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Effect of spacing on the yield of cowpea (Vigna unguiculata L. Walp) varieties released by Savannah Agricultural Research Institute (SARI) and section of high yielding variety for molecular work in future

.     
.
              . 
                     
	.
..




____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT 
	[bookmark: _GoBack]Introduction: Cowpea (Vigna unguiculata L.Walp) is a vital legume crop in semi-arid regions due to its adaptability to low soil fertility and limited water availability. Despite its considerable potential, cowpea yields in sub-Saharan Africa remains substantially low, which is partially attributed to the implementation of suboptimal agronomic practices. This study aimed to evaluate the effects of inter- and intra-row spacing regimes on the growth and yield of two cowpea varieties- Padi-tuya and Songotra- at the University for Development Studies, Nyankpala Campus.
 Methodology: A factorial experiment was implemented utilizing three distinct planting distances (60cm x 20cm, 75cm, x 25cm and 90cm x 30cm) arranged in a randomized complete block design with three replications. 
Growth, phenological and yield parameters were measured and subjected to Analysis of Variance (ANOVA). 
Results and Discussion: The results indicated that the applied planting distance had no significant effects on the majority of the measured growth and yield parameters. However, variety was found to significantly influence critical traits including plant height, dry matter weight and number of pods per plant. Padi-tuya demonstrated superior plant height and greater dry matter accumulation while Songotra produced a significantly higher number of pods per plant. Phenological traits such as days to 50% flowering and maturity were not significantly affected by either spacing or variety.
Conclusion: The findings collectively suggest that while planting spacing may not critically impact cowpea performance, varietal selection is paramount for optimizing growth and maximizing overall yield potential. Further research is recommended by focusing on cowpea varieties with diverse growth habits to comprehensively validate these results across broader agricultural systems.
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 INTRODUCTION 
[bookmark: _Hlk211604344]Vigna unguiculata (L.Walp), commonly known as cowpea is a significant component of  cropping systems in regions characterized by pronounced climatic variability and low-to-medium rainfall [1] and globally recognized as one of the third most important pulse crop that are widely cultivated across Africa, Southeast Asia and the America [2]. The crop demonstrates a unique ability to adopt to environments challenging for many other legumes performing well under drought conditions and in soils with low fertility, high sand content and low organic matter[3].Consequently, cowpea is a promising food and forage species in typical tropical lowland climates, contributing significantly to food security in arid and semi-arid regions [4] . A critical agronomic role of cowpea is the restoration of soil fertility within cropping systems which is achieved through the plant’s capacity for biological nitrogen fixation via symbiotic association with rhizobia bacteria in its root nodules[5]. Nitrogen fixation significantly improves soil properties and contributes to the sustainability of cropping systems particularly in smallholder settings where fertilizer use is limited[6]. 
Despite this high yield potential (estimated at 1,500–3,000 kg ha⁻¹ for improved varieties), the average on-farm cowpea yield in Sub-Saharan Africa and Africa in general, remains significantly low, often around 412-600kg ha-1  [5,7].Some of the major constraints restricting the production and expansion of cowpea include low genetic potential of cultivated varieties, low plant density, limited use of certified seeds over local or normal seeds, severe abiotic stresses such as drought, heat and low soil phosphorus, biotic stresses like pests, diseases and parasitic weeds [3,8].
Significant progress has been made by research institutes such as the International Institute of Tropical Agriculture (IITA), which have developed and released numerous improved varieties characterized by high grain yields, faster maturity, and combined with resistance to  pests and diseases [9]. However, challenges persist regarding the timely adoption of these improved cultivars, the application of the appropriate agronomic practices, and the poor marginal returns experienced by farmers in many parts of Africa[7]. Effective production systems, including the optimization of planting date and appropriate planting density, directly impact the yield of crops like cowpea[10]. Plant population per unit area is inherently proportional to the degree of alternation in inter-row and intra-row spacing [11]. Adjusting these spacing parameters enhances the utilization efficiency of growth factors, thereby increasing crop potential and reducing inter-plant competition, which is crucial for meeting the demands of an accelerating population growth under intense climate change- a scenario described as a “perform storm” that jeopardizes food accessibility[12].  The primary objective of this study was to assess the impact of inter-row and intra-row spacing on the growth, development, and ultimate seed yield of Padi-tuya and Songotra cowpea varieties.

material and methods 
Study Area and Experimental design
The experiment was conducted during the 2019 cropping season at the “Planting for Future” field located at the University for Development Studies, Nyankpala campus. 
The study area is situated within the Guinea Savannah zone of Ghana, characterized by an approximate annual rainfall of 1022mm, distributed mainly from May to October, with the rainfall peaking between August and September each year. The area experiences an average minimum temperature of approximately 25 ºC and an average maximum temperature of 35ºC. The soil is sandy- loam in nature with some appreciable level of fertility. 
The experiment was structured as a factorial design consisting of two factors: two different varieties (Padi-tuya and Songotra) and three planting distances (60cm x 20cm, 75cm, x 25cm and 90cm x 30 cm). Planting distance was the main treatment under study. The study was conducted using a completely randomized block design, replicated three times. 
Experimental establishment
The field was ploughed using a tractor and the experimental area was subsequently manually prepared using a hoe. 
Each of the two varieties were randomly sown in a 20.5m x 8m area of land. Individual plots measured 3m x 2m in each replicate.
 The varieties were sown in three different planting space, 60cm x 20cm, 75cm x 25cm and 90cm x 30cm designated as P1, P2, and P3, respectively and the varieties were also designated as V1 (Padi-tuya) and V2(Songotra). 
The seeds were sown at 3-4 seeds per hole and subsequently thinned to 2 plants per stand two weeks after sowing. 
The sowing was performed on the 7th of August 2019 utilizing a tape measure and a garden line to ensure accurate measurement of treatment and straight, uniform rows.

Cowpea varieties and Crop husbandry Practices
The two cowpeas’ varieties employed in this study namely Padi-tuya and Songotra with seeds sourced from the Savanna Agriculture Research Institute (SARI). 
After the plots preparation and sowing, the plots were maintained by manually weeding the plots at three-week intervals. Mature cowpea was harvested by hand picking from the net plots, sun dried and sent to the plant house for further analysis.
Data collection 
A sample of five plants were randomly selected from each plot three weeks after sowing. Data on these selected plants were recorded on continuous intervals of three weeks to measure the following growth parameters;
Growth parameters
Plant height 
The height of the plants was taken as the height of the main stem from the ground level to the tip of the plant. Measurement was done using a meter rule and average plant height obtained and recorded. This was done on the five sampled plants on the third and fourth week after planting.
Number of branches per plant 
This was determined by counting the number of the main or primary reproductive branches. Counting was done at the third week after planting. No device was used in the counting; it was done manually with the hands.
Number of leaves per plant 
The number of leaves that was fully developed on the plants were also counted. Number of leaves were counted from the sampled plants in each plot across the various replications at three and six weeks after planting.
Phenological parameters 
Days to 50% flowering 
This was taken as the number of days taken from sowing to the time when 50% of the plants in each plot bore at least one flower. 
Days to 50% physiological maturity 
This was taken as the number of days from sowing up to the day 50% of plants in each plot became yellow, almost shed their leaves and pods are almost fully matured.
Yield Parameters
Number of pods 
At maturity, that is when the plants started to bear pod. Pods were counted on two weeks intervals for three times during the podding stage in each plot. Counting was done on five randomly selected plants from each plot. The average number of pods was determined and recorded. 
Weight of pods per plot
In each plot, the mature cowpea was harvested and the pods sun dried for forty-two hours. After the drying, the total pods harvested in each plot was separately weigh using a measuring scale.
Seed yield 
The dried pods were threshed separately and weighed to obtain the weight of the seeds (grain yield) in each plot. This was computed as seed yield per hectare.
Weight of fresh shoot   
Plants were randomly selected from each plot and uprooted. The five (5) uprooted plants in each plot were weighted in its fresh state using a measuring scale.
Weight of dry shoot (dry matter) 
The fresh matter uprooted from each plot was oven dried for 48 hours after obtaining the fresh matter weight. It was dried till almost no amount of moisture left in the biomass. This dried sample was weighted using the same weighing scale as used previously. 
 Statistical analysis 
Averages of the data collected were computed and organized using Microsoft excel (2016 edition) before being subjected it to analysis of variance (ANOVA) using the 18th edition of GenStat. Means were separated using the Least Significant Difference (LSD) at a level of significance 5% significance level.
Results
Number of leaves  
The number of leaves per plant was significantly influenced by the weeks. At 6WAP, number of leaves was significantly higher than the count recorded at 3WAP’s Neither the plant spacing (p=0.0642_) nor the variety (p=0.124_) exhibited a significant effect on the number of leaves per plant. Furthermore, the interaction between variety and spacing, variety and week, week and plant spacing, and the three-way interaction (variety × spacing × week) all showed no significant  (p=0.05_) influence on the number of leaves per plant (Figure 1).


[bookmark: _Toc47309788][bookmark: _Toc47309876]Figure 1: Effects of weeks on the number of leaves per plant

[bookmark: _Toc47288580]Plant Height 
The analysis of variance indicated that planting distance did not exert a significant effect (p=0.062_) on cowpea plant height. Conversely, the variety factor significantly affected plant height (p = 0.03). Padi-tuya recorded a significantly greater plant height compared to Songotra. Plant height was highly significant (p=0.002_) at 6 WAP compared to 3 WAP. No interactive effects (p=0.146_) was found among the experimental factors were revealed (Figure 2).


[bookmark: _Toc47309791][bookmark: _Toc47309877]Figure 2: Effects of variety on mean plant height

[bookmark: _Toc47288584] Number of Pods per plant 
The number of pods per plant was highly influence by the variety (p=0.001). A significant higher number of pods were observed with Songotra than with Padi-tuya. Plant spacing as well as the weeks did not show any significant effect (p=0.213) on the number of pods per plant. The combined interaction of these three factors did not show any significant influence (p=0.0875) on the number of pods per plant (Figure 3). 


[bookmark: _Toc47309795][bookmark: _Toc47309878]Figure 3: Effects of variety on the mean number of pods per plant

[bookmark: _Toc47288587]Dry matter weight 
Plant spacing had no significant effect (p=0.057)  on the dry matter weight. Variety on the hand expressed a high significant (p=0.002_)  influence on the mean dry matter weight. Padi-tuya expressed a high dry matter weight compared to Songotra. The interaction (p=.0235) between variety and plant spacing did not show any significant effect on the dry matter weight (Figure 4). 


1 = Songotra  2 = Padi-tuya 
[bookmark: _Toc47309799][bookmark: _Toc47309879]Figure 4: The main effects of variety on the mean dry matter weight


 DISCUSSION 
Planting distance and cultivar type o growth characters 
Generally, plant spacing did not induce any significant effect on any of the growth parameters measured, including the number of leaves and number of branches per plant. The number of leaves per plant was observed to increase commensurately with the increase in the number of weeks. The insignificance of spacing and variety on leaf number may be attributed primarily to the erect growth habit of the cultivars utilized in this study. This finding aligns with the observations of Mahjoub et al. (2004) and Naim et al. (2010), who suggested that the spreading nature of some cultivars may compensate for narrow within-row spacing. However, this result contradicts reports by Malami and Sama’ila (2012) and Naim and Jabereldar (2010), who found that increasing plant spacing significantly increased the number of leaves per plant. The current study’s observation of no significant varietal influence on leaf number is consistent with the findings of Lum et al. (2018), yet contradicts reports by Mahjoub et al. (2004).   
Similarly, the number of branches per plant was not significantly affected by the planting distance. This outcome is consistent with prior research by Augustine (2018) and Naim et al. (2010). The lack of a significant interaction between variety and plant spacing on the number of branches per plant is also supported by the second trial conducted by Lum et al. (2018). The general insignificance of plant spacing on branching may be attributed to the growth habit of the cowpea genotypes used. Contradictory findings, however, have been reported by Worku et al. (2018), who observed that plant spacing significantly affected the number of branches per plant. Furthermore, the lack of a significant varietal effect on the number of branches contradicts the findings of Mahjoub et al. (2004).   
Plant height was not significantly affected by plant spacing at either the 3 WAP or 6 WAP sampling periods. This conforms to the work of Augustine (2018) and Boateng et al. (2019). In contrast, Lum et al. (2018) and Khamis et al. (2018) reported a significant effect of plant spacing, noting that plants were generally taller at wider spacing due to reduced inter-plant competition. However, variety highly affected plant height, with Padi-tuya being significantly taller than Songotra. This confirms the findings of Naim et al. (2010a), who attributed such differences to the inherent genetic potential of the cultivars.
 Effects of plant spacing and variety on phenological characteristics
In this study, plant spacing demonstrated no significant effect on the phenological characteristics, namely days to 50% flowering and days to 50% maturity. This indicates that variations in planting distance did not influence the timing of these key attributes, which aligns with findings from Lum et al. (2018), Naim et al. (2010), and Augustine (2018). Furthermore, the interaction between variety and spacing was also insignificant for these parameters. Phenological characteristics, being primarily attributed to genotype, were not significantly influenced by variety in the current study. This suggests that the cultivars used, Padi-tuya and Songotra, attain maturity and flower within a relatively similar timeframe. This finding contrasts with reports from Augustine (2018), Lum et al. (2018), and Naim et al. (2012), who reported a significant effect of cultivar type on phenological characteristics

Effects of plant spacing and variety on yield parameters
While plant spacing had no significant effect on the number of pods per plant, variety demonstrated a high significant influence. This aligns with reports by Boateng et al. (2019), Naim et al. (2010), and Khamis et al. (2018) regarding the insignificance of spacing. Conversely, Nderi and Kamau (2018), Lum et al. (2018), and Nadeem et al. (2004) reported that pod number increased at wider spacing due to reduced interference among branches. The significant effect of variety on the number of pods per plant observed in this study is consistent with the findings of Lum et al. (2018) and Mahjoub et al. (2004).   
The seed weight per hectare was not significantly affected by either plant spacing or variety, nor was the interaction between the two treatments significant. This result supports the findings of Augustine (2018) and Naim et al. (2010). However, this contradicts Boateng et al. (2019), who reported that variety had a highly significant influence on seed weight per hectare.   
Dry matter weight was not significantly affected by plant spacing, but variety exhibited a significant effect. This partially contradicts Worku et al. (2018), who found plant spacing to have a highly significant effect on dry matter. Mahjoub et al. (2004) reported similar findings, where variety highly affected cowpea dry matter weight.	
Conclusion

The growth attributes of both cowpea varieties that were measured were not significantly affected by the changes in the spacing between and within the plants. Phenological attribute as well as the yield attributes measured were not also significantly affected by cowpea planting distances. Padi-tuya recorded the highest significant mean compared to Songotra. Similarly, the interaction between the treatments also affected the plant height significantly (increase spacing increased plant height) at the first sampling period. Phenological attributes which is highly dependent on genotype did not also show any significant effect due to cultivar type. With the exception of the number of pods per plant and dry matter weight, all the yield parameters measured were not significantly by cultivar type. Growth and yield parameters of cowpea do not depend on the type of planting distance applied in cowpea cultivation Variety plays a significant role in the growth and yield of cowpea
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