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ABSTRACT

Cowpea (Vigna unguiculata) from the genus Vigna is one of the most important legume crops grown extensively in all continents of the world except Antarctica. African yam bean (Sphenostylis stenocarpa) is native to the tropical west and central Africa. Africa, and is cultivated in southern and eastern Africa. Application of phosphorus has been reported by several authors to improve the yield of cowpea and African yam beans, about 70-90% is adsorbed and becomes locked in various soil phosphorus compounds of low solubility without giving any immediate consideration to crop production. This study aimed to evaluate the effect of phosphorus on soil properties and the performance of cowpea and African yam beans grown in Akwa Ibom State, Nigeria. The site selection was a flat land of 20m X 17m for the cultivation of cowpea. Phosphorus was applied at the rates of 0kg, 45kg, 65kg, and 85kg P/ha. Plant height was measured and taken randomly from the two varieties of beans every fortnight. Results showed that soils in the study area were predominantly sand. Before planting, sand was 90.70%, while silt and clay percentages were 3.20% and 6.10% respectively. The low organic matter content, 2.00% could be due to the effect of soil erosion, leaching and bush burning predominant in the study area.  At 40 kgP/ha of phosphorus rate, the highest significant stem girth (1.4 cm) was found in white cowpea, while the lowest significant stem girth (0.6 cm) was found in African Yam Bean. It was concluded that African yam beans showed excellent vegetative growth but have a longer duration of maturity. Triple super phosphate application at 40kgP/ha recorded the best yield in white cowpea.

Keywords: African Yam Bean, Cowpea, phosphorus, soil performance, yield 


INTRODUCTION
Phosphorus is important for cowpea and African yam beans production and is inherently low in many tropical soils. The deficiency can be so acute in some soils that plant growth ceases as soon as the phosphorus stored in the seed is exhausted (Mokwunye et al., 1986). It plays key roles in many plant processes such as energy metabolism, nitrogen fixation, synthesis of nucleic acid and membranes, photosynthesis, respiration and enzyme regulation. 
Cowpea (Vigna unguiculata) from the genus Vigna is one of the most important legumes crops grown extensively in all continents of the world except Antarctica. Cowpea originated in Africa (Egho, 2012).  It is common in central and West Africa, particularly in Cameroon, Cote d’ Ivoire, Ghana, Nigeria, Togo, Gabon, Democratic Republic of Congo, thiopia and part of east Africa. Cowpea originated in Africa (Egho and Enujeke, 2012.
     Cowpea is an annual vigorous climbing herbaceous legume with vine whose height can reach 1.5 – 3 m or more (Adewale & Dumet, 2011). The main vine/stem produces many branches which also twine strongly on available stakes, cowpea flowers profusely in 100 – 150 days, producing brightly-colored flowers which may be pink, purple or greenish, white, which matured into lightly woody pods containing about 20 – 30 seed. The flowers seems to exhibit self – pollution: up to six pods/peduncle result after fertilization with usually linear and long pod which turn brown when matured (Gomez, 2004). The pods which are sometimes flat or raised in a ridge-like from of both margins are usually prone to shattering: they dehisce along the dorsal and ventral sutures when dry. The seeds are sometimes round, oval, oblong or rhomboid with different colors and size (Adewale, 2010).       
Cowpea is tolerance in sandy soil where root growth are not restricted and low rainfall it is an important crop in the semi-arid regions across Africa and other countries (DAFF, 2011).  The crop requires well-drained soils with a pH of 5.6-6.0, but can still produce reasonable yield in waterlogged and heavy soils (Smith, 2006). It requires very few inputs, as the plant root nodules are able to fix atmospheric nitrogen, making it a valuable crop for resource - poor farmers and well-suited to intercropping with other crops. The whole plant is used as forage for animals with its use as cattle feed likely responsible for its name (Singh et al., 2003). 
African yam bean (Sphenostylis stenocarpa) belong to the fabaceae family and by its name is indigenous to tropical African (Akyaw et al., 2014) evolved the generic name unguiculata as the botanical genus to describe a group of distinctive leguminous taxon formerly grouped within the Dolichos and Vigna genera (Adewale & Odoh, 2012). It has a climbing or prostrate vines.  The vine produces linear pods, 20 – 30 seeds are borne. The seeds are usually brown, cream, orange-brown or mottled and ovoid in shape. The yam beans are usually inter planted with yams and other vegetables in the traditional village farm settings. According to Ezueh (1984), flowering occurs 80-120 days after planting seeds maturity after 150-300 days. Seed yield is very poor in Nigeria, about 300-500kg/ha (Ezueh 1984), although much higher estimates of yield (2000-3000kg/ha) have being reported for fertile soils (Akata et al., 2025a). However, it is not well known as a food source outside Africa and is grown as an ornamental plant in Europe and elsewhere.
African yam bean (Sphenostylis stenocarpa) is native to tropical west and central. Africa and is cultivated in southern and eastern Africa. It thrives on deep, loose sandy and loamy soils with good organic content and good drainage (Akata et al., 2024a; Essien et al., 2024b). It grows better in regions where annual rainfall ranges between 800 and 1400 mm, and where temperatures are comprised between 19 and 270C. Application of phosphorus has been reported by several authors to improve yield of cowpea and African yam beans, about 70-90% are adsorbed and become locked in various soil phosphorus compounds of low solubility without giving any immediate consideration to crop production (Holford, 1997; Akata et al., 2025b). Attempts to improve cowpea and African yam bean production are inadequate. Therefore understanding and manipulation of these crops to achieved compatible management of agronomic/cultural practices such as mineral, particularly phosphorus fertilizer management strategies are necessary.  
MATERIALS AND METHODS
Description of Experimental Site
The study was conducted at the Akwa Ibom State University teaching and research farm located at Obio Akpa Campus in Oruk Anam Local Government Area. The farm lies between latitude 4030I and 5030I N and longitude 7030I and 8000IE of the Greenwich meridian (SLUS-AK, 1989). The latitude is 38.1 m above the sea level. The area is in humid tropical region, characterized by two seasons (rain and dry seasons).  The dry season spans from November to March, while the rainy season begins from April to October with short dry spell in August. The mean annual rainfall in the study area was 2000 mm with bimodal pattern which peaks in June and October (SLUS-AK, 1989). The area has an average temperature of about 240C to 300C with relative humidity ranging from 75% to 80% (SLUS-AK, 1989).
Site Selection
The site selection was a flat land of 20m X 17m for the cultivation of cowpea.
 Layout and Experimental Design
The bed measured 4 m in length and 1.8 m in width was raised. Spacing between plots was 1 m and plant spacing was 40 cm × 60 cm. The experimental area was hoe-weeded regularly before maturity to enable the plants developed under non limiting conditions. Insect pests were controlled with Cypermetrine applied at 20 ml in 15 liters of water using knapsack. The experiment was laid down in a completely randomized design (CRD) in 3 replicates. The plots measures 21 m in length and 17 m in width having a total of 38 m × 38 m being 76 m.
 Treatment; Phosphorus was applied at the rate of 0kg, 45kg, 65kg, and 85kg P/ha.
 Data Collection; the following growth and yield parameters were collected.
 Plant height were measured and taken randomly from the two varieties of beans every forth night using rope and a meter rule. Stem Girth; Six plants in each plot were measured to determine the average diameter using a thread and a meter rule. The leaf area was measured using the factor of 0.05 (Agbogidi, 2010). Numbers of Branches; this was done by counting the number of branches in the tagged plants at two weeks after planting. Number of Flowers was done by counting all the flowers in the tagged plants.   Number of Pods; this was done by counting the number of pods in the tagged plants. Number of Leaves; this was done by counting all the leaves in the tagged plants at two weeks after planting.
 Soil Sample Collected
 Soil sample was collected at 0 – 15 cm from 20 points before and after planting to make a composite sample using soil auger. The samples were air dried and sieved through a 2mm sieve for laboratory analysis.
 Laboratory Analysis
Soil pH was determined using glass electrode pH meter as described by Udo et al. (2009) in 1:2.5 soils to water ratio. Organic carbon was determined with the used of wet oxidation method (Udo et al., 2009). Total nitrogen was obtained by macro-Kjeldhal digestion method as described by Udo et al. (2009). Available phosphorus was determined by extraction using Bray P-1 method Murphy et al. (1962). Exchangeable bases: (Ca, Mg, and K) was extracted with IM NH4OAc (Thomas, 1982). Calcium and Magnesium was used to determine by EDTA titration, while the flame photometer was used to determine potassium. Exchangeable Acidity: This was determined using 2.40 by extractions with INKCL solution. The total acidity from the exchangeable hydrogen and aluminum was determined by titration as described by IITA (1979). Effective cation exchangeable capacity (ECEC) was obtained by summation of Ca, Mg, Na, K and exchangeable acidity.                                                                                                                                                                        Base saturation (BS): This was calculated as follows

Where
BS = Base Saturation
ECEC = Effective Cation Exchange Capacity
  Statistical Analysis
  Soil and data collected were subjected to analysis of variance (ANOVA) at p=0.05%.
RESULTS AND DISCUSSION
 Physico-Chemical Properties of the Soil in the study Area
 Particle size analysis results showed that soils in the study area was predominantly sand, before planting, sand was 90.70%, while silt and clay percentages were 3.20% and 6.10% respectively. After planting with a percentage of and 89.80%, the silt and clay percentage were 3.60% and 6.60% respectively. The high percentage of sand particles in line with Simeon and Essien (2023); Ogban et al., (2022); Essien et al., (2023), encourages rapid leaching of nutrient from the soil beyond the rooting zones of crop and erosion, leading to loss of nutrients and organic matter content of the soil (Essien et al., 2024a; Essien et al., 2024b). Soil pH the of study area was slightly acidic (Akpan et al., 2023; Sam et al., 2025; Akata et al., 2024a), before planting and after planting with the pH of 5.40 and 5.30 respectively, this might be due to the high rainfall experienced in the study area which could leach out basic cation from the surface area of the soil (Nyong and Bassey 2019; Ibanga et al., 2025).
 Organic matter content of study area was low before and after planting in line with Akpan et al. (2021); Akpan et al. (2024). According to Micheni et al., 2004, the soil organic matter plays an important role in maintaining physical, chemical and biological properties of the soil and in turns increase crop productivity and yield. The low organic matter content 2.00% could be due to the effect of soil erosion (Ben et al., 2024), leaching and bush burning predominant in study area. Available phosphorus in the study area before and after planting were 32.63 and 23.44 respectively.  Exchangeable Cation values before planting (Ca, Mg, Na and K) were 11.09, 4.98, 0.07, 0.10, while after planting were 12.10, 5.08, 0.06, and 0.11 respectively.  Calcium before and after planting 11.09, 12.10 were high, Magnesium before and after planting 4.98 and 5.08 were high, Sodium before and after planting 0.07 and 0.06 were very low and Potassium before and after planting 0.10 and 0.11 were also very low.
Base saturation before planting was 88.89% and after planting was 90.28% respectively.
Table 1: Physiochemical properties of soil used in for the cultivation of cowpea
	PARAMETERS
	UNITS
	BEFORE
	AFTER

	Sand                                       
Silt
Clay
pH
Electrical conductivity
Organic matter
Total nitrogen
Available phosphorus
Exchangeable Bases
Calcium
Magnesium
Sodium
Potassium
Exchange acidity
Effective cations exchange capacity
Base Saturation 
Texture class
	%
%
%

ds/m
%
%
mg/kg
Cmol/kg
Cmol/kg
Cmol/kg
Cmol/kg
Cmol/kg
Cmol/kg
Cmol/kg
%
	90.70
3.20
6.10
5.40
0.060
2.00
0.05
32.63

11.09
4.98
0.07
0.10
2.00
18.25
88.89
Sandy.
	89.80
3.60
6.60
5.30
0.050
2.04
0.051
23.44

12.10
5.08
0.06
0.11
1.86
19.13
90.28
Sandy.



Effect of phosphorus rate on plant height

Fig.1. Effect of phosphorus rate on plant height
Effect of phosphorus rate on plant height
Plant height of different bean cultivars’ varied significantly at different phosphorus rates at (P<0.05). African Yam Means recorded the highest plant height of 86.9cm at 60kg/ha and the lowest plant height of 82.2cm at 80kg P/ha. And White Cowpea increases to its maximum height of 51.7cm and also recorded the lowest height of 45.6cm. African Yam Beans is significantly higher than White Cowpea. According to Shiringani and Shmeless, (2011) African Yam Beans does well in semi-arid of the tropics where other food legumes do not perform well, the different cowpea height is varietal dependent as certain varieties are taller than others.
Effect of phosphorus rate on leaf area.

Fig.2. Effect of phosphorus rate on leaf area.		
Effect of phosphorus rate on leaf area.
Leaf area of different bean cultivators varied significantly at different phosphorus rate. White cowpea recorded the highest height of 43.1cm at 40kgP/ha and also recorded the lowest height of 23.5cm at 60kgP/ha. African yam bean recorded the highest height of 20.4cm at 80kgP/ha and also recorded the lowest height of 18cm at 60kgP/ha. Therefore white cowpea has the highest leaf area than African yam bean.
Effect of phosphorus rate on numbers of branches

Fig.3. Effect of phosphorus rate on numbers of branches
Effect of phosphorus rate on numbers of branches
Number of branches of different bean cultivators varied significantly at different phosphorus rate. African Yam Beans recorded the highest number of branches as 3.2 at 80kgP/ha and recorded the lowest number of branches as 2.8 at 40kgP/ha. White Cowpea recorded the highest number of branches as 3.3 at 80kgP/ha and recorded the lowest number of branches as 3.0 at 60kgP/ha. White Cowpea has the highest number of branches than African Yam Bean.
Result showed by Ali et al., (2009) proved that significant differences in number of tranches per plant was as a result of varietal differences in beans. Addo – Quaye et al., (2011) also reported that cowpea plant with high moisture contents produced more branches than those with deficient moisture.
Effect of phosphorus rate on number of leaves.

Fig. 4. Effect of phosphorus rate on number of leaves.
Effect of phosphorus rate on number of leaves.
Number of leaves of different bean cultivars varied significantly at different phosphorus rate. At 0kgP/ha of phosphorus rate, there was a significant (p < 0.05) changes in the number of leaves (1.5 cm) which was found in white cowpea while African Yam Bean showed the significantly lowest number of leaves of (0.6 cm).  At 40 kgP/ha of phosphorus rate, the highest significantly number of leaves (1.4 cm) was found in White cowpea while African Yam Bean showed the significantly lowest number of leaves  of (0.6 cm). At 60 kP/ha of phosphorus rate, White cowpea showed the highest number of leaves (1.4 cm)  while African Yam Bean recorded the lowest number of leaves (0.6 cm). At 80 kgP/ha of phosphorus rate, the highest significant number of leaves (1.7 cm) was found in White cowpea while African Yam Bean showed the significantly lowest number of leaves of (0.5 cm).







Effect of phosphorus rate on stem girth.

Fig.5.Effect of phosphorus rate on stem girth 
Effect of phosphorus rate on stem girth. 
Stem girth of different beans cultivars varied significantly at different phosphorus rate. Stem girth varied considerable (p < 0.05) among the bean cultivars at 0 kgP/ha of phosphorus rate. At 0 kgP/ha of phosphorus rate, the highest significant stem girth (1.5 cm) was found in white cowpea while the significantly lowest stem girth of (0.6 cm) was found in African Yam Bean. At 40 kgP/ha of phosphorus rate, the highest significant stem girth (1.4 cm) was found in white cowpea while the significant lowest stem girth of (0.6 cm) was found in African Yam Bean. At 60 kgP/ha of phosphorus rate, the highest significant stem girth (1.4 cm) was found in white cowpea and the significantly lowest stem girth of (0.06 cm) was found in African Yam Bean. At 80kgP/ha of phosphorus rate, the highest significant stem girth (1.7cm) was found in white cowpea and the significantly lowest stem girth of (0.6 cm) was found in African Yam Bean
Effect of phosphorus rate on number of flowers

Fig. 6. Effect of phosphorus rate on number of flowers
Effect of phosphorus rate on number of flowers
Numbers of flowers of different cultivars varied significant at different phosphorus rate. At 0 kgP/ha of phosphorus rate, the highest significant number of flowers (1.3) was found in white cowpea while African Yam Bean showed the significantly lowest number of flowers (0). At 40 kgP/ha and 60 kgP/ha phosphorus rate, the highest significant number of flowers  (0.8 cm) was found in white cowpea while African Yam Bean showed the significant lowest number of flowers (0). At 80 kgP/ha of phosphorus rate, the highest significant number of flowers (0.8 cm) was found in white cowpea while African Yam Bean showed the significantly lowest number of flowers (0.1 cm) the decrease in the number of flowers was a result of flowers turning into pods in white cowpea while there was no flower in African Yam Bean because of the climate condition which occur as a result of late planting.
Effect of phosphorus rate on number of pods

Fig.7. Effect of phosphorus rate on number of pods.
Effect of phosphorus rate on number of pods
Number of pods different bean cultivars varied significantly at different phosphorus rate. At 0 kgP/ha the  highest significant number of pods (3.4 cm) was found in white cowpea while African Yam Bean recorded (0) which showed the significantly lowest number of pods. At 40 kgP/ha phosphorus rate, the significant number of pods (2.5 cm) was found in white cowpea and (0) in African Yam Bean. At 60 kgP/ha of phosphorus rate, the highest significant number of pods (2 cm) was found in white cowpea and (0) in African Yam Bean. At 80 kgP/ha of phosphorus rate, the highest significant number of pods (2.4 cm) was found in white cowpea and (0) in African Yam Bean.
Effect of phosphorus rate on the yield of white cowpea

Fig.8. Effect of phosphorus rate on the yield of white cowpea
Effect of phosphorus rate on the yield of white cowpea
Firstly, total weight shows the highest mean weight of pods (100.00 g). Seed weight recorded (52.00 g) of weight while the husk recorded the lowest weight (25.00 g) at 0kgP/ha (control). At 40 kgP/ha of phosphorus rate after planting, the total weight recorded the highest weight of pod (250.00 g), seed weight recorded (150.00 g) while the husk recorded (52.00 g) as the lowest weight. At 60 kgP/ha of phosphorus rate after planting the total weight recorded the highest weight of pod (130.00 g), seed weight recorded (100.00g) while the husk recorded (30.00  g) as the lowest weight. At 80 kgP/ha of phosphorus rate after planting, the total weight recorded as the highest weight of pod (100.00 g), seed weight recorded (80.00g) while the husk recorded (20.00 g) as the lowest weight. In conclusion, in the four (4) phosphorus rate (0, 40, 60, and 80 kgP/ha), 40 kgP/ha gives the highest weight of pod, seed and husk.
SUMMARY AND CONCLUSION
This study was carried out to assess the effect of phosphorus on soil properties and yield of different varieties of bean in Obio Akpa, Oruk Anam L.G.A. in Akwa Ibom State. Result showed that the experimental soil were fairly fertile as some soil properties (such as; soil pH, electrical conductivity, total nitrogen, sodium, exchangeable acidity, effective cations exchange capacity (ECEC), and percentage base saturation were within the recommended standards for crop production while others (such as; available phosphorus, exchangeable potassium, magnesium) were low. African yam beans showed excellent vegetative growth but have longer duration of maturity. Triple super phosphate application at 40kgP/ha recorded the best yield in white cowpea.
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Weight (g)




AYB	0	40	60	80	85	82	85	80	WCP	0	40	60	80	58	50	43	50	Phosphorus rates (kg/ha)


Numbers of flowers




AYB	0	40	60	80	24	26	22	23	WCP	0	40	60	80	20	20	17	22	Phosphorus rates (kg/ha)


Leaf area (cm2)




AYB	0	40	60	80	3	2.9	2.9	2.7	WCP	0	40	60	80	2.5	2.6	2.4	3.5	Phosphorus rates (kg/ha)


Leaf area (cm2)







