


Bioefficacy of biopesticides and chemical insecticides against wheat aphid. (Rhopalosiphum padi L.)

Abstract 
Wheat aphid (Rhopalosiphum padi L.) is an important insect pest of wheat, affecting crop growth, grain formation and yield. Effective management of aphid infestations is essential for sustaining wheat productivity. However, comparative information on the efficacy of biopesticides and chemical insecticides under local field conditions remains limited, highlighting the need to evaluate their effectiveness against wheat aphids and their influence on grain yield. A field experiment was conducted during rabi, 2025–26 at the research farm of Krishi Vigyan Kendra, Dhule, to evaluate the bioefficacy of biopesticides and chemical insecticides against wheat aphid (Rhopalosiphum padi L.) on wheat. Eight treatments, namely Lecannicillium lecanni 1.15% WP, Metarhizium anisopliae 1.15% WP, Azadirachtin 10000 ppm, Clothianidin 50 WDG, Thiamethoxam 25 WG, Imidacloprid 17.8 SL, NSKE 5%, and an untreated control, were evaluated in a randomised block design with three replications. Based on the mean of two sprays, Thiamethoxam 25 WG @ 50 g/ha proved to be the most effective treatment against wheat aphid, recording the lowest aphid population of 0.00, 0.00, and 2.57 aphids per shoot per plant at 3, 7, and 14 days after spraying (DAS), respectively. It was followed by Clothianidin 50 WDG @ 60 g/ha, which recorded 0.00, 0.00, and 4.27 aphids per shoot per plant at the respective observation intervals. Among the biopesticides,  Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha was the most effective, recording 11.13, 3.70, and 6.97 aphids per shoot per plant at 3, 7, and 14 DAS, respectively, followed by Azadirachtin 10000 ppm @ 1.5 L/ha, which recorded 12.00, 5.63, and 9.77 aphids per shoot per plant. Treatment with Thiamethoxam 25 WG recorded the highest grain yield (45.96 q/ha). This represented an additional yield of 16.50 q/ha compared with the untreated control.
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INTRODUCTION
            Wheat is a leading cereal crop worldwide in terms of cultivated area. It is also known as the “King of Cereals.” The cultivation of wheat is as ancient as human civilization. It is the first crop mentioned in the Bible. In India, wheat is cultivated in almost all states. The major wheat-growing states include Bihar, Jammu and Kashmir, Karnataka, Jharkhand, Gujarat, Uttar Pradesh, Uttarakhand, Haryana, Himachal Pradesh, Rajasthan, Maharashtra, Punjab, Madhya Pradesh, and West Bengal.
            India is the world's second-largest producer of wheat, accounting for approximately 14% of global wheat production (Food and Agriculture Organization of the United Nations, 2025).  During 2025–26, wheat was cultivated in India on about 33.4 million hectares, accounting for nearly 33% of total foodgrain production and approximately 13% of the total cropped area. In India and Maharashtra, wheat occupied 33.4 million hectares and 10.3 lakh hectares, respectively. The production and productivity were 120.65 million tonnes and 3,600 kg/ha, respectively, at the national level, whereas in Maharashtra the corresponding figures were 22.90 lakh tonnes and 19 q/ha (Department of Agriculture and Farmers Welfare, 2026; U.S. Department of Agriculture, Foreign Agricultural Service, 2026).
             

Wheat is a major staple food crop worldwide and is valued for its high nutritional content. It belongs to the family Poaceae (Gramineae) and comprises diploid (n = 7), tetraploid (n = 14) and hexaploid (n = 21) forms. Approximately 50 wild wheat species have been reported, while four species, namely Triticum aestivum, Triticum durum, Triticum dicoccum and Triticum sphaerococcum, are cultivated in India. Among these, T. aestivum is the predominant species, accounting for more than 90% of the total wheat-growing area in the country. T. durum ranks second, occupying approximately 8–9% of the area, whereas T. dicoccum accounts for less than 1%. In contrast, T. sphaerococcum is cultivated only to a limited extent owing to its low yield potential and high susceptibility to diseases. To date, approximately 344 wheat varieties have been released in India, comprising 291 of T. aestivum, 46 of T. durum, four of T. dicoccum and three of triticale (T. triticale). Wheat is susceptible to attack by a range of insect pests, including the armyworm (Mythimna separata Haworth), termite (Odontotermes obesus Rambur), ghujhia weevil (Tanymecus indicus Faust), cutworms (Agrotis spp.), jassids (Amrasca basalis Baly), shoot fly (Atherigona naquii Styskal), pink stem borer (Sesamia inferens Walker) and aphids. Of these, aphids are considered among the most destructive and consistently occurring insect pests of wheat, posing a significant threat to crop health and productivity.

Aphids (Homoptera: Aphididae) are sap-feeding insect pests that infest a wide range of field crops and are of considerable economic importance across approximately 60 plant species, including wheat, barley, sorghum and maize. Three cereal aphid species have been reported to infest wheat: the bird cherry–oat aphid, Rhopalosiphum padi (Linnaeus); the corn leaf aphid, Rhopalosiphum maidis (Fitch); and the greenbug, Schizaphis graminum (Rondani). Among these, R. padi was identified as the predominant species on wheat, with its infestation adversely affecting grain development and filling (Katare, 2018b). Aphids constitute a major biotic constraint on wheat production, causing substantial yield losses in several wheat-growing regions worldwide. Their capacity for rapid population growth is largely attributable to reproductive characteristics such as parthenogenesis, viviparity and polymorphism, particularly in the absence of effective natural enemies. Furthermore, their short developmental period enables populations to increase rapidly under favourable environmental conditions (Carver, 1989). Recent experimental investigations have also demonstrated microbial activity against R. padi, indicating the potential for further research into the development and application of microbial agents as biological control strategies for aphid management (Zhao et al., 2025).
Several approaches are used for the integrated management of aphids, including resistant cultivars, sticky cards, modifications to cultural practices, and chemical insecticides. Natural enemies, seed treatment, and botanical extracts have been reported to be effective and more environmentally friendly than synthetic insecticides (Hussein et al., 2015). However, the varieties under cultivation in India are susceptible to aphid infestation. Therefore, once aphid infestation begins, chemical insecticides become important for limiting their further spread. Several chemicals, such as imidacloprid 200SL, acetamiprid 20SP, quinalphos 25EC, thiamethoxam 25WG (Mhaske et al., 2007), clothianidin 50WDG (Babu et al., 2012), and flubendiamide 480SC (Kumar et al., 2010) are applied to manage aphids in different crops. Biopesticides such as Metarhizium anisopliae 1.15% WP @ 4 g/l, Verticillium lecanii 1.15% WP @ 4 g/l, and Beauveria bassiana 1.15% WP @ 5 g/l have been reported to be effective against wheat aphids and to increase wheat grain yield (Patil et al., 2015). In a recent wheat field study, foliar insecticides, including thiamethoxam- and imidacloprid-based treatments, reduced aphid populations relative to an untreated control (Jasrotia et al., 2026). Field trials have also reported the efficacy of Metarhizium anisopliae formulations against cereal aphids on winter wheat, providing evidence relevant to the evaluation of fungal biopesticides (Tong et al., 2024).
Although earlier research has examined aphid population dynamics in relation to sowing time and weather conditions (Katare et al., 2018a), a comparative evaluation of the selected microbial, botanical, and chemical treatments under the local field conditions of Dhule, Maharashtra, remains necessary to assess their effects on wheat aphid abundance and grain yield.
Therefore, the objective of this study was to evaluate the bioefficacy of selected biopesticides and chemical insecticides against wheat aphid (Rhopalosiphum padi L.) and to compare the grain yields obtained from the treatments during the 2025–26 rabi season at Dhule, Maharashtra.


Materials and Methods 

The investigation into the bioefficacy of biopesticides and chemical insecticides against wheat aphid (Rhopalosiphum padi L.)  was carried out at the agricultural farm of Krishi Vigyan Kendra, Dhule, Maharashtra 424004, during the 2025–26 rabi season. The experimental field was uniform and consisted of well-drained black cotton soil. The wheat crop (variety: NIAW 1994) was sown on 19 November 2025, with a spacing of 20 x 3 to 4 cm2. 
The crop was grown in Maharashtra, India, following standard agronomic practices. The experiment was conducted using a randomised block design (RBD), comprising eight treatments, each replicated three times.


 Materials
 Seeds: Seeds of the wheat variety NIAW 1994 (Phule Samadhan) were obtained from Krishi Vigyan Kendra, Dhule.
 Biopesticides: The biopesticides were obtained from the Biocontrol Unit of the Department of Agricultural Entomology, College of Agriculture, Dhule , whereas the neem-based biopesticide and neem seeds were purchased from the market. 
Chemical Insecticides: The chemical insecticides were purchased from the market. The details of biopesticides and chemical insecticides used for the experiment with their common names, trade names, formulations, and sources are given in Table 1.

Table 1. Details of biopesticides and chemical insecticides 
	SN.
	Particulars
	Formulation
	Dose/ha
	Dose/lt
	Trade
 name
	Manufacturer or source

	1.
	Lecannicillium lecanni 1.15% WP
	Wettable powder 
1x108 cfu/ml
	2.50 kg
	 5 g
	Phule Bugicide
	Biocontrol unit, Dept. Of Agril Entomology, Agriculture College,Dhule (MPKV, Rahuri)

	2.
	Metarhizium anisopliae 1.15% WP
	Wettable powder 
1x108 cfu/ml
	2.50 kg
	  5 g
	Phule Metarhizium
	Biocontrol unit, Dept. Of Agril Entomology, Agriculture College, Dhule (MPKV, Rahuri)

	3.
	Azadirachtin 1% 
10000 ppm
	10000 ppm
	1.50 liter
	 3 ml
	Neem-Ark
	Nisarga crop care india pvt.ltd.

	4.
	Clothianidin 50 WDG
	Water dispersible granules (WDG) 
	60 g
	 0.12 g
	Dantop
	Nagarjuna Agrichem Ltd., Hydrabad.

	5.
	Thiamethoxam 25 WG
	Wettable granules (WG)
	50 g
	 0.10 g
	Actara
	Syngenta India Ltd., Mumbai.

	6.
	Imidacloprid 17.8 SL
	Soluble liquid (SL)
	112 ml
	0.22 ml
	Trishul
	Amber Crop Science Pvt. Ltd

	7.
	NSKE 5%
	Seed
	25 kg
	50 gm
	     --
	Local Market



 Observations on wheat pests and their natural enemies  
i) No. of aphids: Pre- and post-spray counts were recorded on five tagged shoots from each of five randomly selected plants per treatment. The pre-spray count was recorded 24 hours before spraying. Post-spray counts of surviving aphids were recorded at 3, 7 and 14 days after each spray.
ii) Jassids: The number of jassids on five tagged plants was recorded. Pre- and post-spray counts were recorded on the five tagged plants. The pre-spray count was recorded 24 hours before spraying. Post-spray counts of surviving jassids were recorded at 3, 7 and 14 days after each spray.
iii) Natural enemies: The population of natural enemies per m2 was recorded before and after each spray at 3, 7, and 14 days.
Grain yield data 
Harvesting was done at 110 days after sowing. The total yield for each treatment was recorded in kg/plot and converted to q/ha.

 Incremental cost benefit ratio
The economics of each treatment were assessed, and the incremental cost–benefit ratio was calculated by taking into account prevailing market prices of inputs, produce, and labour charges.  
Statistical Analysis 
The pest observation data were subjected to statistical analysis. The different treatment means were separated using the least significant difference test at p = 0.05. Percentage data were subjected to square-root transformation where necessary. Correlations between aphid populations and different weather parameters were also calculated. 
Results and Discussion 
Effect of biopesticides and chemical insecticides on survival population of foliage feeding wheat aphids after first spray

The results on the bioefficacy of biopesticides and chemical insecticides against wheat aphids are presented in Tables 2–4. The pre-spray aphid counts indicated non-significant differences among treatments. 
	The data recorded at 3 days after spraying, presented in Table 2, revealed that the differences among treatments were significant. Treatments with clothianidin 50 WDG @ 60g/ha, thiamethoxam 25 WG @ 50g/ha and imidacloprid 17.8 SL @ 112ml/ha were significantly effective against wheat aphids, with no aphids recorded. Among the biopesticide treatments, Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha recorded the lowest population of 15.93 aphids/shoot/plant. It was on par with Azadirachtin 10000 ppm @ 1.50L/ha (16.60 number of aphid/shoot/plant), Lecannicillium lecanni 1.15% WP @ 2.50kg/ha (16.67 number of aphid/shoot/plant), NSKE 5% @ 25 kg/ha (16.87 aphids/shoot/plant ). The untreated control recorded the highest population of 44.93 aphids/shoot/plant.
Table 2: Effect of biopesticides and chemical insecticides on survival population of foliage feeding wheat aphids after first spray
	SN
	Treatment details
	Dose formulated product g-ml-kg/ha
	Survival population of aphid/shoot/plant at
	Mean

	
	
	
	Pre  count
	3 
DAS
	7 
DAS
	14 DAS
	

	T1
	Lecannicillium lecanni 1.15% WP
	2.50 kg
	28.80
(5.41)
	16.67
(4.13)
	8.99
(2.90)
	19.33
(4.44)
	14.62
(3.78)

	T2
	Metarhizium anisopliae 1.15% WP
	2.50 kg
	28.93
(5.42)
	15.93
(4.04)
	5.33
(2.40)
	13.00
(3.67)
	12.62
(3.52)

	T3
	Azadirachtin 10000 ppm
	1.50 L
	28.60
(5.39)
	16.60
(4.13)
	7.53
(2.83)
	17.93
(4.28)
	14.02
(3.75)

	T4
	Clothianidin 50 WDG
	60 g
	28.46
(5.38)
	0.00
(0.70)
	0.00
(0.70)
	8.53
(2.97)
	2.66
(1.42)

	T5
	Thiamethoxam 25 WG
	50 g
	28.86
(5.41)
	0.00
(0.70)
	0.00
(0.70)
	5.13
(2.36)
	1.82
(1.27)

	T6
	Imidacloprid 17.8 SL
	112 ml
	28.66
(5.4)
	0.00
(0.70)
	0.00
(0.70)
	8.80
(3.05)
	2.93
(1.48)

	T7
	NSKE 5%
	25 kg
	28.80
(5.41)
	16.87
(4.16)
	7.60
(2.84)
	18.73
(4.38)
	14.29
(3.78)

	T8
	Untreated control
	------
	28.46
(5.38)
	44.93
(6.75)
	54.27
(7.40)
	76.73
(8.79)
	58.71
(7.65)

	
	SE +
	
	-----
	0.15
	0.12
	0.12
	--

	
	CD at 5%
	
	NS
	0.45
	0.37
	0.37
	--

	
	CV%
	
	9.42
	8.06
	8.23
	8.11
	---



· DAS- Days after spray
· Figures in parentheses indicate transformed value,
· Date(s) of Insecticidal application: i) 14/01/2026 ii) 29/01/2026     
· Date of Harvest: 11/03/2026
 
	At 7 days after spray, the number of aphids/shoot/plant ranged from 0 to 8.99 compared with 54.27 aphids in the untreated control. Among the evaluated treatments, the chemical insecticides, viz., clothianidin 50 WDG @ 60 g/ha, thiamethoxam 25 WG 50 g/ha, imidacloprid 17.8 SL 112 ml/ha were significantly more effective in reducing aphid populations than the untreated control. Among the biopesticides, Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha effectively reduced the aphid population, recording the lowest value of 5.33 aphids/shoot/plant and it was followed by Azadirachtin 10000 ppm @ 1.50L/ha (7.53) which was on par with  NSKE 5% @ 25kg/ha (7.60 aphid/shoot/plant), Lecannicillium lecanni 1.15% WP @ 2.50kg/ha (8.99 aphid/shoot/plant)  . 
               At 14 days after spray, aphid populations increased in all treatments and ranged from 5.13 to 19.33 aphids/shoot/plant, compared with 76.73 aphids/shoot/plant in untreated control. The treatment with thiamethoxam 25 WG@ 50 g/ha recorded the lowest aphid population of 5.13 aphids/shoot/plant and was the most effective treatment and it was followed by clothianidin 50 WDG @ 60 g/ha (8.53 aphids/shoot/plant) and imidacloprid 17.8 SL @ 112 ml/ha (8.80 aphids/shoot/plant). Among the biopesticides, Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha recorded the lowest aphid population of 13.00 aphids/shoot/plant followed by Azadirachtin 10000 ppm @ 1.50 L/ha (17.93 aphids/shoot/plant) and Azadirachtin 10000 ppm @ 1.50 L/ha (17.93 aphids/shoot/plant) which were statistically comparable with NSKE 5% @ 25 kg/ha (18.73 aphids/shoot/plant) and Lecanicillium lecanii 1.15% WP @ 2.50 kg/ha (19.33 aphids/shoot/plant).

Effect of biopesticides and chemical insecticides on survival population of foliage feeding wheat aphids after second spray
The data presented in Table 3 revealed that all the treatments showed significant differences in aphid populations at 3, 7 and 14 days after spray. At 3 days after spraying, the treatments with clothianidin 50 WDG @ 60 g/ha, thiamethoxam 25 WG 50 g/ha, imidacloprid 17.8 SL 112 ml/ha were the most effective, with no aphids recorded whereas the untreated control (64.80 number of aphids/shoot/plant) recorded the highest aphid population. Among the treatments of biopesticides, Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha recorded the lowest population (6.33 aphids/shoot/plant) and it was at par with Azadirachtin 10000 ppm @ 1.50 L/ha (7.40 aphids/shoot/plant), NSKE 5% @ 25 kg/ha (8.27 aphids/shoot/plant) and Lecannicillium lecanii 1.15% WP @ 2.50kg/ha (8.33).
            At 7 days after spray, all the chemical insecticide spray treatments, viz., clothianidin 50 WDG @ 60 g/ha, thiamethoxam 25 WG 50 g/ha, imidacloprid 17.8 SL 112 ml/ha effectively controlled the aphids, with a recorded population of zero. The untreated control consistently recorded the highest aphid population of 54.47 aphids/shoot/plant compared with all other treatments. Among the biopesticide treatments, Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha recorded the lowest population of 2.07 aphids/shoot/plant and it was followed by Lecannicillium lecanii 1.15% WP @ 2.50kg/ha (3.60) which was on par with Azadirachtin 10000 ppm @ 1.50L/ha (3.73) and NSKE 5% @ 25 kg/ha (4.13).

Table 3: Effect of biopesticides and chemical insecticides on survival population of foliage feeding wheat aphids after second spray
	SN
	Treatment details
	Dose formulated product g-ml-kg/ha
	Survival population of aphid/shoot/plant at
	Mean

	
	
	
	Pre  count
	3 
DAS
	7 
DAS
	14 DAS
	

	T1
	Lecannicillium lecanni 1.15% WP
	2.50 kg
	19.33
(4.44)
	8.33
(2.96)
	3.60
(2.02)
	1.73
(1.48)
	4.55
(2.15)

	T2
	Metarhizium anisopliae 1.15% WP
	2.50 kg
	13.00
(3.67)
	6.33
(2.60)
	2.07
(1.60)
	0.93
(1.19)
	3.11
(1.79)

	T3
	Azadirachtin 10000 ppm
	1.50 L
	17.93
(4.28)
	7.40
(2.80)
	3.73
(2.06)
	1.60
(1.44)
	4.24
(2.10)

	T4
	Clothianidin 50 WDG
	60 g
	8.53
(2.97)
	0.00
(0.70)
	0.00
(0.70)
	0.00
(0.70)
	0.00
(0.70)

	T5
	Thiamethoxam 25 WG
	50 g
	5.13
(2.36)
	0.00
(0.70)
	0.00
(0.70)
	0.00
(0.70)
	0.00
(0.70)

	T6
	Imidacloprid 17.8 SL
	112 ml
	8.47
(2.99)
	0.00
(0.70)
	0.00
(0.70)
	0.00
(0.70)
	0.00
(0.70)

	T7
	NSKE 5%
	25 kg
	18.73
(4.38)
	8.27
(2.96)
	4.13
(2.13)
	1.80
(1.51)
	4.73
(2.22)

	T8
	Untreated control
	------
	76.73
(8.79)
	64.80
(8.08)
	54.47
(7.41)
	22.53
(4.80)
	47.26
(6.76)

	
	SE +
	
	0.20
	0.13
	0.11
	0.08
	--

	
	CD at 5%
	
	0.60
	0.40
	0.33
	0.23
	--

	
	CV%
	
	8.15
	8.46
	8.63
	8..40
	---


· DAS- Days after spray
· Figures in parentheses indicate transformed value,
· Date(s) of Insecticidal application: i) 14/01/2026 ii) 29/01/2026     
· Date of Harvest: 11/03/2026
              At 14 days after spray, the clothianidin 50 WDG @ 60 g/ha, thiamethoxam 25 WG 50 g/ha, imidacloprid 17.8 SL 112 ml/ha were the most promising treatments for controlling aphids. No aphids were recorded in these treatments. The untreated control recorded the highest population of 22.53 aphids/shoot/plant. Among the biopesticide treatments, Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha recorded the lowest population of 0.93 aphids/shoot/plant and it was followed by Azadirachtin 10000 ppm @ 1.50L/ha (1.60), Lecannicillium lecanii 1.15% WP @ 2.50kg/ha (1.73), NSKE 5% @ 25 kg/ha (1.80).
	
Cumulative effect of biopesticides and chemical insecticides on survival population of foliage feeding wheat aphids (average of two sprays)

              At 3 and 7 days after spray, the treatments with clothianidin 50 WDG @ 60 g/ha, thiamethoxam 25 WG 50 g/ha, imidacloprid 17.8 SL 112 ml/ha were the most effective and were significantly superior to the remaining treatments. The recorded populations in these treatments were zero, compared with the untreated control (54.87 aphids/shoot/plant) at 3 DAS and (54.37 aphids/shoot/plant) at 7 DAS, respectively. Among the biopesticide treatments, Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha recorded the lowest population of 11.13 aphids/shoot/plant which was on par with Azadirachtin 10000 ppm @ 1.50L/ha (12.00), Lecannicillium lecanii 1.15% WP @ 2.50kg/ha (12.50), NSKE 5% @ 25 kg/ha (12.57) at 3 DAS. Treatment with Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha recorded the lowest populations of 3.70 and 6.97 aphids/shoot/plant at 7 and 14 days after spray. It was followed by Azadirachtin 10000 ppm @ 1.50L/ha (5.63, 9.77). 
Table 4: Cumulative effect of biopesticides and chemical insecticides on survival population of foliage feeding wheat aphids (average of two sprays)

	SN
	Treatment details
	Dose formulated product g-ml-kg/ha
	Survival population of aphid/shoot/plant at
	Mean

	
	
	
	3 
DAS
	7 
DAS
	14 DAS
	

	T1
	Lecannicillium lecanni 1.15% WP
	2.50 kg
	12.50
(3.55)
	5.80
(2.46)
	10.53
(2.96)
	9.61
(2.99)

	T2
	Metarhizium anisopliae 1.15% WP
	2.50 kg
	11.13
(3.32)
	3.70
(2.00)
	6.97
(2.43)
	7.26
(2.58)

	T3
	Azadirachtin 10000 ppm
	1.50 L
	12.00
(3.46)
	5.63
(2.44)
	9.77
(2.86)
	9.13
(2.92)

	T4
	Clothianidin 50 WDG
	60 g
	0.00
(0.70)
	0.00
(0.70)
	4.27
(1.84)
	1.42
(1.08)

	T5
	Thiamethoxam 25 WG
	50 g
	0.00
(0.70)
	0.00
(0.70)
	2.57
(1.54)
	0.85
(0.98)

	T6
	Imidacloprid 17.8 SL
	112 ml
	0.00
(0.70)
	0.00
(0.70)
	4.40
(1.89)
	1.46
(1.09)

	T7
	NSKE 5%
	25 kg
	12.57
(3.56)
	5.87
(2.48)
	10.27
(2.94)
	9.57
(2.99)

	T8
	Untreated control
	--
	54.87
(7.41)
	54.37
(7.40)
	49.63
(6.79)
	52.95
(7.20)

	
	SE +
	0.14
	0.12
	0.10
	--

	
	CD at 5%
	0.44
	0.36
	0.30
	--

	
	CV%
	8.05
	8.22
	8.14
	


· DAS- Days after spray
· Figures in parentheses indicate transformed value,
· Date(s) of Insecticidal application: i) 14/01/2026 ii) 29/01/2026     
· Date of Harvest: 11/03/2026
             


           At 14 days after spray, the treatment with thiamethoxam 25 WG 50 g/ha recorded the significantly lowest population (2.57 aphids/shoot/plant) and it was followed by clothianidin 50 WDG @ 60 g/ha (4.27), imidacloprid 17.8 SL 112 ml/ha (4.40). The untreated control recorded the highest values of 54.87, 54.37, 49.63 aphids/shoot/plant at 3, 7, and 14 days after spraying.
Similar findings were reported by Katare et al. (2017), who found that the treatment with thiamethoxam 25 WG @ 12.5 g.a.i./ha was the most effective treatment for controlling aphids on wheat. The maximum yield of 63.91 q/ha was obtained with clothianidin 50 WDG @ 15 g.a.i./ha which was statistically comparable with thiamethoxam 25 WG @ 12.5 g.a.i./ha (62.65 q/ha).  
The present findings are consistent with those of Patil et al. (2016), who evaluated Thiamethoxam 30 FS @ 0.50, 0.75 and 1.00ml/kg seed, Clothianidin  50 WDG @ 0.50, 1.00 and 1.50 g/kg seed, Imidacloprid  48 FS @ 0.50 and 1.00ml/kg seed, Chlorantraniliprole 18.5 SC @ 0.50 and 1.00 ml/kg seed. Thiamethoxam 30 FS @1.0 ml/kg seed, Clothianidin  50 WDG @ 0.50, 1.00 and 1.50 g/kg seed and Imidacloprid  48 FS @ 0.50 and 1.00 ml/kg seed were among the most effective treatments, recording no aphids, whereas the untreated control recorded a maximum of 44.08 number of aphids/shoot/plant.
Walkunde et al. (2019) reported that thiamethoxam 25 WG @ 50.0g/ha fb. thiamethoxam 25 WG @ 50.0g/ha and thiamethoxam 25 WG @ 50.0g/ha fb. diamethoate 30 EC @ 750ml/ha significantly reduced aphid populations, with respective counts of 0.00, 0.00 and 7.53 and 0.00, 0.00 and 8.23 aphids/shoot/plant at 3, 7 and 14 days after spray, respectively.
            Patil et al. (2015) reported comparable findings on the bioefficacy of biopesticides against wheat aphids, showing that Metarhizium anisopliae 1.15% WP @ 4g/l recorded the lowest populations (4.99 and 20.67 aphids/shoot/plant) at 7 and 15 days after spraying. It was on par with Verticillium lecanii 1.15% WP @ 4 g/l at 7 days after spraying, and Verticillium lecanni 1.15% WP @ 4g/l and Beauveria bassiana 1.15% WP  @ 5g/l.
Yield
The grain yields obtained from the different treatments are presented in Table 5. The data in Table 5 revealed significant differences among treatments. The highest grain yield of 45.96 q/ha was recorded in plots treated with thiamethoxam 25 WG 50 g/ha compared with the untreated control (29.46 q/ha). However, it was on par with clothianidin 50 WDG @ 60 g/ha (43.74 q/ha) and imidacloprid 17.8 SL 112 ml/ha (42.43 q/ha) and followed by Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha (37.17 q/ha), which was statistically comparable with Lecannicillium lecanii 1.15% WP @ 2.50kg/ha (36.62 q/ha), Azadirachtin 10000 ppm @ 1.50L/ha (36.10 q/ha) and NSKE 5% @25 kg/ha (35.88). Among the biopesticide treatments, Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha recorded the highest wheat grain yield (37.17 q/ha) and it was on par with Lecannicillium lecanii 1.15% WP @ 2.50kg/ha (36.62 q/ha) and Azadirachtin 10000 ppm @ 1.50L/ha (36.10 q/ha), NSKE 5% @25 kg/ha (35.88). 

Table 5 : Effect of biopesticides and chemical insecticides on grain yield 
   
	SN
	Treatment details
	Dose formulated product g-ml-kg/ha
	Grain yield
	% increased in yield over control

	
	
	
	Kg/plot
	q/ha
	

	T1
	Lecannicillium lecanni 1.15% WP
	2.50 kg
	2.63
	36.62
	         24.30

	T2
	Metarhizium anisopliae 1.15% WP
	2.50 kg
	2.67
	37.17
	26.17

	T3
	Azadirachtin 10000 ppm
	1.50 L
	2.60
	36.10
	22.53

	T4
	Clothianidin 50 WDG
	60 g
	3.14
	43.74
	        48.47

	T5
	Thiamethoxam 25 WG
	50 g
	3.30
	45.96
	56.00

	T6
	Imidacloprid 17.8 SL
	112 ml
	3.05
	42.43
	44.02

	T7
	NSKE 5%
	25 kg
	2.57
	35.88
	21.79

	T8
	Untreated control
	-----
	2.11
	29.46
	---

	
	SE +
	
	0.13
	1.90
	---

	
	CD at 5%
	
	0.41
	5.75
	---



Similar findings were reported by Thakkar et al. (2023), who recorded a higher grain yield (49.25 q/ha) with Thiamethoxam 25 WG @ 0.01% compared with the control.
           Thiamethoxam 30FS @ 1.00ml/kg seed recorded the significantly highest yield of 55.26q/ha and the highest (53.45g) 1,000-grain weight. The lowest yield was observed in the untreated control (34.12 q/ha) (Patil et al., 2016).


Conclusion
Based on the above results, the following conclusions can be drawn:
· Among the tested chemical insecticides treatment with thiamethoxam 25 WG 50 g/ha was superior to the other treatments, recording the lowest aphid populations at 3, 7, and 14 DAS. It was followed by clothianidin 50 WDG @ 60 g/ha  and imidacloprid 17.8 SL 112 ml/ha. The highest aphid population was observed in the untreated control. 
· Among the biopesticides the treatment with the entomopathogenic fungus Metarhizium anisopliae 1.15% WP @ 2.50 kg/ha (37.17 q/ha) was effective against wheat aphids and it was followed by Azadirachtin 10000 ppm @ 1.50L/ha (36.10 q/ha). 
·  The treatment with thiamethoxam 25 WG 50 g/ha  recorded the highest grain yield of 45.96 q/ha, followed by clothianidin 50 WDG @ 60 g/ha  (43.74 q/ha) and imidacloprid 17.8 SL 112 ml/ha 42.43 q/ha in descending order, respectively, and also had the highest B:C ratios of 2.46, 2.27 and 2.26, respectively. 
Limitations
The experiment was conducted at one research farm, during one rabi season, using a single wheat variety. The findings therefore describe treatment performance only under those field conditions. Although the methods mention observations of natural enemies, jassids, weather correlations, and treatment economics, detailed supporting results are not presented for all these outcomes. Broader conclusions about ecological effects, economic returns, and consistency across environments require additional data and independent field trials.


Declaration of AI Use

This manuscript was prepared through the intellectual contributions of the author(s) to the study design, data analysis, interpretation of results, and scholarly content. Grammarly and ChatGPT were used solely to assist with grammatical refinement and reference formatting during manuscript revision. The author(s) accept full responsibility for the accuracy, integrity, and final content of the manuscript.


COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.


References

Babu, K. S., Singh, B., Mhaske, B. M., & Sharma, A. (2012). Clothianidin, a new neonicotinoid insecticide for the management of foliar aphid complex of wheat in India and its safety to coccinellid predators. Cereal Research Communications, 40(2), 296–303. https://doi.org/10.1556/CRC.40.2012.2.14
Carver, M. (1989). Biological control of aphids. In A. K. Minks & P. Harrewijn (Eds.), Aphids: Their biology, natural enemies and control (Vol. 2C, pp. 141–165). Elsevier Science Publishers. 
Department of Agriculture and Farmers Welfare. (2026). Third advance estimates of production of foodgrains, oilseeds and other commercial crops for 2025–26. Ministry of Agriculture and Farmers Welfare, Government of India. https://desagri.gov.in/whats-new-posts/third-advance-estimates-of-production-of-foodgrains-oilseeds-and-other-commercial-crops-for-the-2025-26/
Food and Agriculture Organization of the United Nations. (2025). Crops and livestock products [Data set]. FAOSTAT. https://www.fao.org/faostat/en/#data/QCL
Hussein, S. H. A., Hanafy, A. R. I., & El-Sappagh, I. A. (2015). Impact of planting dates and some weather factors on population fluctuation and occurrence percentage of aphids and thrips on wheat crop in Egypt. Journal of Phytopathology and Disease Management, 2(3), 18–31. https://www.ppmj.net/index.php/ppdj/article/view/45
Jasrotia, P., Kashyap, P. L., & Kumar, S. (2026). Efficacy of insecticides and their combinations for management of foliar aphids in wheat under north-western Indian conditions. Journal of Experimental Agriculture International, 48(10), 667–675. https://doi.org/10.9734/jeai/2026/v48i104555
Katare, S., Reza, M. W., Jasrotia, P., Saharan, M. S., & Sharma, I. (2018b). Efficacy of botanicals and biopesticides against foliage feeding aphids in wheat. Indian Journal of Entomology, 80(1), 40–46. https://doi.org/10.5958/0974-8172.2018.00009.3
Katare, S., Singh, B., Patil, S. D., Tiwari, R., Jasrotia, P., Saharan, M. S., & Sharma, I. (2017). Evaluation of new insecticides against wheat foliar aphid complex. Indian Journal of Entomology, 79(2), 185–190. https://doi.org/10.5958/0974-8172.2017.00038.4
Katare, S., Jasrotia, P., Patil, S. D., Reza, M. W., & Saharan, M. S. (2018a). Influence of sowing time and weather factors on seasonal dynamics of aphids in three wheat growing zones of India. Journal of Agrometeorology, 20(2), 134–138. https://doi.org/10.54386/jam.v20i2.525
Kumar, B. V., Boomathi, N., Kumaran, N., & Kuttalam, S. (2010). Combination of flubendiamide + thiacloprid 480 SC (RM) against bollworms and sucking pests of cotton. Madras Agricultural Journal, 97(4–6), 157–160. https://doi.org/10.29321/MAJ.10.100370
Mhaske, B. M., Pardeshi, S. R., Bhoite, K. D., & Rasal, P. N. (2007). Biosafety of coccinellid predators and chemical control of wheat aphids. Agricultural Science Digest, 27(4), 264–266. https://arccjournals.com/journal/agricultural-science-digest/ARCC4492
Patil, S. D., Katare, S., Rasal, P. N., Padhye, A. P., & Babu, K. S. (2015). Evaluation of botanicals and biopesticides against foliage-feeding wheat aphid (Rhopalosiphum padi L.). Journal of Wheat Research, 7(2), 34–39. https://epubs.icar.org.in/index.php/JWR/article/view/49234
Patil, S. D., Padhye, A. P., & Katare, S. (2016). Efficacy of insecticidal seed treatment against pests of wheat. International Journal of Plant Protection, 9(2), 372–380. https://doi.org/10.15740/HAS/IJPP/9.2/372-380
Thakkar, R. V., Devi, E. P., Patel, S. I., Patel, A. A., & Patel, A. M. (2023). Management of wheat aphid (Rhopalosiphum maidis F.). The Pharma Innovation Journal, 12(11), 2322–2326. https://www.thepharmajournal.com/archives/2023/vol12issue11/PartAB/12-11-243-985.pdf
Tong, S.-M., Qi, D.-Y., Liu, C.-L., Feng, G.-H., Pan, W.-Y., Shao, Y.-Z., Yang, R., & Feng, M.-G. (2024). Comparative efficacies of two fungal insecticides in field control of cereal aphids heavily infesting winter wheat. BioControl, 69, 437–448. https://doi.org/10.1007/s10526-024-10265-2
U.S. Department of Agriculture, Foreign Agricultural Service. (2026). India: Grain and feed annual (GAIN Report No. IN2026-0019). https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Grain+and+Feed+Annual_New+Delhi_India_IN2026-0019
Walkunde, S. S., Patil, S. D., & Bhoite, B. S. (2019). Efficacy of microbial and chemical pesticides against wheat aphid (Rhopalosiphum padi L.). Journal of Pharmacognosy and Phytochemistry, 8(5), 1214–1217. https://www.phytojournal.com/archives/2019.v8.i5.9741/efficacy-of-microbial-and-chemical-pesticides-against-wheat-aphid-ltemgtrhopalosiphum-padi-ltemgtl
Zhao, K., Ma, R., Cheng, M., Guo, T., Wu, W., Song, Y., Xu, H., Tan, A., Qin, B., & Wei, S. (2025). Isolation of Macrolactin A from a new Bacillus amyloliquefaciens and its aphicidal activity against Rhopalosiphum padi. Pest Management Science, 81(4), 1882–1893. https://doi.org/10.1002/ps.8589




