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ABSTRACT 

	Aim: Evaluation of the effects of application of granular insecticides manually vis a vis drone on spiders and coccinellids in rice fields.
Place and Duration of Study: Main Farm, Agricultural Research Institute, Professor Jayashankar Telangana Agricultural University (PJTAU), Rajendranagar, Hyderabad during kharif 2024 (wet season. July-November).   
Methodology: Rice variety Telangana Sona (RNR 15048) was used for the study and granular insecticides recommended for management of lepidopteran pests (Table 2&3) were applied either manually or using drone at 30 days after transplanting (DAT), after pest populations reached the economic threshold level (ETL). Application of granular insecticides was made twice at an interval of 14 days. Observations were recorded before application and at 7 and 14 days after each granular insecticide application.
Results: The study showed that both the drone and manual application of granular insecticides led to a temporary decline in beneficial arthropods, such as coccinellids and spiders, at 7 days post-application. However, populations recovered within 14 days (two weeks), non-significant differences were noticed between treated and untreated plots Among the insecticides tested, chlorantraniliprole 0.5% + thiamethoxam 1.0% GR and chlorantraniliprole 0.4G exhibited the least adverse effects, promoting better retention of natural enemies.
Conclusion: These findings indicate that drone-based granular insecticide application is an efficient and environmentally sustainable alternative over manual application of granular insecticide.



Keywords: Coccinellids, Spiders, Drone, Granular insecticides, Beneficials, Rice

1. INTRODUCTION 

Rice, serving as a staple food for more than half of the global population, holds immense significance in agriculture, nutrition, and the economy worldwide. The rice crop supports diverse assemblage of over 800 pest species alongside numerous natural enemies throughout its vegetative and reproductive stages (Hafeez et al., 2010). Predatory and parasitoid beneficial population play a pivotal role in regulating pest populations under favourable environmental conditions. 
Chemical pesticides have been traditionally preferred in pest management due to their rapid action, ease of application, cost-effectiveness, and efficacy. However, indiscriminate and improper pesticide use has led to several critical issues, including pest resistance development, pest resurgence, secondary pest outbreaks, detrimental effects on beneficial insects, and associated health and environmental hazards (Heong & Schoenly, 1998; El-Wakeil et al., 2013; Fogel et al., 2013; Singh et al., 2020).
Integrated pest management approaches emphasize the importance of combining chemical insecticides with biological control agents to enhance the sustainability and effectiveness of pest control programs (Wright and Verkert, 1995). Hence, identifying insecticides that exhibit minimal toxicity towards natural enemies is paramount to mitigate problems such as pest resurgence frequently linked to excessive insecticide use (Yadav, 1989; Meena et al., 2002). 
Insecticides, regardless of their formulation, can impact populations of natural enemies to varying extents. However, the degree and severity of these effects are largely influenced by factors such as the active ingredient, formulation type, application method, and exposure pathway. 
Recent advancements in agricultural technology have led to drone-based pesticide application systems, offering precision and efficiency in pesticide delivery. While these systems have demonstrated promising agronomic and pest control outcomes, concerns persist regarding their potential impacts on beneficial arthropods (Tang et al., 2021). Recent studies suggest that insecticides whether applied conventionally or via drones as foliar sprays, tend to exert lower negative effects on beneficial fauna (Varma et al., 2022; D'Alessandro et al., 2024).
Despite these technological improvements, the ecological safety of granular insecticide formulations, particularly those applied through drone-based granular spreaders, remains inadequately investigated. Most commonly employed manual application methods, vary in spatial accuracy and coverage, potentially resulting in differential exposure risks to beneficial organisms. Consequently, comparative evaluations of drone-based vis a vis manual granular insecticide applications are necessary to elucidate their respective influences on key beneficial fauna in rice ecosystems.
This study focuses on assessing the impacts of drone-based granular spreaders versus manual application of granular insecticides on populations of spiders and coccinellids in rice fields. By examining the responses of these beneficial arthropods to different application techniques, we aim to contribute through valuable insights into the integration of drone technology to evolve ecologically sustainable pest management strategies in rice agroecosystem
2. material and methods 

Experimental Design
The current study was aimed to evaluate the effects of granular insecticides applied manually by broadcasting or unmanned aerial vehicle (UAV) methods on natural enemies, namely coccinellids and spiders. The experiment was carried out at the Military Farm of the Main Farm, Agricultural Research Institute, Rajendranagar, Professor Jayashankar Telangana Agricultural University (PJTSAU), Hyderabad during kharif (wet season) 2024. The site is located at 17°32'18.48'' N latitude and 78°39'19.63'' E longitude, at an elevation of 542.6 meters above mean sea level (MSL). The rice cultivar, Telangana Sona (RNR 15048) was used in the study. The experiment was laid out in a randomized block design (RBD) comprising of eleven treatments, each replicated thrice (Table 1), during the kharif (wet season) 2024. Each replication measured 500 m², and 28-day-old seedlings were transplanted at a spacing of 20 × 15 cm. 
Equipment and Application Parameters
Aerial application of granular insecticides was performed using the AGRICOPTER AG 365 UAV, which was equipped with disc-type granular spreader. The drone was powered by two 22,000 mAh Li-Po batteries and offered a flight endurance of approximately 15 minutes at full payload. Operational parameters included an optimal flight speed of 5.0 m s⁻¹, a flight altitude of 2.5 meters, and an effective swath width of 8 meters was maintained, as per the SOPs generated in earlier studies. Granular insecticides were applied by the UAV without the addition of any carrier material (sand), as addition of sand for ensuring uniform dispersal lead to clogging and damaging the parts of drone due to corrosion. In contrast, for manual broadcasting, the insecticides were mixed with 20 kg/acre of sand to ensure uniform distribution.
Imposing of Treatments 
Granular insecticides (Table 1) approved by the Central Insecticides Board and Registration Committee (CIB&RC) for the management of rice pests such as yellow stem borer and leaf folder were used in the study. Two rounds of insecticide application were conducted: the first at 30 days after transplanting (DAT), and the second 15 days after the initial application, when pest incidence exceeded the economic threshold level (ETL).
Observations and Statistical Analysis
Observations on the population of natural enemies (coccinellids and spiders) were recorded from ten randomly selected hills for each plot prior to treatment and subsequently at 7 and 14 days following insecticide applications. The collected data were subjected to square root transformation to normalize variance, and statistical analysis was performed using analysis of variance (ANOVA) appropriate for a randomized block design, facilitated by the OPSTAT online statistical analysis tool.
Table. 1 Details of the treatments 
	Tr. No.
	Treatments
	Dosage
(kg / ha)

	T1D
	Carbofuran 3 CG @ 750g a.i 
	25.0

	T2D
	Cartap hydrochloride 4G@ 750g a.i 
	20.0

	T3D
	Chlorantraniliprole 0.4G @ 30g a.i 
	10.0

	T4D
	Flubendiamide 00.70 GR 100g a.i 
	12.5

	T5D
	Chlorantraniliprole 0.5 + % Thiamethoxam 1.0% GR (30+60g a.i) 
	6.0

	T6M
	Carbofuran 3 CG @ 750g a.i 
	25.0

	T7M
	Cartap hydrochloride 4G@ 750g a.i 
	20.0

	T8M
	Chlorantraniliprole 0.4G @ 30g a.i 
	10.0

	T9M
	Flubendiamide 00.70 GR 100g a.i 
	12.5

	T10M
	Chlorantraniliprole 0.5 + % Thiamethoxam 1.0% GR (30+60g a.i)
	6.0

	T11
	Untreated check 
	-


(Note: D-Drone application and M-Manual application)

3. results and discussion

The population dynamics of coccinellid beetles in response to granular insecticide applications via drone (D) and manual (M) methods were evaluated during the kharif 2024 (wet season) to assess their comparative impact on non-target beneficial arthropods. 
Coccinellids
The coccinellid population before-treatment ranged from 2.33 to 3.3/10 hills and the differences across the treatments were statistically non-significant (Table 2). Seven days after the first application of granules (7 DAGA), the untreated control exhibited the highest coccinellid count (3.33/10 hills), even though there was slight decline in population (2.00-2.33/ 10 hills) was observed across all insecticidal treatments, but were on par. The coccinellid population at 14 DAGA gradually recovered The highest coccinellid population was recorded in the untreated control (5.00/10 hills), followed by treatments with chlorantraniliprole 0.5% + thiamethoxam 1.0% GR (T5D) (4.67/10 hills) followed by T3D, T4D, T8M, T10 (4.00/10 hills)  and T9M (3.67/10 hills), respectively.
A comparable pattern was evident following the second application of insecticides. At 7 days after the granule application (7 DAGA), the untreated control exhibited highest density of coccinellids (5.33 individuals per 10 hills), followed closely by treatment T3D (4.00), T4D (3.67), and T5D, T10M, and T8M (each with 3.33 individuals per 10 hills). These findings suggest that these particular treatments were relatively non-disruptive to coccinellid populations. By 14 DAGA, population levels in all treated plots had rebounded, with the highest density recorded in T11 (6.00 individuals per 10 hills), followed by the combined treatment of chlorantraniliprole 0.5% + thiamethoxam 1.0% GR (T5D & T10M), and chlorantraniliprole 0.4G (T3D), each with 5.33 individuals per 10 hills. However, statistical analysis revealed no significant differences between treated and untreated plots, indicating a general recovery of coccinellid populations post-treatment.
These observations align with the findings of Karuppaiah et al. (2022), who reported the highest population in the untreated control (1.36 individuals m⁻²), followed by Virtako 1.5 GR at 75 g a.i. ha⁻¹ and chlorantraniliprole 0.4% GR (1.20 and 0.86 individuals m⁻², respectively) in onion crops. Similarly, Bhavana et al. (2022) carbofuran 3CG and chlorantraniliprole 0.4G (1.47 and 1.17 individuals per hill, respectively) in rice. Jalgan et al. (2023) also found that chlorantraniliprole 0.4G and cartap hydrochloride 4G supported higher coccinellid densities, which were statistically comparable to the untreated control.
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Table.2 Effect of granular insecticides on coccinellid population in rice during kharif 2024
	Trt. No
	Treatment details
	Dosage (Kg/ha)
	Coccinellids per 10 hills

	
	
	
	Pre count
	FIRST APPLICATION
	SECOND APPLICATION

	
	
	
	
	7 DAGA
	14 DAGA
	7 DAGA
	14 DAGA

	T1D
	Carbofuran 3 CG @ 750g a.i
	25.0
	3.00 (1.99)
	2.00 (1.82)
	3.33 (2.08)c
	3.00 (2.00)cd
	4.67 (2.38)

	T2D
	Cartap hydrochloride 4G@ 750g a.i
	20.0
	3.33 (2.08)
	2.00 (1.73)
	3.33 (2.08)c
	3.00 (2.00)cd
	4.67 (2.38)

	T3D
	Chlorantraniliprole 0.4G @ 30g a.i
	10.0
	3.33 (2.08)
	2.33 (1.82)
	4.00 (2.16)bc
	4.00 (2.24)b
	5.33 (2.52)

	T4D
	Flubendiamide 00.70 GR 100g a.i
	12.5
	3.00 (2.00)
	2.00 (1.73)
	4.00 (2.16)bc
	3.67 (2.16)bc
	5.00 (2.44)

	T5D
	Chlorantraniliprole 0.5 %+ Thiamethoxam 1.0% GR (30+60g a.i)
	6.0
	3.00 (1.99)
	2.33 (1.82)
	4.67 (2.31)ab
	3.33 (2.08)bcd
	5.33 (2.52)

	T6M
	Carbofuran 3 CG @ 750g a.i
	25.0
	2.33 (1.82)
	2.00 (1.73)
	3.33 (2.08)c
	2.67 (1.91)d
	5.00 (2.45)

	T7M
	Cartap hydrochloride 4G@ 750g a.i
	20.0
	3.00 (1.99)
	2.33 (1.82)
	3.33 (2.08)c
	3.00 (2.00)cd
	4.33 (2.30)

	T8M
	Chlorantraniliprole 0.4G @ 30g a.i
	10.0
	3.33 (2.08)
	2.33 (1.82)
	4.00 (2.24)bc
	3.33 (2.08)bcd
	5.00 (2.45)

	T9M
	Flubendiamide 00.70 GR 100g a.i
	12.5
	2.33 (1.82)
	2.00 (1.82)
	3.67 (2.16)bc
	3.00 (2.00)cd
	5.00 (2.43)

	T10M
	Chlorantraniliprole 0.5 + % Thiamethoxam 1.0% GR (30+60g a.i)
	6.0
	2.67 (1.90)
	2.33 (1.79)
	4.00 (2.24)bc
	3.33 (2.08)bcd
	5.33 (2.52)

	T11
	Untreated check
	-
	2.67 (1.91)
	3.33 (2.08)
	5.00 (2.45)a
	5.33 (2.52)a
	6.00 (2.65)

	SE(m)±
	-
	-
	0.06
	0.06
	-

	C.D.
	NS
	NS
	0.19
	0.17
	NS

	C.V. (%)
	-
	-
	5.10
	4.69
	-

	* Figures in parentheses are square root values; DAGA= days after granule application, D= Drone application; M= Manual application










Table.3 Effect of granular insecticides on spider population in rice during kharif 2024
	Trt. No
	Treatment details
	Dosage (Kg/ha)
	Spiders per 10 hills

	
	
	
	
	FIRST APPLICATION
	SECOND APPLICATION

	
	
	
	Pre count
	7 DAGA
	14 DAGA
	7 DAGA
	14 DAGA

	T1D
	Carbofuran 3 CG @ 750g a.i
	25.0
	4.00 (2.23)
	3.33 (2.08)b
	4.67 (2.38)
	3.67 (2.16)b
	5.00 (2.45)

	T2D
	Cartap hydrochloride 4G@ 750g a.i
	20.0
	4.33 (2.29)
	3.67 (2.16)b
	4.33 (2.31)
	3.33 (2.08)b
	5.00 (2.44)

	T3D
	Chlorantraniliprole 0.4G @ 30g a.i
	10.0
	4.67 (2.37)
	4.00 (2.23)b
	5.33 (2.52)
	4.33 (2.31)b
	5.33 (2.51)

	T4D
	Flubendiamide 00.70 GR 100g a.i
	12.5
	4.67 (2.38)
	4.00 (2.24)b
	5.33 (2.51)
	4.00 (2.16)b
	5.00 (2.44)

	T5D
	Chlorantraniliprole 0.5 %+ Thiamethoxam 1.0% GR (30+60g a.i)
	6.0
	4.33 (2.29)
	4.00 (2.23)b
	5.00 (2.44)
	4.33 (2.31)b
	5.67 (2.58)

	T6M
	Carbofuran 3 CG @ 750g a.i
	25.0
	4.33 (2.30)
	3.33 (2.08)b
	4.67 (2.38)
	3.00 (2.00)b
	5.33 (2.52)

	T7M
	Cartap hydrochloride 4G@ 750g a.i
	20.0
	4.00 (2.23)
	3.33 (2.08)b
	4.33 (2.30)
	3.33 (2.07)b
	5.00 (2.43)

	T8M
	Chlorantraniliprole 0.4G @ 30g a.i
	10.0
	4.67 (2.37)
	3.67 (2.16)b
	4.00 (2.24)
	4.00 (2.24)b
	5.33 (2.52)

	T9M
	Flubendiamide 00.70 GR 100g a.i
	12.5
	4.00 (2.23)
	4.00 (2.23)b
	4.33 (2.31)
	3.33 (2.08)b
	5.33 (2.52)

	T10M
	Chlorantraniliprole 0.5 + % Thiamethoxam 1.0% GR (30+60g a.i)
	6.0
	5.00 (2.40)
	4.00 (2.23)b
	5.33 (2.51)
	4.33 (2.31)b
	6.00 (2.65)

	T11
	Untreated check
	-
	5.00 (2.44)
	6.00 (2.65)a
	6.33 (2.71)
	6.33 (2.69)a
	7.67 (2.94)

	SE(m)±
	-

	0.08
	-

	0.10
	-

	C.D.
	NS
	0.26
	NS
	0.31
	NS

	C.V. (%)
	-
	6.95
	-
	8.34
	-

	* Figures in parentheses are square root values; DAGA= days after granule application, D= Drone application; M= Manual application










Spiders:
The population range of spiders one day before application varied from 4.00 to 5.00per 10 hills, with non-statistical significance (Table 3). At 7 days after the first application (7DAGA), significant reduction in spider numbers was observed across all insecticide-treated plots compared to the untreated control, which recorded the highest population (6.00 spiders per 10 hills). Among the treatments, the chlorantraniliprole + thiamethoxam (T5D&T10M) and chlorantraniliprole alone (T3D and T8M) and Flubendiamide (T4D) showed relatively higher spider retention (4.00 spiders per 10 hills). By 14 DAGA the spider populations continued to recover in selective treatments. The untreated check maintained the highest spider density (6.33/10 hills), followed by chlorantraniliprole (T3D) and chlorantraniliprole + thiamethoxam (T5D & T10M) of 5.33 per 10 hills, respectively was significant difference between among the treatments. 
A similar trend was observed after the second application. At 7 days after granule application (7 DAGA), spider populations declined across most insecticide-treated plots. However, the untreated control recorded the highest spider numbers (6.33 individuals per 10 hills). Among the treated plots, treatments T5D and T10M (chlorantraniliprole + thiamethoxam) and T3D exhibited relatively higher spider counts (4.33 individuals per 10 hills), suggesting a more selective mode of action and reduced adverse effects on non-target predatory species. By 14 DAGA, spider populations increased across all the treatments, and the differences among them were statistically non-significant. Notably, the highest population was observed in T11 (7.67 spiders per 10 hills), followed by T5D (6.00 per 10 hills).
These results are in aggrement with the findings of Balamurugan et al. (2017), who also reported non significant differences in spider abundance between insecticide-treated and untreated plots. Specifically, Virtako 2.4 DT (chlorantraniliprole + thiamethoxam) applied at 2.5 kg ha⁻¹ recorded the highest spider population (5.33 per 10 hills) at 14 days post-application, followed by chlorantraniliprole 0.4% G (5.00 per 10 hills) in rice. Similarly, Karuppaiah et al. (2022) documented spider densities of 0.83 and 0.50 individuals m⁻² under Virtako 1.5 GR (75 g a.i. ha⁻¹) and chlorantraniliprole 0.4% GR, respectively, which were statistically comparable to the untreated control (0.83 m⁻²).
In contrast, carbofuran 3CG and cartap hydrochloride 4G resulted in markedly lower spider populations relative to other treatments. These findings align with Khusakul et al. (1979), who reported that although carbofuran granules effectively controlled stem borers, they significantly suppressed populations of predatory spiders. Bhavana et al. (2022) also noted the lowest spider population with cartap hydrochloride (0.90 per hill), whereas higher densities were recorded in plots treated with carbofuran 3CG and chlorantraniliprole 0.4G (1.80 and 1.47 per hill, respectively). Further, Jalgan et al. (2023) reported the highest spider densities with chlorantraniliprole 0.4G and cartap hydrochloride 0.4G (1.97 and 1.87 per 10 hills), which were statistically on par with the control (1.87 per 10 hills). Additionally, chlorantraniliprole 20 SC applied at 40 g a.i. ha⁻¹ has been identified as highly safe for predatory coccinellids (Shanwei et al., 2009; Jafar et al., 2013).

The granular insecticide formulations i.e., chlorantraniliprole 0.5% + thiamethoxam 1.0% GR and chlorantraniliprole 0.4G, consistently exhibited minimal adverse effects on beneficial predatory populations, particularly coccinellids and spiders. Population densities in these treatments were statistically comparable to those observed in the untreated control, indicating their selective and ecologically safer profile. These observations are in tune with previous findings that, granular insecticides generally impose a lower risk to beneficial arthropods, including predators and parasitoids, relative to foliar-applied formulations (Thomson & Hoffmann, 2007; Cloyd & Galle, 2012). The reduced impact of granular formulations is largely attributed to decreased direct contact, limited drift, and restricted residual exposure during and post-application. Several studies support the notion that granular insecticides are more compatible with the conservation of natural enemies in rice ecosystems, particularly spiders and coccinellids (Yasuda & Wakamura, 1996; Heong & Schoenly, 1998). For instance, Kiritani (2000) reported that carbofuran applied as granules caused significantly less mortality in spider populations compared to its spray formulation. Furthermore, Chagnon et al. (2002) and Jin et al. (2010) highlighted the localized and targeted nature of granular formulations, which minimizes off-target impacts and enhances their suitability for integrated pest management (IPM) programs. According to Litsinger et al. (2006), the use of granular insecticides facilitates a more rapid recovery of natural enemy communities, contributing to sustained pest regulation and ecological resilience in crop production systems.
In addition, the present study found that drone-based insecticide applications did not result in significant reductions in populations of beneficials when compared to manual application or untreated controls. The effects of drone-applied insecticides on natural enemy abundance were statistically equivalent to conventional application methods, indicating that this emerging technology can serve as an ecologically sustainable alternative for pest management. These findings are supported by Varma et al. (2022) and Supriya et al. (2024) indicated that drone-based applications are safer to natural enemies, including coccinellids, spiders, and mirid bugs.
Conclusions
The advancement of drone technology is rapidly transforming agricultural practices, particularly in the precise and efficient application of agrochemicals. In our recent study, we evaluated the effectiveness of drone-based application of granular insecticides compared to conventional manual broadcasting. The primary focus was to assess not only the efficacy of insecticide delivery but also the potential impacts on natural enemies within the agroecosystem. Our findings demonstrated that all the tested insecticides exerted minimal adverse effects on beneficial arthropods. Notably, Chlorantraniliprole 0.5% + Thiamethoxam 1.0% GR and Chlorantraniliprole 0.4G exhibited significantly lower impact on non-target natural enemies compared to other formulations. Furthermore, throughout the observation period, no significant differences were detected between drone-based and manual application methods in terms of pest control efficacy and preservation of beneficial organisms. These results support the conclusion that drone-mediated application of granular insecticides represents an effective and ecologically sustainable alternative to traditional manual methods.
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