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Impact of variations in temperature and humidity on pupation, hatchability and larval mortality of eleven
inbred silkworm lines M-101, M-103, M-104, M-107, Pak-1, Pak-2, Pak-3, Pak-4, PFI-I, PFI-ll and S-1 was
investigated during autumn and spring, 2007-2008 at Sericulture Research Laboratory, Lahore. The
experiment was laid out in factorial design with replications and the data was pooled over season. The
larvae of 4" and 5" instar were exposed to three temperature regimes (25, 30 and 35 £ 1°C). Significant
variations in hatchability, pupation and mortality were noticed due to the effect of temperature and
relative humidity on 4™ and 5" instar larvae of inbred silkworm lines. The maximum mean values of
hatchability (93.15), pupation (93.12) and the lowest mean larval mortality (2.60) was observed at 25°C
and 70-80% RH. Lower RH of (55 and 65%) even at 25°C lowered the hatchability and pupation of the
silkworm lines and contributed significantly in higher larval mortality. The lowest mean value of
hatchability (68.96) and pupation (76.55) was recorded at 35°C and 55% RH while highest larval mortality
(11.92) was noticed at 35°C with 55% RH. The results indicate that the mean performance of inbred
silkworm lines under various conditions of temperature and humidity was significantly different from
each other at various temperature and humidity exposures during 4™ and 5" instar. At 25°C with 75% RH,
the performance of silkworm lines remained consistent but variations in temperature or humidity for
three hours significantly affected all three parameters (hatchability, pupation and larval mortality). The
results illustrate that hatchability percentage of M-101(84.98), Pak-2 (84.52), Pak-3 (84.32) and Pak-4
(84.05) and pupation rate of Pak-4 (86.60), Pak-2 (86.08), PFI-I (85.33) and M-101(84.88) was significantly
better as compared to other silkworm lines. The mean values of larval mortality observed in Pak-2 (5.56),
Pak-3 (5.76), PFI-1 (6.03) and M-107 (6.20) showed significantly lower mortality. The lower relative humidity
level (less than 65%) is not conducive for seed cocoon production even at the optimum temperature of
25°C. The study clearly underlines the importance of optimization of environmental conditions during
larval rearing in relation to seed cocoon production. The investigations strongly recommend that
temperature and relative humidity in the range of 25-26°C and 70-80% respectively are mandatory for
excellent results of egg hatchability, pupation and survival rate (low larval mortality). The results also
emphasize that Pak-2, Pak-3, Pak-4, PFI-l, M-101 and M-107 showed better potential for seed production
and commercial exploitation.
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INTRODUCTION

The utilization of silkworm (Bombyx mori L.) for the exploited worldwide since its discovery in 2700 BC.
production of natural silk in the form of cocoons has been China, India and Korea are among the world’s leading
silk producing countries. In Pakistan, sericulture has been
practiced by farming communities wherever the mulberry
is grown in various parts of the country including Azad
*Corresponding author. E-mail: mubashir_g@hotmail.com. Jammu and Kashmir. The main activity of natural silk




production is practiced around the irrigated forest
plantations of Changa Manga, Daffar, Sargodha,
Khushab (Joharabad), Kamalia, Chichawatni and Multan
in Punjab province (Sericulture Research Wing, 2008).
The cocoon crop success is determined by several
factors including weather conditions during rearing,
nutrition and ability of the silkworm races to deliver under
stress environment. Silkworm is highly sensitive to
changes in the environment (temperature, humidity and
photoperiod) which govern the life cycle of the silkworm
and ultimately the cocoon crop. Voltinism of the
successive generations of the silkworm strains depends
upon the environmental conditions during various stages.
Several researchers have tried to establish the rearing
requirements of the silkworm for successful cocoon crop
on commercial basis as well as for egg production to
ensure continuity of the process. Rearing performance
affects growth and development of larvae and cocoon
production (Thapa and Ghimire, 2005). The silk cocoon
production is determined by various factors including
environment and genotype of the silkworm (Chatterjee et
al., 1993). Many of the silkworm characters are not only
controlled by genes but also influenced by environmental
factors such as temperature and relative humidity. High
temperature affects nearly all biological processes
including the rates of biochemical and physiological
reactions (Hazel, 1995; Willmer et al., 2004) ultimately
affecting the quality and quantity of cocoon crops.
Several researchers reported (Tazima and Ohuma, 1995;
Hussain et al., 2011) that silkworm larvae are sensitive to
high temperature (above 25 + 1°C) during 4™ and 5"
instars. Fluctuations in environmental conditions and poor
management practices during larval rearing coupled with
nutrient deficient mulberry leaves emphasized the need
to use silkworm eggs with higher viability and ability to
produce excellent cocoon crop under stress conditions.
Thus, there was need to evaluate the existing silkworm
strains for their performance under different climatic
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conditions with respect to cocoon production for seed
purpose (ussain et al., 2010). The present study was
planned to find out the effect of variations in temperature
and relative humidity on silkkworm egg hatchability,
pupation rate and larval mortality.

MATERIALS AND METHODS

The experiment was carried out to evaluate eleven inbred silkworm
lines (Pak-4, PFI-I, M-103, M-104, Pak-2, PFI-II, S-1, M-107, Pak-1,
M-101 and Pak-3) against various treatments of temperature and
humidity during autumn and spring 2007-2008 at Sericulture
Research Laboratory, Lahore. The larvae were reared in three
replications in Completely Randomized Factorial Design. In each
replication, 300 larvae were retained and were reared at standard
conditions of temperature and humidity (Rao et al., 2006). At the
beginning of 4" instar, 50 larvae were maintained in each
replication and were subjected to various treatments (Table 1) of
temperature and humidity during 4™ and 5" instar for three hrs daily
in addition to controlled condition rearing.

The temperature and relative humidity were controlled inside the
rearing chamber (BOD incubator) according to treatments. Rearing
room temperature and humidity were managed by using air
conditioner and humidifier, respectively. The feeding, bed cleaning
and sanitation was maintained according to Krishnaswami, (1978).
After the completion of spinning process, cocoons were kept for
moth emergence at standard conditions of cocoon storage (Greiss
et al., 2002). The female moths were individually inspected for their
disease freeness. The eggs were incubated to observe the
hatchability of eggs. The data were recorded following Rao et al.
(2006) and Ramesh et al. (2009). The hatchability and pupation
was calculated as:

Hatchability

No. of hatched eggs per laying
Do) —
Hatchability (%) No. of fertilized eggs per layings x 100

Pupation rate (%)

The percentage of cocoons obtained from the larvae retained after
3" instar was calculated by following formulae:

No. of good cocoons + (No. of double cocoons x 2)

Population Rate (%) =

X 100

Mortality (%)

The percentage of larvae died after the 3" instar was calculated
and larvae were inspected to identify the infected ones as per the
signs and symptoms of disease.

Statistical analysis

The data was analyzed in completely randomized design (Factorial)
by using MSTATC statistical package. Duncan’s Multiple Range
Test (DMRT) was applied (P < 0.05) to compare treatment means
(Steel and Torrie, 1981).

larvae retained after 3rd moult (300)

RESULTS AND DISCUSSION

The results indicate that various treatments of
temperature and humidity affected the egg hatchability of
silkworm lines significantly. The significant differences
among the treatments (F o 440 = 444.788, P < 0.000),
silkkworm lines (F 109 440 = 16.115, P < 0.000) and
interaction between treatments x silkworm lines (F gg 440 =
2.580, P < 0.000) were observed. The maximum egg
hatching was observed at 25 + 1°C with 70-80 % RH
(93.15) followed by 25 + 1°C with 75% RH (92.20), 25 +
1°C with 75% RH (86.64) and lowest hatchability was
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Table 1. Exposure of silkworm larvae to various temperature and RH conditions during 4™ and 5" larval instar in addition to
controlled conditions of temperature and humidity.

Treatment Temperature (°C) for 3h Humidity (%)
T, (Controlled condition) Standard rearing temperature (25+1) Standard relative humidity (70- 80)
T1 25+1 55
T 25+1 65
Ts 25+1 75
Ty 30+1 55
Ts 30+1 65
Ts 30+1 75
T7 35+1 55
Ts 35+1 65
To 35+1 75
100 » —4=T0: (25+ 1 oC and 70- 80 % RH) —8=T1: (25+ 1 oC and 55 % RH)
T2: 25+ 1 oC and 65 % RH) ——T3: 25+ 1 oC and 75 % RH)
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Figure 1. Comparative performance of hatchability (Mean + SE) of eleven silkworm lines at 25 + 1°C in
combination with 55, 65 and 75% RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%,

respectively).

recorded in 35 = 1°C with 55% RH (68.96). Mean
hatchability in all the treatments was significantly different
except at controlled conditions (25 + 1°C with 70-80 %
RH) and 25 + 1°C with 75% RH (T3) was not significantly
different. Maximum average egg hatching percentage
was observed in M-101(84.98) followed by Pak-2 (84.52)
and Pak-3 (84.32) while the lowest hatchability was
observed in S-1(80.55). The eggs obtained from moths
which were the outcome of the larvae reared at controlled
conditions of temperature and humidity (25 + 1°C and 70-
80% RH) and 25 + 1°C and 75% RH) showed better
results for hatchability as compared to other
combinations of temperature and RH (Figure 1). The

analysis of data also indicated that effect of seasons
during larval rearing on hatchability (F 1, 440 = 1.011, P >
0.05), interaction between treatments x season (F g 440 =
5.166, P > 0.05), line x season (F 1, 440 = 0.827, P > 0.05)
and line x treat-ments x season (F gg 440 = 0.735, P >
0.05) were not significantly different.

The results depict that rearing of 4™ and 5" instar
larvae under temperature and humidity stress conditions
affected hatchability of inbred silkworm lines adversely.
Tempe-rature and relative humidity variations (30°C + 1
and 35°C + 1 in combination with 55, 65, 75% RH) during
larval rearing affected the development process of
silkworm lines which resulted in egg laying with reduced



——T0:(25+1 oC and 70- 80 %

Hatchability (%)

70 r r r r

T5: (301 oC and 65 % RH)

Hussain et al. 12371

RH) —B-T4: (3021 C and 55 % RH)

—=T6: (301 oC and 75 % RH)

4, 4. 4. £,
/oj 10¢ 24/}

Y3 >

%,

Fe)
%, ‘&, %

s,
4 ’*J/

Silkworm lines

Figure 2. Comparative performance of hatchability (Mean + SE) of eleven silkworm lines at 30 + 1 °C in combination
with 55, 65 and 75% RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%, respectively).
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Figure 3. Comparative performance of hatchability (Mean + SE) eleven silkworm lines at 35 + 1 °C in combination with
55, 65 and 75% RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%, respectively).

hatchability (Figures 2 and 3). These observations
support earlier findings which explained that race
characteristics for various biological and economic traits
are under the influence of rearing conditions and place of
rearing due to variations in temperature and humidity
(Begum et al., 2008). The results are also in line with the
results which reported that biotic and physical factors

exert pressure on silkworm larvae during rearing resulting
in low productivity (Kobayashi et al., 1986).

The mean values of pupation showed significant
differences between different treatments of temperature
and relative humidity (F o, 440 = 343.100, P < 0.000). The
highest pupation rate was observed at 25 + 1°C with 70-
80 % RH (93.12) followed by 25+ 1°C with 75% RH
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Figure 4. Comparative performance of pupation rate (Mean = SE) eleven silkworm lines at 25 + 1 °C in combination
with 55, 65 and 75% RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%, respectively).
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Figure 5. Comparative performance of pupation rate (Mean * SE) of eleven silkworm lines at 30 * 1°C in combination with 55, 65
and 75% RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%, respectively).

(90.94), 25 + 1 °C with 65 % RH (89.05) and the lowest
pupation was recorded in 35°C + 1 with 55% RH (76.55).
Maximum pupation rate was noticed in the larvae of M-
101 (95.00) followed by Pak-2 (94.67), Pak-4 (93.83),
Pak-3 (93.50) and Pak-1(93.50) at controlled conditions of
temperature and humidity. Overall performance of
silkworm lines under various treatments of temperature
and humidity was significantly different (F g0, 420 = 1.283, P
< 0.000). The mean performance of pupation is presented
in Figures 4, 5 and 6 which depicted that the performance
of silkkworm lines under different treatments of temperature

and humidity was significantly different. The data clearly
indicate that adverse temperature and relative humidity
influenced the growth and development of silkworm larvae
which resulted in decreased pupation rate (Figures 5 and
6). The data also depict that with the increase in
temperature and decrease in RH, the pupation rate
decreased significantly (Figures 5 and 6).

The data show that larval mortality was influenced by
exposing larvae to temperature and humidity variations
(30 + 1°C and 30 + 1°C with 55, 65 and 75% RH). The
larval mortality was much higher in the treatments with
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Figure 6. Comparative performance of pupation rate (Mean + SE) of eleven silkworm lines at 35 + 1 °C in combination
with 55, 65 and 75% RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%, respectively).
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Figure 7. Comparative performance of larval mortality (Mean * SE) of eleven silkworm lines at 25 + 1 °C in combination with 55,
65 and 75% RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%, respectively).

high temperature and low humidity (Figures 7, 8 and 9).
The maximum mean larval mortality was recorded in T,
(9.23), followed by T, (8.96), Tg (7.85) and T, (7.85) which
clearly indicated that at lower RH at all three temperatures
(25, 30 and 35°C), larval mortality was higher. The
maximum larval mortality was shown by S-1 (8.52)
followed by PFI-1l (7.65), M-103(7.35) and Pak-1(7.10)
while the lowest larval mortality was observed in Pak-2
(5.57). The lower larval mortality rate was shown by Pak-
4, Pak-2, Pak-3, PFI-l and M-107 (Figures 7, 8 and 9).
The results reveal that these silkkworm lines had lower
larval mortality showing significant difference with other
silkworm lines (F 1, 440 = 12.004, P < 0.000). The effect of
different treatments on larval mortality indicated that low

humidity has immense effect on the larval mortality
(Figures 7, 8 and 9). The analysis of data showed that
influence of season during larval rearing on larval mortality
was not significantly different (F 1, 440 = 3.001, P > 0.05),
interaction between treatments x season (F ¢ 440 = 0.157,
P > 0.05), line x season (F 19, 440 = 0.240, P > 0.05) and
line x treatments x season (F oo, 440 = 0.345, P > 0.05)
were statistically not significant.

The results of the study emphasized that the perfor-
mance of silkworm lines was greatly influenced by the
temperature and humidity regimes during larval rearing. In
the present study, Pak-3, Pak-4, PFI-l and M-101 showed
better performance for hatchability, pupation rate and
showed lower larval mortality as compared to other
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Figure 8. Comparative performance of mean larval mortality of eleven silkworm lines at 30 + 1 °C in combination with
55, 65 and 75% RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%, respectively).
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Figure 9. Comparative performance of mean larval mortality of eleven silkworm lines at 35 + 1 °C in combination with

55, 65 and 75%

RH and controlled conditions of temperature and RH (25 + 1 °C and 70- 80%, respectively)

silkworm lines which may be due to their ability to resist
stress environment during rearing. Similar findings were
reported by other researchers validating our results.
Genetic stability of the silkworm strain determines
the adaptability of silkworm strains to the variations in the
environmental conditions (Li et al., 2001; Gangwar et al.,
2009). Datta et al. (2001) and Kumar et al. (2002)
deleterious effect of high temperature is more

pronounced in productive hybrids as compared to robust
hybrids. Pandey et al. (2006) reported that rise in
temperature from 24 -36 °C produces considerable
decline in larval duration which may affect the lateral
stages of the life cycle of Bombyx mori L. The findings of
this study are also in confirmation with the works of
Benchamin et al. (1983) and Tazima (1988) who found
similar results in separate studies conducted on the effect



of temperature and humidity on the growth and
development of silkworm. This may be ascribed to
differences in the genetic potential and racial specificity
as pointed out by Nagaraju, (2002). Pandey and Tripathi
(2008) observed the effect of relative humidity between
the range of 55-80% RH on survival rate and larval
mortality of the silk worm. Li et al. (2001) reported that
variations in environmental factors during larval rearing
cause higher mortality and lowers cocoon Yyield
significantly. Hugar and Kaliwal (1998) observed that the
5" instar larvae were most active instar and hub of larval
activity during which larvae build up large quantities of
food reserves which are harvested for cocoon spinning,
metamorphosis and reproduction.

Conclusion

In practice, the seed cocoons are generally collected
from farmers, which usually rear silkworm larvae under
natural conditions with little modification in the micro
environment of the rearing rooms. This makes the larvae
to strive for their survival against the stress environment
depleting much of their energy resources in maintaining
homeostasis ultimately influencing quantitative and
gualitative traits adversely. It can be concluded that
exposure of later age (4" and 5" instar) silkworm larvae
to variations in temperature and humidity (above 25 *
1°C and below 70% RH respectively elicited low hatcha-
bility and pupation rate. The study also illustrated that
higher larval mortality resulted when larvae were exposed
to higher temperature (30 and 35°C) and lower RH (55
and 65%). This implies that cocoon crops for seed
purpose require optimum conditions of temperature and
humidity during larval growth and development.
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