OPTIMIZATION OF DIVERSE SOURCES OF NUTRIENTS TO PROGRESS THE GROWTH, YIELD AND QUALITY OF YARDLONG BEAN (Vigna unguiculata Subsp. sesuipedalis L.)


[bookmark: _GoBack]ABSTRACT 
A field experiment was conducted during June 2024 at the Olericulture Block of Sri Krishnadevaraya College of Horticultural Sciences, Ananthapuramu, to evaluate the effects of organic manures, inorganic fertilizers, biochar and bioinoculants on the growth and yield of yard long bean (Vigna unguiculata subsp. Sesquipedalis L.) under semi-arid conditions. The trial was laid out in a randomized block design (RBD) with 18 treatments replicated thrice. The treatments included control, rhizobium inoculation, different levels of NPK, farmyard manure (FYM), vermicompost, biochar and their various combinations. Significant variation was observed among treatments for vegetative, reproductive and yield traits. The treatment T₁₈ (35:70:35 NPK kg ha-1 + 4 t ha-1 biochar) recorded the maximum vine length (532.87 cm), leaf area index (3.42), dry matter production (2632.17 g plant-1), minimum days to flowering (32.96 days) and the highest number of leaves (219.76) and pods (66.3) per plant. It also produced the longest pods (54.76 cm), greatest pod girth (3.28 cm), maximum pod weight (15.32 g), highest number of seeds per pod (12.82) and the maximum yield (3812.37 kg ha-1). In contrast, the control (T₁) consistently recorded the lowest values across parameters. The findings clearly demonstrate that the integrated application of  35:70:35 NPK kg ha-1 with 4 t ha-1  biochar is highly effective in enhancing growth and yield performance of yard long bean under semi-arid conditions.
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1. INTRODUCTION 
Vegetables are universally recognized as protective foods and are widely regarded as a solution to food and nutritional security. They play a vital role in human nutrition by supplying carbohydrates, proteins, minerals and vitamins. However, the excessive use of inorganic fertilizers in vegetable cultivation has posed serious threats to both soil health and human well-being. At the same time, reducing the cost of cultivation while enhancing yield and quality remains a major concern. Therefore, an effective nutrient management strategy should emphasize a balanced integration of organic manures and inorganic fertilizers. 
In India, vegetable production is not sufficient to meet the requirements of the growing population and the extent of cultivated land is also limited. Therefore, the potential of vegetable production must be fully exploited through the intensification of improved agronomic practices. To achieve high productivity from the available agricultural land, proper soil management is essential to maintain soil fertility and health without causing long-term damage. Among the different vegetables cultivated in India, vegetable cowpea or yard long bean (Vigna unguiculata subsp. sesquipedalis L.) holds an important place due to its high nutritional value and wide consumer preference, making yield and quality significant factors. As a legume, it contributes to nitrogen enrichment of the soil, thereby improving fertility. It is a warm-season crop, well adapted to the humid tropics and subtropical regions. Owing to favourable agro-climatic conditions, it is cultivated across India mainly for its long, tender green pods used as a vegetable.
Fertilizer is one of the most effective yet costly inputs in agriculture and increasing its use efficiency is a major concern for scientists. Organic sources not only supply a wide range of essential nutrients but also improve the physical condition of the soil. Judicious blending of organic and inorganic nutrient sources reduces expenditure on costly fertilizers while enhancing their efficiency (Bandyopadhyay and Puste, 2002). To maintain soil health and provide balanced nutrition for higher yields, an integrated nutrient supply system involving organic, biological and chemical sources is essential. Organic manures improve soil structure, support microbial activity and act as a slow-release source of nutrients, thereby benefiting multiple crop seasons with residual effects. The integration of bioinoculents and organic manures along with fertilizers has become a promising approach in crop production, as it improves the physical, chemical and biological environment of soil, thereby enhancing crop productivity. Considering these factors, the present study was undertaken at Sri Krishnadevaraya College of Horticultural Sciences, Anantapuramu, Andhra Pradesh, to evaluate the impact of different nutrient sources on the growth and productivity of yard long bean under the semi-arid ecosystems of southern India, with the objective of enhancing yield and ensuring sustainability in the region.
2. MATERIALS AND METHODS
The experiment was conducted at the College Farm (Olericulture Block) of Sri Krishnadevaraya College of Horticultural Sciences, Ananthapuramu, affiliated to Dr. Y.S.R. Horticultural University, Andhra Pradesh, during June 2024. Yard long bean varieties were used to study the effect of different nutrient sources on growth, dry matter production (DMP) and yield. The experimental site is situated at an altitude of 335 m above mean sea level (14°37′42.7″N; 77°31′43.7″E). The average maximum and minimum temperatures recorded during the cropping period were 32.72 ± 2°C and 22.34 ± 2°C, respectively. The mean maximum and minimum relative humidity values were 82.61% and 41.07%. The total rainfall received was 522.31 mm, spread over 19 rainy days. The physico-chemical properties of the experimental site were analyzed prior to the initiation of the experiment and the results are presented in Table 1. These parameters provide a baseline for understanding soil fertility status and guiding nutrient management practices during the study.
The experimental site was well ploughed and plots of 8 m × 8 m were demarcated and shaped into ridges and furrows. The experiment was laid out in a Randomized Block Design (RBD) consisting of 18 treatments, each replicated three times to minimize experimental error and ensure accuracy of results. The treatments were formed by taking into consideration of different organic and inorganic sources of nutrients 1. T1 : Control, 2. T2 : Rhizobium inoculation, 3. T3 : Application of 20:40:20 NPK kg ha-1, 4. T4 : Application of 35:70:35 NPK kg ha-1, 5. T5 : Rhizobium inoculation + Application of 20:40:20 NPK kg ha-1, 6. T6 : Rhizobium inoculation + Application of 35:70:35 NPK kg ha-1, 7. T7 : Application of 5 t FYM ha-1, 8. T8 : Application of 4 t Vermicompost ha-1, 9. T9 : Application of 6 t Biochar ha-1, 10. T10 : Rhizobium inoculation + 4 t FYM ha-1, 11. T11 : Rhizobium inoculation + 3 t Vermicompost ha-1, 12. T12 : Rhizobium inoculation + 4 t Biochar ha-1, 13. T13 : Application of 20:40:20 NPK kg ha-1 + 4 t FYM ha-1, 14. T14 : Application of 20:40:20 NPK kg ha-1 + 3 t Vermicompost ha-1, 15. T15 : Application of 20:40:20 NPK kg ha-1 + 4 t Biochar ha-1, 16. T16 : Application of 35:70:35 NPK kg ha-1 + 3 t FYM ha-1, 17. T17 : Application of 35:70:35 NPK kg ha-1 + 2 t Vermicompost ha-1  and 18. T18 : Application of 35:70:35 NPK kg ha-1 + 4 t Biochar ha-1. Rhizobium inoculation was carried out by treating the seeds with jaggery slurry 24 hours prior to sowing, followed by shade drying. Organic manures were applied at the time of ploughing and incorporated into the soil. Half of the nitrogen dose, along with the full recommended dose of phosphorus (P) and potassium (K), was applied immediately after sowing. The remaining half of the nitrogen was top-dressed at flowering stage. The crop was raised under irrigated conditions, with water supplied in furrows on a need-based schedule. Standard cultural practices, including weeding and plant protection measures, were adopted as per recommendations for semi-arid conditions to ensure optimum crop growth and productivity.
For recording treatment-wise data, five plants were randomly selected from each treatment across all replications and marked for continuous observation. Data were collected on major growth and yield parameters, including vine length (cm), number of branches per plant, number of leaves per plant, leaf area index (LAI) and dry matter yield (t ha-1). Yield attributes such as pod length (cm), pod weight (g), number of seeds per pod and green pod yield (t ha-1) were also recorded. In addition, quality parameters including protein content (%), fiber content (%) and keeping quality (days) were assessed. All observations were made using standard procedures at the appropriate crop growth stages.
The data collected from the experiment were subjected to analysis of variance (ANOVA) using Statistica 7 software to determine the effects of different treatments. The study was carried out in a three-factorial randomized block design (RBD). Treatment means were compared using the Least Significant Difference (LSD) test at p = 0.05, as per the procedure described by Steel and Torrie (1960). In addition, a correlation matrix was developed using Statistica 7 to establish the relationships among yield and its contributing attributes.









	Table 1. Physico-chemical properties of the experimental site

	Particulars
	Value
	Method of Analysis
	References

	I.Mechanical characteristics

	Soil series
	Mancheru
	Soil mapping
	Vijayaraju et al.  (2018)

	Taxonomical class
	Typic Ustifluvents
	Systemic key of soil classification
	Dokuchaev (1950)

	Order
	Ardisols
	
	

	Sand (%)
	63.31
	Bouyoucos Hydrometer
	Piper (1966)

	Silt (%)
	13.64
	
	

	Clay (%)
	26.37
	
	

	Soil texture
	Sandy clay loam
	
	

	II. Physical characteristics

	Bulk density (Mg m-3)
	1.08
	Core method
	Gupta and Dakshinamoorthy (1980)

	Particle density (Mg m-3)
	2.21
	
	

	II. Physico-Chemical characteristics

	Soil pH (1: 2.5 soil water suspension)
	7.41
	Glass electrode pH meter
	Jackson (1973)

	Electrical conductivity (dS m-1)
	0.46
	Conductivity bridge
	Jackson (1973)

	III. Chemical characteristics

	Cation exchange capacity (cmol(P+)kg-1)
	43.06
	Neutral normal ammonium acetate
	Jackson (1973)

	Organic carbon (%)
	0.44
	Wet digestion method
	Walkley and Black (1934) 

	Available Nitrogen (kg ha-1)
	238.52
	Alkaline potassium permanganate method
	Subbiah and Asija (1956)

	Available Phosphorus (kg ha-1)
	15.61
	Olsen’s method
	Olsen (1954)

	Available Potassium(kg ha-1)
	312.78
	Flame photometry
	Jackson (1973)

	Exchangeable Ca (m.eq per 100 g of soil)
	0.57
	EDTA titration method
	
Jackson (1973)


	Exchangeable Mg (m.eq per 100 g of soil)
	1.72
	
	

	Available S (ppm)
	7.27
	BaCl2 extractant Turbidimetry method
	

	Available Fe (ppm)
	2.61
	DTPA extractant by AAS  method
	

	Available Mn (ppm)
	9.34
	
	

	Available Zn (ppm)
	0.91
	
	

	Available Cu (ppm)
	1.86
	
	

	Available B (ppm)
	0.58
	Hot water extraction method
	

	Available Mo (ppm)
	0.23
	Ammonium oxalate method
	



3. RESULTS 
3.1. Growth and development parameters
As shown in Tables 2 and 3, growth parameters of yard long bean were significantly influenced by the treatment variables. The analyzed data revealed that the highest vine length (532.87 cm), number of branches per plant (17.81), number of leaves per plant (219.76), leaf area index (3.42) and dry matter production (2682.17 g plant-1) were recorded in treatment T18 (Application of 35:70:35 NPK kg ha-1 + 4 t ha-1 of biochar). In contrast, the lowest values for vine length (411.09 cm), number of branches plant-1 (13.82), number of leaves plant-1 (187.33), leaf area index (1.73) and dry matter production (1998.40 g plant-1) were observed in T₁ (Control).
Pod development parameters were also favorably influenced by the treatments. Treatment T18 recorded the earliest days to 50% flowering (32.96), first picking (38.63) and final picking (110.81), along with the highest number of pickings (12.61) and longest harvest duration (72.18 days). Treatments involving vermicompost applications performed next best and were statistically at par with each other. The control treatment consistently recorded the lowest values across growth and pod development traits.
3.2. Yield parameters and yield
Application of different levels of organic manures and fertilizers along with rhizobium inoculation had a significant influence on the yield attributes of yard long bean (Tables 3 and 4). The highest pod length (54.76 cm), pod girth (3.28 cm), number of pods per plant (66.13), number of seeds per pod (12.82) and fresh pod weight (15.32 g) were recorded in T18 (Application of 35:70:35 NPK kg ha-1 + 4 t ha-1 of biochar) (Table. 4). In contrast, the lowest pod length (12.19 cm), pod girth (1.57 cm), number of pods per plant (25.60), number of seeds per pod (5.41) and fresh pod weight (7.23 g) were observed in the control (T₁).
The green pod yield of yard long bean varied from 12 t ha-1 to 38 t ha-1 across treatments. Among all the treatment, T18 (Application of 35:70:35 NPK kg ha-1 + 4 t ha-1 of biochar) recorded the significantly highest pod yield (3812 kg ha-1), whereas the lowest yield (1217 kg ha-1) was obtained under T1 (Control). These results clearly indicate the positive effect of integrating organic manures, fertilizers and rhizobium seed inoculation on yield performance.
3.2. Quality parameters
Significant variation was observed in the quality parameters of yard long bean due to different nutrient source treatments. The highest protein content (3.89%), ascorbic acid content (11.02 mg 100 g-1) and fiber content (3.91%) were recorded in pods from T18 (Application of 35:70:35 NPK kg ha-1 + 4 t ha-1 of biochar) (Table. 5). In contrast, the lowest protein content (1.82%), ascorbic acid content (7.18 mg 100 g-1) and fiber content (1.98%) were noted under the  control  (T₁). Similarly, keeping quality was also influenced by the treatments, with  T 18 showing the maximum shelf life (4.76 days) compared to the minimum (3.03 days) observed in the control.














	Treatments
	Vine
length
(cm)
	Number 
of branches plant-1
	Number 
of leaves  plant-1
	DMP
(g plant-1)
	LAI

	T1 : Control
	411.09
	13.82
	187.33
	1998.40
	1.73

	T2 : Rhizobium inoculation  
	436.92
	14.07
	191.82
	2017.19
	2.01

	T3 : Application of 20:40:20 NPK kg ha-1
	463.87
	14.62
	202.09
	2264.19
	2.32

	T4 : Application of 35:70:35 NPK kg ha-1
	489.74
	15.10
	205.45
	2319.54
	2.64

	T5 : Rhizobium inoculation + Application of 20:40:20 NPK kg ha-1
	484.41
	15.01
	204.98
	2307.68
	2.61

	T6 : Rhizobium inoculation + Application of 35:70:35 NPK kgha-1
	515.23
	16.21
	213.61
	2419.83
	3.19

	T7 : Application of 5 t FYM ha-1 
	451.17
	14.17
	200.65
	2143.18
	2.13

	T8 : Application of 4 t Vermicompost ha-1 
	507.62
	15.70
	209.18
	2378.01
	3.09

	T9 : Application of 6 t Biochar ha-1
	448.08
	14.11
	198.32
	2111.04
	2.06

	T10 : Rhizobium inoculation + 4 t FYM ha-1
	479.60
	14.99
	204.78
	2283.18
	2.56

	T11 : Rhizobium inoculation + 3 t Vermicompost ha-1
	524.83
	16.91
	216.32
	2519.73
	3.24

	T12 : Rhizobium inoculation + 4 t Biochar  ha-1
	509.02
	15.82
	211.04
	2399.98
	3.16

	T13 : Application of 20:40:20 NPK kg ha-1 + 4 t FYM ha-1
	471.81
	14.73
	203.19
	2271.64
	2.42

	T14 : Application of 20:40:20 NPK kg ha-1 + 3 t Vermicompost ha-1
	494.62
	15.42
	206.43
	2344.76
	2.71

	T15 : Application of 20:40:20 NPK kg ha-1 + 4 t Biochar ha-1
	459.72
	14.33
	201.12
	2251.33
	2.29

	T16 : Application of 35:70:35 NPK kg ha-1 + 3 t  FYM ha-1
	504.41
	15.61
	208.63
	2352.84
	2.98

	T17 : Application of 35:70:35 NPK kg ha-1 + 2 t Vermicompost ha-1
	520.74
	16.73
	214.84
	2478.61
	3.21

	T18 : Application of 35:70:35 NPK kg ha-1 + 4 t Biochar ha-1
	532.87
	17.81
	219.76
	2682.17
	3.42

	S Ed
	3.89
	0.39
	1.48
	63.12
	0.05

	CD (P = 0.05)
	7.96
	0.81
	3.01
	128.04
	0.13


Table : 2. Effect of organic manures, fertilizers and biofertilizers on growth characteristics of Yard long bean


Table : 3. Effect of organic manures, fertilizers and biofertilizers on pod development parameters of Yard long bean
	Treatments
	Days
to 50% flowering
	Days
to first
picking
	Days
to final
picking
	Number
of 
pickings
	Duration 
of harvest (Days)

	T1 : Control
	41.33
	47.18
	89.40
	6.51
	42.22

	T2 : Rhizobium inoculation  
	40.97
	46.78
	94.89
	7.06
	48.11

	T3 : Application of 20:40:20 NPK kg ha-1
	38.84
	44.06
	101.74
	8.82
	57.68

	T4 : Application of 35:70:35 NPK kg ha-1
	37.03
	43.26
	106.24
	9.11
	62.98

	T5 : Rhizobium inoculation + Application of 20:40:20 NPK kg ha-1
	31.21
	39.08
	104.12
	9.02
	65.04

	T6 : Rhizobium inoculation + Application of 35:70:35 NPK kgha-1
	35.72
	39.89
	108.12
	10.03
	68.23

	T7 : Application of 5 t FYM ha-1 
	39.98
	45.33
	104.93
	8.62
	59.60

	T8 : Application of 4 t Vermicompost ha-1 
	36.13
	43.63
	107.52
	9.63
	63.89

	T9 : Application of 6 t Biochar ha-1
	40.12
	46.98
	96.52
	8.51
	49.54

	T10 : Rhizobium inoculation + 4 t FYM ha-1
	37.83
	43.72
	103.99
	7.98
	60.27

	T11 : Rhizobium inoculation + 3 t Vermicompost ha-1
	34.92
	39.18
	109.13
	11.17
	69.95

	T12 : Rhizobium inoculation + 4 t Biochar  ha-1
	36.09
	41.72
	107.84
	9.89
	66.12

	T13 : Application of 20:40:20 NPK kg ha-1 + 4 t FYM ha-1
	38.03
	42.31
	102.81
	8.93
	60.50

	T14 : Application of 20:40:20 NPK kg ha-1 + 3 t Vermicompost ha-1
	36.98
	43.98
	107.41
	9.21
	63.43

	T15 : Application of 20:40:20 NPK kg ha-1 + 4 t Biochar ha-1
	39.73
	44.77
	99.11
	8.74
	54.34

	T16 : Application of 35:70:35 NPK kg ha-1 + 3 t  FYM ha-1
	36.42
	42.23
	107.48
	9.24
	65.25

	T17 : Application of 35:70:35 NPK kg ha-1 + 2 t Vermicompost ha-1
	35.06
	41.04
	108.72
	10.82
	67.68

	T18 : Application of 35:70:35 NPK kg ha-1 + 4 t Biochar ha-1
	32.96
	38.63
	110.81
	12.64
	72.18

	S Ed
	0.72
	0.74
	0.29
	0.71
	0.10

	CD (P = 0.05)
	1.73
	1.52
	NS
	1.44
	NS




Table : 4. Effect of organic manures, fertilizers and biofertilizers on yield attributes of Yard long bean
	Treatments
	Pod
length
(cm)
	Pod
girth
(cm)
	Number 
of pods  plant-1
	Number 
of seeds 
pod-1
	Weight of fresh pod
(gm)

	T1 : Control
	12.19
	1.57
	25.60
	5.41
	7.23

	T2 : Rhizobium inoculation  
	32.64
	1.60
	31.43
	6.98
	9.34

	T3 : Application of 20:40:20 NPK kg ha-1
	42.03
	2.35
	44.32
	8.62
	12.06

	T4 : Application of 35:70:35 NPK kg ha-1
	47.62
	2.55
	50.34
	9.01
	12.78

	T5 : Rhizobium inoculation + Application of 20:40:20 NPK kg ha-1
	47.04
	2.51
	49.08
	8.91
	12.61

	T6 : Rhizobium inoculation + Application of 35:70:35 NPK kgha-1
	52.63
	2.65
	58.16
	10.54
	14.02

	T7 : Application of 5 t FYM ha-1 
	37.61
	1.80
	39.43
	7.91
	11.81

	T8 : Application of 4 t Vermicompost ha-1 
	49.18
	2.59
	53.92
	9.74
	13.61

	T9 : Application of 6 t Biochar ha-1
	36.93
	1.66
	37.13
	7.62
	10.72

	T10 : Rhizobium inoculation + 4 t FYM ha-1
	45.37
	2.50
	46.43
	8.76
	12.34

	T11 : Rhizobium inoculation + 3 t Vermicompost ha-1
	53.07
	2.66
	61.32
	11.98
	14.82

	T12 : Rhizobium inoculation + 4 t Biochar  ha-1
	51.23
	2.62
	56.04
	10.23
	13.78

	T13 : Application of 20:40:20 NPK kg ha-1 + 4 t FYM ha-1
	44.82
	2.43
	45.61
	8.61
	12.17

	T14 : Application of 20:40:20 NPK kg ha-1 + 3 t Vermicompost ha-1
	48.13
	1.59
	50.92
	9.04
	13.00

	T15 : Application of 20:40:20 NPK kg ha-1 + 4 t Biochar ha-1
	39.42
	1.93
	41.68
	8.23
	11.98

	T16 : Application of 35:70:35 NPK kg ha-1 + 3 t  FYM ha-1
	48.99
	2.59
	51.98
	9.61
	13.02

	T17 : Application of 35:70:35 NPK kg ha-1 + 2 t Vermicompost ha-1
	52.78
	2.66
	60.13
	11.23
	14.31

	T18 : Application of 35:70:35 NPK kg ha-1 + 4 t Biochar ha-1
	54.76
	3.28
	66.13
	12.82
	15.32

	S Ed
	0.74
	0.28
	2.43
	0.40
	0.17

	CD (P = 0.05)
	1.51
	0.59
	4.98
	0.83
	0.39




Table : 5. Effect of organic manures, fertilizers and biofertilizers on pod yield and quality of Yard long bean
	Treatments
	Green pod yield 
(kg ha-1)
	Protein content
(mg/100g)
	Ascorbic acid
content (mg/100g)
	Fiber content
(%)
	Keeping quality (Days)

	T1 : Control
	1217.32
	1.82
	7.18
	1.98
	3.03

	T2 : Rhizobium inoculation  
	2412.74
	2.06
	8.09
	2.20
	3.51

	T3 : Application of 20:40:20 NPK kg ha-1
	3136.41
	2.21
	9.01
	2.54
	4.17

	T4 : Application of 35:70:35 NPK kg ha-1
	3371.96
	2.41
	9.62
	2.79
	4.31

	T5 : Rhizobium inoculation + Application of 20:40:20 NPK kg ha-1
	3363.81
	2.39
	9.34
	2.76
	4.29

	T6 : Rhizobium inoculation + Application of 35:70:35 NPK kgha-1
	3604.72
	3.00
	10.63
	3.12
	4.59

	T7 : Application of 5 t FYM ha-1 
	2941.68
	2.11
	8.41
	2.41
	3.81

	T8 : Application of 4 t Vermicompost ha-1 
	3503.43
	2.76
	10.28
	3.01
	4.44

	T9 : Application of 6 t Biochar ha-1
	2814.62
	2.08
	8.32
	2.36
	3.72

	T10 : Rhizobium inoculation + 4 t FYM ha-1
	3278.12
	2.32
	9.11
	2.61
	4.23

	T11 : Rhizobium inoculation + 3 t Vermicompost ha-1
	3702.68
	3.62
	11.01
	3.43
	4.64

	T12 : Rhizobium inoculation + 4 t Biochar  ha-1
	3556.14
	2.91
	10.46
	3.06
	4.52

	T13 : Application of 20:40:20 NPK kg ha-1 + 4 t FYM ha-1
	3246.04
	2.28
	9.08
	2.59
	4.19

	T14 : Application of 20:40:20 NPK kg ha-1 + 3 t Vermicompost ha-1
	3398.06
	2.50
	9.72
	2.81
	4.38

	T15 : Application of 20:40:20 NPK kg ha-1 + 4 t Biochar ha-1
	3012.42
	2.14
	8.63
	2.48
	4.02

	T16 : Application of 35:70:35 NPK kg ha-1 + 3 t  FYM ha-1
	3476.72
	2.52
	10.06
	2.81
	4.41

	T17 : Application of 35:70:35 NPK kg ha-1 + 2 t Vermicompost ha-1
	3678.12
	3.14
	10.98
	3.30
	4.62

	T18 : Application of 35:70:35 NPK kg ha-1 + 4 t Biochar ha-1
	3812.37
	3.89
	11.02
	3.91
	4.76

	S Ed
	49.84
	0.11
	0.29
	0.23
	0.05

	CD (P = 0.05)
	101.69
	0.26
	0.59
	0.41
	0.10





4. DISCUSSION 
		The vegetative development factors of yard long bean, such as vine length, number of branches, number of leaves per plant, days to initiation of 50% flowering, number of days from flowering to harvesting, days to first picking, number of pickings and duration of harvest, have a substantial influence on plant growth and productivity. The superior vegetative growth and pod development observed in T18 (Application of 35:70:35 NPK kg ha-1 + 4 t ha-1 of biochar) can be attributed to the combined benefits of balanced nutrient supply and soil improvement. The application of NPK ensured adequate availability of essential macronutrients, which supported vigorous vegetative growth and early reproductive development (Painginkar et al.  2021). Biochar, on the other hand, enhanced soil aeration, moisture retention and nutrient use efficiency, creating a favorable rhizosphere environment for root proliferation and sustained growth (Manjesh et al.  2019). Together, these factors resulted in greater vine length, increased branching and a higher leaf area index, which enhanced the photosynthetic surface area and assimilate production, ultimately supporting better reproductive performance Ancy et al.  (2024). Similar results were reported by Desai et al.  (2022), Chen  et al.  (2021) and Singh et al.  (2022), who also highlighted the role of integrated nutrient management in promoting vegetative vigor and yield potential in legumes.
The superior performance of T18 (Application of 35:70:35 NPK kg ha-1 + 4 t ha-1 of biochar) (Fig.1) in terms of yield and yield attributes can be attributed to the synergistic effects of inorganic fertilizers, biochar and rhizobium seed inoculation. The balanced application of NPK ensured an adequate supply of primary nutrients, while biochar improved soil structure, water-holding capacity and nutrient retention, thereby enhancing nutrient use efficiency (Rahaman et al.  2023). In addition, rhizobium inoculation facilitated biological nitrogen fixation, contributing to a steady nitrogen supply throughout the crop growth stages. These factors collectively promoted vigorous vegetative growth, resulting in a greater number of pods, increased pod length and girth and better seed filling, which ultimately translated into maximum green pod yield (Helliwell, 2015; Saurabh et al.  2018; Sarada & Hari Prasad, 2020). Similar findings have been reported by Southavong et al. (2015), Sindhuja et al. (2021) and Yooyen et al. (2017), who observed that the integrated use of chemical fertilizers, organics and biofertilizers enhanced yield attributes and productivity in legumes under semi-arid conditions. Further evidence from Meena et al. (2016) and Nagarajappa et al. (2018) supports the beneficial role of integrated nutrient management in sustaining higher crop performance. Conversely, the poor performance of the control (T₁) (Fig.1) can be ascribed to nutrient deficiencies and the absence of soil amendments, which restricted plant growth and yield potential (Islam et al.  2016).
		The improvement in quality parameters under T18 (Application of 35:70:35 NPK kg ha-1 + 4 t ha-1 of biochar) can be ascribed to enhanced nutrient uptake and the synergistic role of biochar in improving soil health. The higher protein content may be attributed to greater nitrogen availability and its efficient assimilation into amino acids and proteins (Abdullah et al.  2020). Increased ascorbic acid levels could be explained by improved photosynthetic activity and enhanced metabolic efficiency, facilitated by the porous structure of biochar that improves soil moisture and micronutrient retention (Farhangi-Abriz & Torabian, 2018). Similarly, the higher fiber content in pods reflects more balanced vegetative growth and greater accumulation of structural carbohydrates (Sheikh et al.  2020). The superior keeping quality (shelf life) of pods in T18 may be linked to delayed senescence, improved membrane stability and reduced oxidative degradation, owing to higher antioxidant levels and better physiological status of the plants (Jessy et al.  2022). These findings reinforce the importance of integrated nutrient management particularly the inclusion of biochar not only in improving yield but also in enhancing nutritional value and post-harvest quality traits of yard long bean (Owen, 2003).
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Fig . 1. Effect of diverse sources of nutrients on pod length of yard long bean
   5. CONCLUSION
From the present study, it can be concluded that the application of organic manures or inorganic fertilizers alone did not produce significant improvements in the growth and yield parameters of yard long bean. Among the treatments, T18 (Application of 35:70:35 NPK kg ha-1 + 4 t ha-1 of biochar) consistently recorded superior performance with respect to vine length, leaf area index (LAI), dry matter production (DMP), early flowering, pod length, pod girth, number of pods per plant, pod weight, number of seeds per pod and overall yield per hectare. Treatments involving organic fertilizers showed better performance than the control, while increasing fertilizer dosage further enhanced growth and yield attributes. Although sole application of manures or fertilizers can meet the basic nutrient requirements of yard long bean, the inclusion of biochar proved to be a more effective supplement in the fertilization program. Biochar improved soil conditions and nutrient use efficiency, resulting in superior crop performance. From an economic perspective, the combined use of biochar with the recommended dose of NPK (35:70:35 kg ha-1) can provide farmers with higher or comparable yields under good management practices while ensuring a more sustainable production system.
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