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Abstract

Insects, as cold-blooded animals are directly under the control of temperature for their growth and they cannot sustain
living below and above certain thresholds. Therefore, temperature is probably the single most important environmental
factor influencing insect behavior. Current estimates of changes in climate indicate an increase in global mean annual
temperatures of 1°C by 2025 and 3°C by the end of the next century. Such increases in temperature may decrease the de-
velopmental time and increase the number of generations per year. An investigation was adopted to understand the effect
of five different constant temperatures (28.3°C, 30.6°C, 32.7°C, 34.3°C and 36°C) on the development time of Yellow Stem
Borer (YSB). The results revealed that the number of eggs laid by YSB increased at higher temperatures while egg hatch-
ing was reduced. Egg hatching was higher (90.6%) in 30.6°C followed by 28.3°C. The development time taken by different
stages of the YSB revealed that there was an inverse relationship with development time and incubation temperature level.
Insects develop faster which may oviposit early and hence the population was likely to grow earlier than expected.
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1. Introduction

Crop plants used as food by human beings are damaged
by over 10,000 species of insects, and cause an estimated
annual loss of 17.5% in eight major field crops (cotton,
rice, maize, sugarcane, rapeseed-mustard, groundnut,
pulses, coarse cereals, and wheat) in India [1]. Rice is one
of the most important and extensively grown foods in
the tropical and subtropical regions of the world. Several
improvements have been made to boost up productivity,
but insect pests still continue to be major limiting factor
[2]. Rice is attacked by more or less 100 species of insect
pests of which 20 are of economic importance [3]. The
Yellow Stem Borer (YSB) Scirpophaga incertulas Walker
(Pyralidae: Lepidoptera) of rice is one of the major
pests in all rice growing regions of Asia [4] and in South
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East Asian region [5, 6] and India in particular [7]. The
occurrence of insect pests in paddy fields is influenced
by various factors including meteorological conditions,
cultivation methods, and rice variety. Among these mete-
orological conditions, temperature, is the most important
factor.

The habitats and survival strategies of insects are
strongly dependent on temperature because they are
cold-blooded. Therefore, temperature is probably the
most important environmental factor influencing
their behavior, distribution, development, survival and
reproduction [8]. An analysis conducted [9], indicated
that the Earth’s climate has warmed by approximately
0.74°C and it is also projected to increase by 1.1 to 6.4°C
at the end of the 21* century. Such increase in tempera-
ture will affect the physiological process and cause faster
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development and possibly result in more generations in
a season [10]. All developmental stages, including eggs,
are classically affected by their thermal environment
[11], and eggs could respond early, as soon as the embry-
onic development starts. Survival of brown plant hopper
nymphs at 31, 35, and 38°C was significantly lower than
that at 26°C [12]. The potential rate of development in
insect population is strongly dependent on temperature
and their survival is impaired at temperature extremes
[13]. With this background, an experiment was taken up
to study the influence of temperature on the survival and
development time of rice yellow stem borer.

2. Materials and Methods

2.1 Climate Control Chamber

Experiments were carried out in Climate Control
Chamber (CCC), established at Agro Climate Research
Centre, Tamil Nadu Agricultural University, which is
situated 11°N latitude and 77°E longitude and is at an
elevation of 427 m above the mean sea level. Temperature
CCC was controlled using fogger and a mist fan.
Temperature is recorded by the sensor and this sensor
is connected to a data logger. For this investigation, five
different constant temperatures (28.3°C, 30.6°C, 32.7°C,
34.3°C and 36°C, same chamber at different times for
different constant temperatures) were maintained dur-
ing the study period.

2.2 Insect Culture

For getting uniform population of S. incertulas, mass
culturing was done by following method [14]. Primary
culture was established by collecting the borer moths
during the day with a sweep net in the rice fields or
during the night in light traps. The collected moths
were placed in vials and were brought to the labora-
tory, where they were confined in wooden cages. The
adult moths were fed with 10% sucrose solution soaked
in cotton wool. Rice seedlings (ADT 43) of 40-50 day
old plants were kept in the cage for oviposition. After
oviposition, the egg mass deposited by the moths was
collected by cutting off the leaf section with eggs. The
leaf sections were placed on moist filter paper in petri
dishes and stored at room temperature until the end of
blackhead stage (about 5 days). The larvae hatched were
used for the studies.

2.3 Development Time

The newly emerged male and female moths were
introduced to insect cages (width-75 cm, Length-75 cm,
Height-82.5 c¢m, netted on three side) with 1 month
duration of paddy crop under 5 different constant tem-
peratures for egg laying. Date of egg laying, number of
eggs and percentage of egg hatch were recorded. From
the date of egg laying and egg hatch, incubation period
was calculated for different temperature ranges. From the
regular observations, duration of the different stages of
larva was determined under different temperature ranges.
The stems were opened carefully without any damage to
observe the pupated larva. Once, the larva pupated, it was
kept out of the stem after four days of pupation for easy
observation of adult emergence.

3. Results and Discussion

The number of eggs laid by YSB increased at higher
temperature. At 28.3°C, the YSB laid 143 eggs. But it
was increased to 176.5 eggs at 36.0°C with a standard
deviation of 6.6 (Table 1). Insect populations from envi-
ronments with higher temperatures may have higher
fecundity and shorter growth stage to increase fitness.
It is reported that the incubation period of Scirpophaga
incertulas decreases at higher temperature, beginning at
30°C and continuing up to 35°C [15]. Egg hatching per-
centage of the YSB decreased at higher temperature and
increased at lower temperature. The egg hatching per-
centage was high (90.6%) at 30.6°C followed by 28.3°C.
In contrast, only 58.5 per cent of incubated eggs achieved
emergence at 36.0°C (Table 1). Same trend was reported
in Willowsia jacobsoni (Borner) in which more than 90%
of the eggs hatched at temperatures from 16 to 35°C but
percentage of hatching decreased dramatically from
36°C (36.8%) to 38°C (20.4%). Inability to complete the
hatching process caused most of the mortality at high
temperatures [16].

Development time taken by different stages of the YSB
decreased considerably at higher temperature. The incu-
bation period of YSB eggs was 8.5 days at 28.3°C, whereas
it took only 5.75 days at 36°C (Table 2). The development
time taken by the four larval instars varied significantly
with respect to the temperature. For example, the 1%, 2™,
3" and 4" instars took 7.25, 6.5, 7.75 and 7.25 days, respec-
tively at 28.3°C whereas it took 5.25, 4.5, 6.25 and 5.5,
respectively at 36°C. There was difference of 2.5 days in
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pupal period between the lowest and highest incubation
temperature as it took 7.5 days at 28.3°C and 5.0 days at
36°C (Figure 1). Many researchers have reported that the
durations of different aphid instars shortened as tempera-
ture increased [17-20]. The longevity of the female and
male adult was 7.25 and 5.25 days, respectively, but it was
5.75 and 3.75 days, respectively at 36°C. The above results
were in line with the results of [21] who reported that the
developmental time was inversely related to temperature.

Table 1.
incubation temperatures

4. Conclusion

It is clear that the number of eggs laid increased at higher
incubation temperatures while the hatching percent-
age was drastically reduced due to the inability of eggs
to hatch. The development time taken by YSB decreased
considerably at higher incubation temperatures which
resulted in more numbers of generations. As the tempera-
ture is projected to rise, insects will develop faster and will

Total number of eggs laid by YSB and its hatching percentage at different

Particulars 28.3°C 30.6°C 32.7°C 34.3°C 36.0°C
Eggs 143+9.9¢ 138.8+11.3¢ 148.5+14.8° 168+9.9®  176.5+6.61°
Hatching (%) 89.5° 90.6° 85.9¢ 70.8¢ 58.5¢

Values are mean of four replications

In a row, means followed by a letter are significantly different at 5% level of LSD

Table 2. Development time taken by different stages of YSB at different incubation temperatures

Stage 28.3°C 30.6°C 32.7°C 34.3°C 36.0°C

Egg 8.50+0.58° 7.75+0.50° 6.75+0.50¢ 6.25+0.50¢ 5.75+0.50¢
Ist Instar 7.25%0.5* 6.75+0.96" 6.5+0.58¢ 5+0.824 5.25+0.50¢
2nd Instar 6.50+0.58° 5.50+0.58" 5.50+0.58¢ 5.00+0.82¢ 4.50£0.58¢
3rd Instar 7.75+0.96 7.50+0.58" 7.00+0.82¢ 6.75+0.50¢ 6.25+0.96¢
4th Instar 7.25+0.5% 7.00+0.82° 6.50+0.58¢ 6.25+0.50¢ 5.50+0.58¢
Larva 28.75+1.26* 26.75+0.50°  25.50+0.58° 23.00+0.82¢ 21.50+0.58¢
Pupa 7.50+0.58* 7.25+0.96° 6.75+0.96° 6.25+0.50¢ 5.00+0.82¢
Female Longevity 7.25+0.96° 7.00+0.82°  6.25+0.50° 6.00+0.0¢ 5.75+0.50°
Male Longevity 5.25+0.50* 5.25+0.50° 4.75+0.50° 4.00+0.82¢ 3.75+0.50¢

Values are mean of four replications

In a row, means followed by a letter are significantly different at 5 % level of LSD
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Figure 1.
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Development time taken by different stages of YSB at different temperature regimes.
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oviposit early leading to earlier population growth than
expected.
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