


Screening of Soybean Genotypes Against Yellow Mosaic Virus Disease Under Field Conditions
Abstract 
Glycine max [L.] Merrill is a nutritionally annoying leguminous crop, playing a pivotal part in food, feed and industrial sectors. In India, its status has escalated owing to high adaptability, nitrogen-fixing capability and economic returns. However, production is significantly constrained by Yellow Mosaic Virus (YMV), a major viral disease transmitted by whitefly (Bemisia tabaci), leading to chlorosis, stunted growth and severe yield losses. The present investigation aimed to evaluate sixty soybean genotypes for putative resistance to YMV under natural epiphytotic field conditions during the kharif season of 2024. The experiment was laid out in a Randomized Block Design (RBD) with two replications. Genotypes were assessed employing the 0–9 scale for disease severity, and categorized accordingly. Results revealed substantial genetic variability against YMV disease response. Thirty-four genotypes were found highly resistant, 7 resistant, 11 moderately resistant, 6 moderately susceptible and 2 susceptible. No genotype was found to be highly susceptible. The presence of a wide range of reactions highlights the diversity in resistance mechanisms and offers promising material for resistance breeding. This study highlights the importance of continuous field screening to identify and utilize resistant genotype (s). The highly resistant genotypes identified can serve as vital donors in breeding programmes aimed to develop durable YMV-resistant cultivars. Future efforts integrating molecular markers and genomic tools with phenotypic selection will be instrumental in accelerating the development of resilient soybean varieties for sustainable production in YMV-endemic areas.	Comment by intel: rephrase
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1. Introduction 
[bookmark: _Hlk200888859]Glycine max [L.] Merrill is a universally significant leguminous crop, extensively cultivated for its multifaceted utility in food, feed and industrial sectors (Mishra et al., 2021a). It is highly appreciated for its seeds, which is rich in high-quality protein (~40%) and oil (~20%), making it an essential source of plant-based nutrition and a critical component of livestock feed formulations (Sharma et al., 2021; Mishra et al., 2024a). The crop’s superior nutritional profile, combined with its broad industrial applicability in products such as biodiesel, lubricants and bioplastics, underscores its strategic importance in global agricultural economies (Mishra et al., 2021b; Sharma et al., 2023; Mishra et al., 2024b).
In the Indian context, soybean has emerged as a dominant oilseed crop, particularly in central and western agro-climatic zones (Mishra et al., 2021c). Its popularity is attributed to its adaptability to diverse agro-ecological conditions, relatively short growth duration and compatibility with a variety of cropping systems (Mishra et al., 2021d; Mishra et al., 2024c). Moreover, being a legume, soybean possesses the unique ability to biologically fix atmospheric nitrogen through symbiotic association with Bradyrhizobium species. This not only reduces the dependency on synthetic nitrogen fertilizers but also enhances soil fertility, thereby promoting sustainable agricultural practices and improving the productivity of subsequent crops in rotation (Mishra et al., 2021d; Nakei et al., 2022; Wu & Yan, 2024; Li & Xiao, 2025). The economic significance of soybean in India is further bolstered by its role in enhancing farmers’ income, supporting agro-industries, and contributing to the national oilseed economy (Mishra et al., 2021e; Mishra et al., 2025a; Mishra et al., 2025b). 
[bookmark: _Hlk200318095]Despite its agronomic potential, soybean production is severely constrained by several biotic stresses (Upadhyay et al., 2020; Tripathi et al., 2022), among which Yellow Mosaic Virus (YMV) poses a major threat. YMV, transmitted by the whitefly (Bemisia tabaci), causes Yellow Mosaic Disease (YMD), leading to chlorotic yellow patches on leaves, stunted plant growth, poor pod formation, and significant yield reduction (Hajimorad et al., 2018; Mishra et al., 2020; Swathi et al., 2021; Rahman et al., 2023; Vishal et al., 2024; Jhariya et al., 2025) (Fig. 1). In epidemic years, yield losses can range from 30% to over 70%, depending on the stage of infection and susceptibility of the genotype (Mishra et al., 2024d; Roy et al., 2025). Given the limited effectiveness and environmental concerns associated with chemical control of the vector, the deployment of resistant genotypes is the most economical, eco-friendly, and sustainable approach to manage YMV (Mishra et al., 2020; Jharia et al., 2025). However, the frequent emergence of new viral strains and vector biotypes necessitates the continuous evaluation of soybean germplasm to identify and utilize as resistant sources (Karthikeyan et al., 2014; Kumar et al., 2023; Aravind et al., 2025; Mishra et al., 2024e). In this context, the present investigation was undertaken to evaluate a diverse set of soybean genotypes under natural field conditions for their reaction against YMV infection. The study aimed to identify resistant and moderately resistant lines, assess the extent of genetic variability in disease response, and contribute to the development of durable YMV-resistant cultivars for use in future breeding programmes and commercial cultivation.
[image: ]
Fig. 1: Symptoms of yellow mosaic virus on soybean leaves 
2. Material & Methods 
2.1 Experimental Site
The present field experiment was undertaken during the kharif, 2024 at the Research Farm, Zonal Agricultural Research Station, Morena, RVSKVV, Gwalior, Madhya Pradesh, India. The experimental site is geographically situated at 26.5°N latitude and 78.0°E longitude, with an average altitude of 177 meters above mean sea level. The field exhibited uniform topography and comprised medium-black soil, devoid of waterlogging circumstances, thereby offering a favourable agro-ecological environment for the successful cultivation of soybean.
2.2 Experimental Details
The experiment was conducted using a Randomized Block Design (RBD) with two replications. A total of sixty soybean genotypes were assessed for their agronomic performance under field conditions. Each genotype was sown in a single row with an inter-row spacing of 30 cm and intra-row spacing of 10 cm, allowing sufficient space for optimal plant growth, light interception, and aeration. The length of each row was maintained at 5 meters, ensuring an adequate plot size for the reliable assessment of disease incidence. Uniform agronomic practices, including weeding, pest control and fertilization, were meticulously followed across all experimental plots to ensure proper crop establishment and to facilitate the accurate evaluation of the genetic potential of each genotype against YMV.
2.3 Screening for Yellow Mosaic Virus (YMV)
In addition to phenotypic evaluation, all genotypes were subjected to field screening for Yellow Mosaic Virus (YMV), a major viral disease affecting soybean productivity. Screening was carried out under natural epiphytotic conditions, with the experimental field known to have a history of YMV incidence and the presence of its vector, the whitefly (Bemisia tabaci). Disease incidence was recorded at the vegetative and pod formation stage, based on visual observation of characteristic symptoms such as yellow mosaic patterns on leaves, stunted growth and reduced pod development. Disease evaluation involved visual scoring of YMV symptoms manifested on foliage and overall plant vigor, using a 0–9 disease severity scale as proposed by Mayee and Datar (1986). This scale classifies disease intensity into six categories, each representing a distinct level of infection severity as presented in Table 1.
Table 1: Scale for classifying reaction of yellow mosaic virus disease
	Score 
	    Interpretation
	            Description (visual observation)

	0
	Highly resistant 
	No symptoms on any plants

	1
	Resistant 
	Yellow mottle or necrotic mottle in up to 1% of plants

	3
	Moderately resistant
	Yellow mottle or necrotic mottle in up to 1.1 to 10% of plants

	5
	Moderately susceptible
	Necrotic mottle/mild mottle/mild symptoms on 10.1 to 25% plants; no reduction in plant growth; no yield loss

	7
	Susceptible
	Yellow mottle symptoms cover 25.1% of the whole leaf lamina; susceptible to 50% of plants; reduction in leaf and plant growth

	9
	Highly susceptible
	Yellow mottle symptoms on more than 50% of plants; severe reduction in leaf and plant growth as well as pod formation and death of plants


Based on the disease rating, genotypes were categorized for their resistance or susceptibility to YMV, facilitating the identification of putative YMV-resistant genotype (s) for further utilization in breeding and improvement programmes.
3. Results & Discussion 
In the present investigation, out of the sixty soybean genotypes evaluated under natural epiphytotic conditions (Table 2; Fig. 2: A-D), thirty four genotypes including JS-26, JS-20-79, JS-23-05, JS-25-03, JS-21-07, JS-24-26, JS-21-17, JS-20-94, RVS-23-26, RVS-23-15, RVS-23-20, RVS-23-23, RVSM-2012-4, RVS-23-5, RVS-23-12, RSC-10-46, ASB-85, AMS-2021-3, AMS-100-39, TS-208, Rajsoya-24, DLSB-40, DS1510, Himso1695, CAUMS-3, NRC-201, NRC-166, NRCSL-7, NRCSL-4, KDS-1201, KBSL-23-36, Pusa Sipani BS8, SL-311 and SL-1315were found to be highly resistant, exhibiting either no visible symptoms or only slight chlorotic spots, with disease severity scores ranging to 0. These genotypes maintained healthy plant growth and pod development, indicating strong genetic resistance to YMV. Seven genotypes viz., JS-20-116, RVS-23-10, NRC-138, NRC-255, AUKS-21-5, Cat 87 and KDS-1203 exhibited a resistant response, with mild mosaic symptoms on a few leaves and disease severity scores 1. Eleven genotypes, namely: JS-22-01, JS-22-12, AS-26, MAUS-787, MAUS-791, PS-1569, KDSIS-1394, NRC-192, NRC-142, AMS-264 and ASB-93, were categorized as moderately resistant, displaying intermediate levels of mosaic symptoms and slight plant stunting, with scores 3. Six genotypes i.e., RVS-2001-4, Cat492A, NRC-152, KSS-213, BAUS(M)-6 and VLS-104 were considered as moderately susceptible, displaying more extensive yellow mosaic symptoms, moderate leaf deformation and reduced vigor, with severity scores 5. Only two genotypes, viz., RSC-10-52 and MACS-824, were found to be susceptible, with severe leaf yellowing, curling, and considerable reduction in plant growth, corresponding to scores of 7. Remarkably, none of the genotype were categorized as highly susceptible, suggesting a relatively high baseline level of resistance within the tested genotypes.	Comment by intel: check for space	Comment by intel: check font	Comment by intel: check for spelling all over the manuscript



Table 2: Reaction of different soybean genotypes against yellow mosaic virus disease
	S. No.
	Category
	CI
	Genotypes

	1.
	Highly resistant
	0-4
	JS-26, JS-20-79, JS-23-05, JS-25-03, JS-21-07, JS-24-26, JS-21-17, JS-20-94, RVS-23-26, RVS-23-15, RVS-23-20, RVS-23-23,  RVSM-2012-4, RVS-23-5, RVS-23-12, RSC-10-46, ASB-85, AMS-2021-3, AMS-100-39, TS-208, Rajsoya-24, DLSB-40, DS 1510, Himso 1695, CAUMS-3, NRC-201, NRC-166, NRCSL-7, NRCSL-4, KDS-1201, KBSL-23-36, Pusa Sipani BS 8, SL-311, SL-1315

	2.
	Resistant
	5-9
	JS-20-116, RVS-23-10, NRC-138, NRC-255, AUKS-21-5, Cat 87, KDS-1203

	3.
	Moderately resistant
	10-19
	JS-22-01, JS-22-12, AS-26, MAUS-787, MAUS-791, PS 1569, KDSIS-1394, NRC-192, NRC-142, AMS- 264, ASB-93

	4.
	Moderately susceptible
	20-39
	RVS-2001-4, Cat492A, NRC-152, KSS-213, BAUS(M)-6, VLS- 104

	5.
	Susceptible
	40-69
	RSC-10-52, MACS-824

	6.
	Highly susceptible
	70-100
	Nil


The differential responses observed among soybean genotypes against Yellow Mosaic Virus (YMV) infection highlights the inherent genetic variability present within the genotype. The wide spectrum of disease reactions ranging from high resistance to susceptible suggests the involvement of diverse resistance mechanisms, potentially governed by both major and minor genes (Nichal et al., 2018; Mishra et al., 2020a). This variation provides an opportunity for the identification and utilization of resistant sources in breeding programmes aimed to enhance YMV resistance (Singh et al., 2020; Thakur et al., 2024). Genotypes exhibiting high levels of resistance displayed negligible symptom expression and maintained overall plant health and productivity under natural field conditions. These responses indicate the potential presence of strong, possibly dominant resistance genes conferring stable defence mechanisms against the virus (Mishra et al., 2020b; Hoque & Haque, 2024; Roy et al., 2025; Jhariya et al., 2025). In contrast, genotypes that exhibited moderate to high levels of disease severity may lack such effective resistance genes or may possess quantitative resistance that is less effective under high disease pressure (Jeger, 2023; Dutta et al., 2025). The presence of moderately resistant and moderately susceptible genotypes advises a continuum of resistance, possibly influenced by polygenic inheritance and genotype-by-environment interactions. Such genotypes may still hold value for breeding programmes, especially when combined with agronomically superior traits and durable resistance sources (Mishra et al., 2020b; Salleh et al., 2022; Mudhalvan et al., 2024). Moreover, their evaluation under different agro-climatic zones would provide further insights into the stability of their resistance. The low frequency of susceptible genotypes and absence of highly susceptible lines is encouraging, as it indicates a general trend toward improved resistance in the tested materials (Jeevitha et al., 2022; Singh et al., 2022; Amrate et al., 2023). This may be attributed to prior selection efforts and the inclusion of improved genotypes in the breeding programme. Nevertheless, even a few susceptible entries underscore the need for continuous monitoring and elimination of vulnerable genotypes from breeding pipelines (Mallick et al., 2015; Zhu et al., 2022; Sanchez et al., 2023; Tarekegne et al., 2024). 	Comment by intel: check for spacing 	Comment by intel: italics
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	Figure 2: Severity symptoms of yellow mosaic virus disease on soybean leaves	Comment by intel: you have used 6 categories in the table for disease severity, try to incorporate photos for each one 


Overall, the findings emphasize the importance of systematic screening of soybean genotypes under natural disease conditions for effective identification of resistant genotypes. Incorporating resistant genotypes into future breeding programmes, along with molecular and biotechnological tools, can accelerate the development of cultivars with durable resistance. These efforts are crucial for sustainable soybean production, particularly in regions where YMV poses a significant threat to crop yield and farmer livelihoods (Tripathi et al., 2022; Lin et al., 2022; Jeevitha et al., 2022; Usovsky et al., 2022; Mishra et al., 2024a; Jhariya et al., 2025).
Conclusion 
The present investigation demonstrated considerable genetic variability among the sixty soybean genotypes evaluated under natural epiphytotic circumstances for their response to Yellow Mosaic Virus (YMV). The identification of a substantial numbers of highly resistant and resistant genotypes highlights the presence of effective genetic resistance within the tested genotypes, offering promising avenues for resistance breeding. The differential disease responses observed, ranging from high resistance to susceptibility, suggest the involvement of both major and minor genes in governing YMV resistance, with potential for exploitation in both conventional and molecular breeding programmes. The absence of highly susceptible genotypes and the relatively low frequency of susceptible lines are encouraging outcomes, indicative of genetic improvement in contemporary soybean breeding pipelines. The resistant and moderately resistant genotypes identified in this study, constitute valuable resources for the development of YMV-resistant cultivars and may contribute to the creation of durable resistance through pyramiding strategies. Moving forward, these genotypes can be subjected to multi-location evaluations and molecular characterization to assess the stability and underlying genetic basis of resistance. Integrating such phenotypic data with genomic approaches may be critical in accelerating the development of resilient soybean varieties, thereby enhancing productivity, profitability and sustainability of soybean cultivation in YMV-prone agro-ecological zones.
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