


Evaluation of Diafenthiuron 50% WP for the Management of Thrips and Mites in Mulberry

Abstarct
A field experiment was conducted to evaluate the bio-efficacy of diafenthiuron 50 % WP against thrips and mites in mulberry and its impact on rearing and reproductive performance of silkworm, Bombyx mori L. Diafenthiuron 50 % WP was applied at 1 g/L and pest populations were recorded one day before spraying and at 1st, 3rd, 5th, 8th and 15th days after spray (DAS), along with control. The control plots recorded significantly higher thrips and mite populations throughout the observation period. Application of diafenthiuron significantly reduced thrips populations (11.63 DBS, 0.46, 0.27, 0.20, 0.76 and 0.90 No./leaf during January–February; and 19.96 DBS, 0.63, 0.56, 0.47, 0.53, and 0.73 No./leaf during March–April up to 15 DAS) and mite populations (9.93 DBS, 0.30, 0.23, 0.20, 0.39, and 0.43 No./2 cm²; and 5.76 DBS, 0.28, 0.25, 0.20, 0.37, and 0.42 No./2 cm² during the respective cropping periods). Leaf area recorded at 45 and 60 days after pruning (DAP) was significantly higher in treated plants compared to the control. The highest mulberry leaf yield was obtained from diafenthiuron-treated plots (58,228.75 and 57,424.62 kg/ha/year) during the first and second crops, respectively. 
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1. Introduction 
Mulberry is a hardy fast-growing, perennial woody plant of the genus Morus and family Moraceae (Pan and Lou, 2008; Yang et al., 2010). It has several notable features, including a high foliage yield and strong environmental adaptability. There are over 15 species of this genus found in subtropical, tropical and temperate regions of Asia, Africa and North America (Perez Gregorio et al., 2011). Mulberry is well-known for its economic value, primarily because its leaves are extensively used to feed the silkworm, Bombyx mori L. for silk yarn production. Silkworm, B. mori being a monophagous insect relies exclusively on mulberry foliage for its growth and productivity. Around 70 per cent of total silk proteins are directly derived from mulberry leaves (Awquib et al., 2016). The cocoon productivity and profitability is therefore mainly determined by the quality and quantity of mulberry leaves. Hence, obtaining quality leaf is imminent to obtain high silk productivity. However, due to the availability of evergreen luxuriant foliage mulberry attracts several pests and pathogens that significantly lead to poor leaf quality because of reduced photosynthetic activity and consequently lower silk yield and quality.
Over 300 insect and non-insect pests have been reported to infest mulberry plants, with varying degrees of intensity. The major species of insects that cause damage to mulberry crops belong to the orders, Hemiptera (28.13 %), Thysanoptera (14.44 %), Lepidoptera (14.06 %), Coleoptera (13.30 %), Orthoptera (6.84 %) and Isoptera (2.28 %) that includes sap feeders (sucking pests), leaf feeders (defoliators), root feeders and stem borers based on the type of injury they cause (Vasudha Prabhakar, 2011). Among the sap feeding insects, incidence of thrips is highest                  (42.55 %) followed by mealybug (20.88 %). Around 35 species of thrips have been reported to damage mulberry worldwide, of which 21 species are from India. Spider mites (Tetranychus sp.) once considered as minor non-insect pest found to cause damage to the tune of 5-10 per cent in India (Narayanaswamy et al., 1996). However, the broad mite, Polyphagotarsonemus latus, a menace on chilli has now migrated to mulberry and found to affect the quality and yield of foliage to the tune of 50-60 per cent (Kumar and Varshney, 2020). Further the thrips and mites are mostly seen simultaneously and has become a huge menace in the traditional sericulture area severely affecting the cocoon crop production. Therefore, addressing these pests is crucial for maintaining the sustainability of sericulture industry.
Chemical control is an important component of integrated pest management for controlling insect and non-insect pests in mulberry plantations. Pesticides protect mulberry from pest damage. However, the silkworm being an insect, is highly sensitive to insecticides, resulting in more than a 30 per cent annual decline in silk production due to insecticide poisoning (Jyothi et al., 2019). Residues of insecticides on mulberry leaves adversely affect silkworm growth, reproduction, cocoon quality, eclosion and fecundity (Bhosale and Kallapur, 1988). Therefore, careful and judicious use of pesticides is essential to safeguard silkworm health. Adoption of integrated pest management and alternative pest control strategies is necessary for sustainable mulberry cultivation and ecological balance.
The options for managing various pests in mulberry are restricted, particularly regarding chemical control with substances like dichlorvos 76 % EC and dimethoate 30 % EC. According to Mahadeva (2011), dichlorvos is the common insecticide used for controlling sucking pests in mulberry for a long time that has been banned by Government of India since 31st December, 2020 according to the notification dated on December 28th, 2016 (Anon., 2016). The organophosphorus molecule, dimethoate 30 % EC is an older chemical with limited effectiveness against thrips and does not have acaricidal property to control mites (Sanderson and Edson, 1964). Under the scenario of climatic change and pest behaviour, mites and thrips often appear simultaneously during dry spells. Therefore, using a dual active, chemical that combines both the insecticidal and acaricidal properties would be a cost-effective solution for managing both the pests with single application.
Current pesticide use practices have resulted in pesticide residues on harvestable produce, increased pest resistance and eliminate the non-target organisms. This situation demands the newer and safer pesticides with different modes of action. Diafenthiuron (1-tert-butyl-3-(2,6 diisopropyl thiourea) is one such novel pesticide which possess both insecticidal and acaricidal activity against insects and mites. It inhibits mitochondrial respiration by disrupting oxidative photophosphorylation (Sadiq et al., 2022). In this context an experiment was conducted to assess the bio-efficacy of diafenthiuron 50 % WP  @ 1g/L against thrips and mites in mulberry and its impact on rearing and reproductive performance of silkworm, Bombyx mori L.
2. Materials and Methods 
Chart 1: Treatments Details 
	Treatment Number 
	Description 

	01
	Diafenthiuron 50 % WP on thrips and mites in mulberry

	02
	Control



The experiment was conducted during the year 2023-2024, at the Department of Sericulture, UAS, GKVK, Bengaluru with well-established mulberry garden with V1 variety. The population of thrips and mites were recorded one day before and 1st, 3rd, 5th, 8th and 15th day after spraying of the chemical by adopting visual scoring method. A total of five plants were selected and tagged for recording the observations regarding infestation of thrips and mites.
2.1 Observations recorded
2.1.1 Thrips
A total of three leaves at 3rd, 5th and 7th position from apex were collected in each replication of different treatments. The number of thrips was counted in each leaf and represented as number of thrips per leaves (Mallinath, 2019).
2.1.2 Mites 
A total of three leaves were collected from the 3rd, 5th and 7th position from apex at random from each replication of different treatments and were taken to the laboratory in zip lock polythene covers and observed under stereo zoom microscope. The number of eggs and active stage of mite present in 2 cm2 window were counted and recorded as number of mites per 2 cm2 (Sharath et al., 2022a).
2.1.3 Leaf area (cm2)
The average leaf area of 3rd, 5th and 7th leaves representing the different canopy levels was determined by using leaf area meter on 45 and 60 days after pruning.
2.1.4 Leaf weight per plant (kg) 
Leaf weight per plant was recorded on 60 days after pruning by weighing freshly harvested leaves from five randomly selected plants from each replication of the treatment and their mean yield was calculated.


2.1.5 Leaf yield (kg/ha/year) 
The calculated leaf weight per plant (kg) was multiplied by total number of plants per hectare in each treatment and then the unit conversion was made.
2.1.6 Statistical analysis 
The observations were statistically analysed using two-sample t-test assuming unequal variances (Welch’s t-test) to assess the significance of treatment effects. The level of significance was tested at P = 0.01
3. Results and Discussion:
Table 01: Population of thrips (No./leaf) in mulberry at different days after spray of diafenthiuron 50 % WP 
	[bookmark: _Hlk176388801]I Crop
	II Crop

	
	Control
	Diafenthiuron 50 % WP
	t-test 
	
	Control
	Diafenthiuron 50 % WP
	t-test

	1 DBS
	11.13 ± 0.12
	11.63 ± 0.17
	1.58NS
	1 DBS
	20.93 ± 0.16
	19.96 ± 0.64
	1.86NS

	1 DAS
	11.06 ± 1.34
	0.46 ± 0.02
	36.96**
	1 DAS
	21.66 ± 0.60
	0.63 ± 0.02
	46.02**

	3 DAS
	11.33 ± 0.25
	0.27 ± 0.04
	35.19**
	3 DAS
	21.96 ± 1.45
	0.56 ± 0.03
	30.71**

	5 DAS
	11.60 ± 0.63
	0.20 ± 0.01
	24.68**
	5 DAS
	22.13 ± 0.58
	0.47 ± 0.13
	48.58**

	8 DAS
	12.86 ± 0.37
	0.76 ± 0.02
	33.47**
	8 DAS
	22.26 ± 0.94
	0.53 ± 0.02
	38.33**

	15 DAS
	13.03 ± 0.20
	0.90 ± 0.01
	44.62**
	15 DAS
	22.63 ± 0.56
	0.73 ± 0.07
	30.13**


DBS: Day before Spray; DAS: Days after spray; NS: non-significant **Significant at 0.01
The pesticide, diafenthiuron 50 % WP was sprayed on mulberry @ 1g/l during (Jan – Feb and Mar – April, 2024). The pre-spray observations were recorded a day before spray of the chemical and it was11.13 and 11.63 thrips per leaf during Jan – Feb, 2024 and 20.93 and 19.96 thrips per leaf during Mar – April, 2024. The post spray count was recorded on 1, 3, 5, 8 and 15 days after spray (DAS). The thrips population found significantly maximum in absolute control where no chemical was sprayed i.e.,11.06, 11.33, 11.60, 12.86 and 13.03 thrips/leaf during Jan- Feb, 2024 and 21.66, 21.96, 22.13, 22.26 and 22.63 thrips per leaf during March- April, 2024 reported on 1, 3, 5, 8 and 15 DAS, respectively. Spraying diafenthiuron 50 %WP @ 1g/l reduced the population of thrips significantly till 15 DAS that was 0.46, 0.27 and 0.20 thrips per leaf during Jan – Feb, 2024 and 0.63, 0.56 and 0.47 thrips per leaf during Mar – April, 2024, respectively on 1st, 3rd and 5th DAS that increased thereby on 8 and 15 DAS (0.76 and 0.90 thrips/leaf during Jan – Feb, 2024 and 0.53 and 0.73 thrips/leaf during Mar – April, 2024, respectively on 8th and 15th DAS) (Table 01) exhibiting the efficacy of the chemical for management of thrips in mulberry.
Table 02: Population of mites (No./2 cm2) in mulberry at different days after spray of diafenthiuron 50 % WP
	I Crop
	II Crop

	
	Control
	Diafenthiuron 50 % WP
	t-test 
	
	Control
	Diafenthiuron 50 % WP
	t-test

	1 DBS
	9.76 ± 0.30
	9.93 ± 0.36
	0.35NS
	1 DBS
	5.90 ± 0.16
	5.76 ± 0.12
	0.43NS

	1 DAS
	11.73 ± 0.32
	0.30 ± 0.01
	34.30**
	1 DAS
	6.03 ± 0.10
	0.28 ± 0.03
	31.11**

	3 DAS
	11.60 ± 0.21
	0.23 ± 0.03
	42.62**
	3 DAS
	6.36 ± 0.50
	0.25 ± 0.03
	14.92**

	5 DAS
	11.80 ± 0.31
	0.20 ± 0.03
	35.79**
	5 DAS
	6.53 ± 0.05
	0.20 ± 0.01
	43.58**

	8 DAS
	11.96 ± 0.22
	0.39 ± 0.02
	41.83**
	8 DAS
	7.06 ± 0.09
	0.37 ± 0.04
	30.61**

	15 DAS
	12.40 ± 0.21
	0.43 ± 0.03
	44.78**
	15 DAS
	7.36 ± 0.20
	0.42 ± 0.04
	24.46**


DBS: Day before Spray; DAS: Days after spray; NS: non-significant; **Significant at 0.01
The pesticide, diafenthiuron 50 % WP was sprayed on mulberry @ 1g/l during (Jan – Feb and Mar – April, 2024). The pre-spray observations were recorded a day before spray of the chemical and it was 9.76 and 9.93 mites/2cm2 leaf during Jan – Feb, 2024 and 5.90 and 5.76 mites/2cm2 during Mar – April, 2024. The post spray count was recorded on 1, 3, 5, 8 and 15 days after spray (DAS). The thrips population found significantly maximum in control where no chemical was sprayed i.e., 11.73, 11.60, 11.80, 11.96 and 12.30 mites/2cm2 during Jan- Feb, 2024 and 21.66, 21.96, 22.13, 22.26 and 22.63 mites/2cm2 during March- April, 2024 reported on 1, 3, 5, 8 and 15 DAS, respectively. Spraying diafenthiuron 50 %WP @ 1g/l reduced the population of thrips significantly till 15 DAS that was 0.46, 0.27 and 0.20 mites/2cm2 during Jan – Feb, 2024 and 0.63, 0.56 and 0.47 thrips per leaf during Mar – April, 2024, respectively on 1st, 3rd and 5th DAS that increased thereby on  8 and 15 DAS (0.39 and 0.43 mites/2cm2 during  Jan – Feb, 2024 and 0.37 and 0.42 mites/2cm2 during  Mar – April, 2024, respectively on 8th and 15th DAS) (Table 02) exhibiting the efficacy of the chemical for management of mites in mulberry.
Diafenthiuron is a dual active compound and it is a derivative of thiourea, that inhibit the mitochondrial respiration in insects and mites leading to paralysis and death of an organism (Sadiq et al., 2022). Among different chemicals used for management of mites in mulberry abamectin 1.9 % EC exhibited maximum control on population of mites till 14 DAS (1.79, 2.45, 2.40 and 3.7 mites/cm2 leaf area, respectively) followed by diafenthuron 50 % WP (2.12, 2.07, 2.34 and 2.66 mites/cm2 leaf area, respectively) at 3, 7, 10 and 14th DAS (Arun Kumar and Srinivasa, 2024) which has also been observed in the present study. Spraying two rounds of chemicals at 14 days interval at different doses revealed that diafenthiuron 50 WP @ 600 g per ha was found to be very effective against both thrips and mites in chilli (Chinniah et al., 2016).


Table 03: Effect of diafenthiuron 50 % WP on leaf area and leaf yield of mulberry 
	I Crop
	II Crop

	
	Control
	Diafenthiuron 50 % WP
	t-test
	
	Control
	Diafenthiuron 50 % WP
	t-test

	Leaf area (cm2)
	Leaf area (cm2)

	45 DAP
	116.60 ± 3.01
	127.14 ± 2.98
	7.31**
	45 DAP
	113.49 ± 3.53
	123.05 ± 1.42
	7.43**

	60 DAP
	139.20 ± 1.72
	155.19 ± 1.24
	16.07**
	60 DAP
	135.66 ± 4.02
	151.02 ± 2.60
	10.32**

	Leaf weight/plant (kg)
	Leaf weight/plant (kg)

	60 DAP
	0.710 ± 0.03
	0.943 ± 0.02
	7.58**
	60 DAP
	0.808 ± 0.02
	0.930 ± 0.04
	7.20**

	Leaf yield (kg/ha/year)
	Leaf yield (kg/ha/year)

	60 DAP
	50038.68 ± 1.90
	58228.75 ± 1.71
	7.51**
	60 DAP
	49925.34 ± 2.78
	57424.62 ± 3.64
	7.21**


DBS: Days after pruning; **Significant at 0.01

3.1 Effect of application of diafenthiuron 50 % WP on leaf area (cm2) in mulberry at 45 and 60 DAP
The leaves at 3rd, 5th and 7th position from apex were collected from respective treatments on 45th and 60th DAP and the leaf area was measured using leaf area meter. A significant difference was noticed between abamectin sprayed and control plants of mulberry with respect to the leaf area (Table 03). The area of leaf was wider in diafenthiuron 50 % WP spayed plot at 45 and 60 DAP (127.14, 123.05 cm2 and 155.19, 135.66 cm2, respectively in the first and second crop) and it was narrower in control (116.60, 113.49 cm2 and 139.20, 135.66 cm2, respectively during first and second crop) (Table 03).
The pest infestation produces the symptoms like white streaks in the early stage followed by silvery blotches etc. that significantly reduce photosynthetic efficiency due to loss of chlorophyll, which ultimately results in reduced leaf area. Severe infestation of mites resulted in burnt appearance and upward curling of leaf due excessive loss of moisture and nutrients, the laminar region looks shorter than petiole (Sakthivel et al., 2019) which is clearly observed in the present study also.
3.2  Effect of application of diafenthiuron 50 % WP on leaf yield (kg/ha/year) in mulberry at 60 DAP 
The mulberry leaf yield estimated on 60th DAP recorded significant difference between diafenthiuron 50 % WP sprayed mulberry plants and the control and it was highest (0.943, 0.930 kg/plant and 58228.75, 57424.62 kg/ha/year) in chemical sprayed plot respectively during first and second crop (Table 03). 
The highest leaf yield (4,545.68 kg/ha/crop) was recorded when the mulberry plants were sprayed with a neonicotinoid, dinotefuron 20 SG @ 0.25 g/l for management of sucking pest, the mealybug. The chemical when sprayed to mulberry resulted in significant reduction in the mealybug population at 7 and 15 DAS which might have impacted the total leaf yield (Yeshika et al., 2019a). Poornima and Rayar (2015) recorded maximum leaf yield of 878.87 g in plots sprayed with diafenthiuron 50 WP at 0.75 g/l due to significant reduction of thrips population at 25 DAS, while, it was minimum in control plot (591.93 g).The leaf yield was recorded maximum (58244.11 kg/ha/year) when sprayed with abamectin 1.9 % EC (@ 0.75 ml/l) compared to control (53440.02 kg/ha/year) at 60 DAP in a study conducted by Kenchappa et al. (2024b) for management of thrips and mites in mulberry who related the increased yield to efficacy of the chemical in reducing the pest population.
4. Conclusion: 
The present study clearly demonstrated that diafenthiuron 50 % WP applied at 1 g/L is highly effective in managing the simultaneous incidence of thrips and mites in mulberry. The treatment significantly reduced pest populations up to 15 days after spray during both cropping seasons, compared to the control. Effective suppression of these sucking pests resulted in improved leaf area, higher leaf weight per plant and significantly enhanced mulberry leaf yield. Since leaf quality and quantity directly influence silkworm growth and cocoon productivity, the use of diafenthiuron offers an important advantage for sustaining sericulture productivity. Being a dual-active molecule with both insecticidal and acaricidal properties, diafenthiuron provides a cost-effective and efficient single-application solution under changing climatic conditions where thrips and mites occur concurrently. Therefore, diafenthiuron 50 % WP can be recommended as a promising component of integrated pest management in mulberry, ensuring effective pest control while supporting sustainable sericulture practices.
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