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Abstract 

The manifestation of cocoon characters due to heat shock (HS) during the larval stage of poly- (Daizo and Pure Mysore) and bi-

voltine (NB4D2 and CSR2) silkworm strains of Bombyx mori was studied. Because, temperature being a major factor that shape 

distribution of organisms, insects in particular have diverse response to deal with critical temperature and exposure to wide-ranging 

thermal conditions led to amendment of biochemical and physiological protective mechanisms. To this, different instar larvae of 

poly- and bi- voltine breeds were subjected to thermal stress and the data generated in respect of cocoon traits were pooled separately 

for statistical analysis. Interestingly, highest weight of the cocoon was recorded from fifth instar CSR2 larvae HS at 40°C (1.99 g) 

with an improvement of 44.20% against control (1.38g). But, high rate of response to HS at 40°C was recorded in NB4D2 with an 

improvement of 46.82% in the weight of the cocoon. Among different instars, the fifth instar larvae of all the breeds HS at 40°C 

produced good quality cocoon with higher shell weight than control groups. Consequently, although, all instars larvae HS at 35 and 

40°C metamorphosed into pupae with better growth than control highest per cent of improvement in it was recorded from fifth 

instar. However, heat shock temperature of 45˚C was lethal since all the biological and commercial characters were severely affected 

in all instars. Thus, temperatures of 40°C shall be taken into account to elicit profound response to acquire tolerance to overcome 

the fluctuated environmental condition, while screening for better parents to develop thermotolerant breeds/hybrids for tropical 

countries like India. 
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1. Introduction 

The insects are the most abundant creatures on the earth and 

systematic attention to recognize their reaction to ecological 

and environmental stresses has improved considerably because 

of their medical, economical and ecological significance. Due 

to high commercial value many sericigenous insect species 

have been widely used for the extraction of silk protein fibers. 

The silkworm, Bombyx mori L., is a domesticated insect, 

accepted for its silk producing aptitude and as a model system 

for biological experiments. Longtime domestication has made 

the silkworm sensitive to abiotic and biotic stresses. Among 

abiotic factors, temperature is an important determinant of 

growth and productivity as silkworms which is poikilothermic 

insect [1]. As a result, organisms make use of varied 

adjustments at different levels of biological organization to 

deal with the fluctuating natural thermal environment [2, 3, 4].  

Response to heat shock of an organism’s habituating tropical 

environment is differing from those of temperate climate. 

According to the field rearing of mulberry silkworms this 

feature has direct significance wherein polyvoltine breeds of B. 

mori in India (Pure Mysore, C. Nichi, Nistari etc.,) display 

more tolerance to high temperatures compared to the bivoltine 

breeds (NB4D2, NB18 etc.,) of temperate origin [5, 6]. However, 

among different bivoltine breeds NB4D2 and NP2 exhibited 

better survivability and positive effect of HS on commercial 

traits of cocoons thorough acquired tolerance against control 
[7]. Among different instars, resistance to HS has increased as 

the larval development proceeds in the order of first instar > 

second instar > third instar > fourth instar > fifth instar 

silkworm along with increased cocoon and shell weight over 

control [7, 8].  

Due to global warming, the impact of high temperature on 

living organisms has been the central part of scientific 

investigation in recent days. Moreover, all species has its own 

choice of temperatures for its usual growth and very high 

temperature not only slows down the growth also induce 

developmental malfunction, such as larval ecdysis and adult 

emergence [10]. In poikilotherms, temperature decides the fate 

of insect during embryonic and postembryonic development 

and affects the life-cycle plasticity, physiological thermal 

traits, immune responses and gene expression.  

 

2. Materials and Methods 

Silkworm strains, rearing and maintenance of larvae 
The eggs of polyvoltine (Daizo and PM) and bivoltine (NB4D2 

and CSR2) strains were incubated under optimum temperature 

25±1˚C and 75±5% relative humidity followed by black box 

until hatching. The larvae were reared on mulberry leaves up 

to spinning following standard rearing procedures. 

 

Induction of heat shock   
Larvae of different strains in each instar were placed separately 

in thin-walled Petri dishes/test tubes for HS at 35, 40 and 45˚C 

with 75% ± 5% relative humidity in the water bath for 2 h. 

After HS induction the larvae were transferred to room 

temperature for recovery for 2 h [7] and then they were reared 

under natural fluctuated environmental conditions until 

spinning. 
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Table 1: Schedule for heat shock treatment 
 

I instar 2nd day after hatching 

II instar 2nd day after 1st moult 

III instar 2nd day after 2nd moult 

IV instar 3rd day after 3rd moult 

V instar 3rd day of V instar 

 

Cocoon weight 

About 6 cocoons selected randomly from each replication on 

day 6 after spinning were used to record their weight. 

 

Shell weight 

The cocoon shell weight was recorded after removing the pupa 

from the randomly selected 6 cocoons from each replication. 

 

Shell ratio  

Shell ratio was calculated using the formula  

  = 
Shell weight

Cocoon weight
𝑋100 

 

Pupal weight 
For pupal weight, the pupae removed from randomly selected 

cocoons (6) of each replication were used. 

 

Data analysis 

All the data were subjected for statistical analysis using two-

way ANOVA. 

 

3. Results 

Induction of HS at different instar larvae of both poly- and 

bivoltine breeds of B. mori exhibited significant relative 

influence on the characteristics of cocoons as analyzed through 

two-way ANOVA at p<0.05. Sustained survival following the 

HS at 35 and 40˚C was significantly higher in all the silkworm 

strains against their respective controls while 45˚C was lethal 

as all the commercial traits were insensitively affected in all 

instars. 

 

Impact of heat shock on the cocoon  

Weight of the cocoons spun by the larvae HS at 35 and 40°C 

was found increased over their respective control populations 

(Fig.1). An average highest weight of the cocoon was noticed 

in CSR2 strain HS 40°C in fifth instar (1.99g) with an 

improvement of 44.20% against control (1.38g). Concurrently, 

46.82% of improvement was recorded in NB4D2 at the same 

stage with an average weight of 1.26 g in control. The cocoons 

spun by the larvae of NB4D2 HS at 35˚C in I, II, III, IV and V 

instars weighed 1.47, 1.55, 1.68, 1.74 and 1.79g respectively 

whereas in control it was 1.26g. Whereas in CSR2 HS at 35˚C 

during I, II, III, IV and V instars the cocoon weighed was 1.48, 

1.56, 1.69, 1.78 and 1.78g respectively against control of 

1.38g. The cocoons spun by larvae of Daizo HS at 35˚C in I, 

II, III, IV and V instars weighed 1.25, 1.31, 1.31, 1.44 and 

1.48g respectively as against 1.12g in control. The cocoons 

spun by the larvae of PM HS at 35˚C in I, II, III, IV and V 

instars weighed 1.20, 1.21, 1.23, 1.25 and 1.27g respectively 

but in control the cocoon weight was 1.05g (Fig.1A).  

The cocoons spun by the larvae of NB4D2 HS at 40˚C during I, 

II, III, IV and V instars were weighed 1.53, 1.64, 1.76, 1.84 and 

1.85g respectively against 1.26g in control. Whereas in CSR2, 

1.51, 1.62, 1.76, 1.89 and 1.99g of cocoons were spun by the 

larvae HS at 40˚C during I, II, III, IV and V instars respectively 

but in control it weighed 1.38g. Cocoons spun by the larvae of 

Daizo HS at 40˚C in I, II, III, IV and V instars weighed 1.26, 

1.35, 1.47, 1.57 and 1.65g respectively as against 1.12g cocoon 

weight in control. The cocoons spun by the larvae of PM HS at 

40˚C in I, II, III, IV and V instars were weighed 1.23, 1.25, 

1.27, 1.28 and 1.30g respectively but in control the cocoon 

weight was 1.05g (Fig.1B). 

 

 
 

 
 

Fig 1: Impact of heat shock on the weight of the cocoon of Bombyx 

mori. 

 

Impact of heat shock on cocoon shell 

Cocoon shell weight was also correspondingly found increased 

upon exposure of different instars larvae of poly- and bivoltine 

silkworm strains to HS at 35 and 40°C (Fig. 2). Highest cocoon 

shell weight of 0.33g was recorded in CSR2 HS at 40°C in fifth 

instar as against 0.23g in control. Whereas least of 0.20g shell 

weight recorded in PM was at 40°C against 0.11g in control in 

fifth instar. At 35˚C HS, the shell weight recorded was 0.24, 

0.25, 0.28, 0.29 and 0.29g from I, II, III, IV and V instars HS 

larvae of NB4D2 respectively against 0.20g in control. The shell 

weight of 0.25, 0.27, 0.28, 0.30 and 0.32g respectively was 

noticed in I, II, III, IV and V instars larvae of CSR2 HS at 35˚C. 

In Daizo, the cocoon shell weight recorded in control was 

0.18g but in I, II, III, IV and V instars HS at 35˚C group it was 

0.19, 0.20, 0.22, 0.23 and 0.25g respectively. I, II, III, IV and 

V instars larvae of PM HS at 35˚C produced 0.12, 0.14, 0.15, 

0.16 and 0.18g of cocoon shell but in control it was 0.11g (Fig. 

2A).  

Upon exposure of I, II, III, IV and V instars larvae of NB4D2 to 

40˚C HS produced cocoon shell weighing 0.25, 0.28, 0.28, 0.31 

and 0.31g respectively against 0.20g in control. In CSR2, it 

measured 0.26, 0.28, 0.30, 0.30 and 0.33g in I, II, III, IV and V 

instars respectively against 0.23g in control. The cocoon shell 
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weight recorded in control was 0.18g, while it was 0.18, 0.22, 

0.26, 0.26 and 0.27g in I, II, III, IV and V instars larvae of 

Daizo HS at 40˚C respectively. The cocoon shell weight of 

0.14, 0.15, 0.17, 0.18 and 0.20g was noticed in I, II, III, IV and 

V instars larvae HS at 40˚C respectively against 0.11g in 

control group of PM (Fig. 2B). 

 

 
 

 
 

Fig 2: Impact of heat shock on the weight of the cocoon shell of 

Bombyx mori. 

 

Impact of heat shock on cocoon-shell  

The data on cocoon shell ratio in response to HS at 35 and 40°C 

in different instar larvae revealed discrete variations, which is 

still higher than their respective controls. In NB4D2, the cocoon 

shell ratio was 15.92% in control, but 16.33, 16.34, 16.47, 

16.44 and 16.36% of shell ratio was recorded from I, II, III, IV 

and V instars larvae HS at 35˚C respectively. 17.16, 17.56, 

16.60, 16.67 and 18.16% of shell ratio was recorded in I, II, III, 

IV and V instars larvae respectively HS at 35˚C, but 16.66% 

was noticed in control larvae of CSR2. I, II, III, IV and V instars 

larvae HS at 35˚C exhibited the shell ratio of 14.97, 15.23, 

16.75, 16.20 and 17.08% against 16.92% in control larvae of 

Daizo respectively. The shell ratio of 10.55% while noticed in 

control, it was 10.00, 11.26, 12.47, 13.07 and 13.95% after 

exposure of I, II, III, IV and V instars PM larvae to HS at 35˚C 

respectively (Fig.3A). 

Upon HS at 40˚C, the NB4D2 I, II, III, IV and V instars larvae 

exhibited 16.52, 17.03, 16.13, 16.63 and 16.93% cocoon shell 

ratio respectively whereas in control it was 16.32%. 17.44, 

17.55, 17.11, 16.12 and 16.89% shell ratio was noticed in I, II, 

III, IV and V instars larvae of CSR2 HS at 40˚C respectively 

against 17.19% in control. The cocoon shell ratio of Daizo was 

16.92% in control whilst 14.60, 16.53, 16.61, 16.35 and 

16.19% was reported from I, II, III, IV and V instars larvae HS 

at 40˚C respectively. I, II, III, IV and V instars larvae of PM 

HS at 40˚C showed 11.38, 12.27, 13.38, 13.80 and 15.10%  

shell ratio respectively as against 10.55% in control (Fig.3B). 
  

 
 

 
 

Fig 3: Relative influence of heat shock on the cocoon shell ratio of 

Bombyx mori. 
 

Impact of heat shock on pupa 

Weight of the pupae, as an index of physiological status of the 

larvae comparatively found increased after exposure of 

different instars larvae to varied HS temperature. Interestingly, 

third and fourth instar HS induced silkworm larvae at 35 and 

40°C metamorphosed into pupae with better growth than 

control. Eventually, highest pupal weight 1.66g was observed 

in fifth instar larvae of CSR2 HS at 40°C as against 1.13g in 

control. In NB4D2, the pupal weight of 1.23, 1.30, 1.40, 1.46 

and 1.50g was recorded from I, II, III, IV and V instars larvae 

HS at 35˚C respectively but in control it was 1.06g. The pupal 

weight of Daizo was 0.94g in control, whereas 1.05, 1.08, 1.07, 

1.20 and 1.24g was noticed from I, II, III, IV and V instars HS 

induced larvae respectively. 1.07, 1.07, 1.07, 1.08 and 1.08g 

pupal weight was noticed in I, II, III, IV and V instars larvae 

HS at 35˚C respectively against 1.93g in control group of PM 

(Fig. 4A). 

After exposure to HS temperature of 40˚C, I, II, III, IV and V 

instars larvae of NB4D2 metamorphosed into pupae were 

weighed 1.28, 1.36, 1.47, 1.54 and 1.55g respectively, while it 

was 1.06g in control. Whereas as in CSR2, the pupal weight in 

control was 1.13g while HS induced (40˚C) I, II, III, IV and V 

instars larvae developed as pupae weighed 1.25, 1.33, 1.46, 

1.59 and 1.66g respectively. 1.07, 1.12, 1.23, 1.28 and 1.37g of 

pupal weight was recorded from I, II, III, IV and V instars 

larvae of Daizo respectively against 0.94g in control. The pupal 

weight recorded from the control group of PM was 1.93g 

whereas in HS (40˚C) induced I, II, III, IV and V instars larval 

group it was 1.10g (Fig.4B). However, since none of the larvae 

were survived at 45˚C cocoon weight, shell weight, shell ratio 

and pupal weight was not recorded and presented.  
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Fig 4: Impact of heat shock on the weight of the pupae of Bombyx mori. 

 

Table 2: Two-way statistical analysis for the cocoon characters of different silkworm strains of Bombyx mori 

Exposed to heat shock. 
 

 
Cocoon weight Shell weight Shell ratio Pupal weight 

NB4D2 CSR2 Daizo PM NB4D2 CSR2 Daizo PM NB4D2 CSR2 Daizo PM NB4D2 CSR2 Daizo PM 

F- Value 

Control 1.26 1.38 1.12 1.05 0.20 0. 23 0.18 0.11 16.32 17.18 16.92 10.55 1.06 1.13 0.94 0.93 

Rep. 0.038 0.554 0.160 1.098 0.356 0.017 0.016 0.169 6.319 2.742 1.408 0.038 0.015 0.679 0.198 1.415 

Temp. 15.877 11.622 12.798 1.145 15.961 12.406 10.375 13.423 7.451 0.175 0.228 9.437 15.702 11.369 12.569 15.828 

Instars 1.836 3.274 2.879 1.269 1.569 3.301 4.089 2.653 0.535 1.480 2.429 0.038 1.929 3.114 2.584 0.017 

Temp. XInstars 0.310 0.617 0.572 0.879 0.283 0.566 0.753 0.448 0.510 0.848 0.638 0.651 0.326 0.616 0.564 0.005 

Significance 

Temp. *** *** *** --- *** *** *** *** *** --- --- --- *** *** *** *** 

Instars --- * * --- --- * * * --- --- --- * * * --- --- 

Temp. X Instars --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

SE 

Temp. 0.06 0.05 0.04 0.41 0.01 0.01 0.01 0.01 0.13 0.22 0.29 0.45 0.05 0.05 0.04 0.02 

Instars 0.07 0.06 0.05 0.46 0.01 0.01 0.01 0.01 0.14 0.24 0.33 0.51 0.05 0.05 0.04 0.02 

Temp. X Instars 0.13 0.12 0.10 0.92 0.02 0.02 0.02 0.02 0.29 0.49 0.66 1.02 0.11 0.10 0.08 0.05 

CD 5 % 

Temp. 0.17 0.15 0.13 NS 0.03 0.03 0.02 0.02 0.37 NS NS 1.30 0.14 0.13 0.10 0.06 

Instars NS 0.17 0.14 NS NS 0.03 0.03 0.03 NS NS NS 1.46 NS 0.15 NS NS 

Temp. X Instars NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
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4. Discussion 

The present study is exclusive compared to the reports 

available for the reason that both polyvoltine, which are known 

for its tolerance to high and fluctuated environment and 

bivoltine that has low potential for high temperature were 

exposed to HS from I to V instars. Thereafter they were reared 

under natural fluctuated environmental conditions prevailed in 

the rearing house in order to measure their innate potentiality 

that facilitate the larvae to overcome this changing temperature 

and produce cocoons in comparison with non-HS larvae of B. 

mori. The biological, biochemical and physiological response 

to HS in B. mori is important due to cytoprotective action of 

heat shock proteins (HSPs) that expressed during changing 

temperatures, toxic substances and microbes infection[11], 

which are correlated to the tolerance level of different 

silkworm strains but not cocoon traits of poly- and bivoltine 

strains/breeds. 

Thus, it is indispensable to measure the larval growth in terms 

of its weight and cocoon characters after HS, where in the 

response of HS induced and control larvae being reared at 

fluctuated environment instead of optimum temperature 

(25+1oC) and relative humidity (75+5%) be different [12, 13]. 

Consequently, day-2 young age (I, II, and III instars) and day-

3 of late age (IV and V instar) instar larvae of NB4D2, CSR2, 

Daizo, and PM exposed to 35, 40 and 45°C for 2 h followed by 

2 h recovery period were exhibited contrasting response to HS 

as measured based on weight of the cocoon, shell and pupae in 

comparison with their respective control group. 

Among, silkworm breeds tested, very good response to HS was 

exhibited by NB4D2 silkworm strain followed by Daizo in 

terms of improvement upto 46 and 47% in cocoon weight 

respectively. Concomitantly, high sensitivity and tolerance 

was recorded from CSR2 and PM with declined cocoon shell 

ratio and marginal improvement in other traits respectively. 

Generally, multivoltine breeds are better able to tolerate the HS 

than bivoltine breeds [14, 15] wherein Nistari [16] is identified as 

the most tolerant one. Further, varied multivoltine silkworm 

strains were differentiated tolerant, moderately tolerant and 

inclined based on their survivability under controlled 

environmental conditions [17]. Moreover, high rate of survival 

in multivoltine silkworm breeds, C. Nichi and Pure Mysore and 

low share survival for the bivoltine breed, NB4D2 was reported 

after HS at 39 or 41°C for 1h or a pair of hours [14, 15]. By 

keeping all this collective impact in view, the present study 

revealed that all the instars larvae should be taken into account 

to measure their response to thermal stress with the expression 

of HSPs and its encoding genes along with their biological and 

biosynthetic traits of the silkworm strain [18]. However, the 

present study substantiate the previous report that the level of 

tolerance to high temperature in young silkworms is low 

compared to late age silkworm [7, 18] and this biological 

response should be systematically investigated among 

different silkworm breeds/hybrids of commercial significance, 

keeping global warming in view, while most commonly the 

whole larvae exposed to warm events at field over a period of 

22 to 30 days that occur either for short or long duration in a 

day or days.  
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