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Abstract 

The quantum and quality silk production mainly determined by environment in which silkworms are reared. By and large, 

the growth and development of the silkworm is considerably altered by the environmental temperature. The change in the 

temperature has been evaluated in terms of heat shock in the silkworm that further enables us to understand the impact of 

temperature treatments on the effective rearing of the silkworm and hence production of quality cocoons. On this milieu, the 

present study was designed to elucidate the impact of temperature treatments (heat shock) on some important commercial 

and biochemical parameters of four different strains of silkworm viz., Pure Mysore, Diazo (multivoltine), NB4D2 and CSR2 

(bivoltine) with three different heat shock treatments  i.e. 35, 40 and 450 C. The temperature (28±1°C) serves as a control. 

The results obtained revealed that the heat shock treatments of 35, 40 and 450C has resulted in the increase of SDH and 

trehalase activities level but decrease in the carbohydrate content in all the silkworm strains. Further, the heat shock 

treatments of 35 and 400C has resulted in the increase of cocoon weight, pupal weight, shell weight and shell percentage, 

whereas decrease in the pupation rate in the selected silkworm strains. Overall the information gathered from the present 

investigation is increased in cocoon parameters at 400 C heat shock treatment when compared to 350 C except the pupation 

rate.  
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1. INTRODUCTION 

The change in the environmental temperature plays a significant role in the regulation of biochemical, 

physiological and behavioral processes in living organisms (Han et al., 2020). The fluctuation in the 

environmental temperature often forces the organisms to generate a specialized stress protein called 

heat shock protein (HSP) (Manjunatha et al., 2010). Insects are observed to be more prone towards 

the change in the environmental temperature. Since insects are poikilotherms, the change in the 

temperature readily induces several types of HSPs in them (Punyavathi et al., 2017) that further aids 

in their survivability in natural habitat.  The Silkworm Bombyx mori L. is  sericigenous domesticated 

lepidopteron insect  that plays a prime role in the success of sericulture industry and also serves as a 

prominent model for several biological experiments (Bhat and Manjunatha, 2017). The production of 

the commercially valuable silk from the silkworm has been practiced since 2700 BC (Ramathulla, 

2012) and is grown up as one of the leading profitable cottage industry in the present time. The 

production of quantum and quality silk by the silkworm not only regulated by biotic but also abiotic 

factors which includes temperature, humidity, light, air, and feed quality and quantity, etc. 

(Rahmathulla and Suresh, 2012). Among these, temperature is crucial which influences on economic 

and biochemical parameters of the silkworm. The silkworm B.mori is monophagous insect which feed 

on only mulberry leaves (Zang et al.,2019). The amount of food consumed and their utilization by the 

silkworm is also influenced by the atmospheric temperature and humidity (Benchamin and Jolly, 

1984). Further, temperature can also regulate the growth and development of the silkworm (Sun et al., 

2017) as well as the success of cocoon crop (Sarkar, 2018). 

 Unlike any other insect, silkworms lost their ability to tolerate the fluctuation in the 

environmental temperature due to their domestication for about 5000 years, moreover the polyvoltines 

strains of the silkworms are often seen to be resistant to high temperature whereas bivoltines are not 

(Manjunatha et al., 2010). However, a continuous change in the environmental temperature is very 

common nowadays, that can drastically influence the survivability and rearing performance of the 

silkworm (Jagadisha and Anil Kumar, 2021). This further influences the feeding behaviour and 

digestion which leads to altered in physiological process in the silkworm. To gain insight knowledge, 

it is essential to understand the impact of heat shock treatments on different strains of the silkworm at 

instar level. So far limited information is available on the same. Hence in the present study was 

undertaken to analyze the impact of heat shock treatments on a few economic and biochemical 

parameters of multivoltine and bivoltine silkworm strains.   
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2.  MATERIALS AND METHODS 

2.1 Collection and rearing of silkworm strains: The disease free layings of two multivoltine 

silkworm strains, Pure Mysore (PM), Diazo and two bivoltine silkworm strains NB4D2 and CSR2 

were collected from the germ plasm of Department of Sericulture Science, University of Mysore. The 

silkworms were then reared under laboratory conditions by employing standard rearing technique 

prescribed by Dandin and Giridhar (2010). 

2.2 Induction of heat shock treatments: All the four strains of the silkworms were subjected to the 

heat shock treatments with varied temperature, viz., 35, 40 and 450C using a constant thermostat hot 

water bath. The heat shock treatments was given to the I, II and III instar larvae at their second day 

whereas the IV and V instar larvae were given the heat shock treatment at their third day. The heat 

shock treatments was given for 2hrs followed by 2hrs of recovery period at room temperature. A total 

of three replicates with respective controls were maintained for each treatment with 50 larvae per 

replicate (Vasudha et al., 2006). The larvae of all the replicates as well as the controls were fed with 

fresh mulberry leaves, immediately after their recovery period until the cocoon spinning stage.  

2.3 Estimation of biochemical parameters: The biomolecules viz., carbohydrates, SDH (Succinate 

dehydrogenase) and trehalase were estimated in the larvae of treated and control batches. The 

biochemical estimations was carried out in the whole body of I, II and III instar larvae whereas the 

same was estimated in the fat bodies of IV and V instar larvae. The whole body and fat bodies tissue 

were homogenized in distilled water and centrifuged at 3000 rpm for 10 min. One ml of tissue extract 

was used to estimate the biochemical parameters. The total carbohydrate contents were estimated by 

the method prescribed by Dubois et al. (1956), followed by the estimation of SDH by the method of 

Nachlas et al. (1960). Finally, the trehalase enzyme was estimated according to the methods of 

Dahlman, (1971).    

2.4 Analysis of economic parameters: The economic parameters namely cocoon weight, pupal 

weight, shell weight, shell percentage and pupation rate were analyzed both in treated and control 

batches. The parameters such as shell percentage and pupation rate were calculated by using 

following formulae. 

Shell percentage (%) = 
Shell weight (g) 

X 100 
Cocoon weight (g) 

 

Pupation rate (%) = 
Number of live pupae in harvested cocoon 

X 100 
Total number of larvae retained after III moult 

 

Statistical analysis: The data collected were analyzed by calculating the mean with standard 

deviation (SD) with two-way ANOVA (O.P. Sheoran Programmer, Computer Section, CCS HAU, 

Hisar). 
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3. RESULTS AND DISCUSSION 

The fluctuation in the environmental temperature is one of the unavoidable circumstances 

faced by the living organisms. By and large, the ectotherms are more vulnerable to such variation in 

the temperature, that can directly regulate their several physiological activities (Buckley and Huey, 

2016; Garcia et al., 2018). However, a prominent protein known as heat shock protein can protect 

these organisms from such a punitive condition. Generally, the term heat shock represents the state of 

any organisms under the stressed external environmental conditions and treatments (Bowler 2005; 

Loeschcke and Sorensen 2005; Lagerspetz 2006). As the silkworms are domesticated insect that are 

more vulnerable to change in the environmental conditions particularly high temperature. This may 

further alter their physiological activities and hence impact on the economic parameters. 

Consequently, it is essential to understand how heat shock can alter the essential biomolecules as well 

as economical parameters in the silkworm to develop breeds which can tolerate to high temperature.   

3.1 Impact of heat shock treatments on the total carbohydrate, succinate dehydrogenase and 

trehalase enzymes 

The PM, Diazo, NB4D2 and CSR2 silkworm strains subjected to heat shock treatments at 35, 40 and 

450C has resulted in the decrease of the carbohydrate content in all the strains of silkworms used in 

the present study. By and large, the severity of heat shock treatments was observed to be more on 

whole body than in the fat bodies. However, compared with control, there was a drastic decrease in 

the carbohydrate content of fat bodies has been reported in all the strains of the silkworms when 

treated with different temperatures. The lowest carbohydrate content of 8.03 mg/g has been reported 

in the whole body of first instar PM treated with 45
0
C. However, highest carbohydrate content of 

17.63mg/g has been reported in fat bodies of fifth instar CSR2 treated at 350C (Table.1) which is 

much lesser than the control in respective treatments. This confirms the negative impact of 

temperature on total carbohydrate content of the silk worm which is further independent of strains. 

Generally, carbohydrates are one of the essential biomolecules that plays a significant role in the 

growth and development of insect (Ito and Horie, 1959). Normally, the level of carbohydrate contents 

in the silkworm is chiefly regulated by the quality of mulberry leaves (Prashanth Kumar and 

Umakanth, 2017). However, all the four strains of the silkworms used in the present study were fed 

with the same quantity and quality of mulberry leaves. Consequently, it is clear that the variation in 

the level of carbohydrate content in treated batches is not because of the quantity/quality of mulberry 

leaves fed to the silkworms but it is due to imposed heat shock treatments. The carbohydrates are the 

main source of glucose which serves as instant energy source. It is presumed that decrease in 

carbohydrate content with increase in temperature might be due to break down of carbohydrates into 

simple monosaccharide like glucose which is necessary to overcome thermal stress induced by heat 

shock treatments. In contrary, the heat shock treatment of 35, 40 and 45
0
C has resulted in the increase 

of SDH activity level in all the strains of silkworms. Compared with the respective control, the 
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highest SDH activity of 17.53 µ moles of formazan /gm of protein/hr has been reported in the fat 

bodies of fifth instar CSR2 strain treated with 45
0
C. On the other hand,  the lowest activity of 5.81 µ 

moles of formazan /hr has been observed in the whole body of first instar PM treated with 350C 

(Table.1). SDH is the key enzyme found in the inner membrane of mitochondria and is known to 

participate in the citric acid cycle and the electron transport chain (Kasmaei and Mahesha, 2012). 

Increase in the temperature might have accelerate the enzyme activity in the silkworm and hence 

enhance the energy level in them. This might be beneficial for overall growth and development of the 

silkworm and probably places a positive impact on the economic parameters. However, it is very 

infrequent that the silkworms treated with 450C survive up to pupation and it is presumed that high 

temperature increase in rate of biological oxidation leads to oxidative stress. CSR2 has been proved to 

be promising as compared to remaining strains with respect to their overall SDH activity. 

Surprisingly, a decrease in the SDH activity with 8.23 µ moles of formazan / hr has been observed in 

the whole body of first instar Diazo silkworm treated with 450C in comparison with 400C with 8.47 µ 

moles of formazan/hr. This might be due to the adverse effect of temperature treatment which could 

not withstand by the Diazo silkworm strain at their first instar. Similarly, increase in temperature 

treatment with 35, 40 and 45
0
C has resulted in the increase of trehalase activity in all the strains of 

silkworms. In comparison with the respective controls, the highest trehalase activity of 7.31 Units/gm 

of protein/hr was observed in the fat bodies of fifth instar CSR2 silkworms treated with 45
0
C.  

Whereas the lowest trehalase activity of 0.94 Units/hr was reported in the whole body of PM 

silkworm treated with 35
0
C (Table.1). Generally, trehalose, a non-reducing disaccharide is the basic 

blood sugar present in the silkworm (Shukla et al., 2015) that has to be hydrolyzed to glucose by the 

enzyme trehalase (Mitsumasu et al., 2005). Hence trehalase is mainly responsible for the energy 

metabolism by generating glucose from trehalose which is further utilized by the tissues and cells 

(Shukla et al., 2015). Increase in the trehalase activity in terms of temperature reveals the positive 

impact of heat shock on the energy metabolism of the silk worm irrespective of their strains. This 

might have accelerated growth and development of silkworm which inturn enhance the economic 

parameters. 

3.2 Impact of heat shock on commercial/economic parameters 

 In addition to biomolecules, impact of heat shock treatments at varied temperature on 

economic parameter viz., cocoon, shell and pupal weight were undertaken along with shell percentage 

and pupation rate. In comparison with the control, the heat shock treatment of 35 and 400C has 

resulted in the increase of cocoon weight in all the four strains of the silkworms. The highest cocoon 

weight of 2.231g was reported in the fifth instar CSR2 silkworms treated with 400C. Whereas lowest 

cocoon weight of 1.187g has been reported in the first instar PM silkworm reared at 35
0
C (Table.2). 

Both these values are higher than the cocoon weight of the respective control groups. The cocoon is 

composed of natural a continuous silk fiber (Chen et al., 2012) which has higher commercial value. 

Generally, cocoon weight is directly proportional to the quality and quantity of mulberry leaves 
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consumed by the silkworm (Suresh Kumar and Suresh Kumar, 2011) and is also been regulated by the 

concentration of Juvenile hormone and the feeding period (Akai et al., 1985). However, our results 

confirmed that the heat shock treatment at 400C might have enhance the silk production as a result 

gain in the cocoon weight in all the strains of silkworm but CSR2 has been proven to be excellent for 

the same. Similarly, increase in the pupal weight has been observed in all the silkworm strains 

subjected to the heat shock treatment of 35 and 40
0
C as compared to their respective control, the 

highest increase in the pupal weight of 1.677g was reported in the fifth instar CSR2 silkworms when 

treated with 40
0
C followed by the lowest pupal weight of 1.070g was reported in the first instar PM 

treated with 350C (Table.2). Generally, pupal weight of the silkworm is regulated by the concentration 

of Juvenile hormone and the feeding period (Chowdhary et al., 1990). In addition, the 

supplementation of amino acid and vitamins were also observed to play a significant role in the 

enhancement of the pupal weight (Thangapandiyan and Dharanipriya, 2019). Results of the study 

revealed that heat shock treatment enhances the pupal weight in the later instars. Overall, a gradual 

increase in the pupal weight has been observed in all the silkworms treated with 35 and 40
0
C which 

indicates the positive impact of heat shock treatments on the pupal weight. Though this gradual 

increase is independent of the strains, the best results were noticed in the CSR2 silkworms particularly 

in fifth instar.  It is presumed that the temperature stress (35 and 400C) regulate secretion of Juvenile 

hormone resulting in increase in pupal weight. Further, increase in the shell weight has been reported 

in PM, NB4D2 and CSR2 when subjected to the heat shock treatment of 35 and 400C. The maximum 

increase in the shell weight of 0.554g has been observed in fifth instar CSR2 treated with 40
0
C 

whereas the lowest of 0.117g was reported in the first instar PM silkworms treated with 350C which is 

much higher than the respective control groups (Table.2). The shell weight is one of the important 

quantitative trait based on which ability of silkworm is evaluated in terms of silk production (Chunlin 

et al., 2017). The shell weight often reflects the nutritional efficiency of the mulberry leaves 

consumed by the silkworm (Kumar and Kumar, 2011). In the present study, the increase in the shell 

weight in response to heat shock has been revealed. It is clear that the enhancement of shell weight 

due to heat shock is independent of the amount of leaves consumed by the silkworms. On the other 

hand, drastic increases in the shell weight were reported in the Diazo when treated with similar heat 

shock treatment at third, fourth and fifth instar larvae. However, the decrease in trend was noticed 

only in first and second instar Diazo larvae treated with 35
 
and 40

0
C which might be a strain specific 

response and also early instar larvae were prone to be sensitive to heat shock treatments. Similarly, 

the heat shock treatment of 35 and 400C has resulted in the increase of shell percentage in PM, 

NB4D2 and CSR2 silkworms. Compared to the respective control group, the highest increase of 

24.81% has been reported in fifth instar CSR2 treated with 40
0
C followed by the lowest of 9.88% was 

observed in first instar PM treated with 350C (Table.3). Shell percentage is one of the important 

heritable commercial parameters (Ohi and Yamashita, 1977) which can be directly correlated with the 

production of silk (Chanda et al., 2013). It is clear from the investigation that the shell percentage is 
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considerably regulated by the temperature treatment in the larval stage. The high temperature 

treatment is favorable in the enhancement of shell percentage and hence aids in the quantity silk 

production. Generally, this enhancement has been proved to be independent of silkworm strains but 

CSR2 was observed to be promising in this regard. But surprisingly, there was a drastic decrease in 

the shell percentage reported in the first and second instar Diazo silkworms treated at 35 and 400C 

which might be a strain specific response.  

On the other hand, the heat shock treatment of 35 and 400C resulted in the decrease of 

pupation rate in all the strains of silkworms used in the present study. The lowest pupation rate 31.00 

% was observed in the first instar NB4D2 larvae treated with 400C. The maximum pupation rate of 

89.17 % was reported in the fifth instar PM larvae treated with 35
0
C (Table.3). Both these values are 

lesser than the respective control groups. Normally the pupation rate is directly regulated by the 

aeration in the rearing area (Rajan and Himantharaj, 2005) and is drastically reduced at high 

temperature (Nalavadi et al., 2015). Our results have a good agreement with this information. Overall, 

CSR2 has been proven to be bit susceptible to the temperature treatment followed by Diazo. It is clear 

from the present investigation is that heat shock treatments in the silkworm strains increase the 

biomolecules except carbohydrate content on the other hand it also enhance economic parameters 

except pupation rate.  
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Table.1: Impact of heat shock treatments on the biochemical parameters of the silk worm strains  

Note: * significance, () Angular value 

 

Larval 
Instar 

Treatments 
Carbohydrates (mg/gm tissue) SDH (µ moles of formazan / gm of protein / hr) Trehalase (Units/gm of protein/hr) 

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

I Instar 
(Whole 

Body) 

Control 10.07±0.10 10.46±0.27 11.63±0.17 12.71±0.31 5.22±0.45 6.39±0.20 7.32±0.15 8.91±0.37 0.66±0.04 0.77±0.03 0.92±0.05 1.23±0.08 

35° C  9.27±0.61 10.35±0.12 11.03±1.12 11.77±0.17 5.81±0.28 7.04±0.21 8.08±0.44 9.19±0.12 0.94±0.04 1.13±0.07 1.67±0.14 2.16±0.15 

40° C 8.46±1.05 9.75±0.17 10.52±0.24 11.13±0.23 6.30±0.50 8.47±0.80 9.45±0.42 10.03±0.26 1.17±0.07 1.31±0.07 2.20±0.18 2.41±0.17 

45° C 8.03±0.90 9.17±0.81 10.15±0.16 10.51±0.24 7.05±0.47 8.23±0.23 8.83±0.30 10.59±0.29 2.08±0.15 2.12±0.15 2.84±0.32 3.01±0.13 

II Instar 

(Whole 
body) 

Control 10.81±0.24 11.80±0.91 12.38±0.50 13.42±0.27 5.58±0.34 6.87±0.25 8.08±0.16 9.35±0.22 0.98±0.06 1.12±0.06 1.83±0.35 2.35±0.16 

35° C  10.53±1.23 11.01±0.42 11.79±0.17 12.53±0.16 6.65±0.16 7.66±0.12 8.41±0.48 9.71±0.29 1.04±0.04 1.31±0.09 2.64±0.28 3.00±0.25 

40° C 9.79±0.43 10.50±0.45 11.12±0.30 11.84±0.39 7.60±0.59 9.80±0.45 10.21±0.34 11.28±0.40 1.36±0.06 2.10±0.18 3.13±0.29 3.47±0.16 

45° C 9.22±0.96 10.03±0.76 10.94±0.25 11.27±0.57 9.27±0.86 10.36±0.44 11.06±0.51 12.32±0.36 2.15±0.22 2.63±0.18 3.46±0.21 3.66±0.30 

III Instar 

(Whole 

body) 

Control 11.31±0.13 12.00±1.21 13.53±0.59 14.20±0.36 6.17±0.44 7.13±0.25 9.36±0.22 10.80±0.45 1.25±0.06 2.13±0.40 2.84±0.37 3.20±0.32 

35° C  11.00±1.38 11.78±0.27 12.40±0.42 13.19±0.19 7.96±0.24 8.25±0.25 10.11±0.43 11.21±0.55 1.31±0.06 2.64±0.27 3.23±0.23 3.83±0.36 

40° C 10.41±0.49 11.00±0.14 12.06±0.62 12.71±0.39 8.78±0.36 10.28±0.60 11.24±0.31 12.20±0.33 1.58±0.05 2.93±0.37 3.72±0.18 4.07±0.20 

45° C 10.07±0.12 10.50±0.39 11.27±0.34 12.20±0.64 10.46±1.16 11.72±0.54 12.34±0.27 13.15±0.25 2.64±0.41 3.20±0.18 3.98±0.17 4.23±0.08 

IV Instar 

(Fat body) 

Control 
13.11±0.57 14.00±0.45 14.99±1.10 15.93±0.49 7.59±0.61 10.20±0.30 11.22±0.31 12.58±0.43 1.57±0.05 3.01±0.38 3.87±0.23 4.28±0.23 

35° C  12.37±0.54 13.88±0.56 14.33±0.83 15.13±0.90 9.10±0.21 11.47±0.51 12.47±0.39 13.06±0.23 1.66±0.06 3.51±0.25 4.31±0.23 4.91±0.33 

40° C 11.98±1.02 12.98±0.32 13.27±0.40 14.39±0.66 11.35±0.56 12.96±0.30 14.63±0.98 15.68±0.53 1.92±0.05 4.15±0.13 5.11±0.30 5.66±0.31 

45° C 10.97±0.49 12.01±0.42 12.54±0.20 13.15±0.31 12.21±1.00 13.50±0.45 15.21±0.31 16.12±0.21 3.10±0.18 4.58±0.24 5.40±0.21 5.81±0.10 

V Instar                   

( Fat body) 

Control 
15.24±0.67 16.83±0.82 17.93±1.33 18.57±0.67 9.24±0.47 12.30±0.62 13.11±0.51 14.23±0.90 1.93±0.06 4.06±0.19 4.91±0.36 5.35±0.16 

35° C  13.90±0.41 15.41±0.89 16.27±0.49 17.63±0.400 13.73±0.72 13.47±0.40 14.19±0.39 14.93±0.27 2.08±0.08 4.34±0.31 5.30±0.23 6.06±0.11 

40° C 13.08±0.09 14.43±0.92 15.36±1.14 16.67±0.54 14.31±1.17 14.42±0.62 15.40±0.30 16.28±0.35 3.18±0.45 5.14±0.19 6.27±0.38 7.08±0.12 

45° C 12.61±0.31 13.13±0.21 14.10±0.85 15.27±0.30 14.00±0.71 15.13±0.37 16.76±0.36 17.53±1.18 4.37±0.27 5.45±0.24 6.63±0.25 7.31±0.09 

F-Value *** ** *** *** ── ** * *** ── *** *** *** 

Significance 0.971 0.350 0.518 0.622 0.000 0.006 0.002 0.047 0.000 0.298 0.595 0.025 

S.Em ± 0.451 0.393 0.432 0.294 0.410 0.279 0.269 0.302 0.112 0.147 0.170 0.136 

S.Ed ± 0.638 0.556 0.611 0.416 0.580 0.395 0.381 0.427 0.159 0.208 0.240 0.192 

CD @ 5% 0.002 0.001 0.011 0.050 N/S 0.801 0.772 0.867 N/S 0.001 0.001 0.389 
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Table.2 : Influence of heat shock treatments on  cocoon, pupal and shell weight of the silkworm strains 

Cocoon weight (g) Pupal weight (g) Shell weight (g) 

Larval 

Instar 
Treatments PM Daizo NB4D2 CSR2 PM Daizo NB4D2 CSR2 PM Daizo NB4D2 CSR2 

I Instar 

35 1.187± 0.005 1.28 ±0.011 1.646±0.008 1.809 ± 0.033 1.070±0.002 1.112±0.004 1.332±0.008 1.430±0.009 0.117±0.003 0.169±0.007 0.312±0.006 0.379±0.026 

40 1.255 ±0.007  1.291±0.004 1.655±0.013 1.885 ± 0.015 1.129±0.006 1.140±0.009 1.335±0.005 1.456±0.021 0.126±0.002 0.151±0.005 0.321±0.017 0.429±0.006 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

II Instar 

35 1.192 ±0.005 1.297±0.012 1.662±0.009 1.848 ± 0.014 1.073±0.006 1.118±0.003 1.341±0.011 1.437±0.004 0.118±0.008 0.179±0.009 0.322±0.003 0.411±0.012 

40 1.262 ± .009  1.322±0.010 1.689±0.024 1.897 ± 0.020 1.133±0.005 1.150±0.016 1.352±0.009 1.464±0.019 0.129±0.004 0.172±0.006 0.338±0.015 0.433±0.007 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

III 

Instar 

35 1.202 ±0.006 1.342±0.010 1.684±0.010 1.893 ± 0.037 1.113±0.007 1.144±0.008 1.350±0.009 1.453±0.024 0.120±0.003 0.198±0.017 0.334±0.013 0.440±0.018 

40 1.274 ± .011  1.367±0.010 1.721±0.012 1.943 ± 0.021 1.137±0.005 1.155±0.006 1.360±0.015 1.484±0.007 0.134±0.002 0.212±0.004 0.346±0.020 0.459±0.014 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

IV 

Instar 

35 1.210 ± .006 1.369±0.006 1.728±0.013 2.153 ± 0.045 1.138±0.009 1.160±0.003 1.364±0.015 1.649±0.031 0.124±0.002 0.209±0.003 0.364±0.012 0.505±0.016 

40 1.285 ± .009  1.386±0.008 1.748±0.013 2.227 ± 0.016 1.145±0.005 1.168±0.005 1.372±0.012 1.675±0.009 0.136±0.004 0.218±0.003 0.375±0.013 0.552±0.007 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

V Instar 

35 1.215 ±0.006 1.400±0.009 1.752±0.017 2.191 ± 0.018  1.152±0.006 1.169±0.003 1.380±0.012 1.663±0.005 0.125±0.002 0.231±0.006 0.372±0.009 0.528±0.014 

40 1.307± 0.008  1.423±0.007 1.768±0.019 2.231 ± 0.007 1.174±0.007 1.179±0.004 1.387±0.020 1.677±0.006 0.140±0.008 0.244±0.004 0.381±0.009 0.554±0.001 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 
Control 1.174± 0.012 1.207±0.014 1.616±0.014 1.773 ± 0.031 1.062±0.009 1.092±0.005 1.317±0.015 1.405±0.027 0.112±0.004 0.126±0.017 0.299±0.005 0.369±0.008 

F-Value ** ─ * * * * *** ─ ** ─ ─ ─ 

Significance 0.009 N/S 0.000 0.000 0.000 0.000 0.114 N/S 0.290 N/S N/S N/S 

S.Em ± 0.006 0.007 0.009 0.018 0.005 0.004 0.008 0.013 0.003 0.008 0.007 0.008 

S.Ed ± 0.008 0.010 0.013 0.014 0.007 0.006 0.O12 0.019 0.004 0.011 0.010 0.011 

CD @ 5% 0.017 0.021 0.027 0.051 0.013 0.012 0.002 0.038 0.001 0.022 0.020 0.023 

Note: * significance, () Angular value 
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Table.3: Influence of heat shock treatments on shell percentage and pupation rate of the silkworm strains 

Larval Instars Treatments 
Shell percentage Pupation rate (%) 

PM Daizo NB4D2 CSR2 PM Daizo NB4D2 CSR2 

I Instar 

35 
9.881±0.220 

(18.312) 

13.170±0.445 

(21.27) 

18.954±0.329 

(25.799) 

20.931±1.051 

(27.211) 

88.00±5.59 

(70.099) 

74.00±4.47 

(59.388) 

42.83±10.30 

(40.8) 

76.67±2.73 

(61.123) 

40 
10.039±0.150 

(18.46) 

11.694±0.419 

(19.986) 

19.366±0.883 

(26.094) 

22.744±0.497 

(28.471) 

70.33±3.14 

(57.00) 

64.00±4.98 

(53.148) 

31.00±9.08 

(33.606) 

65.33±4.50 

(53.941) 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

II Instar 

35 
9.929±0.615 

(18.354) 

13.800±0.598 

(21.792) 

19.351±0.257 

(26.086) 

22.219±0.491 

(28.112) 

80.00±4.47 

(63.524) 

75.00±3.58 

(60.023) 

50.00±8.94 

(44.982) 

82.00±3.58 

(64.958) 

40 
10.221±0.215 

(18.639) 

13.013±0.570 

(21.133) 

19.981±0.582 

(26.541) 

22.844±0.379 

(29.849) 

72.33±3.14 

(58.272) 

67.33±3.61 

(55.145) 

42.00±16.17 

(40.179) 

67.00±5.87 

(54.982) 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

III Instar 

35 
9.985±0.276 

(18.413) 
14.772±1.129 

(22.583) 
19.847±0.664 

(26.442) 
23.234±0.617 

(28.804) 
84.33±2.25 

(66.701) 
77.00±4.98 

(61.422) 
60.00±8.94 

(50.832) 
83.33±2.73 

(65.935) 

40 
10.544±0.098 

(23.167) 
15.487±0.178 

(24.452) 
20.076±1.067 

(26.6) 
23.623±0.450 

(29.068) 
76.67±4.93 

(61.194) 
69.00±2.68 

(56.161) 
50.00±8.94 

(44.982) 
71.67±2.25 

(57.831) 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

IV Instar 

35 
10.224±0.235 

(18.639) 
15.270±0.161 

(22.993) 
21.049±0.676 

(27.297) 
23.433±0.309 

(28.94) 
87.33±3.39 

(69.254) 
80.00±1.79 

(61.422) 
70.00±8.94 

(56.975) 
84.00±3.22 

(66.478) 

40 
10.608±0.210 

(19.001) 

15.748±0.110 

(23.37) 

21.475±0.653 

(27.593) 

24.790±0.155 

(29.849) 

80.33±4.93 

(63.795) 

72.00±4.10 

(58.08) 

56.67±13.66 

(48.91) 

74.33±4.93 

(59.624) 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

V Instar 

35 
10.319±0.208 

(18.73) 

16.478±0.339 

(23.941) 

21.216±0.375 

(27.415) 

24.092±0.4587 

(29.382) 

89.17±1.238 

(70.781) 

83.33±2.73 

(63.427) 

75.00±8.944 

(60.29) 

87.00±3.5777 

(68.992) 

40 
10.732±0.509 

(19.113) 

17.146±0.196 

(24.452) 

21.547±0.543 

(27.647) 

24.817±0.0550 

(29.867) 

85.19±0.933 

(67.35) 

74.33±4.501 

(59.607) 

60.00±8.9442 

(50.832) 

80.00±4.979 

(63.546) 

45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 Control 
9.513±0.240 

(17.953) 

10.454±1.331 

(18.829) 

18.504±0.343 

(25.464) 

20.791±0.370 

(27.115) 

90.33±3.61 

(72.101) 

86.33±3.61 

(68.415) 

82.00±4.10 

(64.98) 

89.00±4.10 

(70.894) 

F-Value *** ** ** * *** *** *** *** 

Significance 0.716 0.010 0.035 0.000 0.131 0.830 0.175 0.455 

S.Em ± 0.178 0.517 0.261 0.211 1.973 1.794 3.526 2.07 

S.Ed ± 0.251 0.731 0.370 0.299 2.79 2.537 4.986 2.928 

CD @ 5% 0.012 1.499 0.758 0.613 0.021 0.003 0.002 0.001 

                   Note: * significance, () Angular value 
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