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ABSTRACT

To determine the effect of temperature on survival and development of H. armigera five different temperatures
(18,21, 25, 29 and 31 °C) was investigated. The results showed that higher survivorship was recorded at 25
°C (35.00) followed by 29°C (28.33) and 18 °C (13.15). The results also showed that the duration of development
of H. armigera decreased as the temperature increased from 18 °C to 31 °C. About 100 per cent of mature
larvae stopped pupating at 31 °C. The results indicated that the optimum growth temperature of H. armigera
was about 25 °C. The percentages of larvae at first, second, third, fourth, fifth, prepupal, pupal stage different
at the different temperatures. The percentage of firs t instar (41.66), 2™ instar (31.66), 3" instar (31.66), 4™
instar (31.66), 5" instar (31.66), prepupal stage (31.66) and pupa formation (31.66) was higher at 25 °C.
However, the percentage of adult emergence was higher at 29 °C (25.00) followed by 25 °C (21.66).
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Introduction

Helicoverpa armigera (Hubner) (Lepidoptera:
Noctuidae) is a major insect pest of both field and
horticultural crops in many parts of the world
(Zalucki et al., 1986 and Fitt, 1989). The species is
becoming increasingly important as a major pest of
many agricultural crops (Hamamura, 1998). Knowl-
edge of developmental times of the life history
stages of H. armigera is an important prerequisite to
an understanding of the population dynamics of this
pest in the field. The thermal requirements of devel-
opment are often used for estimating developmen-
tal times because temperature has a major effect in
determining the rate at which the insects develop
(Zaslavski, 1988). Pest biology, distribution and
abundance are largely, influenced by the relation-
ship between the temperature and the development
rate (Tobin et al., 2003). Since the development of

insects occurs within a specific temperature range, a
change in temperature will, therefore influence the
development rate, the duration of the life cycle and
ultimately survival (Howe, 1967). An increase in
ambient temperature to near the thermal optimum
of insects cause an increase in their metabolism and
therefore also their activity (Jaworski and
Hilizczanski, 2013). The thermal optimum is the
temperature at which a species develops, repro-
duces and survives optimally. Temperature lower or
higher than the optimum temperature lead to a de-
crease in the development rate (Begon et al., 2006).
Temperature influences the duration of each instar,
as well as the number of instars that larvae go
through before reaching the adult stage (Aguilon
and Velasco, 2015). A faster development rate can be
advantageous to insects since it results in less time
spent in vulnerable stages during which they can be
attacked by predators, parasitoids and
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entomopathogens (Jaworski and Hilizczanski, 2013).
Knowing seasonality, phenology and number of
generations of a target pest is crucial to practice ef-
fective pest management; the knowledge tells, for
example, the optimal timing and duration of pesti-
cide application, improving the pest control strat-
egy. The seasonality, phenology and number of gen-
erations are affected by a number of abiotic and bi-
otic factors but ambient temperature is among the
most important factors (Kiritani, 1997). This is be-
cause temperature is a primary determinant influ-
encing the rate of development of insects (Honck
and Kocourek, 1990). Temperature is also significant
factor affecting the survival and size of insects,
which can directly and indirectly impact their popu-
lation dynamics (Kiritani, 2006). Examing the effects
of temperature on the survival, development is thus
the primary step in pest research. The status of pest
species is, therefore affected by changes in climate
and weather. It is therefore important that the effect
of temperature on the development of target insect
species under the current changing climatic condi-
tions is known since this will contribute risk analy-
sis, forecasting and management strategies in order
to minimize pest infestation levels (Porter et al.1991).

Many studies in fact have investigated the rela-
tionship between temperature and development of
H. armigera (Mironidis, 2014). The purpose of this
study was to investigate the effects of constant tem-
perature on the development and survival of the im-
mature stages of H. armigera in laboratory condi-
tions, the number of degree days required for each
stage to complete development as well as the degree
days required for larva to adult development.

Materials and Methods

The experiment was conducted in the IPM labora-
tory of Department of Entomology, Punjab Agricul-
tural University, Ludhiana. The larvae of H. armigera
were reared on artificial diet. The various ingredi-
ents of diet viz. 165g gram flour, 2.48g methyll-
4hydroxybenzoate, 1.28¢g sorbic acid, 0.15g cysteine,
4.125g ascorbic acid, 0.37g streptocyclin, a pinch of
vitamin mixture, 2.55 ml formaldehyde solution,
5.25 ml linceed oil, a drop of vitamin E were added
to 400 ml water in a large bowl and mixed thor-
oughly. Active dried yeast (39.75g) was added after
that 12.75g agar agar was added slowly and heated
until complete uniform melting without the forma-
tion of clots. The larvae of H. armigera were collected
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from the fields and reared on artificial synthetic diet.
Male and female adults were kept in adult rearing
cage. Honey solution provided as a feed. Eggs were
collected from the cage after 3" day onwards and
allowed to hatch freshly hatched neonate larvae
were transferred to containers (25 ml capacity) hav-
ing freshly prepared above mentioned experimental
diet. Each container having one larva. Growth and
development studies were conducted in a BOD in-
cubator at 18,21,25,29 and 31 °C. Six replications
were maintained for each treatment. Observations
on the biological parameters of the larvae viz. larval
period, pupal period and adult emergence were re-
corded. The observations were recorded at 24hours
interval. The observations on the per cent mortality
of neonates, 1* instar and 2" instar larval develop-
ment, per cent pupation and adult emergence of lar-
vae of H. armigera were recorded. In this study, sur-
vival rate and development duration of each growth
stage were recorded. The survival rate was calcu-
lated as:
N1

N2
Sis survival rate, N1 is the number of insects that
progressed into the next developmental stage and
N2 is the number of is the number of insects in the
previous developmental stage.

S:

Results and Discussion

The effect of temperature on Helicoverpa armigera
survival

The data presented in Table 1 revealed that after
three day of release of neonates of H. armigera on
artificial diet at different temperatures, significantly
higher survivorship was recorded at 18°C (100.00)
followed by 25 °C (95.00) and 21 °C (94.73) as com-
pared to other temperatures. After 5 day of release
of H. armigera the per cent survivorship was signifi-
cantly higher at 21 °C (84.21) followed by 18 °C
(78.94) and 25°C (51.66). After 10 day of release the
per cent survivorship was significantly higher at 18
°C (73.68) followed by 21 °C (71.05). After 15 day of
release of H. armigera higher survivorship was re-
corded at 18 °C (44.73) followed by 25 °C, 29 °C, 31°C
(40.00 each) being at par with each other. Similarly,
after 24 days of release of H. armigera higher survi-
vorship was recorded at 25°C (35.00) followed by
31°C (33.33) however, the data were statistically non
significant. After 30 day of release of H. armigera on
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different temperatures the per cent survivorship
was significantly higher at 25 °C (35.00) followed by
29 °C (28.33) and 18 °C (18.42) as compared to other
temperatures. Similarly, after 35 day of release of H.
armigera significantly higher survivorship was ob-
served at 25 °C (35.00) followed by 29 °C (28.33)
and18 °C (13.15). After 45 day of release of H.
armigera significantly higher survivorship was ob-
served at 25 °C (31.66) followed by 29 °C (26.66) and
18 °C (10.52). Similarly, according to Virachack et al.
(2018) survivals of H. armigera from larval hatching
to adult emergence from the pupa were lower under
lower temperature. The duration of the develop-
mental stages decreased as temperature increased
from 20°C to 30°C. According to Mironidis and
Savopaulau (2008) the survival rates of the total im-
mature stage (egg to adult emergence) differed
slightly between constant and corresponding alter-
nating temperature regimes at the low and moder-
ate temperatures (20-27.5 °C). However, at higher
mean temperature (30 and 32.5 °C), alternating con-
ditions were more favourable than constant ones for
survival. Survival of the immature stages was sig-
nificantly different among the temperature regimes.
High alternating temperature regimes increased
total survival rate in relation to mean constant of 30
and 32.5 °C. Over a wide constant thermal range, 15-
27.5 °C, total survival is stable and apparently not
affected by temperature. Below 15°C, survival de-
creased rapidly reaching zero at 12.5°C. At warmer
temperature, survival also decreased very quickly
above 28 °C and fell to zero at 40 °C. Similarly, ac-
cording to Dhileepan et al. (2005) the survival rate of
Aconophora compressa (Walker) at alternating tem-
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peratures was higher than that at constant tempera-
tures, but the general trend of lower survival at
higher temperatures was similar.

Development of Helicoverpa armigera under
different temperature conditions

At constant temperature, the developmental times
of H. armigera decreased as temperature increased
up to 31 °C. The total developmental time of first
instar was longer at 18 °C (7.67+1.97) and shorter at
constant 29 °C and 31°C (3.00 +0.62) (Table 2). The
developmental times of second instar was longer at
18°C (3.67+1.35) followed by 25°C (1.50+0.31) days.
However, the developmental times of 3™ instar was
longer at 18°C (7.75+5.56) followed by 31 °C
(3.50+0.51) and 29 °C (3.17+0.43) days. The results
were in accordance with Plessis et al. (2020) the de-
velopmental times of Spodoptera frugiperda (first in-
star, second instar, third instar, fourth instar, fifth
instar, sixth instar were significantly longer at a con-
stant temperature of 18°C compared to 22,26,30,3 2
°C . Mortality of larvae at 18 °C was also very high 70
per cent indicating that a constant temperature of 18
°C was not suitable for the development of S.
frugiperda larvae. The developmental times of 4™
instar was longer at 18 °C (7.00+1.22) followed by 21
°C (6.70+0.27) and 25 °C (5.33+0.73) days. Similarly,
the developmental times of 5* instar was longer at
18 °C (6.25+0.89) followed by 25 °C (5.67+0.90) days.
Prepupal stage duration was longer at 21 °C
(7.75+0.21) followed by 18 °C (4.25+0.54) days. No
prepupal stage was observed at 31 °C. Pupa forma-
tion duration was longer at 21 °C (5.50+0.25) fol-
lowed by 25 °C (3.00+0.31) days. Similarly, accord-

Table 1. Survival of Helicoverpa armigera at different temperatures

Temperature Per cent (Survival)
Days after treatment
3 5 10 15 17 21 24 30 35 40 45

18°C 100.00 7894  73.68 4473 36.84 2894 2631 1842  13.15 1052 10.52

(89.96) (62.72) (59.13) (24.82) (21.16) (18.56) (18.56)
21°C 9473  84.21 71.05 3157 2631 2105 21.04 7.89 5.26 2.63 2.63

(77.47)  (66.66) (57.46) (16.11) (13.09) (8.76)  (8.76)
25°C 95.00 51.66 41.66  40.00 38.33 35.00 35.00 35.00 35.00 35.00 31.66

(79.51) (45.93) (40.17) (36.22) (36.22) (36.22) (34.04)
29°C 85.00 50.00 40.00 40.00 33.33 28.33 28.33 28.33 28.33 26.66 26.66

(67.37) (44.98) (39.13) (31.90) (31.90) (30.80) (30.80)
31°C 80.00  50.00 40.00 40.00  40.00  40.00 33.33 18.33  16.66  10.00 6.66

(63.52) (44.98) (39.13) (24.75) (23.36) (18.04) (14.46)
CD (P=0.05) (6.51) (7.70)  (7.50) NS NS NS NS (439 (964 (875  (9.78)




KUMAR AND GREWAL

ing to Bartekova and Praslicka (2006) on average,
the pupal stage took 10-15 days, i.e. 18.4 days at 20
°C, 14.07 days at 25 °C and 10.1 days at 30 °C. But
according to Matlak (1995) the cotton bollworm pu-
pal stage lasts 14 days in natural conditions. Adult
emergence duration was longer at 25 °C (14.67+0.18)
followed by 18 °C (13.25+0.41) days. But according
to Bartekova and Praslicka (2006) the duration of
larval development of cotton bollworm H. armigera
was 39.3 days at 20 °C, 24.57 days at 25 °C and 18.27
days at 30 °C. However, according to Vlckova (2000)
the larval development stage last 3 days at 25 °C
and 10-11 days in colder weather. Similarly, Wang et
al. (2013) studied the effect of temperature on the de-
velopment of Laodelphax striatellus (Homoptera :
Delphacidae). The estimate of lower developmental
thresholds of eggs (10.0 °C) was different from that
of nymphs (7.5 °C) and the estimate of upper devel-
opmental thresholds of eggs (35.5 °C) was also dif-
ferent from that of nymphs (30.2 °C). However, for
male and female nymphs, the difference in the lower
development threshold is non-significant and the
difference in the upper developmental thresholds is
very small. According to Jallow and Matsumura
(2001) H. armigera larval development itself takes
two months at 13.3 °C (4" instar at about 45 to 48
days) and 11 days a 32.5 °C (4™ instar a about 8 to 8.5
days). Negative association between developmental
period of the Campoletis chlorideae and temperature
has also been reported by Teggelli et al. (2004). A
decrease in development period of immature stages
of Pnigalio pectinicarnis L. has been observed on citus
leaf miner, Phyllocnistis citrella Stainton with an in-
crease in temperature from 15 to 30°C (Kalaitzaki et
al., 2007).

The effect of temperature on survival rates of
different stages of Helicoverpa armigera at different
temperatures
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The effects of temperature on the survival rates of
different instars of H. armigera varied at different
developmental stages. Larvae at the 1** and last in-
star stages were more susceptible to the influence of
temperature. The survival rate of 1% instar larvae
was 23.68, 21.05, 41.66, 38.33 and 40.00 per cent at
18, 21, 25, 29,31°C, respectively (Figure 1). Similarly,
the survival rate of 2" instar larvae was 21.05, 13.15,
31.66, 25.00 and 30.00 per cent. The survival rate of
3rd instar larvae was 13.15, 7.89, 31.66, 25.00 and
30.00 per cent. Similarly, the survival rate of 4" in-
star was 10.52, 2.63, 31.66, 25.00 and 20.00 per cent.
The survival rate of 5™ instar was 10.52, 2.63, 31.66,
25.00 and 16.66 per cent. Similarly, the survival rate
of prepupal stage was 10.52, 2.63, 31.66, 25 and 10.00
per cent. At 31 °C, mature larvae stopped pupating.
Similarly, no adult emergence was recorded at 31 °C.
The results are in line with Li et al. (2013) who stud-
ied the effects of temperature at different develop-
mental stages of Athetis lepigone. According to them
larvae at the 1* and last instar stages were more sus-
ceptible to the influence of temperature. The sur-
vival rate of 1t instar larvae was 20.56, 50.48 and
62.49 per cent at 18, 21 and 30 °C respectively. Sur-
vival rates increased to over 95 per cent when the
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Fig. 1. Survival rates of Helicoverpa armigera at different
temperatures

Table 2. Development duration of Helicoverpa armigera at different temperatures

Development stage

Developmental duration (days)

18 °C 21 °C 25 °C 29 °C 31°C
1% instar 7.67+1.97 3.33+0.45 3.33+0.45 3.00+0.62 3.00+0.62
2~ instar 3.67+1.35 1.25+0.21 1.50+0.31 1.17+0.15 1.17+0.15
3 instar 7.75+5.56 1.50+0.35 1.40+0.21 3.17+0.43 3.50+0.51
4™ instar 7.00£1.22 6.70+0.27 5.33+0.73 3.33+0.30 4.17+0.27
5th instar 6.25+0.89 2.66x0.27 5.67+0.90 3.50+0.56 4.00+0.5
Prepupal stage 4.25+0.54 7.75+0.21 3.42+0.34 2.16+0.27 0.00+0.0
Pupa formation 2.00+0.35 5.50+0.25 3.00+0.31 1.50+0.25 0.00+0.0
Adult emergence 13.25+0.41 10.50+0.25 14.67+0.18 11.20+0.64 0.00+0.0
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temperatures were 24 and 27 °C.At 18 °C mature lar-
vae stopped pupating.

Conclusion

Thus, the present studies suggest that the change in
temperature is likely to affect the growth and devel-
opment of H. armigera resulting in considerable in-
fluence on the survival and development of H.
armigera. Temperature thresholds determined in this
study, can be used as parameters to model areas that
are suitable for predicting the potential distribution
and permanent establishment of H. armigera. The
optimum range for larval to adult development of
H. armigera was between 25 °C and 29 °C. This indi-
cates that H. armigera populations will not develop
and persist in geographical region where tempera-
tures decrease to below these levels and increase to
above these levels during winter and summer
months.
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