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ABSTRACT

	
[bookmark: _Hlk196825550]This investigation was carried out to evaluate an Integrated Pest Management Module with an aim of  minimizing the insecticide use and also to decrease the environmental damage. The IPM strategy involved seed treatment with Tebuconazole (50%) + Trifloxystrobin 25WG (1.5 ml/kg seed) and thiamethoxam 35 FS (5.0 kg/kg) along with Rhizobium inoculation to protect seedlings from early-season pests and diseases. Yellow sticky traps (50/ha) were installed for monitoring and control of sucking insect pests, while pheromone traps (10/ha) were used to monitor Helicoverpa activity. Neem based insecticides were applied at 30 days after sowing to suppress a wide range of insect pests. Pyriproxifen 10EC (100 g a.i/ha) and Chlorantraniliprole 18.5 SL (20 g a.i/ha) for the management of sucking pests and pod borers were applied based on Economic Threshold Level and farmer’s practice plot was implemented with conventional practices. The IPM module has shown better performance in controlling insect pests compared to conventional farmer practices. The IPM plot recorded a significantly higher yield of 946.6 kg/ha, with an increase of 13.8 per cent yield over the farmer’s practice plot and it obtained a better benefit-cost ratio of 1:1.98. 


Aims::To develop an IPM module for the management of major insect pests of summer mung bean under agro-climatic conditions of ranchi	Comment by pc: The objective taken is clear

Study design:unreplicated design	Comment by pc: Ok
Place and Duration of Study:During the summer of 2024 at the BAU Research farm in Kanke, Ranchi, using the ‘IPM 02-3’variety.	Comment by pc: Ok
Methodology:The IPM module included seed treatments, biological inoculation, pest monitoring via sticky and pheromone traps, neem-based insecticide application, and threshold-based chemical interventions.Farmer’s plot followed local conventional practices.
Weekly pest monitoring involved 25 plants per plot, recording populations and pest damage. Yield and benefit-cost ratio were calculated using market input and output prices. Results were statistically analyzed for significance.	Comment by pc: Specify what is undertaken in farmer’s plot for pest control and list local conventional practices
Results:The t-statistic value (3.105 )> t-tab value (2.086) indicates a highly statistically significant difference in thrips populations between the IPM and FP plots. Whitefly populations also showed a similar trend. The t-statistic value (3.342) > t-tab value (2.086) indicates a statistically significant  difference in whitefly population between the IPM and FP plots.Also, The t-statistic value (2.233) > t-tab value (2.086) indicates a statistically significant difference in podborer larval populations between the IPM and FP plots.	Comment by pc: Ok 
Conclusion:Over all, the findings of this research conclude that the implemented IPM module provides effective pest control, leading to increased yield of mungbean and economic returns while minimizing insecticide use compared to conventional farmer practices.	Comment by pc: Ok




Keywords: [IPM module, minimum  insecticide use, mungbean yield, pest control, benefit-cost ratio}	Comment by pc: Can add seed treatment, Yellow sticky traps, pheromone traps, neem based insecticides instead of minimum  insecticide use, mungbean yield, pest control, benefit-cost ratio

1. INTRODUCTION

Green gram, also known as mung bean or moong, is a significant leguminous crop that diversifies the global cereal-based cropping system (Singh and Chahal, 2020). Mungbean is a rich source of protein, vitamins (B6, B9, K) and minerals (such as copper, calcium, magnesium, iron, phosphorus, and potassium). The average global yield of mungbean is 721 kg/ha, with a cultivation area of approximately 7.3 million hectares. India and Myanmar collectively contribute around 30 per cent of the world's mungbean production, while other significant  producers include China, Indonesia, Thailand, Kenya, and Tanzania (Nair and Schreinemachers, 2020). In 2022, India was expected to cultivate mungbean over 5.5 million hectares, yielding 3.17 million tonnes with a productivity of 570 kg/ha. Rajasthan (48.86%) and Madhya Pradesh (14.73%)  are  the  two  major  mungbean producer  states  of  the  country  contributing  about  64 per cent   of   total   production. Maharashtra (6.98%), Karnataka (5.78%),  and  Odisha (4.78%)  are  other major  mungbean-producing  states  of  the  country (Kumari and Malik, 2024).      	Comment by pc: Give a reliable source 	Comment by pc: Needs a more recent source.
About 38 insect pests, including 22 regular pests, have been identified in India as causing economic losses in mungbean production. Chhabra and Kooner (1985) reported a 54.90 per cent yield loss due to pest complexes in green gram, while Duraimurugan and Tyagi (2014) observed that preventable losses due to pests fluctuated between 27.03 per cent  and 38.06 per cent ,with an average of 32.97 per cent. Among them, pod borers, whitefly and thrips cause a significant damage which result in yield loss. However, the prevalence of insect pests poses a substantial threat to it’s production.To control pests like thrips and pod borers, farmers often resort to chemical insecticides. These are usually applied when flower dropping occurs due to thrips or when pod borers are visibly present at the pod maturing stage. However, this practice is often ineffective; it does not adequately control mature pests and leads to environmental pollution, health hazards, and economic losses. There is a clear need for a more effective and economical insecticide application schedule to protect mungbean crop. In areas where farmers typically rely on pesticide retailers rather than scientific guidance, IPM is particularly beneficial. It not only reduces pesticide application costs but also minimizes pesticide residues in the environment, making it socio-economically sustainable.


2. material and methods

The field trial was conducted during the summer of 2024 at the BAU Research farm in Kanke, Ranchi, using the ‘IPM 02-3’variety. The trial included two plots—an IPM plot and a farmer's plot, each covering 500 m². The row-to-row and plant-to-plant spacing were maintained at 30 cm and 10 cm, respectively. The IPM Module includes Seed treatment with (Tebuconazole 50%+Trifloxystrobin 25WG) @ 1.5 ml/kg seed, thiamethoxam 35 FS @ 5.0 g/kg and Rhizobium inoculation (Meena et al., 2018), yellow sticky trap @ 50 per ha and neem based insecticides at 30 DAS (Panickaretal., 2018), pheromone traps@ 10/ha (Kapoor et al., 2019), need based application of Pyriproxyfen 10 EC @ 100 g a.i/ha and Chlorantraniliprole 18.5 SC @ 20 g a.i/ha (Banerjee and Ray, 2023; Mondal et al., 2020). Farmer’s Practice plot was implemented conventional practices. At harvest time, all pods from five tagged plants in each plot were collected, counted, and examined individually for signs of external and internal damage caused by Helicoverpaarmigera.The trial followed an unreplicated design to evaluate the performance of the variety under these conditions.	Comment by pc: Grammatically correct phrasing of sentences is required. 
	Comment by pc: It is necessary to explain what is meant by farmer’s plot following local practices. 
 Are chemical insecticides not ever used by today’s generation farmers? 
Data was systematically recorded from 25 plants per plot for all pest observations at weekly intervals.This involved monitoring and documenting pest incidence and damage across the selected plants within each plot. To determine the yield, each plot was harvested separately to keep the data accurate. The grains from each plot were carefully weighed, and the yield was recorded in kilograms per plot (kg/plot). The results were compared by the productivity of both the plots.The cost-benefit ratio was calculated by considering the current market prices for all inputs, such as pesticides, traps, lure, other materials and labor costs. The selling price of the produce was also included to ensure an accurate economic analysis. This ratio helped assess whether the trial treatment was economically worthwhile by comparing the costs with the costs incurred with the returns generated.	Comment by pc: Needs a source of this method 	Comment by pc: Good analysis




3. results and discussion

Over all, theIPM practices resulted in significantly lower pest populations compared to Farmer practices. The mean values for thrips, whitefly and podborer larvae were recorded significantly lower in the IPM plot (Table.1).The Thrips population was initiated in 10th SMW in both IPM plot and Farmer Practice plot. A significant difference between  the overall mean value of 0.49 number of thrips per 10 flowers in IPM plot and 0.94 number of thrips per 10 flowers in FP plot was observed. Both in the IPM plot and FP plot, thrips population was peaked in 14th SMW with 0.92 number of  thrips per 10 flowers in IPM plot and 1.56 no. of thrips per 10 flowers in FP plot. The t-statistic value (3.105 )> t-tab value (2.086) indicates a highly statistically significant difference in thrips populations between the IPM and FP plots (Table-1).	Comment by pc: Ok but can improve the sentence construction using proper grammar 
[bookmark: _Hlk196835745]Whitefly populations also showed a similar trend. The mean whitefly count was significantly lower in the IPM plot (1.05 number of whiteflies per trifoliate) compared to the FP plot (2.6 number of whiteflies per trifoliate). Both in the IPM plot and FP plot, whitefly population was peaked in 14th SMW with 2.68 number of whiteflies per trifoliate in the IPM plot and 5.16 number of whiteflies per trifoliate in the FP plot.The t-statistic value (3.342) > t-tab value (2.086) indicates a statistically significant  difference in whitefly population between the IPM and FP plots (Table-1).
The number of podborer larvae per plant was substantially reduced in the IPM plots. The mean number of larvae was significantly lower in the IPM plot (0.96 mean number of podborer larvae per plant) compared to the FP plot (2.48 mean number of podborer larvae per plant). Podborer infestation began in 12th SMW in both IPM plot (0.16 number of pod borer larvae/plant) and FP plot (0.80 number of pod borer larvae/plant). The highest incidence in the FP plot was noted in 17th SMW (1.56 number of podborer larvae per plant), whereas the IPM plot peaked earlier in 17th SMW (0.92 number of podborer larvae per plant). The t-statistic value (2.233) > t-tab value (2.086) indicates a statistically significant difference in podborer larval populations between the IPM and FP plots (Table-1).
Table-1: Weekly observation of population of major insect pests of summer mung bean for the development of IPM module by minimum insecticide use.	Comment by pc: The table depicts clarity of the result.

	Sl.no.
	Date of observation
	SMW
	Thrips/ 10 flowers
	Whitefly/trifoliate
	Pod borer larvae/plant

	
	
	
	IPM
	FP
	IPM
	FP
	IPM
	FP

	1
	08.03.2024
	10
	0.84
	2.40
	0.28
	0.72
	0
	0

	2
	15.03.2024
	11
	1.96
	4.36
	0.88
	1.44
	0
	0

	3
	22.03.2024
	12
	2.56
	7.16
	1.12
	2.04
	0.16
	0.28

	4
	29.03.2024
	13
	3.16
	9.04
	1.48
	2.60
	0.40
	1.28

	5
	05.04.2024
	14
	7.40
	9.44
	2.68
	5.16
	0.92
	2.08

	6
	12.04.2024
	15
	3.48
	8.72
	1.32
	4.40
	1.16
	3.20

	7
	19.04.2024
	16
	2.84
	6.84
	1.04
	3.96
	1.70
	4.84

	8
	26.04.2024
	17
	2.24
	4.90
	0.84
	2.50
	2.68
	7.28

	9
	03.05.2024
	18
	1.68
	3.32
	0.56
	2.08
	1.52
	4.16

	10
	10.05.2024
	19
	0.80
	1.40
	0.32
	1.12
	1.04
	1.68

	MEAN
	2.696
	5.758
	1.052
	2.602
	0.958
	2.480

	t statistic value
	
3.105*
	3.342*
	2.233*























Since t-statistic value > t tab value , we reject the null hypothesis at 5% level of significance.
(here null hypothesis is: Population mean of  IPM PLOT = Population mean of FP PLOT).
*significant at 5% level.


Table-2 :  Assessment of IPM module with farmer’s practice for management of major insect pests and their damage on summer mungbean, 2024.
	Practices
	Insect pests incidence
	
Pod damage
(%)
	
Yield
(Kg/ha)
	
Yield increase (Kg/ha)
	
Yield increase         (%)
	Monitory Gain
(Rs.)
	Cost of protection
(Rs.)
	
Benefit
Cost  Ratio

	
	Thrips/
10 flowers
	Whitefly/
trifoliate
	Pod
borer larvae/
plant
	
	
	
	
	
	
	

	IPM
	2.69
	1.05
	0.49
	1.3
	946.6
	114.6
	13.8
	9950
	5030
	1.98

	Farmer’s Practice
	5.75

	2.60
	2.94
	2.7
	832.0
	-
	-
	-
	-
	-




Monitoring of podborer adult resulted inthe mean number of pod borer adults trapped was 6.3, corresponding to a mean of 0.96 number of podborer larvae per plant, suggesting that monitoring adult populations could be a useful indicator for predicting larval infestation levels and guiding IPM strategies.The percentage of pod damage was comparatively lesser in the IPM plot (13%) compared to the Farmer Practice plot (27%) with a p-value of 0.001. Comparing the yield, the IPM practices resulted in higher yield (946.6 kg/ha) compared to Farmer practices (832 kg/ha), representing 13.8% increase in yield. The IPM approach resulted in a monetary gain of Rs.9950, with a cost of protection of Rs.5030. This led to a favorable cost-benefit ratio of 1:1.98, indicating that for every rupee invested in IPM practices, the farmer gained 1.98 rupees with the cost of mungbean Rs.8682/quintal in the market during the time of this field experiment (Table-2).	Comment by pc: Ok
[bookmark: _Hlk196855273]The above results align with previous research, Indiati (2015) found integrated insecticide and botanical approaches effective against thrips. Sasmalet al., (2018) reported an IPM module with seed treatment, traps and selective sprays superior for pest management and yield. Singh et al., (2018) demonstrated IPM’s effectiveness in reducing whitefly population. Also, aligned with the benefits of IPM in controlling sucking pests and pod borers, leading to higher yields and better economic returns which were highlighted by Panickaret al., (2018) and Rajabaskar and Natarajan (2018).Similarly, Kapoor and Shankar (2019) monitored Helicoverpa and Maruca populations using traps. Malik et al., (2021) observed lower pest incidence and higher yields in IPM plots. Mim et al., (2023) and Ullah et al., (2022) showed impact of IPM on reducing thrips population. Mandal et al., (2024) found a specific IPM module effective against whiteflies with increased yield and cost-benefit ratio, while Maurya and Tiwari (2018) also reported a highly effective IPM module with significant yield and economic benefits.

4. Conclusion
Over all, the findings of this research conclude that the implemented IPM module provides effective pest control, leading to increased yield of mungbean and economic returns while minimizing insecticide use compared to conventional farmer practices.	Comment by pc: Ok
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