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Evaluation of the efficacy of granular insecticides in managing paddy pest infestations

ABSTRACT
Effective pest management in rice is crucial for maintaining crop productivity and reducing economic losses in agriculture. This study aimed to evaluate the efficacy of various insecticides and their combinations against major rice pests during the Kharif seasons of 2021, 2022, 2023, and Rabi 2023-24 at the Agricultural Research Station in Ragolu, North Coastal Zone, Andhra Pradesh. A total of 14 treatment strategies were tested, incorporating different combinations of insecticides. These included seed treatments with T1 - Thiamethoxam 25% WG, T2 - Carbofuran 3% CG, T3 - Fipronil 0.3 GR, T4 - Chlorantraniliprole 0.4 GR, T5 - Carbofuran 3% CG, T6 - Fipronil 0.3 GR, T7 - Chlorantraniliprole 0.4 GR, and T8 - Cartap hydrochloride 4% GR. Additionally, combination treatments included T9 (Thiamethoxam 25% WG + Fipronil 0.3 GR), T10 (Thiamethoxam 25% WG + Chlorantraniliprole 0.4 GR), T11 (Thiamethoxam 25% WG + Cartap hydrochloride 4% GR), T12 (Carbofuran 3% CG + Chlorantraniliprole 0.4 GR), T13 (Carbofuran 3% CG + Cartap hydrochloride 4% GR), and a control (T14 - water spray). In recent years, delayed transplanting has led to an increasing incidence of gall midge in specific regions of Andhra Pradesh, highlighting the need to assess the effectiveness of new granular insecticides for its management. Over four consecutive seasons, the study showed that all treatments performed significantly better than the untreated control. The most effective approach for gall midge management was seed treatment with Thiamethoxam 25% WG, followed by the application of Fipronil 0.3 GR in the main field. For stem borer control, all treatments were notably superior to the control, with the best results observed from Carbofuran 3% CG applied in the nursery, followed by Chlorantraniliprole 0.4 GR in the main field. Overall, all treatments resulted in reduced leaf damage, fewer white ears before harvest, lower incidences of Brown Planthopper (BPH) and Whitebacked Planthopper (WBPH), and increased grain yield, demonstrating significant superiority over the control.
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INTRODUCTION 


Rice (Oryza sativa L.) is a staple cereal crop that provides food for nearly half of the global population (Satyanarayana et al., 2024). With the world’s population expected to reach 9.2 billion by the mid-21st century, ensuring food security will become a major challenge. To meet future food demands, rice production must see a significant increase by 2030. In India, boosting rice yield is a crucial goal, as the crop plays a key role in sustaining food availability for the growing population (Kumar et al., 2025). Rice is cultivated on nearly one-fourth of the country’s total agricultural land and is a dietary staple for about half of its people. It thrives in diverse ecosystems, ranging from rain-fed uplands to lowlands and deep-water regions. However, the widespread cultivation of high-yielding rice varieties has resulted in increased infestations by insect pests (Jena et al., 2018).


Although around 300 insect species affect rice throughout its growth cycle, only 23 cause significant economic damage (Raut et al., 2023). Among various biotic stresses, insect pests are a major factor limiting rice productivity. While pest control has been a longstanding challenge in rice farming, the issue became more severe following the introduction of nitrogen-responsive, high-yielding varieties during the Green Revolution (Duppala et al., 2023). As a response, pest management strategies were developed, classifying insects based on their feeding behavior, life cycle, and population dynamics. These approaches have proven effective in controlling major pests and stabilizing rice yields (Kondo et al., 2019). However, in recent years, both established and emerging pest species have been increasing in prevalence and severity across rice-growing areas. Despite widespread pesticide application, pests such as the yellow stem borer (Scirpophaga incertulas), brown planthopper (Nilaparvata lugens), white-backed planthopper (Sogatella furcifera), and the Asian rice gall midge (Orseolia oryzae) continue to cause considerable crop damage (Seni and Nayak, 2018).


Granular insecticides, which are formulated as small solid particles, are commonly used for pest management in rice fields. These insecticides are applied to the soil or crop field, where they control pests either through direct contact or ingestion (Meena et al., 2024). However, precise application is essential, as excessive use can lead to pesticide accumulation in the soil, posing risks to non-target organisms and the environment. Proper timing and application techniques are necessary to achieve effective pest control while minimizing negative ecological impacts. Although chemical insecticides remain a primary method for managing rice pests, many conventional formulations have shown limited effectiveness (Hurali et al., 2023). Consequently, new insecticide compounds are being developed and tested to enhance pest control while reducing environmental harm. In Andhra Pradesh, delayed transplanting has contributed to a rising incidence of gall midge infestations in certain areas, with cases increasing annually (Rao et al., 2020). This growing threat highlights the urgent need to assess the efficacy of new granular insecticides in managing gall midge populations in rice fields. Therefore, this study aims to evaluate both conventional and newly developed insecticide treatments to determine their effectiveness against key rice pests.

MATERIAL AND METHODS

This study was conducted at the Agricultural Research Station in Ragolu, located at 83.240° E longitude and 18.240° N latitude, with an elevation of 27 meters above mean sea level (MSL). The region experiences an average annual rainfall of 1111 mm, spread across 57 rainy days, which is characteristic of the North Coastal districts of Andhra Pradesh. The first treatment involved seed treatment alone, where the required quantity of rice seeds was soaked in a 0.1% (a.i.) Thiamethoxam 25% WG solution (prepared by dissolving 4 g of Thiamethoxam 25% WG in one liter of water) in a bucket. Any floating chaff was removed to ensure seed purity. The seeds were stirred thoroughly using a clean bamboo stick for uniform coating with the solution. They remained immersed for 24 hours, after which the insecticide solution was drained. The treated seeds were then placed in a damp cloth bag, securely tied, and incubated in a closed chamber (such as a cement tank) covered with paddy straw to facilitate sprouting.

After 24 to 48 hours, the sprouted seeds were ready for nursery sowing. Hand gloves were used throughout the process to prevent direct contact with the insecticide solution and treated seeds. The planting schedule was carefully adjusted to align with the peak insect pest occurrence for optimal exposure to treatment applications. For further evaluation, new insecticides were tested in different combinations using a randomized block design (RBD) with the MTU 7029 rice variety during the Kharif seasons of 2021, 2022, 2023, and Rabi 2023-24. A total of 14 treatments (Table 1) were tested, each replicated three times. The plot sizes ranged from 20 to 25 square meters, with a plant spacing of 20 x 15 cm. Fertilizer was applied as per recommended rates: 120 kg N, 60 kg P₂O₅, 50 kg K₂O, and 50 kg ZnSO₄ per hectare.

Insect populations were monitored at regular 10-day intervals using light traps and field observations to determine the most effective timing for insecticide application. The following observations were recorded:

1. Nursery: (per square meter area at the time of transplanting)

 i. Number of seedlings 

ii. Number of seedlings infested by gall midge/silver shoots. 

iii. Number of dead hearts (DH),

 iv. Number of seedlings damaged by 
      a) Whorl maggot b) Rice hispa c) Caseworm d) other early season insect pests. 

2. Main field at 35, 50, and 65 DAT: (per hill, in 10 hills at random in each replication)

 i. Number of tillers 

ii. Number of silver shoots 

iii. Number of leaves and the number of damaged leaves for 
   a) Leaf folder b) Whorl maggot c) Rice hispa d) Caseworm e) Other early season insect pests iv. Number of external feeders like leafhoppers, planthoppers, hispa, etc. 

v. Number of dead hearts (DH) at 35 DAT. 

3. Main field at maturity: (per hill, in 10 hills at random in each replication) 

i. Number of panicle bearing tillers

 ii. Number of white ears

4. Number of natural enemies per hill, in 10 hills at random at 35, 50, and 65 DAT. 

5. Grain yield per plot.   

The collected data was analyzed statistically, and an F-Test was conducted using R software version 4.2.1 to determine the best-performing treatment combinations.
Table 1. Treatment details of the efficacy experiment.

	Crop stage
	Trt No.
	Insecticide
	Dosage (Formulation)

	Seed Treatment alone
	T1
	Thiamethoxam 25% WG
	4 gr/kg seed

	Nursery alone 

(15 DAS/one week before transplantation)
	T2
	Carbofuran 3% CG (Check 1)
	33 kg per ha (3.3 g/m2)

	
	T3
	Fipronil 0.3  GR
	25 kg per ha (2.5 g/m2)

	
	T4
	Chlorantraniliprole 0.4 GR
	10 kg per ha (1.0 g/m2)

	Main field alone

 (20-25 DAT)
	T5
	Carbofuran 3% CG (Check 2)
	33 kg per ha (3.3 g/m2)

	
	T6
	Fipronil 0.3  GR
	25 kg per ha (2.5 g/m2)

	
	T7
	Chlorantraniliprole 0.4 GR
	10 kg per ha (1.0 g/m2)

	
	T8
	Cartap hydrochloride 4% GR
	18.75kg per ha(1.9g/m2)

	Seed treatment + main field


	T9
	T1+T6
	

	
	T10
	T1+T7
	

	
	T11
	T1+T8
	

	Nursery + main field


	T12
	T2+T7
	

	
	T13
	T2+T8
	

	Untreated control
	T14
	 Water spray
	



RESULTS AND DISCUSSION

The use of insecticides remains a crucial component of rice pest management. It is essential to evaluate new insecticide formulations, particularly combination products, to determine their effectiveness across a range of pests (Rathee & Dalal, 2018). This study was conducted to assess the efficacy of novel insecticide molecules. The primary focus has been on utilizing insecticides at low doses while ensuring specificity to target pests. Therefore, the emphasis this year was on testing both new insecticide molecules and their combinations (Chander et al., 2020).

Currently, granular insecticides such as Phorate and Carbofuran have been banned, highlighting the urgent need for evaluating alternative granular formulations for effective gall midge control in rice. This study presents findings on the effectiveness of various insecticide treatments against a complex of rice pests (Tables 2-5 & Figure 1).

Gall Midge Control

Gall midge incidence was monitored by assessing the percentage of silver shoots at the active tillering stage (Figure 2). The results indicated that all treatments significantly outperformed the untreated control. The combination treatment T9 (T1 - Thiamethoxam 25% WG + T6 - Fipronil 0.3 GR) proved most effective, followed by T3 - Fipronil 0.3 GR and T12 (T2 - Carbofuran 3% CG + T7 - Chlorantraniliprole 0.4 GR). Similar findings on the efficacy of Thiamethoxam and Fipronil were reported by Reddy et al. (2023), while Carbofuran 3% CG and Chlorantraniliprole were found effective by Udayababu et al. (2023).


Yellow Stem Borer Management

The incidence of yellow stem borer was assessed based on the percentage of dead hearts at the active tillering stage and white ears at pre-harvest. All treatments performed significantly better than the untreated control. T12 (T2 - Carbofuran 3% CG + T7 - Chlorantraniliprole 0.4 GR) was the most effective, followed by T10 (T1 - Thiamethoxam 25% WG + T7 - Chlorantraniliprole 0.4 GR) and T13 (T2 - Carbofuran 3% CG + T8 - Cartap hydrochloride 4% GR). The efficacy of Thiamethoxam, Carbofuran 3% CG, and Chlorantraniliprole was documented by Thorat et al. (2023), while Carbofuran 3% CG and Cartap hydrochloride were effective against yellow stem borer as per Samanta et al. (2020).

Brown Plant Hopper (BPH) Control

BPH infestation was determined based on hopper populations per hill. All treatments were significantly more effective than the untreated control. T13 (T2 - Carbofuran 3% CG + T8 - Cartap hydrochloride 4% GR) was the most effective combination, followed by T11 (T1 - Thiamethoxam 25% WG + T8 - Cartap hydrochloride 4% GR) and T8 - Cartap hydrochloride 4% GR. Research by Sehgal et al. (2021) and Sharma & Raju (2019) confirmed the effectiveness of Carbofuran 3% CG + Cartap hydrochloride 4% GR against BPH, while Tripathi et al. (2025) reported similar results for Thiamethoxam 25% WG + Cartap hydrochloride.

White-Backed Plant Hopper (WBPH) Control

WBPH infestation was also measured based on hopper population per hill. All treatments were significantly more effective than the untreated control. T9 (T1 - Thiamethoxam 25% WG + T6 - Fipronil 0.3 GR) was the most effective, followed by T10 (T1 - Thiamethoxam 25% WG + T7 - Chlorantraniliprole 0.4 GR) and T11 (T1 - Thiamethoxam 25% WG + T8 - Cartap hydrochloride 4% GR). Similar findings on the effectiveness of Thiamethoxam were reported by Patel (2020). Amsagowri and Muthukrishnan (2019) validated the efficacy of Chlorantraniliprole, while Barad (2023) confirmed the effectiveness of Cartap hydrochloride against WBPH.

Impact on Natural Predators

Beneficial predators, such as Tetragnatha and wolf spiders, play a vital role in controlling rice pests like leafhoppers and planthoppers (Shyamrao et al., 2022). Coccinellid beetles are also important natural predators in rice ecosystems, targeting leafhoppers and planthoppers (Dash et al., 2021). Additionally, mirid bugs (Cyrtorhinus lividipennis) feed on the eggs and nymphs of rice pests, as reported by Rahaman & Stout (2019). However, excessive insecticide use can disrupt predator populations, leading to increased pest densities (Overton et al., 2021). The study found no significant differences in predator populations among treatments, emphasizing the importance of selecting insecticides that minimize ecological disruption.


Effect on Grain Yield

The findings revealed that all insecticide treatments effectively managed major rice pests, contributing to higher yields (Figure 3). The highest yield was observed in T12 (T2 - Carbofuran 3% CG + T7 - Chlorantraniliprole 0.4 GR) with 5352 kg/ha, followed by T9 (T1 - Thiamethoxam 25% WG + T6 - Fipronil 0.3 GR) with 5171 kg/ha and T10 (T1 - Thiamethoxam 25% WG + T7 - Chlorantraniliprole 0.4 GR) with 5134 kg/ha. The untreated control recorded the lowest yield of 3870 kg/ha, underscoring the role of effective pest management. Research by Ramli et al. (2018) and Devkota et al. (2019) similarly highlighted the potential for higher yields through newer insecticide applications.

 
During the Kharif 2021, for gall midge, seed treatment with thiamethoxam followed by application of fipronil 3% GR at 20-25 DAT in the main field was most effective with significantly lower SS (0.80%) as compared to other treatments and most effective in preventing silver shoots formation with 81.60 percent reduction over control. In case of yellow stem borer, seed treatment with thiamethoxam followed by Fipronil 0.3 GR in the main field was most effective in preventing DH formation with 79.90 percent reduction over control. Whereas, application of carbofuran granules in nursery + Chlorantraniliprole granules in main field was significantly superior in preventing white ear formation with 82.86 percent reduction over control. With respect to yield, treatment effects were significant and in all the treatments higher yield was recorded as compared to untreated control (4650 kg/ha). Application of carbofuran granules in nursery followed by Chlorantraniliprole granules in main field was the best treatment with significantly higher yield (6886 kg/ha) as compared to remaining treatments. 
During the Kharif 2022, for gall midge management, application of carbofuran granules in nursey followed by application of chlorantraniliprole at 20-25 DAT in the main field was most effective with significantly lower SS (1.74%) as compared to other treatments and most effective in preventing silver shoots formation with 80.15 percent reduction over control. In case of yellow stem borer, carbofuran granules in nursey followed by application of chlorantraniliprole at 20-25 DAT in the main field was most effective in preventing DH formation with 79.82 percent reduction over control. Whereas, seed treatment with thiamethoxam was significantly superior in preventing white ear formation (2.80%) with 81.64 percent reduction over control. With respect to yield, treatment effects were significant and in all the treatments higher yield was recorded as compared to untreated control (4936 kg/ha). Application of carbofuran granules in main field was the best treatment with significantly higher yield (5920 kg/ha) as compared to remaining treatments. 
During the Kharif 2023, for gall midge, seed treatment with thiamethoxam followed by application of fipronil 3% GR at 20-25 DAT in the main field was most effective with significantly lower SS (3.68%) as compared to other treatments and most effective in preventing silver shoots formation with 82.4 percent reduction over control. In case of yellow stem borer, seed treatment with thiamethoxam followed by Chlorantraniliprole 0.4 GR in the main field was most effective in preventing DH formation with 80.80 percent reduction over control. Whereas, application of fipronil granules in nursery + Chlorantraniliprole granules in main field was significantly superior in preventing white ear formation with 93.90 percent reduction over control. With respect to yield, treatment effects were significant and in all the treatments higher yield was recorded as compared to untreated control (3067 kg/ha). Application of fipronil granules in nursery followed by Chlorantraniliprole granules in main field was the best treatment with significantly higher yield (4546 kg/ha) as compared to remaining treatments. 
During the Rabi 2023-24, for gall midge, seed treatment with thiamethoxam followed by application of fipronil 3% GR at 20-25 DAT in the main field was most effective with significantly lower SS (4.00%) as compared to other treatments and most effective in preventing silver shoots formation with 82.4 percent reduction over control. In case of yellow stem borer, seed treatment with thiamethoxam followed by Chlorantraniliprole 0.4 GR in the main field was most effective in preventing DH formation with 74.27 percent reduction over control. Whereas, application of application of carbofuran granules in nursey followed by application of chlorantraniliprole at 20-25 DAT in the main field was significantly superior in preventing white ear formation with 90.20 percent reduction over control. With respect to yield, treatment effects were significant and in all the treatments higher yield was recorded as compared to untreated control (2826 kg/ha). Application of fipronil granules in nursery followed by Chlorantraniliprole granules in main field was the best treatment with significantly higher yield (4160 kg/ha) as compared to remaining treatments. 
CONCLUSIONS

The four-year experimental trials assessing 14 granular insecticide treatments revealed that for gall midge control, seed treatment with thiamethoxam followed by fipronil granules in the main field (3.03%) and seed treatment with thiamethoxam followed by fipronil 3% GR application at 20–25 DAT (3.66%) were the most effective, significantly reducing silver shoot formation. Regarding yield, treatment effects were significant, with all treated plots achieving higher yields compared to the untreated control (3762 kg/ha). The best-performing treatment was the application of fipronil granules in the nursery followed by Chlorantraniliprole granules in the main field, which resulted in the highest yield (5219 kg/ha), significantly surpassing other treatments. All treatments effectively reduced damaged leaves, white ears, and pest incidence while contributing to higher grain yields compared to the control.
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Table 2.  Field efficacy of granular insecticides on insect pests of paddy during kharif, 2021
	Treatments
	% SS
	% DH
	BPH
	WBPH
	Spiders
	Coccinellids
	Mirids
	% WE
	Grain yield (Q/Ha)

	T1
	3.10
	2.20
	15.10
	11.70
	3.30
	6.00
	21.80
	13.50
	5606

	T2
	2.72
	2.30
	16.00
	8.70
	3.20
	6.30
	19.70
	14.70
	5833

	T3
	2.10
	2.20
	11.70
	10.70
	3.50
	7.00
	20.00
	17.20
	5930

	T4
	3.90
	2.40
	16.00
	10.30
	3.90
	7.00
	20.60
	10.10
	6133

	T5
	1.80
	1.80
	13.70
	9.70
	3.30
	7.10
	20.70
	10.30
	6160

	T6
	3.70
	0.86
	10.30
	11.30
	3.00
	7.30
	19.30
	9.50
	6280

	T7
	2.10
	2.20
	13.70
	9.30
	3.70
	7.20
	19.00
	8.70
	6420

	T8
	4.10
	1.90
	11.30
	8.30
	3.30
	6.60
	20.00
	9.10
	6284

	T9
	0.80
	2.70
	16.00
	5.70
	3.50
	6.00
	22.10
	7.90
	6392

	T10
	2.80
	1.70
	11.70
	5.30
	3.30
	5.80
	21.10
	6.50
	6773

	T11
	2.40
	2.90
	12.00
	6.70
	3.60
	6.70
	20.30
	7.10
	6520

	T12
	1.40
	1.42
	10.30
	5.30
	3.10
	6.10
	20.90
	6.10
	6886

	T13
	2.35
	1.90
	8.00
	6.70
	3.00
	6.10
	21.20
	7.50
	6375

	T14
	4.35
	4.28
	24.70
	14.70
	5.45
	6.20
	20.90
	35.60
	4650

	F- test 
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	NS
	NS
	Sig.
	Sig.

	CD (p=0.05)
	0.63
	0.79
	4.11
	3.03
	1.16
	2.19
	2.40
	1.49
	37.49

	CV%
	3.90
	5.50
	7.83
	10.10
	4.90
	4.20
	5.20
	3.70
	0.36


Table 3.  Field efficacy of granular insecticides on insect pests of paddy during kharif, 2022

	Treatments
	% SS
	% DH
	BPH
	WBPH
	Spiders
	Coccinellids
	Mirids
	% WE
	Grain yield (Q/Ha)

	T1
	2.47
	3.08
	10.00
	7.30
	3.20
	3.60
	10.60
	2.8
	5786

	T2
	2.34
	2.90
	13.00
	10.30
	1.20
	3.54
	11.67
	4.77
	5746

	T3
	2.12
	2.88
	11.30
	8.60
	2.90
	4.60
	12.67
	3.39
	5826

	T4
	2.40
	3.70
	13.67
	7.60
	1.50
	2.00
	11.00
	3.98
	5853

	T5
	2.45
	3.18
	17.33
	5.30
	4.20
	2.00
	10.50
	4
	5920

	T6
	2.51
	3.73
	13.33
	6.00
	1.74
	4.21
	10.67
	4.72
	5733

	T7
	2.66
	3.29
	10.00
	5.00
	1.40
	2.25
	9.33
	5.04
	5712

	T8
	2.46
	2.69
	9.67
	4.66
	5.30
	2.60
	10.33
	4.62
	5757

	T9
	2.09
	2.71
	13.00
	3.60
	2.80
	3.54
	12.33
	3.92
	5906

	T10
	2.36
	2.53
	13.33
	4.00
	1.30
	4.98
	12.33
	4.32
	5722

	T11
	2.35
	2.81
	10.00
	3.60
	3.20
	2.60
	10.67
	3.27
	5800

	T12
	1.74
	2.07
	12.30
	5.30
	0.80
	6.60
	11.33
	3.9
	5814

	T13
	1.92
	2.52
	10.30
	6.80
	4.00
	2.89
	11.00
	3.96
	5680

	T14
	8.77
	10.26
	30.60
	20.30
	6.20
	3.62
	13.00
	15.25
	4936

	F- test 
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	NS
	NS
	Sig.
	Sig.

	CD (p=0.05)
	1.42
	2.92
	9.14
	5.40
	1.53
	2.03
	5.96
	3.55
	361.70

	CV%
	5.57
	11.89
	14.83
	7.10
	3.09
	5.32
	4.22
	17.19
	3.76


Table 4.  Field efficacy of granular insecticides on insect pests of paddy during kharif, 2023

	Treatments
	% SS
	% DH
	BPH
	WBPH
	Spiders
	Coccinellids
	Mirids
	% WE
	Grain yield (Q/Ha)

	T1
	11.89
	7.80
	13.55
	9.50
	4.65
	4.82
	10.83
	21.27
	3693

	T2
	8.47
	6.20
	14.50
	9.50
	2.32
	2.65
	12.11
	18.34
	3827

	T3
	4.07
	6.90
	11.50
	9.65
	4.35
	4.52
	10.43
	14.57
	3733

	T4
	18.72
	6.20
	16.84
	8.95
	3.41
	3.35
	11.66
	19.22
	3680

	T5
	11.65
	8.40
	15.52
	7.50
	5.55
	5.77
	12.44
	27.44
	3987

	T6
	9.62
	5.60
	11.82
	8.65
	3.09
	3.31
	11.32
	28.81
	3920

	T7
	21.67
	4.10
	11.85
	7.15
	2.75
	2.97
	11.49
	10.43
	3880

	T8
	17.98
	7.30
	13.49
	6.48
	6.65
	6.87
	8.57
	12.62
	4080

	T9
	3.68
	5.30
	14.50
	4.65
	4.15
	4.37
	9.11
	16.16
	4307

	T10
	12.51
	2.91
	12.52
	4.65
	2.97
	3.03
	7.49
	3.86
	4293

	T11
	13.70
	4.50
	11.00
	5.15
	4.50
	4.74
	7.98
	9.12
	4173

	T12
	6.05
	3.20
	11.30
	5.30
	2.47
	2.53
	7.93
	2.20
	4547

	T13
	8.71
	4.80
	9.15
	6.75
	5.40
	5.59
	8.54
	7.96
	4213

	T14
	23.91
	15.13
	27.65
	17.50
	7.87
	7.93
	23.29
	36.13
	3067

	F- test 
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	NS
	NS
	Sig.
	Sig.

	CD (p=0.05)
	4.25
	2.10
	7.21
	4.45
	1.89
	3.21
	4.44
	8.53
	435

	CV%
	15.60
	19.81
	8.25
	6.89
	4.55
	6.24
	2.80
	11.18
	6.55


Table 5.  Field efficacy of granular insecticides on insect pests of paddy during Rabi, 2023

	Treatments
	% SS
	% DH
	BPH
	WBPH
	Spiders
	Coccinellids
	Mirids
	% WE
	Grain yield (Q/Ha)

	T1
	12.56
	9.03
	11.28
	10.46
	3.93
	5.41
	11.35
	22.28
	3280

	T2
	9.12
	7.83
	16.75
	7.46
	1.76
	4.48
	8.15
	17.25
	3453

	T3
	4.82
	8.73
	11.40
	9.46
	3.63
	5.76
	10.08
	17.12
	3480

	T4
	16.71
	7.77
	14.25
	9.06
	2.46
	5.17
	9.68
	20.48
	3187

	T5
	12.43
	10.17
	16.42
	8.46
	4.88
	6.43
	9.39
	29.11
	3587

	T6
	10.33
	7.37
	12.57
	10.06
	2.42
	5.30
	10.71
	30.64
	3533

	T7
	22.60
	6.50
	14.93
	7.18
	2.08
	5.08
	8.68
	12.26
	3347

	T8
	19.02
	8.73
	10.08
	6.84
	5.98
	6.73
	7.25
	14.55
	3667

	T9
	4.00
	7.00
	13.75
	5.78
	3.48
	5.18
	5.08
	16.01
	4080

	T10
	13.34
	4.68
	10.92
	6.18
	2.14
	4.41
	4.43
	5.36
	3747

	T11
	14.37
	6.27
	10.50
	6.81
	3.85
	5.72
	6.35
	11.67
	3987

	T12
	6.67
	4.97
	11.80
	8.51
	1.64
	4.31
	4.68
	3.85
	4160

	T13
	9.21
	5.80
	11.73
	10.01
	4.70
	5.85
	6.21
	7.80
	3827

	T14
	24.70
	18.19
	33.13
	23.51
	7.04
	7.06
	14.91
	39.31
	2826

	F- test 
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	NS
	NS
	Sig.
	Sig.

	CD (p=0.05)
	4.30
	2.90
	6.55
	5.53
	1.78
	2.15
	3.87
	9.56
	391.82

	CV%
	19.63
	21.37
	9.11
	7.73
	5.47
	5.71
	3.54
	20.14
	6.52


Table 6.  Field efficacy of granular insecticides on insect pests of paddy (Pooled data Kharif 2021, Kharif 2022, Kharif 2023 and Rabi 2023-24)
	Treatments
	% SS
	% DH
	BPH
	WBPH
	Spiders
	Coccinellids
	Mirids
	% WE
	Grain yield (Q/Ha)

	T1
	7.51
	5.53
	12.48
	9.74
	3.77
	4.96
	13.65
	14.96
	4591

	T2
	5.66
	4.81
	15.06
	8.99
	2.12
	4.24
	12.91
	13.77
	4715

	T3
	3.28
	5.18
	11.48
	9.60
	3.59
	5.47
	13.30
	13.07
	4742

	T4
	10.43
	5.02
	15.19
	8.98
	2.82
	4.38
	13.23
	13.45
	4713

	T5
	7.08
	5.89
	15.74
	7.74
	4.48
	5.32
	13.26
	17.71
	4913

	T6
	6.54
	4.39
	12.00
	9.00
	2.56
	5.03
	13.00
	18.42
	4867

	T7
	12.26
	4.02
	12.62
	7.16
	2.48
	4.37
	12.13
	9.11
	4840

	T8
	10.89
	5.16
	11.13
	6.57
	5.31
	5.70
	11.54
	10.22
	4947

	T9
	2.64
	4.43
	14.31
	4.93
	3.48
	4.77
	12.15
	11.00
	5171

	T10
	7.75
	2.96
	12.12
	5.03
	2.43
	4.55
	11.34
	5.01
	5134

	T11
	8.21
	4.12
	10.88
	5.57
	3.79
	4.94
	11.33
	7.79
	5120

	T12
	3.97
	2.92
	11.43
	6.10
	2.00
	4.88
	11.21
	4.01
	5352

	T13
	5.55
	3.76
	9.79
	7.57
	4.28
	5.11
	11.74
	6.81
	5024

	T14
	15.43
	11.97
	29.02
	19.00
	6.64
	6.20
	18.03
	31.57
	3870

	F- test 
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	NS
	NS
	Sig.
	Sig.

	CD (p=0.05)
	2.65
	2.18
	6.75
	4.60
	1.59
	2.40
	4.17
	5.78
	306.51

	CV%
	11.18
	14.64
	10.01
	7.96
	4.50
	5.37
	3.94
	13.05
	9.42
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Figure 1.  Population of paddy pest complex in response to various insecticides 
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                                 Figure 2.  Impact on gallmidge incidence in response to various insecticides

Figure 3.  Impact on grain yield levels in response to various insecticides
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