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ABSTRACT
A field experiment was conducted at Agriculture Research Sub Station Samdari, Balotra (Rajasthan) during Kharif season of 2024. The experiment was laid out in factorial randomized block design (FRBD) with three replications. Total 12 treatment combinations consisted of two varieties RMO-435 (V1) and CAZRI Moth-5 (V2) three plant to plant spacing 10cm (P1), 15cm (P2) and 20 cm (P1) and two row to row spacing 30 cm (R1) and 45 cm (R2).The results revealed significant varietal differences in yield and quality of moth bean. Results indicated that the variety CAZRI Moth-5 recorded significantly higher seed yield (642 kg/ha), straw yield (2531 kg/ha) and biological yield (3173 kg/ha), protein content and protein yield (23.26% and 149 kg/ha, respectively). Among planting geometries, 45 × 15 cm spacing resulted in the highest seed yield (kg/ha), biological yield ((kg/ha)), straw yield ((kg/ha)), protein content (%) and protein yield ((kg/ha) to a better balance between plant population and individual plant performance. Interaction effects showed that CAZRI Moth-5 at 45 × 15 cm spacing was the most remunerative treatment, optimizing yield and quality. The study suggests that adopting proper planting geometry can significantly enhance moth bean productivity in arid regions.
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INTRODUCTION 
Moth bean [Vigna aconitifolia (Jacq.) Marechal] belongs to the family fabaceae and it is an important pulse crop of the arid region of Rajasthan and India. It is a short-duration, deep-rooted legume recognized for its double benefits for drought and heat tolerance. It is mostly grown in marginal and sub-marginal land with poor water-holding capacity of soil. The inherent adaptive attributes of this crop have made it more tolerant to a diverse range of abiotic and biotic stresses that commonly restrain yield among other Vigna species. It is also known by different names such as matbean, math, mattenbohne, matki, dewbean and Turkish gram. It has ability to grow under harsh climate, low rainfall and poor soil conditions and considered as most significant pulse crop of arid Rajasthan(Sharma and Ratnoo, 2014). It is also a source of fodder for domestic animals particularly for horses at pod formation stage. Moth bean is a cover crop and shields soil from solar heat, retain soil moisture and prevent losses of organic matter and retards soil erosion as well. It contains 22–24 per cent high quality protein along with high amount of essential amino acids particularly lysine and leucine (Kumar and Singh, 2001).
The dominant contributors in India to mothbean cultivation in terms of area and production are Rajasthan (97.9% and 94.48%), Gujarat (1.5% and 2.24%), Himachal Pradesh (0.3% and 2.94%), Chhattisgarh (0.1% and 0.04%) and Haryana (0.03% and 0.04%). Rajasthan is the highest in area and production in Mothbean among all state with 9.72 lakh ha and 3.24 lakh tonnes, respectively with productivity of 333kg/ha. The major Mothbean district in Rajasthan is Barmer, Churu, Bikaner, Jodhpur, Nagaur. (AGRISTAT, 2021).
MATERIAL AND METHODS
A field experiment was conducted during kharif season 2024 at Agriculture Research Sub Station, Samdari, Balotra, Rajasthan  which is situated at a distance of about 750 m from Samdari railway station. Geographically, it is located between 25.813’oN latitude and 72.34oE longitude at an altitude of 134 meters (440 feet) above mean sea level (MSL). This region falls under agro-climatic zone IA (Arid Western Plains Zone) of Rajasthan. Samdari has an arid climate characterized by hot, dry summers and low, highly variable annual rainfall averaging about 356 mm, of which 85–90% is received during the Kharif season (June–September). The region also experiences very low relative humidity (around 7.9%), high wind velocity (30-40 km/hour), and intense solar radiation (520 cal/cm2). Additionally, high potential evapotranspiration and wide fluctuations in maximum and minimum temperatures further accentuate the harsh climatic conditions of Balotra. The soil of experimental field was loamy sand in texture, slightly alkaline in reaction (pH 8.3), low in organic carbon (0.2%) and available nitrogen (165 kg/ha), whereas medium in phosphorus (24 kg/ha P2O5) and available potassium (155 kg/ha K2O). Field experiment was laid out in factorial randomized block design (FRBD) with 12 treatments and replicated thrice. Two varieties i.e RMO-435 (V1) and CAZRI Moth-5 (V2), three plant to plant spacing i.e 10cm (P1), 15cm (P2) and 20 cm (P3) and two row to row spacing 30 cm (R1) and 45 cm (R2). For evaluating yield characters, five plants were randomly selected in each plot from the sampling rows and tagged permanently. At maturity, experimental crop was harvested from the net plot. The boarder rows were harvested separately. Threshing was done manually by beating and trampling the pods of each plot separately and grains were collected in numbered bags. After winnowing, cleaned seeds were weighted to record grain yield and expressed as kg/ha. Protein content in seed was calculated by multiplying the per cent nitrogen content in grain with 6.25. The results were expressed as per cent protein content on dry weight basis.
	Protein yield (kg/ha) =
	Protein content (%) × Seed yield (kg/ha)

	
	100




RESULT AND DISCUSSION
The present investigation was undertaken to evaluate the response of different planting geometries and varieties of moth bean on yield and quality under arid conditions of Samdari, Balotra during Kharif  2024. The findings are presented under the following sub-heads.
1. Yield attributes 
1.1 Effect of Variety 
The data on yield attributes have been presented in Table 1 revealed that the yield attributes of moth bean were significantly influenced by varieties and planting geometry during the experiment. Among the varieties, CAZRI Moth-5 recorded superior yield attributes with higher pod length (5.42 cm), number of pods per plant (43.09), number of grains per pod (7.16) and 1000-grain weight (28.37 g) compared to RMO-435. might be due to the characteristics of this variety that reflected in increased vegetative growth plant height, number of branches, which ultimately resulted in accumulation of increased in amount of dry matter with extended work of plant. These characters play a vital role in various metabolic processes that result in increased flowering and fruiting thereby improving pods per plant. These finding confirmed the result of Meena et al., (2007), Rajora et al., (2012), Kumawat et al., (2013) and Singh et al., (2017).
            1.2 Effect planting geometry 
The data on yield attributes have been presented in Table 1 revealed that pod length was significantly higher under 15 cm plant-to-plant spacing (5.57 cm) than 10 cm and 20 cm spacing. Similarly, the maximum number of pods per plant (44.03) was observed at 15 cm plant spacing. Wider row spacing of 45 cm resulted in longer pods (5.27 cm) and more pods per plant (42.91) compared to 30 cm row spacing. The number of grains per pod was also higher with 15 cm plant spacing (7.08) and 45 cm row spacing (6.91). Varietal differences significantly affected 1000-grain weight, whereas plant and row spacing had no significant effect on this trait. Overall, CAZRI Moth-5 combined with 15 cm × 45 cm spacing proved most effective for improving yield attributes of moth bean under arid conditions.
2.  Yield 
2.1 Effect of Variety 
The data on yield have been presented in Table 2 revealed that variety CAZRI Moth-5 (V2) recorded significantly higher seed yield (642 kg/ha), straw yield (2531 kg/ha) and biological yield (3173 kg/ha) over the RMO-435 (V1) variety. It might be due to genetic characteristics of the variety that might have more formation of yield attributes resulting in producing more grain. The differential behaviour among the genotypes may be explained primarily based on variation in their genetic makeup and secondly their differential behavior in different agroclimatic conditions. Similar results were reported by Rajora et al., (2012), Sharma et al., (2015) and Singh et al., (2017).
2.2 Effect planting geometry
The data on yield have been presented in Table 2 revealed that 15 cm plant to plant spacing (P2) in moth bean significantly harvest huge plant spacing significantly tonnage of seed yield (656 kg/ha), straw (2582 kg/ha) and biological yield (3239 kg/ha) followed by 10 cm (P1) and 20 cm (P3) plant to plant spacing. 45 cm plant to plant spacing (R2) in moth bean significantly harvest huge tonnage of seed yield (637 kg/ha), straw yield (2582 kg/ha) and biological yield (3239 kg/ha) proved their significant superiority over the rest of the treatments including 30 cm row spacing (R1). Similar results were also reported by Ram et al., (2008), Sadashivangowdaet al., (2019) Patel et al., (2019) and Swain et al., (2023).
The data on the harvest index of moth bean are summarized in Table 2 showed that significant influence was not observed in harvest index with respect to treatment variables i.e., varieties and planting geometry of moth bean
3. Quality
3.1 Effect of Variety 
The data on yield quality have been presented in Table 3 revealed that increments in protein content due to variety CAZRI moth-5 (V2) were recorded for protein content and protein yield (23.26% and 149 kg/ha, respectively) as well as their protein content and protein yield (21.67 % and 124 kg/ha) over the treatment with variety RMO- 435 (V1), this was due to genetic makeup of the variety and higher content of nitrogen present in seeds of moth bean respectively. Similar results were also reported by Meena et al., (2007), Singh et al., (2017) and Sadashivangowda et al., (2017).
         3.2 Effect planting geometry
The data on quality attributes have been presented in Table 2 revealed that increments in protein content due to 15 cm plant to plant spacing (P2) were recorded in protein content and protein yield (23.20 % and 152 kg/ha) as well as their protein content and protein yield (22.43 % and 139 kg/ha) over the treatment with 10 cm plant to plant spacing (P1) and 20 cm plant to plant spacing (P3), respectively. Data revealed that increments in protein content due to 45 cm row spacing (R2) were recorded in protein content and protein yield (22.70 and 145 kg/ha) as well as their protein content and protein yield (22.24 % and 129 kg/ha) over the treatment with 30 cm row spacing (R1), respectively. Planting geometry plays a crucial role in enhancing protein content and yield in moth bean. Among the evaluated treatments, a combination of 45 cm row to row spacing with 15 cm plant to plant spacing was found to be the most effective in improving seed protein concentration and total protein production per hectare. This was due to the higher content of nitrogen present in seeds of moth bean respectively. Similar results were also reported by Sadashivangowdaet al., (2017), Patel et al., (2019) and Yadav et al., (2007).
4 Interaction effects of plant to plant and row to row spacing (P x R cm)
Interaction effects of plant to plant and row to row spacing on seed yield was found significant (Table. 3, 4, 5, 6). It is reflected from the data that 15 cm plant spacing (P2) along with 45 cm row spacing (R2) recorded significantly higher seed yield (714 kg/ha) biological yield (3676)straw yield (2961) and protein yield(166), proved significantly superiority over other combinations. Similar results were also reported by Sadashivangowda et al., (2017).
CONCLUSION
The study demonstrates that moth bean performance is significantly affected by planting geometry. Wider row spacing (45 cm) combined with moderate plant spacing (15 cm) provided a favorable micro-environment for optimum yield and quality. The variety CAZRI Moth-5 outperformed RMO-435 across most parameters due to its better genetic potential, particularly under the semi-arid agro-ecological conditions of western Rajasthan.
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Tables 1 Effect of planting geometry on pods length (cm), number of pods per plant,   number of grains per pod and 1000 grain weight (g) of moth bean varieties
	Treatments
	Pod length (cm)
	Number of pods/plant
	No. of grains per pod
	1000 grain weight (g)

	(A)Varieties (V)
	

	(V1) RMO-435(MARU BAHAR)
	4.58
	40.19
	6.16
	26.62

	(V2) CAZRI Moth-5
	5.42
	43.09
	7.16
	28.37

	SEm±
	0.13
	0.61
	0.11
	0.47

	CD (P=0.05)
	0.37
	1.79
	0.32
	1.39

	(B) Plant to plant spacing (P×P) cm
	

	(P1) 10 cm
	4.65
	39.69
	6.31
	26.80

	(P2) 15cm
	5.57
	44.03
	7.08
	28.63

	(P3)  20 cm
	4.77
	41.20
	6.58
	27.05

	SEm±
	0.16
	0.75
	0.13
	0.58

	CD (P=0.05)
	0.46
	2.19
	0.39
	NS

	(C) Row to Row spacing (R × R ) cm
	

	(R1) 30 cm
	4.73
	40.41
	6.41
	26.86

	(R2) 45cm
	5.27
	42.91
	6.91
	28.13

	SEm±
	0.13
	0.61
	0.11
	0.47

	CD (p=0.05)
	0.37
	1.79
	0.32
	NS

	Interaction
	

	(VxP)
	NS
	NS
	NS
	NS

	(VxR)
	NS
	NS
	NS
	NS

	(PxR)
	NS
	NS
	NS
	NS

	(VxPxR)
	NS
	NS
	NS
	NS

	CV (%)
	10.83
	6.21
	6.91
	7.33










Tables 2 Effect of planting geometry on seed yield, biological yield and straw yield of moth bean varieties
	Treatments
	Seed yield (kg/ha)
	Straw
yield (kg/ha)
	Biological
yield (kg/ha)
	Harvest index (%)

	(A)Varieties (V)

	(V1) RMO-435(MARU BAHAR)
	574
	2107
	2681
	21.53

	(V2) CAZRI Moth-5
	642
	2531
	3173
	20.70

	SEm±
	6.00
	43.0
	43.9
	0.31

	CD (P=0.05)
	17.61
	126.3
	128.8
	NS

	(B) Plant to plant spacing (P×P) cm

	(P1) 10 cm
	618
	2322
	2940
	21.11

	(P2) 15cm
	656
	2582
	3239
	20.82

	(P3)  20 cm
	549
	2053
	2602
	21.42

	SEm±
	7.3
	52.7
	53.8
	0.38

	CD (P=0.05)
	21.5
	154.7
	157.8
	NS

	(C) Row to Row spacing (R × R ) cm

	(R1) 30 cm
	578
	2154
	2732
	21.38

	(R2) 45cm
	637
	2485
	3122
	20.85

	SEm±
	6.00
	43.0
	43.9
	0.31

	CD (p=0.05)
	17.6
	126.3
	128.8
	NS

	Interaction

	(VxP)
	NS
	NS
	NS
	NS

	(VxR)
	NS
	NS
	NS
	NS

	(PxR)
	S
	S
	S
	NS

	(VxPxR)
	NS
	NS
	NS
	NS

	CV (%)
	4.19
	7.88
	6.37
	6.23










Table 3 Effect of planting geometry on protein content of moth bean varieties
	Treatments
	Protein content %
	Protein yield (kg/ha)

	(A)Varieties (V)

	(V1) RMO 435(MARUBAHAR)
	21.67
	124

	(V2) CAZRI Moth-5
	23.26
	149

	SEm±
	0.15
	1.83

	CD (P=0.05)
	0.45
	5.37

	(B) Plant to plant spacing (P×P) cm

	(P1) 10 cm
	22.43
	139

	(P2) 15cm
	23.20
	152

	(P3) 20 cm
	21.77
	119

	SEm±
	0.19
	2.24

	CD (P=0.05)
	0.55
	6.58

	(C) Row to Row spacing (R × R) cm

	(R1) 30 cm
	22.24
	129

	(R2) 45cm
	22.70
	145

	SEm±
	0.15
	1.83

	CD (p=0.05)
	0.45
	5.37

	Interaction 
	
	

	VxP
	NS
	NS

	VxR
	NS
	NS

	PxR
	NS
	S

	VxPxR
	NS
	NS

	CV (%)
	2.87
	5.66





Table 3 Interaction effects of plant to plant and row to row spacing (cm) on seed yield of moth bean.
	Seed yield (kg/ha)

	Interaction (P×R)
	P1
	P2
	P3

	R1
	585
	598
	550

	R2
	650
	714
	548

	SEm±
	10.4

	CD (p=0.05)
	30.5







Table 4 Interaction effects of plant to plant and row to row spacing (cm) on straw yield of moth bean.
	Straw yield (kg/ha)

	Interaction (P×R)
	P1
	P2
	P3

	R1
	2168
	2203
	2090

	R2
	2477
	2961
	2016

	SEm±
	74.6

	CD (p=0.05)
	218.7









Table 5 Interaction effects of plant to plant and row to row spacing (cm) on biological yield of moth bean.
	Biological yield (kg/ha)

	Interaction (P×R)
	P1
	P2
	P3

	R1
	2754
	2802
	2640

	R2
	3127
	3676
	2564

	SEm±
	76.1

	CD (p=0.05)
	223.2








Table 6 Interaction effects of plant to plant and row to row spacing (cm) on protein yield of moth bean
	Protein yield (kg/ha)

	Interaction (P×R)
	P1
	P2
	P3

	R1
	129
	138
	118

	R2
	148
	166
	120

	SEm±
	3.1

	CD (p=0.05)
	9.3



