


Screening and Identification of Blackgram Genotypes Resistant to Mungbean Yellow Mosaic Virus Disease

ABSTRACT 
Mungbean yellow mosaic virus (MYMV), transmitted by the whitefly (Bemisia tabaci), is a major biotic constraint limiting yield and seed quality of blackgram (Vigna mungo). To identify field-resistant donor sources, a screening study was conducted under natural epidemic conditions at the Regional Agricultural Research Station, Lam, Guntur, Andhra Pradesh, India, during summer 2018 and kharif 2019. Fifty-nine blackgram genotypes along with four checks were evaluated using an Augmented Completely Randomized Block Design (ACRBD)-II and an infector-row technique, with no insecticide application to allow natural vector build-up and disease spread. Standard agronomic practices were followed to ensure uniform crop growth. Disease incidence and symptom severity were recorded on five randomly selected plants per entry at the stage when widespread symptoms were evident in the susceptible check, and each entry was rated using a 1–9 disease scoring scale. Based on mean score, genotypes were grouped into reaction classes as resistant (1.0–2.0), moderately resistant (2.1–4.0), moderately susceptible (4.1–5.0), susceptible (5.1–7.0), and highly susceptible (7.1–9.0).
Across the two seasons, 51 genotypes were classified as resistant, 4 as moderately resistant, 1 as moderately susceptible, 2 as susceptible, and 1 as highly susceptible. The most promising resistant lines included IPU 17-02, LBG 904, Uttara, TU 94-2, OBG 101, OBG 102, LBG 918, KUG 818, TBG 129, and LBG 972, which consistently expressed minimal symptoms and low infection levels. These genotypes can serve as potential donor parents for resistance breeding and as candidates for further multi-location validation to develop stable MYMV-resistant blackgram cultivars.
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 INRODUCTION 
[bookmark: _GoBack]Blackgram (Vigna mungo L. Hepper) is a vital leguminous crop of the family Leguminaceae, widely cultivated across the Indian subcontinent for its nutritional and agronomic significance. It serves as an essential source of protein for human consumption and contributes to soil fertility through biological nitrogen fixation. Compared to other pulse crops, blackgram commands a higher market price due to its superior nutritional value. It is a rich source of protein, potassium, iron, calcium, and essential vitamins such as thiamine (B₁), riboflavin (B₂), and niacin (B₃), making it an important component of the human diet. In addition, blackgram contributes to soil fertility through biological nitrogen fixation.
In India, blackgram is cultivated during the kharif, rabi, and summer seasons. However, its productivity is severely constrained by several diseases, among which yellow mosaic disease (YMD) caused by Mungbean Yellow Mosaic Virus (MYMV) is the most destructive. MYMV, belonging to the family Geminiviridae and genus Begomovirus, can cause yield losses of up to 100 per cent under severe infection [1]. In India, MYMV is not mechanically transmitted but is efficiently spread by the whitefly Bemisia tabaci [2]. Recent synthesis on plant-virus biology emphasizes that understanding virus transmission mechanisms and host–virus molecular interactions is critical for designing durable resistance-breeding and integrated disease management strategies (Jumayorov et al., 2025).
Recent advances in MYMV/YMD research have strengthened the case for combining robust phenotypic screening with molecular approaches to improve selection efficiency and durability of resistance (Pandey et al., 2024). Multi-season field evaluations in blackgram also confirm that resistant genotypes typically maintain low disease levels under natural pressure, whereas susceptible checks show high disease severity, reinforcing the usefulness of standardized screening protocols for resistance identification (Singh et al., 2023). In parallel, linkage/QTL mapping in blackgram has reported SSR markers and genomic regions associated with MYMV resistance and yield-related traits, providing practical entry points for marker-assisted selection after validation across backgrounds and environments (Narayanan et al., 2024). Studies of host–virus interactions further indicate that infection dynamics and host responses can differ across Vigna species and genotypes, underscoring the importance of validating resistance sources under diverse conditions (Jagadeesan et al., 2025). In addition, recent genomic surveys across India highlight the geographic prevalence and diversity of begomoviruses associated with YMD and the dominance of MYMIV in many regions, which has direct implications for region-specific resistance deployment and durability planning (Akram et al., 2024).
The virus infects several leguminous crops, including blackgram, mungbean, pigeon pea, French bean, and soybean, producing characteristic symptoms such as yellow mosaic patterns on leaves interspersed with green patches. Under severe infection, leaves turn completely yellow, resulting in reduced flowering and pod formation. Due to the lack of resistant varieties, blackgram cultivation in many regions has been replaced by cereal crops [3]. Among various management strategies, breeding for MYMV-resistant cultivars is considered the most effective and eco-friendly approach for sustainable urdbean production [4]. In addition, recent work has demonstrated the utility of marker-assisted selection for MYMV resistance in blackgram by identifying and validating SSR markers linked to resistance using bulked segregant analysis, providing a practical molecular complement to field-based phenotyping (Shoba et al., 2024).
Therefore, the identification of stable MYMV-resistant varieties capable of performing well across different seasons is essential. Several researchers have attempted to identify MYMV-resistant urdbean genotypes [5–8]. In view of these considerations, the present study was undertaken to screen blackgram varieties for resistance to MYMV under natural field conditions.
 MATERIALS AND METHODS
In the present investigation, fifty-nine blackgram genotypes were evaluated using an Augmented Completely Randomised Block Design-II at the Regional Agricultural Research Station, Lam, Guntur, Andhra Pradesh, India, during the summer season of 2018 and the kharif season of 2019. The experimental site is located at 16.34°N latitude, 80.44°E longitude, and an altitude of 31.5 m, characterised by an average annual rainfall of 905 mm and deep black soils with a pH of 7.4 and electrical conductivity of 0.16 m.mhos/cm. Cultivation followed the standard agronomic practices of the region to ensure the establishment of a healthy crop, free from insect pests and diseases. Each genotype was sown in two rows of 4 m length, maintaining an inter-row spacing of 30 cm and an intra-row spacing of 10 cm between plants.
About 59 varieties such as IPU 17-02, TBG 129, LBG 904, KU 96-7, MBG 1070, LBG 918, IPU 17-1, DBGV 16, OBG 103, DKU 90, Uttara, KPU 52-87, PU 31, KU 17-04, LBG 854, VBG 17-026, IPU 2-43, TU 94-2, LBG 972, LBG 885, LBG 883, VBG 17-029, OBG 101, IPU 11-6, WBU 108, KPU 1720-140, LBG 709, TU 50, LBG 868, TU 40, MU 52, RU 03-22-4, KUG 818, VBG 12-110, NUL 242, TJU-134, PU 1541, PU 1501, OBG 102, AKU 1608, IPU 12-5, VBG 13-003, IPU 12-5, VBG 13-003, TU 44, ADBG 13023, VBG-12-062, OBG 41, VBG 09-005, VBN -5, LBG 752, LBG 880, LBG 776, SBC 50, VBN -5, LBG 787, ADT 5, ADT 6, AKU 1608, CO 5, DKU 11, GJU 1509 and LBG 623  were obtained from  Indian Institute of Pulses Research, Kanpur along with released varieties and advanced cultures of Regional Agricultural Research Station (RARS), Lam, Guntur and were evaluated. 
Resistance screening was carried out under natural epidemic conditions using alternate rows of highly susceptible varieties as infector rows. A total of 59 test entries along with four checks were evaluated in an Augmented Completely Randomized Block Design-II. Each entry was planted in two rows of approximately 4 m length, with a spacing of 30 cm between rows and 10 cm between plants. Recommended agronomic practices, including hand weeding, irrigation, fertilizer application, and herbicide use, were followed to ensure uniform crop establishment and growth. No insecticides were applied throughout the experiment to maintain natural whitefly populations and facilitate disease development.
YMV screening parameters 
    Scoring was carried out when more than 80 per cent of the plants exhibited disease incidence, using the 1–9 modified disease rating scale proposed under the All India Coordinated Research Project (AICRP) on MULLaRP 
Rating scale for scoring yellow mosaic virus disease (1-9 scale) 
The disease reaction was assessed using a 1–9 scale based on the extent of yellow mosaic symptoms observed on the foliage. The scoring criteria were as follows:
1. Score 1: No visible symptoms on leaves or only very minute yellow specks.
2. Score 2: Small yellow specks with restricted spread, covering 0.1–5.0% of the leaf area.
3. Score 3: Yellow mottling of leaves covering 5.1–10.0% of the leaf area.
4. Score 4: Yellow mottling of leaves covering 10.1–15.0% of the leaf area.
5. Score 5: Yellow mottling and discoloration covering 15.1–30.0% of the leaf area.
6. Score 6: Yellow discoloration covering 30.1–50.0% of the leaf area.
7. Score 7: Pronounced yellow mottling and discoloration of leaves and pods, reduction in leaf size, and stunting of plants, affecting 50.1–75.0% of the foliage.
8. Score 8: Severe yellow discoloration of leaves covering 75.1–90.0% of the foliage, with marked plant stunting and reduced pod size.
9. Score 9: Severe yellow discoloration of entire leaves covering more than 90.1% of the foliage, severe plant stunting, and complete absence of pod formation.
Disease incidence was recorded on five randomly selected plants from each entry. The mean score of these plants was calculated and used to assign the disease reaction category. Based on the mean disease score, entries were classified into different reaction categories for Yellow Mosaic Virus (YMV) resistance.
List 1: Different reaction categories for Yellow Mosaic Virus (YMV) resistance based on mean disease score

Bottom of Form
	Rating
	Reaction

	1.0 to 2.0
	Resistant (R)

	2.1 to 4.0
	Moderately resistant (MR)

	4.1 to 5.0
	Moderately susceptible (MS)

	5.1 to 7.0
	Susceptible (S)

	7.1 to 9.0
	Highly susceptible (HS)


Percentage disease index 
The percentage disease index was calculated by using the formula given by Wheeler (1969)[8] 
	Percent Disease Index =
	No. of infected plants / Total number of plants assessed
		X 100


RESULTS AND DISCUSSION 
Percent infection: 
Percent infection per plant was recorded to assess the extent of damage caused by Yellow Mosaic Virus (YMV). The evaluated entries showed a wide range of reactions to yellow mosaic disease, and were classified into resistant, moderately resistant, moderately susceptible, susceptible, and highly susceptible groups based on mean disease score (Table 1). The highest mean infection was recorded in genotype LBG 632 (91.10%), followed by DKU 11 (77.7) and GJU 1509 (76.7%). In contrast, the lowest infection was observed in IPU 17-02 (10.1%), followed by LBG 904 (10.1%), Uttara (10.1%), TU 94-2 (10.1%) and  OBG (10.1%) indicating a comparatively higher level of resistance to YMV.

Disease scoring scale and Grouping of genotypes screened against YMV
The genotypes were scored according to the ‘1-9’ scale given by Singh et al. (1992). The genotypes tested, exhibited high range of variation with respect to the disease reaction. Fifty one genotypes recorded no visible symptoms or small yellow specks with restrict spread on ‘1-2’ indicating that they are resistant to Mungbean Yellow Mosaic Virus. These genotypes could be utilized as donors for transfer of disease resistance into agronomically superior genotypes which are lacking disease resistance. These genotypes as well can be utilized in hybridization programme under different breeding methods particularly for production of elite cultures / varieties which are resistant to MYMV provided they are divergent enough genetically and having good per se for seed yield and yield contributing characters. 
      Out of remaining eight genotypes, four genotypes rated as ‘3-4’ on disease reaction scale with yellow mottling of leaves covering 5-15 % symptoms on the foliage falls under moderately resistant. Moderately susceptible reaction (disease reaction scale ‘4-5’) i.e., heavy infection with yellow mottling and discoloration of foliage from 15 to 50% was observed in one genotype (CO 5). While remaining two viz., DKU 11and GJU 1509 were susceptible with pronounced yellow mottling and discoloration of leaves and pods, reduction in leaf size and stunting of plants covering 50.1 to 90% foliage (disease reaction scale ‘5-7’). One genotype viz., LBG 623 was rated as ‘9’ on ‘1-9’ disease reaction scale and categorized as highly susceptible genotypes. Similar type of screening using ‘1-9’ scale and categorizing genotypes into different disease reaction classes viz., resistant, moderately resistant, moderately susceptible, susceptible and highly susceptible was done in blackgram. [9-13]. (Table 1& 2). 
The predominance of resistant reactions observed in the present nursery is consistent with recent field-based MYMV/YMD evaluations in blackgram where most test entries remained in low-disease classes, while the susceptible infector/check (e.g., CO 5) expressed high disease levels under natural vector pressure (Singh et al., 2024). At the same time, the begomovirus complex associated with yellow mosaic symptoms is known to be geographically heterogeneous across India, and large-scale surveys have reported co-circulation of MYMIV/MYMV with frequent dominance of MYMIV in many locations, underscoring the importance of validating “field resistance” across sites and seasons and, where feasible, confirming causal virus identity using PCR/sequencing (Akram et al., 2024). From a breeding standpoint, recent multi-environment genomic studies have identified stable marker–trait associations for MYMIV resistance in urdbean, supporting a combined strategy of robust phenotyping with genomics-assisted selection once markers are validated in target genetic backgrounds (Pandey et al., 2024). Mechanistic evidence also indicates that infection dynamics and host responses can differ among Vigna species and compatible/incompatible interactions, emphasizing the value of testing promising donor lines under diverse epidemiological contexts (Jagadeesan et al., 2025). Collectively, these findings align with recent syntheses highlighting that broadening the genetic base and integrating molecular tools with field screening can accelerate the development of durable yellow mosaic resistance in blackgram improvement programs (Nair et al., 2024).
Table 1: Percent infection per plant and disease scoring  scale of studied blackgram genotypes
	S.No.
	Genotype
	Percent infection
	Disease
Scoring scale (1-9)
	S.No.
	Genotype
	Percent infection
	Disease
Scoring scale (1-9)

	1
	IPU 17-02
	10.1
	1
	31
	MU 52
	10.4
	1

	2
	TBG 129
	10.4
	1
	32
	RU 03-22-4
	10.5
	1

	3
	LBG 904
	10.2
	1
	33
	KUG 818
	10.1
	1

	4
	KU 96-7
	10.7
	1
	34
	VBG 12-110
	10.8
	1

	5
	MBG 1070
	10.8
	1
	35
	NUL 242
	10.5
	1

	6
	LBG 918
	10.1
	1
	36
	TJU-134
	10.4
	1

	7
	IPU 17-1
	10.7
	1
	37
	PU 1541
	10.4
	1

	8
	DBGV 16
	10.8
	1
	38
	PU 1501
	10.5
	1

	9
	OBG 103
	10.4
	1
	39
	OBG 102
	10.1
	1

	10
	DKU 90
	10.8
	1
	40
	CO 5
	51.4
	5

	11
	Uttara
	10.1
	1
	41
	IPU 12-5
	10.4
	1

	12
	KPU 52-87
	10.3
	1
	42
	VBG 13-003
	10.5
	1

	13
	KU 17-04
	10.5
	1
	43
	IPU12-5
	10.1
	1

	14
	PU 31
	10.5
	1
	44
	VBG-13-003
	10.8
	1

	15
	LBG 854
	10.6
	1
	45
	TU 44
	10.5
	1

	16
	VBG 17-026
	10.7
	1
	46
	OBG 41
	10.4
	1

	17
	IPU 2-43
	10.8
	1
	47
	VBG 09-005
	23.2
	2

	18
	TU 94-2
	10.1
	1
	48
	VBN -5
	22.4
	2

	19
	LBG 972
	10.7
	1
	49
	LBG 752
	21.5
	2

	20
	LBG 885
	10.8
	1
	50
	LBG 880
	22.4
	2

	21
	LBG 883
	10.4
	1
	51
	LBG 776
	22.4
	2

	22
	VBG 17-029
	10.8
	1
	52
	SBC 50
	22.2
	2

	23
	OBG 101
	10.1
	1
	53
	VBN -5
	21.8
	2

	24
	IPU 11-6
	10.3
	1
	54
	LBG 787
	44.4
	4

	25
	WBU 108
	10.5
	1
	55
	ADT5
	41.5
	4

	26
	KPU 1720-140
	10.5
	1
	56
	ADT6
	44.4
	4

	27
	LBG 709
	10.6
	1
	57
	AKU 1608
	38.89
	3

	28
	TU 50
	10.7
	1
	58
	GJU 1509
	76.72
	7

	29
	LBG 868
	10.8
	1
	59
	DKU 11
	77.77
	7

	30
	TU 40
	10.1
	1
	60
	LBG 623
	91.10
	9




Table 2: Grouping of blackgram genotypes based on their disease reaction to MYMV in field condition
	Grade 
	Genotypes
	Rating
	Reaction
	Number of genotypes

	1
	IPU 17-02, TBG 129, LBG 904, KU 96-7, MBG 1070, LBG 918, IPU 17-1, DBGV 16, OBG 103, DKU 90, Uttara, KPU 52-87, PU 31, KU 17-04, LBG 854, VBG 17-026, IPU 2-43, TU 94-2, LBG 972, LBG 885, LBG 883, VBG 17-029, OBG 101, IPU 11-6, WBU 108, KPU 1720-140, LBG 709, TU 50, LBG 868, TU 40, MU 52, RU 03-22-4, KUG 818, VBG 12-110, NUL 242, TJU-134, PU 1541, PU 1501, OBG 102, AKU 1608, IPU 12-5, VBG 13-003, IPU 12-5, VBG 13-003, TU 44, ADBG 13023, VBG-12-062, OBG 41
	1-2
	Resistant
	51

	2
	VBG 09-005, VBN -5, LBG 752, LBG 880, LBG 776, SBC 50, VBN -5
	
	
	

	3
	AKU 1608
	2.1 to 4
	Moderately resistant
	4

	4
	LBG 787, ADT 5, ADT 6 
	
	
	

	5
	CO 5
	4.1 to 5
	Moderately Susceptable
	1

	6
	DKU 11, GJU 1509
	5.1 to 7
	Susceptable
	2

	7
	
	
	
	

	8
	LBG 623
	7.1 to 9
	Highly Susceptible
	1

	9
	
	
	
	



CONCLUSION  
Genotypes IPU 17-02, TBG 129, LBG 904, KU 96-7, MBG 1070, LBG 918, IPU 17-1, DBGV 16, OBG 103, DKU 90, Uttara, KPU 52-87, PU 31, KU 17-04, LBG 854, VBG 17-026, IPU 2-43, TU 94-2, LBG 972, LBG 885, LBG 883, VBG 17-029, OBG 101, IPU 11-6, WBU 108, KPU 1720-140, LBG 709, TU 50, LBG 868, TU 40, MU 52, RU 03-22-4, KUG 818, VBG 12-110, NUL 242, TJU-134, PU 1541, PU 1501, OBG 102, AKU 1608, IPU 12-5, VBG 13-003, TU 44, ADBG 13023, VBG-12-062, OBG 41 VBG 09-005, VBN -5, LBG 752, LBG 880, LBG 776, SBC 50 and VBN -5 exhibited relatively higher resistance to yellow mosaic disease during  Summer and kharif  and can be exploited as donor parents in breeding programmes and for marker validation in MAS-based improvement of blackgram.

[bookmark: _Hlk219284361][bookmark: _Hlk198031404]Limitations and Future Research

This study was conducted under natural field infection using an infector-row approach; therefore, MYMV pressure and whitefly populations may have varied across seasons and within the experimental area, which could influence disease expression. The screening relied on visual scoring at a single location and did not include controlled inoculation, vector counts, or molecular confirmation of the causal begomovirus species/strain, limiting inference on resistance specificity. In addition, the augmented design provides efficient early-stage evaluation, but more replicated multi-location testing is required to quantify genotype × environment interactions and the stability of resistance. 
Future research should validate the identified resistant lines across diverse agro-ecologies and years, integrate standardized assessments at multiple crop stages (or AUDPC), and confirm virus identity using PCR/sequencing. Genetic dissection through QTL mapping/GWAS and marker validation in breeding populations will help enable marker-assisted selection. Finally, combining resistance with agronomic performance, seed quality traits, and farmer-preferred attributes will support development of durable MYMV-resistant blackgram cultivars.

Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

REFERENCES 
 [1]  Shamim MZ, Pandey A. Identification of Yellow Mosaic Virus (YMV) resistant Black Gram (Vigna mungo L.) genotypes for cultivation in Northern India. Journal of Agroecology and Natural Resource Management. 2014;1(2):48-50. http://www.krishisanskriti.org/janrm.html
[2] Mohan S, Sheeba A, Murugan E, Ibrahim SM. Screening of mung bean germplasm for resistance to mung bean yellow mosaic virus under natural condition. Indian Journal of Science and Technology. 2014;7(7):891-896 
[3].Nene YL. A survey of viral diseases of pulse crops in Uttar Pradesh. Research Bulletin-4. 1972; 87:1-191. https://www.cabidigitallibrary.org/doi/full/10.5555/19731301978 
[4] Muhammad Bashir and Muhammad Zubair Identification of resistance in urdbean against two different viral diseases. 2002. Pak. J. Bot., 34(1): 49-51.
[5] Mohan S, Sheeba A, Murugan E, Ibrahim SM. Screening of mung bean germplasm for resistance to mung bean yellow mosaic virus under natural condition. Indian Journal of Science and Technology. 2014;7(7):891-896. 10.17485/ijst/2014/v7i7.1.
[6] Tamilzharasi, M., Vanniarajan, C., Karthikeyan, A., Souframanien, J., Arumugam pillai, M., & Meenakshisundram, P. Evaluation of urdbean (Vigna mungo) genotypes for mung bean yellow mosaic virus resistance through phenotypic reaction and genotypic analysis. Legume Research an International Journal. 2019. 43(5):728-734. 10.18805/LR-4035.  
[7] Subedi S, Neupane S, Ghimire TN. Screening of mung bean and black gram genotypes as sources of genetic resistance against Mung bean Yellow Mosaic Disease. Nepalese Journal of Agricultural Sciences. 2016;14:148- 155. https://www.cabidigitallibrary.org/doi/full/10.5555/20173082447
 [8] Wheeler. B.E.J. 1969. An Introduction to plant disease. John Wiley, London. 301.
[9] Basandrai, A.K., Gartan, S.L., Basandrai, D and Kalia, V. 1999. Evaluation of blackgram (Vigna mungo) germplasm against different diseases. Indian Journal of Agricultural Sciences. 69 (7): 506-508.
[10]. Saikat Gantait and Prakash Kanti Das. 2009. Genetic divergence, adaptability and genotypic response to YMV in blackgram. Legume Res., 32(2) : 79-85. https://www.cabidigitallibrary.org/doi/pdf/10.5555/20093206949
[11]. Dhole, V. J. and Reddy, K. S.2012. Genetic analysis of resistance to mungbean yellow mosaic virus in mungbean (Vigna radiata). Journal of Plant Breeding.131:414-417. 10.1111/j.1439-0523.2012.01964.x 
 [12].Bhaskar, A.V. 2017. Genotypes against major diseases in green gram and blackgram under natural field conditions. International Journal of Current Microbiology and Applied Sciences. 6(3): 832-843.
[13].Pavishna, M., Kannan, R., Arumugam Pillai, M and Rajinimala, N. 2019. Screening of blackgram genotypes against mung bean yellow mosaic virus disease. Journal of Pharmacognosy and Phytochemistry. 8(3): 4313-4318.
Pandey, A., Malik, P., Kumar, A., Kaur, N., Saini, D. K., Gill, R. K., ... & Kaur, S. (2024). Multi-GWAS reveals significant genomic regions for Mungbean yellow mosaic India virus resistance in urdbean (Vigna mungo (L.) across multiple environments. Plant Cell Reports, 43(7), 166. https://doi.org/10.1007/s00299-024-03257-0
Singh, V., Singh, M. N., Singh, A. K., Madankar, K., & Sinha, B. (2024). Identification of high yielding and yellow mosaic virus resistance blackgram (Vigna mungo L. Wilczek) genotypes using multivariate analysis. Vegetos, 37(1), 363-372. https://doi.org/10.1007/s42535-023-00615-3
Jagadeesan, K., Krishnan, N., Sirari, A., Mohindru, B., & Dhkal, M. (2025). Variable infection mechanisms of mungbean yellow mosaic India virus in diverse Vigna species: New insights from differential gene expression. Physiology and Molecular Biology of Plants, 31(1), 153-162. https://doi.org/10.1007/s12298-025-01547-9
Akram M, Kamaal N, Pratap A, Kumar D, Muin A, Sabale PR, Aidbhavi R, Sunani SK, Rathore M, Gupta S, Singh NP, Dey N, Dixit GP and Nair RM (2024) Exploring distribution and genomic diversity of begomoviruses associated with yellow mosaic disease of legume crops from India, highlighting the dominance of mungbean yellow mosaic India virus. Front. Microbiol. 15:1451986. https://doi.org/10.3389/fmicb.2024.1451986
Narayanan, M., Shoba, D., Yasin, J. K., Kanagarajan, S., & Pillai, M. A. (2024). Genetic linkage mapping for mungbean yellow mosaic virus resistance and yield-related traits in Vigna mungo. South African Journal of Botany, 174, 249-257. https://doi.org/10.1016/j.sajb.2024.09.004
Shoba, D., Arunarani, A., Arumugam Pillai, M., Joshi, J. L., & Juliet Hepziba, S. (2024). Identification of SSR Markers Linked to Mung Bean Yellow Mosaic Virus Resistance in Blackgram (Vigna mungo (L.) Hepper) Using Bulked Segregant Analysis in F2:3 Population. Journal of Experimental Agriculture International, 46(11), 679–689. https://doi.org/10.9734/jeai/2024/v46i113089 
Jumayorov, S., Khusanov, T., Narmuhammedova, M., Kadirova, G., Sultanova, N., & Bolatbekova, A. (2025). Biology, Molecular Genetics, and Host Interactions of Soybean Mosaic Virus. Asian Journal of Agriculture and Allied Sciences, 8(1), 316–330. https://doi.org/10.56557/ajaas/2025/v8i175 
Nair, R. M., Chaudhari, S., Devi, N., Shivanna, A., Gowda, A., Boddepalli, V. N., Pradhan, H., Schafleitner, R., Jegadeesan, S., & Somta, P. (2024). Genetics, genomics, and breeding of black gram [Vigna mungo (L.) Hepper]. Frontiers in plant science, 14, 1273363. https://doi.org/10.3389/fpls.2023.1273363 










