Evaluation of nutrient application and drones sprayed pesticides (fungicides and insecticides) on the disease severity of major diseases of paddy

Abstract

[bookmark: _GoBack]A field investigation was conducted to assess the impact of nutrient application and pesticide delivery methods on the severity of brown spot disease in rice. Results revealed that at 30 and 60 DAT, application of 100% RDF recorded the lowest disease severity (17.78% and 31.10%, respectively), performing on par with 50% RDF and 150% RDF, while maximum severity was observed under control. Evaluation of pesticide application methods showed that drone-based spraying was consistently superior to knapsack spraying. At the maximum tillering stage, drone-applied tebuconazole + trifloxystrobin and isocycloseram recorded the lowest PDI (1.11% at 7 DAS and 0.37% at 14 DAS), compared to higher values in knapsack spraying. Similarly, at the booting stage, drone-applied picosystrobin + propiconazole and chlorantraniliprole significantly reduced disease severity compared to knapsack application. Overall, the findings highlight that balanced nutrient management combined with drone-based pesticide spraying effectively minimizes brown spot incidence in rice.

Introduction

Rice (Oryza sativa L.) is the primary staple food for nearly 60% of the global population. In India, it covers about 23.3% of the gross cropped area, contributing 43% of total food grain production and 46% of cereal output. India holds the world’s largest rice cultivation area and ranks second in production after China. During 2023-24, rice cultivation spanned 47.82 MHa with a production of 137.82 MT, increasing to 51.42 MHa and 149.07 MT in 2024-25, with productivity around 28.9 quintals/ha (Agricultural Statistics, Ministry of Agriculture, 2025). Unmanned Aerial Vehicles (UAVs) are revolutionizing crop protection by ensuring efficient pesticide application, covering 0.8–2.8 hectares per flight (Lan and Wang, 2018). UAV spraying offers uniform coverage, reduced chemical use, minimized farmer exposure, and improved environmental sustainability (Chen et al., 2022). India’s drone market is projected to reach $1.81 billion by FY 2026, supported by the Government’s Drone Rules 2021 (BIS). Nutrient management also plays a critical role in disease prevention. Optimal NPK fertilization reduces brown spot incidence and enhances plant defense (Huber & Jeff, 2012, Ahangar, 2013). Proper nutrient balance improves resistance to pathogens and boosts yield (Ben Mohamed et al., 2000). Cultural practices, including adjustments in nitrogen and potassium application, are essential for sustainable disease management and crop health.







Material and Methods

Evaluation of nutrient application on the disease severity of major disease i.e. brown spot of paddy

To evaluate the impact of varying NPK fertilizer levels on disease incidence, a field experiment was conducted at the IGKV Raipur Farm. The study included five NPK treatment levels the recommended dose (120:60:40 kg/ha), 50%, 100%, 150% of the recommended dose, 100% N and a control (no NPK). 
Each treatment was replicated four times using a net plot size of 1 × 1.5 meters. Standard cultivation practices were followed throughout the experiment. Nitrogen application was split into two stages half of the total nitrogen, along with the full dose of P₂O₅ and K₂O, was applied at planting. The remaining half of the nitrogen was applied 30 days after transplanting. Disease incidence was observed 40 and 60 Days After Transplanting. The data collected were converted into Percent Disease Index (PDI), calculated using the formula provided by Wheeler (1969).                                    
                               Sum of all disease ratings
PDI (%) =                                                                                                         x 100
                         Total Number of ratings X Maximum disease grade            
Recommended dose of fertilizers (RDF) = 120:60:40 (N2:P2O5: K2O) kg/ha.
Treatment Details: -
T1 – Control, T2 - 50% RDF, T3 - 100% RDF, T4 - 150% RDF, T5 - 100% N
Experimental Details: -
Variety- Rajeshwari, Replication- 4, Plot size- 20m. x 10m., Design – RBD, Source of fertilizer- Nitrogen- Urea, Sulfur- SSP, Potash– MOP. Observation of diseases will be recorded under natural conditions in above experiments.

Evaluation of drones sprayed pesticides (fungicides and insecticides) on the disease severity of major disease i.e. brown spot of paddy
Experimental Observations
Within each replication, a random selection of 10 plants was made from the valid observation zone. These plants were randomly tagged during the pre-count stage, and observations were subsequently recorded for them following the spraying. The initial incidence of diseases was documented during the pre-count stage for each treatment and replication. Post-spraying observations were then recorded at 7 and 14 days after each treatment application.

Table 1: Treatment details of drones sprayed pesticides (fungicides and insecticides) on the disease severity of major diseases of paddy
	Treatment
	Spraying Method
	Crop Stage
	
	Insecticide (formulation per acre)
	Dilution per acre

	T1
	







Drone
	Maximum tillering stage

	Fungicide
+ Insecticide (Tank mix)

	Tebuconazole 50% + trifloxystrobin 25% WG @ 80 g/acre
	




10 litres of water at maximum tillering stage, 16 liters at PI to booting stage

	
	
	
	
	Isocycloseram 18.1% W/W SC 120 ml/acre
	

	
	
	Booting stage

	Fungicide
+ Insecticide (Tank mix)

	Picoxystrobin 7.05% + propiconazole 11.7% SC @ 400 ml/acte
	

	
	
	
	
	Chlorantraniliprole 18.50% SC @ 60ml/acre
	

	T2
	Battery operatrd Knapsack sprayer
	Maximum tillering stage

	Fungicide
+ Insecticide (Tank mix)

	Tebuconazole 50% + trifloxystrobin 25% WG @ 80 g/acre
	




500 litres of water depending on the crop canopy

	
	
	
	
	Isocycloseram 18.1% W/W SC 120 ml/acre
	

	
	
	Booting stage

	Fungicide     
     + Insecticide (Tank mix)

	Picoxystrobin 7.05% + propiconazole 11.7% SC @ 400 ml/acte
	

	
	
	
	
	Chlorantraniliprole 18.50% SC @ 60ml/acre
	

	T3
	Untreated control
	
	Untreated control (water spray with drone)
	10 litres of water at maximum tillering stage, 16 liters at PI to booting stage


Experimental Details: 
Variety:Swarna, Layout:Randomized Block Design, Treatment:3, Plot size:Minimum 1000m2 for each treatment, Spacing:20 cm x15 cm.

Brown spot disease severity
The severity of brown spot disease was assessed from 10 randomly selected hills per replication during the first spraying. Observations were recorded before spraying, and subsequently at 7 and 14 days after the application of pesticide mixtures. The percent disease index was calculated using the scale provided in the Standard Evaluation System for Rice (IRRI, SES, 2014).
                                    Sum of all disease ratings
PDI (%) =                                                                                                      x 100
                         Total Number of ratings X Maximum disease grade            
Disease Rating Scale for Brown spot disease-
	Score
	Description

	0
	No disease incidence

	1
	Less than 1%

	2
	1-3%

	3
	4-5%

	4
	6-10%

	5
	11-15%

	6
	16-25%

	7
	26-50%

	8
	51-75%

	9
	76-100%



Result and Discussion
Evaluation of nutrient application on the disease severity on brown spot of paddy
The results showed that, (Table - 2). The result related to evaluation of nutrient application on the brown spot disease severity of rice revealed that at 30 DAT. The treatment of application of nutrient i.e. 100% RDF significantly reduced the brown spot disease severity 17.78% over all treatments and it is statistically at par to the treatment of 50% RDF with disease severity of PDI 20.55% and 150% RDF treatments with the brown spot severity of 23.88% are followed by the treatment of 100% N with the disease severity of PDI 32.49%. The maximum disease severity (62.78%) of brown spot was recorded under control treatment. Evaluation of nutrient application on the brown spot disease severity of rice revealed that at 60 DAT. The treatment of application of 100% of RDF significantly reduced the brown spot disease severity 31.10% over all treatments and it is statistically at par to the treatment of 50% RDF with disease severity of PDI 35.83% and 150% RDF treatment with the brown spot severity 48.33% are followed by the treatment of 100% N with the disease severity of PDI 52.77%. The maximum disease severity (59.96%) of brown spot was recorded under control treatment.
Table 2: Evaluation of nutrient application on the disease severity of brown spot of paddy
	Treatments
	Treatment details
	PDI

	
	
	40 DAT
	60 DAT

	T1
	Control
	62.78 (52.43)
	74.44 (59.96)

	T2
	50% RDF
	20.55 (26.81)
	35.83 (36.70)

	T3
	100% RDF
	17.78 (24.77)
	31.10 (33.59)

	T4
	150% RDF
	23.88 (29.15)
	48.33 (44.02)

	T5
	100% N
	32.49 (34.70)
	52.77 (46.58)

	
	SE(m)
	1.54
	2.53

	
	C.D. (5%)
	4.82
	7.91


DAT = Day After Transplanting
Evaluation of drones sprayed pesticides (fungicides and insecticides) on the disease severity on brown spot of paddy
A field study was conducted to evaluate the efficacy of pesticides sprayed via drones and knapsack sprayers at different crop stages on brown spot disease severity in rice. 
In the study evaluating the effectiveness of different pesticide against brown spot (Table 3), the pre-spray observations recorded one day before application showed that the disease severity ranged from 1.48% to 27.77%.




Maximum Tillering Stage
At the treatments at the maximum tillering stage, drone spraying (T1) with tebuconazole 50% + trifloxystrobin 25% WG @ 80 g/acre and isocycloseram 18.1% w/w SC @ 120 ml/acre recorded the lowest PDI of 1.11% at 7 DAS and 0.37% at 14 DAS, indicating high effectiveness in controlling the disease, with a pre-count disease severity (PDI) of 1.48%. The same combination sprayed with a battery-operated knapsack sprayer (T2) recorded slightly higher PDI 1.48% at 7 DAS, 0.74% at 14 DAS, showing lower efficacy compared to drone spraying. The untreated control (T3) recorded the highest PDI at 6.29% at 7 DAS and 9.62% at 14 DAS, confirming the importance of pesticide application.
Booting Stage
At the booting stage, drone-applied treatment (T1) with picosystrobin 7.05% + propiconazole 11.7% SC @ 400 ml/acre and chlorantraniliprole 18.5% SC @ 60 ml/acre recorded a PDI of 13.7% at 7 DAS and 10.36% at 14 DAS, with an initial PDI of 16.29%. In comparison, the same treatment applied via a battery-operated knapsack sprayer (T2) resulted in higher disease severity 18.14% at 7 DAS and 15.18% at 14 DAS, with initial PDI of 20.36%. The untreated control (T3) exhibited the highest disease severity of all treatments 32.21% at 7 DAS and 41.11% at 14 DAS, with initial PDI of 27.77%. The findings revealed that drone-based application of fungicides and insecticides significantly reduced the severity of brown spot in rice compared to conventional knapsack spraying, with the highest efficacy observed at the maximum tillering stage.

Summary
The study evaluated the impact of nutrient management and pesticide application methods on the severity of brown spot disease in rice. Nutrient application trials revealed that 100% of the Recommended Dose of Fertilizers (RDF) was the most effective in minimizing disease severity, recording 17.78% and 31.10% PDI at 30 and 60 days after transplanting (DAT), respectively. This treatment was statistically comparable to 50% RDF (20.55% and 35.83% PDI) and 150% RDF (23.88% and 48.33% PDI). The highest disease severity was consistently recorded in the untreated control (62.78% and 59.96% PDI at 30 and 60 DAT, respectively). In pesticide application trials, drone spraying outperformed conventional knapsack spraying across growth stages. At the maximum tillering stage, drone-applied tebuconazole + trifloxystrobin and isocycloseram achieved the lowest disease severity (1.11% PDI at 7 DAS and 0.37% at 14 DAS), compared to 1.48% and 0.74% PDI with knapsack spraying, and 6.29% and 9.62% in untreated plots. At the booting stage, drone-based picosystrobin + propiconazole and chlorantraniliprole also recorded lower PDI (13.7% and 10.36% at 7 and 14 DAS) than knapsack spraying (18.14% and 15.18%) and untreated control (32.21% and 41.11%).

Conclusion
Balanced nutrient application, particularly 100% RDF, effectively reduced brown spot severity in rice, while excessive nitrogen increased disease incidence. Drone-based pesticide spraying proved superior to knapsack application. Thus, integrating optimal nutrient management with drone-applied fungicides offers a sustainable strategy for brown spot management in rice.
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                Table 3: Evaluation of drones sprayed pesticides (fungicides and insecticides) on the disease severity of brown spot of paddy
	TrtNo.

	Spraying method
	Crop Stage
	Treatment details
	PDI

	
	
	
	
	PRC
	7 DAS
	14 DAS

	T1
	Drone
	Maximum tillering stage

	(Tebuconazole 50% + trifloxystrobin 25% WG @ 80 g/acre) +
(Isocycloseram 18.1% W/W SC 120 ml/acre)
	1.48 (6.88)
	1.11 (6.045)
	0.37 (2.01)

	
	
	
	
	
	
	

	T2
	Battery operated Knapsack sprayer
	Maximum tillering stage

	(Tebuconazole 50% + trifloxystrobin 25% WG @ 80 g/acre) +
(Isocycloseram 18.1% W/W SC 120 ml/acre)
	2.22 (8.37)
	1.48 (6.88)
	0.74 (4.03)

	
	
	
	
	
	
	

	T3
	Untreated control
	Maximum tillering stage

	Untreated control (water spray with drone)
	2.96 (9.86)
	6.29 (14.50)
	9.62 (18.05)

	
	
	
	
	
	
	

	T1
	Drone
	Booting stage
	(Picoxystrobin 7.05% + propiconazole 11.7% SC @ 400 ml/acre) +
(Chlorantraniliprole 18.50% SC @ 60ml/acre)
	16.29 (23.79)
	13.7 (21.69)
	10.36 (18.76)

	
	
	
	
	
	
	

	T2
	Battery operated Knapsack sprayer
	Booting stage
	(Picoxystrobin 7.05% + propiconazole 11.7% SC @ 400 ml/acre) +
(Chlorantraniliprole 18.50% SC @ 60ml/acre)
	20.36 (26.80)
	18.14 (25.18)
	15.18 (22.88)

	
	
	
	
	
	
	

	T3
	Untreated control
	Booting stage
	Untreated control (water spray with drone)
	27.77 (31.77)
	32.21 (34.55)
	41.11 (4.16)

	
	
	
	
	
	
	

	

	

	

	SE(m)
	
0.84
	
0.81
	
1.30

	

	

	

	C.D. (5%)
	
2.71
	
2.59
	
4.16



