivores directly (Merill ez al., 2008) or indirectly through its
effects on insect’s host plants, natural enemies and competitors.
It also affects their population dynamics, abundance, intensity
and feeding behaviour (Ayres and Schneider 2009; Stiling and
Cornelissen 2007). Temperature influences insect behaviour,
distribution, development, survival, and reproduction. Rise of CO,

and temperature directly affects the food grain production and
indirectly affects through its effect on crop pests (Sunil ez al., 2024).

Rice leaf folder, Craphalocrocis medinalis (Guenee)
(Lepidoptera: Pyralidae) which earlier was considered as a pest of
minor importance has attained the status of major pest in many parts
of India causing yield losses to the tune of 30 to 80 per cent (Rani et
al., 2007, Park et al., 2014, Zhou et al., 2021). Studies by Lv et al.,
(2021) revealed that rice leaffolder larvae reared at high temperature
showed weaker reproductive capacity but stronger flight potential,
which might be more likely to trigger the migration and Fang et
al., (2013) reported increased egg hatchability of this insect under
elevated relative humidity. Hence present study aimed to evaluate
the possible impact of variable temperature, carbon dioxide and
relative humidity on nutritional indices of C. medinalis on rice.

MATERIALS AND METHODS
Rearing and maintenance of the test insect

To start the culture of rice leaf folder, male and female
adults of C. medinalis were collected from the rice fields. These
adults were released on about a month old plants of rice variety TN1
sown in pots. The pots were placed in a water tray (70x50x12cm)

Article info - DOI: https://doi.org/10.54386/jam.v27i3.2983

Received:1 April 2025; Accepted: 20 May 2025; Published online : 1 September 2025
“This work is licensed under Creative Common Attribution-Non Commercial-ShareAlike 4.0 International (CC BY-NC-SA4 4.0) © Author (s)”



328 Food consumption and RGR of rice leaf folder under elevated temperature and carbon dioxide

Table 1: Test combinations of temperature, carbon dioxide and RH

September 2025

CO, (400 ppm)
RH (%) (Min:Max) temp. (°C)
;z (22:32) (22:35) (24:32) (24:35) (26:32) (26:35)
CO, (450 ppm)
RH (%) (Min:Max) temp. (°C)
;2 (22:32) (22:35) (24:32) (24:35) (26:32) (26:35)

and covered with steel bar frame cage (68x48x50cm) with nylon
netting (40 mesh) all around the four sides and the top. Three to
four such cages of insect culture were maintained throughout the
study period to procure sufficient number of the test insects for
experimentation.

Raising and maintenance of test plants

The soil mixture for filling pots was prepared by mixing
soil with farmyard manure thoroughly. Seeds of the test variety
(Non-basmati PAU recommended rice variety, PR 121) were sown
at different time intervals in pots containing puddled soil. Ten day
old seedlings of test variety were transplanted at the rate of two
seedlings per pot for conducting the studies. Seeds of rice variety,
TN were also sown periodically in the pots to ensure regular supply
of rice plants for mass rearing of the test insect.

Plant growth chambers

The various abiotic factors during study period were
maintained in the plant growth chambers viz., Walk-In type Plant
Growth Chamber: PGW-40 (M/s Percival Scientific, Inc., USA)
and Reach-In type Plant Growth Chambers: E-36L2 and E-41L
(M/s Percival Scientific, Inc., USA). The various experiments
were conducted under the following set of minimum:maximum
temperature maintained for 10:14 hours (Dark:Light), carbon
dioxide and relative humidity (Table 1).

The experiment was conducted on two 30-day old plant of
the test rice variety (Non-basmati PAU recommended rice variety,
PR 121) sown in pots enclosed in cylindrical Mylar film, for each of
the specified test combination. There were four replications for each
of the test combination.

Food consumption calculation

The data on food consumption were calculated from 3t
instar larvae of C. medinalis using rice leaves as a food. Larvae were
placed singly in plastic sample containers to avoid overcrowding
and congestion. Holes were made in lid of containers for aeration
of larvae. Initial weight of each larva and rice leaf used as food was
recorded before the start of experiment. After 24 hours, the weight
of remaining leaf, larval weight and faecal matter was recorded.
Each replication was consisted of 5 larvae at each test combination.
The data on weight of larva, food and faeces were recorded on an
electronic weighing balance with sensitivity of 0.1 mg (Make-A&D
Company, USA). Under each condition, a set of control leaves

(without larva) were also kept and weighed every day to ascertain
the moisture loss of leaves from the food offered to the larvae and
were used to calculate the actual weight of food eaten by larvae.
The corrected weight of food consumed was also calculated. A set
of additional larvae were maintained at test combinations in similar
way. Whenever any of the test larvae died, larva from the additional
set was used to replace it so that the number of larvae in each
replication remained same.

Corrected weight of consumed food= (1- a/2) [W- (L+bL)]

Where, W= Weight of food introduced; L= Weight of uneaten food;
a= Ratio of weight loss to the initial weight of the food; b= Ratio of
weight loss to the final weight of the food

The observations on weight of fresh leaf, weight of
eaten leaf, weight of faeces, initial and final weight of surviving
larvae, and duration of feeding period were recorded on different
test combinations. The data were analyzed using ANOVA to
test significance of difference among the treatments using SPSS
software.

RESULTS AND DISCUSSION

Influence of temperature, CO, concentration and RH on food
consumption of C. medinalis larvae

The maximum mean food consumption of 0.0450 g
larva! was recorded in the test combination exhibiting min. and
max. temperature of 26:35°C for 10:14 h (Dark:Light), CO, (450
ppm) and RH (85%), while minimum mean food consumption of
0.0210 g larva™ was recorded in 22:32°C for 10:14 h, CO, (400
ppm) and RH (75%). Significant increase of 0.0235, 0.0240, 0.0332,
0.0350, 0.0388 and 0.0426 g larva! in mean food consumption was
observed at varying temperatures combinations viz. 22:32, 22:35,
24:32,24:35, 26:32, 26:35°C, respectively. The overall mean effect
of CO, concentration on food consumption at 400 ppm was 0.0288 g
larva! which got increased to 0.0327 g larva'at 450 ppm. Likewise,
overall effect of RH; food consumption of 0.0305 g larva™!at 75
per cent increased to 0.0329 g larva'at 85 per cent (Table 2).
Effect of temperature, CO, concentration and interaction among
temperature and CO, was recorded as statistically significant for
food consumption whereas effect of RH and other interactions were
recorded non-significant (Table 2).

The present results on food consumption are in agreement
with Pandey et al., (2015) who reported that food consumption of
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Table 2: Influence of temperature, CO, concentration and RH on food consumption (g larva™) of C. medinalis larvae

CO_ concentration (400 ppm)

CO_ concentration (450 ppm)

*Temp. (°C)— Mean Moan Overall
RH (%) T T T T T T « T T T T T T . mean
(RH (RH
. (22:32) (22:35) (24:32) (2435) (26:32) (26:35) o, (22:32) (22:35) (24:32) (2435) (26:32) (26:35) o)) (RH)
2 2
0.0210 0.0235 0.0311 0.0339 0.0357 0.0420 0.0312 0.0221 0.0238 0.0332 0.0342 0.0360 0.0433 00321 00305
75 +0.01 +0.03 +0.02 +0.01 +0.01 +0.02 (618) +0.02 +0.01 +0.02 +0.01 +0.01 +0.01 (618) (617)
0.14) (0.15) (0.18) (0.18) (0.19) (0.20) 0.15) (0.15) (0.18) (0.18) (0.19) (021) :
0.0234 0.0237 0.0328 0.0350 0.0387 0.0437 0.0328 0.0249 0.0246 0.0350 0.0353 0.0407 0.0450 00342 0.0329
85 +0.01 +0.01 +£0.03 +0.01 =+0.03 +0.01 (0.18) +0.01 +0.01 +0.02 =+0.01 =+0.02 +0.02 (0 18) (0 18)
0.15) (0.15) (0.18) (0.19) (0.20) (0.21) (0.16) (0.16) (0.19) (0.19) (020) (021) :
Mean 0.0222 0.0236 0.0319 0.0344 0.0372 0.0428 0.0235 0.0242 0.0341 0.0347 0.0383 0.0441
(Temp.xCO))  (0.15) (0.15) (0.18) (0.19) (0.19) (0.21) 0.15)  (0.16) (0.18) (0.19) (0.20) (0.21)
Mean 0.0216 0.0237 0.0322 0.0341 0.0359 0.0427
(Temp.xRH-75)  (0.15) (0.15) (0.18) (0.18) (0.19) (0.21)
Mean 0.0242 0.0242 0.0339 0.0352 0.0397 0.0443
(Temp.xRH-85)  (0.16) (0.16) (0.18) (0.19) (0.20) (0.21)
Overall mean 0.0288 0.0327
(CO,) (0.16) (0.18)
Overall mean 0.0235 0.0240 0.0332 0.0350 0.0388 0.0426
(Temp.) 0.15)  (0.15) (0.18) (0.19) (0.20) (0.21)
LSD Temperature=0.02; CO,=0.01; RH=NS
(p=0.05) TemperaturexCO,=0.01; CO_x RH=NS; Temperature X RH=NS; TemperaturexCO,xRH=NS

Figures in parentheses are the means of Vn+1 transformations; Data values are Mean £SE of food consumption (g larva™) of four replications
*Temperature (T, _T,) values in parentheses are Minimum: Maximum temperature in °C

H. armigera increased by 12.78 and 32.84 per cent with increase
in temperature by 3°C and 6°C. Khadar et al., (2014) also reported
increase in food consumption upto 81.67 per cent by H. armigera
under elevated CO, conditions (700 ppm). Sharma and Brar (2018)
reported that food consumption in S. /ifura increased from 0.18 g
larva’! at temperature of 25:11°C and CO, (350 ppm) to 0.31g larva’!
at temperature of 25:14°C and CO, (450 ppm). Similarly, Dalal and
Arora (2016) also observed that food consumption by H. armigera
increased by 14.69, 14.19, 22.3 and 5.19 per cent with increase
in temperature from 25:10°C to 25:13°C, 25:13°C to 25:16°C,
30:10°C to 30:13°C and 30:13°C to 30:16°C, respectively. Hunter
(2001) opined that food consumption by S. /itura larvae increased
under elevated CO, and temperature might be due to the reduction
in protein content and increase of C/N ratio in leaves under elevated
CO,. Under elevated CO, conditions, the nutritional quality of leaves
gets reduced considerably due to dilution of nitrogen level by 10-
30 per cent (Coley and Markham 1998). The reduced N content in
foliage due to elevated CO, level, caused nearly 40 per cent increase
in consumption of food by herbivores (Hunter 2001).

Rao et al, (2009) conducted feeding trials with
lepidopterans using castor leaves from plants grown under different
concentration of CO, (700, 550, 350 and ambient) and reported
that larvae fed on 700 and 550 ppm CO, exhibited increased
consumption. Srivastava et al, (2002) also reported more food
consumption by S. /itura on host leaves grown under enriched
CO, (700 ppm) and fecal matter production was also higher under
the enriched CO, conditions. They observed that relatively small
increases in leaf temperature caused by elevated CO, and increase in
temperature could strongly affect consumption rates. Sharma et al.,
(2018) also reported an increase of 20 per cent food consumption at
elevated CO, concentration (500 ppm) whereas increase in minimum
temperature by 5°C increased the food consumption by 43.23, 50.83

per cent in S. /itura. Gang et al., (2007) also reported increased food
consumption and more frass per larva of bollworm fed on cotton
bolls showed significant increase for the first, second and third
generations under elevated CO,. The carbon:nitrogen (C:N) ratio of
the plant foliage generally increases when plants are grown under
elevated CO, than in the ambient CO,. As a result, insect larvae
increase leaf consumption and their infestation rates under elevated
CO, to compensate for lower nitrogen in plant foliage (Kumar et al.,
2012, Daravath et al., 2018).

Influence of temperature, CO, concentration and RH on relative
growth rate (RGR) of C. medinalis larvae

The mean RGR of C. medinalis larvae varied from 0.0200
mg mg'day' to 0.0770 mg mg'day with maximum mean RGR of
0.0770 mg mg'day! in test combination of 26:35°C for 10:14 h
(Dark: Light), CO, (450 ppm) and RH (85%) (Table 3). Significant
change of 0.0220, 0.0240, 0.0290, 0.0380, 0.0430 and 0.0660 mg
mg'day!in mean RGR was observed at varying temperatures viz.
22:32,22:35, 24:32, 24:35, 26:32, 26:35°C, respectively. The RGR
value was 0.0270 mg mg'day"' at CO, concentration of 400 ppm
which got increased to 0.0420 mg mg'day'at 450 ppm. Same trend
was recorded for overall mean effect of RH on RGR of 0.0280 mg
mg'day! at 75 per cent and increased to 0.0380 mg mg'day! at
85 per cent. Temperature and CO, showed statistically significant
impact whereas RH and interactions among factors showed non-
significant effect.

Present results of increased RGR with increase in
temperature, CO, concentration and RH are in line with the findings
of Dalal and Arora (2016) who reported lowest RGR of 0.139+0.002
mg mg'day! in case of H. armigera at the lowest alternating
temperature (25:10°C) which then increased to 0.174+0.003 mg mg
'day' at the alternating temperature of 30:10°C. Sharma and Brar
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Table 3: Influence of temperature, CO, concentration and RH on relative growth rate (mg mg'day™) of C. medinalis larvae

CO_concentration (400 ppm)

CO_concentration (450 ppm)

*Temp. (°C)—

T T T T T T Mean

1 2 3 4 5 6 (RH><

RHO) — (23) (235 (43) (439 (63D (63 (o,
2

!

Overall
T T T T T T Mean oo
1 2 3 4 5 6 (RHx
(23) (235 @432) (439 (63)  (263) oy RE)

00200+ 00290+ 00250+ 0.0400¢ 0.0370& 0.0570+  0.0346

75 0.02 0.06 0.05 0.08 0.02 008 (0.19)
©14) 017 (016 (0200 (019  (0.24)

002705 0.0220¢ 00400+ 00380+ 00530 0.0720+  0.0420

85 0.09 0.07 0.05 0.11 0.05 0.01 (0.20)
(0.16) (015 (0200 (019 (123 (0.27)
Mean 00235 00255 00325 00390  0.0450  0.0645
(TempxCO)  (0.15)  (0.16)  (0.18) (0200  (021)  (0.29)
Mean 0.0210  0.0260  0.0330 00380  0.0430  0.0575
(TempxRH-75)  (0.14)  (0.16)  (0.18)  (0.19)  (021)  (0.24)
Mean 00240 0.0230 00390 00390 00540  0.0750
(TempxRH-85)  (0.15)  (0.15)  (0.20)  (020)  (023)  (027)
Overall mean 0.0270
(€O, (0.16)

Overallmean ~ 0.0220  0.0240  0.0290  0.0380  0.0430  0.0660
(Temp.) 0.15) (0.15) 0.17) 0.19) 0.21) (0.26)
LSD Temperature=0.01; CO,=0.01; RH=NS

0.0220+  0.0220+ 0.0410+ 00350+ 0.0490+ 0.0580+
0.03 0.06 0.04 0.03 0.04 0.05
(015 (015 (0200 (0190 (0.22)  (0.24)
0.0210+  0.0240+ 0.0370+ 00410+ 0.0550+  0.0770+
0.01 0.05 0.06 0.03 0.1 0.08
(0.14) (015 (019 (0200  (023)  (0.28)
0.0215  0.0230 00390  0.0380 00520  0.0675
(0.14) (015 (0200 (0190  (0.23)  (0.26)

00378 0.0280
019 (017

0.0425  0.0380
021y (0.19)

0.0420
(0.20)

(p=0.05) TemperaturexCO,=NS; CO,x RH=NS; Temperature X RH=NS; Temperature x CO, x RH=NS;

Figures in parentheses are the means of Vn+1 transformations; Data values are Mean +SE of RGR (mg mg' day™') of four replications
*Temperature (T, _T,) values in parentheses are Minimum: Maximum temperature in °C

(2018) also reported increase in relative growth rate from 0.15 to
0.27 mg mg"' day™' at elevated temperature and CO,. It was opined
that most leaf-chewing insects exhibit compensatory increase in
food consumption. Insects, when fed on elevated CO, grown plants,
increase their individual consumption due to the poor food quality
of these plants led to increased growth rate.

CONCLUSION

The study revealed that food consumption and relative
growth rate of rice leaffolder increased with increase in minimum
temperature by 4 °C. These parameters also increased with increase
in carbon dioxide concentration from 400 to 450 ppm. It can be
concluded that minimum temperature, carbon dioxide and their
interactive effect influences the nutritional indices of C. medinalis.
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