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Abstract 

The variation in the environmental temperature can drastically influences the growth and development 

of the silkworm and ultimately which affect the cocoon crop production. To understand the 

compatibility of different breeds of the silkworm towards change in the environmental temperature is 

essential in the evolve silkworm breeds suitable to tropic climatic conditions. In the present study, we 

have analyzed the impact of temperature fluctuation on the biochemical and economic parameters of 

the multivoltine silkworm strains Pure Mysore and Diazo and bivoltine strains NB4D2 and CSR2 by 

induced heat shock treatments. The silkworm strains are subject to heat shock treatment at varied 

temperature viz., 35, 40 and 45°C along with control batch (28±1°C). The biochemical parameters 

such as protein contents, amino acid contents and protease enzyme activity has been analyzed in 

whole body (I, II and III instars) and in the midgut (IV and V instar) of the larvae. In addition, the 

economic parameters namely larval weight, ERR along with survivability were analyzed in respective 

treatments. The results obtained revealed the positive impact of high temperature (400 and 450 C.) 

which enhance the protein and amino acid contents as well as protease activity in all the selected 

silkworm strains. Similarly, larvae subjected to 40° C expressed increase in larval weight but decrease 

in survivability and ERR in silkworm strains. Overall, the performance of CSR2 was observed to be 

promising against high temperature.  
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1. INTRODUCTION 

Living organisms are often susceptible to ecological and environmental stress which plays a 

significant role in their life cycle. The heat shock response shown by the living organisms is a 

universal phenomenon [1,2,3]that results in some important variations in their biochemical and 

physiological and behavioral processes [4,5]. Generally, both prokaryotes and eukaryotes experience 

the fluctuation in their environmental temperature that enable them to synthesis the stress protein 

called heat shock protein (HSP) [6]. Among eukaryotes, insects are the poikilotherms which are more 

prone towards the heat shock throughout their life cycle and readily synthesise several HSPs in 

response to it [7]. The silkworm Bombyxmori L. evolved from their wild ancestor 

Bombyxmandarina[8] has been used for the production of silk since 2700 BC [9]. The silkworm 

B.mori is asericigenous domesticated insect which is widely been used in the sericulture industry as 

well as a model system for various biological experiments [10] due to their shorter lifecycle, and easy 

rearing practices [11]. Being a monophagouslepidopteran insect, silkworm feeds only on the mulberry 

leaves for their nutrition [12]. Like any other terrestrial insects, the silkworms are poikilothermic and 

are sensitive to various abiotic and biotic stresses. Among abiotic stress, temperature is one of the 

important factor which determines the growth and development of silkworms [13]. Generally, in 

silkworm the temperature decides the providence of insect during embryonic and post-embryonic 

developmental stage that further influences the life-cycle flexibility, physiological functions, etc., 

[14]. The success of cocoon crop is attributed to several factors including weather conditions, 

nutrition and ability of the silkworm strains to tolerate environmental stress [15]. The environmental 

conditions during various stages of the successive generations of the silkworm strains decide the 

voltinism.Generally, insects are competent enough to adjust themselves to any thermal fluctuation in 

their environment [16]. However, B.mori lost their temperature-tolerance due to the domestication 

practice over 5000 years [6].Consequently, the silkworm breeds got diverged and the strains of 

tropical environments (polyvoltines) became resistant to high temperature whereas the strains 

inhabited in temperate conditions (bivoltines) remained susceptible [6]. Continuous variations in the 

environmental temperature due to global warming has a direct impact on silkworm rearing across the 

country. This directly influences on the physiology of the silkworm and ultimately results in the 

reduction of economic parameters. To overcome this, it is essential to study the silkworm response 

towards varied heat shock treatments. Hence, in the present study, an attempt has been made to find 

out the effect of variations in temperature on biochemical and commercial parameters of the four 

different silkworm strains.  
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2.MATERIALS AND METHODS 

2.1. Rearing of silkworm strains: The multivoltinesilkworm strains, Pure Mysore (PM), Diazo and 

bivoltine silkworm strains NB4D2 and CSR2were drawn from the germ plasm of Department of 

Sericulture Science, University of Mysore and reared under laboratory conditions by employing 

standard rearing technique [17]. 

2.2. Induction of heat shock treatments: The silkworm strains were subjected to heat shock 

treatments at temperature of 35, 40 and 450C using a constant thermostat hot water bath. The I, II and 

III instar larvae were subjected to heat shock treatment on the second day of each instar, whereas IV 

and V instar larvae were subjected to heat shock treatment on the third day of respective instars. The 

heat shock treatment was given for 2hr followed by 2hr of recovery period at room temperature. For 

each treatment, three replications were maintained consisting of 50 larvae with a control batch [18]. 

All the experimental and control batch of larvae were reared on fresh mulberry leaves after the 

recovery period until the cocoon spinning stage. 

2.3. Estimation of biochemical parameters: The biomolecules estimation was done in the whole 

body of first, second and third instars larvae whereas midgut tissue was utilized for fourth and fifth 

instar larvae. The whole body and midgut tissue were homogenized in distilled water and centrifuged 

at 3000 rpm for 10 min. One ml of tissue extract was used to estimate protein and amino acid contents 

and protease enzyme by colorimetric assay. The total protein content was estimated by[19] using BSA 

as a standard. Similarly, the total amino acids contentwas estimated by the method prescribed by [20] 

usingleucin as standard. Finally, the protease enzyme activity was estimated by the method of[21] 

usingcasein as substrate.   

2.4. Analysis of economic parameters: In addition to biochemical studies, the economic parameters 

viz,.larval weight, effective rate of rearing (ERR) and survivability were analyzed in respective treated 

batches along with control. A minimum of 50 larvae were used to analysis the said parameters.  

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

deviation (SD) followed by Two- way ANOVA [22]. 

3. RESULTS AND DISCUSSION 

The fluctuation in the environmental temperature plays a significant role in regulation of all the 

physiological activities in the poikilothermic animals. Variation in temperature from the optimal level 

may hamper the normal functions [23, 24]. To overcome the organisms from heat shock, a conserved 

protein called heat shock protein will present universally in all organisms [25]. Being domesticated 

from several years, the silkworm become more vulnerable to the change in the environmental 

temperature that further alters the physiology of the silkworm and which inturninfluences the 

commercial parameters. Generally, the multivoltinesilkwormsbreeds are reared in different climatic 

conditions across India. The change in the environmental temperature can hampered the growth and 
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development of the silkworm and which reflects on the economic parameters. This is directly 

associated with the changes in metabolism of the silkworm reared at different temperatures. 

3.1. Impact of heat shock treatments on the total protein and amino acid contents and protease 

enzymes. 

Rearing of PM, Daizo, NB4D2 and CSR2 strains of silkworms at a temperature of 35, 40 and 450 C 

has resulted in the increase of total protein contents in all the instars. The highest increase in the 

protein contentsin whole body of PM has been observed in the III instar larvae with 61.73±7.09 mg/g 

tissue at 45
0
 C (Table.1). Subsequently, the highest increase in the proteins contents has been 

observed in the midgut of the IV instar larvae with 78.91±4.94 mg/g tissue at 450 C. Similarly, the 

increase in the protein contents was observed to be ranging from 64.60±7.25 mg/g tissue in the whole 

body and 84.96±8.57 mg/g tissue in midgut of the Daizostraintreated at 450 C (Table.1). Further, the 

increase in the protein content was observed to be ranging from 86.11±12.62 mg/g tissue in the whole 

body of III instar and 108.33±9.09 mg/g tissue in midgut of the V instar larvae of NB4D2 treated at 

45
0
 C (Table.1). The protein contents was observed to be ranging from 107.20±9.28 mg/g tissue in the 

whole body of the III instar larvae and 163.30±10.32 mg/g tissue in the midgut of the V instar larvae 

of CSR2 treated at 45
0
 C (Table.1).It is observed that the increase in the temperature up to 45

0
 C can 

enhance the protein contents in PM, Daizo, NB4D2 and CSR2. Among the strains, the CSR2 have 

shown the highest protein level indicating its survival efficacy in the high temperature. By and large, 

the increase in the protein content with respect to temperature was gradual in every instar, irrespective 

of whole body (I, II and III instars) and midgut (IV and V instars). This information confirms that the 

increase in protein contents of the silkworm is under the pressure of environmental temperature. 

Generally, proteins are the main organic constituents of the cells, are concerned with the regulation of 

the cellular and biochemical function [26]. The increase in the protein contents might be due to over 

expression of the heat shock protein during varied heat shock treatments, for the adaption to the 

adverse climatic condition [27]. The fluctuating temperature and increased protein contents in the 

tissue may be due to the synthesis of new protein by the cells and release in to heamolymph.  

The analysis of amino acid contents in the PM larvae was observed to be highest with 116.57±10.73 

mg/g tissue in the midgut of V instar larvae followed by 73.90±5.44 mg/g tissue in the whole body of 

the III instar larvae treated at 450 C (Table.4). Further, the increase in the amino acid contents was 

also observed to be ranging from 104.99±11.59 mg/g tissue in the whole body of III instar and 

127.96±2.62 mg/g tissue in the midguttissue of the V instar Daizo silkworms treated at 450 C 

(Table.1). Similarly, the increase in the amino acid content was observed to be ranging from 

113.70±6.37 mg/g tissue in the whole body of III instar larvae and 130.70±8.97 mg/g tissue in 

midguttissue of the V instar NB4D2 larvaetreated at 45
0
 C (Table.1). In addition, the highest amino 

acid content was observed to be ranging from 133.30±10.52 mg/g tissue in the whole body of the III 

instar and 207.80±14.12 mg/g tissue in the midgut of the V instar larvae of CSR2 treated at 450 C 

(Table.1).  
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Though increase in the temperature have resulted in the increase in the amino acid contents in the 

selected silkworms strains, the highest  amino acid contents was observed in the whole body as well 

as in the midgut of the silkwormslarvae treated at 450 C. This might be due to the proteolysis of the 

protein in the tissues in response to the high temperature. Generally, the highest breakdown of 

proteins has been observed in V instar of all the strains, specifically in CSR2 treated at a temperature 

ranging from 40  and 45
0
 C. Usually, haemolymph proteins are taken up by the tissue like fat body 

where proteolysis occurs releasing the amino acids in to the haemolymph. On the other hand, it is 

known that the amino acids undergo a significant change during the metamorphosisand increase in the 

amino acid contents often protect the pupae against the thermal stress by preventing the release of 

stress activated protein kinases (SAPK) [28].  

The activity of protease was highest with 48.63±2.20 units/gram protein / hour in the midgut of the 

PM larvaetreated at 45
0
 C (Table.1). Further, the increase in the protease activity was observed to be 

30.63±1.59 u/g protein/h in the whole body of the III instar silkworm larvae treated at 450 C (Table.1). 

Further, the protease activity was observed to be increase up to 32.91±2.33 in the whole body of III 

instar larvae followed by 55.40±1.91 u/g protein / h in the midgut of the V instar larvae of Daizo. In 

addition, the activity of protease was observed to be highest with 62.83±3.86 u/g protein / h in the 

midgut of the V instar larvae of NB4D2 treated at 450 C (Table.1). Whereas, the same is observed to 

be highest with 45.10±1.84 u/g protein / h in the whole body of the III instar larvae. Apart from this, 

the increase in the protease activity up to 53.60±1.99 and 74.81±7.22 u/g protein / h was observed in 

the whole body of III instar and V instar larvae of CSR2 treated at 45
0
 C respectively 

(Table.1).Increase in the temperature results in the increase of protease activity in all the strains used 

in the present study. The increase in the protease activity is instar dependent and the highest level of 

protease activity was reported in the IV and V instar larvae treated  at a temperature ranging from 

40
0
C to 45

0
C. Generally, nutritionplay asignificant role in the synthesis of various biomolecules 

including enzymes which regulate metabolism and helps in proper growth and development of 

silkworm.The poor feeding behavior may be correlate with the alteration in the digestive enzymes. 

Proteases are the main enzymes which involves in the breaking down of the protein into the free 

amino acids. It can be postulated that the protease level was increased due to the sufficient amount of 

substrate resulting from high food intake [29, 30]. However, the varied protease activity in the thermal 

stressed silkworm may be due to the modification in the physiological changes [31]. This indicates 

that the silkworms were successfully recovered from the 2hrs of heat shock treatment and there was 

no effect of heat shock on the food intake. Increased cocoon weight was observed at V instar larvae 

treated at 400 C due to increased biomolecules (protein and amino acids).  

3.2. Impact of heat shock on the economic parameters 

In addition to the biomolecules, the economic parameters have also observed to be drastically 

influenced by the heat shock treatments in all the strains of the silkworms used in the present study. 

Here we have analyzed the larval weight, survivability and ERR which are considered to be important 
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parameters in commercial point of view. The highest larval weight of2.558±0.014g was observed in 

the V instar larvae of PM followed by 2.544±0.008g in IV instar larvae treated at 40
0
 C (Table.2). 

However, a drastic decrease in the survivability up to 45.00±13.41 %was observed in theⅠ instar 

larvae of PM treated at 40
0
 C (Table.3). The highest survivability was reported up to 87.00±7.32 %in 

the V instar larvae of PM when treated at 350 C which is less than control batch (Table.3). The PM 

larvae treated at 40
0
 C. has resulted in the decrease of the ERR percentage. The highest ERR 

percentage87.67±3.14 has been reported in V instar larvae treated at 350C (Table.4). Further, the 

highest larval weight ranging from 2.910±0.054, 2.940±0.021 and 2.965±0.02g were reported in III, 

IV and V instar larvae of Daizotreated at 400 C. respectively (Table.2). The lowest survivability 

(35.00±4.47 %) was observed in the Ⅰ instar larvae of Daizotreated at 40
0
 C. The maximum 

survivability at 350 C. was reported in the V instar larvae of Daizo (80.00±11.83 %) over control 

batch (Table.3). The highest ERR upto 81.667±3.614 % was observed in the V instar larvae of 

Daizotreated at 350 C (Table.4).Similarly, the maximum larval weight ranging from 3.410±0.032, 

3.473±0.023 and 3.566±0.036 g were reported in the III, IV and V instar larvae of NB4D2 treated at 

400 C respectively, (Table.2). Further, the lowest survivability ranging from 25.00±4.472 and 

30.00±8.944 %were reported in the Ⅰ and II instar NB4D2 larvae treated at 40
0
 C. respectively, 

(Table.3).The highest survivability percentageof 75.00±8.944was reported in V instar larvae of 

NB4D2 treated at 35
0
 C. which is more than the control. Finally, the highest ERR(63.33±6.83 %) was 

reported in the V instar larvae of NB4D2treated at 350 C (Table.3). In addition, the highest larval 

weight of4.139±0.01 followed by 4.092±0.087, 3.963±0.091 and 3.973±0.12g in II, III, IV and V 

instar larvae of CSR2 reared at 400 C respectively, (Table.2). The lowest survivability percentage of 

30.67±8.07and 38.33±6.83 were observed in I and II instar larvae of CSR2 reared at 40
0
 C (Table.3). 

The highest survivability 82.67±2.25 % was observed in V instar larvae of CSR2 treated at 400 C. as 

against control (Table.3). The maximum ERR 74.00±7.64 % was registered in V instar larvae of 

CSR2 treated at 350 C. when compared to control (Table.4).The variation in the larval weight can 

drastically influences the quality of the cocoon. In the present investigation most of the silkworm 

strains treated at 450C were not able to survive and hence the economic parameters data was restricted 

to only 40
0
C. Generally, increase in the temperature has resulted in the increase in the larval weight 

but also decrease the survivability and ERR percentage. Among the four strains of the silkworms, 

CSR2 larvae recorded increase in the larval weight when treated at 40
0
C. which is congruent with 

earlier report (BhatandManjunatha, 2017). However, EER was decreases in response to the increase in 

the temperature and it is the one of the essential parameter which decides the yield and profit per crop 

in the sericulture industry. Overall, the ERR rate of PM and Daizo reared at 350C has been observed 

to be promising. Generally, the crop success in sericulture is mainly attributed to the larval weight and 

ERR percentage which is directly correlated with the quality and quantity of cocoon produced. Based 

on the results it is confirmed that the CSR2 has better temperature tolerance capacity and hence can be 

used in high temperature regions for obtaining good cocoon crop.In contrary, the survivability of 
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silkworm strains was observed to be decrease in response to high temperature treatment. This 

confirms the adverse effect of temperature on the crop loss which is one of the serious problems in the 

temperate regions. It is important to note that the increase in temperature is favorable for the 

enhancement of protein and amino acid contents along with the protease activity but has a harsh effect 

on the survivability of silkworm strains. However, PM strain was observed to be promising by having 

a little more survivability compared to that of remaining strains.It is evident from the result is that the 

high thermal stress can increase the biomolecules level in all the instar of the strains which 

correspondingly increase the larval weight but decrease the survivability and ERR percentage. 

Therefore, thermal stress induced the variations in biochemical and economical parameters are 

correlating with each other at certain ambient temperature.                                       
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Table.1: Impact of heat shock treatments on biochemical parameters of the silkworm strains. 

 

Note:* Significance,() Angular value 

 

Instars 
Treatment

s 

Total Protein   (mg / gram tissue) Amino acid    (mg / gram tissue) Protease   (unit/gram protein/hour) 

Silkworm strains Silkworm strains Silkworm strains 

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

I 

Instars 

(Whole 

Body) 

Controls 24.53 ± 4.93 29.20±2.61 39.80±5.06 45.23±6.17 36.07±4.80 43.84±5.46 61.24±5.38 83.10±12.32 17.53±1.49 20.66±1.44 25.57±1.83 30.07±1.84 

35° C 27.01 ± 5.46 31.61±4.44 41.97±3.52 52.38±7.15 40.17±9.02 50.13±7.54 65.91±5.40 96.71±10.61 18.14±1.05 21.13±1.88 28.63±1.02 33.57±1.05 

40° C 31.95 ± 3.40 36.17±5.47 57.65±3.73 70.09±8.14 58.18±2.63 63.13±8.30 81.23±8.94 117.00±5.68 24.54±0.86 26.40±1.62 34.93±2.32 40.73±2.33 

45° C 32.19 ± 3.97 37.81±4.20 62.37±5.23 74.93±6.20 62.88±10.30 68.88±7.39 85.90±4.88 125.00±6.88 26.33±1.75 27.48±2.16 36.27±1.81 42.03±2.87 

II 

Instars 

(Whole 

Body) 

Controls 28.50±6.80 32.27±5.04 46.23±4.47 63.07±7.86 40.65±5.85 57.13±5.00 73.67±7.14 94.17±7.02 18.50±0.77 22.70±1.41 29.62±4.64 38.50±1.79 

35° C 30.16±1.28 37.22±2.63 52.67±2.97 71.30±8.87 46.85±5.80 66.78±4.74 75.41±6.52 98.62±11.38 21.69±1.03 23.02±2.04 32.44±0.87 41.77±1.40 

40° C 44.06±6.95 52.23±6.39 67.77±10.83 85.81±8.19 64.95±6.47 82.70±4.38 87.07±5.50 121.00±11.99 26.96±2.07 28.38±1.97 38.84±1.33 47.87±2.29 

45° C 46.71±11.18 55.21±5.36 70.57±6.54 88.06±7.12 68.09±6.45 85.59±5.23 88.98±8.64 128.00±13.96 27.53±1.80 31.58±1.86 41.23±3.21 50.27±2.87 

III  

Instars 

(Whole 

Body) 

Controls 30.32±0.86 39.42±7.16 54.37±8.90 70.53±8.36 50.20±6.04 68.17±5.95 81.87±9.05 110.77±13.00 20.49±1.24 24.47±1.37 32.88±5.96 42.33±2.25 

35° C 32.74±3.22 41.24±3.51 59.98±6.69 83.80±12.30 57.54±8.38 77.45±7.77 83.77±9.86 115.17±7.54 23.30±1.49 26.02±2.34 38.84±1.64 45.48±3.17 

40° C 53.77±7.68 60.13±7.88 79.85±6.83 96.09±11.11 70.77±7.53 98.05±9.80 107.91±9.90 131.17±10.20 28.13±1.54 30.46±2.03 43.17±2.02 50.77±1.05 

45° C 61.73±7.09 64.60±7.25 86.11±12.62 107.20±9.28 73.90±5.44 104.99±11.59 113.70±6.37 133.30±10.52 30.63±1.59 32.91±2.33 45.10±1.84 53.60±1.99 

IV  

Instars 

(Midgut 

tissue) 

Controls 33.15±0.93 43.92±7.81 62.92±10.93 101.50±13.62 59.32±3.46 73.41±3.76 88.33±7.36 134.17±12.66 22.69±1.89 27.23±1.58 36.51±7.54 47.83±2.12 

35° C 37.00±4.96 52.49±11.52 69.46±8.86 112.63±7.56 63.27±9.10 83.97±10.30 90.27±9.92 139.60±15.90 25.67±1.13 28.93±2.28 41.00±4.04 49.63±2.37 

40° C 63.61±8.55 72.88±9.91 88.90±9.60 129.03±7.19 81.94±4.75 111.43±6.77 118.20±7.61 154.28±14.49 31.87±1.88 33.89±2.11 47.07±2.68 53.75±1.17 

45° C 71.57±9.10 77.47±6.38 91.53±12.56 131.44±9.33 86.77±8.65 115.02±11.93 126.54±13.79 161.93±16.11 34.57±1.27 35.13±1.05 48.87±1.88 56.90±1.35 

V  

Instars 

(Midgut 

tissue) 

Controls 46.87±5.78 61.83±8.87 81.30±8.50 123.43±6.68 74.23±7.92 91.11±5.79 108.92±7.48 166.77±8.54 28.03±1.04 37.01±1.62 44.89±6.96 58.98±8.12 

35° C 51.11±8.40 67.40±10.45 88.67±9.56 136.40±11.62 81.36±10.68 97.43±8.47 113.93±6.15 171.77±10.02 30.07±1.52 41.09±1.44 47.33±1.91 61.22±2.03 

40° C 73.32±10.60 80.57±13.29 106.53±7.69 155.77±6.99 113.62±8.92 122.57±3.94 127.40±5.51 195.97±15.29 45.30±1.66 54.54±0.83 56.53±2.96 71.57±7.25 

45° C 78.91±4.94 84.96±8.57 108.33±9.09 163.30±10.32 116.57±10.73 127.96±2.62 130.70±8.97 207.80±14.12 48.63±2.20 55.40±1.91 62.83±3.86 74.81±7.22 

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

Significance 0.032 0.869 1.000 0.995 0.677 0.779 0.607 0.989 0.000 0.000 0.902 0.950 

S.Em ± 4.196 4.841 5.305 5.773 4.842 4.713 5.17 7.625 0.968 1.168 2.294 2.260 

S.E d ± 5.934 6.846 7.503 8.164 6.848 6.666 7.312 10.784 1.370 1.653 3.245 3.196 

CD @5% 12.037 N/S N/S N/S N/S N/S N/S N/S 2.778 3.352 N/S N/S 
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Table.2: Impact of heat shock treatments on matured larval weight (grams) of the silkworm 

strains. 

 

Larval 

Instars 
Temperature 

Silkworm strains 

PM Daizo NB4D2 CSR2 

I Instar 

35° C 2.397 ± 0.014 2.497 ± 0.050 3.173   ±0.027 3.517 ±  0.031 

40° C 2.410  ±  0.03 2.640 ±  0.079 3.220  ± 0.054 3.860 ±  0.117 

45° C 0.000 0-000 0-000 0-000 

II Instar 

35° C 2.426  ±  0.025 2.553 ± 0.049 3.250 ± 0.079 3.550 ±0.063 

40° C 2.453 ± 0.012 2.850  ± 0.063 3.380  ± 0.149 3.973 ± 0.115 

45° C 0.000 0-000 0-000 0-000 

III Instar 

35° C 2.473 ± 0.031 2.604 ±  0.024 3.250  ± 0.079 3.830  ± 0.071 

40° C 2.537 ± 0.027 2.910 ± 0.054 3.410 ± 0.032 3.963 ± 0.091 

45° C 0.000 0-000 0-000 0-000 

IV Instar 

35° C 2.489± 0.046 2.740 ± 0.105 3.422 ± 0.008 3.987 ± 0.099 

40° C 2.544 ± 0.008 2.940 ± 0.021 3.473  ±  0.023 4.092 ± 0.087 

45° C 0.000 0-000 0-000 0-000 

V Instar 

35° C 2.513 ± 0.02 2.767 ± 0.02 3.511 ±  0.021 4.060 ± 0.07 

40° C 2.558 ± 0.014 2.965 ± 0.02 3.566  ± 0.036 4.139 ± 0.01 

45° C 0.000 0-000 0-000 0-000 

 
Control 2.376 ± 0.017 2.475 ± 0.032 3.087 ± 0.177 3.480  ±  0.103 

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

Significance 0.00042 0.00014 0.41042 0.00072 

S.Em ± 0.015 0.032 0.074 0.058 

S.E d ± 0.021 0.045 0.105 0.082 

CD @5% 0.043 0.092 -- 0.169 

 

Note:* Significance 
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Table.3: Impact of heat shock treatments on survivability percentage of the silkworm strains. 

 
 

Larval 

Instars 
Temperature 

Silkworm strains 

PM (%) Daizo (%) NB4D2 (%) CSR2 (%) 

I Instar 

35° C 
58.33±11.26 

(49.88) 

40.00±8.94 

(39.13) 

32.00±7.32 

(34.33) 

40.00±8.94 

(39.13) 

40° C 
45.00±13.42 

(42.02) 

35.00±4.47 

(36.22) 

25.00±4.47 

(29.92)) 

30.67±8.07 

(33.46) 

45° C 00.00 00.00 00.00 00.00 

II 

Instar 

35° C 
70.00±8.94 

(56.98) 

53.33±13.66 

(46.99) 

40.00±8.94 

(39.13) 

50.00±8.94 

(44.98) 

40° C 
58.67±11.67 

(50.09) 

43.67±14.15 

(41.25) 

30.00±8.94 

(32.99) 

38.33±6.83 

(38.18) 

45° C 00.00 00.00 00.00 00.00 

III 

Instar 

35° C 
73.33±9.31 

(59.22) 

64.67±15.63 

(54.04) 

50.00±8.94 

(44.98) 

77.00±4.47 

(61.41) 

40° C 
65.67±18.79 

(54.89) 

56.67±13.66 

(48.91) 

43.33±13.66 

(41.05) 

50.33±8.96 

(45.17) 

45° C 00.00 00.00 00.00 00.00 

IV 

Instar 

35° C 
80.00±4.47 

(63.52) 

70.33±15.91 

(57.54) 

60.00±8.94 

(50.83) 

79.00±5.59 

(62.88) 

40° C 
70.67±9.85 

(57.46) 

60.00±13.42 

(50.95) 

51.67±9.31 

(45.94) 

58.33±13.66 

(49.98) 

45° C 00.00 00.00 00.00 00.00 

V 

Instar 

35° C 
87.00±7.32 

(69.68) 

80.00±11.83 

(64.14) 

75.00±8.94 

(60.29) 

82.67±2.25 

(65.41) 

40° C 
78.333±6.83 

(62.45) 

70.00±8.94 

(56.98) 

60.00±8.94 

(50.83) 

65.00±8.94 

(53.84) 

45° C 00.00 00.00 00.00 00.00 

  Control 
90.00±4.98 

(71.99) 

87.57±3.62 

(69.51) 

70.67±9.00 

(57.40) 

85.08±4.37 

(67.43) 

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

Significance 0.35478 0.1943 0.03966 0.00127 

S.Em ±   4.095 4.234 3.579 2.941 

S.E d ± 5.791 5.987 5.062 4.159 

CD @5% N/S N/S 10.388 8.534 

 

Note:* Significance,  () Angular value 
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Table.4: Impact of heat shock treatments on effective rate of rate of the silkworm strains. 

 

Larval 

Instars 
Temperature 

Silkworm strains 

PM (%) Daizo (%) NB4D2 (%) CSR2 (%) 

I Instar 

35° C 
84.33 ± 2.25            

(49.88) 

72.00  ± 3.58                                                  

( 39.13) 

46.67 ± 10.29 

(34.33) 

53.00 ± 13.18 

(39.13) 

40° C 
68.00 ± 4.10 

(42.02) 

62.67 ± 2.73 

(36.22) 

34.33 ± 7.28 

(29.91) 

40.67 ± 8.07 

(33.46) 

45° C 00.00 00.00 00.00 00.00 

II Instar 

35° C 
78.33 ± 4.03                                        

(56.98) 

74.33 ± 4.03 

(46.99) 

52.67  ± 12.69 

(39.13) 

60 ± 8.94 

(44.98) 

40° C 
75.00 ± 4.10  

(50.09) 

68.00 ± 4.47 

(41.25) 

40.00 ± 8.94 

(32.99) 

53.00 ± 9.67 

(38.18) 

45° C 00.00 00.00 00.00 00.00 

III 

Instar 

35° C 
81.67 ± 3.61         

(59.22) 

76.67 ± 2.25 

(54.04) 

58.33  ± 18.07 

(44.98) 

66.66 ± 13.67         

61.41) 

40° C 
80.67 ± 2.73 

(54.89) 

73.67 ± 3.61 

(48.91) 

45.00 ± 16.12 

(41.05) 

57.67 ± 7.81 

(45.17) 

45° C 00.00 00.00 00.00 00.00 

IV 

Instar 

35° C 
83.67 ± 2.25 

(63.52) 

78.35 ± 2.15 

(57.54) 

61.55  ± 15.24 

(50.83) 

73.33 ± 6.83 

(62,88) 

40° C 
78.67 ± 2.25 

(57.46) 

76.00 ± 

3.58(50.95) 

50.00 ± 13.42            

(45.94) 

68.33 ± 6.8 

(49.98) 

45° C 00.00 00.00 00.00 00.00 

V Instar 

35° C 
87.67 ± 3.14 

(69.68) 

81.67 ± 3.61 

(64.14) 

63.33  ± 6.83 

(60.29) 

74.00 ± 7.64 

(65.40) 

40° C 
80.67 ± 2.73 

(62.45) 

78.33 ± 4.03 

(56.98) 

60.00 ± 16.12 

(50.83) 

71.00 ± 0.31 

(53.84) 

45° C 00.00 00.00 00.00 00.00 

  Control 
89.00 ± 4.98                  

( 71.99) 

84.67 ± 2.73 

(69.51) 

67.00 ± 7.64 

(57.40) 

75.67 ± 5.39                 

(67.43) 

F-Value -- -- *°* *** 

Significance 0.3548 0.1943 0.03966 0.0013 

S.Em ± 4.095 4.234 3.579 2.941 

S.E d ± 5.791 5.987 5.062 4.159 

CD @5% N/S N/S 10.39 8.53 

 

Note:* Significance,  () Angular value 
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