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ABSTRACT 

The research “Analysis of constraints for the optimization of nutrient use in soybean production 

in smallholder agriculture in northern Ghana” with the objectives to know the effects of the 

various fertilizer combinations on soybean yield; the optimum fertilizer requirement needed for 

optimum yield; and the most economic fertilizer combinations required for cost effective 

soybean production considering the application rates and the prices of the fertilizers was 

conducted in Chereponi in the north-eastern Ghana between June and November, 2015. The 

experimental location falls in the Guinea Savanna Agro-ecological Zone of Ghana, characterized 

by a uni-modal rainfall pattern of about1100mm per anum (between June and mid-November) 

and a mean temperature of 27°C. The soils in most of the area are Plinthosols and Regosols- 

deficient in phosphorus. The experiment was laid in a multi-locational Randomised Complete 

Block Design with five replications in Nansoni, four in Ando and five in Chere communities. 

There were ten treatments, involving the various fertilizers in the market in northern Ghana and 

the farmers’ field being the control. Analysis of data of the various parameters under studies 

where done separately in each in experimental site in each community, considering no 

interaction effects. The SAS 9.4 was use to run the ANOVA with an LSD of (p<0.05). In 

Nansoni, highest grain yield and aboveground biomass were recorded for the KNO3 and TSP 

treatment. In Ando, treatments A (KNO3 and TSP) and TSP with Inoculant recorded the highest 

for the grain yield and aboveground biomass respectively while treatment with NPK was the 

highest in grain yield in Chere and treatment with TSP, Yara legume and Inoculant being the 

highest for the aboveground biomass. Number of pods per plant, nodulation assessment score 

and TGW were all high in treatments with phosphorus in the combination while urea treatments 

were among the least for the various parameters in all communities just as the no fertilizer 

treatment. A regression was further done with Microsoft Excel to ascertain the response of 

phosphorus on grain yield and the aboveground biomass separately in experimental sites for all 

locations. It was found out that it was also economical to use TSP as a phosphorus source than 

the NPK are the former contain higher percentage of phosphorus per kilogram compared to the 

latter. 

Keywords: Fertilizer application, Soybean (Glycine max L. Merrill), grain yield, aboveground 

biomass, Ghana. 
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1. INTRODUCTION 

 

Soybean (Glycine max L. Merrill) is the world’s most important seed legume, among the major 

industrial and food crops grown in every continent (Agarwal et al., 2013; Dugje et al., 2009). It 

is also known to be a prime source of vegetable oil in the international market, having an average 

protein content of 40 percent. It is more protein-rich than any of the common vegetable or animal 

food sources (Dugje et al., 2009). 

 

The cultivation and use of soybean could be traced back to the beginning of China’s agricultural 

age where it was used as food for human consumption (Krishnamurthy and Shivashankar, 1975). 

Adaptability of soybean and its predominant use as a food crop for human nutrition, source of 

protein for animals, medicinal plant and lately as an industrial crop are the factors owing to the 

spread of the crop from its land of origin (Yusuf and Idowu, 2001). 

Though soybean is known to have been introduced into Tropical Africa in the 19
th

 century, 

attention to the cultivation of the crop began in the 1970s in Africa (Brink and Belay, 2006; 

Jahaveri and Baudoin, 2001). The crop was nonetheless, recently introduced in Ghana (Akramov 

and Malek, 2012). 

 

The global yield of the crop stands at 2.25t per ha while the potential yield in West Africa is 

estimated at 3t per ha (Brink and Belay, 2006). An achievable average yield in Ghana is 

predicted to be within 1.8t and 2.3t per ha (MoFA, 2013b). This shows a shortfall, hence the 

need to increase productivity of soybean in Ghana.  

 

In Ghana, soybean is predominantly grown in the Sudan and Guinea Savanna Ecological Zone, 

comprising Northern, Upper-east, Upper-west and some northern portions of Volta region with 

the smallholder farmers taking the greatest share in its cultivation (Akramov and Malek, 2012). 

According to ICRA (2010), there has been an increase in the farmers in soybean cultivation to 

about 100 percent between 2007 and 2009 in North-eastern Ghana. This could be attributed to 

some extent, the knowledge made available to the farmer in soybean production. This therefore 

make the cultivation of soybean profitable (ICRA, 2010). 
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Smallholder farming systems in Sub-Saharan Africa (SSA) are constrained by low crop 

productivity. An increase in agricultural productivity in this region has gained widespread 

attention in economic development projects as a measure of alleviating poverty (Chianu et al., 

2009). In Ghana, a greater proportion of these smallholder farmers is rural poor and depends on 

rain-fed conditions for their production. These farmers constitute between 90 and 95 percent of 

farmers (Asuming-Brempong et al., 2004; SRID 2006a), and contribute about 80 percent of total 

agricultural production which is characterized by very low productivity and low farmer income 

(Government of Ghana 2003: 69; MoFA, 2010).  The smallholder farmers in this part of Ghana 

hardly practice irrigation farming and their over dependency on rain for farming coupled with the 

marginal soil fertility contribute largely to the poverty and food insecurity in the area (Braimoh 

and Vlek, 2006). 

 

The Northern, Upper East and Upper West Regions of Ghana cultivate over 40 percent of total 

agricultural land of the country and it is considered as the breadbasket of the country (MoFA, 

2010).  In spite of the large share of the agricultural land, this part of the country is known to be 

poor and food in-secured. Though the country had shown a continuous agricultural growth of 

over 3 percent between 1990 and 2004, the per capital income of the Northern Ghana is about 

$200 per annum, which is less than 50 per cent of Ghana’s per capita income of approximately 

$600 per annum (The World Bank, 2007; GSS, 2008). The increase in population growth rate in 

Northern Region (2.9 percent per annum) has decreased the unit available land for cultivation 

hence the need to increase productivity of land in order to make the region food-secured (GSS, 

2012). 

 

Good agricultural practices and techniques are pre-requisite tools needed, and in situation of 

inadequate inputs, efficient use of these tools is very important to achieve higher yields in 

soybean (Singh et al., 2010). There exist a unimodal rainfall condition in northern Ghana making 

water available for rain-fed cultivation between June and October each year (Climate-data.org, 

2015). 

For soybean production, two periods are known to be critical for enough water:  between sowing 

and emergence and from pod formation to seed filling (Brink and Belay, 2006; Javaheri and 

Baudoin, 2001; Pandey, 1987). 
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There has been continuous and over exploitation of the soil in the northern Ghana due to an 

increase in population resulting in decreased agricultural productivity. The country’s fertilizer 

nutrient application is approximated at 8 kg per ha (FAO, 2005), while nutrient depletion rates 

range from about 40 to 60 kg for nitrogen, phosphorus and potassium. These characteristics place 

Ghana among the highest threshold in Africa (FAO, 2005). There is therefore a negative nutrient 

balance for all crops in Ghana (Martey et al., 2013). A research conducted by Wahl (2015) 

revealed that soils in Chereponi District in northern Ghana respond positively to mineral 

fertilizer application under soybean, together with other crop management practices like tillage, 

choice of variety, seed cleaning, time of sowing, and depth of sowing, plant population, weed 

control, and pest control. 

 

Though there are several organizations including SEND Ghana, USAID-ADVANCE, SNV, 

SARI in northern Ghana that aim at showing good and appropriate technologies to farmers in 

soybean cultivation, more training and knowledge are still needed in the region to increase crop 

productivity (ICRA, 2010).  In 2011, a project was initiated by a Sabab-Lou (a registered 

German non-profit organization based in Stuttgart), together with the Anoshe Women Group 

(AWG), a farmer-based organization in the Chereponi District in northern Ghana. The project is 

expected to last for five years. The current membership of the group currently stands around 450 

with the aim of promoting sustainable agriculture in the district and beyond, choosing soybean as 

a crop of focus. 

 

This research work is a step to sustainably increase yield in northern Ghana. Specifically, it dealt 

with the effects of the various inorganic fertilizers available in northern Ghana on the growth and 

yield of soybean. Soils in the study area respond primarily to inorganic phosphorus fertilizer 

application because it is a depleted mineral in the region. It is however anticipated that the results 

of this research work, in outlook, would serve as recommendation for the farmers in the AWG 

and beyond to sustainably increase the yield of soybean. 

 

The objectives of the study were:  

1. To know the effects of the various fertilizer combinations on soybean yield in the 

district. 
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2. To know the optimum fertilizer requirement needed for optimum yield. 

3. To determine the most economic fertilizer combinations required for cost effective 

soybean production considering the application rates and the prices of the fertilizers. 
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2. LITERATURE REVIEW 

2.1. FERTILITY MANAGEMENT IN SOIL 

 

Cropping system, soil, climatic conditions, yield level, management practices and cultivar are the 

depending factors for nutrients application (Rao and Reddy, 2010; Borkert and Sfredo, 1994). An 

optimum nutrient management can increase soybean productivity (Rao and Reddy, 2010). 

Phosphorus fertilizer recommendations also depend on soil texture (Rao and Reddy, 2010; 

Borkert and Sfredo, 1994). 

 

Seed yield of soybean was significantly increased due to inoculation in an experiment in Legon, 

Ghana. Phosphorus application at low dose (30 kg/ha) combined with inoculation positively 

influenced seed yield of two soybean varieties. Kumaga and Ofori (2004), suggest an additional 

biological N fixation or an alternate chemical N fertilizer for a sustainable agricultural 

production system in West Africa. In an experiment in the University for Development Studies, 

Nyankpala, Ghana, Ahiabor et al., (2014) found that with increasing P fertilizer rates and 

inoculation, shoot biomass and number of pods per plant was increased. In a field experiment at 

Sher-e-Bangla Agricultural University Farm, Bangladesh, number of primary branch per plant 

increased up to 50 kg P per ha. Increasing number of pods per plant, number of seeds per plant, 

1000 seed weight, seed yield and biomass up to 30 kg P per ha were found. There was a positive 

yield response to S up to 20 kg S per ha. A combination of 30 kg phosphorus and 20 kg sulphur 

per ha led to highest yield of soybean (Akter et al., 2013).  

 

2.2. SOIL-PLANT RELATIONSHIP 

 

Only a proportion of the total nutrient amount in the soil can be taken up and utilized by plants, 

depending on the range of soil, plants and several environmental factors, (Marschner, 2012). 

Water content in the soil, affecting nutrient movement also influences the availability of nutrients 

to plant. Soil analysis, provides an indication of the capacity of a soil to supply nutrients to the 

plants (Marschner, 2012). For soil-grown plants, nutrients must reach the root surface in order to 

meet the nutrient demand. According to Barber (1995), root surfaces may also intercept nutrients 
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during plant growth. An increase in soil bulk density increases root-soil contact but a reduction 

in elongation (Marschner, 2012). The degree of soil-root contact and soil bulk density for 

optimal nutrient uptake and plant growth depend not only on soil fertility, but also on aeration 

(Van Noordwijk et al., 1992). The concentration of nutrients in the soil solution is also critical 

for the nutrient supply to the roots. Soil factors like soil water, depth, pH, cation-exchange, 

organic matter content, fertilizer applications determine the nutrient concentration in the soil 

(Asher, 1978). The concentrations of nitrogen in particular followed by phosphorus usually 

fluctuate over time upon application of fertilizer (Barraclough, 1989).  

 

2.3. BIOLOGICAL NITROGEN FIXATION AND NODULATION 

 

According to Vance (2002), Biological Nitrogen Fixation (BNF) remains an important N supply 

route for both natural vegetative and crop plants. The mechanism of BNF is of great interest 

from both agricultural and chemical point of view (Marschner, 2012). Inadequate statistics on 

areas under legume cultivation and the meagerness of fixation data for non-legumes crops are the 

reasons making the quantification of biological nitrogen fixation on a global scale problematic 

(Cleveland et al., 1999; Herridge et al., 2008). Biological reduction of N2 to NH3 is a highly 

energy-demanding process with a minimum energy requirement of ca. 960kJmol
-1

 nitrogen fixed 

(Marschner, 2012). Symbionts are the most significant N fixers for plants primarily which is 

represented by rhizobia, actinomycetes, and cyanobacteria but the main suppliers of fixed N to 

crop plants the Rhizobia (Marschner, 2012). Inoculation of legume seed with selected strains of 

rhizobia prior to sowing is sometimes practiced where indigenous soil strains are either absent or 

inadequate (Marschner, 2012). The chemical signaling between rhizobia and legumes is of 

fundamental importance for the nodulation process (Marschner, 2012).  Phosphorus also play 

essential role in energy metabolism of plants and N2 fixation. Phosphorus deficiency also has a 

negative impact on the energy status of legume nodules (Olivera et al., 2004). Findings of 

Graham and Vance (2000), further suggest that N2-fixing plants require more phosphorus as 

compared to plants receiving mineral N fertilizer due to the development of nodules and 

associated signal transduction pathways, and phospholipids in bacteroids. Nodulation can 

therefore be improved by the application of phosphorus fertilizer (Abbasi et al., 2010). 
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2.4. SOME MACRO-NUTRIENTS  

2.4.1. Nitrogen  

 

Nitrogen is known to be the element required by plants in the largest amount next to carbon as 

between 1 and 5 percent of plant dry matter is comprised of nitrogen (Marschner, 2012). The 

nitrogen in plant is the fundamental element of proteins, nucleic acids, chlorophyll, co-enzymes, 

phytohormones, as well as secondary metabolites (Marschner, 2012). For plant to grow well and 

vigorous, it is important that nitrogen is made available to the plant. According to FAO (2008), 

about 100 million tons of nitrogen fertilizers were applied on a global scale in the year 2008 to 

increase crop production. Out of these applied globally, about 60 percent was for cereal 

production (FAO, 2006a). In the accounts of Sylvester- Bradley and Kindred (2009), it is known 

that only approximately half of the nitrogen applied (40-50 percent) is utilized by the plants.  

 

 For nitrogen in the atmosphere (N2), its benefits are limited to plants that have the potential to 

form a symbiotic relation with nitrogen-fixing soil bacteria. Nitrate (NO3
-
) and ammonium 

(NH4
+
) are known to be the major sources of nitrogen taken up by plants. Between the two 

sources, the nitrate is the more mobile one in the soil hence making it to be readily distributed 

throughout the plant whereas the ammonium is predominantly incorporated into organic 

compounds in the roots (Miller and Cramer, 2004; Dechorgnat et al., 2011). In farmlands that are 

not applied with fertilizer, ammonium can be available in higher concentration than nitrate. 

Amino acid can serve as an additional source of N in a concentration ranging between 0.1 and 

100µM (Jones et al., 2002; Jämtgård et al., 2010). According to Robinson (1994), the 

availability of nitrogen sources in the soil remains time and space dependent. It is also a function 

of soil properties such as texture, pH, moisture and microbial activity. 
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2.4.1.1. Dynamics in Nitrogen 

 

According to Marschner (2012), the influx of N compounds into the epidermal and cortical roots 

cells are very vital for plant growth, nonetheless efflux of nitrates, ammonium and amino acids 

can also occur in the soil-plant relationship. The physiological importance of this efflux to date 

remain not so clear but the accounts of Miller and Smith (2008) reveal that this process may play 

a crucial role in sensing the nitrate availability by providing a dynamic and flexible regulation of 

cytosolic nitrate homeostasis; at low external nitrate, the chemical gradient and the electrical 

gradient favor passive efflux of nitrate from the cytosol across the plasma membrane (Miller and 

Smith, 1996). 

 

Nitrate is accumulated and stored in the root vacuoles can serve as a reservoir to be used in times 

of low external supply of N (Miller and Smith, 1992; van der Leij et al., 1998; Richard-Molard et 

al., 2008). On the other hand, ammonium (NH4
+
) is in equilibrium with ammonia (NH3), taken 

up by roots and assimilated or stored in the root or transported to the aerial parts (Loqué and von 

Wirén, 2004; Marschner, 2012). It should be noted that despite the inorganic N acquisition, 

additional uptake of organic N contribute to plant nutrition (Näsholm et al., 2009). 

 

Though the form in which nitrogen is taken up is important for the biosynthesis and 

phytohormonal functions, growth and yield formation of plants depend on several factors. This is 

regardless of whether ammonium or nitrate is supplied as a sole source of nitrogen (Inoue et al., 

2001; Marschner, 2012). The reproductive growth could be delayed in nitrate-fed plants due to 

excessive concentrations of cytokinins. Research findings from Rohozinski et al. (1986) suggest 

that flowering may be induced through the provision of ammonium nitrogen source. In general, 

plants which show high affinity for acidic soils (calcifuge species) or low redox potential prefer 

ammonium as the N source  while on the other hand, plants adapted to alkaline soils (calcicole 

species), preferentially utilize nitrates as nitrogen source (Lee, 1999). Ammonium is 

preferentially taken up by many plants when supplied in equi-molar concentrations with nitrate, 

particularly when the nitrogen supply is low (Gazzarrini et al., 1999). 

 

Urea is also used as fertilizer in agriculture. It is naturally occurring and readily available in the 

soil (Marschner, 2012). Further research findings have proven that plants can also directly take 

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwijmduZ-bzMAhXImBoKHQu2AAcQFggoMAI&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25C3%25A9&usg=AFQjCNHmbSoIVEkeT-S5-R3UhdYl2NvEdA
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwijmduZ-bzMAhXImBoKHQu2AAcQFggoMAI&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25C3%25A9&usg=AFQjCNHmbSoIVEkeT-S5-R3UhdYl2NvEdA
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up urea (Kojima et al., 2007; Witte, 2011). Urease produced by soil microorganisms is the 

enzyme responsible for reducing urea to ammonium. While most plants have single urease gene, 

there is an exception in soybean as it possesses a multiple urease genes (Witte, 2011).  

 

2.4.1.2. Nitrogen Toxicity and Deficiency 

 

Findings by Britto and Kronzucker, (2002) show that plant species differ in ammonium 

tolerance. The symptoms of ammonium toxicity include, but are not limited leaf chlorosis, 

stunted growth and eventually necrotic leaves and plant death (Marschner, 2012). 

Comparatively, whole tissue of ammonium-fed plants shows several chemical changes and 

accumulation of ammonium ions and inorganic anions when analyzed (Marschner, 2012; Britto 

and Kronzucker, 2002). Walch-Liu et al., (2000) also attributed the toxicity of ammonium to 

ammonium-induced disorder in pH regulation. Finnemann and Schjoerring, (1999) also suggest 

excessive consumption of sugars for ammonium assimilation causing carbohydrate limitation as 

the cause of nitrogen toxicity.   

 

Plants require adequate but not excessive amounts of nitrogen in order to obtain efficient growth, 

development and reproduction. Fageria (2009) estimates adequate concentration of nitrogen to be 

45-55 gkg
-1

 prior to pod set. Plant productivity and ecological competitiveness are therefore 

impeded in situations of low soil nitrogen availability or a decline in root uptake capacity 

(Marschner, 2012). Stunted growth with narrow leaves and chlorosis are mostly the symptoms of 

nitrogen deficiency in the plant growth. In the instance of nitrogen deficiency, chlorosis begins 

with the old leaves as the inadequate or less available nitrogen is remobilized to younger leaves. 

Plants are known to display a two-phase response when there is a temporary starvation of 

nitrogen (Marschner, 2012). There is a reduction in leaf elongation rate without affecting 

photosynthesis and when nitrogen starvation continues, there is a resultant breakdown of leaf 

nucleic and protein (Anandacoomaraswamy et al., 2002; Hortensteiner and Feller, 2002). Plants’ 

metabolic, physiological and developmental adaptations are the evolved strategies to cope for the 

variation in nitrogen availability in the soil (Marschner, 2012).  
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According to Marschner (2012), plants may respond to a spatially restricted availability of 

nitrogen by improving lateral root development in N-rich areas. Accounts of Zhang et al., (2009) 

further reveals that nitrate and ammonium are locally sensed and trigger a signaling pathway 

which stimulates elongation of lateral roots in a confined soil volume.  

 

2.4.1.3. Nitrogen Use Efficiency 

 

Nitrogen Use Efficiency, NUE is the ratio between the total biomass of output (e.g. grain yield) 

and the nitrogen input (e.g. N supplied in fertilizers and/or residual N present in the soil) 

(Marschner, 2012). NUE is further divided into two components; nitrogen uptake efficiency 

(NupE) which is the ability of plants to remove nitrogen from the soil and nitrogen utilization 

efficiency (NutE), being the plants’ capacity to use nitrogen to produce biomass or grain yield 

(Marschner, 2012). In the case of nitrogen uptake efficiency, plants are able to capture low 

concentrations of nitrate in the topsoil when plants have high rooting density (Dunbabin et al., 

2003).  

 

2.4.2. Phosphorus 

 

Rock phosphate is the source of phosphorus in most fertilizers. Predictions are made that the 

global phosphate resources would be depleted within the next 50-100 years despite the high 

demand for phosphorus-base fertilizer to increase crop production to cope for the growing 

population (Cordell et al., 2009; Gilbert, 2009). Phosphate is not reduced to phosphite in plants 

unlike nitrate and sulphate but remains in its highest oxidized form (Carswell et al., 1996; Ratjen 

and Gerendás, 2009). 
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2.4.2.1. Phosphorus requirement and toxicity 

 

Accounts of Lambers et al. (2010), show that phosphorus requirement for optimal growth ranges 

between 3 and 5mgg
-1

 dry weight during the vegetative stage of growth. There is an increased 

probability of phosphorus toxicity at concentrations higher than 10mgg
-1

 dry matter (Marschner, 

2012). Findings of Bell et al. (1990), on the contrary reveal that some tropical food legumes are 

rather phosphorus sensitive as toxicity may be established at concentrations between 3 and 

4mgg
-1

 dry matter for pigeon pea and between 6 and 7mgg
-1

 for black gram in the shoot. P 

toxicity is however rare when supplied in quantities more than required for optimum growth 

owing to plant’s ability to down-regulate their inorganic phosphorus transporters (Dong et al., 

1999). The Ptilotus polystachyus, a fast growing Australian native herb can accumulate 

phosphorus up to approximately 40mgg
-1

 in the shoot dry matter without manifesting any sign of 

toxicity (Ryan et al., 2009a).  

 

2.4.2.2. Phosphorus deficiency and starvation 

 

Reduction of the leaf expansion and the number of leaves are known signs of phosphorus 

deficiency of plants (Fredeen et al., 1989; Lynch et al., 1991).  According to Clarkson et al., 

(2000), the leaf expansion is strongly related to the expansion of epidermal cells. This process 

may be compromised in phosphorus deficiency in plants owing to a decrease in root hydraulic 

conductivity. There is a delay in flower initiation, decrease in the number of flowers, and 

restriction of seed formation owing to the deficiency of phosphorus (Rossiter, 1978; Bould and 

Parfitt, 1973; Barry and Miller, 1989). Development of crops, pastures and agricultural 

management systems should gear towards less phosphorus requirements while maintaining 

productivity to meet the challenging phosphorus depletion in the future (Gilbert, 2009).    
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2.4.3. Potassium 

 

Potassium increases the resistance of plants against biotic and abiotic stresses. Evidence of 

positive effects of potassium fertilizer application on crop yields has been frequently observed 

(Prabhu et al., 2007; Cakmak, 2005).  It is characterized by high mobility in plants at all levels – 

within individual cells, tissues, as well as in long-distance transport through the xylem and the 

phloem (Marschner, 2012). The integral membrane proteins which enable their movement across 

the plasma membrane facilitate the uptake and transport of K
+
 throughout the plant (Marschner, 

2012). According to Hsiao and Läuchli (1986), K
+
 has an outstanding role in plant-water 

relations for various reasons. Further accounts from Wyn Jones et al., (1979), also show 

potassium is not metabolized, forming only weak complexes in which it is readily exchangeable. 

 

A large number of enzymes are either completely dependent on or are stimulated by K
+
 (Suelter, 

1970). According to Läuchli and Pflüger, (1978), Pyruvate kinase and phosphofructokinase are 

the most sensitive enzymes to K deprivation. 

 

2.4.3.1. Potassium in Plants for Growth 

 

For optimal plant growth, 20-50 gkg
-1

 of K is required in the vegetative parts (Marschner, 2012). 

This requirement can decrease in natrophilic species as the K
+
 in these plants could be replaced 

by Na
+
 (Marschner, 2012). There is retardation of growth and enhancement of net transport of K

+
 

from mature leaves to stem under K deficiency. It is observed that a change in the composition of 

potassium affects nutritional and technological quality of harvested product (Lune and Goor, 

1977). An increase in the supply of potassium to plant root can easily increase the concentration 

in the various organs; grains and seeds are however constant at a concentration of 3 gkg
-1

 

(Marschner, 2012). There could be luxury consumption in vegetative tissue and fleshy 

reproductive organs upon abundant K supply. Further supply of K could interfere in the uptake 

of calcium and magnesium, causing a K-induced deficiency. 
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2.4.3.2. Potassium Deficiency 

 

It is established that K-deficient plants are susceptible to abiotic and biotic stresses.  According 

to Cakmak, (2005) an enhanced production of Reactive Oxygen Species (ROS) as a result of K 

deficiency is one of the reasons for decreased stress resistance. Deficiency of K in leaves is 

known to strongly reduce photosynthesis in plants since it is affected at various stages of plant 

growth. There has been a clear demonstration with isolated chloroplast concerning the role of K 

in CO2 fixation (Pflüger and Cassier, 1977). There are incidence of chlorosis and necrosis under 

severe K deficiency. It is dependent on the light intensity to which the leaves are exposed 

(Marschner and Cakmak, 1989). Accounts of Marschner, (2012) have proven that there is an 

increased stomatal resistance to CO2 as a stomatal regulation functioning affecting 

photosynthesis because of K deficiency. Studies of Pissarek, (1973) also suggest that there is an 

impairment of the vascular bundle and subsequently lodging as a result of potassium deficiency. 

There is also an increase in dark respiration when there is a potassium deficiency. Bottrill et al., 

(1970), also suggest that high respiration rates are typical features of potassium deficiency and 

may reflect in the substrate (sugars) available for respiration. 

 

2.4.3.3. Potassium and Osmoregulation 

 

Potassium as a prominent inorganic solute plays a key role in osmoregulation (Hsiao and 

Läuchli, 1986). The role that K
+
 plays in the maintenance of xylem-sap flow from the reduced 

night-time stem expansion and enhanced day-time stem shrinkage when there is deficiency of K 

in tomato plants is critical (Kanai et al., 2007).  K
+
 accumulation in the cell is a prerequisite for 

pH stabilization in the apoplast and the cytoplasm. An increase of the osmotic potential in the 

vacuoles causes the extension of cells in most cases (Hager, 2003). Dolan and Davies, (2004), 

also show cell extension does not only occur in leaves but in roots as well. There is also a 

significant reduction in turgor, cell size and leaf area in expanding leaves of bean plants (Mengel 

and Arneke, 1982). K
+
 also has the potential to be fairly replaced for maintenance of the cell 

turgor in the vacuoles by other solutes such as Na
+
 or reducing sugars after completion of cell 

expansion (Marschner, 2012). 
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2.4.4. Sulphur 

 

Sulphur is a constituent of the amino acids; cysteine and methionine, and as such protein. 

Sulphate (SO4) is an important source of S taken up by the roots. Atmospheric SO2 can be taken 

up and utilized by aerial parts of higher plants (Marschner, 2012). Sulphur in its non-reduced 

form is a component of sulpholipids, hence a structural constituent of all biological membranes 

(Marschner, 2012). Schmidt, (1986), further reveals the abundance of sulpholipids in the 

thylakoid membranes of the chloroplast. These sulpholipids levels in the roots are known to have 

positive correlation with salt tolerance (Erdei et al., 1980; Stuiver et al., 1981). Research 

findings from Rausch and Wachter, (2005) show a role of S-containing compounds in defense 

against abiotic and biotic stress, as sufficient S fertilizer application or the excess of it has a 

positive impact on the resistance to stress. 

 

2.4.4.1. Sulphur supply and deficiency 

 

Sulphur deficiency in crop production is phenomenal in rural areas, particularly areas of high 

rainfall – the humid tropics and temperate climate (Murphy and Boggan, 1988). The Sulphate 

concentration in plant is a more sensitive indicator of S nutritional status than the total S 

concentration (Freney et al., 1978). The distribution of Sulphur in S-deficient plants is also 

affected by the N supply (Robson and Pitman, 1983). Research findings from Wang et al., 

(1976) also suggest that nitrogen fertilizer application is ineffective under sulphur deficient soils 

unless sulphur is simultaneously applied. According to Karmoker et al., (1991), there is a 

decrease in root hydraulic conductivity, stomatal aperture and net photosynthesis as a result of an 

interruption of S supply. There is also a drastic decrease in chrolophyll and protein concentration 

in leaves due to the deficiency of Sulphur (Burke et al., 1986; Dietz, 1989; Gilbert et al., 1997). 
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3. MATERIAL AND METHODS 

3.1. SITE DESCRIPTION 

 

This experiment was conducted during the raining season (June to November), 2015 in 

Chereponi District in the north-eastern part of Ghana. The District has a land area of 

approximately 1,374.7 km
2
. It shares boundaries with Gushegu District to the West, Bunkpurugu 

-Yunyoo District to the North, Saboba and Yendi Districts to the South-West, the Republic of 

Togo and River Oti to the east (Population and Housing Census, 2010). The district is located in 

the Guinea Savanna Agro-ecological Zone. It characterized by a mono-modal rainfall pattern 

which presents the local farmers with only one growing season in a year under rain-fed 

condition. On the average, an amount of 1109mm rainfall and temperature of 27°C is recorded 

annually in the district (Climate-data.org, 2015). The rainfall normally distributed between the 

month of May and October each year, with September being the peak with a value of 240 

mm.The climate in this district according to the Köppen-Geiger system is classified “Aw” which 

is typical of savannah zones and is characterized by distinct wet and dry seasons (Peel et al., 

2007). According to the Population and Housing Census in 2010, a population of 53,394, 

representing 5.2 percent of the total population of the Northern Region was recorded for the 

District.  

 

3.2. EXPERIMENTAL DESIGN 

 

Specifically, three (3) communities were involved, namely, Ando-Kajura, Chere and Nansoni. 

Fourteen fields from members of the Anoshe Women Group, a local Farmer-Based Organisation 

(FBO) were selected, five from Nansoni, four from Ando and five from Chere communities. The 

only criterion for selection was that the field has in the previous year been used and has not been 

planted yet. Table one below depicts the geographical location of the experimental sites in the 

three communities. 
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Table 1: Geographic reference of experimental fields 

Community Site Bearing Longitude Latitude Altitude (ASL m) 

Nansoni 1 350°N 10.1879°N 0.2049°E 179 

Nansoni 2 348°N 10.1883°N 0.2049°E 174 

Nansoni 3 259°W 10.1898°N 0.1981°E 183 

Nansoni 4 265°W 10.2168°N 0.2033°E 181 

Nansoni 5 271°W 10.2167°N 0.2006°E 191 

      Ando 6 273°W 10.1670°N 0.2903°E 168 

Ando 7 277°NW 10.1669°N 0.2902°E 170 

Ando 8 356°N 10.1554°N 0.2916°E 177 

Ando 9 5°N 10.1568°N 0.2925°E 179 

      Chere 10 105°E 10.2609°N 0.2476°E 201.5 

Chere 11 342°N 10.2616°N 0.2479°E 203.5 

Chere 12 262°W 10.2531°N 0.2406°E 191 

Chere 13 62°NE 10.2502°N 0.2648°E 173 

Chere 14 261°W 10.2418°N 0.2518°E 185 

 

In a bid to reduce the effect of confounders like fertility effects, this experiment was laid in a 

Randomized Complete Blocking Design (RCBD). Ten treatments were used in this experiment 

with the farmers’ practice serving as the control. Table two below shows all the treatments 

involved and their respective nutrient compositions labelled on the fertilizers.
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Table 2: Fertilizers used for the experiment and their nutrient compositions 

Treatment Name of fertilizer Nutrient composition 

A 

Potassium Nitrate and Triple 

Super Phosphate 

(N-13%, K-46%) and P-

46% 

B Urea and Potassium Nitrate 

(N-13%, K-46%) and N-

46% 

C 

Triple Super Phosphate and 

Urea P-46% and N-46% 

D 

Nitrogen , Phosphorus and 

Potassium 

N-15%, P-15% and K-

15% 

E Urea only N-46% 

F 

Triple Super Phosphate and 

Yara legume 

P-46%, and (P-46%, K-

18%, CaO-29%, and S-

4%) 

G 

Triple Super Phosphate, Yara 

Legume and Inoculant 

P-46%, and (P-46%, K-

18%, CaO-29%, and S-

4%), and Inoculant 

H 

Triple Super Phosphate and 

Inoculant P-46% and Inoculant 

I Triple Super Phosphate Only P-46% only 

J No Fertilizer Nil 

 

Each of the subplots on which the ten treatments were applied on was 2.5m x 2.5m in dimension 

and these demarcations were done with some wooden pegs. In the case of the farmers’ field, 

three of 1m x 1m was demarcated to serve as the control. Below is a diagram showing how the 

treatments were laid in the various communities and subplots. 
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Figure 1: Experimental layout in Nansoni, Ando and Chere 

 

3.3. SEED CLEANING AND SORTING 

 

Seeds preserved from the previous year’s harvest were taken from the farmers to be used for 

planting for this experiment. Initial weight of the seeds from all the farmers were taken and 

cleaned to get rid of all impurities. The final weights were then taken to know the percentage 

purity before planting. The percentage purity of seeds in Nansoni ranged from 92 to 95 percent. 

That of Ando was between 94 and 97 percent while in Chere the purity was between 93 and 98 

percent (See appendices). 
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3.4. HUNDRED AND THOUSAND GRAIN WEIGHT 

 

Hundred seeds were counted from every seed lot that was received from each of the fourteen 

farmers and the weights were recorded. This was replicated three times and a mean weight was 

obtained. The same procedure was also done in the case of the thousand grain weight. In 

Nansoni, the hundred grain weight ranged from 10.2 and 11.5 g while that of the thousand grain 

weight was between 94.4 and 110.9 g. In Ando, ranges from 11.5 and 12.2 g was the hundred 

grain weight with 110.5 to 117.7 g being the weight recorded for thousand grains. For Chere, 

hundred grain weights stood between 9.8 and 11.7 g with values between 99.4 and 100.7 g, 

recorded for the thousand grain weight (See appendices). 

 

3.5. GERMINATION TEST 

 

Germination test was also conducted on the pure seeds obtained. Fifty (50) seeds were counted 

into a petri dish prepared for this test. An aseptic cotton wool was used as the growing medium 

and this was moistened with water. Only big seeds with the eye were selected for the test. Each 

farmer’s seeds were replicated three (3) time and average germination percentages were taken. In 

Nansoni, the germination percentages were between 75 and 97 percent. Seeds germinated from 

Ando were between 85 and 93 percent while ranges from 89 to 97 were recorded for seeds from 

Chere (See appendices). 

 

 

Figure 2 : Results of germination test of soybean before planting 
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3.6. SOIL REFERENCE PROFILE AND CLASSIFICATION OF 

SOYBEANS FIELDS 

 

This information is based on Okon Achibong (2014). With the help of the Anoshe Women 

Group members and the community agents, the fields that were predominantly used for the 

soybean cultivation in the area were identified. Profiles were dug in the Nansoni, Ando and 

Chere. Physical and chemical properties of the soils were determined from the samples that were 

taken. Tables three and four below give a summary of the physical and chemical properties of 

the sampled areas. 

 

Table 3: Textural class and soil type at the different experimental sites in Nansoni, Ando and Chere 

Community Site Soil Depth 

(cm) 

Textural Class Soil Type Local Soil 

Type 

Nansoni 

 

 

 

Ando 

 

Chere 

 

all 

 

 

 

all 

 

(10) 

 

(11), (12), 

(13), (14) 

0-22 

22-50 

50-79 

79-100 

0-17 

17-39 

0-21 

21-29 

ca. 30 

sandy loam 

loam 

sandy loam 

sandy loam 

sandy loam 

loam 

sandy loam 

silt loam 

loam 

Plinthosol 

 

 

 

Regosol 

 

Regosol 

 

Regosol 

Yabonsheke 

 

 

 

Kurungu 

 

Kurungu 

 

Kurungu 
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Table 4: Chemical and physical soil properties at the different experimental sites in Nansoni, Ando and Chere 

Community Site Soil 

Depth 

(cm) 

OC 

(%) 

Nt 

(%) 

Bray P 

(mg/kg) 

Exch. 

K 

ECEC 

(mmol/kg) 

BS 

(%) 

pH 

(CaCl) 

CF 

(%) 

Nansoni 

 

 

 

Ando 

 

Chere 

 

all 

 

 

 

all 

 

(10) 

 

(11) 

(12), 

(13), 

(14) 

0-22 

22-50 

50-79 

79-

100 

0-17 

17-39 

0-21 

21-29 

ca. 30 

ca. 30 

0.87 

0.45 

0.26 

0.20 

0.72 

0.39 

0.5 

0.31 

0.34 

0.42 

0.06 

0.04 

0.02 

0.02 

0.07 

0.06 

0.05 

0.04 

0.03 

0.04 

1.28 

0.52 

0.19 

0.19 

1.33 

1.10 

1.35 

0.74 

1.35 

0.94 

1.44 

1.62 

1.91 

2.00 

2.36 

2.03 

2.72 

1.29 

1.51 

1.45 

64.22 

60.24 

45.75 

51.59 

80.07 

114.41 

70.42 

101.05 

92.56 

82.66 

69.37 

76.22 

64.57 

70.93 

80.92 

88.36 

80.85 

84.58 

82.48 

80.02 

5.3 

5.0 

4.7 

4.8 

5.4 

6.0 

5.6 

5.0 

5.4 

5.5 

59 

72 

61 

62 

48 

86 

28 

74 

24 

29 

 

3.7. SEEDBED PREPARATION AND PLANTING 

 

An approximately 62.5 m
2 

of plot was demarcated in each of the farmer’s field to be used for the 

experiment after the whole land had been ploughed. The soil clods in these demarcated areas 

were broken and then leveled before the planting. 

M
A

TER
IA

LS &
 M

ETH
O

D
S 



 

22 
 

 

Figure 3 : Seed bed preparation (left), line and pegging method of planting (right) on site 

 

A planting interval of 50 cm x 5 cm was used to achieve a maximum plant density of 80 plants 

per meter sq.
 
when two seeds are planted per hole. The line and pegging method was used for the 

sowing. An improvised wooden dibblers shaped by the farmers themselves were used for the 

dibbling and the holes had an approximate depth between 3 and 5 cm. For the experimental field, 

the planting was done on 7
th

, 8
th

 and 10
th

 July in Nansoni, Ando Chere respectively. 

 

3.8. NUTRIENT COMPOSITION FOR EACH INORGANIC FERTILIZER 

USED AND APPLICATION RATES 

3.8.1. Potassium Nitrate 

 

The commercially available potassium nitrate bag of 25 kg was labelled nitrogen-13% and 

potassium-46%.  Nitrogen was in the form of nitrate of NO3 and the potassium in the form of 

K2O. 

The actual nutrient composition of this type of fertilizer was determined using the formula. 

 (Molar mass of N = 14 gmol
-1

, P = 31 gmol
-1

, K = 39 gmol
-1

 and O = 16 gmol
-1

) 

a. 13% NO3 x 25 kg = 3.25 kg of NO3 

Converting NO3 to N (14gmol
-1 

/ 62gmol
-1

) result in a unit share of 0.2258 of nitrogen in 

the nitrate. When 3.25 kg of KNO3 is multiplied with this factor, result in 0.73 kg N per 

bag. 

b. 46% K2O x 25 kg = 11.5 kg K2O 
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Converting K2O to K (78gmol
-1 

/ 94gmol
-1

) result in a unit share of 0.8298 Potassium in 

the K2O. When 11.5 kg of KNO3 is multiplied with this factor, result in 9.54 kg K per bag 

of 25 kg. 

 

Application rate 

With application rate of 200 kg of the Potassium nitrate (KNO3) per hectare we get,  

N = 0.73 x 8 = 5.84 kg/ha and 

 K =9.54 x 8 = 76.32 kg/ha  

Using the above application to calculate per subplot we get, 

 

If 200 kg = 10,000 m
2
, let rate, Y kg = 6.25 m

2
 (a subplot) 

Rate would be (200 kg x 6.25 m
2
) / 10,000 m

2
 = 0.125 kg 

Amount of KNO3 needed per subplot would be 125 g. 

 

3.8.2. NPK 15:15:15 

 

This is another type of inorganic fertilizer, compound in nature, also available in the market in 50 

kg. It consists of nitrogen, phosphorus and potassium with a label of (N-15%, P-15%, P-15%). 

The nitrogen is from a nitrate and ammonium source (NO3 - 6.5%) and (NH4 - 8.5%), phosphorus 

and potassium, in P2O5 and K2O forms respectively. 

The actual nutrient composition of this type of fertilizer was determined using the formula. 

 

 (Molar mass of N = 14 gmol
-1

, P = 31 gmol
-1

, K = 39 gmol
-1

 and H = 1 gmol
-1

) 

a. For nitrogen 6.5% existed as NO3 and 8.5% as NH4 

Weight of Nitrogen (from nitrate source) in a 50kg bag would be 6.5% NO3 x 50kg = 

3.25kg  

Weight of Nitrogen (from ammonium source) in a 50kg bag would be 8.5% NH4 x 50kg 

= 4.25kg 

Total Nitrogen (N) in a 50kg bag of NPK (15:15:15) would 3.25kg + 4.25kg = 7.5kg 
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b. 15% P2O5 x 50 kg = 7.5 kg P2O5 

Converting P2O5 to P (62gmol
-1 

/ 142gmol
-1

) result in a unit share of 0.4366 of P in the 

P2O5. When 7.5 kg of P2O5 is multiplied with this factor, result in 3.27 kg P per bag of 

50kg. 

 

c. 15% K2O x 50 kg = 7.5 kg K2O 

When 7.5 kg of K2O is multiplied with 0.8298, result in 6.22 kg K per bag of 50 kg.  

 

Application rate 

With an application rate of 600 kg of the NPK (15-15-15) per hectare we get, 

N = 7.5 kg x 12 = 90 kg/ha, 

P = 3.27 kg x 12 = 39.24 kg/ha and 

K = 6.22 kg x 12 = 74.64 kg/ha 

Using the above application rate to calculate for subplot we get, 

Rate would be (600 kg x 6.25 m
2
) / 10,000 m

2
 = 0.375 kg 

Amount of NPK needed per subplot would 375 g. 
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3.8.3. Triple Super Phosphate 

 

The commercially available potassium nitrate bag of 50 kg was labelled nitrogen-0%, 

phosphorus-46% and potassium-0%. The phosphorus exists in P2O5 form. 

The actual nutrient composition of this type of fertilizer was determined using the formula. 

(Molar mass of P = 31 gmol
-1

) 

46% P2O5 x 50 kg = 23 kg P2O5 

Converting P2O5 to P (62gmol
-1 

/142gmol
-1

) result in a unit share of 0.4366 of P in the P2O5. 

When 23 kg of P2O5 is multiplied with this factor, result in 10.04 kg P per bag of 50 kg. 

 

Application rate 

With an application rate of 400 kg TSP per hectare we get 

P = 10.04 kg x 8 = 80.32 kg/ha 

Using the above application rate to calculate for subplot we get, 

If 400 kg = 10,000 m
2
, let rate Y kg = 6.25 m

2
 

Rate would be (400 kg x 6.25 m
2
) / 10,000 m

2
 = 0.25 kg 

Amount of TSP needed per subplot would 250 g. 

 

3.8.4. Urea 

 

This inorganic fertilizer existed in the uric form (NH2) in the market and had a label of (NH2- 

46%). The actual nutrient composition of this type of fertilizer was determined using the 

formula. 

46% NH2 x 50 kg = 23 kg NH2 

Converting NH2 to N (14gmol
-1

/16gmol
-1

), results in a unit share of 0.875 of N in the NH2. 

When 23 kg of NH2 is multiplied with this factor, result in 20.13 kg N per bag of 50 kg.   
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Application rate 

With an application rate of 100 kg Urea per hectare we get 

N = 20.13 kg x 2 = 40.26 kg/ha 

Using the above application rate to calculate for subplot we get, 

If 100 kg = 10,000 m
2
, let rate Y kg = 6.25 m

2
 

Rate would be (100 kg x 6.25 m
2
) / 10,000 m

2
 = 0.0625 kg 

Amount of Urea needed per subplot would 62.5 g. 

 

3.8.5. Yara Legume 

 

This is a compound fertilizer formulated by Yara Ghana, a chemical fertilizer producing 

company for the cultivation of legumes in northern Ghana. This takes the condition of the soil in 

this area into an account. This commercial fertilizer has a label of (N = 0, P = 25%, K = 18%, 

CaO = 29% and S = 4%). The actual nutrient composition of this type of fertilizer was 

determined using the formula. 

(P = 31 gmol
-1

, K = 39 gmol
-1

, Ca =40 gmol
-1

, Sulphur = 32 gmol
-1 

and O = 16 gmol
-1

) 

a. 25% P2O5 x 50 kg = 12.5 kg P2O5  

Converting P2O5 to P (62gmol
-1 

/142gmol
-1

) result in a unit share of 0.4366 of P in the 

P2O5. When 12.5 kg of P2O5 is multiplied with this factor, result in 5.46 kg P per bag of 

50 kg. 

 

b. 18% K2O x 50 kg = 9 kg K2O 

Converting K2O to K (78gmol
-1 

/ 94gmol
-1

) result in a unit share of 0.8298 of potassium 

in the K2O. When 9 kg of KNO3 is multiplied with this factor, result in 7.47 kg K per bag 

of 50 kg. 

 

c. 29% CaO x 50 kg = 14.5 kg CaO 

Converting CaO to Ca (40gmol
-1

/ 56gmol
-1

) result in a unit share of 0.7143 of calcium in 

the CaO. When 14.5 kg of CaO is multiplied with this factor, result in 10.36 kg Ca per 

bag of 50 kg. 

d. 4% SO4 x 50 kg = 2 kg SO4 
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Converting SO4 to S (32gmol
-1

/ 98gmol
-1

) result in a unit share of 0.3265 of sulphur in 

the SO4. When 2 kg of SO4 is multiplied with this factor, result in 0.65 kg S per 50 kg. 

 

Application rate 

With an application rate of 100 kg Yara legume per hectare we get 

P = 5.46 kg x 2 = 10.92 kg/ha, 

K = 7.47 kg x 2 = 14.94 kg/ha, 

Ca = 10.36 kg x 2 = 20.72 kg/ha and 

S = 0.65 kg x 2 = 1.30 kg/ha 

Using the above application rate to calculate for subplot we get, 

If 100 kg = 10,000 m
2
, let rate Y kg = 6.25 m

2
 

Rate would be (100 kg x 6.25 m
2
) / 10,000 m

2
 = 0.0625 kg 

Amount of Yara legume needed per subplot would 62.5 g. 

 

3.9. SUMMARY OF THE APPLICATION RATES FOR THE VARIOUS 

TREATMENTS 

3.9.1. Application Rate of Treatment A 

 

This treatment was a combination of potassium nitrate and Triple Super Phosphate. 125 g of 

KNO3 at a rate, 5.84 kg/ha –N and 76.32 kg/ha – K was mixed with 250 g of TSP at a rate of 

80.32 kg/ha – P per subplot. Total weight of this fertilizer mixture was then 375 g. With a 

planting distance of 50 cm x 5 cm, we get 250 hills per subplot (6.25 m
2
) or 40 hills per meter sq. 

Approximately 1.5 g of this fertilizer mixture was applied per hill (375 g/250 hills). This 

measurement was made possible by using a reshaped beer cork and an electronic laboratory scale 

(Sartorius Entris153-1S).  
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3.9.2. Application Rate Treatment B 

 

This treatment was a combination of potassium nitrate and urea. 125 g of KNO3 at a rate, 5.84 

kg/ha – N and 76.32 kg/ha - K were mixed with Urea of 62.5 g and at a rate of 40.26 kg/ha – N 

per subplot. Hence total nitrogen used in this treatment would be 46.09 kg/ha (5.84 + 40.26), 

with potassium remaining at 76.32 kg/ha and a total weight of 187.5 g per subplot. Considering 

the same planting distance, approximately 0.75 g per hill was applied.  

 

3.9.3. Application Rate of Treatment C 

 

This treatment contained Triple Super Phosphate and urea mixed together. 62.5 g of Urea at a 

rate of 40.26 kg/ha – N was mixed with 250 g of TSP at a rate of 80.32 kg/ha – P per subplot. 

Total weight of this mixture was therefore 312.5 g and considering the same planting distance, 

approximately 1.25 g per hill was applied. 

 

3.9.4. Application Rate of Treatment D  

 

This treatment composed of only NPK, an already formulated compound fertilizer. 375 g of this 

fertilizer at a rate of 90 kg/ha – N, 39.24 kg/ha – P and 74.64 kg/ha – K per subplot was used. 

With the same planting distance, approximately 1.5 g per hill was applied. 
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3.9.5. Application Rate of Treatment E 

 

Only urea fertilizer was used in this treatment. 62.5 g of urea with a rate, 40.26 kg/ha – N per 

subplot was involved. With the same planting distance, approximately 0.25 g per hill was 

applied.  

 

3.9.6. Application Rate of Treatment F 

 

This treatment was a mixture of Triple Super Phosphate and Yara legume. 250 g of the TSP at a 

rate of 80.32 kg/ha – P was mixed with 62.5 g of Yara legume at a rate of 10.92 kg/ha – P, 14.94 

kg/ha - K, 20.72 kg/ha – Ca and 1.30 kg/ha – S per subplot hence the total Phosphorus raised to 

91.24 kg/ha (10.92 + 80.32) while the rest remained the same. The total weight of this mixture 

per subplot was 312.5 g and considering the adopted planting distance, approximately 1.25 g per 

hill was applied. 

 

3.9.7. Application Rate of Treatment G 

 

This treatment comprised of Triple Super Phosphate and Yara legume and inoculated soya bean 

seeds. Rates between 10 and 15 kg seeds per 100 g Nodumax inoculant per 300 ml of warm 

water (0.33 to 0.5 g seeds / g inoculant / ml water) was used, as recommended by IITA Business 

Incubation platform. Inoculated seeds were allowed to dry in a cool dry place for some time 

before planting was done. This was to enhance the Biological Nitrogen Fixation process.  Just as 

treatment F, 1.25 g per hill with a rate of 91.24 kg/ha – P, 14.94 kg/ha - K, 20.72 kg/ha – Ca and 

1.30 kg/ha – S per subplot was applied.  

 

3.9.8. Application Rate of Treatment H 

 

This composed of only Triple Super Phosphate and seeds inoculated before planting. The same 

rate of inoculant used in treatment G was applied on the seeds. The TSP fertilizer used was also 
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250 g at a rate of 80.32 kg/ha – P. With the same planting distance, approximately 1.0 g of the 

fertilizer was applied per hill. 

 

3.9.9. Application Rate of Treatment I 

 

In this treatment, only 250 g of Triple Super Phosphate at a rate of 80.32 kg/pa – P per subplot 

were used.  Considering the adopted planting distance, approximately 1.0 g per hill was applied. 

 

3.9.10. Application Rate of Treatment J 

 

In this treatment no fertilizer was applied. All the remaining agronomic practices however 

remained the same just as the other treatments. 

 

Figure 4 : Calibration of fertilizers to be applied on the various subplots in each community 

 

3.10. FERTILIZER APPLICATION 

 

In all, two applications were made per treatment. The calculated weight of the fertilizers to be 

applied in the various subplots were therefore divided into two halves, first application done at 

three weeks after planting (3 WAP) and second at seven weeks after planting (7 WAP). The side 

placement was adopted as a method of application. 
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Figure 5 : Side placement fertilizer application on site 

 

3.11. WEED CONTROL 

 

Weeds were controlled by hand-hoeing two weeks after planting (2 WAP) and six week after 

planting (6 WAP) corresponding to 7 days before fertilizer application. No post-emergence 

herbicides were applied. Hand hoeing was the weed control method. Weeds cleared from the 

field were not taken away but were left on the field to reduce erosion and also reduce 

evaporation. 

 

3.12. NODULATION ASSESSMENT 

 

The nodulation assessment exercise was undertaken when the plants reached 50 percent 

flowering stage. This took place in the eighth weeks after planting (8
th

 WAP). The onset of 

flowering was in the seventh weeks after planting (7
th

 WAP) with the no fertilizer treatment plots 

been the earliest among the rest.  

Two plants were carefully dug out from each subplot and the farmers’ field in the all location in 

each community. They were separately and carefully washed to make sure the nodules were not 

detached from the roots. The assessment of the nodulation was done in accordance to the Field 

Guide to Nodulation Assessment and Nitrogen Fixation Assessment (1991). This guide was 

intended to help field staff who may be unfamiliar with inoculant studies, in assessing nodulation 

and nitrogen fixation potential in large scale field and commercial planting. An assessment code 

and a scoring system were used in this exercise.  
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The criteria for coding were plants growth and vigor, colour and/or the number of nodules per 

plant as well as the position of the nodules on the root. The total maximum score attainable was 

13. For the plant and growth vigour criterion, the maximum attainable was five (5), when plants 

were green and vigorous. It was four (4) when plants were green and relatively small, two (2) 

when the plants were slightly chlorotic while one (1) represented the situation when plants were 

very chlorotic. 

In the case of the colour and/or the number of nodules criterion, the maximum attainable score 

was also five (5) when nodules on roots form more than five (>5) clusters with pink pigments, 

score three (3) when nodules were between three and five clusters (3-5) with predominantly pink 

pigments, one score when the nodules form less than three (<3) with whitish or greenish colour 

and no score when there is no nodule on the roots. 

With the nodule position criterion, three (3) was the maximum attainable score when nodules are 

crown and lateral, two when the nodules are generally crown, and one score when the nodules 

are generally lateral. 

A total score between eleven and thirteen (11and13) depicts an effective nodulation, representing 

a high potential for nitrogen fixation. Scores between seven and ten (7 and 10) show a less 

effective nodulation and scores between one and six (1 and 6) represent generally unsatisfactory 

nodulation. 

 

Figure 6 : Researcher undertaking nodulation assessment exercise 
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3.13. ABOVEGROUND BIOMASS DETERMINATION 

The aboveground biomass determination was done at the end of active growth stage, marking the 

beginning of senescence. This took place in the 14 weeks after planting (14 WAP). Five (5) 

plants per subplots in every field in all communities including the farmers’ field were carefully 

cut of leaving the roots the in the soil. The weight comprising of the leaves, stems and the pods 

were recorded and average determined. 

 

 3.14. HARVESTING AND DATA COLLECTION 

 

Soybeans reached a maturity between 118 and 122 DAP. Ten plants were tagged with rope in 

every subplot in all blocks in every community. The border row plants were avoided in the 

tagging, limiting it to the three (3) inner rows in every subplot. These tagged plants were 

randomly selected. In the case of the farmers’ field, one square meter was demarcated where the 

ten plants were tagged. Number of pods per plants, thousand grain weight, actual yield (g/m
2
), 

potential yield (g/m
2
) and harvest index were the parameters on which data were collected at 

harvest in each experimental field in all community. Data on nodulation assessment and 

aboveground biomass were however taken prior to harvest, 8 and 14 WAP respectively. 

 

Figure 7 : Tagging of selected plants prior to harvest for data collection 
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3.15. DATA STATISTICAL ANALYSIS 

 

The data collected in this multi-locational RCBD were analyzed with mixed model of analysis of 

variance (ANOVA) (Proc MIXED and Proc GLM, SAS 9.4, SAS Institute, Cary, NC, USA) with 

a LSD of (p<0.05). Fertilizer application measured the treatment effects whereas the various 

farmers in each community represented the block. Interactions within communities were not 

considered because of the possibility of several confounding factors. From the ANOVA, it was 

found out that aboveground biomass and actual yield responded to phosphorus application. 

Quantitative analyses (Microsoft Office-Excel 2010) were later made with the phosphorus 

application rate against aboveground biomass and actual yield to determine the optimum 

application rate of phosphorus. 



 

35 
 

4.0 RESULTS 

4.1. NODULATION ASSESSMENT INDEX 

Table 5: Treatments effect on nodulation in all the experimental communities 

TREATMENT NANSONI   ANDO   CHERE  

A 11.8 ± 0.4 
a
  

 10.6 ± 0.6 
abc

  
 11.2 ± 0.6  

abc
  

B 7.0 ± 0.7  
c
  

 7.3 ± 1.4   
de

  
 9.6 ± 0.7   

def
  

C 9.5 ± 0.9  
b
  

 11.6 ± 0.9  
abc

  
 10.6 ± 0.5  

cde
  

D 9.6 ± 0.8  
b
  

 9.6 ± 1.1    
bc

  
 11.6 ± 0.2 

abc
  

E 7.0 ± 0.4   
c
  

 6.9 ± 0.7    
e
  

 7.4 ± 0.8   
g
  

F 10.5 ± 0.9 
ab

  
 11.3 ± 0.5  

abc
  

 11.3 ± 0.8 
abc

  

G 11.0 ± 0.9 
ab

  
 11.8 ± 0.3  

ab
  

 12.2 ± 0.4 
ab

  

H 11.5 ± 0.5 
a
  

 12.3 ± 0.3  
a
  

 12.6 ± 0.2  
a
  

I 10.7 ± 0.7 
ab

  
 9.3 ± 0.7   

cd
  

 10.9 ± 1.0 
bcd

  

J 7.3 ± 0.8   
c
  

 6.9 ± 0.8   
e
  

 8.3 ± 0.3   
fg

  

FF 6.7 ± 0.3  
c
  

 7.3 ± 0.6   
de

  
 9.1 ± 0.3   

ef
  

 

LSD 1.6   2.2   1.6   

Significance level = (p≤0.05), same letters depict no significant difference. Analyses were done separately in each 

community. No of replications = 5 in Nansoni, 4 in Ando and 5 in Chere. 
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This nodulation assessment indexing 

conforms to the Field Guide to Nodulation 

and Nitrogen Fixation Assessment, Land 

Management Handbook (1991). A total 

scoring index between eleven (11) and 

thirteen (13) depicts effective nodulation, 

between seven (7) and ten (10) shows less 

effective nodulation while values between 

one (1) and six (6) means the nodulation is 

generally unsatisfactory.  

In experiment in Nansoni, treatments and 

replicates effects were all significant. The 

Least Significant Difference (LSD) was 1.6. The highest nodulation assessment score was 

recorded for treatment A (KNO3 and TSP), followed by treatment H (TSP and Inoculant), 

treatment G (TSP, Yara legume and Inoculant), I (TSP only), F (TSP and Yara legume), D 

(NPK) and treatment C (Urea and TSP). The least score was recorded for treatments J (no 

fertilizer), B (KNO3 and Urea), E (Urea only) and FF (farmer’s field), sharing the same letter of 

significance as seen in Table 5. 

In Ando, the treatments effect was significant while the replicates effect was not significant. The 

Least Significant Difference was 2.2 in the experiment in Ando. Highest score was recorded for 

treatment H (TSP and Inoculant), followed by G (TSP, Yara legume and Inoculant), C (Urea and 

TSP), F (TSP and Yara legume) and A (KNO3 and TSP. Treatment D (NPK) was the next, 

followed by I (TSP only). Treatments FF (farmer’s field) and B (KNO3 and Urea) has no 

significant difference between each other. Treatments E (Urea only) and J (no fertilizer) had the 

least index of 6.9 as seen in Table 5. 

In Chere, the treatments effect was significant while the replicates effect was not significant. The 

LSD in this community under the nodulation assessment index was 1.6.  The highest score was 

recorded for treatment H (TSP and Inoculant). This was followed by treatments G (TSP, Yara 

legume and Inoculant), D (NPK), F (TSP and Yara legume) and A (KNO3 and TSP). Treatment I 

(TSP only) was the next, followed by C (Urea and TSP). Treatment B (KNO3 and Urea) and FF 

 Figure 8: A pictorial view of roots with nodule during 

nodulation assessment.
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(farmer’s field) had no significant difference between each other. Treatment E (Urea only) and 

treatment J (no fertilizer) had the least nodulation assessment score as seen in Table 5. 

 

4.2. ABOVEGROUND BIOMASS 

Table 6: Treatments effect on Above Ground Biomass (g) in all the experimental communities 

TREATMENT NANSONI    ANDO  CHERE 

A 
50.9 ± 5.5 

a
 

  
67.5 ± 3.9 

a
 

 
63.1 ± 4.7 

a
 

B 
20.6 ± 4.8 

b
 

  
38.9 ± 4.1 

b
 

 
38.2 ± 5.3 

b
 

C 
44.9 ± 3.7 

a
 

  
69.1 ± 5.8 

a
 

 
59.5 ± 4.4 

a
 

D 
48.3 ± 3.4 

a
 

  
73.6 ± 3.7  

a
 

 
61.6 ± 4.4 

a
 

E 
28.6 ± 4.4 

b
 

  
24.9 ± 6.5 

c
 

 
35.7 ± 6.1 

b
 

F 
50.1 ± 5.5 

a
 

  
75.9 ± 5.0 

a
 

 
57.6 ± 5.5 

a
 

G 
42.2 ± 3.8 

a
 

  
72.3 ± 5.5 

a
 

 
64.6 ± 5.5 

a
 

H 
43.4 ± 6.2 

a
 

  
77.0 ± 3.9 

a
 

 
60.5 ± 3.1 

a
 

I 
50.2 ± 4.7 

a
 

  
67.8 ± 5.3 

a
 

     
63.9 ± 4.3 

a
 

J 
20.0 ± 3.0 

b
 

  
42.3 ± 6.5 

b
 

 
21.7 ± 5.3 

c
 

FF 
26.7 ± 3.7 

b
 

  
31.5 ± 3.0 

bc
 

 
32.7 ± 6.1 

bc
 

LSD        12.9          13.4       13.5 

Significance level = (p≤0.05), same letters depict no significant difference. Analyses were done separately in each 

community. No of replications = 5 in Nansoni, 4 in Ando and 5 in Chere
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In Nansoni, the treatments effect was 

significant and the replicates effect was not 

significant. The Least Significant 

Difference was 12.9 g in the experiment in 

Nansoni. Highest aboveground biomass 

was recorded for treatment A (KNO3 and 

TSP). This was followed by treatments I 

(TSP Only), F (TSP and Yara legume), D 

(NPK), C (Urea and TSP), H (TSP and 

Inoculant) and G (TSP, Yara legume and 

Inoculant). Treatments E (Urea only), FF 

(farmer’s field), B (KNO3 and Urea) and J 

(no fertilizer) had the least weight in the 

aboveground biomass as seen in Table 6.          

In Ando, the treatments effect was 

significant and the replicates effect was not 

significant. The LSD was 13.4 g in Ando. 

The highest aboveground biomass was recorded for treatment H (TSP and Inoculant). This was 

followed by treatments F (TSP and Yara legume), D (NPK), G (TSP, Yara legume and 

Inoculant), C (Urea and TSP), I (TSP only) and A (KNO3 and TSP). Treatments J (no fertilizer), 

B (KNO3 and Urea), FF (farmer’s field) and E (Urea only) had the least weight in the 

aboveground biomass as seen in Table 6. 

In Chere, both treatments and replicates effect were significant. The LSD was 13.5 g in the 

experiment in Chere. The highest aboveground biomass was recorded for treatment G (TSP, 

Yara legume and Inoculant). This was followed by the treatments I (TSP only), A (KNO3 and 

TSP), D (NPK), H (TSP and Inoculant), C (Urea and TSP) and F (TSP and Yara legume). In 

decreasing order, treatments B (KNO3 and Urea) and E (Urea only) followed. The least 

aboveground biomass was recorded for treatment FF (farmer’s field) and J (no fertilizer), sharing 

the same letter of significance as seen in Table 6. 

 Figure 9: Pictorial view of soybean plant at the end of 

vegetative growth. 
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4.3. NUMBER OF PODS PER PLANT 

Table 7: Treatments effect on Number of Pods per Plant in all the experimental communities 

TREATMENT NANSONI ANDO CHERE 

A 65.1 ± 6.6 
a
 69.2 ± 5.0 

ab  
 56.8 ± 2.5 

a   
 

B 34.8 ± 7.8 
b
 28.2 ± 6.5 

e  
  34.9 ± 5.7

b   
 

C 57.7 ± 6.9 
a
 71.8 ± 4.8 

a   
 60.2 ± 3.9 

a  
 

D 57.3 ± 3.1 
a
 53.1 ± 7.4 

bcd 
 57.3 ± 5.1 

a  
 

E 36.4 ± 3.9 
b
 36.3 ± 9.1 

de  
 26.5 ± 4.1 

bc 
 

F 64.1 ± 5.7 
a
 49.9 ± 10.7 

cd 
 59.8 ± 2.5 

a  
 

G 57.5 ± 3.0 
a
 52.4 ± 7.4 

bcd 
 60.7 ± 8.0 

a  
 

H 61.8 ± 4.9 
a
 60.8 ± 8.0 

abc 
 60.6 ± 5.9 

a  
 

I 64.1 ± 6.1 
a
 50.2 ± 11.0 

cd 
 60.7 ± 5.3 

a  
 

J 34.5 ± 8.6 
b
 30.9 ± 6.0 

e   
 20.7 ± 4.3 

c  
 

FF 32.8 ± 4.5 
b
 30.2 ± 5.4 

e   
 35.4 ± 5.6 

b  
 

LSD 14.8       18.4          13.1         

Significance level = (p≤0.05), same letters depict no significant difference. Analyses were done separately in each 

community.  No of replications = 5 in Nansoni, 4 in Ando and 5 in Chere. 
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In Nansoni, the treatments and replicates 

effects were both significant for the number 

of pods per plant. The LSD was 14.8 in the 

experiment in Nansoni. The highest number 

of pods per plant was recorded for treatment 

A (KNO3 and TSP). This was followed by 

the treatments I (TSP only), F (TSP and 

Yara legume), H (TSP and Inoculant), C 

(Urea and TSP), G (TSP, Yara legume and 

Inoculant) and D (NPK). Treatments E (Urea 

only), B (KNO3 and Urea), J (no fertilizer) 

and FF (farmer’s field) had the lowest 

number of pods per plant in Nansoni, sharing 

the same letter of significance as seen in 

Table 7. 

In Ando, both treatments and replicates 

effects were all significant. The LSD was 

18.4 in the experiment in Ando. Highest number of pods per plant was recorded for treatment C 

(Urea and TSP). This was followed by treatments A (KNO3 and TSP), then H (TSP and 

Inoculant). Treatment D (NPK) was the next to be recorded, followed by G (TSP, Yara legume 

and Inoculant), then I (TSP only) and F (TSP and Yara legume). The treatments E (Urea only), J 

(no fertilizer), FF (farmer’s field) and B (KNO3 and Urea) had the least number of pods per plant, 

sharing the same letter of significance as seen in Table 7. 

In Chere, both treatments and replicates effects were all significant. The LSD was 13.1 in the 

experiment in Chere. The highest number of pods per plant was recorded for treatment G (TSP, 

Yara legume and Inoculant). This was followed by treatments I (TSP only), H (TSP and 

Inoculant), C (Urea and TSP), F (TSP and Yara legume), then D (NPK) and treatment A (KNO3 

and TSP). Treatments FF (farmer’s field), B (KNO3 and Urea) and E (Urea) were next to be 

recorded, sharing the same letter of significance. Treatment J (no fertilizer) had the least number 

of pods per plant as seen in Table 7. 

 Figure 10: Pictorial view of a soybean pod at 

physiological maturity
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4.4. ACTUAL SEED YIELD  

Table 8: Treatments effect on Actual Yield (g/m
2
) in all the experimental communities 

TREATMENT NANSONI ANDO CHERE 

A 389.1 ± 31.5 
a     

 495.4 ± 111.5 
a       

 405.5 ± 27.6 
cd     

 

B 198.2 ± 63.1 
def   

 152.2 ± 59.7 
cd       

 286.8 ± 43.6 
de     

 

C 270.7 ± 26.2 
cde   

 444.9 ± 155.6 
ab      

 566.0 ± 71.4 
abc    

 

D 283.6 ± 23.2 
cde   

 338.4 ± 36.4 
abc      

 659.3 ± 63.1 
a      

 

E 192.8 ± 30.3 
def   

 97.7 ± 15.5 
d         

 204.2 ± 44.1 
e      

 

F 361.7 ± 38.0 
abc   

 436.3 ± 141.2 
ab      

 588.6 ± 61.0 
ab     

 

G 380.4 ± 35.1 
ab    

 328.3 ± 45.3 
abc      

 512.0 ± 64.0 
abc    

 

H 355.2 ± 17.7 
abc   

 370.6 ± 43.6 
abc      

 468.3 ± 75.5 
bc     

 

I 294.0± 14.6
abcd   

 378.0 ± 54.2 
abc      

 441.6 ± 43.6 
bcd    

 

J 197.5 ± 47.4 
def   

 162.5 ± 38.6 
cd       

 223.3 ± 32.4 
e      

 

FF 132.8 ± 16.3 
f     

 218.4 ± 59.6 
bcd      

 213.8 ± 80.0 
e      

 

LSD 97.7              227.3                166.6              

Significance level = (p≤0.05), same letters depict no significant difference. Analyses were done separately in each 

community.  No of replications = 5 in Nansoni, 4 in Ando and 5 in Chere. 

 

The treatments effect was significant while replicates effect was not significant effect in the 

experiment in Nansioni with LSD of 97.7 g/m
2
.  The highest actual seed yield was recorded for 

treatment A (KNO3 and TSP). This was followed by treatments G (TSP, Yara legume and 

Inoculant), F (TSP and Yara legume), H (TSP and Inoculant) and I (TSP only). Treatments D 

(NPK) and C (Urea and TSP) subsequently had the next actual seed yield. Treatments B (KNO3 

and Urea), J (no fertilizer), E (Urea only) and FF (farmer’s field) had the least actual seed yield, 

sharing the same letter of significance as seen in Table 8. 

In Ando, the treatments effect was significant while replicates effect was not significant. The 

LSD was 227.3 g/m
2
 in Ando. The highest actual seed yield was recorded under treatment A 

(KNO3 and TSP). This was followed by C (Urea and TSP), F (TSP and Yara legume), I (TSP 

only), H (TSP and Inoculant) then D (NPK) and G (TSP, Yara legume and Inoculant). Treatment 

FF (farmer’s field), J (no fertilizer), B (KNO3 and Urea) and treatment E (Urea only) had the 

least actual seed yield, sharing the same letter of significance as seen in Table 8. 
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In Chere there was a significant effect in the treatment while the replicates effect was not 

significant. The LSD was 166.6 g/m
2
 in Chere. The highest actual seed yield was recorded under 

Treatment D (NPK). This was followed by treatment F (TSP and Yara legume), C (Urea and 

TSP) and G (TSP, Yara legume and Inoculant). Treatment H (TSP and Inoculant) was next to 

follow then I (TSP only) and A (KNO3 and TSP. The lowest actual seed yield was recorded in 

treatments B (KNO3 and Urea), J (no fertilizer), FF (farmer’s field) and E (Urea only), sharing 

the same letter of significance as seen in Table 8. 
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4.5. THOUSAND GRAIN WEIGHT 

Table 9: Treatments effect on Thousand Grain Weight (g) in all the experimental communities 

TREATMENT NANSONI ANDO CHERE 

A 95.5 ± 2.0 
ab    

 107.4 ± 2.1 
ab     

 95.4 ± 1.2 
c    

 

B 91.2 ± 2.7 
bc    

 99.5 ± 2.1 
cdef    

 91.0 ± 1.6 
de   

 

C 96.0 ± 1.2 
ab    

 105.5 ± 3.9 
abc    

 99.5 ± 0.9 
ab   

 

D 94.6 ± 1.2 
ab    

 108.6 ± 1.0 
a      

 96.7 ± 1.5 
bc   

 

E 85.0 ± 2.0 
d     

 94.8 ± 1.5   
f      

 87.8 ± 1.5 
e    

 

F 96.5 ± 2.0 
a     

 101.5 ± 3.1 
bcde   

 97.4 ± 0.7  
bc   

 

G 97.5 ± 1.7  
a    

 103.4 ± 2.2 
abcd   

 98.0 ± 1.1 
abc   

 

H 94.5 ± 0.9 
ab    

 104.5 ± 3.4 
abcd   

 100.7 ± 0.8 
a    

 

I 94.7 ± 1.2 
ab    

 102.8 ± 1.9 
abcd   

 96.9 ± 1.0 
bc    

 

J 88.7 ± 1.7 
cd    

 96.5 ± 1.8  
f      

 92.0 ± 1.0 
d     

 

FF 91.5 ± 0.8 
bc    

 98.7 ± 2.4  
f      

 91.4 ± 1.3 
d     

 

LSD 4.8             6.8               3.2             

Significance level = (p≤0.05), same letters depict no significant difference. Analyses were done separately in each 

community.  No of replications = 5 in Nansoni, 4 in Ando and 5 in Chere. 
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The treatments effect was  significant in the 

experiment in Nansoni while the replicates 

effect was not significant. The LSD was 4.8 g 

for the thousand grain weight. The highest 

weight was recorded for treatment G (TSP, Yara 

legume and Inoculant). This was followed by F 

(TSP and Yara legume), C (Urea and TSP), A 

(KNO3 and TSP), I (TSP only) then D (NPK) 

and H (TSP and Inoculant). The lowest 

thousand grain weight was recorded for 

treatments FF (farmer’s field), B (KNO3 and 

Urea), J (no fertilizer) and E (Urea only), 

sharing the same letter of significance as seen in 

Table 9. 

In Ando, the treatments effect was significant 

while the replicates effect was not with LSD of 

6.8 g. The highest weight was recorded for 

treatment D (NPK). This was followed by treatments A (KNO3 and TSP), C (Urea and TSP), H 

(TSP and Inoculant), G (TSP, Yara legume and Inoculant), then I (TSP only) and F (TSP and 

Yara legume). Treatments B (KNO3 and Urea), FF (farmer’s field), J (no fertilizer) and E (Urea 

only) had the lowest thousand grain weight, sharing the same letter of significance as seen Table 

9. 

In Chere, the treatments effect was significant while the replicates effect was not significant with 

LSD of 3.2 g. The highest thousand grain weight was recorded for treatment H (TSP and 

Inoculant). This was followed by the treatments C (Urea and TSP), G (TSP, Yara legume and 

Inoculant), F (TSP and Yara legume) then I (TSP only) and D (NPK). Treatment A (KNO3 and 

TSP) was the next to follow. The lowest weight was recorded for treatments J (no fertilizer), FF 

(farmer’s field), B (KNO3 and Urea) and E (Urea only), sharing the same letter of significance as 

seen in Table 9. 

 Figure 11: Determining the thousand grain weight of 

soybean with an electronic balance.
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4.6. HARVEST INDEX 

Table 10: Treatment effects on Harvest Index in all experimental communities 

TREATMENT NANSONI ANDO CHERE 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

FF 

LSD 

0.188 ± 0.028 
bc

 

0.194 ± 0.036 
bc

 

0.164 ± 0.014 
bc

 

0.150 ± 0.005 
c
 

0.172 ± 0.026 
bc

 

0.166 ± 0.014 
bc

 

0.178 ± 0.021 
bc

 

0.198 ± 0.031 
bc

 

0.154 ± 0.014 
bc

 

0.230 ± 0.041 
 b

 

0.328 ± 0.048 
a
 

0.080 

0.170 ± 0.036
 b

 

0.080 ± 0.026 
c
 

0.140 ± 0.022  
bc

 

0.105 ± 0.014 
bc

 

0.105 ± 0.013 
bc

 

0.118 ± 0.032 
bc

 

0.100 ± 0.013 
bc

 

0.099 ± 0.011 
bc

 

0.118 ± 0.015 
bc

 

0.080 ± 0.022 
c
 

0.280 ± 0.071 
a
 

0.083 

0.110 ± 0.014 
b
 

0.134 ± 0.032 
b
 

0.144 ± 0.016 
b
 

0.168 ± 0.013 
b
 

0.096 ± 0.021 
b
 

0.144 ± 0.010 
b
 

0.154 ± 0.024 
b
 

0.116 ± 0.012 
b
 

0.118 ± 0.013 
b 

0.182 ± 0.044 
ab

 

0.260 ± 0.084 
a
 

0.097 
Significance level = (p≤0.05), same letters depict no significant difference. Analyses were done separately in each 

community.  No of replications = 5 in Nansoni, 4 in Ando and 5 in Chere. 

 

In Nansoni, the treatments effect was significant and the replicates effect was not. The LSD for 

the experiment in Nansoni was 0.080. The highest harvest index was recorded for treatment FF 

(farmer’s field). This was followed by treatment J (no fertilizer). The were no significant 

differences among treatments H (TSP and Inoculant), B (KNO3 and Urea), A (KNO3 and TSP), G 

(TSP, Yara legume and Inoculant), E (Urea only), F (TSP and Yara legume), C (Urea and TSP), 

I (TSP only), D (NPK), H (TSP and Inoculant), B (KNO3 and Urea), A (KNO3 and TSP), G 

(TSP, Yara legume and Inoculant), E (Urea only), F (TSP and Yara legume), C (Urea and TSP) 

and I (TSP) as seen in Table 10. 

In Ando, there was significant difference in the treatments effect while replicates were not 

significantly with LSD of 0.083. The highest harvest index was recorded for treatment FF 

(farmer’s field). This was followed by the treatments A (KNO3 and TSP).There was no 

significant differences among treatments C (Urea and TSP), F (TSP and Yara legume), I (TSP 
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only), E (Urea only), D (NPK), G (TSP, Yara legume and Inoculant), H (TSP and Inoculant), J 

(no fertilizer) and B (KNO3 and Urea) as seen in Table 10. 

There were no treatments and replicates effect for the experiment in Chere. The LSD was 0.097 

in Chere. The highest harvest index was recorded for treatment FF (farmer’s field). This was 

followed by treatment J (no fertilizer). There were no significant difference among treatments D 

(NPK), G (TSP, Yara legume and Inoculant), F (TSP and Yara legume), C (Urea and TSP), B 

(KNO3 and Urea), I (TSP only), H (TSP and Inoculant), A (KNO3 and TSP) and E (Urea only) as 

shown in Table 10. 

 

4.7. ANALYSIS OF PHOSPHORUS RESPONSE 

 

According to Okon Archibong (2015), it was known that the soils in the experimental 

communities are limited in phosphorus. There is also a significant increase in yield owing to the 

addition of phosphorus fertilizer. In this regard, an analysis on how the soybeans respond in the 

aboveground biomass and yield upon addition of inorganic phosphorus in different application 

rates was done (see discussion). It should be noted that treatments B (KNO3 and Urea), E (Urea 

only), J (no fertilizer) and FF (farmer’s field) were assumed a zero application rates as the 

composition did not contain any phosphorus.   
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4.7.1 Amount of Phosphorus per Hill in Treatment A 

 

For treatment A, 250 g of TSP was added to 125 g KNO3 to give 375 g per subplot (6.25 m
2
). 

But considering actual phosphorus available in TSP (0-46-0) we had 10.04 kg per 50 kg bag. 

Hence percentage of phosphorus in the 50 kg of TSP would be (10.04/50) x 100 = 20.08% 

Therefore the actual phosphorus available in the 1.0 g per hill applied would be (20.08/100) x 1.0 

g = 0.2008 g per subplot 

 

4.7.2. Amount of Phosphorus per Hill in Treatment C 

 

For treatment C, 250 g of TSP was mixed with 62.5 g of Urea to give 312.5 g per subplot (62.5 

m
2
). Just as treatment A, for all TSP we have actual phosphorus content available to be 20.08% 

hence P available in treatment C would also be 0.2008 g per subplot.  

 

4.7.3. Amount of Phosphorus per Hill in Treatment D 

 

For treatment D with NPK (15-15-15), with the percentage of phosphorus in 50 kg of NPK (15-

15-15) we get (3.27/50) x 100 = 6.54%. With the same application rate per hill we get the actual 

P to be (6.54/100) x 1.5 g = 0.0981 g per subplot. 
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4.7.4. Amount of Phosphorus per Hill in Treatments F and G. 

 

For treatments F and G, we had 250 g of TSP mixed 62.5 g of Yara Legume, giving a rate of 

312.5 g per subplot (6.25 m
2
).  If 312.5 g per subplot = 1.25 g per hill then for TSP only we get 

1g (from treatments A and C) thus 0.2008 g of actual P would be available from the TSP. 

However, the 62.5g of Yara legume also contained some additional P (from the composition on 

the fertilizer label, N = 0, P = 25%, K = 18%, CaO = 29% and S = 4%). 

Calculating for the actual nutrient available in every 50 kg bag of Yara legume (we had P = 5.46 

kg, K = 7.47 kg, Ca = 10.36 kg and S = 2 kg per 50 kg). The actual phosphorus percentage 

would be (5.46/50) x 100 = 10.92%. From the application rate of F and G, weight of Yara 

legume applied would be (1.25 x 62.5) / 312.5 = 0.25 g, then actual P available in the 0.25g of 

Yara legume applied per subplot would be (10.92/100) x 0.25 g = 0.0273 g per subplot. 

Therefore total actual P in treatments F and G each (though treatment G had the seeds pre-coated 

with inoculants) would be 0.2008 + 0.0273 = 0.2281 g.  

 

4.7.5. Amount of Phosphorus per Hill in Treatments H and I. 

 

For treatments H and I, only 250 g of TSP was applied per subplot, just as treatment A and C 

(though treatment H had the seeds pre-coated with inoculants). 1.0g of TSP was applied per hill. 

It was known that the actual phosphorus available in the TSP was only 20.08% hence the actual 

P available per hill would also be 0.2008 g (just as treatments A and C). 
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Table 11: Application of phosphorus with their respective rates 

Treatment 

Phosphorus application 

rate per hill (g) 
A KNO3 + TSP 0.2008 

B Urea + KNO3 0 

C TSP + Urea 0.2008 

D NPK 0.0981 

E Urea 0 

F TSP + YL 0.2281 

G TSP + YL  + Inno 0.2281 

H TSP + Inno 0.2008 

I TSP Only 0.2008 

J No Fert 0 

FF FF 0 
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5. DISCUSSION 

5.1. CROP RESPONSE TO FERTILIZER APPLICATION 

5.1.1. Overview 

 

Optimizing the yield of soybean is known to be a relationship of the plant genetics, weather 

condition in the growing period, soil properties and fertility management practices. Plant genetic 

compositions remain a pre-requisite and the weather conditions are uncontrollable factors under 

rain-fed condition. Soil properties and fertility management are the most decisive factor of yield 

optimization, though within a defined limit.  This study shows how soybean respond to the 

various fertilizer and nutrient compositions available in the Chereponi District of Ghana 

selecting Nansoni, Ando and Chere communities as the case study. Parameters on which the 

fertilizer application were understudied are nodulation assessment (score), aboveground biomass 

(g/m
2
), number of pods per plant, actual yield (g/m

2
), thousand grain weight (g), and  harvest 

index. In general, it could be inferred that soybean responded positively to phosphorus 

application in the aboveground biomass and actual yield owing to the phosphorus deficiency in 

the soils of the experimental sites.  

 

5.1.2. Actual Yield 

 

In Nansoni, there was significant difference between NPK application and the no fertilizer 

application treatment. Significant differences also existed between KNO3 and TSP (treatment A) 

against the farmer’s field (treatment FF) and the no fertilizer application (treatment J). No 

significant difference existed in yield between treatment F (TSP and YL) and (TSP only). It 

could therefore be inferred that though calcium and sulphur are important macronutrients, they 

did not affect yield significantly when applied in combination with phosphorus. Though 

phosphorus yielded significant results from the no fertilizer treatment and the farmer’s field, 

experimental plots that had their seeds inoculated before planting then later applied with 

phosphorus did not yield any significant different as treatment H (TSP and Inoculant) was not 

significantly different from treatment I (TSP Only). Yields from experimental plots with 

phosphorus only did not also have any significant difference from plots that were applied with 
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nitrogen, phosphorus and potassium (treatment D). Potassium and nitrogen in the form of Urea 

did not improve yield in the experiment in Nansoni because there was no significantly 

differences existing among treatments B (KNO3 and Urea), E (Urea only) and no fertilizer 

treatment. It could be inferred that soybean also responded positively to phosphorus application 

in Nansoni. This confirms research findings in Bangladesh by Ali et al., (2013) where it was 

known that phosphorus application significantly increased the yield of soybean. Regression 

analysis was therefore made to determine how phosphorus application affected the yield in 

Nansoni community as seen in figure 12. 

 

 
Figure 12 : Correlation between phosphorus application rate and the actual yield in Nansoni (n=55, application 

rates= 11, replicates=5). There were no block effects in this community. 

 

 

 Y = -0.3945x
2
 + 22.665x + 181.7 

 

From the equation above, the value of x (optimum application rate) is 28.7 g/ m
2
. 

Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 507.2 

g/m
2
.                

 

y = -0.3945x2 + 22.665x + 181.7 
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In Ando, NPK application treatment was significantly different in yield from the no fertilizer 

application treatment and the farmer’s field. NPK treatment also was not significantly different 

from other treatments that had phosphorus in the composition. Though calcium and sulphur are 

important for plant performance, it did not increase yield significantly as phosphorus because 

treatment F (TSP and YL) was not significantly different from treatment I (TSP only). Potassium 

and nitrogen in the form of urea, just as experiment in Nansoni, did not improve yield in Ando. 

This is because there were not significantly differences existing among treatments B (KNO3 and 

Urea), E (Urea only) and no fertilizer treatment. It could also be concluded that there was 

positive correlation between phosphorus application and yield in Ando as Ali et al., (2013), 

report it and as seen in figure 13. 

 

Figure 13 : Correlation between phosphorus application rate and the actual yield in Ando (n=44, application 

rates= 11, replicates=4). There were block effects in this community. 

 

 

Y = -4.7787x
2
 + 70.092x + 156.27 

 

From the equation above, the value of x (optimum application rate) is 7.3 g/ m
2

. 

Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 413.3 

g/m
2
.                

y = -4.7787x2 + 70.092x + 156.27 

R² = 0.3835 
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In Chere community, NPK application treatment also had a significant different in yield 

compared to the no fertilizer treatment and the farmers’ field. Nonetheless, there was no 

significant different among treatment D (NPK), treatment F (TSP and YL) and treatment G 

(TSP, Yara legume and Inoculant). Unlike Nansoni and Ando community, the NPK treatment 

recorded the highest yield and was significantly different from treatment A (KNO3 and TSP), H 

(TSP and Inoculant and I (TSP only) though they also had phosphorus in the composition. It 

could therefore be inferred that there could be other confounding yield factors affecting yield in 

treatments (A, D, H and I). Calcium and sulphur did not contribute to a significant yield increase 

with phosphorus application treatment in Chere community as treatment F (TSP and YL) was not 

significantly different from treatment I (TSP only). Likewise, inoculated seeds did not increase 

yield significantly when phosphorus is applied as treatment H (TSP and Inoculant) was not 

significantly different from treatment I (TSP only). Potassium and nitrogen in the form of urea 

again did not improve yield in this community because there was not significantly differences 

existing among treatments B (KNO3 and Urea), E (Urea only), no fertilizer treatment and the 

farmer’s field. It could be inferred that soybean also responded positively to phosphorus 

application in Chere community too. It could also be concluded that there was a positive 

correlation between phosphorus application and yield in each block in Ando community as seen 

in figure 14. 
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Figure 14 : Correlation between phosphorus application rate and the actual yield in Chere (n=55, application 

rates= 11, replicates=5). There were block effects in this community. 

 

Y = -10.652x
2
 + 121.9x + 239.71 

 

From the equation above, the value of x (optimum application rate) is 5.7 g/ m
2

. 

Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 588.5 

g/m
2
.                

 

5.1.3. Aboveground Biomass 

 

In Nansoni, there were positive relation on phosphorus application and the aboveground 

biomass. This is because treatment with phosphorus was significantly different from those which 

did not have phosphorus in the fertilizer application treatment composition i.e. treatments B 

(KNO3 and Urea), E (Urea only), no fertilizer application and the farmer’s field. Potassium and 

nitrogen in the form of urea did not have an effect in the aboveground biomass. This is because 

there were no significant different between treatments B (KNO3 and Urea), E (Urea only), no 

fertilizer application and the farmer’s field. Calcium and sulphur also did not have any 
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significant effect on the aboveground biomass in plots that had phosphorus application in the 

treatments. This is because F (TSP and YL) and I (TSP only) were not significantly different. 

Furthermore, soybean seeds inoculated before the planting do not have any improvement in the 

aboveground biomass. This is because there was no significant difference between treatment H 

(TSP and Inoculant) and I (TSP only). Figure 15 below shows how phosphorus application 

affects the aboveground biomass of soybean.  

 

 

Figure 15 : Correlation between phosphorus application rate and the actual yield in Nansoni (n=55, application 

rates= 11, replicates=5). There were block effects in this community. 

 

Y = -16.294x
2
 + 279.84x + 878.75 

From the equation above, the value of x (optimum application rate) is 8.6 g/ m
2

. 

Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 

2080.3 g/m
2
.                

 

In Ando, phosphorus application with inoculated seeds produce the highest aboveground 

biomass confirming the findings of Kumaga and Ofori (2004) as Bradyrhizobia inoculation and 

phosphorus had a significant effect on the dry matter of soybean. Phosphorus application had a 

positive correlation on the aboveground biomass just as in the Nansoni. This is because there 

were significant differences between treatments with phosphorus application and those with no 
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phosphorus in the treatment composition. Potassium application yielded a positive effect when 

applied with nitrogen in the form of urea as treatment B (KNO3 and Urea) was significantly 

different from treatment E (Urea only). Calcium and sulphur did not have any effect on the 

aboveground biomass of soybean in Ando when combined phosphorus. This is because there was 

no significant difference between treatments F (TSP and YL) and I (TSP only). Figure 16 shows 

the correlation between Phosphorus application rate and the Aboveground Biomass in Ando. 

 

 

Figure 16 : Correlation between phosphorus application rate and the actual yield in Ando (n=44, application 

rates= 11, replicates=4). There were block effects in this community. 

 

Y = -32.273x
2
 + 501.59x + 1480.9 

 

From the equation above, the value of x (optimum application rate) is 7.8 g/ m
2

. 

Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 

3429.8 g/m
2
.                
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In Chere, there was a positive effect of phosphorus application on the aboveground biomass. 

This is because there were significant differences between treatments with phosphorus and those 

with no phosphorus in the treatment application.  Potassium application did not increase the 

aboveground biomass when applied with nitrogen in the form of urea, just as in experiments in 

Nansoni and Ando. Calcium and sulphur in combination with phosphorus application did not 

improve the aboveground biomass significantly as there were no significant difference between 

treatment F (TSP and YL) and I (TSP only). Furthermore, it was also established in Chere that 

seeds inoculated did not improve the aboveground biomass when phosphorus is applied. This is 

because there was no significant difference between treatments H (TSP and Inoculant) and I 

(TSP only).Figure 17 show the correlation between phosphorus application rate and the 

aboveground biomass in experiment in Chere. 

 

Figure 17 Correlation between phosphorus application rate and the actual yield in Chere (n=55, application rates= 

11, replicates=5). There were block effects in this community. 

 

Y = -61.421x
2
 + 777.45x + 1702.1 

From the equation above, the value of x (optimum application rate) is 6.3 g/ m
2
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Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 

4162.2 g/m
2
.                
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5.1.4. Number of pods per plant 

 

The number of pods per plant is a decisive factor for yield determination. The number of pods 

also depends on the number of flowers that would be able to develop. In the instance of flower 

abortion, there is a reduction of the number of pods per plant, hence a yield reduction.  

 

In Nansoni, phosphorus application had a positive correlation on the number of pods per plant. 

This is because the treatments with phosphorus application were significantly different from 

those that did not have phosphorus in the composition. Potassium, in combination with nitrogen 

of urea source did not have any significant effect on the number of pods per plant. Sulphur and 

calcium established no improvement in the number of pods per plant when applied in 

combination with phosphorus. This is because there is no significant difference between 

treatment F (TSP and YL) and I (TSP only). The inoculation of soybean did not yield any 

significant effect in the number of pods per plant when phosphorus is applied. This is because 

there was no significant difference between treatment H (TSP and Inoculant) and I (TSP only), 

as Ahiabor et al., (2014) also found out in their research conducted under the topic ‘Application 

of Phosphorus Fertilizer on Soybean Inoculated with Rhizobium and its Economic Implication to 

Farmers’. 

 

In Ando, potassium improved the number of pods per plant when in combination with 

phosphorus more than calcium and sulphur will do when combined with phosphorus in the 

application. There was a significant difference between treatment A (KNO3 and TSP) and F 

(TSP and YL). Potassium and nitrogen from a nitrate source increase the number of pods per 

plant when applied with phosphorus as there is a significant difference treatment A (KNO3 and 

TSP) and I (TSP only).  The combination of phosphorus and nitrogen from a urea source 

significantly improved the number of pods per plants as compared to phosphorus application 

only. This is because there was a significant difference between treatment C (TSP and Urea) and 

I (TSP only). Nitrogen and potassium in combination with phosphorus application did not 

increase the number of pods per plants compared to the application of phosphorus only. This is 

because treatment D (NPK) was not significantly different from treatment I (TSP only). Sulphur 

and calcium did not improve the number of pods per plant when applied with phosphorus as 
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there was no significant difference between the treatments F (TSP and YL) and I (TSP only). 

Addition of potassium to nitrogen from urea yielded a reduction in the number of pods per plant.  

 

In Chere, there was also a positive correlation between phosphorus application and the number 

of pod per plant. This is because the treatments with phosphorus were significantly higher than 

those without phosphorus. Nitrogen and potassium in combination with phosphorus did not 

improve the number of pods per plant just as sulphur and calcium in combination with 

phosphorus application as compared to phosphorus application alone. This is so, because there 

was not significant difference treatments D (NPK) and I (TSP only) as well as between F (TSP 

and YL) and I (TSP only). Soybean seeds inoculated before planting to aid the biological 

nitrogen fixation did not improve the number of pods per plant when phosphorus is later applied. 

This is because there was no significant difference between treatments H (TSP and Inoculant) 

and I (TSP only). Application of urea alone did not significantly improve the number of pods per 

plant, just as in Nansoni and Ando. 

 

5.1.5. Nodulation Assessment 

 

In Nansoni, the application of inoculant on soybean seeds did not emerge the highest in the 

nodulation assessment score. The highest nodulation assessment score was obtained from the 

treatment A with nitrogen, potassium and phosphorus application (KNO3 and TSP). Nonetheless, 

inoculated seeds with phosphorus application better improved nodulation as compared to the 

application in treatment D (NPK). This is because there was a significant difference between 

treatment H (TSP and Inoculant) and D (NPK). It was known from the results that calcium and 

sulphur in combination with phosphorus application did not improve nodulation when seed are 

inoculated. This is because there were no significant differences among treatments F (TSP and 

YL), G (TSP, YL and Inoculant), H (TSP and Inoculant) and I (TSP only). It was also known 

that urea has no effect on the nodulation in the experiment in Nansoni. This is because there were 

no significant differences among the treatment E (Urea only), no fertilizer application treatment 

and the farmer’s field. 
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In Ando, it was established that nodulation is improved the most when soybean seeds are 

inoculated before planting and later applied with phosphorus as treatment H (TSP and Inoculant) 

had the highest nodulation assessment score. This confirms the findings of Kumaga and Ofori 

(2004), as Bradyrhizobia inoculation affect nodulation. It was also known that inoculation of 

seeds with phosphorus application improves nodulation than the combined application of 

nitrogen, phosphorus and potassium, as treatment H (TSP and Inoculant) was significantly 

different from D (NPK). This is because there was a significant difference between treatment H 

(TSP and Inoculant) and I (TSP only). Application of urea only in the experiment in Ando did 

not improve nodulation, just as in Nansoni. This is because there was no significant difference 

between the treatment E (Urea only) and the farmer’s field and the no fertilizer application 

treatment.  

 

In Chere, it was also realized that nodulation is improved the most just as experiment in Ando 

when soybean seeds are inoculated and later applied with phosphorus. This is because the 

treatment with inoculant and phosphorus application combination had the highest nodulation 

assessment score. This also supports the findings of Ahiabor et al., (2014), as it was known that 

nodulation is significantly improved in phosphorus application and inoculated seeds 

combination. Application of nitrogen and potassium in combination with phosphorus could be 

applied to improve the nodulation in Chere. This is because the nodulation assessment score of 

treatments A (KNO3 and TSP) and D (NPK) were not significantly different from treatment H 

(TSP only). The contribution of sulphur and calcium on the nodulation with phosphorus 

application was not significant. This is because there was no significant difference between 

treatment F (TSP and YL) and I (TSP only). Just as in Nansoni and Ando, the application of urea 

alone did not improve the nodulation as there was no significant difference between treatment E 

(Urea) and the no fertilizer treatment. 

 

5.1.6. Thousand Grain Weight 

 

Thousand grain weights is a decisive factor for the yield of crops. It is also a parameter that 

determines the quality of seeds. Seed rate during sowing depends very much on the TGW. 
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In Nansoni, it was known that inoculation of seeds and then a latter application of phosphorus, 

calcium and sulphur fertilizer improved the TGW. This is because treatment G (TSP and YL) 

recorded the highest TGW. Nonetheless an absence of inoculation under the same fertilizer 

combination yields no significant decrease in the grain weight.  It could further be inferred that 

calcium and sulphur alone did not significant improve the weight of the grains. This is because 

there was no significant difference between treatment F (TSP and YL) and I (TSP only). 

Inoculation of seeds and later application of phosphorus, calcium and sulphur could be replaced 

by the combination of nitrogen, phosphorus and potassium with no inoculation in the experiment 

in Nansoni. This is because there is no significant difference between treatment G (TSP, YL and 

Inoculant) and D (NPK). Furthermore, application of urea did not contribute to the increase grain 

weight. This is because the treatment E (Urea only) was not significantly different from the no 

fertilizer treatment as well as the farmer’s field. 

 

In Ando, the application of nitrogen, phosphorus and potassium in combination helped improve 

the weight of seeds the most as treatment D (NPK) recorded the highest, followed by A (KNO3 

and TSP). Inoculation of seeds and later application of phosphorus did not increase soybean 

seeds weight. This is because treatment H (TSP and Inoculant) was not significantly different 

from I (TSP only). Calcium and sulphur in addition to phosphorus application did not improve 

seed weight compared to the application of phosphorus only. This is because there was no 

significant difference between treatment F (TSP and YL) and I (TSP only). Application of urea 

alone did not help to increase the seed weight. This is because the treatment E (Urea only) was 

not significantly different from the farmer’s field and no fertilizer fields. In general, it could be 

inferred that in Ando, application of any of the fertilizer used, apart from urea help increase the 

weight of seeds. 

 

In Chere, inoculation of seeds and a subsequent application of phosphorus yielded the most in 

the grain weight. In instances of no inoculation, sulphur and calcium could be applied with 

phosphorus in combination. There could be a slight decrease in seed weight but would not be 

significantly different from inoculation of seeds planted and later application of phosphorus. This 

is because there was no significant difference between treatments H (TSP and Inoculant) and F 

(TSP and YL). It should be noted that where phosphorus alone needs to be applied, the 
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application rate should be more than the phosphorus in combination with nitrogen and potassium 

(NPK). It could be inferred in experiment in Chere that application of urea only caused a 

decrease in the grain weight. This is because the treatment E (Urea only) was significantly lower 

than the no fertilizer treatment and the farmer’s field.  

 

5.1.7. Harvest Index 

 

Harvest index (HI) expresses the percentage of the total aboveground biomass that is 

economically considered as produce and in the case of soybean, the seed. It is expressed as the 

ratio of seed yield over total aboveground dry matter indicating the reproductive efficiency of the 

crop.  

 

In Nansoni, the farmer’s field recorded the highest in the harvest index parameter, followed by 

the no fertilizer treatment plots. This because the aboveground biomass was small in these plots 

relatively compared to other treatments. It could also be inferred that the harvest index from plots 

with phosphorus application did not differ significantly from each other. Application of urea only 

produces the least Harvest Index in the experiment in Nansoni.  

 

In Ando, the farmer’s field also had the highest harvest index. This is because aboveground 

biomass produced in proportion to the seed yield per meter square was relatively small. This is 

similar to the results in Nansoni. When phosphorus is applied, though varied in rate, in addition 

to another nutrient did not produce significantly different Harvest Index in Ando, as in the case 

of Ando. 

 

In Chere, there is a confirmation that relatively low aboveground biomass in proportion to the 

seed yield gives a higher harvest index in the farmer’s field, just as in both Nansoni and Ando. 

Any nutrient applied, either alone or in combination, irrespective of the application rate produce 

relatively higher aboveground biomass in proportion to the seed would produce, hence a lesser 

harvest index compared to the farmer’s field where no fertilizer was applied.  
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5.2. ECONOMIC ANALYSIS 

 

Soybean is considered a cash crop in Ghana especially in the northern part. The crop has the 

potential of reducing the poverty in northern Ghana. From the research findings of Wahl, (2015), 

it was established that mineral fertilizer application help increase yield in Chereponi District of 

Ghana. This research sought to know how the various mineral fertilizer compositions support the 

growth and yield performance in the aforementioned research area. It was known that soybean 

respond positively especially in yield and the aboveground biomass to phosphorus fertilizer, 

being it in single application or in combination with other nutrients. Figures from 12 to 17 show 

how phosphorus application is positively correlated with the actual yield and the aboveground 

biomass. 

 

This economic analysis was made with the assumption and/or knowledge that all other cultural 

practices are the same. It should however be noted that the seed of the soybean is considered the 

economic portion in Ghana. In view of that, this economic analysis was based on the actual 

yield. 

 

In Nansoni, it was found out that the optimum rate of phosphorus to be applied is 28.7 g/m
2
 to 

produce an optimum seed yield of 507.2 g/m
2
.  

Converting g/m
2
 to kg/ha we get 28.7 g/m

2
 = 287 kg/ha of Phosphorus application rate and 507.2 

= 5072 kg/ha seed yield or 287/2.5 = 114.8 kg/acre to produce 2028.8 kg/acre  

NB: TSP and NPK are the available phosphorus source in the market in the research area. 

Amount of phosphorus needed using TSP would be 

P = 23kg of P2O5 x 0.4366 = 10.04kg per 50kg TSP  

Hence percentage of phosphorus in the 50kg of TSP would be (10.04/50) x 100 = 20.08% 

Amount of TSP needed to get the 287kg actual phosphorus would be (100/20.08) x 287 = 1429.3 

kg P per hectare or 1429.3/2.5 = 571.7 kg P per acre 

 

Amount of P needed using NPK (15:15:15) would be  

P = 7.5kg of P2O5 X 0.4366 = 3.27kg per 50kg NPK 
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Hence percentage of P in the 50kg of NPK would be (3.27/50) x 100 = 6.54% 

Amount of NPK needed to get the 287kg actual phosphorus would be (100/6.54) x 287 = 4388.4 

kg P per hectare or 4388.4/2.5 = 1755.4 kg P per acre. 

 

In Ando, it was found out that the optimum rate of phosphorus to be applied is 7.3 g/m
2
 to 

produce an optimum seed yield of 413.3 g/m
2
.  

Converting g/m
2
 to kg/ha we get 7.3g/m

2
 = 73kg/ha of phosphorus application rate and 413.3 = 

4133kg/ha seed yield 73/2.5 = 29.2kg/acre to produce 1653.2kg/acre  

NB: TSP and NPK are the available phosphorus source in the market in the research area. 

Amount of phosphorus needed using TSP would be; 

Amount of TSP needed to get the 73kg actual phosphorus would be (100/20.08) x 73 = 363.5kg 

P per hectare or 363.5/2.5 = 145.4kg P per acre. 

Amount of P needed using NPK (15:15:15) would be; 

Amount of NPK needed to get the 73kg actual phosphorus would be (100/6.54) x 73 = 1116.2kg 

P per hectare or 1116.2/2.5 = 446.5 kg P per acre. 

 

In Chere, it was found out that the optimum rate of phosphorus to be applied is 5.7g/m
2
 to 

produce an optimum seed yield of 588.5g/m
2
.  

Converting g/m
2
 to kg/ha we get 5.7 g/m

2
 = 57 kg/ha of phosphorus application rate and 588.5 = 

5885 kg/ha seed yield or 22.8 kg/acre to produce 2354 kg/acre. 

NB: TSP and NPK are the available phosphorus source in the market in the research area. 

Amount of P needed using TSP would be 

Amount of TSP needed to get the 57kg actual phosphorus would be (100/20.08) x 57 = 283.9 kg 

P per hectare or 283.9/2.5 = 113.6 kg P per acre.  

 

Amount of P needed using NPK (15:15:15) would be; 

Amount of NPK needed to get the 57kg actual P would be (100/6.54) x 57 = 871.6 kg P per 

hectare or 871.6/2.5 = 348.6 kg P per acre. 
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Table 12: Economic analysis of phosphorus-base fertilizer application in soybean production 

Exchange rate: 1 GHC = 0.23EUR 

It should be noted that land clearing, preparation, seeding and all other cultural practices except 

fertilizer application are very similar if not the same in all farmer fields in the experimental sites. 

With this, it could be inferred that cost of operation of these are also the same. Fertilizer to be 

applied now remains the only decisive factor. Table 12 shows, in a summary how much TSP and 

NPK would be needed to provide the needed phosphorus and the cost attached. This excludes the 

cost of all other cultural practices since they are the same in all research communities.  From the 

economic point of view, it is recommended to use TSP in the cultivation of soybean in all the 

three communities. This is because there was no significant difference between the NPK and 

TSP on yield though the NPK includes nitrogen and potassium.

 P-base 

fertilizer 

available 

Unit cost 

per 50kg 

(GHC) Amount needed 

Total cost of P-

base fertilizer 

(GHC) 

Proposed yield of 

Soybean 

Community  (kg/ha) (kg/acre) ha
-1

 acre
-1

 (kg/ha) (kg/acre) 

Nansoni 

TSP 115 1429.3 571.7 3287.4 1314.9 

5072 2028.8 NPK 110 4388.4 1755.4 9654.5 3861.9 

 

Ando 

TSP 115 363.5 145.4 836.05 334.4 

4133 1653.2 NPK 110 1116.2 446.5 2455.6 982.3 

 

Chere 

TSP 115 283.9 113.6 652.9 261.3 

5885 2354 NPK 110 871.6 348.6 1917.5 766.9 
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6. CONCLUSION 

 

 Soybean is an important legume crop, providing protein of high quality for many resource poor 

inhabitants in sub-Saharan Africa especially in the drier areas of West Africa (Tweneboah, 

2000). It is considered as a nutritional powerhouse with the capacity to solve the protein–energy 

malnutrition problems in Ghana (Aikins et al., 2011). The crop is economically important in the 

world today and has a great potential in the development of three key sectors of the economy: 

health, agriculture and industry (Plahar, 2006; Kulkarni et al., 2008).  

 

Fertilizer application supports the growth and all other yield parameters of soybean in the various 

experimental sites. The rate at which an experiment in each community responds to fertilizer 

application was not the same. A response of a particular nutrient application in the aboveground 

biomass did not necessarily reflect in the same rate under the number of pods and the actual 

grain yield. This could further be explained by the harvest index. This could also be as a result of 

other confounding factors. Though fertilizer application had a positive relation on the growth and 

yield, urea application was otherwise in the experiments in all the three communities. There 

could be possible volatilization of the nutrients in urea hence was not available to the plants for 

uptake and assimilation. Phosphorus was seen to have had most positive effect. The use of 

inoculant did improve yield in phosphorus application in the experiments in all the three 

communities. Soybean cultivation could be done in all locations with the application of 

phosphorus only, since the nodulation was normal to support Biological Nitrogen Fixation. 

 

Higher yields are expected when fertilizer is applied in all locations but the recommended 

planting spacing should be adhered to in order to obtain a higher plant density – a reflection of 

higher yield. Though there could be similarities in the soil in all locations, it should be noted that 

soil is unique and therefore needs a specific management strategies in each community. 

  
 

 

 

 



 

67 
 

REFERENCES 
 

Abbasi, M. K., Manzoor, M. and Tahir, M. M. (2010). Efficiency of rhizobium inoculation and P 

fertilization in enhancing nodulation, seed yield, and phosphorus use efficiency by field 

grown soybean under hilly region of Ramalakot Azad Jammu and Kashmir, Pakistan. J. 

Plant Nutr. 33, 1080-1102. 

 

Agarwal, D.K,. Billore, S.D., Sharma, A.N., Dupare, B.U. and Srivastava, S.K., (2013). 

Soybean: Introduction, Improvement, and Utilization in India—Problems and Prospects, 

(National Academy of Agricultural Sciences) 2013, Agric Res (December 2013) 

2(4):293–300, DOI 10.1007/s40003-013-0088-0 

 

Ahiabor, B. D. K., Lamptey, S., Yeboah, S. and Bahari, V. (2014). Application of phosphorus 

fertilizer on soybean [(Glycine max L. (Merril)] inoculated with rhizobium and its 

economic implication to farmers. American Journal of Experimental Agriculture, 4(11), 

1420–1434. 

 

Aikins, S. H. M., Afuakwa, J. J and Nkansah, E. O. (2011). Effect of different sowing depths on 

soybean growth and dry matter yield. Agric. Biol. J. N. Am., 2011, 2(9): 1273-1278.   

 

Akramov, K., and Malek, M. (2012). Analyzing profitability of maize, rice and soybean 

production in Ghana: results of PAM and DEA analysis (No. 0028) (pp. 1–28). 

Washington, DC, USA.  

 

Akter, F., Islam, N., Shamsuddoha, A. T. M., Bhuiyan, M. S. I., and Shilpi, S. (2013). Effect of 

phosphorus and sulphur on growth and yield of soybean (Glycine Max L.). International 

Journal of Bio-Resource and Stress Management, 4(4), 556–561. 

 

 Ali, R., Kader, M. A., Hasan, A. K, Fatema-Tuz-Zohra and Uddin, S. (2013). Yield performance 

of soybean as influenced by phosphorus. Department of Agronomy, Bangladesh 

Agricultural University, Mymensingh. J. Agrofor. Environ. 7 (1): 45-48. 



 

68 
 

Anandacoomaraswamy, A., DeCosta, W. A. J. M., Tennakoon, P. L. K and VanDerWerf, A. 

(2002). The physiological basis of increased biomass partitioning to roots upon nitrogen 

deprivation in young clonal tea (Camillia sinensis (L.) O. Kuntz). Plant Soil 238, 1-9. 

 

Anderson, A. J and Spencer, D. (1950). Sulphur in nitrogen metabolism of legumes and non-

legumes. Austr. J. Sci. Res. Ser. B 3, 431-449. 

 

Anuradha, M. and Narayanan, A. (1991). Promotion of root elongation by phosphorus 

deficiency. Plant Soil. 136, 273-275. 

 

Asher, C. J. (1978). Natural and synthetic culture media for Spermatophytes. CRC Handb. Ser. 

Nutr. Food, Sect. G 3, 575-609. 

 

Asuming-Brempong, S., Ramatu A, Sarpong, D. B, Kwadzo, G. T.-M, Sesi K. K, Sakyi-Dawson, 

O., Mensah-Bonsu, A., Ditchfield P. K. Egyir, I. and Ashley, S. (2004). Poverty and 

Social Impact Analysis (PSIA) Studies for Ghana: Economic Transformation of the 

Agricultural Sector. Final Report submitted to the National Development Planning 

Commission (NDPC)/ Ministry of Food and Agriculture (MoFA), and DFID, Ghana, for 

the “Economic Transformation of the Agriculture” Sector Study. Report submitted in 

June 2004 by the Department of Agricultural Economics & Agribusiness, University of 

Ghana and Department of Economics, University of Ghana. 

 

Barber, S. A. (1995). Soil Nutrient Bioavailability: A Mechanistic Approach, 2
nd 

ed., pp. 414. 

John Wiley, New York. 

 

Barraclough, P. B. (1989). Root growth, macronutrient uptake dynamics and soil fertility 

requirements of a high-yielding winter oilseed rape crop. Plant Soil 119, 59-70. 

 

Barry, D. A. J. and Miller, M. H. (1989). Phosphorus nutritional requirement of maize seedlings 

for maximum yield. Agron. J. 81, 95-99. 

 

Bell, R. W., Edwards, D. G and Asher, C. J. (1990). Growth and nodulation of tropical food 

legume in dilute solution culture. Plant Soil 122, 249-258. 



 

69 
 

Borkert, C.M. and Sfredo, G.J. (1994). Fertilizing tropical soils for soybean. In: FAO, Tropical 

soybean: improvement and production (pp. 175–200). Rome, Italy: (EMBRAPA-

CNPSo), Food and Agriculture Organization of the United Nations. 

 

Bould, C. and Parfittm, R. I. (1973). Leaf analysis as a guide to the nutrition of fruit crops. X. 

Magnesium and phosphorus sand culture experiments with apple, J. Sci. Food Agric. 24, 

175-185. 

 

Bottril, D. E., Possingham, J. V. and Kriedemann, P. E. (1970). The effect of nutrient 

deficiencies on photosynthesis and respiration in spinach. Plant Soil 32, 424-438. 

 

Braimoh, A.K. and Vlek, P.L.G., (2006), Soil quality and other factors influencing maize yield in 

Northern Ghana. Soil Use and Management. June 2006, 22, 165-171, Center for 

Development Research, University of Bonn, Waler Flex Str. 3, 53113, Germany. 

(3/4/2016). 

 

Brink, M. and Belay, G. (Editors) (2006). Plant Resources of Tropical Africa 1. Cereals and 

pulses (p. 298). Wageningen, Netherlands: PROTA Foundation and 

Netherlands/Backhuys Publishers. 

 

Britto, D. T. and Kronzucker, H. J. (2002). NH4
+
 toxicity in higher plants: a critical review. J 

Plant Physiol. 159, 567-584. 

 

Burke, J. J., Holloway, P. and Dalling, M. J. (1986). The effect of sulfur deficiency on the 

organization and photosynthetic capability of wheat leaves. J. Plant Physiol. 125, 371-

375. 

 

Cakmak, I. (2005). The role of potassium in alleviating detrimental effects of abiotic stresses in 

plants. J. Plant Nutr. Soil Sci. 168, 521-530. 

 

Carswell, C., Grant, B. R., Theodorou, M. E., Harris, J., Niere, J. O. and Plaxton, W. C. (1996). 

The fungicide phosphonate disrupts the phosphate-starvation response in Brassica nigra 

seedlings. Plant Physiol. 100, 105-110. 



 

70 
 

Chianu, J.N., Nkonya, E.M., Mairura, F.S., and Akinnifesi, F.K., (2009), Biological nitrogen 

fixation and socioeconomic factors for legume production in sub-Saharan Africa: Review 

article. Agron. Sustain. Dev. (2011) 31:139–154, INRA, EDP Sciences, 2010 DOI: 

10.1051/agro/2010004. 

 

Clarkson, D. T., Carvajal, M., Henzler, T., Waterhouse, R. N., Smyth, A. J., Cooke, D. T. and 

Steudle, E. (2000). Root hydraulic conductance: diurnal aquaporin expression and the 

effects of nutrient stress. J Exp. Bot. 51, 61-70.  

 

Cleveland, C. C., Townsend, A. R., Fisher, H., Howarth, R. W., Hedin, L. O., Perakis, S. S., 

Latty, E. F., Von Fischer, J. C., Elseroad, A. and Wasson, M. F. (1999). Global patterns 

of terrestrial biological nitrogen (N2) fixation in natural ecosystems. Global Biogeochem. 

Cycles 13, 623-645. 

 

Cordell, D., Drangert, J.-O. and White, S. (2009). The story of phosphorus: global food security 

and food for thought. Global Environ Change 19, 292-305.  

 

Dechorgnat, J., Nguyen, C. T., Armengaud, P., Jossier, M., Diatloff, E., Filleur, S. and Daniel-

Vedele, F. (2011). From the soil to the seeds, the long journey of nitrate in plants. J. Exp. 

Bot. 62, 1349-1359. 

 

Dietz, K. –J. (1989). Recovery of spinach leaves from sulfate and phosphate deficiency. J. Plant 

Physiol. 134, 551-557. 

 

Dolan, L. and Davies, J. (2004). Cell expansion in roots. Curr. Opin. Plant Biol. 7, 33-39. 

 

Dong, B., Ryan, P. R., Rengel, Z. and Delhaize, E. (1999). Phosphate uptake in Arabidopsis 

thaliana: dependence of uptake on the expression of transporter genes and internal 

phosphate concentrations. Plant Cell Environ. 22, 1455-1461. 

 

Dunbabin, V., Diggle, A. and Rengel, Z. (2003). Is there an optimal root architecture for nitrate 

capture in leaching environments? Plant, Cell Environ. 26, 835-844.  

 



 

71 
 

Dugje, I.Y., Omoigui, L.O., Ekeleme, F., Bandyopadhyay, R., Lava Kumar, P. and Kamara, A.Y. 

(2009), Farmers’ Guide to Soybean Production in Northern Nigeria. International 

Institute of Tropical Agriculture (IITA) 2009 Ibadan, Nigeria. 

 

Edelbauer, A. (1980), Auswirkung von abgestuften Schwefelmangel auf Wachstum, 

Substanzbildung und Mineralstoffgehalt von Tomate (Lycopersicon esculentum Mill.) in 

Nährlösungskultur. Die Bodenkultur 31, 229-241. 

 

Erdei, L., Stuiver, B. and Kuiper, P. J. C. (1980).  The effect of salinity on lipids composition 

and on activity of Ca
2+

 and Mg
2+

 -stimulated ATPases in salt-sensitive and salt-tolerant 

Plantago species. Physiol. Plant. 49, 315-319. 

 

Fageria, N. K. (2009). The use of nutrients in crop plants. CRC Press, Taylor and Francis Group, 

New York. Pp 45. 

 

FAO (2006a). Fertilizer use by crop. In FAO Fertilizer and Plant Nutrition Bulletin. Food and 

Agriculture Organization, Rome, (pp. 108). 

 

FAO (2008). Current world fertilizer trends and outlook to 2011/12. In Food and Agriculture 

Organization of the United Nations, Rome, (pp. 44). 

 

Finnemann, J. and Schjoerring, J. K. (1999). Translocation of NH4
+
 in oilseed rape plants in 

relation to glutamine synthetase isogene expression and activity. Physiol. Plant. 105, 

469-477. 

 

Fredeen, A. L., Rao, I. M. and Terry, N. (1989). Influence of phosphorus nutrition on growth and 

carbon partitioning in Glycine max. Plant Physiol. 89, 225-230. 

 

Freney, J. R., Spencer, K. and Jones, M. B. (1978). The diagnosis of Sulphur deficiency in 

wheat. Austr. J. Agric. Res. 29, 727-738. 

 

Garnett, T. P. Conn, V. and Kaiser, B. N. (2009). Root based approaches to improving nitrogen 

use efficiency in plants. Plant Cell Environ. 32, 1272-1283. 

https://de.wikipedia.org/wiki/%C3%84
https://de.wikipedia.org/wiki/%C3%96


 

72 
 

Gazzarrini, S., Lejay, L., Gojon, A., Ninnemann, O., Frommer, W. B. and von Wirén, N. (1999). 

Three functional transporters for constitutive, diurnally regulated, and starvation-induced 

uptake of ammonium into Arabidopsis roots. Plant Cell 11, 937-947. 

 

Ghana Statistical Service, GSS, (2008), Ghana Living Standards Survey Report of the Fifth 

Round (GLSS 5), Accra, Ghana, 131pp. 

 

Ghana Statistical Service, GSS (2012), Population and Housing Census, 2010. Summary Report 

of Final Results. A publication of the Ghana Statistical Service P.O. Box GP 1098, 

Accra-Ghana. 

 

Ghana Statistical Service (October, 2014), Population and Housing Census, 2010. District 

Analytical Report. Chereponi District. 

 

Gilbert, N. (2009). The disappearing nutrient. Nature 461, 716-718. 

 

Gilbert, S., Clarkson, D. T., Cambridge, M., Lambers, H. and Hawkesford, M. J. (1997). Sulfate-

deprivation has an early effect on the content of ribulose 1,5-bisphosphate carboxylase/ 

oxygenase and photosynthesis in young leaves of wheat. Plant Physiol. 115, 1231-1239. 

 

Government of Ghana (2003). Analysis and policy statement. Vol. I of Ghana poverty reduction 

strategy 2003–2005: An agenda for growth and prosperity.   

  

Graham, P. H and Vance, C. P. (2000). Nitrogen fixation in perspective, an overview of research 

and extension needs. Field Crops Res. 65, 93-106. 

 

Hager, A. (2003). Role of the plasma membrane H+ -ATPase in auxin-induced elongation 

growth: historical and new aspects. J. Plant Res. 116, 483-505. 

 

Herridge, D. F., Peoples, M. B. and Boddey, R. M. (2008). Global inputs of biological nitrogen 

fixation in agricultural systems. Plant Soil 311, 1-18. 

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwijmduZ-bzMAhXImBoKHQu2AAcQFggoMAI&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25C3%25A9&usg=AFQjCNHmbSoIVEkeT-S5-R3UhdYl2NvEdA


 

73 
 

Horstensteiner, S. and Feller, U. (2002). Nitrogen metabolism and remobilization during 

senescence. J. Exp. Bot. 53, 927-937. 

 

Hsiao, T. C. and Läuchli, A. (1986). Role of potassium in plant-water relations. In Advances 

in Plant Nutrition. Vol. 2 (B. Tinker and A. Läuchli, eds.), pp. 281-312. Praeger 

Scientific Publ., New York. 

 

ICRA. (2010).The soybean agri-business cluster in the North-eastern corridor of Northern 

Ghana (Vol. 2010, pp. 1–3). 

 

Inoue, T, Higuchi, M., Hashimoto, Y., Seki, M., Kobayashi, M., Kato, T., Tabata, S., Shinozaki, 

K. and Kakimoto, T. (2001). Identification of CREI as a cytokinin receptor from 

Arabidopsis. Nature 409, 1060-1063. 

 

Jahaveri, F. and Baudoin, J.-P. (2001). Soybean. In: R.H. Raemaekers (Editor), Crop production 

in tropical Africa (pp. 809–828). Brussels, Belgium: DGIC (Directorate General 

International Co-operation), Ministry of Foreign Affairs, External Trade and International 

Co-operation. 

 

Jämtgård, S., Näsholm, T. and Huss-Danell, K. (2010). Nitrogen compounds in soil solutions of 

Agricultural land. Soil Biol. Biochem. 42, 2325-2330. 

 

Jones, D. L., Owen, A. G. and Farrar, J. F. (2002). Simple methods to enable the high resolution 

determination of total free amino acids in soil solutions and soil extracts. Soil Biol. 

Biochem. 34, 1893-1902. 

 

Kanai, S., Ohkura, K., Adu-Gyamfi, J. J., Mohapatra, P. K., Nguyen, N. T., Saneoka, H. and 

Fujita, K. (2007). Depression of sink activity precedes the inhibition of biomass 

production in tomato plants subjected to potassium deficiency stress. J. Exp. Bot. 58, 

2917-2928. 



 

74 
 

Karmoker, J. L., Clarkson, D. L., Saker, L. R., Rooney, J. M. and  Purves, J. V. (1991). Sulphate 

deprivation depresses the transport of nitrogen to the xylem and the hydraulic 

conductivity of barley (Hordeum vulgare L.) roots. Planta 185, 269-278. 

 

Kojima, S., Bohner, A., Gassert, B., Yuan, L. and von Wirén, N. (2007). AtDUR3 represents the 

major transporter for high-affinity urea transport across the plasma membrane of 

nitrogen-deficient Arabidopsis roots. Plant J.52, 30-40. 

 

Krishnamurthy, K., and Shivashankar K (1975). Soybean production in Karnataka. UAS Tech. 

Series, No. 12.  University of Agricultural Sciences, Bangalore. 

 

Kulkarni, S.S., Bajwa, S.G., Robbins, R.T., Costello, T.A., and Kirkpatrick, T.L. (2008). Effect 

of Soybean Cyst Nematode (Heterodera Glycines) Resistance Rotation on SCN 

Population Distribution, Soybean Canopy Reflectance, and Grain Yield, Transactions of 

the ASABE, 51(5): 1511–1517. 

 

Kumaga, F. K., and Ofori, K. (2004). Response of soybean (Glycine max L.) Merrill) to 

Bradyrhizobia inoculation and phosphorus application. International Journal of 

Agriculture & Biology, 6(2), 324–327. 

 

Lambers, H., Shane, M. W., Cramer, M. D., Pearse, S. J and Veneklaas, E. J. (2006). Root 

structure and functioning for efficient acquisition of phosphorus: matching morphological 

and physiological traits. Ann. Bot. 98, 693-713. 

 

Lambers, H. Brundrett, M.C., Raven, J. A and Hopper, S. D. (2010). Plant mineral nutrition in 

ancient landscape: high plant species diversity on infertile soil is linked to functional 

diversity for nutritional strategies. Plant Soil 334, 11-31. 

 

Läuchli, A. and Pflüger, R. (1978). Potassium transport through plant cell membranes and 

metabolic role of potassium in plants. Proc. 11
th

 Congr. Int. Potash Inst. Bern, pp. 111-

163. 

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwijmduZ-bzMAhXImBoKHQu2AAcQFggoMAI&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25C3%25A9&usg=AFQjCNHmbSoIVEkeT-S5-R3UhdYl2NvEdA


 

75 
 

Lee, J. A. (1999). The calcicole-calcifuge problem revisited. Adv. Bot. Res. 29, 1-30. 

 

Loqué, D. and von Wirén, N. (2004). Regulatory levels for the transport of ammonium in plant 

roots. J. Exp. Bot. 55, 1293-1305. 

 

Lune, P. and van Goor, B. J. (1977). Ripening disorders of tomatoes as affected by K/Ca ratio in 

the culture solution. J Hortic. Sci. 52, 173-180.  

 

Lynch, J, Läuchli, A. and Epstein, E. (1991). Vegetative growth of the common bean in response 

to phosphorus nutrition. Crop Sci. 31, 380-387. 

 

Marschner, H. and Cakmak, I. (1989). High light intensity enhances chlorosis and necrosis in 

leaves of, potassium and magnesium deficient bean (Phaseolus vulgaris) plants. J Plant 

Physiol. 134, 308-315. 

 

Marschner, P., (2012). Mineral Nutrition of Higher Plants (Third edition). School of Agriculture, 

Food and Wine. The University of Adelaide (pp. 135-141). 

 

Martey, E., Etwire, P.M.,  Wiredu, A.N., Bidzakin, J.K., and Fosu, M., (2013), Ex-Post-impact 

of Agra Soil Health Project 005 In Northern Ghana,  Savanna Agricultural Research 

Institute, Tamale, Ghana. Final Draft Report.  

 

Mengel, K. and Arneke, W. W. (1982). Effects of potassium on the water potential, the osmotic 

potential, and cell elongation in leaves of Phaseolus vulgaris. Physiol. Plant. 54, 402-

408.  

 

Miller, A. J. and Cramer, M. D. (2004). Root nitrogen acquisition and assimilation. Plant Soil, 

274, 1-36. 

 

Miller, A. J and Smith, S. J. (1996). Nitrate transport and compartmentation in cereal root cells. 

J. Exp. Bot. 47, 843-854. 

 

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwijmduZ-bzMAhXImBoKHQu2AAcQFggoMAI&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25C3%25A9&usg=AFQjCNHmbSoIVEkeT-S5-R3UhdYl2NvEdA
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwijmduZ-bzMAhXImBoKHQu2AAcQFggoMAI&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25C3%25A9&usg=AFQjCNHmbSoIVEkeT-S5-R3UhdYl2NvEdA


 

76 
 

Miller, A. J and Smith, S. J. (2008). Cytosolic nitrate ion homeostasis, could it have a role in 

sensing nitrogen status? Ann Bot. 101, 485-489. 

 

Ministry of Food and Agriculture, MoFA (2010). Agriculture in Ghana: Facts and Figures 

(2009), Accra, Ghana, 53pp. 

 

Ministry of food and Agriculture, MoFA (2013b). Agriculture in Ghana facts and figures (pp. 1–

64). Accra, Ghana.  

 

Murphy, M. D and Boggan, J. M. (1988). Sulphur deficiency in herbage in Ireland. I. Causes and 

extent. Irish J. Agric. Res. 27, 83-90. 

 

Näsholm, T., Kielland, K and Ganeteg, U. (2009). Uptake of organic nitrogen by plants. New 

phytol. 182, 31-48. 

 

Olivera, M., Tejera, N., Iridarne, C., Ocana, A. and Lluch, C. (2004). Growth, nitrogen fixation 

and ammonium assimilation in common bean (Phaseolus vulgaris): effect of phosphorus. 

Physiol. Plant, 121, 498-505. 

 

Okon Archibong, U. (2015). Unpublished Master Thesis. Contribution of subsoil properties to 

suitability of soils of Chereponi District (northern Ghana) soils for soybean production. 

University of Hohenheim, Faculty of Agricultural Sciences, Institute of Soil Science and 

Land Evaluation, Stuttgart-Germany, June, 2015. 

 

Pandey, R. K. (1987). A farmer’s primer on growing soybean on riceland (pp. 1–216). Manila, 

Philippines: International Rice Research Institute (IRRI). 

 

Peel, M.C., Finlayson, B.L., & McMahon, T.A. (2007). Updated world map of the Koppen-

Geiger climate classification. Hydrology and Earth System Sciences, 4, 439-473.  

 

Pflüger, R. and Cassier, A. (1977). Influence of monovalent cations on photosynthesis CO2 

fixation. Proc. 13. Collog. Int. Potash Inst. Bern, pp. 95-100. 

 



 

77 
 

Pissarek, H. P. (1973). Zur Entwicklung der Kalium-Mangelsymptome von Sommerraps. Z. 

Pflanzernahr. Bodenk. 137, 224-234. 

 

Plahar, W.A. (2006). Overview of the Soybean Industry in Ghana, Workshop on Soybean Protein for 

Human Nutrition and Health, Accra, Ghana – 28
th 

September, 2006. Available Online:  

 

Prabhu, A. S., Frageria, N. K., Huber. D. M. and Rodrigues, F. A. (2007). Potassium nutrition 

and plant diseases. In Mineral Nutrition and Plant Disease (Datnoff, L. E., Elmer, W. H. 

and Huber, D. M., eds.). The American phytopathological Society Press, Saint Paul, 

USA. 

 

Rao, A. S., and Reddy, K. S. (2010). Nutrient management in soybean. In G. Singh (Editor), The 

soybean: botany, production and uses. (pp. 161–190). Wallingford, UK: CABI.  

 

Ratjen, A. M. and Gerendás, J. (2009). A critical assessment of the suitability of phosphite as a 

source of phosphorus. J. Plant Nutr. Soil Sci. 172, 821-828. 

 

Rausch, T. and Wachter, A. (2005). Sulphur metabolism: a versatile platform for launching 

defence operations. Trends Plant Sci. 10, 503-509. 

 

Richard-Molard, C., Krapp, A., Brun, F., Ney, B., Daniel-Vedele, F. and Chaillou, S (2008). 

Plant response to nitrate starvation is determined by N storage capacity matched by nitrate 

uptake capacity in two Arabidopsis genotypes. J. Exp. Bot. 59, 779-791. 

 

Robinson, D. (1994). The responses of plants to non-uniform supplies of nutrients. New Phytol. 

127, 635-674. 

 

Robson, A. D. and Pitman, M. G. (1983). Interactions between nutrients in higher plants. In 

Encyclopedia of Plant Physiology, New Series (A Läuchli and R. L Bieleski, eds.), Vol. 15A, pp. 

147-180. Springer Verlag, Berlin and New York.  

 

Roosta, H. R. and Schjoerring, J. K. (2007). Effects of ammonium toxicity on nitrogen 

metabolism and elemental profile of cucumber plants. J. Plant Nutr. 30, 1933-1951. 



 

78 
 

 

Rossiter, R. C. (1978). Phosphorus deficiency and flowering in subterranean clover (Tr. 

subterraneum L.). Ann. Bot. (London) [N.S.] 42, 325-329. 

 

Ryan, M. H. Ehrenberg, S., Bennett, R. G. and Tibbett, M. (2009a). Putting the P in Ptilotus: a 

phosphorus-accumulating herb native to Australia. Ann. Bot. 103, 901-911. 

 

Siddiqi, M. Y., Malhotra, B., Min, X. and Glass, A. D. M. (2002). Effects of ammonium and 

inorganic carbon enrichment on growth and yield of a hydroponic tomato crop. J Plant Nutr. 

Soil. Sci. 165, 191-197. 

 

Singh, G., Ram, H., and Aggarwal, N. (2010). Agro-techniques for soybean production. In G. 

Singh (Editor), The soybean: botany, production and uses. (pp. 142–160). Wallingford, 

UK: CABI. 

 

Schmidt, A. (1986). Regulation of sulfur metabolism in plants. In Progress in Botany 48, 133-

150. Springer Verlag Berlin, Heidelberg. 

 

Stuiver, C. C. E., Kuiper, P. J. C., Marschner, H. and Kylin, A. (1981). Effect of salinity and 

replacement of K
+
 by Na

+
 on lipid composition in two sugar beet inbred lines. Physiol. 

Plant. 52, 77-82. 

 

Stoyanov, K. N., (2014), Unpublished Master Thesis. Indigenous soil mapping and soil fertility 

evaluation on women’s farms in Chereponi, North-East Ghana. University of 

Hohenheim, Faculty of Agricultural Sciences, Institute for Soil Science and Land 

Evaluation. Stuttgart, 2014. 

 

Suelter, C. H. (1970). Enzymes activated by monovalent cations. Science 168, 789-795. 

 

Sylvester-Bradley, R. and Kindred, D. R.  (2009). Analyzing nitrogen responses of cereals to 

prioritize routes to the improvement of nitrogen use efficiency. J. Exp.  Bot. 60, 1939-

951. 

 



 

79 
 

The World Bank. (2007). World Bank assistance to agriculture in Sub-Saharan Africa. An IEG 

Review (pp. 1–146). Washington D.C.: The World Bank. 

 

Tweneboah C.K. (2000). Modern Agriculture in the Tropics with Special Reference to Ghana. 

Co-Wood Publishers, Accra, Ghana. 

 

Van der Leij, M., Smith, S. J. and Miller, A. J. (1998). Remobilization of vacuolar stored nitrate 

in barley root cells. Planta 205, 64-72. 

 

Van Noordwijk, M., Kooistra, J. J., Boone, F. R., Veen, B. W. and Schoonderbeek, D. (1992). 

Root-soil contact of maize, as measured by thin-section technique. I. Validity of the 

method. Plant Soil 139, 108-118. 

 

Vance, C. P. (2002). Root-bacteria interactions: symbiotic N2 fixation. In Plant Roots: The 

Hidden Half (Y. Waisel, A. Eshel and U. Kafkafi, eds.), pp 839-867. Dekker, New York. 

 

Walch-Liu, P., Neumann, G., Bangerth, F. and Engels, C. (2000). Rapid effects of nitrogen from 

on leaf morphogenesis in tobacco. J. Exp. Bot. 51, 227-237. 

 

Wahl, E., (2015) Unpublished Master thesis, Effects Of Implementing Simple Crop Management 

Options On Soybean Yield In Small Holder Fields In Ghana, Master Thesis, University 

of Hohenheim, Institute of Plant Production and Agro-ecology in the Tropics and 

Subtropics (490f), Crop Water Stress Management, Garbenstr. 13, Stuttgart- Germany. 

 

Wang, C. H., Liem, T. H. and Mikkelson, D. S. (1976). Sulphur deficiency – a limiting factor in 

rice production in the lower Amazon basin. II. Sulphur requirement for rice production. 

IRI Res. Inst. 48, 9-30. 

 

Wyn Jones, R. G., Brady, C. J. and Speirs, J. (1979). Ionic and osmotic relations in plant cells. In 

Recent Advances in the Biochemistry of Cereals (D. L. Laidman and R. G. Wyn Jones, 

eds.), pp. 63-103. Academic Press, London and Orlando.  

 

Witte, C.-P. (2011), Urea metabolism in plants. Plant Sci. 180, 431-438. 



 

80 
 

 

Yusuf, I. A, and Idowu A. A (2001). Evaluation of four soybean varieties for performance under 

different lime regimes on the acid soil of Uyo. Trop. Oil Seeds J. 6:65-70. 

 

Zhang, H., Sun, Y., Xie, X., Kim, M.-S., Dowd, S. E and Paré, P. W (2009). A soil bacterium 

regulates plant acquisition of iron via deficiency-inducible mechanisms. Plant J. 58, 556-

577. 

 

 

 

 


