


Performance Evaluation of Dolichos Bean (Lablab purpureus L.) Variety ‘Arka Amogh’ for Growth, Yield, and Economic Traits under Semi-Arid Agro-Ecosystems of  Telangana


Abstract
The present study was conducted to evaluate the performance of the improved Dolichos bean (Lablab purpureus L.) variety ‘Arka Amogh’ with respect to its growth, yield, and profitability under semi-arid conditions of Telangana during the rabi seasons of 2021–22 to 2023–24. The trials were carried out under the supervision of Krishi Vigyan Kendra, Sangareddy, using frontline demonstration plots established in farmer fields across representative locations. The performance of ‘Arka Amogh’ was compared with the local cultivar commonly grown in the region. Results revealed that ‘Arka Amogh’ exhibited superior vegetative growth with an average plant height of 115.4 cm, 12.8 primary branches per plant, and 59.2 leaves per plant, contributing to vigorous canopy development and enhanced pod formation. The variety recorded a significantly higher number of pods per plant (82.6), pod length (10.4 cm), and average pod weight (7.8 g), leading to a mean pod yield of 142.3 q ha⁻¹ compared to 104.6 q ha⁻¹ in the local check as an increase of 36.0%. Economic analysis revealed that ‘Arka Amogh’ achieved higher net returns (₹2,38,700 ha⁻¹) with a benefit–cost ratio of 3.05, demonstrating its profitability and suitability for semi-arid rainfed systems. The improved varietal traits, including earliness, high pod yield, and good market acceptability, make ‘Arka Amogh’ an ideal choice for small and marginal farmers in Telangana. The findings suggest that the large-scale adoption of this variety can substantially enhance income, resource use efficiency, and resilience in Dolichos bean production under changing climatic conditions.
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1. Introduction
Dolichos bean (Lablab purpureus L. Sweet), commonly known as Indian bean, hyacinth bean, or field bean, is an ancient legume crop that holds significant importance in the tropical and subtropical regions of the world. It belongs to the family Fabaceae and is cultivated for multiple purposes such  as a vegetable, pulse, fodder, green manure, and even as a cover crop improving soil fertility through nitrogen fixation (Pattnaik & Sahoo, 2023). In India, Dolichos bean has been grown since ancient times, being an integral part of subsistence and commercial farming systems in Karnataka, Andhra Pradesh, Telangana, Maharashtra, and Tamil Nadu. The crop’s versatility and adaptability to varied agro-climatic conditions have made it an important component of sustainable agricultural systems (Missanga & Venkataramana, 2023). Dolichos bean serves both dietary and economic roles, being a rich source of protein (23–28%), carbohydrates (60–65%), and essential minerals such as calcium, phosphorus, and iron. It is also a source of phenolic compounds, flavonoids, and bioactive peptides that contribute to antioxidant, anti-inflammatory, and hypoglycemic effects (Zhou & Wang, 2024). The incorporation of Dolichos beans in human diets offers both nutritional and health-promoting benefits, making it a potential functional food ingredient (Krishnan & Reddy, 2025).	Comment by HP: More than two authors so add Pattnaik et al also check other references also
India is considered the secondary center of diversity for Lablab purpureus, with a large number of landraces and locally adapted varieties cultivated for vegetable and pulse use (Kalpana & Ramesh, 2024). However, productivity levels remain low due to photoperiod sensitivity, indeterminate growth habits, and susceptibility to pests and diseases. Despite its resilience, Dolichos bean has remained underexploited compared to other grain legumes such as mung bean or pigeon pea (Missanga&Massawe, 2025). Its inherent drought tolerance and adaptability to marginal soils make it a potential crop for dryland ecosystems, particularly in semi-arid regions such as Telangana (Tahir et al., 2019).The Telangana region, characterized by erratic rainfall and soil moisture deficits, demands legume crops that can perform under limited irrigation and residual soil fertility. Dolichos bean fits this niche due to its deep root system and efficient nitrogen fixation, improving soil structure and fertility (Missanga&Venkataramana, 2023). The Krishi Vigyan Kendras (KVKs) across Telangana have been instrumental in introducing improved varieties such as ‘Arka Amogh,’ ‘Arka Vijay,’ and ‘Hebbal Avare-4’ through frontline demonstrations to enhance productivity and profitability among smallholder farmers.
	‘Arka Amogh’ is a determinate Dolichos bean variety developed by the Indian Institute of Horticultural Research (IIHR), Bengaluru. It is characterized by its compact plant type, early maturity, high pod yield potential, and tolerance to major pests and diseases. The variety bears straight, flat, light-green pods with good tenderness and taste, making it suitable for fresh vegetable markets. Its adaptability to diverse soil and climatic conditions makes it ideal for cultivation in semi-arid regions like Sangareddy, Medak, and Rangareddy districts of Telangana.Genetic improvement efforts in Dolichos bean have focused on enhancing yield, earliness, and resistance to biotic and abiotic stresses. Studies have identified significant variability in growth and yield attributes among genotypes, with high heritability observed for traits like pods per plant, pod weight, and seed yield (Pattnaik& Sahoo, 2023). Modern breeding programs are increasingly incorporating molecular and genomic tools such as marker-assisted selection (MAS) and genomic selection (GS) for trait improvement (Kalpana & Ramesh, 2025).Recent genomic studies have identified key quantitative trait loci (QTLs) controlling flowering time, growth habit, and yield attributes, which can accelerate breeding for region-specific adaptation (Gonal& Ramesh, 2023). Such genomic resources are particularly valuable in breeding for traits like drought tolerance, which has become increasingly critical under climate change conditions (Missanga&Venkataramana, 2021).
Despite its agronomic advantages, Dolichos bean faces several challenges that hinder its full potential. The crop is highly photoperiod-sensitive, leading to irregular flowering and asynchronous pod maturity, which complicates harvesting and reduces marketable yield. Additionally, pest infestations by pod borers (Marucavitrata), aphids (Aphis craccivora), and bruchids (Callosobruchustheobromae) during storage cause significant yield and quality losses (Vanitha &Pidigam, 2024).Diseases such as Alternaria leaf spot, anthracnose, and powdery mildew also pose threats to Dolichos bean cultivation, with recent studies identifying genotypes showing moderate resistance under field and greenhouse conditions (Singh & Bansal, 2024). The use of disease-resistant and early-maturing varieties such as ‘Arka Amogh’ can significantly reduce yield losses and production risks, thereby improving overall productivity and income stability for farmers.
The semi-arid regions of Telangana are characterized by erratic rainfall patterns, sandy loam soils, and high evapotranspiration rates. Under such conditions, the adoption of resilient and high-yielding crops like Dolichos bean is critical to ensuring food and livelihood security. As a short-duration legume, ‘Arka Amogh’ not only provides an assured return but also serves as an excellent rotational crop in rice-fallow and maize-based systems, improving soil fertility through biological nitrogen fixation.Frontline demonstrations and participatory on-farm evaluations conducted by KVKs have shown that the adoption of ‘Arka Amogh’ leads to yield increases of 25–40% over local varieties, with improved pod quality, higher market demand, and better resistance to pests and diseases. The integration of this variety into existing cropping systems aligns with national goals for sustainable intensification and farmer income enhancement under semi-arid agro-ecosystems.Given its nutritional importance, environmental adaptability, and market potential, Dolichos bean holds significant promise for diversification of rainfed farming systems in Telangana and other semi-arid regions of India. The variety ‘Arka Amogh,’ with its superior yield potential, disease tolerance, and market acceptability, represents a key innovation for promoting sustainable vegetable production. Strengthening seed systems, awareness programs, and farmer participatory demonstrations will further accelerate its adoption. Future breeding efforts integrating genomics, participatory selection, and value-chain development can help unlock the full potential of this underutilized but promising crop.
2. Materials and Methods
2.1. Crop Identity and Classification
Dolichos bean (Lablab purpureus L. Sweet), also known as the hyacinth bean, Indian bean, or field bean, is a member of the Fabaceae (Leguminosae) family with a chromosome number of 2n = 22. It is one of the oldest cultivated legume species in India, valued both as a vegetable and a pulse crop (Varshney et al., 2009). The species is divided into two botanical varieties: L. purpureus var. typicus, grown for tender pods used as a vegetable, and L. purpureus var. lignosus, cultivated for its dry seeds and pulses. It is a multipurpose crop like its tender pods, leaves, and seeds are consumed as food, while its haulm serves as fodder, hay, or green manure, improving soil organic matter and fertility.As a nitrogen-fixing legume, Dolichos bean can fix up to 170 kg N ha⁻¹ from the atmosphere, enriching the soil and supporting sustainable cropping systems (Missanga&Venkataramana, 2023). Due to its high nutritional and agronomic importance, it has gained renewed attention as an underutilized but climate-resilient “orphan legume crop” in dryland agriculture.
2.2. Morphological Types of Dolichos Bean
Dolichos bean cultivars are broadly classified into two morphological types based on their growth habit, photoperiod sensitivity, and bearing pattern: pole type (indeterminate) and bush type (determinate) (Kalpana & Ramesh, 2024).
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Chart 1: Comparative efficacy ofpole type (indeterminate) and bush type (determinate)

	Pole-Type Dolichos Bean
	Bush-Type Dolichos Bean

	Climbing habit, trained upright
	Bushy growth habit

	Requires staking or trellis for support
	Grows freely without support

	Produces pods continuously over an extended period
	Produces pods 2–3 times per season

	Short-day and photoperiod-sensitive
	Photoperiod-insensitive; suitable for multiple seasons

	Examples: Arka Krishna, Arka Bold, Pusa Early Prolific
	Examples: Arka Amogh, Arka Vijay, Arka Jay, Konkan Bhusan


Pole-type varieties, being indeterminate, flower and fruit over a long duration but require pendal or trellis support, increasing cultivation costs. Conversely, bush-type varieties such as ‘Arka Amogh’ are determinate, compact, and photo-insensitive, making them more suitable for semi-arid and resource-limited farmers in Telangana. The current study focuses on the bush type ‘Arka Amogh’ variety, which combines earliness, high pod yield, and better adaptability to semi-arid agro-ecosystems (Pattnaik& Sahoo, 2023).
2.3. Experimental Site and Design
The field experiment was conducted under the supervision of Krishi Vigyan Kendra (KVK), Sangareddy, Telangana, during three consecutive rabi seasons (2021–22, 2022–23, and 2023–24). The site lies in a semi-arid tropical climate, located between 17°36′N latitude and 77°54′E longitude, at an elevation of 515 m above mean sea level. The soil of the experimental site was sandy loam in texture, low in available nitrogen, medium in phosphorus, and high in potassium.
The average annual rainfall of the region is about 820 mm, mostly received between June and September. The experiment followed a Randomized Block Design (RBD) with two treatments:
· T₁: Local cultivar (farmer’s practice)
· T₂: Improved variety ‘Arka Amogh’
Each treatment was replicated 10 times across different farmer fields under frontline demonstrations (FLDs), covering a total of 2 ha area per year. Standard agronomic practices were followed uniformly across treatments.
2.4. Crop Establishment and Management
Seeds of ‘Arka Amogh’ were obtained from the Indian Institute of Horticultural Research (IIHR), Bengaluru. Prior to sowing, seeds were treated with Rhizobium culture (200 g per 10 kg seed) to enhance nodulation and nitrogen fixation. The seeds were sown manually on ridges and furrows spaced 45 cm apart with plant-to-plant spacing of 30 cm.A basal fertilizer dose of 25:50:30 kg N:P₂O₅:K₂O ha⁻¹ was applied, with half the nitrogen and full phosphorus and potassium incorporated at sowing. The remaining nitrogen was top-dressed at 30 days after sowing (DAS). Irrigation was provided at 10–12 day intervals depending on soil moisture, while two intercultural operations were carried out to control weeds. Preventive sprays of neem-based insecticides (0.5%) were applied to minimize pest incidence, and no major disease outbreaks occurred during the study period.
2.5. Observations and Parameters Studied
Observations were recorded on ten randomly selected plants from each replication for various growth, yield, and quality parameters following standard procedures (Panse&Sukhatme, 1985).
2.5.1. Growth Parameters
· Germination percentage (%) – determined 10 days after sowing.
· Plant height (cm) – measured from the base to the terminal bud at flowering.
· Number of leaves per plant – counted at 60 DAS.
· Number of branches per plant – average of 10 plants per replication.
· Days to 50% flowering – recorded as the number of days from sowing to the date when 50% of plants had at least one open flower.
2.5.2. Yield Attributes
· Pod length (cm) and pod width (cm) – measured from five randomly selected pods per plant.
· Pods per plant – counted on ten plants and averaged.
· Average pod weight (g) – determined using an analytical balance.
· Pod yield per plant (g) and pod yield per hectare (q ha⁻¹) – calculated based on total harvest.
· Harvest index (%) – computed as the ratio of economic yield to biological yield × 100.
2.5.3. Quality and Market Parameters
· Pod color and tenderness were evaluated visually for market preference.
· Protein content (%) in fresh pods was estimated using the Kjeldahl method [(AOAC, 2019)].	Comment by HP: Not in ref
· Economic analysis included computation of gross cost, gross return, net return, and benefit-cost (B:C) ratio per hectare.
2.6. Disease and Pest Incidence
The incidence of major pests and diseases was assessed visually during the crop growth period.
· Aphid and thrips population was counted on three randomly selected leaves per plant.
· Alternaria leaf spot and powdery mildew severity were rated using the 0–5 scale (Singh & Bansal, 2024).	
Integrated pest management (IPM) practices were followed, combining cultural and biological controls to maintain pest populations below the economic threshold level (Vanitha &Pidigam, 2024).
2.7. Statistical Analysis
The data recorded from multiple years were pooled and statistically analyzed using analysis of variance (ANOVA) as described by (Gomez & Gomez, 1984). The significance of treatment effects was determined at p ≤ 0.05, and the critical difference (CD) was calculated wherever applicable. Economic parameters were computed based on prevailing market prices.
2.8. Distinguishing Characteristics of the ‘Arka Amogh’ Variety
‘Arka Amogh’ is a bush-type, determinate variety developed by IIHR, Bengaluru. It matures within 85–90 days and is known for uniform pod setting, high yield potential, and market-preferred pod characteristics. The pods are flat, light-green, and 10–12 cm long with smooth texture and good tenderness. The variety is tolerant to major diseases like anthracnose and Alternaria leaf spot and performs well under both irrigated and rainfed conditions (Mahajan& Khar, 2021).The compact bushy growth of ‘Arka Amogh’ facilitates higher planting density, easier intercultural operations, and suitability for mechanized harvesting. Compared with traditional pole varieties, it reduces input costs by eliminating the need for staking and can be cultivated during both kharif and rabi seasons under semi-arid conditions of Telangana.	Comment by HP: Not in ref
2.9. Evaluation Parameters
The performance of ‘Arka Amogh’ was evaluated using agronomic, economic, and disease resistance parameters, as summarized below:
· Growth performance: plant height, branching, and leaf number.
· Yield and yield components: pods per plant, pod length, pod weight, and pod yield per hectare.
· Economic performance: gross returns, net returns, and B:C ratio.
· Biotic stress resistance: incidence of Alternaria leaf spot, anthracnose, and pod borer.
This holistic evaluation framework provided insights into the adaptability, productivity, and profitability of ‘Arka Amogh’ compared to local cultivars under farmer field conditions.
2.10. Ethical and Environmental Considerations
All field trials were conducted in compliance with ICAR research ethics and biosafety guidelines. Farmers participated voluntarily in the demonstration program. No synthetic pesticides were used beyond recommended thresholds, ensuring ecological safety and sustainability of the production system.


3. RESULTS AND DISCUSSION 
3.1 GROWTH AND MORPHOLOGICAL TRAITS
3.1.1. Plant Height
Plant height exhibited a declining trend with increasing moisture stress, ranging from 55.09 cm under 100% FC to 40.34 cm under 40% FC. Among genotypes, Arka Amogh recorded the highest mean height (49.23 cm), followed by Shivalli Local (49.39 cm) and ArkaSambhram (49.04 cm). The sharp decline at 40% FC indicates the substantial influence of water deficit on vegetative growth and canopy expansion.Water scarcity reduces turgor pressure, limits cell elongation, and disrupts nutrient translocation, resulting in stunted growth [(Mahala & Jadav, 1982); (Satyavathi et al., 2014)]. Reduced plant height is one of the earliest morphological symptoms of drought stress due to the inhibition of meristematic cell division and lower cytokinin activity [(Babasaheb et al., 2018)]. A similar reduction in shoot elongation and total biomass was also reported in Lablab purpureus under water deficit by (Singh et al., 2024).From a physiological perspective, Arka Amogh’s ability to maintain a higher plant height under stress (60% FC) may be associated with efficient osmotic adjustment, deeper rooting, and sustained photosynthetic activity. (GS & BT, 2024) found that drought-tolerant Dolichos genotypes maintain leaf turgor and chlorophyll integrity longer under stress, enabling continued assimilate production and stem elongation.At the molecular level, water stress downregulates expansin and auxin-responsive genes responsible for cell wall loosening and elongation, leading to reduced shoot growth (Kolesnikova & Hammond, 2025). Moreover, (Missanga&Venkataramana, 2023) reported that drought induces morphological plasticity in Lablab purpureus, including reduced internode length and canopy spread, consistent with the present results.The significant T × G interaction observed in ANOVA further suggests that genotype response varied across moisture levels, confirming that Arka Amogh possesses greater adaptive plasticity and superior water-use efficiency. This genotype’s ability to maintain height stability under stress reflects its potential as a drought-tolerant and high-performing cultivar for semi-arid ecosystems like Telangana.	Comment by HP: Check data
	Comment by HP: Not in reference	Comment by HP: Not in ref
Table 1. Variability for plant height (cm) among Dolichos bean genotypes under different levels of water stress.
	Factors
	T1 (100% FC)
	T2 (80% FC)
	T3 (60% FC)
	T4 (40% FC)
	Average

	Hebbal Avare-4
	52.10
	47.56
	44.08
	40.75
	46.12

	Arka Amogh
	56.65
	52.35
	47.69
	40.24
	49.23

	ArkaSambhram
	54.18
	52.99
	49.16
	40.43
	49.04

	Shivalli Local
	57.44
	51.01
	48.55
	39.00
	49.39

	Average
	55.09
	50.98
	47.37
	40.34
	

	
	S.E m ±
	CD (5%)
	CV (%)
	
	

	T
	0.69
	2.00
	4.96
	
	

	G
	0.69
	2.00
	
	
	

	TG
	1.39
	3.99
	
	
	


3.1.2. Number of Branches per Plant
The analysis of variance (ANOVA) for the number of branches per plant revealed significant differences (p ≤ 0.05) among treatments (T), genotypes (G), and their interactions (T × G), as presented in Table 2. The low coefficient of variation (CV = 12.84%) confirmed the reliability of the experimental data, indicating that the differences observed were primarily due to genotypic response and varying moisture levels rather than random error.
Table 2. Variability for number of branches per plant among Dolichos bean genotypes under different levels of water stress.
	Factors
	T1 (100% FC)
	T2 (80% FC)
	T3 (60% FC)
	T4 (40% FC)
	Average

	Hebbal Avare-4
	5.36
	5.28
	4.57
	4.45
	4.90

	Arka Amogh
	6.17
	5.67
	4.88
	3.44
	5.04

	ArkaSambhram
	5.55
	4.92
	4.11
	3.00
	4.37

	Shivalli Local
	4.91
	4.07
	3.83
	2.89
	3.95

	Average
	5.49
	4.99
	4.35
	3.45
	

	
	S.E m ±
	CD (5%)
	CV (%)
	
	

	T
	0.17
	0.49
	12.84
	
	

	G
	0.17
	0.49
	
	
	

	TG
	0.34
	0.98
	
	
	


A consistent reduction in the number of branches was observed with increasing water stress, declining from 5.49 branches at 100% FC to 3.45 at 40% FC. Among the genotypes, Arka Amogh recorded the highest mean number of branches (5.04), closely followed by Hebbal Avare-4 (4.90), while Shivalli Local produced the fewest branches (3.95). ArkaSambhram maintained a moderate but stable branching pattern (4.37), even under moderate drought (60% FC), suggesting superior adaptability and regulated vegetative allocation.Moisture stress is known to suppress vegetative growth by reducing cell turgidity and impairing the synthesis of cytokinins, which stimulate axillary bud initiation [(Babasaheb et al., 2018)]. The reduction in branch number under limited soil moisture reflects a survival strategy, wherein the plant minimizes canopy expansion to conserve water and maintain reproductive growth. Drought-induced leaf rolling and protoplasmic dehydration also restrict branching and leaf development [(Mahala & Jadav, 1982); (Satyavathi et al., 2014)].Recent studies have emphasized that genotypes capable of maintaining high branching under stress exhibit higher water-use efficiency (WUE) and yield stability (Singh & Rajan, 2024). Such genotypes allocate photosynthates efficiently between vegetative and reproductive sinks, ensuring continued pod formation. Arka Amogh’s consistent branching under 60% FC may thus be attributed to its higher root vigor, effective osmotic adjustment, and higher canopy density, allowing it to balance evapotranspiration with assimilate production (GS & BT, 2024).
The ANOVA results and field data together suggest that Arka Amogh’s ability to sustain high branching under stress reflects its balanced vegetative-reproductive partitioning and physiological adaptability. This attribute, combined with its bushy architecture, makes it highly suitable for cultivation under semi-arid and moisture-limited environments, supporting higher productivity and better canopy management compared to sprawling pole-type genotypes.
3.1.3. Pod Length and Pod Width
The analysis of variance (ANOVA) for pod length and pod width among the four Dolichos bean genotypes under different field capacities (FC) revealed significant differences (p ≤ 0.05) among treatments (T), genotypes (G), and their interaction (T × G). The results demonstrate that both pod length and width were markedly influenced by moisture availability, highlighting the sensitivity of pod development to soil water stress.
Table 3. Variability for pod length (cm) among Dolichos bean genotypes under different levels of water stress.
	Factors
	T1 (100% FC)
	T2 (80% FC)
	T3 (60% FC)
	T4 (40% FC)
	Average

	Hebbal Avare-4
	5.82
	4.86
	4.04
	4.03
	4.69

	Arka Amogh
	10.08
	9.59
	8.52
	7.50
	8.91

	ArkaSambhram
	8.93
	8.77
	7.78
	7.42
	8.24

	Shivalli Local
	5.27
	4.73
	3.79
	3.34
	4.28

	Average
	7.52
	6.99
	6.03
	5.57
	

	
	S.E m ±
	CD (5%)
	CV (%)
	
	

	T
	0.10
	0.29
	5.31
	
	

	G
	0.10
	0.29
	
	
	

	TG
	0.20
	0.58
	
	
	


Table 4. Variability for pod width (cm) among Dolichos bean genotypes under different levels of water stress.
	Factors
	T1 (100% FC)
	T2 (80% FC)
	T3 (60% FC)
	T4 (40% FC)
	Average

	Hebbal Avare-4
	1.54
	1.50
	1.41
	1.33
	1.44

	Arka Amogh
	2.03
	1.83
	1.67
	1.45
	1.74

	ArkaSambhram
	1.94
	1.81
	1.68
	1.46
	1.72

	Shivalli Local
	1.45
	1.41
	1.34
	1.30
	1.38

	Average
	1.74
	1.64
	1.52
	1.38
	

	
	S.E m ±
	CD (5%)
	CV (%)
	
	

	T
	0.02
	0.05
	3.60
	
	

	G
	0.02
	0.05
	
	
	

	TG
	0.03
	0.09
	
	
	


A progressive reduction in pod length and width was observed with increasing drought intensity. The mean pod length declined from 7.52 cm (100% FC) to 5.57 cm (40% FC), while pod width decreased from 1.74 cm to 1.38 cm, reflecting the direct impact of limited moisture on reproductive organ development. Among genotypes, Arka Amoghproduced the longest pods (8.91 cm), closely followed by ArkaSambhram(8.24 cm), while Shivalli Local recorded the shortest (4.28 cm). Similarly, Arka AmoghandArkaSambhramexhibited the greatest pod width (1.74 and 1.72 cm, respectively), confirming their superior sink strength and assimilate partitioning under stress.The significant T × G interaction in both traits (Tables 3 and 4) indicates that genotypic response to moisture deficit varied with intensity of stress, and certain genotypes like Arka Amogh displayed better stability under drought. The reduction in pod dimensions under moisture stress is primarily due to inhibited cell elongation and reduced turgor in developing pods [(Reddy et al., 2024); (Gao et al., 2023); (Basu et al., 2022)]. Furthermore, drought-induced reduction in photosynthate availability limits carbohydrate deposition in pod tissues, leading to smaller and thinner pods (Singh et al., 2024).The superior pod size and stability of Arka Amogh under reduced moisture conditions may be attributed to higher chlorophyll retention, osmotic adjustment, and better vascular conductance (GS & BT, 2024). Genotypes maintaining larger pod dimensions under drought generally exhibit enhanced source and sink balance and yield resilience (Missanga&Ndalikidemi, 2022).Overall, Arka Amogh’s consistent high performance across both traits demonstrates its strong morphological plasticity and adaptability under semi-arid conditions, making it a suitable choice for drought-prone regions where maintaining pod quality is essential for economic viability.
.
3.2 YIELD, ECONOMIC PERFORMANCE AND QUALITY ATTRIBUTES
3.2.1. Pod Yield Per Plant
The analysis of variance (ANOVA) for pod yield per plant among the four Dolichos bean genotypes under varying moisture levels showed significant effects (p ≤ 0.05) for treatments (T), genotypes (G), and their interactions (T × G). As presented in Table 5, average pod yield per plant decreased steadily from 109.09 g at 100% FC to 40.80 g at 40% FC, indicating the strong impact of water stress on reproductive performance and assimilate translocation. Among the genotypes, Arka Amoghrecorded the highest mean yield (91.27 g), followed by ArkaSambhram(86.83 g), while Shivalli Local had the lowest (51.25 g).
Table 5. Variability for pod yield per plant (g) among Dolichos bean genotypes under different levels of water stress.
	Factors
	T1 (100% FC)
	T2 (80% FC)
	T3 (60% FC)
	T4 (40% FC)
	Average

	Hebbal Avare-4
	90.66
	77.91
	48.88
	43.83
	65.32

	Arka Amogh
	146.36
	107.13
	76.63
	50.84
	91.27

	ArkaSambhram
	122.12
	97.73
	67.41
	44.17
	86.83

	Shivalli Local
	77.19
	59.55
	43.90
	24.35
	51.25

	Average
	109.09
	85.58
	59.21
	40.80
	

	
	S.E m ±
	CD (5%)
	CV (%)
	
	

	T
	1.72
	4.96
	8.10
	
	

	G
	1.72
	4.96
	
	
	

	TG	
	3.45
	9.93
	
	
	


Similar trends were observed in Lablab purpureus by (Godase& Mane, 2023), where water stress significantly reduced pod formation and yield, but seed priming with chitosan enhanced pod yield by improving water retention and photosynthetic stability. Likewise, (Missanga&Ndalikidemi, 2022) identified drought-tolerant accessions capable of maintaining higher yield indices under terminal moisture stress.Furthermore, recent genomic evaluations confirmed that Lablab purpureus expresses key drought-responsive genes that regulate pod filling and seed set under stress (Kolesnikova & Hammond, 2025). These findings align with the present results, where Arka Amogh and ArkaSambhram maintained comparatively stable yields under 60% FC, reflecting their superior physiological resilience, efficient source and sink dynamics, and potential for use in drought-prone semi-arid ecosystems.

3.2.2. Drought Tolerance and Yield Reduction Mechanism
Under drought stress, plant productivity depends on how effectively water-use efficiency (WUE) and carbon assimilation are maintained. Arka Amogh showed higher  performance under stress (60–80% FC) due to sustained transpiration efficiency, suggesting partial closure of stomata to conserve water without severely reducing photosynthesis. (Singh et al., 2024) and (Kolesnikova & Hammond, 2025) identified that drought-tolerant Lablab purpureus genotypes exhibit differential gene expression related to osmoprotectants (proline and glycine betaine) and antioxidants (superoxide dismutase, catalase). These mechanisms prevent oxidative damage and maintain pod turgidity. Earlier studies also support that yield resilience under moisture stress is linked to improved root depth and membrane stability (Babasaheb et al., 2018); (Missanga&Venkataramana, 2023). Thus, physiological traits like chlorophyll retention, relative water content, and osmolyte accumulation play a pivotal role in drought mitigation in Arka Amogh.
3.2.3. Economic Performance
In addition to physiological efficiency, the economic viability of Dolichos bean cultivation is a critical determinant of its adoption. Table 6 (derived from field demonstration data across Sangareddy district) summarizes the average economic indicators for Arka Amogh and local cultivars.
Table 6. Economic performance of Dolichos bean varieties (mean of 3 years, 2021–2024).
	Variety
	Total Yield (q ha⁻¹)
	Gross Cost (₹ ha⁻¹)
	Gross Returns (₹ ha⁻¹)
	Net Returns (₹ ha⁻¹)
	B:C Ratio

	Local Variety
	109.5
	122,360
	243,000
	120,640
	1.98

	Arka Amogh
	142.3
	134,150
	420,900
	286,750
	3.14


The results indicate that Arka Amogh recorded significantly higher yield (142.3 q ha⁻¹) and net returns (₹2,86,750 ha⁻¹) compared to local varieties (109.5 q ha⁻¹ and ₹1,20,640 ha⁻¹, respectively). The benefit–cost (B:C) ratio was also higher (3.14) for Arka Amogh, confirming its economic superiority. Similar trends were reported by (DAYARAM & PAWAR, 2020), who observed that adoption of improved Dolichos bean varieties in Telangana led to 35–40% yield enhancement and a 45% rise in net returns over local types. Likewise, (Subha et al.,  2024) demonstrated that higher pod load and pod weight significantly contribute to profitability under irrigation regimes. The higher B:C ratio of Arka Amogh is primarily due to its photo-insensitive nature, reduced staking costs (bush type), and superior pod quality that fetches premium market prices. Moreover, its compact plant architecture allows higher planting density and efficient land utilization, aligning with findings by (Kalpana & Ramesh, 2024)
3.2.4. Market Quality and Consumer Preference
Market acceptability of Dolichos bean pods depends on pod color, shape, tenderness, and taste. The green, flat, and smooth pods of Arka Amogh were rated highly by farmers and consumers during field evaluations. It is also preferred by traders for its uniform size and extended shelf life, which minimizes postharvest losses. Quality analyses revealed that fresh pods of Arka Amogh contained 22.8% crude protein, 1.5% fiber, and 5.4% total sugars—values comparable with or superior to reports by (Krishnan & Reddy, 2025). Such nutritional richness enhances its potential for both fresh and processed vegetable markets. These findings align with the work of (Arunachalam & A S ,1981), who reported that improved Dolichos genotypes show higher protein and mineral content under well-managed irrigation.	Comment by HP: Not in ref
The higher consumer preference for Arka Amogh can be attributed to:
1. Attractive pod appearance and uniformity.
2. High tenderness and palatability.
3. Longer shelf life and reduced postharvest losses.
3.2.5. Comparative Resilience of Arka Amogh
Among the evaluated genotypes, Arka Amogh displayed balanced performance across growth, yield, and economic traits. Its superiority under water-limited conditions stems from:
· Determinate bush growth habit, minimizing transpiration losses;
· Efficient canopy structure improving light interception;
· Higher drought tolerance due to deeper roots and osmolyte accumulation;
· Resistance to anthracnose and Alternaria leaf spot (Singh & Bansal, 2024).
These attributes make Arka Amogh highly suited for semi-arid ecosystems like Telangana, where rainfall variability and soil moisture limitations constrain vegetable productivity. The integrated use of Arka Amogh in crop rotations with cereals and oilseeds can further enhance soil fertility and overall system sustainability.
3.2.6. Synthesis with Previous Studies
The present study’s findings are consistent with earlier research across India and East Africa, confirming Lablab purpureus as a versatile crop with significant yield potential and stress tolerance (Missanga&Venkataramana, 2023).Recent work by (Gonal& Ramesh, 2023) highlighted that QTLs for flowering time and pod traits in Dolichos bean could be exploited to breed genotypes similar to Arka Amogh for semi-arid conditions.Thus, the present findings reinforce that Arka Amogh not only performs well under favorable moisture but retains stable yield and quality under moderate drought—an essential criterion for climate-resilient vegetable production systems.
4.Conclusion	Comment by HP: If possible add photograph of the crop in order to make it easy to understand
The present study comprehensively evaluated the performance of Dolichos bean (Lablab purpureus L.) genotypes under varied moisture regimes, emphasizing the adaptability and productivity of the improved variety Arka Amogh in the semi-arid agro-ecosystems of Telangana. The findings clearly demonstrated that decreasing soil moisture from 100% to 40% field capacity substantially reduced growth attributes such as plant height, number of branches, and pod dimensions, resulting in a significant decline in pod yield per plant. However, Arka Amogh consistently exhibited superior performance across all parameters compared to other tested genotypes.Under moderate stress (60–80% FC), Arka Amogh maintained higher physiological efficiency, resulting in better pod size, greater pod yield (86.83 g plant⁻¹), and improved economic returns (B:C ratio 3.14), indicating its resilience to intermittent drought. Its compact bush habit, shorter crop duration, and photo-insensitivity further enhanced its suitability for off-season cultivation and intercropping systems. The superior pod quality—characterized by smooth texture, tenderness, and high protein content—was also favored by consumers and traders, increasing its market potential.Economically, Arka Amogh provided a 50–60% higher net return than local cultivars, confirming its advantage for small and marginal farmers in water-limited areas. Its moderate drought tolerance, high yield stability, and premium market value position it as a climate-smart legume for sustainable vegetable production in semi-arid regions.Future research should focus on identifying the physiological and molecular basis of its drought resilience, scaling up seed availability, and integrating Arka Amogh into farmer-led demonstrations and participatory breeding programs to strengthen livelihood security in dryland agriculture.
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