





A CRITICAL STUDY ON ROLE AS WELL AS MANAGEMENT OF DIFFERENT CLIMATIC FACTORS AFFECTING THE GROWTH AND DEVELOPMENT OF SILKWORM DURING SILKWORM REARING IN WEST BENGAL



ABSTRACT
Silkworm is a major economic insect of India as well as in West Bengal which produces silk, considered as queen of textile fibre. Like any other insect the development and reproduction of silkworms are greatly influenced by a variety of nutritional and climatic factors. Major silk producing insect Bombyx mori is a domesticated and delicate insect. Improper maintenance of nutritional and climatic factors affects the genotypic expression in the form of phenotypic output of silkworm crop such as cocoon weight, shell weight, and cocoon shell ratio. But it is not easy to manage silkworm rearing in West Bengal due to prevalence of high temperature and high humidity most of the time during the silkworm rearing. These climatic factors also influence the various nutritional factors. As per example humidity in the rearing room may affect the types of leaf fed to silkworm larvae in different instars. The present study discusses in details about the role of various climatic factors on growth and development of silkworm consequently its effect on various nutritional factors. This study also indicates future strategies to be taken for the management various climatic factors for successful cocoon crop in West Bengal.
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1. INTRODUCTION
West Bengal is the major traditional silk producing state of India. Climate contributes 37 percent for the successful harvesting of cocoon crop [1]. Silkworm prefers 24°C- 28°C temperature and 70% - 90% humidity during their larval stages [2]. Early instar larvae require comparatively higher temperature (26°C-28°C) and higher humidity (80%-90%) and late instar silkworm larvae require comparatively less temperature (24°C-25°C) and less humidity (70%-75%). In case of early instar larva (1st, 2nd and 3rd instar) consumption of leaf is only 6% and ingestion percentage is also very less (25% ingestion in 1st instar, 40% ingestion in 2nd instar and 50% ingestion in 3rd instar). Due to less consumption and less ingestion percentage of leaf, enzymatic activity is also less during metabolic activity. Due to less metabolic activity generation of temp is less, so early instar silkworm can be reared in comparatively high temperature than late age silkworms. On the other hand, in case of late age silkworms due to more consumption of leaf (Approximately 14% leaf in 4th instar and 80% leaf in 5th instar) and due to more ingestion percentage, enzymatic activity is more which ultimately induces more generation of temperature so it is important to provide comparatively less temperature in late instar [4,5,6,7]. 
On the other hand early instar larva comparatively requires more moisture because 1st two stages are considered as water accumulation stages for silkworm larvae. Newly hatched larvae only having 72 percent water in its body ,it is essential to raise the water content of the body upto eighty percent within first two instars because whatever water accumulated by silkworm larvae in first two instars, its major portion will be released by silkworm larvae in late instars and  more important thing is that whatever water released by silkworm larvae particularly during the end of Vth instar and initiation of spinning, fifty percent of it utilized for silk spinning [8]. So in late instar silkworm starts to release water. It was estimated that 20000 silkworms (50 DFLs) released 46 litre water in last three days of mounting. So any type of barrier in releasing of water may seriously affect the spinning of silkworm larvae. Besides that in late instar due to more accumulation and ingestion of leaves and due to more discharge of excreta and feacal matter humidity in the rearing bed is increased.  So it is important to maintain comparatively less humidity in late stage than early stage.  
The effect of the air current upon the physiology of silkworm is remarkable in the condition of high temperature and humidity particularly during spinning. Air current has also a great effect on reelability of cocoon. Maintenance of ideal ventilation in the mounting hall can improve reelability percentage in spite of high temperature and high humidity. In case of late age rearing there are always possibilities of generating more temperature in the silkworm body due to higher metabolic rate and generating of more CO2 due to respiration process. So in case of late age rearing proper ventilation is must to lower the silkworm body temperature. 
In West Bengal rearing season is divided mainly in two parts i.e. dry summer and wet summer. November to April comes under dry summer (except a very brief period of winter) where temperature is higher than optimum and humidity is lower than optimum. May to October comes under wet summer where temperature and humidity both are higher than environment [9,10]. It is very difficult to rear silkworm larvae due to prevailing of both high temperature and high humidity in West Bengal during wet summer so this is usually considered as unfavourable season for silkworm rearing in West Bengal. Generally, if humidity is increased by 4 %, temperature is decreased by 1degree centigrade but in West Bengal during wet summer both high temperature and high humidity are prevailing which is completely adverse for silkworm rearing. Besides that, due to high rainfall, fluctuation of temperature is also happening during this time which is also harmful for silkworm rearing. But in contrast, due to sufficient rainfall luxuriant growth of mulberry leaves is found during wet summer in west Bengal. Even in dry summer humidity sometimes may become too lower than optimum, it also affects silkworm rearing by reducing the moisture of mulberry leaves and makes it unfit for silkworm rearing. As already discussed, Silkworm larvae requires 24to28-degree centigrade temperature and 70-90 percent humidity during its rearing period. But in West Bengal during April, June-July and August-September crop average temperature is above 30 degree centigrade and sometimes to goes even near to 40 degree centigrade. On the other hand in November, February and April Crop average humidity is below 70%.  Hence it was essential to Study the role as well as management of different climatic factors affecting the growth and development of silkworm during silkworm rearing in West Bengal 








2. MATERIALS AND METHODS
The present investigation was carried out during 2019-2021 at different crops at the Dept. of Sericulture, Krishnath College, Berhampore (latitude 24°50΄N and longitude 88°13΄E), Murshidabad, West Bengal, India with the aim to Study the role as well as management of different climatic factors affecting the growth and development of silkworm during silkworm rearing in West Bengal. 
2.1 Meteorological Condition: Data collected during the years 2019-2021. Each crop data has been collected on the basis of an average of 25 days (span of silkworm rearing) 
List 1 : 2.1	Meteorological Condition during the years 2019-2021
	Season
	Avg.Temperature (°C)
	Avg. Humidity
(%)
	Avg. Rainfall
(mm)

	November
	23.9
	69.8
	23.26

	February
	23
	62.37
	6

	April
	30.7
	63.25
	42.1

	June-July
	30.4
	79.12
	259.1

	August-September
	29.1
	81.57
	306.3



2.2 Experimental race:
· Nistari× (Sk6×Sk7)
2.3 Rearing Procedure:
 This race which was used as experimental material were reared by feeding S1635 mulberry leaves maintained under irrigated condition. Four feeding schedules (6 a.m., 11 a.m., 4 p.m. and 9 p.m.) was followed in a day (dry summer) and two feeding schedule is followed in wet summer (8am & 8 pm). 
2.4 Experimental Design: - Here silkworm larvae were divided into two groups and each group was having three replicates for each replicate 300 larvae were maintained by giving following condition. (Two separate rearing room is taken for two different treatments.
Treatment-I
Silkworm larvae were reared in natural condition
Treatment II
Silkworm larvae were reared by adopting some low cost methods in combined in a separate rearing room. Among low cost methods Box rearing in chawki stage, using of sand bed in the rearing room and moistened periodically by water, using of wet foam pad and paraffin paper upto 4 th instar and wrap up method of rearing during chawki stages, Hanging of wet gunny cloth and adaptation of shoot rearing (Dry Summer), application of lime, adapting of double feeding method instead of four feeding/day (Wet Summer).
After completion of the rearing and mounting operation the cocoons were harvested on sixth day and the parameters such as larval duration, larval weight, effective  rate of rearing, single cocoon weight, single shell weight, shall ratio , melting percentage and cocoon yield were recorded, subsequently the cocoons were subjected to reeling operation and the following parameters like average filament length, non-breakable filament length, denier, renditta, reelability percentage and  raw silk recovery percentage  were recorded. 
Besides that Moisture retention capacity of mulberry leaves in both the treatments are calculated   after 6 hours was calculated by using the formula,
MRC= (Wt. of leaves after 6 hour-leaf dry weight) ×100 / (Leaf fresh weight- Leaf dry weight)
Following standard formulae are used to calculate various  parameters. 

1. × 100 

2.  

3.  × 9000

4. × 100

5. × 100

6. Renditta =  
	                       Number of melted cocoons ×100
   7. Melting %=		
                                        Total no of Cocoons
  8.  Effective Rate of Rearing (ERR) =    
                               Total number of cocoon harvested ×10000 

                        Total number of larvae brushed or counted after IIIrd moult 




TABLES
Table 1. Performance of Treatment-I and Treatment-II on reeling character in Dry Summer (Average of November, February and April Crop)
	Treatment
	Average Filament Length (m)
	Non Breakable Filament Length (m)
	Denier
	Renditta (Kg.)
	Raw Silk Recovery Percentage
	Reelability Percentage

	I
	653.94
	545.09
	2.043
	9.178
	67.225
	75.751

	            II
	746.248
	622.08
	2.1
	8.402
	67.859
	76.338

	CV%
	0.8284
	0.8650
	0.9652
	0.4034
	0.0798
	0.0786

	SE±
	1.8688
	0.0078
	0.0011
	0.0134
	0.01349
	0.029

	CD at 5%
	4.7273
	4.1917
	0.0186
	0.0338
	0.0469
	0.0643

	Significance level
	**
	**
	**
	**
	**
	**


** Significant                                                                       
Table 2. Performance of Treatment-I and Treatment-II on reeling character in Dry Summer (Average of November, February and April Crop)
	Treatment
	10full grown larval weight (gm)
	Larval duration (hrs in Vth instar)
	E.R.R by number
(10000 larvae)
	Single cocoon Wt (gm.)
	Single Shell Weight (gm.)
	SR%
	Yield (kg./100DFLs)
	Melting%

	  Treatment-I
	46.899
	138.4
	8063.6
	1.422
	0.2916
	17.984
	47.609
	5.24

	   Treatment-II
	49.969
	140
	8212.5
	1.52
	0.4219
	19.18
	50.944
	4.885

	CV%
	0.1180
	1.6856
	0.0851
	1.5678
	1.0912
	0.2444
	0.4952
	0.0924

	SE±
	1.1806
	1.4027
	0.0062
	0.025
	0.045
	0.0277
	0.0208
	0.7615

	CD at 5%
	0.0468
	1.9954
	6.0363
	0.0232
	0.0022
	0.0371
	0.0274
	0.0369

	Significance level
	**
	**
	**
	**
	**
	**
	**
	**


* Significant                                                     
Table-3: Moisture retention capacity of mulberry leaf after 6 hours
	Treatment
	Moisture Retention Capacity of mulberry leaf after six hours 

	Tr-1
	Tender leaf-78.44%, Medium leaf-75.52%, Mature leaf-73.18%

	Tr-2
	Tender leaf-80.25%, Medium leaf-77.92%, Mature leaf-74.09%


Table 4. Performance of Treatment-I and Treatment-II on reeling character in Wet Summer (Average of June-July and August-September Crop)
	Treatment
	Average Filament Length (m)
	Non Breakable Filament Length (m)
	Denier
	Renditta (Kg.)
	Raw Silk Recovery Percentage
	Reelability Percentage

	I
	542.94
	427.09
	1.99
	10.25
	60.23
	68.35

	            II
	578.44
	564.25
	     1.97
	9.98
	61.25
	70.23

	CV%
	0.7260
	0.7750
	0.6612
	0.3045
	0.07635
	0.0596

	SE±
	1.4788
	0.0059
	0.001
	0.0114
	0.0130
	0.021

	CD at 5%
	4.5173
	4.0927
	0.0146
	0.0308
	0.0418
	0.0433

	Significance level
	**
	**
	**
	**
	**
	**


** Significant                                                                       
Table 5. Performance of Treatment-I and Treatment-II on reeling character in Wet Summer (Average of June-July and August-September Crop)
	Treatment
	10full grown larval weight (gm)
	Larval duration (hrs in Vth instar)
	E.R.R by number
(10000 larvae)
	Single cocoon Wt (gm.)
	Single Shell Weight (gm.)
	SR%
	Yield (kg./100DFLs)
	Melting%

	Treatment-I
	38.099
	138.4
	7085.6
	1.042
	0.1918
	13.684
	39.076
	5.164

	Treatment-II
	39.046
	140
	7242.5
	1.02
	0.1938
	14.18
	41.379
	4.785

	CV%
	0.104
	1.3846
	0.0741
	1.4668
	1.0906
	0.2364
	0.3862
	0.0814

	SE±
	1.0809
	1.3026
	0.004
	0.015
	0.034
	0.0206
	0.0184
	0.6605

	CD at 5%
	0.0428
	1.7944
	5.021
	0.0220
	0.0021
	0.0331
	0.0204
	0.0279

	Significance level
	**
	**
	**
	**
	**
	**
	**
	**


* Significant                                                       
Table-6: Moisture retention capacity of mulberry leaf after 6 hours
	Treatment
	Moisture Retention Capacity of mulberry leaf after six hours 

	Tr-1
	Tender leaf-82.13%, Medium leaf-77.42%, Mature leaf-75.09%

	Tr-2
	Tender leaf-82.05%, Medium leaf-77.65%, Mature leaf-75.08%


 
3. RESULTS AND DISCUSSION
3.1 Performance of Treatment-I and Treatment-II on various commercial character in Dry Summer (Average of November, February and April Crop) (Table-1-3)
Treatment II showed best performance in terms of average filament length (746.248 meter), non-breakable filament length (622.08 meter), denier (2.1), renditta (8.402kg), raw silk recovery percentage (67.859%) and reelability percentage (76.338%) respectively [Table-I].
Cocoon yield (50.944 kg/100DFLs), single cocoon weight (1.52 gm), single shell weight (0.4219 gm), SR% (19.18%) and larval weight (49.969 gm for 10 larvae) were also higher in case of Treatment II batch. Effective Rate of Rearing of Treatment II (8212.5) was higher than Treatment I batch (8063.6). Larval duration in Vth instar is comparatively lower in Treatment I batch (138.4 hours) as compared to Treatment II batch (140 hours) [Table-2]. 
Treatment I during dry summer showed comparatively inferior results than Treatment II   in terms of average filament length (653.94 meter), non breakable filament length (545.09 meter), denier (2.043), renditta (9.178kg), raw silk recovery percentage (67.225%) and reelability percentage (75.751%) respectively [Table-1].
Cocoon yield (47.609 kg/100DFLs), single cocoon weight (1.422 gm), single shell weight (0.2916 gm), SR% (17.984%) and larval weight (46.899 gm for 10 larvae) were also less in Treatment I than Treatment II batch. Effective Rate of Rearing of Treatment I (8063.6) was comparatively lower than Treatment II batch (8212.5) [Table-2].  
During dry summer moisture retention capacity of mulberry leaf is an important parameter. Present experiment has showed that moisture retention capacity of different maturity level of mulberry leaves showed better performance in treatment II where various efforts are done to reduce temperature in the rearing room as well as in rearing bed (Table-3).
In dry summer particularly in April crop, high temperature creates problems particularly in late instars. Besides that, low humidity also creates problems particularly in early instars throughout dry summer[3]. So, the main challenges in the rearing of April crop are to maintain optimum temperature and humidity in the rearing room. Present experiment has showed that in treatment –II where various convenient measures are taken help to increase humidity in the rearing bed as well as helps to maintain moisture in the rearing bed. The role of following convenient measures to higher the humidity in the rearing room are as follows:   
Advocating of Box rearing method during chawki rearing         
This method is practiced when humidity is lower than optimum. During the eating period trays are arranged one above the other upto a convenient height on a chawki rearing stand like a box. Arranging of the trays in this method can increase the humidity of the rearing bed. Thirty minutes before the feeding and during the moulting period paraffin paper cover and old newspapers are removed and the trays are arranged in a Kris cross pattern for allowing the rearing bed to dry. This method is ideal for chawki rearing centers as minimum space is required for large rearing.  
Using of wet foam pad along with paraffin paper even upto fourth instar and using of wrap up method of rearing during chawki stages.
Using of wet foam pads and paraffin paper help to increase humidity in the rearing bed. In this experiment in chawki stages an alternate method of rearing without using foam pad is advocated which is named as wrap up method of rearing. Here all the four sides of the rearing bed are folded with a paraffin paper. This method is done only in first two instars because chawki worms can resist bad ventilation. In case of early instar larva (1st, 2nd and 3rd instar) consumption of leaf is only 6% and ingestion percentage is also very less (25% ingestion in 1st instar, 40% ingestion in 2nd instar and 50% ingestion in 3rd instar). Due to less consumption and less ingestion percentage of leaf, enzymatic activity is also less during metabolic activity. Due to less metabolic activity generation of Carbon di oxide and temp is less, so early instar silkworm can be reared in comparatively high temperature and less ventilated condition than late age silkworms [11,12,13,14]. On the other hand early instar larva comparatively requires more moisture because 1st two stages are considered as water accumulation stage and during late instar silkworm starts to release water [8]. By adopting wrap up method of rearing humidity range is increased by 20%-30%.
Advocating of various methods to reduce temperature during late age rearing 
 In case of late age silkworms due to more consumption of leaf (Approximately 14% leaf in 4th instar and 80% leaf in 5th instar) and due to more ingestion percentage, enzymatic activity is more which ultimately induces more generation of temperature so it is important to provide comparatively less temperature in late instar. So various methods can be advocated to reduce temperature in the rearing room like Sand bed is prepared in the rearing house and moistened periodically by water, Fixing of wet gunny cloth in the windows of the rearing room and moistened periodically by water, using of wet foam pad along with paraffin paper even upto fourth instar and hanging of wet gunny cloth in front of rearing racks. These methods usually increase the humidity in the rearing bed. But it is estimated that increasing of 4% relative humidity can decrease 1°C of temperature. Though late instars are susceptible to high humidity but in dry summer increase in humidity in late instars may helpful in silkworm rearing and the only way to reduce temperature in the rearing room [11,12,13,14].
Advocating of Shoot rearing method 
Shoot feeding is always beneficial than individual leaf feeding particularly in latter stage. In case of individual leaf feeding, particularly in latter stages when silkworms become much bigger try to crawl on individual leaves for feeding and leaves virtually go lower side due to pressure of silkworm and silkworm cannot fully utilize the leaves. It has also been observed that feeding silkworm with shoot in late stage has many advantages. It can save labour, time, leaf, number of bed cleaning and rearing space in late stage. It was suggested that a total of 27-man days can be saved for 100 DFLs rearing and approximately 54.86% cost on cocoon production can be reduced by adopting shoot feeding method [15]. In case of shoot feeding silkworm larvae crawl on shoot one above another and in this way they can get rid from diseased larvae, litter, waste leaves etc. In this way shoot rearing also helps to maintain hygienic condition in the rearing bed. So it is important to adopt shoot rearing technique at farmers level in West Bengal. For proper conducting of shoot rearing it is important to adopt three tiers system of shoot rearing at farmers’ level. Chattopadhyay et al. [16] suggested that proper concept of shoot rearing is completely absent at farmers level in the three traditional districts.


3.2 Performance of Treatment-I and Treatment-II on commercial character in wet Summer (Average of June-July and August-September crop) (Table 4-6)
Treatment II showed best performance in terms of average filament length (542.94 meter), non-breakable filament length (427.09 meter), denier (1.99), renditta (10.25kg), raw silk recovery percentage (60.23%) and reelability percentage (68.35%) respectively [Table-4].
Cocoon yield (41.379 kg/100DFLs), single cocoon weight (1.02 gm), single shell weight (0.1938 gm), SR% (14.18%) and larval weight (38.099 gm for 10 larvae) were also higher in case of Treatment II batch. Effective Rate of Rearing of Treatment II (7242.5) was higher than Treatment I batch (7085.6). Larval duration in Vth instar is comparatively lower in Treatment I batch (138.4 hours) as compared to Treatment II batch (140 hours) [Table-4]. 
Treatment I during wet summer showed comparatively inferior results than Treatment II   in terms of average filament length (542.94 meter), non breakable filament length (427.09 meter), denier (1.99), renditta (10.25kg), raw silk recovery percentage (60.23%) and reelability percentage (68.35%) respectively [Table-5].
Cocoon yield (39.076 kg/100DFLs), single cocoon weight (1.042 gm), single shell weight (0.1918 gm), SR% (13.684%) and larval weight (38.099 gm for 10 larvae) were also less in Treatment I than Treatment II batch. Effective Rate of Rearing of Treatment I (7085.6) was comparatively lower than Treatment II batch (8212.5) [Table-5].  
In wet summer moisture retention capacity of mulberry leaf is not an issue. Present experiment has showed that moisture retention capacity of different maturity level of mulberry leaves in both the treatments are almost same (Table-6).
 Present investigation indicates that treatment II where silkworm larvae feeds with 2 feeding/ day provides better result than treatment I where silkworm traditionally feeds with four feeds/day in wet summer. The main reason is that during wet summer in West Bengal comparatively higher humidity is available. Chances of drying of leaves are minimum. So two feeding/day becomes sufficient. It also helps to make rearing tray hygienic. Generation of waste material during latter stages can also be easily handled due to a smaller number of feedings. Besides that, due to less entry of persons in the rearing room, chances of contamination also become less. Double feeding is highly economic interms of management of labour and other rearing operations. It also helps to reduce the cost of rearing operations.  It is estimated that almost 50 % curtle in labour is possible through double feeding. This observation is similar to observation laid by previous investigation, according to that investigation, except larval duration not even a single character varies significantly when silkworm larvae are fed with two feedings instead of four feedings in wet summer [17].  Previous investigation proves that it is very difficult to rear silkworm larvae due to prevailing of both high temperature and high humidity in West Bengal during wet summer so this is usually considered as unfavourable season for silkworm rearing in West Bengal [4,5,6,7,11,12,18]. Generally if humidity is increased by 4 %, temperature is decreased by 1degree centigrade but in West Bengal during wet summer both high temperature and high humidity are prevailing which is completely adverse for silkworm rearing. Previous investigations indicated that during late instars silkworms started to release water and 50% of released water used in solidification of silk [19,20,21]. According to previous investigations 4th and 5th instar of silkworm larvae considered as stage of water releasing where during spinning a great amount of water is discharged [8,11,12]. Amount of water released during 3 days before the end of silk spinning is 46liter by 20,000 larvae (7.8 liter for urination, 4.5 liter in the form of fecal matter, 10.7 litre through respiration and 23 liter for silk solidification) [8,11,12] so in wet summer where humidity is usually higher in the rearing room, it always creates problems for silkworm larvae to release water from its body. In this context it is essential to maintain comparatively less humidity in the rearing bed as well as in the rearing room. Advocating of double feeding method, application of lime frequently can reduce the excess moisture from the rearing bed as well as rearing room. Proper aeration during late age rearing may remove excess moisture from the rearing bed. High temperature, high humidity, high rainfall, fluctuation of temperature are all in wet summer which are all harmful for silkworm rearing. But in contrast, due to sufficient rainfall luxuriant growth of mulberry leaves is found during wet summer in west Bengal.  So proper management of climatic factor along with feeding technique should be followed to curtail extreme climatic condition upto some extent during wet summer and help the farmers to ensure proper harvest. Above study also indicates that  November is the best season for crossbreed rearing in West Bengal due to prevailing of comparatively lower temperature in the environment but for crossbreed rearing in November, it is important to prepare seed crop of its bivoltine component in September, but due to climatic disadvantages it is not possible to rear bivoltine seed crop in September in most part of West Bengal, it is the major disadvantages of sericulture in West Bengal [4,5,6.22,23,24]. So, it is important to develop bivoltine seed zone in West Bengal to ensure supply of bivoltine seed cocoon throughout the year.


4. CONCLUSION
It can be concluded that rearing season in West Bengal is broadly divided in five crops i.e November Crop, February Crop, April Crop, June-July Crop and August-September Crop. Rearing of silkworm is comparatively easier in dry summer comprising November, February and April crop because prevailing of low humidity is only problem in those crops and which can be managed by increasing humidity in the rearing bed as well as in the rearing room. Bur rearing of silkworm is difficult in wet summer comprising June- July Crop and August-September Crop because prevailing of both high temperature and high humidity along with fluctuation of temperature due to high rainfall create huge problems in silkworm rearing. It is further concluded that by considering all the requirements of silkworm larvae November is the best season for crossbreed rearing in West Bengal due to prevailing of comparatively lower temperature in the environment but for crossbreed rearing in November, it is important to prepare seed crop of its bivoltine component in September, but due to climatic disadvantages it is not possible to rear bivoltine seed crop in September in most part of West Bengal, it is the major disadvantages of sericulture in West Bengal So, it is important to develop bivoltine seed zone in West Bengal to ensure supply of bivoltine seed cocoon throughout the year.
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