


Integrated Pest Management (IPM) Strategies for Managing Insect-Transmitted Viral Diseases in Rice Fallow Blackgram: Evidence from Farmers' Fields in Krishna District, Andhra Pradesh, India

Abstract:
           To create awareness among the farming community, this study was conducted in ten locations of the farmers fields during 2020-21, 2021-22 and 2022-23 by the KVK in Krishna District of Andhra Pradesh and explored the impact of Integrated Pest Management (IPM) on Management of Sucking Pest in Rice fallow Blackgram with the emphasis on use of resistant varieties, seed treatment and other cultural practices. By adoption of IPM practices in all the three years, the incidence of the leaf crinkle, leaf curl and Yellow Mosaic Virus (YMV) was reduced in comparision with farmers practice; while bud necrosis was not notice in all these years. This has resulted in reduction in the average cost of cultivation by Rs. 2690.00 per hectare and the average net income was improved by Rs. 13596 per hectare compared to the farmers practice. The average yield levels (1659 kg/ha) improved by 10.91 per cent compared to farmers practice (1496 kg/ha) giving a clear indication that adoption of Integrated Pest Management (IPM) practices helped in improving the net income levels to the resource poor farmers.
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Introduction:
             Blackgram is commonly known as urdbean and scientifically Vigna mungo. It belongs to the family Leguminosae and is an important pulse crop grown in India. Like other legume plants it enriches soil through nitrogen fixation. Photo-insensitive high yielding varieties suitable for rice fallow conditions were developed so that the rabi rice fallow blackgram cultivation is profitable and helps in promoting sustainable cereal-pulse based cropping system enriching even the soil fertility. Blackgram predominantly cultivated as rabi crop all over India and also as kharif crop in uplands of some major states viz. Uttar Pradesh, Madhya Pradesh, Andhra Pradesh, Karnataka and Maharashtra. The main producer of black gram is India, which produces about 1.5 million t of seeds annually (Sharma et al., 2011). In Andhra Pradesh, area under Blackgram cultivation is 3.18 lakh ha. Krishna district in Andhra Pradesh is a significant producer of blackgram (also known as urad or black lentil). It's one of the major blackgram growing districts in the state, with a large area cultivated and substantial production. Specifically, the district cultivates blackgram in 1.23 lakh hectares, producing 1.65 lakh tonnes with a productivity of 1337 kg per hectare. It is a short duration crop of 80-95 days. Blackgram is mainly cultivated for its protein rich seed which occupies good share in Indian diet in various forms. 100g urd been seed contains 24g protein, 1.6 g fat, 63.4g carbohydrate and 16.2 per cent total dietary fiber. Blackgram is also a good source of vitamins. Every 100g seed contains 0.6mg of thiamin, 0.2 mg riboflavin, 2.3mg niacin, 0.2mg vitamin B6 (Indian Institute of Pulse Research). It is an important grain legume crop with high and easily digestible protein, and low flatulence contents (Salam et al., 2009). In coastal Andhra Pradesh, it fits well under rice fallow-pulse ecosystem with residual moisture after the harvest of paddy. Rice fallow blackgram is mainly attacked by certain pest and  diseases leading to great loss to the farmers. Whitefly transmitted yellow mosaic disease and thrips transmitted Tospo virus causing bud necrosis disease also contributing for further yield loss in blackgram 
[bookmark: _Hlk204866887]            The dominant Blackgram varieties grown are LBG-752, TBG 104 and LBG 645. The cultivation of blackgram is mainly challenged on prevalence of insect pests. Pulses crops are attacked by more than 100 insect pest species in which main and important pests are Aphids, Jassids, Thrips and Whiteflies. These pests can cause significant damage to yield by feeding on plant sap, leading to stunted growth, leaf curling, and transmission of viral diseases. Of which whitefly (Bemisia tabaci (Gennadius) transmitted Mungbean yellow mosaic virus (MYMV), thrips (Thrip tabaci Lindeman) transmitted Groundnut bud necrosis virus (GBNV) and uncharacterized urdbean leaf crinkle virus complex (ULCD) are most important (Biswas and Varma, 2000; 2001; Kumari et al., 2003; Varma and Malathi, 2003; Kumar et al., 2006). Weed serves as reservoir of the virus, and are a source of primary inoculums. It is not seed or soil borne or sap transmissible. Due to significant positive correlation between YMV incidence and whitefly population (Kumar et al., 2004), management of MYMV through chemical control of vector was attempted by several workers (Ganapathy and Karuppiah, 2004; Konar and Paul, 2005; Salam et al., 2009). The repeated application of conventional insecticides to control sucking pests has resulted in the development of resistance, pest resurgence, and the presence of chemical residues. Limited numbers of reports were available about the bud necrosis disease incidence in blackgram crop in the coastal districts of Andhra Pradesh where blackgram crop being predominantly cultivated under rice fallow cropping system.  In response to these challenges, potential solution for adoption is Integrated Pest Management  (IPM) strategies. These modules plays a key role in management of the sucking pest in black gram. Keeping these things in view Integrated Pest Management (IPM) module was formulated and assessed in farmers fields for the management of sucking pest in rice fallow black gram during 2020 to 2023. 
Materials and Methods:
                  Blackgram is mainly cultivated as rice fallow crop and also as rabi crop in coastal districts of Andhra Pradesh. In the district, major black gram growing mandal and in that mandal ten locations were selected based on previous blackgram crop cultivation particulars. Five micro plots each of one square meter were fixed in the field one each in four quarters of the field and one in the middle leaving border rows at vegetative to pre harvest stage of the crop. These on-farm trials (OFTs) were conducted in ten locations of farmers' fields for four years, from 2020 to 2023. The main agenda of this trail is to popularize the performance of the Integrated Pest Management (IPM) practices among farming community for better management of the sucking pest in paddy fallow blackgram. This study was conducted in Mopidevi mandal of Krishna district with ten locations in each year.

T1 – Integrated Pest Management Practices (IPM)
· Cultivation of resistant varieties - LBG 752/TBG 104/ PU 31/LBG 787
· Seed treatment with imidacloprid 600 FS @ 5 ml or thiomethaxam 70 WS 5 g per kg of seed
· Growing of 4-6 rows of maize/jowar as border crop
· Removal and destruction of weeds and infected plants
· Installation of blue and yellow sticky traps @ 20 per acre.
· Spraying of neem oil @ 5 ml/lt 15-20 DAS
· Need based application of insecticides – 
For thrips – acephate 1.0 g/lt or fipronil 1.5 ml/spinosad 0.3 ml per lt of water;
For jassids -  
For aphids and whitefly – spray of acetamipride @ 0.2 g/lt or thiomethaxam 0.2 g/lt      
or imidaclopride 0.2 ml/l or triazophos @ 1.5 ml per liter of water.

T2: Farmers practices (Non-IPM)
       Spraying different insecticides for vector management (imidaclopride, monocrotophos, acephate) Paddy fallow blackgram crop with the variety LBG 752 was selected and the treatments were imposed in 0.4ha. The crop was raised with all the recommended package of practices. 
· At the time of sowing of blackgram itself jowar crop was sown in 4 rows as boarder  
         crop around the field.
· Seed treatment was done with imidacloprid 600 FS (Goucho) @ 5.0 ml/kg. of seed. 
· Neem oil @ 5.0 ml/lt was sprayed 20 days after sowing of crop. 
· Yellow and blue sticky traps were installed in the field @20 each per acre to monitor 
         and mass trap whiteflies and thrips simultaneously. 
· Regular roughing of infected plants and weeds was done to remove virus load in the    
        field. 
· The spraying of insecticides was done with Taiwan sprayer whenever infected  
         plants were observed and after their removal to control the vectors. 
· Data were recorded from ten randomly selected plants from each field leaving        
      border rows for each virus disease separately. The observations were recorded to  
      assess the percentage of virus affected plants. The seed yield, cost of cultivation, net  
      benefit and cost benefit ratios were calculated.
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 Results and Discussion
            The results (Table 1 & 2) indicate that the adoption of the Integrated Pest Management (IPM) module with all practices helped in reduction of the incidence of sucking pests and their damage in comparison with farmers' practices. 
              In the year 2020-21, the percentage incidence of Leaf crinkle is 4.90 while in the farmers practice it was 11.38 where in only chemical insecticides were sprayed indiscriminately. While leaf curl (2.41%) and YMV (5.94%) incidence was recorded in Integrated Pest Management (IPM) plot in comparision with farmers practice i.e., leaf curl (16.24%) and YMV (11.01%) respectively. But Bud necrosis incidence was not noticed in all the three years of study. According to Makkouk et al., 2003, leaf curl and bud necrosis of mung bean cause yield loss as high as 40 per cent.  In IPM plot, the yield was 1758 kg/ha with a 10.56 per cent increase over farmers practices (1590 kg/ha). 

            In the year 2021-22 in the Integrated Pest Management (IPM) plot, the per cent incidence of Leaf crinkle was 2.62 per cent while, in the farmers practice with chemical insecticides it was 21.20 per cent, In case of leaf curl the incidence is 4.75 and 8.93 per cent respectively. The percent incidence of YMV in Integrated Pest Management (IPM) plot is 4.14 in comparison with farmers practice (9.50). The yield was 1532 kg/ha with a  9.72 per cent increase over farmers practices (1396 kg/ha).
             In the year 2022-23, the percentage incidence of Leaf crinkle is 2.89 while in the farmers practice it was 10.41 where in only chemical insecticides were sprayed indiscriminately. While leaf curl (2.21%) and YMV (0.89 %) incidence was recorded in Integrated Pest Management (IPM) plot in comparison with farmers practice i.e., leaf curl (8.12 %) and YMV (10.71%) respectively. In Integrated Pest Management (IPM) plot, the yield was 1688 kg/ha with a 12.45 per cent increase over farmers practices (1501 kg/ha). 

Table 1: Details of the percent incidence of different viral diseases in blackgram
	Year
	Viral disease
	IPM
	Farmer’s practice

	
	
	No. of infected plants/m2
	Percentage
	No. of infected plants/m2

	Percentage

	
2020-21
	Leaf crinkle
	1.62
	4.90
	3.21
	11.38

	
	Leaf curl
	0.60
	2.41
	4.12
	16.24

	
	Bud necrosis
	-
	-
	-
	-

	
	YMV
	1.81
	5.94
	2.96
	11.01

	
2021-22
	Leaf crinkle
	0.91
	2.62
	4.62
	21.20

	
	Leaf curl
	1.33
	4.75
	2.57
	8.93

	
	Bud necrosis
	-
	-
	-
	-

	
	YMV
	1.16
	4.14
	2.66
	9.50
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2022-23
	Leaf crinkle
	1.01
	2.89
	3.57
	10.41

	
	Leaf curl
	0.82
	2.21
	2.16
	8.12

	
	Bud necrosis
	-
	-
	-
	-

	
	YMV
	0.25
	0.89
	3.00
	10.71

	Average
	Leaf crinkle
	1.18
	3.47
	3.80
	14.33

	
	Leaf curl
	0.91
	3.12
	2.95
	11.09

	
	Bud necrosis
	-
	-
	-
	-

	
	YMV
	1.07
	3.65
	2.87
	10.40



Table 2: Details of the blackgram crop yields obtained during different years
	
Year
	
Variety
	No. of Farmers
	Yield (q/ha)
	Increase in yield


	
	
	
	Demo
	Check
	(%)

	2020-21
	LBG 752
	10
	1758
	1590
	10.56

	2021-22
	LBG 752
	10
	1532
	1396
	9.74

	2022-23
	LBG 752
	10
	1688
	1501
	12.45

	Average
	LBG 752
	10
	1659
	1496
	10.91



            The data indicates that by adoption of Integrated Pest Management (IPM) practices with emphasis on seed treatment and cultural practices, the sucking pest population was effectively managed there by the viral diseases. Seed treatment is most adoptable technique to protect the crop from the moment of sowing to early establishment stages of the crop. It is the most targeted, effective and eco-friendly method for controlling the sucking pests. In the present investigation also, seed treatment with imidaclopride @ 5 ml/kg seed is effective in controlling sucking pests and thereby the viral diseases in general and leaf curl disease in particular. For managing the viral diseases transmitted by vectors, it is most important to avoid the incidence of whiteflies, aphids and thrips from the beginning of crop growth itself. 
         Sunil Kulkarni et al., (2019) reported that the Integrated Pest Management (IPM) module with components viz., seed treatment with imidacloprid 60 FS @ 5 ml/kg yellow sticky trap, need based insecticides spray showed significantly less YMD incidence and higher yield which is in agreement with the present findings. This is in agreement with the work of several authors Mote et al. (1993), Sreelatha and Divakar (1997), Abbas (1999), Dhandapani et al., (2002) and Sireesha (2012) who reported that seed treatment in different crops is effective in reducing the sucking pests for an extended period after sowing of the crop. For reducing the population load, cultural practices viz., growing of boarder crop is vital along with sticky traps.
       Among the Integrated Pest Management (IPM) practices, use of resistant variety is a vital practice (Sandhu et al., 1996), since it will combat the disease without employing any other practice. But, in Andhra Pradesh, in the previous 10 years MYMV is the only serious disease and is responsible for crop shift in rabi from pulses to maize. But with the resistant varieties farmers again started cultivating blackgram overcoming MYMV. In 2018, bud necrosis appeared in a sudden and severe form due to congenial climatic conditions causing huge losses, however this particular disease did not appear again in the period of investigation. In the later years other viral diseases viz., leaf crinkle and leaf curl started to appear and causing losses.
Table 3: Details of cost of cultivation, average gross and net income levels
	

Year
	Average Cost of cultivation (Rs./ha)
	Average Gross Return (Rs./ha)
	Average Net Return (Rs./ha)
	
BC ratio

	
	Demo
	Local Check
	Demo
	Local Check
	Demo
	Local Check
	Demo
	Local Check

	2020-21
	34123
	36509
	78250
	66900
	44127
	30391
	2.29
	1.83

	2021-22
	34522
	37100
	77834
	69645
	43312
	32545
	2.25
	1.87

	2022-23
	35456
	38560
	118650
	105469
	83194
	66909
	3.34
	2.73

	Average
	34700
	37390
	91578
	80671
	56878
	43282
	2.62
	2.14




           In Table no.3, the Benefit Cost ratio was calculated along with cost of cultivation, average gross returns and average net returns in each year which indicates the special emphasis on adoption of Integrated Pest Management (IPM) practices resulted in reduction of sprays of insecticides thus reducing the cost of cultivation and improving the net income levels.
          In 2020-21, through adoption of Integrated Pest Management (IPM) practice, the cost of cultivation was reduced by Rs. 2386.00 with an increase of Rs. 13736.00 in net returns compared to the farmers practice; the benefit cost ratio was 2.29 compared to 1.83 in farmers practice. In 2021-22, the cost of cultivation was reduced by Rs. 2578.00 with an increase of Rs. 10767.00 in net returns in Integrated Pest Management (IPM) plots compared to farmers practice. The benefit cost ratio was 2.25 compared to 1.87 in farmers practice. In 2022-23, the cost of cultivation was reduced by Rs. 3104.00 and an increase of Rs. 17005 in net returns in Integrated Pest Management (IPM) plots compared to farmers practice. The benefit cost ratio was 3.34 compared to 2.73 in farmers practice.

Conclusion:
            An over view of sucking pest incidence and spread in blackgram growing regions of Andhra Pradesh revealed interesting facts. The results of this study clearly demonstrate that Integrated Pest Management (IPM) practices are significantly more effective than indiscriminate pesticide use in managing sucking pests and associated viral diseases in rice fallow blackgram. Adoption of resistant varieties, seed treatment, cultural practices, and need-based plant protection measures collectively reduced the incidence of leaf crinkle, leaf curl, and YMV, while bud necrosis was absent during the study period. These interventions not only enhanced yields by an average of 10.9% but also reduced the cost of cultivation and improved net returns, thereby increasing the benefit–cost ratio. The findings highlight that IPM practices provide an eco-friendly, economically viable, and sustainable solution for resource-poor farmers. Hence, the recommended Integrated Pest Management (IPM) module should be widely promoted and adopted to ensure long-term productivity, profitability, and environmental safety in blackgram cultivation. This study lead us to adopt better management tactics from the beginning of the season as the temperature and other climatic factors are highly favorable for multiplication of sucking pest and in turn development of different diseases indirectly. Seed treatment, eradication of alternate weed hosts, cultivation of resistant varieties are to be followed to control the vector in the initial stages of the crop to prevent yield loss. 
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