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ABSTRACT 

Despite advancements in geographic information systems  mapping, remote sensing, and soil testing 

technology that can help in approximating soil fertility requirements at specific sites, Ghana, like most 

countries in Africa, continues to use blanket fertilizer recommendations based on soil tests and 

experiments that are over a decade old. This could be one of the main reasons why the country 

continues to record dismal crop productivity growth even after the reintroduction of the fertilizer 

subsidy program in 2008. If farmers are applying the wrong type and amount of fertilizer on their 

fields, it is likely that crop productivity growth will continue to stagnate. However, the Council for 

Scientific and Industrial Research, with support from the Alliance for a Green Revolution in Africa, 

the Commonwealth Agricultural Bureau International, and the International Fertilizer Development 

Corporation, has engaged in a concerted effort to promote location-specific fertilizer 

recommendations. This paper was written to help bolster the case and present visual evidence 

demonstrating why it is important to seriously consider spatial soil fertility variability in Ghana and to 

promote area-specific fertilizer recommendations. Using geostatistical analysis of soil samples 

collected from farmer plots in three districts (Tamale Municipality, Savelugu-Nanton, and West 

Mamprusi in northern Ghana), the paper analyzes spatial variations in soil fertility. The results clearly 

show that there are variations in soil pH, organic matter content, and available phosphorous even at 

the community level, supporting the need for Ghana to seriously consider location-specific fertilizer 

recommendations. 

Keywords:  agricultural productivity, fertilizer use, area-specific fertilizer recommendation, 

geographical information systems, kriging, Ghana 
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1.  INTRODUCTION 

Africa continues to lag behind much of the rest of the world in food crop productivity. Low fertilizer 

use and low use intensity are cited as one of the main factors hindering productivity growth (FAO 

2005; Kelly et al. 2007; Guo, Koo, and Wood 2009; Fuglie and Nicholas 2013). In response, a 

number of African countries,
1
 including Ghana, reintroduced fertilizer subsidy programs in order to 

lower the cost of fertilizer and address supply issues, with the aim of bolstering fertilizer demand 

among the multitude of smallholder farmers. Despite this effort, crop productivity has risen only 

marginally, suggesting that there are other constraints limiting optimal fertilizer response (Chapoto 

and Ragasa 2013). Also, despite calls to ramp up efforts to design and implement fertilizer programs 

that recognize the spatial variability of soil fertility and climatic conditions in the country, Ghana, like 

many other developing countries, continues to rely heavily on the general fertilizer recommendation, 

which is uniform across geographic locations and crops. This could be one of the main reasons why 

Ghana continues to record dismal crop productivity growth. If farmers are applying the wrong type 

and amount of fertilizer on their fields, it is likely that crop productivity growth will continue to 

stagnate. 

Ghana has recently witnessed an increase in agricultural growth, but this growth has not been 

due to increased crop productivity but rather to area expansion (Breisinger et al. 2008 cited in 

Chapoto and Ragasa 2013). Currently, average maize yield is around 1.7 tons per hectare (tons/ha)
2
, 

about one-quarter of the 6.0 tons/ha target (Ghana, MoFA 2009). As in most developing countries, 

increased population pressure and inappropriate land use have contributed to extensive land 

degradation in some major food-producing areas, especially in northern Ghana. According to Diao 

and Sarpong (2007), most lands in Ghana are characterized by low fertility and are subject to 

degradation. The soils of the major food-crop-growing areas are low in organic carbon (less than 1.5 

percent), total nitrogen (less than 0.2 percent), exchangeable potassium (less than 0.15 cmolc/kg)
3,
 and 

available phosphorus (less than 10.0 mg/kg)
4
 (Benneh, Agyemang, and Allotey 1990; Adu 1995), and 

a large proportion of the soils are also shallow, with iron and manganese concentrations (Adu 1995). 

The soil fertility decline in Ghana can be attributed to socioeconomic constraints and policy 

distortions. If not addressed, these problems will in the long run result in a reduction in food 

production. In an effort to close the soil fertility gap and increase the uptake of inorganic fertilizers 

among smallholder farmers, the government of Ghana reintroduced the fertilizer subsidy program in 

2008. Farmers in the country welcomed this move.  

 The United States and other developed countries have been transitioning to precision 

farming, where fertilization is guided by location-specific requirements. Farmers have started using 

computer-controlled fertilizer application equipment that allows fertilizer application rates to be 

changed over short distances. Except for a few large-scale multinational-run farms and plantations 

that can afford this equipment, use of this technology in Africa is many years away. However, despite 

advancements in geographic information systems (GIS) mapping, remote sensing, and soil testing 

technology that can help in approximating soil fertility requirements at a lower geographic level, 

Ghana, like most countries in Africa, continues to recommend fertilizer use based on soil tests and 

experiments performed more than a decade ago.  

It was difficult to find studies conducted in Ghana advocating for location-specific fertilizer 

recommendations. An exception is the study by Snoeck et al. (2010), who used a soil diagnostic 

model in combination with GIS to convert the current blanket fertilizer recommendations for cocoa 

into a more effective recommendation taking into account local land resources and the actual nutrient 

requirements. Nevertheless, there has recently been a concerted effort to promote location-specific 

fertilizer recommendations. For example, the Savanna Agricultural Research Institute (SARI) of the 

Council for Scientific and Industrial Research (CSIR), in collaboration with the Alliance for a Green 

Revolution in Africa (AGRA) and other partners, is working to scale up integrated soil fertility 

management (ISFM) in northern Ghana. The project involves developing area-specific fertilizer 

                                                      
1 Nigeria, Senegal, Mali, Burkina Faso, Zambia, Malawi, and Tanzania, to name just a few. 
2Throughout the text, all tons refer to metric tons. 
3 cmolc/kg refer to centimoles per kilogram 
4 mg/kg refer to milligrams per kilogram  
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recommendations for Guinea, Sudan, and savanna areas of Ghana. The Soil Research Institute (SRI), 

with the support of the Commonwealth Agricultural Bureau International (CABI) and AGRA, is 

developing site-specific fertilizer recommendations for various crops using field trials and simulation 

models. The International Fertilizer Development Corporation (IFDC) is also building human 

capacity in site-specific fertilizer recommendation at the national level, facilitating the formation of 

the Ghana National Fertilizer Task force and training the task force members on using simulation 

models for site-specific fertilizer recommendations. AGRA has also promoted the formation of Soil 

Health Policy Nodes to facilitate the development of policies relating to fertilizer regulations and 

quality control. 

It is against this backdrop that this paper was written to help demonstrate why it is important 

to consider the spatial soil fertility variability in Ghana and why it is necessary to redesign the current 

fertilizer subsidy program in order for the country to fully benefit from the program and achieve 

sustainable productivity growth. Using geostatistical analysis on soil samples collected from farmer 

plots in three districts (Tamale Municipality, Savelugu-Nanton, and West Mamprusi in northern 

Ghana), the paper analyzes spatial variations in soil fertility as of 2011. The study results are intended 

to bolster the case for location-specific fertilizer recommendations. We present visual evidence 

showing spatial soil fertility variability by location. 

The remainder of the paper is organized as follows. Section 2 briefly describes our data and 

methods. Section 3 presents the results and discussion. Finally, Section 4 discusses our conclusions 

and policy recommendations. 
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2.  DATA AND METHODS 

Study Area 

The sample of farmers from whom the soil samples were collected was based on the 2011 panel 

survey implemented by Innovations for Poverty Action (IPA) in three districts in the northern region 

of Ghana between 2009 and 2012 (Figure 2.1). The initial sample was drawn from the Ghana Living 

Standards Survey 5 Plus (GLSS5+), a survey conducted from April to September 2008 by the Institute 

of Statistical, Social and Economic Research (ISSER) at the University of Ghana – Legon in 

collaboration with the Ghana Statistical Service. The GLSS5+ was a clustered representative random 

sample, with households randomly chosen based on a census of selected enumeration areas in the 23 

Millennium Development Authority (MiDA) districts. From the GLSS5+ sample frame, IPA selected 

communities to undertake a survey, “Examining Underinvestment in Agriculture” (EUI), in three 

districts in northern Ghana: Tamale Municipality, West Mamprusi, and Savelugu-Nanton.  

Figure 2.1 Study area 

 

Source:  EUI Survey (2011). 

In 2011, enumerators were trained on how to collect soil samples and GPS coordinates from 

randomly selected household plots. A total of 2,600 samples from 1,040 households were collected, 

but 1,030 of these samples were discarded because they were soaked by the rains before they could be 

stored correctly. In collaboration with the International Food Policy Research Institute (IFPRI), the 

remaining 1,570 soil samples were sent to the Soil Research Institute of the Council for Scientific and 

Industrial Research (CSIR-SRI) for analysis. Figure 2.2 shows the distribution of the soil samples in 

the three districts as well as the distribution of samples that we discarded.   
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Figure 2.2 Distribution of soil samples in study districts 

 
Source:  EUI Survey (2011). 

Most of the samples that were spoiled were collected in Savelugu-Nanton (79 percent), with 

15 percent coming from Tamale Municipality. To ensure that the maps were more representative, in 

Tamale Municipality and Savelugu-Nanton we selected communities where the sampling points were 

less sparse to show whether there was any significant variation in the selected soil parameters at a 

much lower geographic level (Figure 2.2). In addition, data from West Mamprusi and the southern 

part of Savelugu-Nanton were used to show the variation of soil fertility parameters for much larger 

geographic areas. In general, this report is based on 1,570 samples from 270 plots in Tamale 

Municipality, 652 plots in West Mamprusi, and 648 plots in Savelugu-Nanton.  

Table 2.1 shows that most of the sampled plots were planted to maize the previous season, 

with the highest percentage of plots under maize in West Mamprusi, 77 percent, compared to 53 

percent in Savelugu-Nanton and 47 percent in Tamale Municipality. Of all the plots under maize (62 

percent), 33 percent were intercropped with other crops. Rice was grown mostly in Tamale 

Municipality (31 percent), followed by Savelugu-Nanton (15 percent), with the lowest percent in 

West Mamprusi (7 percent).  

Selected communities for 

further analysis 

Selected communities 

for further analysis 
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Table 2.1 Sample size, fertilizer use, and maize and rice yield by district, 2011 

Variable Whole Sample Tamale 
Municipality  

Savelugu-
Nanton 

West 
Mamprusi 

Soil samples analyzed in 2011 1,570 270 648 652 

% plots under maize in 2010 62 47 53 77 

% plots under rice in 2010 14 31 15 7 

    % plots intercropped in 2010 33 14 28 47 

Fertilizer used (kilogram per hectare [kg/ha]) 

– maize monocrop 227.8 341.2 213.1 181.1 

Fertilizer used (kg/ha) – rice monocrop 230.4 205.6 275.2 90.4 

Maize yield (kg/ha) – monocrop plots      

With fertilizer  745.8 1,030.8 838.5 544.8 

Without fertilizer  774.4 910.1 925.8 566.4 

Rice yield (kg/ha) – monocrop plots      

With fertilizer  2,351.5 2,169.4 2,836.7 426.8 

Without fertilizer  2,348.9 2,243.9 2,836.1 864.7 

Source:  EUI Survey (2011). 

In terms of yields, average maize production was less than 1 ton/ha with or without fertilizer 

(746 and 774 kilograms per hectare (kg/ha), respectively). Maize yields with fertilizer were slightly 

higher in Tamale Municipality than in the other two districts (Table 2.1). The differences in maize 

productivity seem to be due to the levels of fertilizer used in each district. Monocropped maize plots 

in Tamale Municipality received 128 kg more fertilizer per hectare on average than maize plots in the 

other two districts. Higher fertilizer use in Tamale Municipality could be due to the farmers’ closer 

proximity to the maize market as well as fertilizer and other markets and extension services, 

compared to the other districts, which are further away from the regional capital.  

Table 2.1 also shows that on average, farmers in Tamale Municipality and Savelugu-Nanton 

produced more than 2 tons of rice per hectare, while those in West Mamprusi produced less than 1 

ton. With the exception of the lower rice yields in West Mamprusi, there are minor differences in rice 

yield between the plots with and without fertilizer in Tamale Municipality and Savelugu-Nanton. The 

low rice yields in West Mamprusi could be a result of the lower fertilizer application rate, 90 kg/ha, 

compared to 206 and 275 kg/ha in Tamale Municipality and Savelugu-Nanton, respectively. 

Soil Analysis 

Soil samples were taken to the laboratory and air-dried; sieved (2 millimeters (mm); and analyzed for 

soil pH, organic carbon, carbon/nitrogen ratio, bulk density, and available phosphorus (P) and 

potassium (K). Soil texture was determined on particles less than 2 mm in diameter by the hydrometer 

method, as recommended by Bouyoucos (1962). Soil reaction (pH) was determined in a soil-to-water 

ratio of 1:1 using a glass electrode pH meter, while soil organic matter content was determined using 

the modified method of Walkley and Black (Nelson and Sommer 1982). Total nitrogen (N) was 

determined by Kjeldahl digestion and distillation (Van Reeuwijk 1992), available phosphorus was 

determined colorimetrically after extraction with Bray’s P1 solution, and available potassium was 

obtained by flame photometry after extraction with Bray’s P1 solution. Exchangeable bases (Ca, Mg, 

K, and Na) were determined in neutral ammonium acetate leachate, calcium (Ca) and magnesium 

(Mg) in the leachate were determined by EDTA titration, and potassium (K) and sodium (Na) by 

flame photometry. Exchangeable acidity was determined by titration in 1.0N potassium chloride 

(KCl) extract. We then calculated the total exchangeable bases (TEB) by summing the exchange 

acidity and exchangeable bases. However, this report is focused on three key soil fertility parameters: 

soil pH, available phosphorus, and soil organic matter content. We included in the appendix maps of 

soil TEB for those readers who are interested in seeing the spatial variation of this parameter for the 

study area.  
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Geostatistical Analysis 

With the assistance of the geostatistical analysis tools in ArcGis 10.2, we produced surface maps to 

illustrate how soil nutrient levels for each parameter were spatially distributed on the soil landscape 

from where soil samples were taken with GPS coordinates.
5 
The most common techniques used to 

produce these surface maps via interpolation of values at unsampled locations include inverse distance 

weighting (IDW) and kriging methods (Franzen and Peck 1995; Weisz et al. 1995). We used the 

kriging method to produce the maps presented in this report, as it has been shown in literature to 

perform better than IDW (Tabios and Salas 1985; Kravchenko and Bullock 1999). Most recently, 

some studies have started using regression kriging, an interpolation method that takes advantage of 

the availability of other covariates at high spatial resolution with the advancements in proximal and 

remote sensing with positioning technologies (Sun, Minasny, and McBratney 2012). Unfortunately, 

we did not have detailed enough information to perform regression kriging.  

The value of any soil parameter Q at the unsampled location L0, Q
*
(L0), was estimated based 

on the soil sampling results from the surrounding locations, Q(Li), as follows: 

   (  )  ∑    (  
 
   ),  (1) 

where wi are weights assigned to each Q(Li) value and n is the number of the closest neighboring 

sampled plots used in the estimation. The values of wi are calculated via the estimation of the spatial 

structure of the parameter’s distribution, represented by a simple variogram, 

  ( )  
 

 
 ∑ [ (    )   (  ]

  
   ,  (2) 

where Li and Li+h are sampling locations separated by distance h, and Q(Li) and Q(Li+h) are 

measured values of the parameter Q at the corresponding location. Then the parameter values at the 

unsampled locations are obtained using equation (1). Figure 2.1 presents an example variogram 

illustrating the relationship between the variogram parameters (nugget, partial sill, sill) and the 

separation distance. Generally, the semivariance increases with sample separation distance (h) and 

peaks at distance a; samples beyond this distance are considered to be spatially independent. For more 

details about geostatistical analysis, see Goovaerts (1997). 

Figure 2.1 Relationship between variogram parameters 

 

 

 

 

 

 

 

 

 

 

Source:  Adapted from Qiu, Curtin, and Beare (2011). 

Note:  a = range; h = separation distance; Co = Nugget; C = partial sill and C+Co = +sill (partial sill + nugget). 

                                                      
5 Applying geostatistical methods in analyzing the soil analysis data provides a way to reduce the number of field 

observations.  

Y 

Partial 
Sill 
(C) 

 
 

Nugget 

C0 

Separation Distance, h 0 

Sill 

C+ C0 

 
Range, (a) 
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3.  RESULTS 

The summary of the statistics for soil parameters is presented in Table 3.1. Generally, the soil 

parameter values vary by district, with low coefficients of variation (CV) below 10 percent) for pH, 

medium CV (from 47 to 54 percent) for organic matter, and the highest CV for available phosphorus 

and TEB, above 60 percent. Because of the high skewness, it was necessary to normalize the data via 

logarithmic transformation prior to performing the geostatistical analysis.  

The ratio of nugget semivariance to sill semivariance measures the spatial dependency of the 

soil properties under study. The data show strong spatial dependency if the ratio is less than 25 

percent, moderate if between 25 and 75 percent, and weak if greater than 75 percent. The results 

presented in Table 3.1 (column M) show that pH and soil organic matter percent exhibit moderate 

spatial dependency for both West Mamprusi and Savelugu-Nanton, while available phosphorus and 

TEB in Savelugu-Nanton have weak spatial dependency. TEB data from plots in West Mamprusi 

have a pure nugget, suggesting that there is no spatial correlation. With the exception soil organic 

matter in Savelugu-Nanton, with a range of 237 meters (m), the range
6
 for all other soil properties is 

small (between 2.1 and 45 m) suggesting weak spatial dependency. This means that with very large 

sampling distances it is unlikely that we can accurately predict the soil properties at the unsampled 

location. The spatial dependence for available phosphorus and TEB in both West Mamprusi and 

Savelugu-Nanton are weak; thus, points located at distances beyond the range have no defined spatial 

dependence.  

These results may not be surprising because the variation in soil properties analyzed is usually 

the result of an intrinsic variation in soil properties and farm management practices. The fact that the 

results of the geostatistical analysis fail to reject the null hypothesis that the soil parameters analyzed 

exhibit strong spatial dependence supports the need for the design of a cost-effective but efficient site-

specific fertilizer recommendation system.

                                                      
6 The range indicates the limit distance at which a sample point has influence over another point, that is, the maximum 

distance up to which sample points are correlated. All points located within a circle with a radius equal to the range can be 

used to estimate values with smaller spacing (Warrick and Nielsen 1980). 
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Table 3.1 Descriptive statistics and geostatistical parameters for soil nutrients and organic matter 

Soil 
property 

Location Number Mean  Minimum  Maximum 
Standard 
Deviation 

Coefficients of 
variation (%) 

Skewness Kurtosis 
Range 

(m) 
Nugget Sill 

Nugget/sill 
semivariance 

ratio (%) 

Spatial 
dependence 

  (A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M) 

pH West 
Maprusi 

547 6.39 4.65 7.96 0.57 8.98 -0.13 2.72 45.0 245.0 352.0 69.6 Moderate 

Savelugu-
Nanton 

556 6.41 2.72 8.28 0.52 8.11 -1.42 13.04 3.8 6.2 12.4 50.0 Moderate 

Available 
phospho
rus 

West 
Maprusi 

547 14.93 1.99 108.43 14.44 96.71 2.84 12.80 7.0 428.0 522.0 82.0 Weak 

Savelugu-
Nanton 

556 12.46 0.08 159.46 14.85 119.16 3.39 17.08 44.9 489.0 568.8 86.0 Weak 

Soil 
organic 
matter 
(%) 

West 
Maprusi 

547 1.51 0.43 6.38 0.72 47.29 1.72 8.83 3.2 131.0 180.0 72.8 Moderate 

Savelugu-
Nanton 

556 1.61 0.21 6.57 0.87 53.69 1.61 7.29 236.6 227.0 320.4 70.8 Moderate 

Total 
exchang
eable 
bases 
(milligra
ms/100 
grams) 

West 
Maprusi 

547 5.45 1.25 48.81 3.98 72.95 4.77 38.24 2.1 0.0 234.0 0.0 Pure nugget, 
no spatial 
correlation 

Savelugu-
Nanton 

556 5.32 1.13 43.17 3.98 74.80 5.29 43.39 2.7 136.9 163.7 83.6 Weak 

Source:  Authors’ analytical estimates. 
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Soil Texture 

The two dominant soil textures identified in the study areas are sandy loams and silty loams. Whereas 

sandy loams were dominant in Savelugu-Nanton and West Mamprusi, the dominant soil texture in 

Tamale was silty loam (Figure 3.1). Sandy loams contain coarser soil particles than silt loams. The 

coarse sandy loam particles hold less nutrients and water than silty loams. Leaching is also higher in 

sandy loams than in silty loams. All things being equal, silty loams should be more productive than 

sandy loams. Using plot-level maize yield data from our sample, we find higher maize yields on 

average in silty loam soils, 838 kg/ha, compared to 580 kg/ha in sandy loam soils. 

Figure 3.1 Soil texture distribution of sampled soils 

 
Source:  EUI Survey (2011). 

Geographic Variations of Soil pH 

Soil pH is a measure of the acidity in soils. It is an important soil parameter, as it controls many 

chemical processes that take place in soils. The pH level, or soil reaction, gives an indication of 

conditions in the soil solution, particularly the availability of both macro- and micronutrient elements. 

The optimum pH range for most plants is between 5.5 and 7.0. About 80 percent of the samples had 

soil pH values in the desirable range (5.5–7.0). The acidity levels were not the same; some areas (the 

majority) were good and suitable for crop growth, whereas others were either very high in acidity 

(requiring liming) or high in alkalinity (requiring sulfur application). Blanket soil fertility 

management with such a distribution is therefore not appropriate. 

Figures 3.2a and 3.2b show the spatial distribution of the pH of the surface soils. The 

differences in soil pH are represented by different shades of colors, with the darker shades 

representing areas of higher pH values and lighter shades representing areas with more acidic soils. 

Figure 3.2a (panel A) shows that soil pH in West Mamprusi is more variable than in the selected 

location in Savelugu-Nanton (panel B). However, as expected, we do not see only one color, implying 

that a recommendation taking soil pH into account would result in more than one recommended 

application rate. Figure 3.2b shows that there is still some variation even at a much lower geographic 

level. Therefore, use of a single fertilizer application rate for the district or community could lead to 

overapplication of certain nutrients in some areas and underapplication in others. This has both 

economic and environmental implications. Economically, farmers achieve suboptimal productivity, 

resulting in a waste of money, especially in cases where fertilizer is applied in more than the quantity 

required; this could also lead to accumulation of excess nutrient elements in the environment. 
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Figure 3.2a Soil pH variations for West Mamprusi and Savelugu-Nanton using ordinary kriging 

 

A. West 
Mamprusi 

 
 
 

 

B. Savelugu-
Nanton 

 

 
 

Source:  EUI Survey (2011).  

Note:  Soil analysis performed by CSIR-SRI May–July 2013. 
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Figure 3.2b Soil pH variations for selected communities in Tamale Municipality, West 

Mamprusi, and Savelugu-Nanton using ordinary kriging 

 

A. West Mamprusi 
 
 
 

 

B. Tamale Municipality 
 

 

 

C. Savelugu-Nanton 
 
 

Source:  EUI Survey (2011).  

Note:  Soil analysis performed by CSIR-SRI May–July 2013. 
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Geographic Variations of Available Phosphorus 

Phosphorus is one of the major plant nutrients in the soil and is a component of the complex nucleic 

acid structure of plants, which regulates protein synthesis. Phosphorus is, therefore, important in cell 

division and development of new tissue and required for energy transformation in the plant. About 60 

percent of the study areas had moderate levels of available phosphorus values, between 10 and 20 

milligrams/kg.  

Similar to pH, Figures 3.3 and Figure 3.4 show that available phosphorus levels were spatially 

variable for both the larger and smaller geographic areas. The maps show that there are variations in 

available phosphorous, with some areas having high soil phosphorus content and other areas having 

medium or low soil phosphorus content. Areas of high and moderate available phosphorus do not 

require the same quantity of fertilizer phosphorus as areas with low available phosphorus content. 

Therefore, the use of blanket fertilizer recommendations for all areas within a district or community is 

inappropriate and could lead to overapplication of phosphorus fertilizer to certain areas. 

Figure 3.3 Available phosphorus variations for West Mamprusi and Savelu-Nanton using 

ordinary kriging 

 

A. West Mamprusi 
 
 
 

 

B. Savelugu-
Nanton 

 

 
 

Source  EUI Survey (2011).  

Note:  P = phosphorus. Soil analysis performed by CSIR-SRI May–July 2013. 
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Figure 3.4 Available phosphorus variations for selected communities in Tamale Municipality, 

West Mamprusi, and Savelugu-Nanton using ordinary kriging 

 

A.  West Mamprusi 
 
 
 

 

B. Tamale Municipality 
 
 
 

 

C. Savelugu-Nanton 
 
 
 

Source:  EUI Survey (2011).  

Note:  P = phosphorus. Soil analysis performed by CSIR-SRI May–July 2013. 
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Also, the variations in pH discussed in the previous section have a great bearing on the 

availability of phosphorous. At a lower pH, when the soil is very acidic, more iron and aluminum are 

available to form insoluble phosphate compounds, making phosphorous less available to crops. At very 

high pH, very alkaline soil, phosphorus can react with excess calcium to form calcium compounds, 

which makes phosphorus unavailable. The pH range of greatest phosphorus availability is 5.5 to 7.0 

(Griffith 2010). Fortunately, the soil pH levels in most samples collected in the study area were within 

the optimal range, supporting phosphorus availability. Since phosphorus is so easily fixed in the soil, 

plants can take up only a small amount of the phosphorus if applied, so it is important for farmers to 

regularly monitor phosphorus levels in their plots. The most effective way to monitor phosphorus 

levels for crops is for farmers to regularly test their soil, a practice that is not common in Ghana. Soil 

testing will reveal the soil pH and the soil phosphorus level, and determines the recommended 

application amount of phosphorus for the crop to be grown.  

Geographic Variations of Soil Organic Matter Content 

Generally, samples with organic matter content less than 1.5 percent are described as low and between 

1.5 and 3.0 percent as moderate. More than 50 percent of the samples had low organic matter content, 

and 35 percent were in the moderate range. The average organic matter content was 1.6 percent. 

Considering the broad impact of soil organic matter on soil physiochemical properties and crop 

productivity, improving organic matter management may be one of the most significant things a 

farmer can do to improve soil productivity, as organic matter content is very low in the sample 

districts (Manlay, Feller, and Swift 2007). 

With the exception of situations in which fertilizers are applied, organic matter provides the 

largest group of macronutrients (including nitrogen, phosphorus, and sulfur) in the soil, especially in 

the savanna ecologies. However, the level of organic matter in the soil depends on many factors, 

including the duration of cropping, measures put in place against soil erosion, type of vegetation, and 

so on. Levels of soil organic matter in the study area were generally low to moderate across all 

sampling points in the three districts. Figure 3.5 show the spatial distribution of soil organic matter in 

the study areas. The maps show some patches of low and medium soil organic matter content. In areas 

where soil organic matter content is low, nitrogen supply from decomposing organic matter will be 

low to moderate, requiring supplemental inorganic fertilizer application of between 60 to 90 kg/ha. 

However, the fertilizer requirement of soils with moderate to high organic matter content would be 

less than that of soils with low organic matter content. A single dose of blanket fertilizer application, 

even at the community level, may be too general and not suitable, as there is still some variation in 

soil organic matter content (see Figure 3.6). At the minimum, site-specific recommendations that take 

account of the variability within a district are necessary for profitable crop production. 
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Figure 3.5 Soil organic matter variations for West Mamprusi and Savelugu-Nanton using 

ordinary kriging 

 

A. West Mamprusi 
 
 
 

 

B. Savelugu-Nanton 
 
 

Source:  EUI Survey (2011).  

Note:  Soil analysis performed by CSIR-SRI May–July 2013. 
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Figure 3.6 Soil organic matter variations for selected communities in Tamale Municipality, 

West Mamprusi, and Savelugu-Nanton using ordinary kriging 

 

A.  West Mamprusi 
 
 
 

 

B. Tamale Municipality 
 
 
 

 

C. Savelugu-Nanton 
 
 
 

Source:  EUI Survey (2011).  

Note:  Soil analysis performed by CSIR-SRI May–July 2013.  
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Economic Impact on Ghanaian Farmers 

The obvious question that one may ask is, “How far apart are the margins between blanket application 

and site-specific multilocation trial recommendation?” SRI conducted field trials in 20 maize-growing 

districts in Ghana between 2005 and 2007, comparing yields from blanket fertilizer treatments and 

optimum recommended treatments from multilocation fertilizer trials. Results indicated that the 

average yield obtained from blanket fertilizer treatment (63-38-38) was about 4 tons/ha, compared to 

8 tons/ha from plots treated to the optimum recommended fertilizer rate based on field trials (SRI 

2008). Yield margins obtained using optimum fertilizer recommended rates were 148 to 248 percent 

higher than yield margins obtained using the blanket recommendation.  
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4.  CONCLUSIONS 

The results of this study clearly show that there are variations in soil fertility parameters in the study 

area, even at the community level, supporting the need for Ghana to seriously consider location-

specific fertilizer recommendations. Using the general recommendations based on average conditions 

may be attractive because of the perceived lower implementing costs, but the reality is that massive 

financial losses arise from suboptimal yields resulting from under- or overfertilization. At the 

minimum, research should be conducted in the districts and general recommendations formulated at 

that level, while still encouraging farmers to use fertilizer based on their local climate, soil, and 

management practices.  

We outline below some of the key measures that might help promote site-specific fertilizer 

recommendations in Ghana:  

1. Promoting soil testing centers: There is no doubt that yield and economic return from 

fertilizer are optimized when nutrient application is geared to the needs of a particular 

crop grown on a specific field. But for this to happen, an effective annual on-farm soil 

testing program is needed. This would give farmers an inventory of the nutrient levels 

in their fields, plus specific recommendations as to the kinds and rates of fertilizer 

nutrients to apply for each crop. If the benefits outweigh the costs, farmers will be 

encouraged to pay for their own soil testing in order to obtain specific 

recommendations for their farms.  

2. The maps in this report show that there is still some variation in the soil parameters 

analyzed at the community level; hence, recommendations based on a much lower 

geographical level may produce better results than those based on the district or 

regional level. Also, it may be cost-effective to use part of the fertilizer subsidy to 

invest in district-level soil testing centers and encourage farmers to have their soils 

tested to determine fertilizer requirements. Soil testing is the only way to determine 

the available nutrient status of a field or plot and receive specific fertilizer 

recommendations. 

3. Lowering the costs of soil analysis: Soil analysis in Ghana costs an average of 50 

Ghanaian cedi (approximately US$25) per sample, and in order to obtain a 

representative sample per hectare for the fertilizer recommendation, a farmer requires 

a composite sample per acre for the topsoil (plow depth) made up of five soil cores. 

This means a farmer must pay US$25 in addition to the fertilizer required per final 

recommendation. Unfortunately, these costs add to the already high cost of crop 

production under a rainfed production system. This could be the primary reason why 

most farmers are not enthusiastic about embracing farm-specific fertilizer 

recommendations based on soil analysis. Instead, the farmers would rather follow the 

40-40-40 NPK (15:15:15) and 20-0-0 sulfate of ammonium general recommendation 

for maize and rice rather than spend money to find out what their soil really needs in 

order to achieve higher yields. To compound the cost problem, soil analysis services 

in Ghana are very limited. The national soil testing laboratories are far from farming 

centers. Three of the six laboratories are at universities and are basically for teaching 

and research purposes. Extension staff should be trained on the use of soil testing kits, 

which could provide rapid soil test information on farmers’ fields. This soil test kit 

service could be linked with trained agrodealers who could interpret and supply 

fertilizer to the farmers based on the soil test information. 

4. Revamp extension services: Extension messages about fertilizer use should not 

emphasize the general fertilizer recommendation but instead encourage farmers to 

base their fertilizer application on farm-level soil testing. Initially, soil testing could 

be performed every three years. Once farmers see the benefits of location-specific 

fertilizer application rates, more farmers may come on board and the use of blanket 

fertilizer application rates could become obsolete.  
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5. Use of geostatistical and remote sensing tools: Soil-test-based fertility management 

can be an effective tool for increasing productivity, especially if there is a high degree 

of spatial variability. However, a number of constraints hinder wide-scale adoption of 

soil testing in Ghana and other developing countries. In Ghana, these include more 

than 1.6 million small-scale farmers who are poor and cultivate less than 2 acres of 

land as well as the unavailability of infrastructural facilities for extensive soil testing. 

Finding a solution to these constraints is key to solving the problems of relying on 

blanket fertilizer recommendations. Using geostatistical analysis and GIS-based soil 

fertility mapping techniques may provide an inexpensive alternative, as the number of 

necessary field observations is greatly reduced.
7
 

Many studies have shown that GIS-based soil fertility maps are an efficient 

alternative to traditional soil testing on a wider scale. Unfortunately, the EUI survey 

was not specifically designed for this study; hence, we are not able to use soil 

analysis data to test the effectiveness of geostatistical analysis and GIS-based soil 

fertility versus the traditional soil testing methods on unsampled locations. 

Nevertheless, advances in geostatistical analysis, GIS mapping, and remote sensing 

technology provide Ghana and other developing countries with an opportunity to use 

these techniques to help farmers and policymakers appreciate the benefits of location-

specific fertilizer recommendations.  

6. Demonstration plots: To help farmers understand the effect of fertilizer on crops and 

the need to use fertilizer, as well as showing the methods and timing of application of 

fertilizer, demonstration plots should be established within farming communities 

along the most traveled footpaths and roads. Demonstration plots are best established 

based on the farmer field school concept, where farmers form groups and invite 

extension staff to train and guide them in the field. The demonstration plots are 

owned and maintained by the farmer group. 

7. Government fertilizer program: Last but not least, considering the financial resources 

that are devoted to this program, it may benefit the country to devote some resources 

to promote location-specific fertilizer recommendations. This can be done in two 

ways. First, the cost of soil analysis could be lowered by channeling some of the 

resources to the CSIR-SRI to provide affordable soil testing services or kits that 

farmers can use to test their soils. Second, some of the resources could be invested to 

strengthen GIS map-based and remote sensing technologies. A subsidy program 

aligned to location-specific requirements is likely to be more cost-effective and may 

lead to higher crop productivity and an increase in fertilizer demand.  

  

                                                      
7 For example, Vieira, Nielsen, and Biggar (1981) concluded that results based on 128 samples were similar to results 

based on 1,280 samples on an area 55 m by 160 m. 
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APPENDIX:  SUPPLEMENTARY FIGURES 

Figure A.1 TEB spatial variations in West Mamprusi and Savelugu-Nanton using ordinary 

kriging 

 

A. West Mamprusi 
 
 
 

 

B. Savelugu-Nanton 
 

Source:  EUI Survey (2011).  

Note: TEB = Total exchangeable bases. Soil analysis performed by CSIR-SRI May–July 2013. 
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Figure A.2 TEB spatial variations for selected communities in Tamale Municipality, West 

Mamprusi, and Savelugu-Nanton using ordinary kriging 

 

A.  West Mamprusi 
 
 
 

 

B. Tamale Municipality 
 
 
 

 

C. Savelugu-Nanton 
 
 
 

Source:  EUI Survey (2011).  

Note:  TEB = Total exchangeable bases; ECEC = Effective Cation Exchange Capacity; Soil analysis performed by CSIR-

SRI May–July 2013. 
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