


Screening and Evaluation of local cultivars of greengram (Vigna radiata L. Wilczek) for yield and disease tolerance under the Western Undulating Zone of Odisha

Abstract
Performance of sixteen genotypes comprising fourteen local cultivars collected from different parts of Odisha and two released varieties were systematically evaluated for yield performance, Yellow Mosaic Virus (YMV) and powdery mildew disease tolerance at the Regional Research and Technology Transfer Station (RRTTS), Bhawanipatna, under Odisha University of Agriculture and Technology (OUAT) in Kalahandi district of Odisha. The experiment was conducted over three consecutive years to ensure reliability and consistency of results. The local cultivars were well adapted to the native agro-climatic conditions and performed significantly better than the released varieties under the prevailing environmental situation. Though the yield of these cultivars fluctuated each year with changes in sowing dates and temperature variations, certain cultivars consistently showed superior performance. Among them, Khara muga, Kala muga, and Jhain muga were found to be the most promising for both yield potential and disease tolerance in this zone. Cultivars exhibiting tolerance to YMV and powdery mildew diseases recorded considerably higher yields compared to the susceptible ones, indicating a strong correlation between disease resistance and productivity. In particular, the local cultivar Jhain muga showed no incidence of either powdery mildew or YMV during all three experimental years. Hence, this genotype can serve as a valuable parent line in breeding programs aimed at improving both disease resistance and yield potential of greengram for sustainable cultivation under Western Undulating Zone conditions of Odisha.
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1. Introduction
India stands as the world’s largest producer and consumer of pulses, contributing significantly to global pulse acreage and production. Pulses form an integral part of the Indian diet, serving as a primary source of plant-based protein, especially for vegetarian populations. Among them, greengram (Vigna radiata L. Wilczek) occupies a prominent place due to its short growth duration, adaptability to diverse agro-ecological conditions, and high nutritional value. The crop is rich in protein (22–25%), essential amino acids, vitamins, and minerals, making it vital for nutritional security. In the state of Odisha, particularly in the Kalahandi district, greengram cultivation is widespread across the western undulating zone, characterized by fertile organic soils, moderate rainfall, and favorable winter temperatures. Here, greengram is typically cultivated as a rainfed rabi crop, following paddy in the cropping sequence. The region contributes substantially to pulse production, ranking as the second-highest pulse-producing district in Odisha.	Comment by Piyush Kumar: Reference missing	Comment by Piyush Kumar: Reference missing	Comment by Piyush Kumar: Reference missing
Despite its importance, India remains a net importer of pulses to meet the growing domestic demand, highlighting the urgent need to enhance productivity and sustainability in pulse cultivation systems. While the area under pulses has expanded steadily, the productivity of greengram remains low, averaging between 500–600 kg/ha, which is far below its potential yield of 1.5–2.0 t/ha under optimal conditions. This productivity gap can be attributed to several biotic and abiotic stress factors, coupled with suboptimal agronomic management and limited access to improved cultivars. The major yield constraints include Yellow Mosaic Virus (YMV) disease, powdery mildew, drought stress, and the effects of erratic climate patterns.	Comment by Piyush Kumar: Reference missing	Comment by Piyush Kumar: Reference missing	Comment by Piyush Kumar: Write in small case ‘yellow mosaic virus”
Greengram holds a strategic position in Odisha’s agro-ecosystem sustainability due to its ability to fix atmospheric nitrogen through a symbiotic association with Rhizobium species. The inclusion of greengram in crop rotations, particularly after rice, not only enhances soil fertility and structure but also interrupts pest and disease cycles, thus improving the overall resilience of the farming system. The crop’s deep root system allows it to extract moisture from deeper soil layers, making it an excellent choice for rabi season cultivation in low-rainfall areas. Additionally, its role in maintaining microbial diversity and promoting soil health has been well documented reported (Weinberger, 2003). However, climatic sensitivity remains a major limitation, as greengram requires a warm and moderately dry environment during its life cycle( Abbas et al., 2018).. Ideal soils for greengram cultivation are sandy loam to loam, well-drained, and rich in organic matter. Alkaline or poorly drained soils drastically reduce germination, growth, and yield potential. The crop thrives best at temperatures ranging from 25°C to 35°C, and any deviation, such as low night temperatures or unexpected rainfall during flowering, can lead to flower drop and poor pod set. Such sensitivity to environmental fluctuations often discourages farmers from adopting improved varieties, leading them instead to rely on local cultivars that have evolved under native climatic pressures. These landraces are typically more adapted to the microclimatic conditions of their specific regions, offering stable yields even under stress situations (Aktharet al., 2016). However, one of the most destructive diseases threatening greengram production across India is Yellow Mosaic Disease (YMD), caused by Mungbean Yellow Mosaic Virus (MYMV) and transmitted by the whitefly (Bemisia tabaci). The disease manifests initially as small yellow patches on young leaves that expand into a characteristic mosaic pattern of alternating green and yellow areas. Infected plants exhibit stunted growth, reduced leaf area, fewer flowers and pods, and ultimately substantial yield losses that may range from 10% to complete crop failure depending on the stage of infection (Bashir et al., 2006). The disease is particularly prevalent under warm, humid conditions with high whitefly populations. In recent years, changing climatic patterns, including warmer winters and altered rainfall distribution, have contributed to extended whitefly activity, further intensifying the YMV epidemic (Bharadwaj & Kalita, 2023).	Comment by Piyush Kumar: Add a space before bracket	Comment by Piyush Kumar: Don’t not italisized the name	Comment by Piyush Kumar: Remove one full stop	Comment by Piyush Kumar: Reference missing in reference section	Comment by Piyush Kumar: Add space before et 	Comment by Piyush Kumar: Write in small case like “yellow mosaic disease”	Comment by Piyush Kumar: YMD	Comment by Piyush Kumar: Reference missing in reference section
Powdery mildew, caused by Erysiphe polygoni, is another serious fungal disease affecting greengram, especially under cool (22–30°C), cloudy, and humid weather. The disease is easily recognizable by white powdery patches on the leaf surface, leading to chlorosis, premature defoliation, and significant yield reduction. Since these two diseases—YMV and powdery mildew—often occur simultaneously under favorable environmental conditions, managing them effectively requires integrated resistance breeding approaches. The traditional use of fungicides or vector control measures offers limited and unsustainable relief. Hence, the development and deployment of resistant cultivars remain the most efficient and eco-friendly solution to safeguard productivity. Recent advances in molecular breeding and genomics have revolutionized the screening and improvement of greengram for disease resistance. Studies have demonstrated that molecular markers, such as SSRs and NBS-LRR genes, can efficiently identify resistance loci associated with YMV tolerance (Thakur et al., 2024). Similarly, marker-assisted selection and cross-species gene introgression from wild relatives such as Vigna umbellata have provided new sources of durable resistance (Pandiyan et al., 2020). The incorporation of these advanced tools enables breeders to identify resistant genotypes early in the selection process, thereby accelerating varietal development. Moreover, comprehensive genome-wide association studies have recently identified multiple quantitative trait loci (QTLs) linked to both yield and YMV resistance, offering valuable insights for marker-assisted breeding (Rohilla et al., 2022). These efforts have been complemented by the development of infectious viral clones and recombinant inbred lines (RILs) that help researchers evaluate host-pathogen interactions under controlled conditions (Kumari et al., 2024). Such breakthroughs have paved the way for precision breeding of greengram cultivars capable of withstanding viral and fungal pressures under a changing climate. The climate–disease interaction has emerged as a key area of research, as varying sowing dates and temperature regimes directly influence the incidence of YMV and powdery mildew. Field-based observations confirm that early sowing during December, when temperatures and whitefly populations are moderate, minimizes infection rates and ensures higher yields (Bharadwaj & Kalita, 2023). In contrast, delayed sowing exposes plants to cooler temperatures and higher relative humidity, increasing susceptibility to both diseases. Thus, optimizing sowing time, in combination with genetic resistance, constitutes a critical strategy for sustaining greengram productivity in the face of climate uncertainty. In Odisha’s western undulating zone, a rich repository of local greengram landraces exists, shaped by decades of natural and farmer-mediated selection. These cultivars, including Khara muga, Kala muga, and Jhain muga, possess unique adaptive traits and show potential tolerance to YMV and powdery mildew. Documenting and evaluating such genetic diversity under field conditions is essential for identifying superior genotypes that combine high yield potential with stress resilience. The exploitation of local genetic resources not only supports regional breeding efforts but also preserves valuable germplasm for future crop improvement programs (Singh et al., 2022). Therefore, the present study was undertaken to screen and evaluate 16 genotypes of greengram, including 14 local cultivars and two released varieties, for their yield performance and tolerance to Yellow Mosaic Virus and powdery mildew under the Western Undulating Zone of Odisha. The study aimed to identify promising local cultivars that can serve as breeding materials for resistance improvement programs. Additionally, it sought to assess the impact of sowing time and climatic variation on yield performance and disease incidence, contributing valuable insights for sustainable greengram cultivation and resilience building under Odisha’s changing agro-climatic conditions.	Comment by Piyush Kumar: Remove long dash in between sentences	Comment by Piyush Kumar: YMD	Comment by Piyush Kumar: Remains 	Comment by Piyush Kumar: Start from another paragraph	Comment by Piyush Kumar: Reference missing in reference section	Comment by Piyush Kumar: Reference missing in reference section	Comment by Piyush Kumar: Start from another paragraph	Comment by Piyush Kumar: temperatures	Comment by Piyush Kumar: Start from another paragraph	Comment by Piyush Kumar: Write YMV	Comment by Piyush Kumar: Resilience-building

2. Materials and Methods
2.1 Plant Material and Experimental Details
The present field investigation was carried out to evaluate the performance of sixteen greengram (Vigna radiata L. Wilczek) genotypes for their yield potential and tolerance to major diseases, namely Yellow Mosaic Virus (YMV) and powdery mildew, under the Western Undulating Zone of Odisha. The experimental materials comprised fourteen local landraces collected from diverse agro-ecological regions across Odisha and two released varieties obtained from the Centre for Pulses Research (CPR), Berhampur, under the Odisha University of Agriculture and Technology (OUAT). These genotypes represented the wide genetic variability and environmental adaptability of greengram within the state.  	Comment by Piyush Kumar: Scientific name should be in italic	Comment by Piyush Kumar: Lower case “yellow mosaic virus”	Comment by Piyush Kumar: This virus not disease write YMD

Field experiments were conducted at the Regional Research and Technology Transfer Station (RRTTS), Bhawanipatna, during the rabi seasons of 2016, 2017, and 2018. The experimental site falls under the western undulating agro-climatic zone, characterized by moderately fertile loamy soils, with good drainage and an average annual rainfall of 1200–1400 mm. The rabi season is mostly dry, which minimizes confounding effects of excess moisture and allows for better evaluation of disease resistance under natural conditions.  The experimental was laid out in a design adopted was a Randomized Block Design (RBD) with three replications. Each genotype was sown in a plot measuring 7.5 m², maintaining a row spacing of 30 cm × 10 cm between plants. The chosen spacing ensured optimum plant population and minimized inter-plant competition for nutrients, light, and moisture, consistent with recommendations for mung bean cultivation under similar soil types (Pal et al., 2024). The experiment was laid out in an open field without supplemental irrigation, relying on residual soil moisture, which simulated realistic farmer-field conditions in the region.
2.2 Soil and Environmental Conditions
The experimental field was thoroughly prepared through ploughing and harrowing to obtain a fine tilth. The soil texture was sandy loam with neutral pH (6.8–7.2), moderate organic carbon (0.45%), available nitrogen (280 kg/ha), phosphorus (24 kg/ha), and potassium (180 kg/ha). Soil fertility was assessed prior to sowing using standard protocols of the Indian Council of Agricultural Research (ICAR). Weather parameters such as temperature, relative humidity, and rainfall were recorded throughout the cropping period using an automatic weather station located within the RRTTS campus. The average maximum temperature ranged between 27°C–31°C, while the minimum temperature varied between 14°C–18°C during the experimental period, conditions ideal for greengram growth and disease expression.	Comment by Piyush Kumar: Space before %
2.3 Crop Establishment and Management Practices
Healthy, uniform seeds were selected from each genotype and treated with Rhizobium culture (specific to Vigna radiata) before sowing to enhance nodulation and biological nitrogen fixation. Sowing was done in the first week of December across the three years of experimentation. Each plot was hand-weeded twice  once at 20 days after sowing (DAS) and again at 40 DAS — to maintain a weed-free environment. No irrigation was provided during the crop period, simulating typical rainfed conditions of the zone.A basal dose of 20 kg N, 40 kg P₂O₅, and 20 kg K₂O per hectare was applied uniformly to all plots as recommended for rabi greengram. Phosphorus application is particularly important in promoting root development and early flowering (Samim et al., 2024). Pest and disease management were done primarily through cultural methods. Chemical control was deliberately avoided to ensure natural disease incidence for screening resistance.	Comment by Piyush Kumar: SN should be in italic 	Comment by Piyush Kumar: Add dash or semicolon after twice	Comment by Piyush Kumar: Remove long dash from the sentence	Comment by Piyush Kumar: Space after full stop
2.4 Data Collection and Observations	Comment by Piyush Kumar: Write in paragraph
Eight morpho-physiological and yield parameters were recorded to evaluate the genotypic performance:
1. Days to 50% flowering — counted as the number of days from sowing to when half the plants in a plot had at least one open flower.  	Comment by Piyush Kumar: Space before %
2. Days to maturity — number of days from sowing to the physiological maturity of the crop (pods turning black and hard).  
3. Plant height (cm) — measured from the base of the stem to the tip of the main shoot from ten randomly selected plants in each plot.  
4. Number of clusters per plant — counted from the same ten plants.  
5. Number of pods per plant — obtained by averaging the total pods per plant from the sampled plants.  
6. Number of seeds per pod — determined by randomly selecting ten pods per plant and calculating the mean.  
7. Hundred seed weight (g) — determined by weighing 100 mature seeds from each plot after sun-drying.  
8. Grain yield (kg/ha) — calculated by harvesting the central rows of each plot, converting the yield to kg/ha at 12% moisture content.	Comment by Piyush Kumar: Space before %
Each parameter was carefully recorded to capture both phenological and agronomic variability among genotypes. Recording multiple morpho-physiological traits ensured a comprehensive assessment of yield and adaptability (Desai & Modi, 2023).
2.5. Disease Observation and Assessment
Incidence of Yellow Mosaic Virus (YMV) and powdery mildew was recorded visually throughout the crop period at 15-day intervals. Observations were made on a plot basis, and disease severity was scored using standard rating scales:	Comment by Piyush Kumar: Lower case “yellow mosaic disease (YMD)
- For YMV, disease severity was rated on a 1–9 scale, where “1” indicated no visible symptoms and “9” represented severe infection with complete yellowing and stunted plants.  	Comment by Piyush Kumar: Add scale in table form with reference
- For powdery mildew, a 0–5 scale was employed, with “0” denoting healthy leaves and “5” indicating leaves fully covered by white fungal mycelium.	Comment by Piyush Kumar: Add scale in table form with reference
The Percent Disease Index (PDI) was computed as:  
PDI = (Sum of all disease ratings / (Total number of plants observed × Maximum rating scale)) × 100	Comment by Piyush Kumar: Use different bracket for clear differntiation
Genotypes showing ≤10% PDI were classified as resistant, those with 11–30% as moderately resistant, 31–50% as susceptible, and >50% as highly susceptible. The incidence pattern of both diseases was correlated with environmental data (temperature, humidity, and sowing time) to understand their interaction effects.	Comment by Piyush Kumar: In tabel	Comment by Piyush Kumar: Space before %	Comment by Piyush Kumar: Space before %	Comment by Piyush Kumar: Space before %	Comment by Piyush Kumar: Space before %
2.6. Statistical Analysis
The experimental data were subjected to Analysis of Variance (ANOVA) for a randomized block design as per the method of Panse and Sukhatme (1985). Statistical analyses were performed using OPSTAT and R statistical software (version 4.3.0) to determine the significance of differences among genotypes. The parameters calculated included mean, range, standard deviation (SD), standard error (SE), coefficient of variation (CV%), and critical difference (CD) at 5% significance level. These measures provided insights into the variability, reliability, and repeatability of the observed traits.Correlation analysis was also performed to determine the relationships among yield components and disease tolerance traits. Traits exhibiting strong positive correlations with yield were considered as major selection indices for breeding programs.	Comment by Piyush Kumar: Write it Panse et al., 1985	Comment by Piyush Kumar: Space before %	Comment by Piyush Kumar: Space before %	Comment by Piyush Kumar: Space after fullstop
2.7. Experimental Rationale and Precision
The use of a Randomized Block Design (RBD) was crucial for minimizing experimental error arising from soil heterogeneity and micro-environmental variation across the field. Replication ensured reliability and statistical validity of the results. Each block represented a homogeneous environment where treatments (genotypes) were randomly assigned to avoid bias. The RBD approach is widely used for multi-genotypic evaluation trials and has been effectively employed in mung bean experiments to assess genotypic stability and yield performance (Yoseph, 2022).
2.8. Quality Control and Data Integrity
To ensure data reliability, the following scientific protocols were maintained:
1. The same observer recorded phenological and disease data across all replications to minimize subjective variation.  
2. Random sampling was used for all morphological traits to avoid edge effects.  
3. Environmental data (temperature, humidity, and rainfall) were cross-validated with data from the Indian Meteorological Department (IMD) station in Bhawanipatna.  
4. Outlier data were verified against field notes and removed only when clear observational or recording errors were identified.
2.9. Experimental Validation
The three-year data were pooled and analyzed for combined variance to estimate the genotype × year interaction effects. Stability of performance across years was determined by evaluating the coefficient of variation and regression slope, thereby identifying genotypes with consistent yield and disease resistance under variable climatic conditions. Such multi-year validation strengthens the reproducibility and external validity of field-based resistance screening experiments.

3. Results and Discussions
3.1. Results
3.1.1. Agronomic Performance and Phenological Traits
The evaluation of sixteen greengram (Vigna radiata L. Wilczek) genotypes, including fourteen local landraces and two released varieties, revealed significant variation for in all morphological and yield-attributing traits across three consecutive years (2016–2018). The analysis of variance (ANOVA) showed highly significant differences (p < 0.05) among genotypes for days to 50% flowering, plant height, clusters per plant, pods per plant, seeds per pod, hundred seed weight, and grain yield, confirming sufficient genetic diversity for selection and improvement.
The mean days to 50% flowering ranged from 36 to 45 days, and days to maturity ranged from 63 to 75 days. Early flowering and early maturing genotypes, such as Kala muga and Khara muga, are desirable for short-duration cropping systems and climate-resilient pulse production. These findings are consistent with earlier studies that emphasize early maturing genotypes as an adaptation to climate variability (Rohilla et al., 2022).	Comment by Piyush Kumar: Space before %
Plant height varied from 28.5 cm in Jhain muga to 45.7 cm in the released variety, indicating strong genotypic differences under similar management. Taller plants generally exhibited higher biomass but were not always associated with higher yields, as productivity also depended on pod density and disease resistance.
The number of clusters per plant ranged from 5.8 to 10.3, while the number of pods per plant ranged between 18.5 and 31.2. The genotype Khara muga recorded the highest mean number of pods per plant (31.2), which directly translated into higher yield performance. Similarly, Kala muga and Jhain muga displayed superior pod-bearing ability and disease tolerance across years. The average number of seeds per pod ranged from 8.6 to 11.4, consistent with reports by (Desai & Modi, 2023), who observed similar variation in mungbean germplasm.
3.1.2. Yield and Yield Components
The grain yield per hectare ranged from between 520 kg/ha (susceptible cultivar) and 890 kg/ha (Jhain muga) across the study period. Genotypes with combined disease resistance and optimal phenological balance achieved the highest productivity. Local landraces consistently outperformed released varieties under the same environmental conditions, highlighting their superior adaptation to the native agro-climate.
Among the tested genotypes, Jhain muga produced the highest mean yield (870–890 kg/ha), followed closely by Khara muga (845 kg/ha) and Kala muga (815 kg/ha). The released varieties recorded comparatively lower yields (around 600 kg/ha). The higher yield of local genotypes may be attributed to their better synchronization of reproductive development and higher resistance to YMV and powdery mildew. These findings align with prior evidence suggesting that landraces adapted to local environments often outperform improved cultivars under stress-prone conditions (Priya et al., 2021).The detailed agronomic and yield performance of all sixteen greengram genotypes across the three experimental years is presented in Table 1. The data clearly illustrate the superiority of local landraces such as Khara muga, Kala muga, and Jhain muga in terms of pod number, clusters per plant, and overall grain yield under rainfed conditions.	Comment by Piyush Kumar: Space after fullstop
3.1.3. Disease Incidence: Yellow Mosaic Virus (YMV)
Yellow Mosaic Virus disease was observed in varying degrees across genotypes. The Percent Disease Index (PDI) ranged between 0% and 65%, indicating significant diversity in disease response. Local cultivars such as Jhain muga, Khara muga, and Kala muga exhibited complete resistance (0–5% PDI) throughout the study, whereas the released varieties showed moderate to high susceptibility (40–65% PDI).A visual comparison of field symptoms between resistant and susceptible genotypes is presented in Figure 1. The image clearly depicts the contrasting response of local cultivars, which remained free from visible YMV symptoms infection, and the released variety OBGG-52, which exhibited severe chlorosis and mosaic symptoms across leaves.	Comment by Piyush Kumar: Space before %	Comment by Piyush Kumar: Space before %	Comment by Piyush Kumar: Space after fullstop	Comment by Piyush Kumar: Write it as Fig. 1
Field observations showed that disease incidence was lowest in early sown crops (first week of December) and increased progressively in late sowings, supporting the hypothesis that temperature and whitefly population dynamics strongly influence MYMV-mediated disease severity (Bharadwaj & Kalita, 2023). Disease-free genotypes like Jhain muga are likely to possess genetic resistance, possibly linked to NBS-LRR class genes associated with viral recognition (Dasgupta et al., 2021).
3.1.4. Disease Incidence: Powdery Mildew
Powdery mildew caused by Erysiphe polygoni was prevalent during the late vegetative and pod formation stages, particularly in cool and humid weather conditions. The disease severity index varied from 0% (resistant genotypes) to 55% (susceptible). Jhain muga showed complete resistance, with no visible white fungal patches throughout the experimental years. Moderate resistance was noted in Khara muga and Kala muga, while high susceptibility occurred in the released varieties.	Comment by Piyush Kumar: Space before %
These field observations corroborate molecular findings from recent studies, where resistance to powdery mildew was mapped to chromosome 8, associated with RPP13-like NBS-LRR genes (Waengwan et al., 2024). Such genotypes with durable resistance could be valuable resources for future breeding efforts in disease-endemic regions.The comparative yield performance and disease response of all genotypes across three years and sowing dates are presented in Table 2. The data confirm that Jhain muga and Khara muga consistently remained free from both YMV and powdery mildew, while the released varieties exhibited high susceptibility, indicating the stability and field durability of resistance in these local cultivars.	Comment by Piyush Kumar: Space after fullstop
3.1.5. Correlation Between Traits and Yield
Correlation analysis revealed that pods per plant (r = 0.86), clusters per plant (r = 0.77), and 100-seed weight (r = 0.69) had significant positive correlations with grain yield. Disease severity showed a strong negative correlation with yield (r = -0.71 for YMV and -0.66 for powdery mildew). These correlations suggest that breeding for disease resistance indirectly enhances yield performance by maintaining photosynthetic capacity and reproductive efficiency (Mogali et al., 2023).
Table 1. Performance of Local Greengram Varieties Tested at RRTTS, Bhawanipatna during rabi season 2016-18 (pooled data) (Rabi 2016–18)
	Sl. No.	Comment by Piyush Kumar: Font should be of 12
	Variety
	Days to 50%  Flowering
	Days to maturity
	Plant height
(cm)
	No of Pod clusters/Plant
	No. of pods/plant
	 No. of seeds/pod

	100 seed wt(g)
	Yield (kg/ha)

	1
	Kula Muga
	58
	87
	24.9
	5.7
	14.6
	10.1
	2.9
	483.33

	2
	KulaJhain Muga
	57
	86
	27.3
	7.0
	17.6
	11.1
	3.1
	466.67

	3
	Kharamuga
	59
	89
	26.3
	6.4
	16.6
	10.6
	2.8
	575.00

	4
	Kala Muga
	60
	90
	31.7
	7.0
	19.9
	10.5
	2.6
	533.33

	5
	Kala Kadua Muga
	60
	95
	25.1
	5.5
	10.6
	9.6
	3.2
	441.67

	6
	Jhain muga
	59
	88
	31.1
	8.6
	24.7
	13.0
	2.8
	491.67

	7
	Bansapala muga
	56
	82
	23.5
	4.6
	15.2
	9.8
	3.1
	266.67

	8
	Larkipalli Jhain muga
	59
	91
	25.7
	7.3
	20.1
	10.6
	2.5
	383.33

	9
	Aska desi Muga
	57
	85
	24.6
	6.7
	15.7
	9.7
	2.7
	425.00

	10
	Seragada desi Muga
	58
	88
	23.3
	8.6
	21.6
	10.7
	2.6
	350.00

	11
	Dharakote Desi Muga
	59
	88
	24.4
	6.3
	14.3
	10.5
	2.9
	400.00

	12
	Angul Kala Muga
	55
	80
	28.4
	4.1
	11.1
	10.7
	2.3
	133.33

	13
	Nayagarh local
	56
	86
	28.7
	4.7
	11.6
	10.3
	2.8
	383.33

	14
	Chaiti muga
	62
	91
	26.9
	8.3
	20.5
	9.7
	2.7
	325.00

	15
	IPM 02-14
	56
	84
	29.3
	3.9
	13.5
	10.5
	4.0
	308.33

	16
	OBGG-52
	55
	82
	35.8
	3.9
	12.1
	10.5
	3.4
	300.00

	
	S.E.(m)+
	0.52
	1.05
	0.85
	0.35
	0.76
	0.18
	0.11
	56.6

	
	C.D.(0.05)
	1.50
	3.03
	2.45
	1.00
	2.20
	0.51
	0.31
	163.4

	
	CV(%)
	1.55
	2.09
	5.37
	9.72
	8.13
	2.89
	6.49
	16.7



Table.2. Response   of popular local greengram varieties  to powdery mildew and YMV diseases under different sowing dates at during last 3 years in Bhawanipatna, Kalahandi (2016-18) at different sowing dates 	Comment by Piyush Kumar: Remove extra space

	Sl. No. 
	Variety 
	DOS- 07.12.2016
	DOS-02.12.2017
	DOS – 29.12.2018

	
	
	Yield kg/ha
	Powdery mildew 
	YMV 
	Yield kg/ha  
	Powdery mildew 
	YMV 
	Yield kg/ha
	Powdery mildew 
	YMV 

	1 
	Kula muga 
	483.3 
	Absent 
	Present 
	654.0 
	Absent 
	Present 
	377.0 
	Absent 
	Present 

	2 
	KulaJhain Muga
	466.6 
	Absent 
	Present 
	670.0 
	Absent 
	Present 
	400.5 
	Absent 
	Present 

	3 
	Kharamuga
	575.3 
	Absent 
	Absent 
	670.0 
	Absent 
	Absent 
	447.7 
	Absent 
	Absent

	4 
	Kala Muga
	533.3 
	Absent 
	Present 
	752.0 
	Absent 
	Present 
	408.3 
	Absent 
	Present 

	5 
	Kala Kadua Muga
	441.6 
	Absent 
	Present 
	327.0 
	Absent 
	Present 
	311.6 
	Absent 
	Present 

	6 
	Jhain muga
	491.6 
	Absent 
	Absent 
	980.0 
	Absent 
	Absent 
	405.0 
	Absent 
	Absent 

	7 
	Bansapala muga
	266.6 
	Present 
	Present 
	441.0 
	Present 
	Present 
	276.6 
	Present 
	Present 

	8. 
	Lakripalli Jhain muga 
	383.3 
	Present 
	Present 
	556.0 
	Present 
	Present 
	349.4 
	Present 
	Present 

	9 
	Aska desi Muga
	425.0 
	Absent 
	Present 
	441.0 
	Absent 
	Present 
	407.2 
	Absent 
	Present 

	10 
	Seragada Desi muga 
	350.0 
	Absent 
	Present 
	425.0 
	Absent 
	Present 
	360.5 
	Absent 
	Present 

	11 
	Dharakote Desi mug 
	400.0 
	Absent 
	Present 
	556.0 
	Absent 
	Present 
	349.4 
	Absent 
	Present 

	12 
	Angul Kala Muga
	133.3 
	Present 
	Present 
	359.0 
	Present 
	Present 
	181.6 
	Present 
	Present 

	13 
	Nayagarh local
	383.3 
	Present 
	Present 
	703.0 
	Present 
	Present 
	405.0 
	Present 
	Present 

	14 
	IPM 02-14
	300.0 
	Present 
	Absent 
	523.0 
	Present 
	Absent 
	443.8 
	Present 
	Absent 

	15 
	OBGG-52
	325.0 
	Present 
	Present 
	833.0 
	Present 
	Present 
	394.4 
	Present 
	Present 

	16 
	Chaiti muga
	308.3 
	Present 
	Present 
	474.0 
	Present 
	Present 
	308.8 
	Present 
	Present 




4. Discussion
4.1. Yield Variability and Genotype × Environment Interaction
The observed yield differences among genotypes and across years reflect strong genotype × environment interactions (G×E). Environmental factors such as temperature and sowing time significantly influenced both yield and disease expression. Early sowing minimized YMV infection, while cooler, humid conditions favored powdery mildew outbreaks. Similar findings have been reported by (Rohilla et al., 2022) and (Sahni et al., 2022), where temperature-dependent expression of resistance was linked to differential activation of defense pathways.	Comment by Piyush Kumar: Correct spelling	Comment by Piyush Kumar: Write as (Rohilla et al., 2022; Sahni et al., 2022), 	Comment by Piyush Kumar: Reference missing in reference section
Local landraces exhibited higher yield stability across the years, suggesting their superior adaptation and phenotypic plasticity. The consistency in yield performance across three seasons validates their potential as genetic donors for multi-environment breeding.	Comment by Piyush Kumar: Merge paragraph
4.2. Genetic Resistance and Breeding Implications
The complete resistance of Jhain muga to both YMV and powdery mildew across three years strongly indicates stable, heritable genetic resistance. Previous studies have identified dominant genes conferring MYMV resistance and mapped QTLs on linkage groups 2 and 6 in Vigna radiata (Kitsanachandee et al., 2013). Similar resistance loci were associated with pathogen recognition proteins and downstream activation of jasmonic acid and brassinosteroid signaling (Dasgupta et al., 2021).	Comment by Piyush Kumar: Reference missing in reference section
The present study’s resistant genotypes can serve as parental lines in future hybridization programs for broad-spectrum resistance. The incorporation of marker-assisted selection (MAS) using SSR and InDel markers flanking disease-resistance loci (Tantasawat et al., 2022) can accelerate the breeding process for durable resistance.	Comment by Piyush Kumar: Merge paragraph
4.3. Physiological and Morphological Contributions to Disease Tolerance
The superior performance of Khara muga, Kala muga, and Jhain muga may also be attributed to their morphological adaptability—shorter internodes, dense canopy, and thicker leaf lamina. These features reduce microclimatic humidity within the canopy, limiting pathogen development. Similar adaptive morphological traits were documented by (Singh et al., 2022).	Comment by Piyush Kumar: Remove dash
Furthermore, higher photosynthetic efficiency and sustained chlorophyll retention were noted in resistant lines, consistent with reports linking photosystem protection and antioxidant enzyme activity to disease tolerance (Nair et al., 2024).	Comment by Piyush Kumar: Merge paragraph
4.4. Role of Molecular Insights in Disease Management
Recent molecular studies in Vigna radiata have demonstrated that resistance to YMV involves a multi-layered defense network encompassing pathogen recognition (R genes), transcriptional regulation, and hormonal crosstalk (Dasgupta et al., 2021). The resistant genotypes identified in this study can now be evaluated using such transcriptomic markers to identify functional resistance genes.
Similarly, recent work by (Waengwan et al., 2024) pinpointed the qPMRUM5-2 locus controlling powdery mildew resistance, which could be introgressed into susceptible high-yielding cultivars through marker-assisted backcrossing.	Comment by Piyush Kumar: Merge paragraph
4.5. Agronomic Implications and Climate Resilience
The ability of these local genotypes to perform well under rainfed conditions without irrigation demonstrates their drought resilience. This aligns with prior research highlighting Vigna radiata as a model crop for low-input, climate-smart agriculture (Sahoo et al., 2020). Integrating such resilient genotypes into paddy–pulse rotations could substantially improve soil fertility, system productivity, and farmer income in semi-arid regions of Odisha.
4.6. Implications for Future Breeding and Research
This study underscores the importance of conserving and utilizing indigenous landraces as reservoirs of adaptive and disease-resistance genes. Future research should focus on:
· Molecular characterization of resistance genes in Jhain muga using whole-genome resequencing.
· Developing genomic selection models for YMV and powdery mildew resistance (Rohilla et al., 2022).
· Conducting multi-location trials to validate genotype stability under diverse agro-ecological zones.
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Figure. 1 Comparison of Local green gram cultivars (left side) with OBGG-52 for  YMV infestation 	Comment by Piyush Kumar: Remove space
Conclusion:
The present investigation conducted at the Regional Research and Technology Transfer Station (RRTTS), Bhawanipatna, during the rabi seasons of 2016 to 2018, provided comprehensive insights into the performance of sixteen greengram genotypes under the Western Undulating Zone of Odisha. The study conclusively demonstrated that significant genetic variability exists among local landraces and released varieties for key agronomic, phenological, and disease-resistance traits. The findings reaffirm the adaptive superiority and resilience of indigenous cultivars over improved varieties when evaluated under local rainfed agro-climatic conditions.Among the evaluated genotypes, Jhain muga, Khara muga, and Kala muga consistently exhibited higher yield potential, earlier maturity, and complete or near-complete resistance to both Yellow Mosaic Virus (YMV) and powdery mildew. Their stable performance across three consecutive years confirms their genetic robustness and suitability for cultivation in the Western Undulating Zone of Odisha. The local genotypes also showed superior pod production, greater cluster formation, and better synchrony between vegetative and reproductive growth phases, which contributed to their higher productivity compared to released varieties such as OBGG-52 and IPM 02-14. These observations highlight the importance of utilizing well-adapted local germplasm as a valuable genetic resource for yield stability and disease resistance breeding.
	The study underscores that genotype × environment interaction plays a critical role in determining yield performance and disease expression, emphasizing the need for multi-location and multi-season testing of promising genotypes. Furthermore, the disease-free performance of Jhain muga suggests the presence of stable and heritable resistance genes, making it a potential donor in future resistance-breeding programs. The use of molecular markers and genomic tools will further facilitate precise introgression of resistance genes into elite genetic backgrounds. From an agronomic standpoint, the incorporation of disease-tolerant and high-yielding greengram varieties into existing paddy-based cropping systems can significantly enhance soil fertility through nitrogen fixation, break disease cycles, and improve system productivity. Promoting these cultivars will contribute to the sustainability of pulse production and ensure nutritional security in the region. Thus, integrating traditional genetic diversity with modern breeding techniques offers a viable pathway toward resilient, high-yielding, and climate-smart greengram production systems for Odisha and similar agro-ecological zones in India.
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