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ABSTRACT
One of the limiting factors in soybean production is low native soil phosphorus (P) availability and poor utilization efficiency of added P. Phosphorus fertilization could increase soybean yields. The study determined the effect of P fertilization on soil organic carbon (SOC) and available P contents, and yield attributes of soybean. The treatments were five P rates; 0, 15, 30, 45, and 60 kg ha-1.The experimental design was a randomized complete block design with three replicates. Soil of the study site was dominated by sand with slightly acidic reaction. Soil organic carbon was low, while available P was moderate. Soil organic carbon and available phosphorus were significantly reduced by P fertilization by as much as 50 % and 70 % respectively. There was response to P fertilization by soybean. Biomass yield was enhanced by application of single super phosphate fertilizer. The highest grain yield and haulm yield of 857 kg ha-1 and 1436 kg ha-1 were obtained from soybean fertilized with 45 kg P ha-1. Application of 45 kg P ha-1 increased the grain yield and haulm yield by more than 58 % and 100 % respectively compared to the control.
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INRODUCTION
Soybean is an annual food legume and important for food, feed, oil, milk production and cash generation (FAO, 2005; Udeh, Ogbanje and Ayopo, 2018; Pagano and Miransari, 2022). It is one of the major industrial and food crops that can be cultivated in several continents (Omoigui et al., 2020) but more suitable in tropical, subtropical and temperate climates (Wilson, 2015). The crop can be successfully grown in many States in Nigeria (Ugbabe et al., 2017). Its nutritive, economic importance and diverse domestic uses has facilitated its expansion (Omoigui et al., 2020). Moreover, the high demand for soybean products has been attributed to the presence of its inherent food supplements and the subsequent rising utilization (Siamabele, 2021). According to Udeh et al. (2018), soybean provides a cheaper and high protein-rich alternative to animal protein, noting that animal protein is becoming unaffordable to average Nigerians.
Phosphorus is one of the essential macro nutrients required by plants for proper growth and development. It is an integral part of a membrane, the chloroplast and mitochondria of a cell. It is the most commonly deficient nutrient element in tropical soils (Vladimir, 2010). One of the vital functions of P is regulating various enzymatic activities (Mitran et al., 2018) and is required for energy intensive processes in root nodule (Liu et al., 2018) and improved N-fixation (Van de Wiel et al., 2016). Phosphorus uptake has proven to improve plant biomass and increase P utilization efficiency (Abbasi et al., 2010). A report by Sharma et al. (2011) shows an average increase of 10 % on P uptake after application of 30 kg ha-1 P to different cultivars. A number of studies reported increasing soybean yield following mineral fertilizer additions. Mangaraj et al. (2017) observed a significantly high soybean yield of about 3217 kg ha-1 following N/P fertilizer application at a ratio of 0.70 (18 kg N, 46 kg P2O5 + 7 kg N ha-1 foliar). This same treatment also recorded a significant increase of yield attributes such as number of filled pods (44.73), total number of pods (47.57), 100-seed mass (15.40 g) and plant grain mass (18.31 g). 
Despite the numerous benefits of the crop, soybean grain yield per unit area in Nigeria is low, estimated at 970 kg ha-1 compared to the worldwide average yield of 2791 kg ha-1(FAOSTAT 2018). There has been little recommendation as to the exact rate of P application that will give higher yield in soybean especially in minna. Information about the response of soybean crop to phosphorus fertilizer rates is lacking. Many studies have been conducted on the effect of P fertilizer on yields but only few ones have studied the effect of different rates on soil properties and soybean yields. Therefore, the objective of this study was to determine the effects of different rates of P fertilization on soil organic carbon, available P and yield of soybean in the southern guinea savanna of Nigeria.
MATERIALS AND METHODS 

Study Site
The study was conducted at the Teaching and Research Farm of the Federal University of Technology Minna during 2023 cropping season. The site is located on Latitude 9° 31’54.06” N; Longitude 6°27’20.5” E, 234 m above sea level in the southern Guinea savanna of Nigeria. The climate of Minna is sub-humid and the rainfall pattern is monomodal, with the raining season starting in March and ending in October. The monthly rainfall during the period of the study is shown in Fig. 1. The physical features around Minna consist of gently undulating high plains developed on basement complex rocks made up of granite, migmatites, gneisses and schists (Ojanuga, 2006). The soil of the site was classified as a Typic Plinthustalf (Lawal et al., 2012). Prior to the study over the years, the field has been cultivated with maize and little or no fertilizer application.
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Fig 1: Monthly rainfall distribution in Minna, during the period of the study

Treatments and experimental design

The treatments were Phosphorus (P) at five rates, 0, 15, 35, 45 and 60 kg P ha-1. The experimental design was Randomized Complete Block Design (RCBD) with three replications to give a total of 15 plots. The gross plot size was 6 m by 7 m and the net plot size was 5 m by 6 m (30 m2) with an alley of 1 m. 

Agronomic practices                                                                                                  
Field was manually cleared and ridged 75 cm apart. The soybean variety used TGX 1904-6F was sown (2 plants per stand) at 10 cm within the ridge. Thinning was done to one plant per stand at 3 weeks after sowing (WAS). All plots received basal application of 20 kg N ha-1 as urea and 30 kg K ha-1 as muriate of potash at 3 WAS. The P was applied as single superphosphate to required plots at 3 WAS. Fertilizers were applied by side banding, 5 cm away from the seedlings and about 5 cm deep. All plots were hoe-weeded at 3 and 6 WAS. 
Soil Sampling and Analysis
Surface soil (0-15 cm) samples were collected from eight points along three diagonal transects. The samples from each transect were bulked together to give three composite samples, which was used to characterize the field before land preparation. The soil samples collected were air-dried, crushed gently, passed through 2-mm sieve and taken to the laboratory for routine analysis. At physiological maturity, soil samples were collected from each plot from three transects, from furrow and between two plant stands, bulked together to give one composite sample per plot and available soil P and organic carbon were determined.

 Soil analysis were carried out according to the methods described by ISRIC/FAO (2002) as follows; Particle size distribution was determined by the Bouyoucos hydrometer method. Soil reaction was determined potentiometrically in 1:2.5 soil to water and CaCl2 suspension with the glass electrode pH meter. Organic carbon was determined by the Walkley and Black wet oxidation method. Total N was determined by the Kjeldahl digestion method. Available phosphorus was extracted by the Bray No. 1 method and the P concentration in the extract was determined colorimetrically using spectrophotometer. Exchageable bases were determined by extraction with 1N NH4OAC. Potassium and Na in the extract were determined with a flame photometer, while calcium and magnesium were determined using an atomic absorption spectrophotometer. The Exchangeable Cation Exchange Capacity was determined by summing the exchangeable bases and the exchangeable acidity.

Soybean grain yield analysis was carried out by harvesting five soybean plants from each plot. These plants were sun dried for 2 weeks, threshed, winnowed and weighed. 
STATISTICAL ANALYSIS 

The General Linear Model Procedure of Statistical Analysis System software (SAS, 2015) was used for statistical analysis including analysis of variance(ANOVA)  and means were separated where significant using Students Newman Kuels Test at 5 % level of probability, unless otherwise stated.
RESULTS AND DISCUSSION                                                                                                                          Initial soil characteristics 

The result of the initial soil characteristics of the study area is presented in Table 1. Sand was the dominant fine earth fraction in the soil with a value of 679 g kg-1. This confers on the soil a sandy loam texture. The coarse nature of the soil indicates low water holding capacity and availability, making the soil susceptible to drought stress during even short rainless period. The sandy nature of the soil allows for tillage of the soil, even at high moisture content, with less damage to the structure of the soil. The soil has a slightly acidic reaction, implying that nearly all plant nutrients are available in optimum amount. The pH range 6.0 to 7.0 is the most suitable for the release of many plant nutrients for uptake and optimum growth and development of most plants (Tan, 2000). 
The soil organic carbon (SOC) and nitrogen (N) were low, while phosphorus (P) was moderate in the soil (Chude et al., 2011). The low content of SOC implies low reserve of soil organic matter which is responsible for low N in the soil. The typically insufficient rates of organic inputs such as manure or crop residues applied to croplands due to low crop productivity and livestock density and alternative use of crop biomass for energy and construction are also partly responsible for the low content of organic matter in tropical soils (Koatterer et al., 2011). The relatively low N compared to organic carbon will lead to stabilization of N in the soil and minimize it via nitrification coupled to nitrate leaching and denitrification due to high microbial N use efficiency (Zhang et al., 2019). Microbial N use efficiency reflects the capacity of organic N retention in microbial biomass. It has been demonstrated that under N limitation and relatively high amount of organic carbon in the soil, most acquired organic N is allocated to growth and microbial N use efficiency and immobilization (Zhang et al., 2019). 
Available Phosphorus content was moderate implying that the soil might not need application of phosphorus fertilizer in the short run for optimum yield of soybean. The exchangeable cationic plant nutrients; Ca2+ and K+ were low while Mg2+ was rated moderate (Chude et al., 2011). The low content of these cationic nutrients is a reflection of the low organic matter content of the soil. In tropical soils, organic matter is the main source of negative charges that these nutrients are adsorbed to which prevents them from being leached down the soil profile beyond the root zone. The sandy texture will permit rapid leaching of these nutrients (Brady and Weil, 2010). The exchangeable acidity was 0.53 cmol kg-1 and was rated low. The soil is thus low in potential acidity, will not contribute to the active acidity, may not constitute toxicity to crops or have an adverse effect on root development. High amount of aluminium is toxic to roots and cause swelling of the roots thereby impeding their ability to absorb water and nutrients from the soil (Brady and Weil, 2010). The effective cation exchange capacity of the soil was generally low and contains low amounts of exchangeable cations this means low fertility status of the soil (Kamara et al., 2008 and Ikeogu et al., 2013).

Table 1 Means of initial soil properties prior to land preparation in 2023.



Parameter                                                                                                   Value



Sand (g kg-1)                                                                                                 679

Silt (g kg-1)                                                                                                    166

Clay (g kg-1)                                                                                                  155

Textural class                                                                                             Sandy loam

pH (H2O)                                                                                                        6.7
Organic Carbon (g kg-1)                                                                                 4.6 

Total Nitrogen (g kg-1)                                                                                   0.2 

Available Phosphorus (mg kg-1)                                                                     15.4 

Exchangeable Bases (cmol kg-1)                                                                    

Ca2+                                                                                                                 3.7 

Mg2+                                                                                                                1.7 

K+                                                                                                                    0.24 

Na+                                                                                                                  0.45 

Exchangeable Acidity (cmol kg-1)                                                                  0.5 

Effective Cation Exchange Capacity (cmol kg-1)                                           6.62



Effect of phosphorus fertilizer on soil organic carbon and available phosphorus.

The SOC and available P were significantly reduced by P fertilization (Table 2). The SOC was reduced by as much as 50 %, while available P was reduced by as much as 70 %. Decreased SOC may be due to rapid mineralization and low production of crop residues due to poor growth of the soybean. Decreased available P may be due to high P fixation capacity due to high amount of Al and Fe of the soils of the savanna agroecolgical zone. Large amount of phosphorus applied as fertilizer enters into the immobile pools through precipitation reaction with highly reactive Aluminium (Al3+) and Iron (Fe3+) in acidic, and calcium (Ca2+) in calcareous or normal soils  (Gyaneshwar et al., 2002: Hao et al., 2002). However, many workers on the contrary reported a progressive increase of available P due to P fertilization (Aniekwe et al., 2014; Olander et al., 2000; Yin et al., 2016). 
Table 2. Effect of phosphorus on soil organic carbon and soil available phosphorus
Treatments    Soil organic carbon (g kg-1)                    Soil available phosphorus (mg kg-1) 

                     Initial       Value at          percentage             Initial        Value at         percentage
                 value     physiological      change                   value      physiological       change
                                maturity                                                              maturity  
               4.60(0.05)                                                    15 (0.05)

Soybean                   2.3 (0.57)*          -50                                           4 (7.52)*               -73

Standard error of means in parenthesis  

(*)T-test between treatment and initial value indicates significant difference at P < 0.001

Effect of phosphorus fertilization on yield and yield component 

Haulm yield was significantly increased by phosphorus fertilization (Table 3). Treatment with 45 kg P ha-1 produced the highest haulm yield of 1436 kg ha-1 and the lowest haulm yield of 711 kg ha-1 was produced from the control. Application of 45 kg P ha-1 resulted to more than 100 % higher haulm yield than control. The heaviest haulm yield produced by 45 kg P treatment could be attributed to the ability of the plants to produce tall plants, high number of branches, and high number of pods per plant. Number of branches and plant height are major determinant of haulm yield. Studies conducted by Abbasi et al. (2010) had showed that P uptake improved plant biomass and increase P utilization efficiency. Similarly, Devi et al. (2012) reported significant differences in biomass yield when varied the levels of Phosphorus. Chiezey and Odunze (2009) reported significant increases in biomass yield after varying the levels of P.  Mabapa et al. (2010) observed increase in above ground biomass after applying 60 kg ha-1 P2O5.
Phosphorus fertilization had a significant effect on grain yield. Treatment with 45 kg P ha-1 produced the highest grain yield of 857 kg ha-1 and lowest grain yield of 541 kg ha-1 was recorded from the control. Application of P fertilizer increased the grain yield significantly over the control. The treatment with 45 kg P ha-1 produced 58 % grain yield more than the control. The findings are in agreement with Abbasi et al. (2012), who reported yield increases of up to 53% with increased P application. Aulakh et al. (2003) observed increasing seed yield following P rates of up to 80 kg ha-1. However, yield at 80 kg ha-1 P was statistically similar to 100 kg ha-1 P on irrigated soybean. This is because P fertilizer improves yields and better grain quality (Mabapa et al., 2010; Malik et al., 2006). The significant effect of P on grain yield observed is similar to what has been obtained by other worker (Chiezy et al., 2001; Anzaku and Anzaku, 2002; Alpha et al., 2006) and they all attributed the result to the importance of P fertilizer application to soybean. Supplementing legumes with nutrient, especially P has great potential for increasing yields, as it not only promotes plant growth but also enhances symbiotic establishment for increased N2 fixation (Gangasuresh et al., 2010).

Table 3.  Effect of phosphorus fertilization on yield and yield component.


           Treatments                Haulm Yield (kg ha-1)       Grain yield (kg ha-1)



           0 kg P ha-1                            711b                                   541b             

          15 kg P ha-1                         1136ab                                 630b

          30 kg P ha-1                         1055ab                                670b

           45 kg P ha-1                         1436a                                  857a

           60 kg P ha-1                         990ab                                 708ab

          SE+                                      145.0                                   50.4



Means followed by same letter are not significantly different at P < 0.05
CONCLUSION AND RECOMMENDATION
The findings of this study indicate that application of 45 kg P ha-1 increased the grain yield by more than 58 % and the haulm yield by more than 100 % compared to the control. Fertilizer recommendation for the area can be modified to include P application in the form of single super phosphate at rate of 45 kg ha-1 for economic and profitable yields.
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