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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 Regosolsdeficient 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.
I

AUTHOR’S DECLARATION
I, OSWALD OWUSU-AKUOKO, born on 9th January, 1988 in Kumasi – Ghana with the
matriculation number 595670 here by duly declare that the master thesis with the topic “Analysis
of constraints for the optimization of nutrient use in soybean production in smallholder
agriculture in northern Ghana” was solely and independently conducted by me.

It should however be acknowledged that all references used in this thesis have adequately been
cited and no part or whole has ever been submitted elsewhere for any award of a Degree.

I, further affirm that my supervisor, Prof. Dr. Folkard Asch received a digital document of this
thesis (either in doc, docx, odt, pdf or rtf) which is exactly the same in context and words as the
printed version. I am also aware that the digital version could or would be checked for plagiarism
with an analysing-software.

City,

Date,

II

Signature

ACKNOWLEDGEMENTS
I would foremost by thankful to the Almighty God for the life given me. My ever gratitude also
goes to my supervisor, Prof. Dr. Folkard Asch for his tutelage and support as well as second
supervisor PD Dr. Ludger Herrmann, I really appreciate all your effort.

I also express my gratitude to my parents, Mr. Solomon Oppong and Madam Agnes Mensah for their
financial support, guidance, love and advice. The next thank goes to Elli Wahl, Kwame Ansah
Baffour and my team members (Niko, Nora and Tini) for their assistance and co-operation.

I am also appreciative of the financial support from the Sabab Lou Foundation, the Foundation
Fiat Panis, Foundation for Sustainability and the Center for Agriculture in the Tropics and
Subtropics of the University of Hohenheim which helped to make this thesis a reality.

To Nicolas Kombat, the community agents and all the members of the Anoshe Women’s Group,
I say ‘Anhye bebrebe!! - Nyema de hyere!!”

III

TABLE OF CONTENTS
ABSTRACT ..................................................................................................................................... I
AUTHOR’S DECLARATION ....................................................................................................... II
ACKNOWLEDGEMENTS .......................................................................................................... III
LIST OF TABLES ....................................................................................................................... VII
LIST OF FIGURES ................................................................................................................... VIII
LIST OF ABBREVIATIONS ....................................................................................................... IX
1. INTRODUCTION ...................................................................................................................... 1
2. LITERATURE REVIEW ........................................................................................................... 5
2.1. FERTILITY MANAGEMENT IN SOIL ............................................................................. 5
2.2. SOIL-PLANT RELATIONSHIP ......................................................................................... 5
2.3. BIOLOGICAL NITROGEN FIXATION AND NODULATION ....................................... 6
2.4. SOME MACRO-NUTRIENTS............................................................................................ 7
2.4.1. Nitrogen ......................................................................................................................... 7
2.4.2. Phosphorus................................................................................................................... 10
2.4.3. Potassium ..................................................................................................................... 12
2.4.4. Sulphur......................................................................................................................... 14
3. MATERIAL AND METHODS ................................................................................................ 15
3.1. SITE DESCRIPTION ........................................................................................................ 15
3.2. EXPERIMENTAL DESIGN ............................................................................................. 15
3.3. SEED CLEANING AND SORTING ................................................................................ 18
3.4. HUNDRED AND THOUSAND GRAIN WEIGHT ......................................................... 19
3.5. GERMINATION TEST ..................................................................................................... 19
3.6. SOIL REFERENCE PROFILE AND CLASSIFICATION OF SOYBEANS FIELDS .... 20
3.7. SEEDBED PREPARATION AND PLANTING ............................................................... 21
3.8. NUTRIENT COMPOSITION FOR EACH INORGANIC FERTILIZER USED AND
APPLICATION RATES ........................................................................................................... 22
3.8.1. Potassium Nitrate ......................................................................................................... 22
3.8.2. NPK 15:15:15 .............................................................................................................. 23
3.8.3. Triple Super Phosphate ................................................................................................ 25
3.8.4. Urea ............................................................................................................................. 25
3.8.5. Yara Legume ............................................................................................................... 26
3.9. SUMMARY OF THE APPLICATION RATES FOR THE VARIOUS TREATMENTS 27
IV

3.9.1. Application Rate of Treatment A ................................................................................ 27
3.9.2. Application Rate Treatment B ..................................................................................... 28
3.9.3. Application Rate of Treatment C................................................................................. 28
3.9.4. Application Rate of Treatment D ................................................................................ 28
3.9.5. Application Rate of Treatment E ................................................................................. 29
3.9.6. Application Rate of Treatment F ................................................................................. 29
3.9.7. Application Rate of Treatment G ................................................................................ 29
3.9.8. Application Rate of Treatment H ................................................................................ 29
3.9.9. Application Rate of Treatment I .................................................................................. 30
3.9.10. Application Rate of Treatment J ................................................................................ 30
3.10. FERTILIZER APPLICATION ........................................................................................ 30
3.11. WEED CONTROL .......................................................................................................... 31
3.12. NODULATION ASSESSMENT ..................................................................................... 31
3.13. ABOVEGROUND BIOMASS DETERMINATION ...................................................... 33
3.14. HARVESTING AND DATA COLLECTION ................................................................ 33
3.15. DATA STATISTICAL ANALYSIS ................................................................................ 34
4.0 RESULTS ............................................................................................................................... 35
4.1. NODULATION ASSESSMENT INDEX ......................................................................... 35
4.2. ABOVEGROUND BIOMASS .......................................................................................... 37
4.3. NUMBER OF PODS PER PLANT ................................................................................... 39
4.4. ACTUAL SEED YIELD .................................................................................................... 41
4.5. THOUSAND GRAIN WEIGHT ....................................................................................... 43
4.6. HARVEST INDEX ............................................................................................................ 45
4.7. ANALYSIS OF PHOSPHORUS RESPONSE .................................................................. 46
4.7.1 Amount of Phosphorus per Hill in Treatment A .............................................................. 47
4.7.2. Amount of Phosphorus per Hill in Treatment C ............................................................. 47
4.7.3. Amount of Phosphorus per Hill in Treatment D ............................................................. 47
4.7.4. Amount of Phosphorus per Hill in Treatments F and G. ................................................ 48
4.7.5. Amount of Phosphorus per Hill in Treatments H and I. ................................................. 48
5. DISCUSSION ........................................................................................................................... 50
5.1. CROP RESPONSE TO FERTILIZER APPLICATION ................................................... 50
V

5.1.1. Overview ..................................................................................................................... 50
5.1.2. Actual Yield ................................................................................................................. 50
5.1.3. Aboveground Biomass ................................................................................................ 54
5.1.4. Number of pods per plant ............................................................................................ 58
5.1.5. Nodulation Assessment ............................................................................................... 59
5.1.6. Thousand Grain Weight............................................................................................... 60
5.1.7. Harvest Index ............................................................................................................... 62
5.2. ECONOMIC ANALYSIS .................................................................................................. 63
6. CONCLUSION ......................................................................................................................... 66
REFERENCES ............................................................................................................................. 67
APPENDICES .............................................................................................................................. 81

VI

LIST OF TABLES
Table 1 : Geographic reference of experimental fields ................................................................. 16
Table 2 : Fertilizers used for the experiment and their nutrient compositions ............................. 17
Table 3 : Textural class and soil type at the different experimental sites in Nansoni, Ando and
Chere ............................................................................................................................................. 20
Table 4 : Chemical and physical soil properties at the different experimental sites in Nansoni,
Ando and Chere ............................................................................................................................ 21
Table 5 : Treatments effect on nodulation in all the experimental communities.......................... 35
Table 6 : Treatments effect on Above Ground Biomass (g) in all the experimental communities
....................................................................................................................................................... 37
Table 7 : Treatments effect on Number of Pods per Plant in all the experimental communities . 39
Table 8 : Treatments effect on Actual Yield (g/m2) in all the experimental communities ........... 41
Table 9 : Treatments effect on Thousand Grain Weight (g) in all the experimental communities
....................................................................................................................................................... 43
Table 10 :Treatment effects on Harvest Index in all experimental communities ......................... 45
Table 11 : Application of phosphorus with their respective rates ................................................ 49
Table 12 : Economic analysis of phosphorus-base fertilizer application in soybean production . 65
Table 13 : Farmer’s soil classification and description in Chereponi (Stoyanov, 2014) .............. 81
Table 14 : Percentage purity of seeds used for the experiment in each community..................... 82
Table 15 : Hundred and Thousand grain weight of seeds used for the experiment in each
community. ................................................................................................................................... 83
Table 16 : Results of germination test of seeds used for the experiment in each community. ..... 84
Table 17 : Raw data of parameters focused on every community ................................................ 85
Table 18 : Raw data of aboveground biomass and actual yield with rates of phosphorus applied
....................................................................................................................................................... 91

VII

LIST OF FIGURES
Figure 1 : Experimental layout in Nansoni, Ando and Chere ....................................................... 18
Figure 2 : Results of germination test of soybean before planting ............................................... 19
Figure 3 : Seed bed preparation (left), line and pegging method of planting (right) on site ........ 22
Figure 4 : Calibration of fertilizers to be applied on the various subplots in each community .... 30
Figure 5 : Side placement fertilizer application on site ................................................................ 31
Figure 6 : Researcher undertaking nodulation assessment exercise. ............................................ 32
Figure 7 : Tagging of selected plants prior to harvest for data collection .................................... 33
Figure 8 : A pictorial view of roots with nodule during nodulation assessment. ......................... 36
Figure 9 : Pictorial view of soybean plant at the end of vegetative growth.................................. 38
Figure 10 : Pictorial view of a soybean pod at physiological maturity ........................................ 40
Figure 11 : Determining the thousand grain weight of soybean with an electronic balance. ....... 44
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. ..... 51
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. ..................... 52
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. ..................... 54
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. .......... 55
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. ..................... 56
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. ..................... 57

VIII

LIST OF ABBREVIATIONS
ADVANCE

Agricultural Development and Value Chain Enhancement

ANOVA

Analysis of Variance

ASL

Above Sea Level

AWG

Anoshe Women Group

BNF

Biological Nitrogen Fixation

Ca

Calcium

CaO

Calcium oxide

CO2

Carbon dioxide

DAP

Days After Planting

FAO

Food and Agriculture Organisation

FBO

Farmer Based Organisation

FF

Farmer’s field

g/m2

gram per meter square

GSS

Ghana Statistical Service

HI

Harvest Index

ICRA

International Centre for development oriented Research in Agriculture

IITA

International Institute of Tropical Agriculture

Inno

Inoculant

K

Potassium

K+

Potassium cation

K2O

Potassium oxide

KNO3

Potassium nitrate

LSD

Least Significant Different

kg

kilogram

MoFA

Ministry of Food and Agriculture

Mg

Magnesium

N

Nitrogen

Na+

Sodium cation

NH3

Ammonia gas
IX

NH4+

Ammonium cation

NO3-

Nitrate anion

NPK

Nitrogen, Phosphorus and Potassium

NUE

Nitrogen Use Efficiency

NupE

Nitrogen Uptake Efficiency

NutE

Nitrogen Utilization Efficiency

mgg-1

milligram per gram

OMC

Organic Matter Content

P

Phosphorus

P2O5

Phosphate

RCBD

Randomised Complete Block Design

ROS

Reactive Oxygen Species

S

Sulphur

SARI

Savanna Agricultural Research Institute

SAS

Statistical Analysis System

SO4

Sulphate

SSA

Sub-Saharan Africa

SWC

Soil Water Content

TGW

Thousand Grain Weight

TSP

Triple Super Phosphate

USAID

United States Agency for International Development

WAP
YL

Week After Planting
Yara Legume

X

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 19th 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).
2

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.
3

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
5

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
8

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).

14

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 km2. 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
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labelled

on

the

fertilizers.

Table 2: Fertilizers used for the experiment and their nutrient compositions

Treatment

A

Name of fertilizer

Nutrient composition

Potassium Nitrate and Triple

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

Super Phosphate

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

B

Urea and Potassium Nitrate

46%

Triple Super Phosphate and
C

Urea

P-46% and N-46%

Nitrogen , Phosphorus and

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

D

Potassium

15%

E

Urea only

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

F

Triple Super Phosphate and

18%, CaO-29%, and S-

Yara legume

4%)
P-46%, and (P-46%, K-

G

Triple Super Phosphate, Yara

18%, CaO-29%, and S-

Legume and Inoculant

4%), and Inoculant

Triple Super Phosphate and
H

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
SOYBEANS FIELDS

PROFILE

AND

CLASSIFICATION

OF

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

all

0-22

sandy loam

Plinthosol

Yabonsheke

22-50

loam

50-79

sandy loam

79-100

sandy loam

0-17

sandy loam

Regosol

Kurungu

17-39

loam

0-21

sandy loam

Regosol

Kurungu

21-29

silt loam

ca. 30

loam

Regosol

Kurungu

all

Ando
(10)

Chere
(11), (12),
(13), (14)

20

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

Community

Site

Soil
Depth
(cm)

OC
(%)

Nt
(%)

Nansoni

all

0-22

0.87

0.06

1.28

1.44

64.22

69.37

5.3

59

22-50

0.45

0.04

0.52

1.62

60.24

76.22

5.0

72

50-79

0.26

0.02

0.19

1.91

45.75

64.57

4.7

61

79-

0.20

0.02

0.19

2.00

51.59

70.93

4.8

62

100

0.72

0.07

1.33

2.36

80.07

80.92

5.4

48

0-17

0.39

0.06

1.10

2.03

114.41

88.36

6.0

86

17-39

0.5

0.05

1.35

2.72

70.42

80.85

5.6

28

0-21

0.31

0.04

0.74

1.29

101.05

84.58

5.0

74

(11)

21-29

0.34

0.03

1.35

1.51

92.56

82.48

5.4

24

(12),

ca. 30

0.42

0.04

0.94

1.45

82.66

80.02

5.5

29

(13),

ca. 30

Ando

Chere

all

(10)

Bray P Exch.
ECEC
(mg/kg)
K
(mmol/kg)

BS
(%)

pH
CF
(CaCl) (%)

(14)

3.7. SEEDBED PREPARATION AND PLANTING
An approximately 62.5 m2 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.
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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 7th, 8th and 10th 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 m2, let rate, Y kg = 6.25 m2 (a subplot)
Rate would be (200 kg x 6.25 m2) / 10,000 m2 = 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 m2) / 10,000 m2 = 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 m2, let rate Y kg = 6.25 m2
Rate would be (400 kg x 6.25 m2) / 10,000 m2 = 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 (NH246%). 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 m2, let rate Y kg = 6.25 m2
Rate would be (100 kg x 6.25 m2) / 10,000 m2 = 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 m2, let rate Y kg = 6.25 m2
Rate would be (100 kg x 6.25 m2) / 10,000 m2 = 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 m2) 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 (8th WAP). The onset of
flowering was in the seventh weeks after planting (7th 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/m2),
potential yield (g/m2) 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.
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4.0 RESULTS
4.1. NODULATION ASSESSMENT INDEX
Table 5: Treatments effect on nodulation in all the experimental communities

TREATMENT
A
B
C
D
E
F
G
H
I
J
FF
LSD

NANSONI
a
11.8 ± 0.4
c
7.0 ± 0.7
b
9.5 ± 0.9
b
9.6 ± 0.8
c
7.0 ± 0.4
ab
10.5 ± 0.9
ab
11.0 ± 0.9
a
11.5 ± 0.5
ab
10.7 ± 0.7
c
7.3 ± 0.8
c
6.7 ± 0.3
1.6

ANDO
10.6 ± 0.6

abc

7.3 ± 1.4
11.6 ± 0.9
9.6 ± 1.1
6.9 ± 0.7
11.3 ± 0.5
11.8 ± 0.3
12.3 ± 0.3
9.3 ± 0.7
6.9 ± 0.8
7.3 ± 0.6
2.2

de
abc
bc
e
abc
ab
a
cd
e
de

CHERE
abc
11.2 ± 0.6
def
9.6 ± 0.7
cde
10.6 ± 0.5
abc
11.6 ± 0.2
g
7.4 ± 0.8
abc
11.3 ± 0.8
ab
12.2 ± 0.4
a
12.6 ± 0.2
bcd
10.9 ± 1.0
fg
8.3 ± 0.3
ef
9.1 ± 0.3
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.
Figure 8: A pictorial view of roots with nodule during
nodulation assessment.

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
36

(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
A
B
C
D
E
F
G
H
I
J
FF

LSD

NANSONI
a
50.9 ± 5.5
b
20.6 ± 4.8
a
44.9 ± 3.7
a
48.3 ± 3.4
b
28.6 ± 4.4
a
50.1 ± 5.5
a
42.2 ± 3.8
a
43.4 ± 6.2
a
50.2 ± 4.7
b
20.0 ± 3.0
b
26.7 ± 3.7
12.9

ANDO
67.5 ± 3.9
38.9 ± 4.1
69.1 ± 5.8
73.6 ± 3.7
24.9 ± 6.5
75.9 ± 5.0
72.3 ± 5.5
77.0 ± 3.9
67.8 ± 5.3
42.3 ± 6.5
31.5 ± 3.0
13.4

CHERE
a
b
a
a
c
a
a
a
a
b
bc

63.1 ± 4.7
38.2 ± 5.3
59.5 ± 4.4
61.6 ± 4.4
35.7 ± 6.1
57.6 ± 5.5
64.6 ± 5.5
60.5 ± 3.1
63.9 ± 4.3
21.7 ± 5.3
32.7 ± 6.1
13.5

a
b
a
a
b
a
a
a
a
c
bc

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.
Figure 9: Pictorial view of soybean plant at the end of
vegetative growth.

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.
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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
A

NANSONI
a
65.1 ± 6.6

B

34.8 ± 7.8

C

57.7 ± 6.9

D

57.3 ± 3.1

E

36.4 ± 3.9

F

64.1 ± 5.7

G

57.5 ± 3.0

H

61.8 ± 4.9

I

64.1 ± 6.1

J

34.5 ± 8.6

FF

32.8 ± 4.5
14.8

LSD

ANDO
69.2 ± 5.0

b

28.2 ± 6.5

a

CHERE
ab
e

a
71.8 ± 4.8
bcd
53.1 ± 7.4
de
36.3 ± 9.1
cd
49.9 ± 10.7
bcd
52.4 ± 7.4
abc
60.8 ± 8.0
cd
50.2 ± 11.0
e
30.9 ± 6.0
e
30.2 ± 5.4
18.4

a
b
a
a
a
a
b
b

a

56.8 ± 2.5
34.9 ± 5.7
60.2 ± 3.9
57.3 ± 5.1
26.5 ± 4.1
59.8 ± 2.5
60.7 ± 8.0
60.6 ± 5.9
60.7 ± 5.3
20.7 ± 4.3
35.4 ± 5.6
13.1

b
a
a

bc
a
a
a
a
c
b

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
Figure 10: Pictorial view of a soybean pod at
physiological maturity

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 (KNO 3
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.
40

4.4. ACTUAL SEED YIELD
Table 8: Treatments effect on Actual Yield (g/m2) in all the experimental communities

TREATMENT

NANSONI

ANDO

A

a
389.1 ± 31.5
def
198.2 ± 63.1
cde
270.7 ± 26.2
cde
283.6 ± 23.2
def
192.8 ± 30.3
abc
361.7 ± 38.0
ab
380.4 ± 35.1
abc
355.2 ± 17.7
abcd
294.0± 14.6
def
197.5 ± 47.4
f
132.8 ± 16.3
97.7

a
495.4 ± 111.5
cd
152.2 ± 59.7
ab
444.9 ± 155.6
abc
338.4 ± 36.4
d
97.7 ± 15.5
ab
436.3 ± 141.2
abc
328.3 ± 45.3
abc
370.6 ± 43.6
abc
378.0 ± 54.2
cd
162.5 ± 38.6
bcd
218.4 ± 59.6
227.3

B
C
D
E
F
G
H
I
J
FF
LSD

CHERE
cd

405.5 ± 27.6

de

286.8 ± 43.6
566.0 ± 71.4

abc

659.3 ± 63.1
204.2 ± 44.1

abc
bc

468.3 ± 75.5
441.6 ± 43.6

e
ab

588.6 ± 61.0
512.0 ± 64.0

a

bcd

223.3 ± 32.4
213.8 ± 80.0
166.6

e
e

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/m2. 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/m2 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.
41

In Chere there was a significant effect in the treatment while the replicates effect was not
significant. The LSD was 166.6 g/m2 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.

42

4.5. THOUSAND GRAIN WEIGHT
Table 9: Treatments effect on Thousand Grain Weight (g) in all the experimental communities

TREATMENT
A
B
C
D
E
F
G
H
I
J
FF
LSD

NANSONI
ab
95.5 ± 2.0
bc
91.2 ± 2.7
ab
96.0 ± 1.2
ab
94.6 ± 1.2
d
85.0 ± 2.0
a
96.5 ± 2.0
a
97.5 ± 1.7
ab
94.5 ± 0.9
ab
94.7 ± 1.2
cd
88.7 ± 1.7
bc
91.5 ± 0.8
4.8

ANDO
ab
107.4 ± 2.1
cdef
99.5 ± 2.1
abc
105.5 ± 3.9
a
108.6 ± 1.0
f
94.8 ± 1.5
bcde
101.5 ± 3.1
abcd
103.4 ± 2.2
abcd
104.5 ± 3.4
abcd
102.8 ± 1.9
f
96.5 ± 1.8
f
98.7 ± 2.4
6.8

CHERE
95.4 ± 1.2

de

91.0 ± 1.6

ab

99.5 ± 0.9

bc

96.7 ± 1.5
87.8 ± 1.5
97.4 ± 0.7
98.0 ± 1.1

c

e
bc

abc

a
100.7 ± 0.8
bc
96.9 ± 1.0
d
92.0 ± 1.0
d
91.4 ± 1.3
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.
Figure 11: Determining the thousand grain weight of
soybean with an electronic balance.

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 (KNO 3 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.
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4.6. HARVEST INDEX
Table 10: Treatment effects on Harvest Index in all experimental communities

TREATMENT

NANSONI

A

0.188 ± 0.028

B

0.194 ± 0.036

C

0.164 ± 0.014

D

0.150 ± 0.005

E

0.172 ± 0.026

F

0.166 ± 0.014

G

0.178 ± 0.021

H

0.198 ± 0.031

I
J
FF
LSD

0.154 ± 0.014
0.230 ± 0.041
0.328 ± 0.048
0.080

ANDO
bc

0.170 ± 0.036

bc

0.080 ± 0.026

bc

0.140 ± 0.022

c

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

b

0.080 ± 0.022

a

0.280 ± 0.071
0.083

CHERE
b
c
bc
bc
bc
bc
bc
bc
bc
c
a

0.110 ± 0.014
0.134 ± 0.032
0.144 ± 0.016
0.168 ± 0.013
0.096 ± 0.021
0.144 ± 0.010
0.154 ± 0.024
0.116 ± 0.012
0.118 ± 0.013
0.182 ± 0.044
0.260 ± 0.084
0.097

b
b
b
b
b
b
b
b
b
ab
a

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 m2).
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
m2). 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 (1515-15) 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 m2). 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

Phosphorus application
rate per hill (g)

Treatment
A
B
C
D
E
F
G
H
I
J
FF

KNO3 + TSP
Urea + KNO3
TSP + Urea
NPK
Urea
TSP + YL
TSP + YL + Inno
TSP + Inno
TSP Only
No Fert
FF
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0.2008
0
0.2008
0.0981
0
0.2281
0.2281
0.2008
0.2008
0
0

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/m2), number of pods per plant, actual yield (g/m2), 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.
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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.

2

Y = -0.3945x + 22.665x + 181.7
From the equation above, the value of x (optimum application rate) is 28.7 g/ m2.
Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 507.2
g/m2.
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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.
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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.

2

Y = -4.7787x + 70.092x + 156.27
2

From the equation above, the value of x (optimum application rate) is 7.3 g/ m .
Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 413.3
g/m2.
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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.

53

1000

y = -10.652x2 + 121.9x + 239.71
R² = 0.4918

900
Actual Yield (g/m2)

800
700
600
500
400
300
200
100
0
0

1

2

3

4

5

6

Phosphorus application rate

7

8

9

10

(g/m2)

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.

2

Y = -10.652x + 121.9x + 239.71
2

From the equation above, the value of x (optimum application rate) is 5.7 g/ m .
Fixing the optimum application rate (x) in the equation above, we get optimum yield to be 588.5
g/m2.

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.
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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.
2

Y = -16.294x + 279.84x + 878.75
2
From the equation above, the value of x (optimum application rate) is 8.6 g/ m .
Fixing the optimum application rate (x) in the equation above, we get optimum yield to be
2080.3 g/m2.
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.
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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.

2

Y = -32.273x + 501.59x + 1480.9
2

From the equation above, the value of x (optimum application rate) is 7.8 g/ m .
Fixing the optimum application rate (x) in the equation above, we get optimum yield to be
3429.8 g/m2.
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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.
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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.
2

Y = -61.421x + 777.45x + 1702.1
2
From the equation above, the value of x (optimum application rate) is 6.3 g/ m .
Fixing the optimum application rate (x) in the equation above, we get optimum yield to be
4162.2 g/m2.
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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/m2 to
produce an optimum seed yield of 507.2 g/m2.
Converting g/m2 to kg/ha we get 28.7 g/m2 = 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/m2 to
produce an optimum seed yield of 413.3 g/m2.
Converting g/m2 to kg/ha we get 7.3g/m2 = 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/m2 to
produce an optimum seed yield of 588.5g/m2.
Converting g/m2 to kg/ha we get 5.7 g/m2 = 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

P-base
fertilizer
available

Unit cost
per 50kg
(GHC)
115
110

Amount needed
(kg/ha) (kg/acre)
1429.3
571.7
4388.4 1755.4

Total cost of Pbase fertilizer
(GHC)
ha-1
acre-1
3287.4 1314.9
9654.5 3861.9

Nansoni

TSP
NPK

Ando

TSP
NPK

115
110

363.5
1116.2

145.4
446.5

836.05
2455.6

Chere

TSP
NPK

115
110

283.9
871.6

113.6
348.6

652.9
1917.5

Community

Proposed yield of
Soybean
(kg/ha) (kg/acre)
5072

2028.8

334.4
982.3

4133

1653.2

261.3
766.9

5885

2354

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
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includes

nitrogen

and

potassium.

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.
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