Bio-efficacy of biorational pesticides for the management of sucking pests of soybean glycine max (l.) Merrill


Abstract
An experiment entitled was conducted at ARS, Kasbe Digraj, Sangli, during Kharif, 2024.  Nine treatments viz., Metarhizium anisopliae 1.15% WP, Spinosad 45% SC, Emamectin benzoate 5% SG, Imidacloprid 17.80% SL, Thiamethoxam 25% WG, Azadirachtin 1%, Clothianidin 50% WDG, and Beauveria bassiana 1.15% WP  along with an untreated control for comparison were evaluated in Randomized Block Design (RBD) with three replications. The efficacy of biorational pesticides against whitefly (Bemisia tabaci) revealed that Thiamethoxam 25% WG at 2.5 g/L was the significantly superior treatment, recording the lowest mean population of 0.88 adults/ 3 leaves and was statistically at par with Imidacloprid 17.8% SL at 0.25 ml/L (1.29 adults/ 3 leaves) and Clothianidin 50% WDG at 0.25 g/L (1.41 adults/ 3 leaves). Similarly, Thiamethoxam 25% WG at 2.5 g/L was the most effective treatment for the management of jassids (Empoasca kerri), with the lowest mean population of 1.35 jassids/3 leaves.
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INTRODUCTION
Soybean [Glycine max (L.) Merrill] is one of the most important oilseeds commercial crops cultivated in the country during both the rabi and kharif seasons for its high oil and protein content. The seeds contain about 42% protein and 20% oil, contributing nearly 60% of the world’s vegetable protein and 30% of the edible oil supply (Biswas, 2013). For vegetarians, it is often referred to as the “poor man’s meat” and is popularly known as the “Golden Bean” of the 20th century. Although classified as a legume, soybean is highly vulnerable to damage caused by several insect pests (Lal et al., 1981). Major pests include gram pod borer, leaf-eating caterpillar, green semilooper, grey semilooper, leaf miner, whitefly, stem fly, thrips, aphids, and jassids (Ahirwar et al., 2015). Whitefly (Bemisia tabaci) and jassids (Empoasca kerri) are the major sucking pests of soybean crops. Whiteflies suck the sap from the undersides of leaves, leading to leaf yellowing, curling, and reduced photosynthetic activity and also excrete honeydew, which promotes sooty mould development and indirectly hampers plant growth (Latha et al., 2018). Jassids similarly feed on plant sap, which results in characteristic leaf curling, chlorosis, and “hopper burn,” which reduces plant vigour and yield (Rachappa et al., 2018). Heavy infestations of these pests can result in significant yield losses, making their management crucial for sustainable soybean production. Biorational pesticides provide an efficient, ecological and sustainable approach in managing these pests. Hence, the present study was conducted with the objective of evaluating biorational pesticides including biopesticides, botanicals and derived pesticides for the management of the major sucking pests of soybean.
MATERIALS AND METHODS
Location
Geographically, Agriculture Research Station Kasbe Digraj is situated 7 km away from Sangli on the Sangli-Islampur State Highway. The location of the experimental site was N 160 53 404” latitude and E 0740 30’ 691” longitude. The altitude is 510 m above sea level. This tract lies on the Eastern side of the Western Ghats and falls under the plain zone.


Climatic conditions
The total rainfall received at ARS, Kasbe Digraj in 60 rainy days in Kharif, 2024 was 946.4 mm, and the maximum temperature ranged between 24.3 to 40.3 °C while the minimum temperature ranged between 17.6 to 29.7 °C. While the average morning relative humidity ranged between 32.6% to 95.3 %, as against 12.6% to 84.1 % in the evening during the year.
Cultural Operations
Land preparation
The experimental field was uniformly prepared by deep ploughing followed by intercross harrowing. The soil was qualified with well decomposed farm yard manure (FYM) @ 20 t/ha and then mixed with harrowing. After that, a clean-up campaign was done by picking stubbles and debris from the earlier crop. The plots were laid out according to the experimental design. Seeds were sown at a spacing of 45 cm x 5 cm.
Fertilizer application
To meet the crop's nitrogen, phosphorus, and potassium needs, urea, single superphosphate, and muriate of potash were used as fertilizer sources. A fertilizer application rate of 50 kg/ha of nitrogen, 75 kg/ha of phosphorus (expressed as P2​O5​), and 45 kg/ha of potassium (expressed as K2​O) was prepared and implemented.
Intercultural operations
To promote better seedling development, conserve soil moisture, and improve soil aeration, weeding and hoeing practices were implemented.
Seeds
	The seed of soybean variety ‘Phule Sangam (KDS -726)’ were obtained from ARS, Kasbe Digraj.


Experimental details
	Season
	:
	Kharif 2024

	Crop
	:
	Soybean

	Variety
	:
	KDS-726 (Phule Sangam)

	Design
	:
	RBD

	Replications
	:
	3

	Treatment
	:
	9

	Spacing
	:
	[bookmark: _Hlk196476111]45 cm10 cm

	Plot size
	:
	[bookmark: _Hlk196476161]4 m4 m

	Date of Sowing
	:
	6th July, 2024

	Date of 1st Spraying
	:
	7th August, 2024

	Date of 2nd Spraying
	:
	27th August, 2024



List 1: Treatment details
	Tr. No.
	Treatment Name
	Formulation
	Trade name
	Source
	Dose
(g or mL per L of water)

	1.
	Metarhizium anisopliae 
	(1x108) CFU/g 1.15% WP
	Phule Metarhizium
	Biocontrol Laboratory,
Entomology Section,
RCSM College of Agriculture, Kolhapur
	5.0

	2.
	Spinosad 
	45% SC
	Tracer
	Corteva Agroscience, Jalandhar
	0.5

	3.
	Emamectin benzoate 
	5% SG
	Xplode
	Insecticide India Limited (IIL), Telangana.
	0.4

	4.
	Imidacloprid 
	17.8% SL
	Confidor
	Bayer CropScience Limited, Thane.
	0.25

	5.
	Thiamethoxam 
	25% WG
	Actara
	Syngenta India Private Limited, Pune.
	2.5

	6.
	Azadirachtin
	1% EC
	Neemazal T/S
	Coromandel International Limited, Secundarabad
	2.0

	7.
	Clothianidin 
	50% WDG
	Dantotsu
	Sumitomo chemical India Limited, Boisar.
	0.25

	8.
	Beauveria bassiana 
	(1x108) CFU/g 1.15% WP
	Phule Beauveria
	Biocontrol Laboratory,
ARS, Kasbe Digraj.
	5.0


Observations
[bookmark: _Hlk204977394]Observations on the number of Jassid, whitefly were recorded on five randomly selected plants from each treatment before and after 3, 7, and 10 days of spraying from three leaves (top, middle, and bottom). (Chaudhary et al., 2018).
Statistical analysis
The seed yield was recorded for each treatment and computed for the hectare in q/ha. The data pest population was subjected to one way ANOVA with spreadsheet-based analysis tool (Bavadekar and Barve, 2025) and the means were interpreted at p≤0.05.
RESULTS AND DISCUSSION
Overall mean efficacy (1st and 2nd spray) of biorational pesticides for the management of Whitefly
Based on the average results from the first and second sprays (Table 1), the different treatments showed efficacy against whitefly populations. Thiamethoxam 25% WG at 2.5 g/L was the most effective, recording the lowest mean whitefly population (0.88 adults/3 leaves). It was statistically at par with Imidacloprid 17.80% SL at 0.25 ml/L (1.29 adults/3 leaves) and Clothianidin 50% WDG at 0.25 g/L (1.41 adults/3 leaves). Treatments like Azadirachtin 1% at 2 ml/L, Metarhizium anisopliae 1.15% WP at 5.0 g/L, and Beauveria bassiana 1.15% WP at 5.0 g/L showed moderate control, with mean populations of 1.68, 1.93, and 1.81 adults/3 leaves, respectively. In contrast, Spinosad 45% SC at 0.5 ml/L and Emamectin benzoate 5% SG at 0.4 g/L were less effective, recording higher whitefly populations of 2.05 and 2.36 adults/3 leaves, respectively. The untreated control had the highest population (6.30 adults/3 leaves), showing severe infestation in the absence of any treatment. Similar findings were reported by Vijayaraghavan and Kavitha (2020), who evaluated newer insecticidal molecules against whitefly (Bemisia tabaci) on blackgram. Their results showed that Clothianidin 50% WDG at 0.1 g/L was highly effective in reducing whitefly populations, followed by Thiamethoxam 25% WG at 0.2 g/L. Sujatha and Bharpoda (2017) tested various insecticides against major sucking pests in green gram and found Thiamethoxam 25% WG (0.01%) and Imidacloprid 70% WG (0.014%) to be the most effective treatments for lowering the whitefly population.







Table 1. Overall mean efficacy (1st and 2nd spray) of biorational pesticides for the management of Whitefly
	

Tr.no
	

Treatments
	No. of white flies/3leaves

	

Mean

	
	
	Pre count
	3DAS**
	7DAS
	10DAS
	

	T1
	Metarhizium anisopliae 1.15% WP
	3.88
(2.09)*
	3.27
(1.93)
	1.70
(1.47)
	0.80
(1.14)
	1.93
(1.52)

	T2
	Spinosad 45 % SC
	3.28
(1.93)
	2.67
(1.77)
	2.10
(1.60)
	1.37
(1.36)
	2.05
(1.58)

	T3
	Emamectin benzoate 5% SG
	3.82
(2.07)
	3.20
(1.91)
	2.27
(1.66)
	1.60
(1.45)
	2.36
(1.68)

	T4
	Imidacloprid 17.80% SL
	3.77
(2.06)
	2.30
(1.67)
	1.10
(1.26)
	0.47
(0.98)
	1.29
(1.31)

	T5
	Thiamethoxam 25% WG
	3.40
(1.97)
	1.60
(1.43)
	0.70
(1.10)
	0.33
(0.90)
	0.88
(1.15)

	T6
	Azadirachtin 1%
	3.87
(2.09)
	2.67
(1.78)
	1.43
(1.38)
	0.93
(1.19)
	1.68
(1.45)

	T7
	Clothianidin 25% WDG
	3.80
(2.07)
	2.33
(1.68)
	1.23
(1.31)
	0.67
(1.08)
	1.41
(1.36)

	T8
	Beauveria bassiana 1.15% WP
	3.95
(2.11)
	3.23
(1.92)
	1.43
(1.39)
	0.77
(1.12)
	1.81
(1.48)

	T9
	Untreated control
	5.05
(2.35
	5.70
(2.49)
	6.40
(2.63)
	6.80
(2.70)
	6.30
(2.61)

	
	SE(m) +

	0.035
	0.09
	0.07
	0.065
	0.075

	
	C. D. at 5%

	NS
	0.28
	0.23
	0.19
	0.23

	
	CV%

	NS
	8.87
	8.59
	8.31
	-


*Figures in the parentheses are (√x + 0.5) transformations., **DAS- Days after spraying 
NS- Non significant 
Overall mean efficacy (1st and 2nd spray) of biorational pesticides for the management of Jassids
Based on the average results from the first and second sprays (Table 2), different treatments showed significant variation in their effectiveness against jassid infestation. Thiamethoxam 25% WG at 2.5 g/L was found significantly superior, recording the lowest mean jassid population of 1.35 (Jassids/3 leaves). It was statistically at par with Imidacloprid 17.80% SL at 0.25 ml/L (1.55 Jassids/3 leaves) and Clothianidin 50% WDG at 0.25 g/L (1.93 Jassids/3 leaves). Moderate control was recorded by Metarhizium anisopliae 1.15% WP and Beauveria bassiana 1.15% WP at 5.0 g/L each (2.19 Jassids/3 leaves), followed by Azadirachtin 1% at 2 ml/L (2.28 Jassids/3 leaves). In contrast, Spinosad 45% SC at 0.5 ml/L and Emamectin benzoate 5% SG at 0.4 g/L were less effective, recording higher mean populations of 3.04 and 3.01 (Jassids/3 leaves), respectively. The untreated control showed the highest jassid population (5.39 Jassids/3 leaves), indicating heavy infestation pressure in the absence of treatment. The findings of the present study are in line with those of Methuku et al. (2024), who reported that Thiamethoxam 25% WG at 0.3 g/L recorded the lowest mean leafhopper population (3.15/3 leaves) among all treatments tested and achieved the highest reduction over control (78.11%), outperforming other insecticides and their combinations. Similarly, Chaudhary et al. (2018) found that Imidacloprid 17.8% SL at 0.005% was highly effective in reducing the jassid population.




Table 2.  Overall mean efficacy (1st and 2nd spray) of biorational pesticides for management of Jassids
	

Tr.no
	

Treatments
	Average no. of Jassids/3 leaves

	

Mean

	
	
	Precount
	3DAS**
	7DAS
	10DAS
	

	T1
	Metarhizium anisopliae 1.15% WP
	4.00
(2.10)*
	3.40
(1.93)
	2.17
(1.59)
	1.00
(1.21)
	2.19
(1.58)

	T2
	Spinosad 45 % SC
	4.40
(2.19)
	3.97
(2.09)
	3.13
(1.88)
	2.00
(1.56)
	3.04
(1.85)

	T3
	Emamectin benzoate 5% SG
	4.40
(2.20)
	3.83
(2.06)
	3.00
(1.85)
	2.20
(1.63)
	3.01
(1.85)

	T4
	Imidacloprid 17.80% SL
	3.97
(2.07)
	2.57
(1.68)
	1.53
(1.37)
	0.53
(0.99)
	1.55
(1.35)

	T5
	Thiamethoxam 25% WG
	3.73
(2.01)
	2.37
(1.63)
	1.30
(1.29)
	0.37
(0.91)
	1.35
(1.28)

	T6
	Azadirachtin 1%
	4.37
(2.19)
	3.47
(1.97)
	2.03
(1.55)
	1.33
(1.33)
	2.28
(1.62)

	T7
	[bookmark: _Hlk204765445]Clothianidin 25% WDG
	4.17
(4.17)
	3.10
(1.86)
	1.80
(1.48)
	0.87
(1.16)
	1.93
(1.50)

	T8
	Beauveria bassiana 1.15% WP
	4.17
(2.13)
	3.70
(2.01)
	2.00
(1.55)
	0.87
(1.15)
	2.19
(1.57)

	T9
	Untreated control
	4.53
(2.24)
	5.07
(2.36)
	5.40
(2.43)
	5.70
(2.49)
	5.39
(2.42)

	
	SE(m) +

	0.03
	0.08
	0.085
	0.07
	0.08

	
	C. D. at 5%

	NS
	0.24
	0.25
	0.21
	0.24

	
	CV%

	NS
	7.22
	8.54
	8.72
	-


*Figures in the parentheses are (√x + 0.5) transformations., **DAS- Days after spraying 
NS- Non significant 








Table 3. Yield, B:C and ICBR of different treatments 
	Tr.
	Yield of soybean (q/ha)
	Additional yield over control (q/ha)
	Additional income over control (Rs/ha)
	Cost of cultivation, except the cost of Treatment (Rs/ha)
	Cost of labour
(Rs/ha)
	Cost of insecticide (Rs/ha)
	Total treatment cost
(Rs/ha)
	Total cost of cultivation (Rs/ha)
	Gross income (Rs/ha)
	Net income (Rs/ha)
	B:  C ratio
	ICBR

	T1
	20.96
	3.59
	17554.13
	66500
	1250
	500
	1750
	68250
	102528.17
	34278.17
	1.50
	10.03

	T2
	21.55
	4.18
	20458.75
	66500
	1250
	1430
	2680
	69180
	105432.79
	36252.79
	1.52
	7.63

	T3
	22.31
	4.94
	24178.71
	66500
	1250
	960
	2210
	68710
	109152.75
	40442.75
	1.59
	10.94

	T4
	20.60


	3.23


	15801.16


	66500


	1250


	650


	1900


	68400


	100775.20


	32375.20


	1.47


	8.32



	T5
	21.40


	4.03


	19714.76


	66500


	1250


	574


	1824


	68324


	104688.80


	36364.80


	1.53


	10.81



	T6
	21.39
	4.02
	19643.42
	66500
	1250
	2400
	3650
	70150
	104617.46
	34467.46
	1.49
	5.38

	T7
	20.04
	2.67
	13047.37
	66500
	1250
	2500
	3750
	70250
	98021.41
	27771.41
	1.40
	3.48

	T8
	21.10


	3.73


	18247.16


	66500


	1250


	500


	1750


	68250


	103221.20


	34971.20


	1.51


	10.43



	T9
	17.37
	-
	-
	66500
	0
	0
	0
	66500
	84974.04
	18474.04
	1.28
	-





Yield, B:C ratio and ICBR of different treatments on soybean
The grain yield from the net plot area was recorded and converted to quintals per hectare (Table 3). The treatments significantly influenced soybean grain yield. In untreated control plot the lowest yield was recorded (17.37 q/ha), while the highest yield was obtained from Emamectin benzoate 5% SG at 0.4 g/L (22.31 q/ha). This was followed by Spinosad 45% SC at 0.5 ml/L (21.55 q/ha), Thiamethoxam 25% WG at 2.5 g/L (21.40 q/ha), Azadirachtin 1% at 2 ml/L (21.39 q/ha), Beauveria bassiana 1.15% WP at 5 g/L (21.10 q/ha), Metarhizium anisopliae 1.15% WP at 5 g/L (20.96 q/ha), Imidacloprid 17.80% SL at 0.25 ml/L (20.60 q/ha), and Clothianidin 50% WDG at 0.25 g/L (20.04 q/ha).
Regarding the B:C ratio, the lowest value was recorded in the control (1:1.28), whereas the highest was observed in Emamectin benzoate 5% SG at 0.4 g/L (1:1.59). This was closely followed by Thiamethoxam 25% WG at 2.5 g/L (1:1.53), Spinosad 45% SC at 0.5 ml/L (1:1.52), Beauveria bassiana 1.15% WP at 5 g/L (1:1.51), Metarhizium anisopliae 1.15% WP at 5 g/L (1:1.50), Azadirachtin 1% at 2 ml/L (1:1.49), Imidacloprid 17.80% SL at 0.25 ml/L (1:1.47), and Clothianidin 50% WDG at 0.25 g/L (1:1.40).
Similarly, the highest incremental cost-benefit ratio (ICBR) was recorded in Emamectin benzoate 5% SG at 0.4 g/L (1:10.94), followed by Thiamethoxam 25% WG at 2.5 g/L (1:10.81), Beauveria bassiana 1.15% WP at 5 g/L (1:10.43), and Metarhizium anisopliae 1.15% WP at 5 g/L (1:10.03). Imidacloprid 17.80% SL at 0.25 ml/L (1:8.32) and Spinosad 45% SC at 0.5 ml/L (1:7.63) were moderately effective, while the lowest ICBR values were observed with Azadirachtin 1% at 2 ml/L (1:5.38) and Clothianidin 50% WDG at 0.25 g/L (1:3.48).
CONCLUSION
Considering the reduction in pest population densities and economics of the control measure, Thiamethoxam 25% WG at the rate of 2.5 g/L was found to be the most effective treatment in reducing the sucking pest population in soybean.
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