


Studies on yellow mosaic virus of mungbean (Vigna radiata L.) and its eco-friendly management

Abstract
Mungbean (Vigna radiata L.), commonly referred to as greengram, greenbean, mashbean, goldengram, or green soy, is one of the most important short-duration pulse crops cultivated in tropical and subtropical regions. It originates from India or the Indo-Burma region and is the third most important short-duration grain legume after chickpea and pigeon pea. The present investigation was conducted during the Kharif season of 2024–25 at the Department of Plant Pathology, Institute of Agricultural Sciences, Bundelkhand University, Jhansi, to develop an eco-friendly management strategy for Yellow Mosaic Virus (YMV) in mungbean. A total of nine botanical extracts were used as treatments, replicated thrice, and evaluated using a Randomized Block Design (RBD). A field survey across Bundelkhand, Uttar Pradesh, revealed the highest MYMV incidence in Moth tehsil (41.85%), peaking at 48.60% in Chirgav, followed by Rajapur (36.88%) and Talbehat (32.86%). Lower incidences were recorded in Atarra (30.38%) and Maudaha (29.98%), highlighting significant spatial variation and the serious threat posed by MYMV in the region. Ginger extract (T3) produced the tallest plants at 30 DAS (30.20 cm), while Neem oil (T1) led in plant height at 45 DAS (32.53 cm) and had the highest number of leaves at both 30 and 45 DAS (19.00 and 20.17, respectively). Treatments like Aloe vera (T6) and Ginger (T3) also promoted better vegetative growth. Neem oil @ 3% (T1) was the most effective treatment in disease management, reducing MYMV incidence to 12.00% at 30 DAS and 11.00% at 45 DAS. Marigold (T5) and Ginger (T3) provided moderate control, with incidence reduced to 19.30% and 21.00% at 30 DAS, and 20.40% and 23.40% at 45 DAS, respectively. Poor results were recorded in the Control (T0) at 43.40% and Aloe vera (T6) at 35.40% at 45 DAS. Application of 5% botanical foliar sprays significantly boosted mungbean yield, with Neem oil (T1) achieving the highest yield of 584 kg/ha (71.76% increase) compared to the control (340 kg/ha). Dhatura, Garlic, and Aloe vera also showed notable improvements, while Turmeric recorded the lowest gain with a yield of 366.67 kg/ha (7.84%). Cost-benefit analysis revealed that Dhatura (5.77:1), Marigold (5.64:1), and Neem oil (5.63:1) treatments offered the highest economic returns. Garlic, Ginger, Chilli, and Turmeric showed moderate CBRs ranging from 3.17:1 to 4.62:1, while Aloe vera gave the lowest return (2.75:1), and the control plot yielded the least profitability.
1. Introduction
Mungbean (Vigna radiata L.), commonly referred to as greengram, greenbean, mashbean, goldengram, or green soy, is one of the most important short-duration pulse crops cultivated in tropical and subtropical regions. It originates from India or the Indo-Burma region and is the third most important short-duration grain legume after chickpea and pigeon pea (Markam et al., 2018). Mungbean is widely cultivated in India during three distinct seasons Kharif (July–October), Rabi (September–December), and Zaid or Summer (March–June) making it an adaptable component of various cropping systems. It is consumed in diverse forms such as whole grain, split dal, sprouts, and is also valued as animal fodder due to its high nutritional content.
Taxonomically, mungbean belongs to the family Fabaceae (Leguminosae), subfamily Papilionaceae. It is a self-pollinated, cleistogamous, dicotyledonous crop with a very low rate of cross-pollination (0.3–0.5%). Its wild progenitor is Vigna radiata subsp. sublobata. It is a hardy, annual, fast-growing legume with a maturity period of 60–90 days, making it ideal for intercropping with cereals like maize, sorghum, cotton, and millets. Morphologically, it is an erect to sub-erect, herbaceous plant growing 25 to 100 cm tall, with branched, hollow stems covered in fine hairs. The leaves are compound, alternately arranged, and typically tri- or pentafoliate. Its characteristic papilionaceous flowers are small, yellowish-green to bright yellow, and borne in raceme inflorescences. The pods are long, hairy legumes with 10–15 seeds, and seed color varies from green and olive green to yellow, brown, or blackish.
The Central Asian region is considered the center of genetic diversity for mungbean (Kumar and Kumar, 2014). With a relatively small genome size of 579 Mb and a diploid chromosome number of 2n = 22 (Parida et al., 1990; Kang et al., 2014), mungbean is genetically manageable and an ideal candidate for breeding programs. It is a significant and affordable source of high-quality, lysine-rich protein (24%), iron (40–70 ppm), and is easily digestible with minimal flatulence (Selvi et al., 2006; Vairam et al., 2016). Its sprouts are rich in vitamin C and folate (Nair et al., 2013), contributing to its popularity in Asian diets. Moreover, the presence of Rhizobium and Bradyrhizobium in its root nodules enhances soil fertility by fixing atmospheric nitrogen.
Globally, mungbean is cultivated on more than 7 million hectares, yielding around 3.5 million tonnes, primarily in Asian countries such as India, China, Pakistan, Bangladesh, and Myanmar (Nair et al., 2019). In India, mungbean was grown over 35.61 lakh hectares in 2021–22, producing 17.37 lakh tonnes with an average productivity of 488 kg/ha (DES, GOI). Rajasthan is the leading producer, contributing 60% of the area and 63% of national production. Other prominent states include Maharashtra, Karnataka, Madhya Pradesh, Gujarat, Odisha, and Telangana.
Despite its agronomic and nutritional importance, mungbean is severely affected by several biotic stresses, the most significant of which is Mungbean Yellow Mosaic Disease (MYMD). MYMD is caused by Mungbean Yellow Mosaic Virus (MYMV), a Geminivirus transmitted by the whitefly vector Bemisia tabaci (Sudha et al., 2013; Mohan et al., 2014). The disease is neither seed- nor soil-borne and is known for its rapid spread and devastating impact. First reported in 1955 at IARI, New Delhi with an incidence of 20–30% (Nariani, 1960), MYMV is now widespread and considered the most destructive viral disease of mungbean.
Symptoms include irregular yellow specks on leaves that expand to cover the entire leaf surface, resulting in chlorophyll degradation, reduced photosynthesis, stunted plant growth, and ultimately poor pod development with shriveled seeds (Habib et al., 2007; Sudha et al., 2013). Yield losses due to MYMV can range from 5% to 100%, depending on the susceptibility of the variety and the intensity of whitefly infestation (Nene, 1972; Rathi, 2002; Karthikeyan et al., 2014). Infection also delays pod maturity and reduces the number of pods per plant (Singh et al., 1982).
Environmental factors play a significant role in disease spread. MYMV incidence is particularly high in summer crops, favored by temperatures between 31–35°C and relative humidity around 70% (Sharma et al., 1993; Grewal, 1988). Weeds serve as reservoirs of the virus, contributing to early season infections.
2. Material methods
The present investigations was conducted at Department of Plant Pathology, Institute of Agricultural sciences, Bundelkhand University, Jhansi in 2024-25. The details of the materials used and methods followed for various studies during the research are described here in the following paragraphs. 
2.1 Survey of yellow mosaic of mungbean in Jhansi, Lalitpur, Banda, Hamirpur and Chitrakoot district 
Roving method of survey was followed to assess the incidence of Yellow mosaic of mung bean. Survey was carried out in major mungbean growing area of Jhansi, Lalitpur, Banda, Hamirpur and Chitrakoot districts of Uttar Pradesh during Kharif, 2024. Five villages from each district, Chirgav, Siya, Miyatur, Pariksha, Maheva from Moth Tahsil of Jhansi, Bigari, Bijrotha, Aheta, Badanpur, Asaopura from Talbehat Tahsil of Lalitpur, Sijvahi, Kapsa, Ichauli, Biharka and fatehpurva from Maudaha Tahsil of Hamirpur. Rupauli Rethi, Teermau, Barua and Ragauli from Rajapur Tahsil of Chitrakoot, Ajitpara, Adharori, Anchwara, Itra Khurd and Bilgav from Atarra Tahsil of Banda district were randomly selected for surveying purpose and from each village 3 farmer’s field randomly selected for data collection. Thus, total of 75 holdings (fields) were selected to estimate the disease incidence. The per cent of disease incidence in each field was calculated. 
Per cent disease incidence was calculated by given formula (Chaube and Pundhir, 2005):- 
Disease incedence percentage =
2.2 Disease samples 
Mungbean leaves exhibiting typical symptoms of mosaic (caused by Mungbeann Yellow Mosaic Virus) disease were collected in the paper bags from the mungbean field of Bundelkhand University, Jhansi. The disease samples were brought to the laboratory and subjected to identification.
2.3 Plant extracts/botanicals 
Plant species reported to exhibit antiviral and insecticidal properties against viral pathogens and its vector available locally were collected from the organic research farms of Institute of Agricultural sciences, Bundelkhand University and adjoining fields. Following locally available plant species/botanicals were used for in vivo studies. Botanical extract such as Garlic (Allium sativum), Ginger (Gingiber officinalis), Turmeric (Curcuma longa), Chilli leaf (Capsicum sp.), Aloe vera (Aloe barbadensis), Dhatura (Dhatura stramonium), Marigold (Tagestus erecta), Neem Oil (Azadirachta indica). 
2.4 Preparation of extract 
Extract was prepared by crushing leaves chillii, Turmeric, Dhatura, Aloe vera, cloves of garlic, rhizomes of ginger, and flowers of marigold. The material dried at room temperature for 6 hours before extraction to remove excess water. 100 grams of each botanical used and crushed separately with 100 ml of distilled water. The extract filtered with muslin cloth and subjected to centrifugation at 5000 RPM for 25 minutes. The extract sterilized and passed through Whatman filter paper.
2.5 Raising of crop 
The field was prepared before spraying by cross ploughing with tractor drawn disc harrow and planked. The field experiments were conducted on susceptible mung bean local cultivar. The lay out plans of different field experiments were demarcated in the field for treatment application. The crop was sown in August, 20, 2024 except date of spraying experiment. The irrigation, weeding and hoeing were applied as per the recommendation for the crop in this zone.
2.6 Experimental details 
The current study was conducted at Organic Research Farm, Karguan ji, Jhansi. The crop was raised in plots of 3 m x 2.5 m keeping row-to-row and plant-to-plant distance of 45 cm x 10 cm. The seed required for 260 m2 area was 0.7 kg and Shikha variety of mungbean was used for present investigation.
2.6.1 Treatment detail:-
List 1 : Treatment detail
	Treatments 
	Particulars 

	T1
	Neem oil foliar spray @ 3% 

	T2
	Garlic bulb extract foliar spray @ 5% 

	T3
	Ginger extract foliar spray @ 5% 

	T4
	Turmeric extract foliar spray @ 5% 

	T5
	Marigold flower extract foliar spray @ 5% 

	T6
	Aloe vera leaf extract foliar spray @ 5% 

	T7
	Chilli leaf extract foliar spray @ 5% 

	T8
	Dhatura leaf extract foliar spray @ 5% 

	T9
	Control 



2.7 Pathological observation recorded 
The effect of botanical extract evaluated in field experiment against Mungbean Yellow Mosaic Virus and observation has taken on growth and yield parameters of the plants. 
a. Plant height (cm) 
b. Number of leaves per plant 
c. Number of infected plants per plot 
2.8 Statistical analysis 
In present investigation total number of treatment was 09 and each replicated thrice. The data were analyzed by following the procedure of Completely Block Design (CRD) and Randomized Block Design (RBD). Data recorded in percentage were first transformed at Arc sin value (Fisher and Yates, 1963) before statistical analysis. Treatments were compared by means of critical difference (CD) at 5 per cent level of significant.
3. Result discussion
3.1 Survey of yellow mosaic of mungbean in Jhansi, Lalitpur, Banda, Hamirpur and Chitrakoot district
A field survey was conducted across selected tehsils of Bundelkhand region (Uttar Pradesh) to assess the incidence of Mungbean Yellow Mosaic Virus (MYMV) in Vigna radiata, transmitted by whitefly (Bemisia tabaci). As table no. 1 depicted that the highest average disease incidence was observed in Moth tehsil (Jhansi) at 41.85%, with a peak in Chirgav (48.60%). This was followed by Rajapur tehsil (Chitrakoot) at 36.88%, and Talbehat (Lalitpur) at 32.86%. Lower average incidences were recorded in Atarra (Banda) and Maudaha (Hamirpur) at 30.38% and 29.98%, respectively. These findings indicate that MYMV is a serious threat in the region, with noticeable spatial variation in disease pressure. Several researchers have reported similar trends across India. Varma and Malathi (2003) emphasized the destructive nature of MYMV and its dependency on whitefly vector dynamics. Nene (1972) was among the first to report regional variability in MYMV incidence, highlighting the role of local climate and vector population. Bashir et al. (2006) also observed that MYMV incidence is highly influenced by susceptible cultivars and the timing of spraying. Kumar et al. (2011) linked high disease pressure to delayed spraying and lack of resistant varieties. Singh and Singh (2020) stressed the importance of early detection and integrated disease management strategies including the use of botanicals and resistant cultivars. 
Table 1: Mungbean yellow mosaic disease incidence in different district of Bundelkhand region of Uttar Pradesh

	S.N. 
	District 
	Tahsil 
	Village
	Farmer
	Per cent disease incidence

	
	
	
	
	1
	2
	3
	

	1 
	Jhansi 
	Moth 
	a 
	Chirgav 
	48.60 
	46.17 
	51.03 
	48.60 

	
	
	
	b
	Siya 
	30.72 
	33.28 
	32.00 
	32.00 

	
	
	
	c
	Miyatur 
	43.88 
	38.92 
	41.40 
	41.40 

	
	
	
	d
	Pariksha 
	41.77 
	45.40 
	49.03 
	45.40 

	
	
	
	e
	Maheva 
	38.83 
	37.70 
	36.57 
	37 .70 

	Mean 
	41.85 

	SEm± 
	1.421 

	2 
	Lalitpur 
	Talbehat
	a
	Bigari
	22.30 
	21.19
	23.42
	22.30

	
	
	
	b
	Bijroha 
	48.00 
	52.00 
	50.00 
	50.00 

	
	
	
	c
	Aheta 
	18.87 
	16.73 
	17.80 
	17.80 

	
	
	
	d
	Badanpur 
	26.22 
	28.50 
	30.78 
	28.50 

	
	
	
	e
	Asao pura
	47.07 
	45.70 
	44.33 
	45.70 

	Mean 
	32.86 

	SEm± 
	1.029 

	3 
	Banda 
	Atarra
	a 
	Ajit para
	30.10 
	28.60 
	31.61 
	30.10

	
	
	
	b
	Adharori 
	32.64 
	35.36 
	34.00 
	34.00 

	
	
	
	c
	Anchwara 
	30.53 
	27.07 
	28.80 
	28.80 

	
	
	
	d
	Itra Khurd 
	25.76 
	28.00 
	30.24 
	28.00 

	
	
	
	e
	Bilgav 
	31.93 
	31.00 
	30.07 
	31.00 

	Mean 
	30.38 

	SEm± 
	0.989 

	4 
	Hamirpur
	Maudaha 
	a 
	Sijvahi 
	18.90 
	17.96 
	19.85 
	18.90 

	
	
	
	b
	Kapsa 
	25.63 
	27.77 
	26.70 
	26.70 

	
	
	
	c
	Ichauli 
	31.80 
	28.20 
	30.00 
	30.00 

	
	
	
	d 
	Biharka 
	38.92 
	42.30 
	45.68 
	42.30 

	
	
	
	e 
	Fatehpurva 
	32.96 
	32.00 
	31.04 
	32.00 

	Mean 
	29.98 

	SEm± 
	1.151 

	5
	Chitrakoot 
	Rajapur 
	a 
	Rupauli 
	29.0 
	27.6 
	30.5 
	29.00 

	
	
	
	b 
	Rethi 
	37.2 
	40.2 
	38.7 
	38.70 

	
	
	
	c 
	Teermau 
	45.6 
	40.4 
	43.0 
	43.00 

	
	
	
	d 
	Barua 
	30.8 
	33.5 
	36.2 
	33.50 

	
	
	
	e 
	Ragauli 
	41.4 
	40.2 
	39.0 
	40.20 

	Mean 
	36.88 

	SEm± 
	1.235 



3.2 Effect of different botanical extract on plant height of mungbean
The data in Table 2 showing that Ginger extract (T3) led to the tallest plants at 30 DAS (30.20 cm), while Neem oil 3% (T1) resulted in the maximum plant height at 45 DAS (32.53 cm). Increased plant height is generally associated with better light interception and nutrient uptake, which promote overall plant vigor (Kumar et al., 2011). Similarly, Neem oil (T1) also induced the highest number of leaves at both 30 and 45 DAS (19.00 and 20.17), followed by treatments like Aloe vera (T6) and Ginger (T3). An increase in leaf number enhances the plant's photosynthetic surface area, improving carbohydrate production and growth (Yadav et al., 2015). These findings align with Varma and Malathi (2003) who noted that botanical treatments can stimulate plant growth and defense. Singh and Singh (2020) emphasized the role of bio-based sprays in improving physiological traits under pathogen pressure, while Bashir et al. (2006) reported that such treatments can also reduce vector-borne disease impact. 

Table 2: Effect of different botanical extract on plant height, number of leaves of mungbean at 30 and 45 days
	Treatments 
	Plant height at 30 days after spraying (cm) 
	Number of leaves at 30 days after spraying 
	Plant height (cm) at 45 days after spraying 
	Number of leaves leaves at 45 days after spraying 

	T0 
	Control 
	26.0
	11.0
	28.53
	12.77

	T1 
	Neem oil foliar spray @ 3% 
	30.2
	19.0
	32.53
	20.17

	T2 
	Garlic bulb extract foliar spray @ 5% 
	27.8
	17.0
	28.33
	18.17

	T3 
	Ginger extract foliar spray @ 5% 
	26.6
	17.4
	28.93
	18.57

	T4 
	Turmeric extract foliar spray @ 5% 
	27.4
	16.4
	29.73
	17.57

	T5 
	Marigold flower extract foliar spray @ 5% 
	26.8
	17.0
	29.13
	18.17

	T6 
	Aloe vera leaf extract foliar spray @ 5% 
	26.2
	18.2
	30.13
	12.17

	T7 
	Chilli leaf extract foliar spray @ 5% 
	29.4
	11.6
	30.73
	19.37

	T8 
	Dhatura leaves extract foliar spray @ 5% 
	29.2
	15.8
	30.53
	16.97

	SEm± 
	0.948
	0.547
	0.848
	0.517

	SEd± 
	1.341
	0.774
	1.241
	0.764

	CD 5% 
	2.842
	1.641
	2.832
	1.541

	CV 
	5.921
	5.949
	5.462
	5.543




Fig. 1 : Effect of different botanicals on plant height of mungbean





3.3        Effect of different botanicals on yellow mosaic disease incidence of mungbean
Neem oil @ 3% (T1) was significantly superior, reducing disease incidence from 20.00% to 12.00% (30 DAS) and 18.33% to 11.00% (45 DAS) the lowest across all treatments as per data present in table 3. Marigold flower extract @ 5% (T5) and Ginger extract @ 5% (T3) were moderately effective and statistically at par, showing reductions to 19.30% and 21.00% (30 DAS), and 20.40% and 23.40% (45 DAS) respectively. Turmeric (T4) also showed moderate control (22.30% and 26.40% after sprays), while Garlic (T2), Dhatura (T8), and Chilli (T7) showed less effective control. Poor performers included Control (T0), Aloe vera (T6), and Chilli (T7), which showed high disease incidence even after sprays up to 43.40% (T0) and 35.40% (T6) at 45 DAS. These findings are aligned with Biswas et al. (2012) emphasized the importance of integrating botanicals with bio-agents for effective disease suppression in vegetable crops. In line with this, the present findings validate that Neem oil @ 3% (T1) is significantly superior in reducing disease incidence, demonstrating its strong antifungal properties and systemic action. According to Biswas, the combination of neem-based botanicals with precise application timing significantly reduces pathogen establishment and spread. This aligns with the sharp decline in disease incidence from 20.00% to 12.00% at 30 DAS and 18.33% to 11.00% at 45 DAS observed in this study. The effectiveness of Marigold and Ginger extracts further supports Biswas's suggestion that phenolic compounds in certain botanicals can offer moderate yet consistent suppression of foliar pathogens. Supporting this perspective, Heydari and Pessarakli (2010) discussed the use of plant extracts as sustainable alternatives to chemical pesticides in managing crop diseases. They pointed out that while some extracts such as Aloe vera and Chilli might show variable or limited efficacy due to inconsistent bioactive compound concentrations, others like Neem and Turmeric offer reliable suppression. In the current study, Aloe vera (T6) and Chilli (T7) were among the poor performers, recording 35.40% and 32.40% disease incidence respectively at 45 DAS, reaffirming Heydari's concern. The control treatment (T0) also remained ineffective with 43.40% disease incidence, highlighting the need for active disease management strategies. 




Table 3: Effect of different botanicals on yellow mosaic disease incidence of mungbean
	Treatments 
	Per cent disease incidence before 30 days of spraying
	Per cent disease incidence after 30 days of spraying
	Per cent disease incidence before 45 days of spraying
	Per cent disease incidence after 45 days of spraying

	T0 
	Control 
	44.00
	42.00
	55.00
	43.40

	T1 
	Neem oil foliar spray @ 3% 
	20.00
	12.00
	18.33
	11.00

	T2 
	Garlic bulb extract foliar spray @ 5% 
	34.00
	27.00
	45.00
	29.40

	T3 
	Ginger extract foliar spray @ 5% 
	28.00
	21.00
	39.00
	23.40

	T4 
	Turmeric extract foliar spray @ 5% 
	31.17
	22.30
	44.00
	26.40

	T5 
	Marigold flower extract foliar spray @ 5% 
	27.17
	19.30
	34.00
	20.40

	T6 
	Aloe vera leaf extract foliar spray @ 5% 
	44.67
	34.00
	49.00
	35.40

	T7 
	Chilli leaf extract foliar spray @ 5% 
	48.67
	31.00
	47.00
	32.40

	T8 
	Dhatura leaves extract foliar spray @ 5% 
	40.33
	29.00
	43.00
	30.00

	SEm± 
	1.232
	0.935
	1.141
	0.948

	SEd± 
	1.742
	1.322
	1.614
	1.340

	CD 5% 
	3.694
	2.802
	3.421
	2.841

	CV 
	6.040
	6.020
	4.752
	5.103













Fig.2(a): Effect of different botanicals on yellow mosaic disease incidence of mungbean before and after 30 days of spraying














Fig.2(b): Effect of different botanicals on yellow mosaic disease incidence of mungbean before and after 45 days of spraying



3.4 Effect of different botanicals on yield of mungbean
Application of botanical foliar sprays at 5% concentration significantly enhanced mungbean yield compared to the untreated control (T0), which recorded the lowest yield of 340 kg/ha. The highest yield was obtained with Neem oil (T1), producing 584 kg/ha and showing a 71.76% increase due to its antifungal and growth-promoting properties. Dhatura (T8) followed with a yield of 504 kg/ha (48.24% increase), while Garlic (T2) and Aloe vera (T6) recorded 489.33 kg/ha (43.92%) and 474.67 kg/ha (39.61%) respectively. Moderate improvements were observed with Marigold (T5) at 454.67 kg/ha (33.73%) and Chilli (T7) at 427.67 kg/ha (25.5%). Ginger (T3) and Turmeric (T4) resulted in lower gains, yielding 413.33 kg/ha (21.57%) and 366.67 kg/ha (7.84%) respectively. These results align with Kumar et al. (2010), who reported the suppressive effects of neem-based products on viral vectors. Varma and Malathi (2003) emphasized the effectiveness of botanicals in reducing MYMV severity, while Singh and Singh (2020) confirmed the role of neem and marigold extracts in vector deterrence. Mishra et al. (2017) and Bashir et al. (2006) also documented the importance of eco-friendly botanical interventions in viral disease management in legumes. These findings align with Choudhary et al. (2007) and Heydari and Pessarakli (2010), who reported that botanicals not only reduce disease pressure but also promote physiological activity and yield. Mishra et al. (2017) highlighted neem's role in improving crop biomass and pod filling, while Singh and Singh (2020) confirmed similar yield increases in legumes using neem and garlic extracts. 

Table 4: Effect of different botanicals on yield of mungbean

	Treatments
	Yield per plot (g)
	Yield increases over control

	T0
	Control
	255
	-

	T1
	Neem oil foliar spray @ 3%
	438
	71.76

	T2
	Garlic bulb extract foliar spray @ 5%
	367
	43.92

	T3
	Ginger extract foliar spray @ 5%
	310
	21.57

	T4
	Turmeric extract foliar spray @ 5%
	275
	7.84

	T5
	Marigold flower extract foliar spray @ 5%
	341
	33.73

	T6
	Aloe vera leaf extract foliar spray @ 5%
	356
	39.61

	T7
	Chilli leaf extract foliar spray @ 5%
	319
	25.1

	T8
	Dhatura leaves extract foliar spray @ 5%
	378
	48.24

	SEm±
	11.472
	-

	SEd±
	16.224
	-

	CD 5%
	34.393
	-

	CV
	5.884
	-








Fig. 3: Effect of different botanicals on yield of mungbean


3.5 CBR (Cost benefit ratio) analysis under various treatments
A cost-benefit analysis of various foliar treatments in mungbean revealed that botanical extracts significantly enhance both productivity and economic returns. The highest cost-benefit ratio (CBR) was recorded with Dhatura leaf extract (5.77:1), followed by marigold flower extract (5.64:1) and neem oil (5.63:1), indicating superior profitability due to increased yield and moderate input costs. Conversely, the control plot produced the lowest yield (340 kg/ha) and return, underscoring the effectiveness of these natural interventions. Treatments with garlic, ginger, chilli, and turmeric extracts also showed favorable economic outcomes with CBRs ranging from 3.17:1 to 4.62:1. Aloe vera extract, however, showed the lowest return (2.75:1), suggesting limited economic value in this context.  These findings align with several earlier studies. Kumar et al. (2018) reported that neem oil significantly increased legume yield and profitability due to its dual role in pest suppression and plant growth promotion. Meena et al. (2015) observed that botanical extracts like garlic and ginger enhance economic returns in mungbean by improving resistance and plant vigor. Sharma and Saini (2016) emphasized the value of marigold extract in managing insect pests, thereby reducing yield loss and increasing net returns. Similarly, Rathore et al. (2014) demonstrated that Dhatura extracts improve crop performance under field conditions due to their allelopathic and insecticidal properties. The current results thus confirm that select botanicals can serve as cost-effective, eco-friendly alternatives to chemical treatments in mungbean cultivation.

Table 5: CBR (Cost benefit ratio) analysis under various treatments

	Treatment
	Cost of Treatment (Rs/ha)
	Yield (kg/ha)
	Market Price (Rs /kg)
	Gross Return (Rs /ha)
	Net Return (Rs /ha)
	CBR (Gross Return / Cost)

	T0 
	Control
	0
	340.00
	86.85
	29529.00
	29529
	-

	T1 
	Neem oil foliar spray @ 3%
	55000
	584.00
	86.85
	50720.40
	45720.4
	5.63 : 1

	T2 
	Garlic bulb extract foliar spray @ 5%
	7500
	489.33
	86.85
	42498.31
	36498.31
	3.54 : 1

	T3 
	Ginger extract foliar spray @ 5%
	7000
	413.33
	86.85
	35897.71
	29897.71
	3.78 : 1

	T4 
	Turmeric extract foliar spray @ 5%
	4740
	366.67
	86.85
	31845.29
	27845.29
	3.17 : 1

	T5 
	Marigold flower extract foliar spray @ 5%
	3500
	454.67
	86.85
	39488.09
	35488.09
	5.64 : 1

	T6 
	Aloe vera leaf extract foliar spray @ 5%
	8000
	474.67
	86.85
	41225.09
	35225.09
	2.75 : 1

	T7 
	Chilli leaf extract foliar spray @ 5%
	4000
	425.33
	86.85
	36939.91
	32739.91
	4.62 : 1

	T8 
	Dhatura leaves extract foliar spray @ 5%
	3500
	504.00
	86.85
	43772.40
	40951.3
	5.77 : 1



4. Conclusion 
The study demonstrates that mungbean yellow mosaic disease incidence varies significantly across regions in Bundelkhand, necessitating tailored management approaches. Botanical extracts, particularly Neem oil, effectively enhanced plant growth, reduced disease incidence, and significantly increased yield. Other extracts like Marigold, Ginger, and Turmeric also contributed to disease suppression and growth promotion, though to a lesser extent, Neem oil @ 3% (T1) consistently demonstrated the highest effectiveness in reducing disease incidence across all stages. These eco-friendly treatments offer sustainable alternatives to chemical control, promoting healthier crop production. It is recommended to adopt Neem oil foliar spray at 3% concentration as a primary management strategy, supplemented by other effective botanical 46 
extracts, to improve mungbean health and yield in affected regions. The economic analysis showed that foliar sprays of Dhatura (5.77:1), Marigold (5.64:1), and Neem oil (5.63:1) were the most profitable treatments in mungbean. Moderate CBRs were observed for garlic, ginger, turmeric, and chilli extracts, while Aloe vera had the lowest return (2.75:1). Overall, botanical extracts proved to be effective and economically viable alternatives to chemical treatments. Neem oil foliar spray at 3% concentration is recommended as the primary treatment for MYMV management in mungbean, with Dhatura and Marigold extracts as effective and economical supplementary options.
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Disease incidence
Disease incidence before 45 days of spraying	T0	T1	T2	T3	T4	T5	T6	T7	T8	55	18.329999999999988	45	39	44	34	49	47	43	Disease incidence after 45 days of spraying	T0	T1	T2	T3	T4	T5	T6	T7	T8	43.4	11	29.4	23.4	26.4	20.399999999999999	35.4	32.4	30	Treatments
Per cent

Yield increase over control	T1	T2	T3	T4	T5	T6	T7	T8	71.760000000000005	43.92	21.57	7.84	33.730000000000011	39.61	25.1	48.24	Treatments
Per cent
Plant height
Plant height on 30 days	T0	T1	T2	T3	T4	T5	T6	T7	T8	26	30.2	27.8	26.6	27.4	26.8	26.2	29.4	29.2	Plant height on 45 days	T0	T1	T2	T3	T4	T5	T6	T7	T8	28.53	32.53	28.330000000000005	28.93	29.73	29.130000000000031	30.130000000000031	30.73	30.53	Treatments
Plant height in cm
Disease incidence
Disease incidence before 30 days of spraying	T0	T1	T2	T3	T4	T5	T6	T7	T8	44	20	34	28	31.17	27.17	44.67	48.67	40.33	Disease incidence after 30 days of spraying	T0	T1	T2	T3	T4	T5	T6	T7	T8	42	12	27	21	22.3	19.3	34	31	29	Treatments
Per cent



