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ABSTRACT

The studies on influence of temperature and carbon dioxide levels on growth and development of
Spodoptera litura on cauliflower were conducted with six different temperature and carbon dioxide regimes
viz. 25:11°C and 25:14°C at 350, 400, 450 ppm carbon dioxide concentrations. Observations on different
biological indices were recorded to estimate the influence of elevated temperature and carbon dioxide
on growth and development of S. litura. The study revealed temperature and carbon dioxide had significant
effect on developmental indices of S. litura. It was observed that incubation period, larval duration, pupal
duration, male adult longevity, female adult longevity decreased from 4.5, 23.4, 9.3, 6.8, 7.5, respectively
at 25:11°C to 3.9, 21.2, 8.7, 6.5, 7.4 days respectively, at 25:14°C. Whereas fecundity of S litura increased
from 363.6 to 420.9 with increase in temperature and carbon dioxide indicating reduced generation time
which could lead to more number of generations per year.
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Climate change isnow a days a major environmental
concern that affects most ecosystems globally and is
manifested as change in climate over a period of time due to
natural variability or anthropogenic activity which has been
amajor cause of concern. Ithas also been reported that mean
surface temperature has increased globally since the 19
century with 0.73°C increase between the periods of 1850-
1990 and 2003-2012 (IPCC 2013) and similarly the amount
of carbon dioxide in the atmosphere has shown about 40 per
cent elevation over pre industrial levels (IPCC 2013) and
these levels of CO, have been further expected to increase
upto 405-460 ppm, 445-640 ppm and 540-970 ppm by
2025, 2050 and 2100 respectively (IPCC 2007). Climate
change projections made for India indicated an overall
increase in temperature from 2 to 4°C without any substantial
change in precipitation by 2100 (Kumaret al., 2011).Studies
in Punjab have also revealed that the mean minimum
temperature has been increasing steadily since 1970, with
estimated annual increase of 0.06°C without a significant
change in maximum temperature (Kaur et al., 2013).
Increased levels of CO, could bring about qualitative and
quantitative changes in the agricultural, horticultural and
forest plants that could alter the abundance and distribution
pattern of insect pest species (Kiritani 2006).The tobacco
caterpillar, Spodoptera litura Fabricius (Lepidoptera:
Noctuidae) is polyphagous pest, damaging more than 290
species of plants (Wu ef al., 2004, Dhaliwal ef al., 2010,
Dalal and Arora 2016) including many economically

important vegetables and ornamental plants. The temperature
rise of 2.7-4.7°C predicted due to potential climate change
may have drastic consequences for future incidence of S.
litura (IPCC 2013). Hence present studies aimed to
understand the effect of elevated concentrations of CO,
coupled with alternating temperature conditions on
biological parameters of S. /itura on cauliflower.

MATERIALAND METHODS

Rearing of the test insect

The initial culture of S. litura was collected from
cabbage and cauliflower fields and these field collected
larvae were reared in jars under laboratory conditions and
fresh and cleaned cauliflower leaves were provided as food.
The top of the jars were covered with a muslin cloth and the
same was secured in position with the help of rubber bands.
Food and blotting paper were changed daily to maintain
hygiene. The full grown larvae which were about to pupate
were transferred to other jars which had 6 cm thick layer of
moistsoil to facilitate pupation. The pupae were collected
after 3 days of pupation and transferred to other set of jars
for adultemergence. The pupae were surface sterilized by
treating 0.025 per cent sodium hypochlorite solution and
transferred to jars with a moistened foam disc (14 mm thick)
at the bottom to prevent desiccation. Newlyemerged male
and female were kept togetherin jars (25x15 cm) for mating
and oviposition and 10 per cent of sugar solution was
provided as food to the adults along with leaves for
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Table 1: Effect of changes intemperature and carbon dioxide concentrations on different biological parameters of S. litura

Carbon dioxide Temperature, (Max: Min)°C

concentration (ppm) 25:11 (19.2)** 25:14(20.4)** Mean
Incubation period (days)*

350 4.84+0.4(4-6) 4.4+0.3(4-5) 4.6+0.3
400 4.5+0.3(4-5) 3.7£0.4(3-5) 4.1+£0.3
450 4.34+0.5(3-6) 3.7£0.3(3-4) 4.0+0.4
Mean 4.5+0.4 3.9+0.3

CD (p=0.05); CO, conc.: NS; Temperature : NS; CO, conc. x temperature : NS

Total larval duration (days)*

350 25.2+0.4(24-26) 23.1+0.5(22-24) 24.2 +0.7
400 23.4+0.5(22-25) 21.3+0.5(20-22) 22.4+0.7
450 21.5+0.3(21-22) 19.1+0.6(18-21) 20.3+0.7
Mean 23.4+0.8 21.2+0.9

CD (p=0.05); CO, conc.: 0.9; Temperature : 0.8; CO, conc. x temperature : NS

Pupal duration (days)*

350 9.6+0.4(9-11) 9.3+0.3(9-10) 9.5+0.3
400 9.5+0.3(9-10) 8.6+0.4(7-9) 9.1+0.4
450 8.8+0.2(8-9) 8.3+0.4(7-9) 8.6+0.3
Mean 9.3+0.3 8.7+0.4

CD (p=0.05); CO, conc. : 0.7; Temperature : 0.6; CO, conc. x temperature : NS

Values are Mean+SE of four replications, Figures in the parentheses denotes the range, *These temperatures were maintained

for14:10 h with same duration of L:D at constant RH 65+5%, **Figures in parentheses represent mean value of temperatures

oviposition (modified from Rao et a/2012). The jars were
covered with muslin cloth and fastened with rubber bands
to prevent escape of adults and provide aeration to adults.
The adults that emerged on the same day were kept in same
jars for continuation of egg laying. The insect culture was
maintained throughout the study period to get continuous
supply of sufficient number of insects. The glassware used
in the experiments was thoroughly washed in detergent,
treated with 2 per cent formalin and then dried in an oven
at 30°C for 8 hours to check microbial contamination in the
insect culture.

The present studies were carried out in Controlled
Environment Chamber (PGW-40, M/s Percival Scientific,
Inc., USA), Department of Entomology, Punjab Agricultural
University, Ludhiana during the year 2015-16 to observe
the effect of temperature and carbondioxide regimes on the
development of S. /itura. To achieve this objective different
temperature and carbon dioxide combinations viz. 25:11°C
and 350 ppm (T ), 25:11°C and 400 ppm (T,), 25:11°C and
450 ppm (T,), 25:14°C and 350 ppm (T,), 25:14°C and 400

ppm (T,), 25:14°C and 450 ppm (T,) along with 14:10
photoperiod, 65+ 5 per cent relative humidity were
maintained. Twenty five first instar larvae per replication
were transferred using a camel hairbrush in sample containers
in four replications and reared on cauliflower leaves. Aset of
additional larvae were maintained under similar set of
conditions toreplace dead larvae.

Statistical analysis
The data were analyzed for Meant SE and then
subjected statistically as per completelyrandomized design
(CRD) using computer programme CPCS1(Cheema and
Singh 1993).
RESULTS AND DISCUSSION

Lncubation period

The incubation period of S. litura recorded at two
alternating temperaturesi.e 20:11°C and 25:14°C (14:10
photoperiod) and carbon dioxidei.e. 350,400 and 450 ppm
are presented in Table 1. Highest mean value of incubation
period (4.6+0.3 days) was observed at 350 ppm CO, level
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Table 2:Effect of change in temperature and carbon dioxide concentrations on the adult longevity (female) of S. litura

Carbon dioxide Temperature, (Max: Min)°C*

concentration (ppm) 25:11(19.2)** 25:14(20.4)** Mean
Adultlongevity (female) (days)

350 8.6+0.6(7-10) 8.6+1.0(7-9) 8.6+£0.4
400 7.5+0.8(7-9) 7.4+0.9(6-8) 7.4+0.3
450 6.3£1.1(5-8) 6.2+0.8(5-7) 6.3+£0.3
Mean 7.5¢1.1 7.4+0.9

CD (p=0.05); CO, conc. : 0.9; Temperature : NS; CO, conc. x temperature : NS

Adultlongevity (male) (days)

350 7.5+0.5(6-9) 7.1£0.4(6-8) 7.3£0.4
400 6.5+0.4(6-8) 6.2+0.5(5-8) 6.4+0.4
450 6.3+£0.6(5-8) 6.3+0.3(5-7) 6.3+£0.5
Mean 6.8+0.5 6.5+0.4

CD (p=0.05); CO, conc.: 0.9; Temperature : NS; CO, conc. x temperature : NS

Adultemergence (percentage)

350 77.9+0.7(76.2-79.7) 89.4+0.8(87.5-91.1) 83.6+3.1
400 86.3+0.5(84.5-87.2) 93.7+0.6(92.1-94.9) 90.0£2.0
450 81.8+0.6(80.3-83.3) 92.3+0.9(90.1-94.6) 87.1£2.9
Mean 82.0+1.9 91.8+1.2

CD (p=0.05); CO, conc. : NS; Temperature : 7.73; CO, conc. x temperature : NS

Fecundity (eggs/female)

350 363.6+1.0(360-365) 374.3+2.8(367-382) 368.9+£3.2
400 395.3+1.6(394-399) 411.9+£3.1(405-422) 403.6+4.2
450 414.1+4.4(405-430) 420.9+£3.7(420-444) 417.5+4.1
Mean 391.0+£5.8 402.4+5.6

CD (p=0.05); CO,conc. : 12.2; Temperature : 9.9; CO, conc. x temperature : NS

Values are Mean+SE of four replications, Figures in the parentheses denotes the range, *These temperatures were maintained

for14:10 h with same durationof L:D at constant RH 65+5%, **Figures in parentheses represent mean value of temperatures.

and lowest duration (4.0+£0.4 days) was observed at 450
ppm CO, with intermediate (4.140.3 days) at 400 ppm CO,,.
Highest (4.5+0.4 days) duration of incubation was observed
at25:11°C andlowest duration (3.9+0.3 days) was observed
at 25:14 C. It was observed that there was no significant
effect of temperature, carbon dioxide and their interaction
on the incubation period of S. litura. The results are in
accordance with earlier reports of incubation period of S.
litura to vary from 4.3 days (Vashisht ez al., 2012) to 5.6
days (Soni et al., 2011).

Total larval duration

Total larval duration was higher (23.4+0.8 days) at

25:11°Cand lower (21.2+0.9 days) at 25:14°C. Similartly,
highest duration (24.2+0.7days) was recorded at 350 ppm
and minimum duration (20.3+0.7days) at 450 ppm
concentration (Table 1). Bumpy (2016) and Akbar et al.,
(2015) also reported decrease in larval duration of P.
brassicase and H. armigera under elevated CO,. Moreover,
statistically, significant difference was observed in our study
both under elevated temperature and elevated CO,
conditions. While, interactive effect of temperature and CO,
regimes was observed to be non significant. The results of
present studyare incoherence with earlier studies by Kumari
(2016).
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Pupal duration

The pupal period of S. litura at alternating
temperatures 0f 20:11°C and 25:14°C and carbon dioxide
i.e. 350,400 and 450 ppm was observed to vary with change
in both temperature and CO, (Table 1). The mean duration
0f9.5+0.3,9.1+0.4, 8.6+0.3 wasrecorded at 350, 400, 450
ppm CO, concentration and 9.3+0.3, 8.7+0.4 days under
temperature conditions of 25:11°C and 25:14°C,
respectively. Significant effect of temperature was observed
on the pupal period of S. litura with longest duration
(9.340.3 days) at 25:11°C and shortest duration (8.7+0.4
days) at 25:14°C. Similarly, longest duration (9.5+0.3 days)
was recorded at 350 ppm CO, concentration and shortest
(8.6+0.3 days) at450 ppm CO, concentration. Similar results
were reported by Bumpy (2016) who also reported pupal
duration was maximum 36.3+1.9 days at 20:10°C and
minimum 10.5+0.3 days at 35:25°C. The pupal duration
decreased with increased temperature and these differences
were statistically significant under elevated CO, conditions.
The duration of S. litura at 400 ppm CO, was at par with its
durationat450 ppm CO, which showed significant difference
with durationat 350 ppm CO,. The duration at 25:11°C was
at par with the durationat 25:14°C. While, interactive effect
of temperature and CO, regimes was observed to have non
significant effect on total larval duration of S. litura.

Adult longevity

The mean female longevity of S. litura at various
regimes of alternating temperatures i.e 20:11°C, 25:14°C
and carbon dioxide 350,400 and 450 ppm was observed to
be affected by temperature and CO, (Table 2). The mean
female longevity of 8.6+0.4, 7.4+0.3 and 6.3+0.3was
recorded at 350, 400 and 450 ppm CO, concentration.
Mean longevityof 7.5+1.1 and 7.4+0.9 days was recorded
under temperature conditions of 25:11°C and 25:14°C
respectively. The mean female longevity was significantly
affected by carbon dioxide with highest (8.6+£0.4 days)
duration at 350 ppm and decreased to 6.3+0.3 days duration
with increase of 100 ppm CO,. While with 3°Cincrease in
minimum temperature from 11 to 14°C resulted in decrease
inmean female longevity from 7.5+1.1to 7.4+0.9 days but
statistically the effect was non significant. But, significant
differences were observed under elevated CO, conditions.
Whereas, effect of temperature and its interactive effect with
CO, regimes was observed to be non significant. Similar
trend inadult female longevity was also observed by Bumpy
(2016) whoreported that female longevity decreased with
increase in CO, concentration from 300 to 500 ppm and also
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decreased with increase in alternating temperature from
25:10 to 30:13°C.

Similarly incase of mean male longevity significant
effect was recorded due to increase in carbon dioxide
concentration with maximum mean male longevity (7.3+0.4
days) at 350 ppm and lowest (6.3+£0.5 days) at 450 ppm.
While, with the increase of temperature from 25:11 to
25:14°C the mean longevity of adult males decreased from
6.84+0.5t0 6.5+0.4 days. Statistically, significant differences
were observed under elevated CO, conditions but the
durationat400 ppm CO, was at par with duration at450 ppm
CO,. On the contrary, effect of temperature and its interactive
effect with CO, regimes was observed to be non significant
(Table 2). When compared to female longevity, male longevity
was found to be lower in the present findings. These results
were found to be in agreement with the studies done by
Rosaiah and Reddy (1999). These results are also in
accordance to the findings of Bumpy (2016) who reported
longest male longevity of H. armigera of 16.4 days at the
lower temperature 20:10°C and shortest 7.4 daysat 30:20°C.

It was observed that mean per cent adult emergence
was more at elevated alternating temperature of 25:14°C
(91.8) as compared to 25:11°C (82.0). Also, the mean
emergence of adults was highest at ambient CO,
concentration of 400 ppm (90.0) followed by 450 ppm
(87.1) and 350 ppm (83.6), while decrease in CO, led to
decrease in per centadult emergence. The effect of CO,and
its interaction with temperature was statistically non
significant while temperature exerted significant effect and
with 3°Crise in temperature the emergence was significantly
affected (Table 2). These results are in agreement with the
findings of Bumpy (2016) who reported no significant
effect of CO-, on percent adult emergence of . brassicae.
The results of present study are in contrast to those reported
by Akbar et al., (2015) on H. armigera, that the adult
emergence values were low at 350 ppm as compared to 550
ppm. The duration of life cycle was observed to decrease
with increase in carbon dioxide concentration with highest
(46.8 days) duration at 350 ppm and lowest (39.1 days) at
450 ppm. While, with increase in temperature from 25:11°C
to 25:14°C duration of life cycle decreased from 44.7 to
41.2 days.

Fecundity

Temperature and carbon dioxide showed significant
effect on fecundity of S. /itura (Table 2). The highest mean
fecundity (402.4+5.6 eggs female') was recorded at 25:14°C
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and lowest fecundity of 391+5.8 eggs per female was
recordedat 25:11°C. Similarly, highest mean fecundity of
417.5+4.1 eggs per female was recorded at 450 ppm CO,,
followed by 403.6+4.2 eggs per female at 400 ppm and
368.9+3.2 eggs per female were recorded at 350 ppm CO,
concentration. These results are in agreement with the
findings of Akbar et al (2015) where female fecundity of H.
armigera was significantly higher when larvae were reared
at 750 ppm CO, (1293 eggs female™) as compared to that at
350 and 550 ppm CO, (831 and 824 eggs female”,
respectively). In present study, significant differences were
observed with increase in minimum temperature from 11 to
14°C with higher mean no of eggs per female (402.4+5.6)
were recorded at25:14°C ascompared to25:11°C (391+5.8
eggs female™). Similarly the effect of CO, was also observed
to be significant and the increase or decrease in CO, to 450
and 300 ppm respectivelyled to a significant increase and
decrease in mean no of eggs laid per female of S. litura. The
effect of interaction of temperature and CO, was observed
to benon significant. Similar results were observed in findings
of Bumpy (2016) who reported highest number of eggs of
P brassicae (46.1eggs per female) at the higher temperature
regime of30:13°C and the least (24.6 eggs per female) at the
lower temperature regime of 25:10°C.

CONCLUSION

In the present study, it was observed that incubation
period, larval duration, pupal duration, male adult longevity
and female adult longevity decreased with increase in
temperature. Whereas fecundity of S /itura increased with
increase in temperature and carbon dioxide indicating
reduced generation time which could lead to more number
of generations per year. Hence it can be concluded that
elevated temperature and CO, affected the different
biological parameters of S. /itura resulting in more number
of generations and ultimately increasing population pressure
on crop.
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