


Impact of pesticide treated mulberry leaves on cocoon traits of silkworm hybrid FC2
Abstract
	A bioassay was conducted to evaluate the effects of feeding pesticide-treated mulberry leaves on cocoon parameters of silkworm hybrid FC2 during the year 2022-23 at the College of Agriculture, Chamarajanagara. Five pesticides which are used for mulberry pest management were applied at recommended label doses and silkworms were fed with treated leaves at 5, 10, 15 and 20 days after spraying (DAS) to assess residual effect. Among the treatments, Azadirachtin 1% (2 mL/L) and Chlorfenapyr 10 SC (1.5 mL/L) significantly reduced cocoon yield, cocoon shell weight and shell ratio particularly at 5 and 10 DAS. In contrast, the botanical pesticide Orgomite (2.5 mL/L) consistently recorded the highest values for cocoon yield, shell weight and shell ratio indicating minimal adverse effects. Wettable Sulphur 80 WP (2 g/L) and Era Safeguard (2.5 mL/L) had moderate impacts with partial reductions in cocoon parameters. Differences among treatments diminished by 15 and 20 DAS suggesting reduced toxicity over time. Overall, Orgomite was identified as the safest treatment with favorable cocoon traits, while Chlorfenapyr 10 SC required a longer safety interval to minimize its negative effects. The study highlights the importance of considering pesticide residue effects and waiting periods in sericulture to ensure optimal cocoon quality.
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Introduction
Silkworm cultivation is a vital component of the silk industry, especially in sericulture-dominant countries such as India, China and Japan, where it provides livelihood support to numerous rural families. The success of silkworm rearing largely depends on the nutritional quality of mulberry leaves, which are the exclusive diet of the domesticated silkworm, Bombyx mori L (Das and Sikdar, 1970). However, mulberry crops are frequently attacked by a variety of insect pests, necessitating the application of insecticides to protect leaf yield and maintain plant health. Although pesticides are effective in pest control, they often leave residues on the foliage, which may adversely affect the silkworm health and silk production when consumed (Bizhannia et al., 2007). Pesticides applied for mulberry pest control may affect the larval duration of silkworms, as elevated residue levels in the early days post-application can interfere with their normal physiological functions (Sindhu et al., 2025). When silkworms feed on insecticide-contaminated mulberry leaves, their physiological functions may be significantly impaired. Due to their delicate structure and single-food habit, silkworms are highly vulnerable to even trace amounts of chemical residues. These residues may interfere with digestion, disrupt hormonal regulation and ultimately affecting silk gland function which in turn impacts cocoon formation.
Key cocoon characteristics such as total cocoon weight, shell weight and shell percentage are essential economic traits in sericulture. These parameters determine the quantity and quality of silk that can be extracted. Any negative influence on them reduces overall silk productivity and financial returns. Several research findings have highlighted the toxic effects of different classes of insecticides such as organophosphates, pyrethroids, neonicotinoids and microbial agents which exhibit varying levels of toxicity and environmental persistence. Each type of insecticide may have a distinct mechanism of action that can adversely affect silkworm physiology and development (Fajfer et al. 2022). The severity of pesticide impact on silkworms is influenced by factors such as the type of chemical used, time and method of pesticide application (Jyoti et al., 2013). Leaves collected soon after pesticide application often retain high levels of residues, thereby increasing the risk of toxic exposure. Therefore, there is a pressing need to determine safe harvesting intervals and to encourage the adoption of integrated pest management (IPM) approaches that reduce dependency on chemical pesticides.
In this context, the current investigation was conducted to analyse the influence of frequently used insecticides on the cocoon characteristics of bivoltine silkworm hybrid FC2. The study involved feeding silkworms with mulberry leaves treated with pesticides at different post-application intervals. The aim was to evaluate changes in economically important cocoon traits and to emphasize the importance of pesticide residue regulation in sustainable and profitable sericulture practices.
Material and Methods
The study was conducted during the month of January 2023 at the silkworm rearing room, College of Agriculture, Chamarajanagara, in a well-established V-1 mulberry garden. The objective was to evaluate the impact of feeding silkworms with insecticide treated mulberry leaves on cocoon characteristics of bivoltine silkworm hybrid FC2. The silkworm eggs were procured from National Silkworm Seed Organization (NSSO), Central Silk Board, Bengalore. Black boxing was carried out for 48 hours at the pinhead stage, followed by exposure to diffused light to ensure maximum and uniform hatching. Post-hatching, the larvae were transferred from the egg sheets to paraffin-lined rearing trays and fed with tender, finely chopped V-1 mulberry leaves until the end of the fourth instar. After 30 minutes of initial feeding in the fourth instar, 50 larvae were carefully shifted to trays designated for each treatment and the rearing was conducted according to the standard rearing protocols prescribed by Dandin and Giridhar (2014). During the fifth instar, the experimental groups were provided with leaves treated with different insecticides: Chlorfenapyr 10 SC (1.5 mL/L), Wettable Sulphur 80 WP (2 g/L), Orgomite (2.5 mL/L), Era Safeguard (2.5 mL/L) and Azadirachtin 1% (2 mL/L). These treatments were applied at 5, 10, 15 and 20 days after spraying (DAS) to study the residual toxicity over time and following cocoon parameters are recorded. 
Cocoon Yield by Weight (kg per 10,000 Larvae):
The mean weight of the cocoons harvested in grams in each treatment, replication wise was recorded and converted to cocoon yield by weight in kilograms per 10,000 larvae.
Cocoon Shell Weight (g):
After removing the pupae and larval exuvia (final larval skin) from the cocoon, the shell was weighed, and the mean cocoon shell weight was recorded.
Cocoon shell ratio (%):
The cocoon shell ratio is calculated by dividing the weight of the cocoon shell (g) by the total weight of the cocoon (g) and multiplying by 100.
Results and Discussion
Cocoon yield by weight (Kg per 10000 larvae)
At 5 days after spraying, all insecticide treatments significantly reduced cocoon yield (by weight) compared to both the water spray and untreated control groups. However, by 10 days after spraying (DAS), silkworms fed on Orgomite-treated leaves recorded the highest cocoon yield, averaging 16.50 kg per 10,000 larvae. In comparison, the treatments with Chlorfenapyr 10 SC, Era Safeguard, and Wettable Sulphur 80 WP resulted in yields of 14.16, 14.25 and 16.30 kg per 10,000 larvae, respectively. By 15 and 20 DAS, differences in cocoon yield across all treatments were statistically non-significant, suggesting a decline in insecticide residue toxicity over time. The insecticidal treatments with Chlorfenapyr, Wettable Sulphur, Era Safeguard and Azadirachtin exhibited a negative impact on cocoon yield during the early days after spraying (5 and 10 DAS), likely due to residual toxicity. This residual effect may have adversely affected the health and metabolic activities of silkworms, thereby hindering silk protein synthesis and leading to reduced cocoon weight. In contrast, treatments involving Orgomite, water spray and the untreated control showed a favorable influence on cocoon yield, which may be attributed to the beneficial or non-toxic nature of Orgomite and the absence of chemical stress in control and water treated groups (Table 1).
Vasanth et al. (2025) observed a significant decline in cocoon weight, indicating the detrimental effects of chlorfenapyr on silkworm development and overall silk productivity. Similarly, Jiequn et al. (2019) found that “feeding silkworms with mulberry leaves treated with Chlorfenapyr (8% ME) on the 15th and 30th days after spraying resulted in cocoon weights of 2.01 g and 2.05 g, respectively”. In another study, Narayanaswamy et al. (2017) reported “a notable reduction in cocoon weight when silkworms were fed NSKE-treated leaves on days 16th, 17th, 18th and 19th post-spray, recording values of 1.80 g, 1.84 g, 1.87 g, and 1.91 g, respectively”.  Yeshika et al. (2020) highlighted the negative influence of pesticide residues on the economic traits of silkworms, noting that the untreated control group exhibited the highest single cocoon comparable to those observed in treatments with dichlorvos 76 EC, dinotefuran 20 SG, and pymetrozine 50 WG. Furthermore, Wang et al. (2023) demonstrated that even low concentrations of indoxacarb caused severe damage to the midgut epithelial structure, impaired digestion, and significantly reduced cocoon weights, posing a substantial risk to safe silkworm rearing. Additionally, Kariappa and Narasimhanna (1978) reported that following a safe waiting period, the use of dimethoate-treated mulberry leaves led to improved larval and cocoon weights when compared to the pest-infected control group.
Cocoon shell weight
	At 5 and 10 days after spraying (DAS), the lowest cocoon shell weight was observed in batches of cocoons obtained from silkworms fed on Chlorfenapyr 10% SC, followed by Era Safeguard and Wettable Sulphur 80 WP. In contrast, the highest shell weight was recorded in the control group, followed by water spray and Orgomite. By 15 and 20 DAS, differences in cocoon shell weight across treatments were statistically non-significant. The reduced shell weight observed in treatments involving Chlorfenapyr, Era Safeguard, Azadirachtin and Wettable Sulphur can be attributed to residual toxicity, which likely affected silkworm growth and silk gland function, cocoon formation and overall cocoon weight, thereby resulting in decreased shell weight (Table 2).
	The present results are consistent with the findings of Narayanaswamy et al. (2017), who reported that silkworms fed with NSKE-treated mulberry leaves on the 16th, 17th, 18th and 19th  days after spraying exhibited significantly lower cocoon shell weights of 0.30 g, 0.32 g, 0.33 g, and 0.35 g, respectively. Vasanth et al., (2025) reported a marked reduction in cocoon shell weight, highlighting the adverse impact of chlorfenapyr on the growth and silk-producing ability of silkworms. Similarly, Bandyopadhyay et al. (2013) observed that “the residual toxicity of various pesticides including neem-based formulations (Azadirachtin 1500 ppm), Acephate 75% SP, Dichlorvos 76% EC, and Monocrotophos 36% SL persisted for up to 14 days, leading to declines in larval weight, effective rate of rearing (ERR), cocoon weight, shell weight, filament length, and denier”. Furthermore, Yeshika et al. (2020) reported that residues from novel insecticidal formulations in mulberry leaves adversely affected cocoon quality traits. Among the treatments tested, the untreated control group recorded the highest single cocoon weight and shell weight, outperforming those treated with Dichlorvos 76 EC, Dinotefuran 20 SG, and Pymetrozine 50 WG.
Cocoon shell ratio 
At 5 and 10 days after spraying (DAS), the lowest cocoon shell ratio was observed in Chlorfenapyr 10% SC, followed by Era Safeguard and Wettable Sulphur 80 WP. In contrast, the highest shell ratio was recorded in the control, followed by water spray and Orgomite. However, by 15 and 20 DAS, the differences in shell ratio among the treatments were not statistically significant (Table 3). 
[bookmark: _GoBack]The present results align with previous studies indicating that certain plant protection products negatively influence cocoon shell quality in silkworms. Narayanaswamy et al. (2017) observed “a significant decline in shell ratio when silkworms were fed with leaves treated with neem seed kernel extract (NSKE) at various intervals post-application (16th to 19th day), recording shell ratios of 16.62%, 17.28%, 17.66%, and 18.14%, respectively”. Similarly, Jiequn et al. (2019) found that “silkworms fed with Chlorfenapyr (8% ME)-treated mulberry leaves at 15 and 30 days after spraying exhibited reduced cocoon shell ratios of 19.06% and 18.09%”. In an earlier study, Bhagyalakshmi et al. (1995) reported that exposure to Hexachlorocyclohexane (HCH) led to a marked decrease in both cocoon weight and shell ratio, further confirming the adverse effects of pesticide residues on silkworm development. Fajfer et al. (2022) reported that the plant protection product Biosept Active Spray (grapefruit extract) adversely affected the cocoon shell quality of silkworms.
Conclusion 
The findings clearly demonstrate that several commonly used insecticides, including Chlorfenapyr, Era Safeguard, Wettable Sulphur and Azadirachtin exert detrimental effects on key economic traits of silkworms such as cocoon yield, shell weight and shell ratio particularly during the early days (5 to 10 DAS) following application. In contrast, Orgomite, water spray and untreated control treatments showed more favorable outcomes. These results emphasize the need for careful selection and appropriate waiting periods when using plant protection products in sericulture to minimize their adverse impacts on silkworm growth and silk productivity.
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Table 1: Effect of feeding the insecticide treated mulberry leaves on cocoon yield by weight
	Treatment details
	Cocoon yield by weight (kg/10,000 larvae)

	
	5 DAS
	10 DAS
	15 DAS
	20 DAS

	T1: Chlorfenapyr 10 % SC @ 1.5 mL/L
	4.51
	14.16
	16.44
	18.10

	T2: Wettable Sulphur 80 WP @ 2 g/l
	12.05
	16.30
	16.81
	18.20

	T3: Orgomite @ 2.5 mL/L
	14.23
	16.50
	17.04
	18.26

	T4: Era Safeguard @ 2.5 mL/L
	5.60
	14.25
	16.52
	18.15

	T5: Azadirachtin 1 % @ 2 mL/L
	0.00
	0.00
	16.77
	18.18

	T6: Water spray
	18.27
	18.25
	18.22
	18.29

	T7: Untreated control
	18.34
	1.34
	18.34
	18.34

	F-test
	**
	**
	NS
	NS

	S.Em±
	0.40
	0.29
	0.56
	0.47

	CD @ 5 %
	1.18
	0.86
	-
	-


*Significant at 5 %; ** Significant at 1 %; DAS - Days after spraying.














Table 2: Effect of feeding the insecticide treated mulberry leaves on cocoon shell weight
	Treatment details
	Cocoon shell weight (g)

	
	5 DAS
	10 DAS
	15 DAS
	20 DAS

	T1: Chlorfenapyr 10 % SC @ 1.5 mL/L
	0.240
	0.261
	0.269
	0.283

	T2: Wettable Sulphur 80 WP @ 2 g/l
	0.252
	0.270
	0.278
	0.295

	T3: Orgomite @ 2.5 mL/L
	0.269
	0.278
	0.289
	0.302

	T4: Era Safeguard @ 2.5 mL/L
	0.244
	0.266
	0.271
	0.287

	T5: Azadirachtin 1 % @ 2 mL/L
	-
	-
	0.274
	0.293

	T6: Water spray
	0.298
	0.306
	0.304
	0.308

	T7: Untreated control
	0.310
	0.310
	0.310
	0.310

	F-test
	**
	**
	NS
	NS

	S.Em±
	0.006
	0.004
	0.011
	0.007

	CD @ 5 %
	0.017
	0.012
	-
	-


*Significant at 5 %; ** Significant at 1 %; NS- Non significant; DAS - Days after spraying.













Table 3: Effect of feeding the insecticide treated mulberry leaves on cocoon shell ratio
	Treatment details
	Cocoon shell ratio (%)

	
	5 DAS
	10 DAS
	15 DAS
	20 DAS

	T1: Chlorfenapyr 10 % SC @ 1.5 mL/L
	18.02
	18.76
	19.85
	21.63

	T2: Wettable Sulphur 80 WP @ 2 g/l
	19.54
	20.83
	20.91
	21.91

	T3: Orgomite @ 2.5 mL/L
	19.85
	20.99
	20.95
	22.03

	T4: Era Safeguard @ 2.5 mL/L
	18.066
	19.15
	20.09
	21.76

	T5: Azadirachtin 1 % @ 2 mL/L
	-
	-
	20.80
	21.81

	T6: Water spray
	21.98
	21.99
	21.94
	22.19

	T7: Untreated control
	22.22
	22.22
	22.22
	22.22

	F-test
	**
	**
	NS
	NS

	S.Em±
	0.57
	0.49
	0.75
	0.45

	CD @ 5 %
	1.69
	1.45
	-
	-


*Significant at 5 %; ** Significant at 1 %; NS - Non significant; DAS - Days after spraying.





