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L Introduction

Economic development in most sub-Sahara African countries depends on the
sustainable growth in agricultural productivity. This, in turn, depends on the increase and
more efficient use of modern agricultural inputs, including appropriate farming systems,
fertilizers, improved seed varieties, pesticides, farm tools, and adequate water supply. The
crucial role of fertilizers in raising crop output and land productivity is vniversally
recognized. Its role is apparent from the high priorities accorded to fertilizer supply and
demand policics in national plans of sub-Sahara African countries striving to achieve food

self-sufficiency.

It is clear that appropriate crop management practices and efficient use of limited
and costly inputs, like fertilizers, are probably the only ways to increase productivity and
maintain income in those environments. The key problem is how to obtain and efficiently
use the fertilizer in such a way that it benefits the farmer and maintains productivity. The
effective supply and efficient use of fertilizers are essential in that fertilizers represent the
major cash cost of production for African farmers, often exceeding 50% of the farmer’s cash

expenses.

Many countries in sub-Saharan Africa feel that it will be more appropriate to
continue promoting development of rainfed agriculture in the future. This could be correct,

but the slow increases in productivity of rainfed crops in many areas suggest that it would



be wiser for policymakers to obtain a more comprehensive view of their agronomic

potential.

Major policy questions arise with respect to agronomic potential and fertilizer use.
Given that sub-Sahara African countries possess limited institutional and financial resources,
what would be the optimal allocation of these limited resources by geographical areas and
by crops where inputs like fertilizers could have a sustained impact? Furthermore, what
would be the associated policies required to sustain fertilizer use in these areas where

fertilizer crop responses show that fertilizer use potential is high?

The main purposes of present activity on Fertilizer Policy Research are to evaluate
the efficiency of fertilizer use and to assess its agronomic potential in Ghana
agroenvironments. This provides policymakers with relevant information that will help in
guiding rational policy choices with respect to fertilizer procurement, management, and use.
The evaluation of agronomic potential of fertilizer use will provide a framework within
which policy strategies to increase crop production, fertilizer use efficiency, and crop

productivity can be sustained.

The agronomic potential for fertilizer use in Ghana was assessed by using results
from experimentation on experimental stations and on-farm trials in Ghana. Some selected
food and cash crops were evaluated for their efficiency of fertilizer use across geographical
and agroecological regions during several years and cropping seasons. Agronomic indicators
and fertilizer-crop response estimators were developed considering biophysical constraints

represented by crops, soil fertility, crop and fertilizer management, and the climate.

The present Ghana policy research activities were developed with collaboration of
national researchers from the Institute of Social, Statistics, and Economic Research (ISSER)
at the University of Ghana in Legon. The Crops and Soils Research Institute (SRI), with
headquarters at Kumasi, and the Ministry of Agriculture (MOA) provided most of the

documents and research results used in calculations and estimations of this report.



IL. Objectives

F0'r Ghana, the main challenge facing agriculture is how to raise productivity on land
already in use. Fertilizer will increase productivity of land. However, prices, efficiency, and
the climate risk could prevent its use. Farming systems and crop management technologies

will need to be used or devised to increase the cost-efficiency of fertilizer inputs.

Broadly, the objective of this activity is to provide an overview of the potential
advantage of fertilizer to increase crop yields and maintain crop productivity in Ghana

agroenvironments,

More specifically the objectives of the study are to:

a. Assess the use and productivity of Ghana agricultural environments as characterized
by soils, the climate, and cropping systems.

b. Estimate crop fertilizer nutrient response and efficiency as affected by crop
management, soil fertility, and the climate.

C. Compare efficiency of fertilizer response among different crops and cultivars across
defined regional patterns.

d. Contribute to improving actual fertilizer efficiency and use and assess the amount of
fertilizer nutrient that can be most effectively used by farmers, given different crop
management alternatives.

e. Estimate maximum potential yields derived from fertilizer use for agroecological
areas and agroenvironments.

f. Provide the necessary information on fertilizer efficiency to support future fertilizer

policy evaluation and fertilizer marketing analysis and use in Ghana.

OI.  Analytical Framework

The agronomic potential is the crop yield that is obtained by using the appropriate
fertilizer source and nutrient level when soils and other required crop management factors
are not limiting and conditions of uncertainty are minimized. The evaluation of agronomic
potential includes the estiinating of crop yields at different levels and combinations of

fertilizer nutrients under different agroenvironments and agroecological conditions.



The framework for the assessment of agronomic potential of fertilizer use in Ghana
includes:

a. Characterization of soils and climate for selected agroecological zones, crops, and
production systems,

b. Evaluation of physical crop response to fertilizer applications according to soil
nutrienis, water, and other physical constrainis for different agricultural production
areas, agroecological zones, and rainfall patterns.

C. Determination of efficiency indexes for fertilizer use according to crop and different

agroenvironments,

The crop response function approach is being used because it summarizes the
physical and biological aspects of fertilizer use and management and will allow (a) the
economic evaluation of fertilizer applications, the allocation of resources, and the
determination of extent to which this input can be upgraded, promoted, or used from given
resource stocks and (b) the estimates of response and the indicators of efficiency to serve
as a basis for finding optimum patterns of international, national, or regional fertilizer and

food trade.

The fertilizer response function and the effect of limitiag factors will be analyzed by
evaluating different empirical biophysical models. Those models are summarized in the

following algebraic forms:

Yi = By + B,Ni + B,Pi + B,Ki + B,Niz + B,Piz + B.Ki
+ B;NiPi + BgNiKi + ByPiKi + ei (1)

Where: Yi is the crop yield in (kg/ha). Ni, Pi, and Ki are the applied iitrogen,
phosphorus, and potassium sources, respectively, Bj are estimated parameters representing

marginal fertilizer response, and ei are random errors.

Yi- Yo = B,Ni® Pi® Ki% + ei )



Where: Yiis the crop yield in kg/ha for N, P, and K nutrient combinations. Y0 is the
crop yield for no applications of nutrients, and Bi are estimated response parameters that
measure the transformation ratio when N, P, and K are at different levels. The coefficients

Bj are elasticities of production.

Yi = min(Y*, 8, + B,Ni, B + B,Pi, + B, + B,Ki) + ei 3)

Where: Y* is the maximum crop yield. This function implies that the plants respond
only to the most limiting nutrient. After some levels of application (say N*, P*, and K*), the
plant will no longer respond to the applied nutrients. At this point the plants reach the

maxirmum potential.

Yi = B, [1-exp(-B (B, + B,Ni)]*[1-exp(-B, (-B; + B,Pi)].... €i 4)

With this model a maximum yield potential (Yi) is assumed for a nonlimiting
combination of N, P, and K rates. Any other combination with lower rates will produce

lower than the assumed maximum potential yield.

While none of the functions above are regarded as perfect estimators or
representations of the biological response processes, they are all judged to be statistically
reasonable to fit empirical yield data. They are also useful for estimating marginal responses
to controlled and noncontrolled factors. Models 3 and 4 impose a growth plateau. However,
it is generally observed that most experiments exhibit decreasing yields when nutrient levels
are increased beyond those required for maximum yield potential. On the basis of this
empirical evidence and observations of the trends, signs, and magnitudes of the estimated
coefficients, models 1 and 2 are generally preferred to represent the empirical information.
Besides, with the addition of the random error with normality conditions ei=nid(0,0?),
models 1 and 2 provide a simple framework for estimating and testing parameters, making

comparisons, and estimating indicators for agronomic potential evaluations.



In the present study, the previous four basic models were evaluated and tested using

experimental fertilizer results from Ghana experimental stations and on-farm trials.

Fertilizer response estimates from models 1 and 2 were used for predicting crop yields and

fertilizer use levels for selected crop and agricultural areas. They were used to estimate

maximum potential yields and to assess fertilizer efficiency on different agroecological areas.

They were aggregated to estimate the effect on yields of agroecological areas, soils, the use

of crop varieties, and the use of fertilizers. When aggregating the models, factors were

introduced to account for distinct strata of aggregating factors, for example, crop varieties,

agroecological areas, soil areas and rainfall. The following general model was assumed:

Yi = f(Bi, Ni,PiKi) + 6iXi + 6jZj + Si+ R + T.. + €i

Where: Xy X5)

(2, Zy)

(Sla Sz)

Ri

Ti

€l

(1,0) for variety A,
(0,1) for variety B,
(0,0) for variety C.

(1,0) for agroecological zone 1,
(0,1) for agroecological zone 2,
(0,0) for agroecological zone 3.
(1,0) for soil 1,

(0,1) for soil 2,

(0,0) for soil 3.

Rainfall

Time trend proxy

Random error

©)



The generalized model § is an example of a fertilizer response function aggregated
at the national level for one specific crop. This model includes technological changes
represented by new crop varieties or management practices for specific agroecological areas,
soils, or other selected conditions. Rainfall and time series estimates were used in the model

to adjust for stochastic factors and crop practices related to time chauges.

The model outputs are expressed in absolute and relative values using biologic and
economic indicators that broaden the extent of aggregation and allow comparisons among
different agricultural regions. The following indicators are used to characterize agronomic

potential of a crop as a function of fertilizer applications:

a. The maximum yield obtained with combinations of N, P, and K nutrients for a given
set of management and site coaditions.

b. The average product value or index of each nutrient or combination of nutrients
computed as the mean crop yield or output divided by the mean of the nutrient rate
or fertilizer input. Although this indicator has no strict validity as an indicator of
resource use efficiency, it was used to complement other efficiency indicators.

C. The marginal product of fertilizer input, which estimates the expected increase in
output from the use of an additional unit of the relevant nutrient or fertilizer, the
levels of other inputs remaining unchanged and maintained at optimum values. This
indicator of efficiency represents the marginal productivity of the fertilizer resource.
It depends on the quantity thai is already being used and on the levels of the other
resources with which it is combined or by which it is affected in the production or
response function process.

d. The elasticity of response, which indicates the expected percentage of increases (or
decreases) in the yield that would occur if the amount of fertilizer was increased (or
decreased) by 1% and other input levels were held constant at average values. In
drawing out the implications of the elasticities, is always the assumed incremental

change at mean input levels,



In this study, the estimates of response functions and the derived indicators represent
a summarization of research results from agronomists and farmer collaborators and research
institutions. They are results of fertilizer evaluation in different periods and agricultural
areas in Ghana. The resulting interpretation required consideration of the distribution of

the crop as to different soils, cropping patterns, and levels of crop and soil management.

The estimates and indicators are not intended to fit any particular soil or farm. The
estimates do not reflect or guide recommendations at farm or microlevel. Instead, they serve
to interpret the agronomic efficiency concerning fertilizer potential response and nutrient
requirements for an area, crop, and cropping system. The objective is to provide guides for

projecting yields and fertilizer use at the aggregate or macrolevel.

IV.  Data Requirements, Management, and Limitations

The evaluation of fertilizer response, efficiency indicators, and the agronomic
potential assessment was based on results from planned fertilizer experinients. Data and
secondary information from surveys and technical reports were used to complement
experimental results. For both experimental and nonexperimental results, cross-sectional and

time-series observations were evaluated.

In Ghana many fertilizer experiments have not been planned to include several
nutrients and rates or specifically evaluate fertilizer responses across sites or time. Instead,
most of these experiments have been designed to solve specific problems or to evaluate a
selected product or fertilizer management practice. Most of these experiments include only
one nutrient and very few rates. Moreover, the experiments generally lack information on

site and management practices.

Much work, therefore, was required in the characterization of sites and in the
statistical evaluation of each experiment. A lot of work was also involved in pooling data
from several experiments to estimate models and to evaluate cross-sectional and time-series
crop responses. The characterization of sites included the evaluation of soil constraints,

estimation of areas and production patterns, and determination of crop and fertilizer



management practices for selected food and cash crops. The following environments were

considered.

a. Soil Groups—Soil information was obtained from soil surveys, soil classification
studies, and technical reports on soil fertility research. Given the limitations on
availability of soil information, the soil classification group was used as proxy to
estimate soil effect on yield variations. Although this is a correct approach, more
detailed information on soil characteristics would have permitted the evaluation of
specific physical or chemical soil constraints within the response function. The
following predominant soil groups according to FAO/UNESCO soil classification

schemes were considered:

FAO/UNESCO Soil Group:
Ferralsols  (Oxisols, USAID Soil Taxonomy)

Acrisols (Ultisols, pro parte)
Nitosols (Paleudults, Paleustults, Paleudalfs, Paleustalfs)
Luvisols (Alfisols, pro parte)

Vertisols (Vertisols)

Planosols (Albaquults, Albaqualfs)

Arenosols  (Psamments, pro parte)

Cambisols  (Tropepts)

Yermosols  (Aridisols, pro parte)

Solonchaks  (Salorthids and saline phases, pro parte)
Rhegosols  (Regosols)

Fluvisols (Fluvents)

Gleysols (Aquepts, Aquents)

Where experimental data, survey data, or relevant information on fertilizer
response and soil fertility data were available, response functions were estimated and

evaluated for the different soil classification groups.
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Agroecological Zones and Agricultural Districts—Ghana agroecology is characterized
into five distinct zones. These are the rain forest, the semideciduous rain forest, the
forest savannah transition, the coastal savannah, and interior savannah zones (Guinea
savannah and Sudan savannah). The zones are characterized by the predominant
natural vegetation, climatic conditions, soil types, and cropping systems. Information
on fertilizer efficiency and fertilizer experimentation was obtained from regional
offices of MOA and experimental stations located in the different agroecological
zones covering the following agricultural districts or regions: Upper, Northern, Brong

Ahafo, Ashanti, Volta, Eastern, Central, Western, and Greater Accra, (Figure 1).

Fertilizer response models were evaluated for agricultural districts and
agroecological zones. General models were estimated to assess the relative variability
on yields due to the influence of site factors and for finding maximum crop yield

potentials for predominant crop production systems.

Crops and Cropping Systems—Selection was based on recommendations from
agronomists at CSRI and the regional offices of MOA and from secondary and
geographic information on soil suitability. For each crop or cropping system, a
response function was estimated and tested. For some crops, principally industrial
crops, experiments on fertilizer rates to obtain response function estimates were not
available or consistent; in these cases, fertilizer response estimations were provided

by using information from secondary sources.

The major crops selected were those extensively cultivated by farmers as
traditional food crops and the most important cash crops. The following crops were

selected:

" Food Crops—Maize, cassava, plantaii:. cocoyam, yam, millet, sorghum (guinea
corn), groundnut, cowpea, soybean, rice, and bambara beans.

. Cash Crops—Coffee, rubber, sugarcane, tobacco, cocoa, cotton, and oil palm.
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= Cropping Systems—Continuous cropping, irrigated systems, intercropping, and
crop rotations. Continuous cropping systems were these based on annual
rainfed monoculture crops and tree crops. Irrigated systems were those
designed for irrigating paddy rice. Some complex mixtures of annual crops
were evaluated as intercrop systems. Rotation systems evaluated were those

based on maize, sorghum, millet, cowpea, and groundnut rotations.

Experimental information concerning fertilizer response on tree crops,
intercrop, and crop-rotation systems is limited. Information concerning the proper

management of specific cropping systems is also deficient in many regions.

No attempt was made to draw fertilizer recommendations for the cropping
systems. The main purpose was to assess agronomic potential of fertilizer use based
on the information available. Because of this limiting factor, the assessment was done
mostly for annual crop systems. From these results and available data, some

conclusions were derived for other cropping systems.

Fertilizer and Crop Prices~These were taken from historical series for selected crops

and administrative divisions in Ghana (agricultural regions and districts).

Fertilizer sources and consumption (historical series) from the administrative

divisions in Ghana (agricultural regions).

Actual Fertilizer Applications or Recommendations for Selected Food and Cas:
Crops— Published technical recommendations were not aailable from MOA or
CSRI. The recommendations were drawn from discussions with personnel from the
Crop Services Division of MOA, agronomists from CSRI, representatives and
technical reports from Ghana/Canadian International Development Agency (CIDA),
and Grains Deveiopment Project (GDP). The information provided on fertilizer

recommendations was very general. The latest updated report is the one produced
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by Obeng, B. et al.! This report discusses the soils, agroecological areas, crops, and
cropping systems and provides general indications on the economy of fertilizer use,
the quantity of nutrient, the source and, in some cases, the method of fertilizer

application.

g. Description of Crop Management Practices, Climatic, and Biological Constraints for
the Selected Cash and Food Crops—Although there was general consensus among the
agronomists in relation to husbandry practices and fertilizer, it was difficult to find
technical bulletins detailing these practices. From discussions with officers of MOA
and researchers, mention was made about related husbandry practices that could
influence the effectiveness of applied fertilizers and the efficiency of their use. GDP
personnel provided a current Maize and Cowpea Production Guide* which includes
management recommendations for these crops. The following information concerning
management practices and site factors was collected and considered in the analysis

of fertilizer response:

n Crop variety.

" Date of planting.

E Date of harvesting.

B Weeding,

] Crop protection practices.

n Cropping systems,

. Plant population.

n Soil nutrient levels and physical constraints.

n Land capability for crop production.

n Climatic data (monthly rainfall and temperature) from historical series

(10 years) for the crop production areas.

1. Obeng, H.B, K. G. Erbynn, and E. O. Asante. 1990. "Fertilizer Requirements and Use
in Ghana," Submitted to the Government of Ghana.

2. Maize and Cowpea Production Guide for Ghana. 1990. Ghana/CIDA Grains Development
Project.
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h. Geographic Information—A nationwic.: program of mapping and land evaluation has
been undertaken in Ghana during the past 10 years to estiinate the soil resources and
the land characteristics for crop production. The purpose is to supply information
needed on soils, land suitability for food and export crops, erosion hazards, and

potential arable pasture and forestry land.

More than two-thirds of the country has been mapped on the detailed
reconnaissance level. This has enabled researchers to complete an up-to-date soil
group map of Ghana and to develop a generalized soil capability map. The following
maps were used for the crop and fertilizer evaluation in this study and were used as

a sampling frame for cross-sectional experimental and nonexperimental information,

n Soil classification (FAO/UNESCO System).

n Land-capability classification.
" Agroecological and vegetational classification.
. Crop production distribution and suitability.

Experimental data were compiled from replicated and nonreplicated trials conducted
in the agricultural districts of Ghana. These experiments were mostly researcher- and
farmer-managed trials conducted on experimental stations and on farmers’ fields. About
1,200 experiments were evaluated, and 200 trials were selected and analyzed. The foliowing
criteria were used in the selection of trials: (a) they should include a combination of levels
of nutrients that allow evaluation of nutrient interactions and estimates of response
functions; (o) they should have a low coefficient of variability; (c) they should be well
documented with respect to experimental design, management practices, and site
information; and (d) emphasis must be given to evaluation of experiments or trials

conducted through several years and across different locations.

Most of the experiment treatments included the following fertilizer sources: urea,
ammonium sulfate (AS), triple superphosphate (TSP), single superphosphate (SSP), and

potassium chloride (KCi). Other experiments or demonstration trials included
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monoammomnum phosphate (MAP) and complex products, mainly 15-15-15, 10-20-15, and
20-20-0. The fertilizer sources were arranged in factorial expe iments including rates and
method of application. Very few experiments were dispersed over different soil types or
agroecological areas with the same treatment design. Most of the experimental information

included the crop management practices like variety, plant population, and planting periods.

Provisions were made to record experiments including rates and frequency of
(2) applications of lime and (b) initial "build-up" applications of phosphate or potash where
this practice is recommended. Experimental data with secondary nutrients and
micronutricnts such as calcium, sulfur, boron, copper, and zinc were also recorded. Most
of these experiments were planned as single-rate experiments to remove soil deficiencies or

as a complement to annual rates of the primary "wtrients and sources mentioned above.

The field trials analyzed in this report form part of the larger research program of
CSRI and the Ghana Grains Development Project (GGDP), which began in 1979 und which
conduct applied and adaptive research supported by socioeconomic studies. Data were also
collected from the FAO Fertilizer Program that carried out intensive fertilizer use studies
throughout Ghana from 1962 to 1969 and the UNDP/FAO/GHANA Project on increased

farm production executed from 1969 to 1972,

As usual in fertilizer research, the predominant crop tested was maize. Therefore,
maize was used for cross-section analyses to evaluate crop response across different
agroecological regions ai.d climatic environments and to assess the risk involved in fertilizer
use. This information will be used for detailed policy studies, particularly those related to

the use of subsidies in fertilizers.

Most of the above specified data were collected in a formulary prepared to collect
experimental data. The formulary details the informatiun and data on fertilizer and crop
required for the estimate of response functions. Experimental data and results were

discussed with researchers from national institutions and the Ministry of Agriculture. Their
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suggestions were used to characterize areas and prepare summary results. Relevant

information concerning data sources is detailed in Appendix A of this report.

V. The Soils and Climate for Agricultural Production

Agriculture’s share of Ghana’s total gross domestic product has decreased from a
peak of 55% in 1982 to 47% in 1988. Meanwhile, Ghana’s dependence on food imports has
increased, and per capita food production is decreasing. Ghana’s population growth rate is
about 2.9% per annum. The country’s population will exceed 20 million by the turn of tke

century.

Therefore, there is an urgent need to increase the productivity of the agricultural
lands by proper managing of soils and crops and use of inputs such as improved varieties,
healthy seeds, and efficient use of organic and mineral fertilizers along with improved
cultural practices. Otherwise, the necessary increase in agricultural production will not be
attained. The management of the soils, the maintenance of the resource base, and the
increase in agricultural production through appropriate fertilization, farming practices, and

policies will also play a vital role in accelerating agricultural growth in Ghana.

According to Obeng,® in Ghana the soils and the climate are the most important
factors to be considered in crop productivity maintenance. The soils in Ghana generally
exhibit a low order of their native soil fertility and suitability for agricultural production. The
expanded application of improved technology, management, and inputs including fertilizers
is required to overcome this limitation. Seasonal variations in the regional climate and

rainfall distribution affect agricultural production.

As mentioned, Ghana’s agroenvironment is differentiated between soils of forest and
savannah. There are five distinct agroecological zones: the high rain forest, the deciduous

and semideciduous rain forest, the forest savannah transition, the coastal savannah, and the

3. Obeng, H. B. 1973. "The Major Soil Groups of Ghana and Their Potential for
Agricultural Development," Article from the Journal of the Association for the Advancement
of Agricultural Sciences in Africa.
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interior savannah zones—composed of the Guinea savannah and the Sudan savannah zones.

These zones superimpose agricultural districts as shown in Figure 1.

1. The Forest Zone

Three agroecological zones are recognized within the forest zone. These are the
deciduous and semideciduous zones, which cover about 80% of the forest zone, and the high
rain forest zone found in the extreme southwest of the country. These zoncs represent over

55% of the cropped land area in Ghana.

The high rain forest zone is characterized by high rainfall, ranging from around
1,500 mm to over 1,800 mm per year along with from 6 to over 9 humid months. The
deciduous and semideciduous rain forest zones are characterized by a moderated rainfall
regime of some 1,300 to 1,600 mm with 5 to 10 humid months. Unlike the high rain forest
zone, two peak rainfall regimes predominate ir: the deciduous and semideciduous rain forest
zone separated by a major dry season extendiug to about 3 months—usually from mid-
November to mid-March. Rainfall data, agroclimatological information, and length of

growing seasons are presented in Table 1.

Aithough the original forest cover helped to mitigate the effects of the intense rainfall
and maintain a stable recycling of nutrients, widespread cultivation has not only removed
many of the nutrients directly but has exposed the soil to the effects of rain and heat. In
many areas, this has led to rapid loss of soil productivity through leaching, acidification, and

erosion.

Half or more of the forest area is covered by acidic soils with low inherent fertility
and long fallow requirements. As shown in Figure 2, the major soil groups predominant in
the forest areas are those classified according to the FAO/UNESCO system as Acric
Ferralsols and Acrisols. Acric Ferralsols are generally soils with low cation exchange
capacity and weak retention of bases, applied as fertilizer or amendments, and strong
fixation and deficiency of phosphates on fine-textured soils. In some of these soils, present

sulfur deficiency and nitrogen losses through leaching are high in the high-rainfall areas
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unless a continuous plant cover ensures rapid recycling. Soil acidity is high with high
aluminum saturation and low calcium content, resulting in limited rooting volume and
increased hazard of moisture stress. Ferralsols in the semideciduous forest zone have higher

content of plant nutrients than those in the high rain forest areas.

Acrisols are dominant soils in the high rain forest zone. These soils have constraints
of low nutrient levels, presence of exchangeable aluminum, nitrogen losses through leaching
under high rainfall, and trace element deficiencies, mainly boron and magnesium. Nutrient
reserves are concentrated in the surface horizon, and their maintenance depends on a
continuous recycling through vegetation unless fertilizers are added. These soils are prone
to erosion because of less favorable soil structure in the surface layer and the presence of
argillic B horizon. Waterlogging during heavy rains is another common constraint. These
soils are easily damaged by compaction and loss of surface soils when heavy equipment is

used for deforestation or tillage operations.

Under natural conditions, forest soils, especially those occurring within the semi-
deciduous zone, contain adequate levels of nutrients. When the forest is cleared for
cultivation, however, the nu(rient level is drastically reduced. Therefore, it is essential to
maintain the fertility status of the soils by recycling crop residues and by application of
organic manures and commercial fertilizers—especially nitrogen and phosphorus—if yields of
tree cash crops such as cacao, oil palm, rubber, and coffee are to be maintained or
increased. With food crops, in addition to intensive mineral fertilization, contour ploughing
and crop-rotation systems with legumes and long-term crops like cassava and plantains help

to restore and maintain fertility and counteract erosion,

The high rain forest zone, on the other hand, is characterized by a strongly rolling
topography with soils that contain less organic matter and are more prone to be severely
eroded (Figure 3) than those of the semideciduous zone. This zone does not offer ideal
conditions for large-scale cultivation of cacao and food crops. Oil palm, rubber, bananas,

and rice have been found to be adapting to the prevailing conditions, but they require sound
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crop management practices and intensive use of fertilizers. Black pepper and coconuts are

crop-production alternatives in this zone.

However, several studies have suggested that even with adequate mineral fertilization
and other management inputs permanent cultivation probably will not be possible in many
of these forest areas. Fallow periods that are equal to or longer than the periods of
cultivation are still necessary for sustainable production of most crops. Most researchers see
this limited productive capacity of the soils and their susceptibility to deterioration as the

key bottleneck to increased production in the forest zones.

Despite the above ecological difficulties, many parts of the forest zone are intensively
cultivated and support large numbers of people. Indeed the forest zone of Ghana, as in
many West African countries, contains close to half of its total population and the highest
population densities of the region. In parts of southeastern Ghana, population densities
reach over 50 persons per square kilometer even if the agricultural ecology of the area is
not specially favorable. In contrast, other parts of the forest zone have low population
densities—often below 10 or even S persons per square kilometer. This wide range, in the
extent of land use pressure, is reflected in the range and complexity of farming systems in

the forest zone and thereby of demands and needs for new agricultural technology.

The farming systems in most forest zones have been able to remain somewhat
productive through use of a wide range of strategies to maintain and restore soil
productivity, including various shifting cultivation and bush fallow rotation, complex cropping
patterns and sequences, mixtures of trees and annual crops, and intensive crop management
techniques. Much of the function of these systems is to replicate the protective and fertility-
restoring effects of the original forest cover. Nonetheless, serious degradation has already
occurred in several areas, and in many others the ability of current practices to maintain
productivity is threatened—either by population pressures in the high-density areas or by

labor shortages in the low-density areas.
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Some characteristics as related to agronomic potentials and constraints of the forest

zone may be summarized as follows:

a.

Nutrient reserves are concentrated in the surface horizon, and their maintenance
depends on continuous recycling through vegetation unless continuous amounts of
mineral or organic fertilizers are added. The soils are casily damaged by compaction
and loss of surface soil when heavy equipment is used for deforestation or tillage.
Limited water-holding capacity of many degraded soils can cause moisture stress in

short dry periods.

The soils are very difficult to manage when cleared because of their inherent acidity

and low-base status and because of the hazards of high erosion and poor drainage.

Attempts to improve cropping systems and increase output in the region must include
soil fertility management through intensive use of organic fertilizers complemented
with mineral fertilization. Fertilizer use may be inefficient in the high forest zone

because of heavy rains and leaching.

Trees and perennial crops should be essential components of farming systems.

Prevalence of woody species increases efficiency of fallow in restoring soil fertility.

A wide range of pests and diseases encouraged by humid conditions can be specially

severe on late planted or second-season crops.

Priorities for new technologies are likely to differ significantly between the high- and
low-density areas. New crop varieties, seed, fertilizer sources, and crop management

systems would be needed in both crop productivity and resource management.

2. The Savannah Zone

The savannah zones in Ghana, and also in West Africa, have been relatively

underpopulated. Resource pressures are much less severe than in the forest zone or some
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of the most densely populated parts of the dry savannah. Improved infrastructure and
raarket access, together with a favorable policy environment, can be the critical elements

in the generation of demand for new agricultural technology in many parts of the savannah.

The Ghana savannahs occupy almost 60% of the total land area but contain only
about 30% of the population. Two distinct savannah zones are recognized—the interior
savannah zone and the coastal savannah zone. The interior savannah zone occurs in the
extreme north and covers more than 509% of the land area. This zone comprises the Guinea
and Sudan savannah, which with the transitional zone covers approximately 57% of the
country’s land area. The coastal savannah zone covers about 7% of the total area of Ghana,
borders the coastal areas of the country, and extends from Takoradi on the southwest in a

narrow strip expanding in width down to the border with Togo at the extreme southeast.

The seasonal periodicity of rainfall is the major climatic element that exerts a limiting
influence in crop production in the savannah zones. This is the main source of moisture for
all except river floodplain, swamp, or marsh plants, which are the determinants of the crop

growth period.

The climate within the savannah zones is typically hot and dry most of the year. The
two zones are characterized by distinct dry and wet seasons with annual average rainfall of
about 900-1,300 mm in the interior savannah zone and 760-1,150 mm within the coastal
savannah. The driest months go from mid-October to around mid-April. The rainfall within
the coastal savannah occurs in a different pattern, with two rainy seasons and two dry
seasons. The first rainy season initiates in April with a rainfall peak in May and ends in
June. The second occupies the period from September to November with a peak in October.
This second season is unreliable because the dry season is longer and makes farming risky.
Rainfall data, agroclimatological information, and length of growing seasons are presented
in Table 2.

The relief within the zones is predominantly level to very gentle level with broad

valleys and isolated low-lying hills characteristically capped by rocks of the prevailing
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geology mainly iropan, granites, shales, and mudstones in the interior savannah zone and

quartzites, basic intrusive rocks, and sandstones within the coastal savannah zone.

According to Obeng,* the climatic conditions, coupled with the gentle relief within
the interior savannah zone, are conducive to alternating wetness and dryness that, in the
presence of large areas of non-basi-morphic rocks, have given rise to the extensive
development of very shallow soils ove1 lying mostly impenetrable iropan. These soils, located
on the extensive flat lowlands, are mostly imperfectly to poorly drained. Soils on upper lands
are better drained. According to the FAO/UNESCO soil classification system, major soils
within the savannah zone are Acrisols and Nitosols, Cambisols, Arenosols, Luvisols,

Vertisols, Regosols, and Lithosols, Figure 2).

Acrisols and Nitosols are known as Savannah Ochrosols, according to Ghana soil
classification schemes. These soils cover more than 2 million ha within the country.
Typically, they are low in organic matter (less than 2% in the A horizon) and well to
moderately well drained with medium to light texture. These soils are grouped in three main

categories:

a. Shallow to very shallow soils, located mostly in the transitional zone, cover part of
the Brong Ahafo region and occur in pockets in the coastal savannah zone. These

soils are considered useless for any type of arable or tree crop production.

b. Moderately shallow to moderately deep, concretionary and/or gravelly heavy- to
medium-textured soils cover part the coastal savannah zone and extensive areas of
Brong Ahafo and Ashanti regions located in the transitional zone. These soils are not
quite suited for mechanized agriculture but can be hand cultivated to arable and tree

crops. They are also suited to pasture grazing.

4. Obeng, H. B. 1988. Keynote Paper: "Soils of the Savannah Zones of Ghana. Their
Physico-Chemical Characteristics, Classification, and Management.”
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C. Deep to very deep, moderately heavy- to medium-textured soils that are devoid of
concretions and gravel at least to 60 cm depth are mostly located in the northern
transitional zone and the Guinea savannah zone, including Brong Ahafo and
northern agricultural regions. These soils are suited for both mechanized and hand
cultivation of arable food and cash crops and for tree crops. The inherent fertility of
these soils is low. They are susceptible to severe sheet and gully erosion problems.
These soils should be properly managed including crop rotations, contour ploughing,
strip cropping, and terracing. They must be manured and continuously fertilized

especially with minera! nitrogen and phosphorus.

The soils known as Groundwater Laterites (Ghana soil classification) are petroferric
phases of Cambisols, Arenosols, and Luvisols. They cover about 1 million ha of the country
and are located mostly in the northern region in the Guinea savannah zone and Sudan
savannah. These soils are characteristically shallow to very shallow and become waterlogged
almost to the surface during the peak of the rainy season only to dry out completely during
the dry season. Generally, they are very poor in soil fertility and susceptible to scvere
erosion. Most of these soils are unsuitable for large-scale mechanical cultivation of arable
crops. Some variants of these soils are moderately deep (50 to 60 cm) and, under good
management practices and mineral fertilization, are suitable for cultivation of maize, millets,

sorghum, groundnut, rice, and sugarcane.

Other soil types, mainly the very shallow soils or Lithosols and the Gleyic Luvisols
(savannah Gleysols), occupy extensive areas of land in the interior savannah zone within the
upper west region with some pockets in the coastal savannah. The Lithosols are highly
susceptible to erosion and unsuitable for continuous arable cropping. The Gleysols are
heavy- to medium-textured soils with generally low content of organic matter (less than 2%).
They occupy the lowlands in the coastal savannah zone along the lower Volta flood plains.
In the interior savannah, they are located on the extensive valley flats of the Volta River.
The Gleysols are well-developed soils with high potential under proper Crop management
and irrigation practices for large-scale production of maize, cotton, rice, vegetables, and

sugarcane.
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The Pellic and Chromic Vertisols (tropical black and brown clays) are located mostly
within the coastal savannah zone. The organic matter content of these soils is less than 4%.
Clay content is high, composed mainly of illite and montmorillonite clay minerals. They
develop wide cracks and get very hard in the process of wetting and drying during the
cropping season and therefore become very difficult and expensive to manage. With proper
soil preparation, irrigation, and fertilization, these soils have potential for continuous

cultivation of rice, maize, cotton, vegetables, okra, and cassava.

The Gleyic Solonetz, Rhegosols or Tropical Grey Clays, and the Gleyic Solonchaks
(Sodium Vleisols) occupy vast areas within the southeastern section of the coastal savannah.
The former soils are low in organic matter with an argillic horizon and pH near neutral in
the A horizon and become alkaline with depth and high exchangeable sodium (Na) in the
B horizon. These soils are very difficult to work and require expensive management
practices, liming, and good drainage to leach out the sodium. Such soils can be developed
for the cultivation of millets and vegetables and for the rearing of livestock under improved
pastures. The Gleyic Solochaks soils generally border the saline coastal lagoons and creeks
along the Lower Volta. These soils support some form of cultivation under low saline
conditions. However, they will require high investments in mineral fertilization, irrigation,

and drainage control to become productive.

The Dystric Rhegosols (Savannah Regosols) are mainly sands developed on the
coastal sand dunes within the coastal savannah zone. They support mostly coconut
plantations and subsistence agriculture. They are draughty and almost barren of nutrients

with little potential for intensive cultivation.

Extensive lowland areas are composed of intergrade soil types in the savannah zones.
The Eutric Nitosols are the savannah Rubrisol-Ochrosol intergrades located in the Guinea
and Sudan savannah zone. These soils are generally moderately to well-drained soils, high
in fertility, and suitable for cultivation of maize, sorghum, millet, groundnut, tobacco, and
fiber crops. The Plinthic Ferralsols are mostly Savannah Ochrosol-Groundwater Laterite

intergrade. These soils are extensively developed over the Voltain Basir within the interior
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savannah zone. Crop yields are generally low. Pastures for livestock are considered the best

form of land use for these soils.

From the foregoing, it is clear that to maintain a sustainable crop productivity to
provide food security and improve the economic conditions of the Ghana farmers better
management and sound land use should be provided to the soils of the savannah zones.
Some characteristics associated with potentials and constraints of the savannah zones can

be summarized as follows:

a. The fertility status of the soils will need to be improved through manuring and using
cropping systems including rotation with leguminous and continuous applications of
commercial fertilizers. With correction of phosphorus, nitrogen, and other
deficiencies, not only yields but also the frequency and intensity of cultivation can be
significantly increased. This will improve the efficiency of dryland systems of the

Sudan and Guinea savannah.

b. Improved farming inputs and crop production technology using efficient fertilizer
sources and seed varieties are key factors in the potential areas of the interior

savannah zones.

C. Although adequate moisture is available in most parts of the Guinea savannah during
the growing season, there are problems in some areas and some periods; for
example, dry spells at the beginning of the season can affect the establishment and
yield of crops, and heavy rains in the middle of the season can cause flooding,
erosion, and nutrient leaching. Effective water management can be another key
element in achieving yield potentials although the problems and constraints are less
severe in the Guinea savannah than in the drier Sudan savannah to the north. As a
result of these conditions, the potentials for increasing crop yields using efficient

fertilizer sources and improved varieties are extremely high.
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d. Some of the areas are quite susceptible to erosion problems mainly during heavy
rains (Figure 3). Some soil management practices will have to be instituted. They
will include contour ploughing, strip cropping, mulching, and construction of grass
waterways and small dams. All these activities will help to reduce erosion problems

and improve the productive capacity of the soils.

e. The low organic matter in most of the interior savannah soils, combined with their
low water-holding capacity, limits root development. This is particularly significant
in the Sudan savannah zone where long dry periods may occur within the growing

season.

f. Management of flood plains and building the base for small-scale irrigation schemes,
combined with appropriate fertilizer levels and sources, provide a potential for

increasing productivity of the Guinea and Sudan savannah soils.

g. Some ways and means will have to be devised to control indiscriminate slash and
burning, cultivation of marginal and nonarable soils, and undue continuous monocrop

cultivation.

The previous summaries suggest that there are significant distinctions between the
forest and the savannah zones of the agricultural regions in Ghana with respect to soil
conditions, management, the opportunities for and constraints to increased production and
productivity, and the nature of the existing cropping systems. As a result, the two regions
should generally be considered separately in designing and extending new agricultural

technologies and innovations.

The potential productivity of the interior savannah zone, particularly the humid
Guinea savannabh, is high, and the ecological limitations are generally less stringent than in
the forest zone. Increases in output and in demand for new technology, especially vield-
enhancing technology, are likely to be related to the development of improved market

access and infrastructure.



26

VL. Crop Production Systems and Soil Fertility Maintenance

In Ghana, as in most African countries, fertility maintenance through applications of
fertilizers or lime usually becomes necessary more often than elsewhere. Also soil, climatic
conditions, and crop production systems that influence fertility maintenance practices and
fertilizer use are likely to become factors considered critical in agricultural planning and

development.

About 28% of Ghana’s total land area of some 23 million ha is currently devoted to
crop production. Cultivated acreage of principal food crops and their trends in production
and crop productivity for agroecological regions are given in Table 3. Crop distributions,
according to land svitability, are presented in Figures 4 and 5 for food and €Xport crops,
respectively. Crop output in the last years indicated stagnant yields for root and tuber Crops.
Some increases in yield have been observed (Table 4) in cereal crops, mainly maize, rice,
and millet. The production of root crops has increased mainly due to an increase in crop
area. The aggregated evidence observed in Table 4 shows that where increases in grain food
production have occurred the major cause has been the extension of the cultivated area

rather than increases in productivity.

The consensus among agronomists is that soil fertility, the unstable climate and low
soil moisture, and crop management practices are key factors influencing crop productivity
and output in most agroenvironments in Ghana. Decline in soil fertility caused by
permanent or semipermanent rainfed agriculture is actually noticeable in the forest zone,
interior savannah zones, and transitional zones. The decline appears to be less for areas
within Luvisol and Vertisol soils, which are dominant soils in the Guinea savannah and
southern Sudanian zones and where physical rather than chemical problems are the main
constraints. The potential for intensive crop production, therefore, lies in those zones that
are suitable for main food staples like millet, sorghum, groundnuts, maize, cowpeas, and

cassava,

Increasing crop production using fertilizer and small-scale methods of irrigation

including tanks, pumping, and groundwater development are possibilities in the northern and
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drier savannahs. The development of crop production systems in areas that are inundated
during the wet season and some valley bottom areas that are subject to seasonal flooding
offers alternatives for extending rice production and increasing crop areas for rice-based

cropping systems.

Crop management practices, including the use of improved varieties and cropping
intensities or cultivation methods, are probably other key factors, to consider in order to
raise productivity of land already in use. Continuous cultivation and use of crop mixtures
and crop sequences combined with traditional crop practices of fallow vegetation are
prevalent in many agricultural environments in Ghana. The use of any of these cropping
practices is more relevant for some areas when chemical inputs become expensive or scarce
and when the response to fertilizer is limited by low soil fertility, the climate, or soil
moisture. The following are general considerations for cropping system groups that

predominate in Ghana agricultural environments:

a. The traditional fallow system is still in practice in the forest zone in Ghana. This
system consists of the dependence on forest or savannah fallow periods to restore soil
fertility, which diminishes during the cropping cycle. When land use is not intensive
and fallow periods are 5 to 15 years depending on the nature of the soil, a nearly
closed nutrient cycle exists and production of food crops can be maintained at an

acceptable although low level.

Increased intensity of land use and reduction of fallow periods for cropping
is now the trend in most agroecological areas in Ghana. The cropping intensity ratio,
which is the ratio of harvested land to land u.der crops plus fallow, has risen
significantly in Ghana during the last years (Table 3). During 1988 this ratio changed
from 0.5 for the coastal savannah to 0.8 for Guinea savannah and deciduous forest
zones. This pressure on land use is leading almost inevitably to lower yields as

observed in Table 4 and to an overall depletion in soil fertility.
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To cope with the reduction of fallow periods, an increase in use of mineral
and organic fertilizers should be part of the solution to restore soil fertility and
sustain productivity of these soils. The FAO "Sahelien Zone Study" done in 1980°
suggests that fallow periods in semiarid West Africa environments, like the ones
prevalent in the humid Guinea savannah and transitional zones of Ghana, could be
reduced from five to no more than a year by the use of animal draft power or partial

mechanization, fertilizers, and better crop husbandry practices.

b. The Vegecultural group is based primarily on root crops and arable crops
characteristic of the climatic zones with udic soil moisture regimes that generally
occur in the forest and transitional regions except in the high rain forest of the
Western region. Root crops cover about 900,000 ha of Ghana agricultural land, of
which 40% is in cassava, 15% in cocoyam, 20% in plantain, 20% in yam, and about
5% in okra.

Nearly half of the cassava acreage is in the Volta and Eastern regions. The
remainder is nearly evenly scattered throughout the southern regions. In the forest
and transitional zones, the crop is being increasingly cultivated as a sole cash crop,

while in the savannah zone it is grown as a subsistence crop.

Cassava production is increasing due to its adaptation to low-fertility areas
resulting from shortening fallow periods. Moreover, in areas where the dry season
ranges from 1 to 5 montbhs, cassava is the only crop that can thrive without irrigation.
Small landholders grow most of the cassava crop. Cultivated area per household is
usually small, rarely exceeding 2 ha. The crop production technology is mainly

traditional with little use of fertilizers.

5. Food and Agriculture Organization of the United Nations, Agriculture Towards 2000 and
FAO, Regional Food Plan for Africa. 1980.
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Yams, cocoyam, and plantain cultivation is confined to southern Ghana. These
crops are grown in the forest and transitional zones with sharply demarcated rainy
and dry seasons and with predominant acreage in Ashanti (50%) and Brong Ahafo
(20%) regions. Although in a few places yams and cocoyams are grown as sole crops,
the vast majority are grown with one or more intercrops. Relatively low amounts of
mineral fertilizers are used in these two crops so far in spite of the fact that they
could increase yields considerably. Manuring is the main fertilizer practice and is

based on farmyard manure and compost.

Low soil fertility, low labor requirement, and relatively high-cnergy output
render plantain a suitable staple for areas where labor shortage is usually one of the
main constraints for production. Plantain is mainly grown in Ghana as a mixed
cropping or as monoculture or pure stand crop. In mixed cropping, inorganic
fertilizers and chemical pesticides are not used. For the pure-stand commercial-type

producers, fertilizers and chemical pest control are necessary.

Root crops and plantain are mostly cultivated as mixed crops in the
transitional and forest zone. This system is now spreading to the savannah zones due
mainly to land pressure and low fertility of the soils. Some common cropping systems

in this group are:

. Imperfectly developed monoculture based on yams.

n Imperfectly develop.d monoculture based on cassava.
n Intercrop cassava-yam.

. Intercrop plantain-cocoyam-cassava.

" Intercrop cocoyam-plantain-cassava-yam.

The Seed Agricultural Complex is characteristically developed in the interior
savannah zones and the transitional zone and deciduous forest zone of Ashanti and
Brong Ahafo Regions with modal ustic to dry ustic moisture regimes. The principal

crops are cereals, legume grains, pepper, and tomato. Maize, rice, sorghum, and
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millet are the main cereal crops accounting for about 24%, 2%, 10%, and 10% of the

cropped area, respectively.

Maize, both a subsistence and cash crop, represents nearly 50% of the total
cereal production. It is grown in most parts of the country, but about 75% of the
productior is derived from Brong Ahafo, Ashanti, Eastern, Northern, and Upper
Regions, which occupy the most fertile areas of the Guinea and Sudan savannah and
transitional zone. About 90% is grown by small and medium landholders with only

16% being grown as sole crop.

The Upper (31%) and the Northern (26%) regions account for nearly 60%
of the national rice acreage. Lesser acreage is planted in the Volta, Western, and
Brong Ahafo regions. About 8% of the paddy acreage of 50,000 ha is irrigated and
commonly grown as sole crop in valley bottoms. About 70% of the sorghum and 80%
of the millet are cultivated in the Upper and Northern regions where they are grown

as mixed crops such as sorghum and millet or millet and cowpeas.

Main grain legumes—mainly groundnut, cowpeas, and bambara beans—are
grown almost exclusively in the Northern (209%) and Upper (80%) regions of the
interior savannah with about 120,000 ha devoted to each crop. They are important

diet items and cash crops in these regions.

Crop rotations involving sequences of crops grown in monoculture are rare in
most of the farming systems. The most common system is the intercropping or mixed
cropping often practiced in the Guinea and Sudan savannah. Intercropping of seed
crops and root crops is also becoming a prevalent farming system in the rainfed
agriculture of the Guinea and Sudan savannah. The crop mixtures match well the
fertility constraints of the soils and the resources of the farmers and in maintaining

low but often adequate and relatively steady production.
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The cropping systcms are also used in some areas to cope with the
uncertainties in rainfall distribution and intensity. Some prevalent systems in the
Guinea savannah are maize-cassava, maize-legume-cocoyam, sorghum-cowpea, and
maize-cowpea. In the drier Sudan savannah, intercropped sorghum-millet or

sorghum-millet-cowpea are the predominant cropping systems.

A combination of traditional systems, without using extensive inputs, and more
advanced systems produces cash crops. The use of inputs is limited mainly to mineral
fertilizers and insecticides. Production of cotton, sugarcane, and tobacco in the
interior savannah and of tree crops—such as cocoa, coffee, oil palm, and rubber—is
frequently combined with natural fallow systems of food crop production. Although
tree crops are commonly produced in monoculture by smalltolders, they are
frequently interplanted with annuals, especially in the younger stages of tree crops.
In the southern transitional zone, most food production occurs under widely spaced

oil palms.

Cotton is grown in the northern regions. Its production has declined markedly
in the past decade. The cotton production areas are located mainly in the Upper
region with 52% of the area. The Brong Ahafo (22%), Volta (14%), and Northern
(12%) regions are other important cotton-producing areas. Most of the tobacco-

producing areas are in Brong Ahafo and the Upper East and Northern regions.

Tree crop plantations—Monocropping of tree crops is found in the high rain forest
zone of the Western region as well as in the transitional forest zone, which covers
parts of the Ashanti, Brong Ahafo, and Central regions of the country with some
pockets of high-rainfall areas in the Eastern region. The major tree crops grown are

rubber, coconut, oil palm, cocoa, coffee, mango, and citrus.

Rubber and coconut production are centered in the Western region. The main
oil palm-producing areas are confined to the Eastern, Western, and Central regions

where rainfall is not limiting.
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Cocoa is the major agricultural product from Ghana. Cocoa acreage is
declining but still amounts to about half of the total cultivated land of the country.,
Cocoa produced under shade generally has not responded to fertilizer applications,
and therefore its influence on soil fertility depletion has been assumed not to be very
critical. However, high levels of production could cause rapid depletion of the soil
reserves if no precautions are taken. Without fertilizers it is unlikely that even the

most fertile soils could maintain vigorous, unshaded cacao for more than a few yedrs.

The compound system is the most widespread permanent cropping or farming system
in the country. This type of crop production system is found in all agroecological
regions in Ghana except in the southern half of the country. Most of the crops
species in mixtures are found in the compound farms because the crops there are
grown not only for food but also for oil and fats, condiments and spices, masticants
and stimulants, drugs, fiber, animal food, firewood, ornamentals, and protection of

homestead.

One special feature of the system is the fact that, with frequent clearing of
forest and bushes, useful trees harvested from the wild or protected in fallow are
gradually disappearing. Their cultivation in compound farming ensures that their
products are readily available and that they do not become scarce or extinct. Another
important aspect is that food crops are normally fertilized with organic fertilizer
(mostly droppings of livestock); therefore, this system makes no high demands of

commercial or inorganic fertilizers to maintain the fertility of the soils.

The main food crops included in compound systems are maize, cassava, yam,
millet, sorghum, and pepper while the horticultural crops are principally citrus,
avocado, coconut, and shallot. There is an increasing industry of shallots. The shallot
is grown in small patches on beds, and vegecultural crops are grown as sole crops or

mixtures between the harvesting of one and planting of another shallot crop.
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From the foregoing, it is not unrealistic to assume that soils in Ghana, as in many
West African countries, continue being depleted of their basic nutrient contents because of
their inherently poor chemical and physical conditions and the intensification of farming
activities. Farmers are actually reducing fallow periods, as shown in Table 3, using more
continuous and intensive cropping systems, cultivating larger areas, and continuously

reducing soil productivity capacity or productivity potential,

The evaluation of the productive capacity of the soils could be determined to a large
extent by the balance of chemical elements that serve as plant nutrients. If exports and
losses of nutrients surpass imports by fertilization, manuring, and crop management, the soil
reserves and nutrient availability will decrease. New cropping systems and crop production

can only be sustainable if the nutrient balances in the soils are maintained.

Nutrient balance assessment studies as proxy for fertility status of soils have been
performed for different agroenvironments in Africa. The most recent study was developed
by Stoorvogel and Smaling.® In this study, the authors used values provided by FAO on
nutrient content of harvested product and crop residues for relevant crops in sub-Saharan
Africa (Table 5). The tables also included information on soil fertility and management
levels, crop production, and fertilizer use data for 1983 and a forecast for year 2000. The
authors assumed different soil- and climate-based scenarios for countries in sub-Saharan
Africa. They concluded that agricultural soils in Ghana lost 30, 7, and 20 kg/ha of nitrogen,
phosphorus (P20s), and potassium (K20), respectively, during 1983. The projected losses for
the year 2000 are 35, 9, and 24 kg/ha/year for N, P20s, and K20, respectively. The nutrient
depletion in Ghana was considered by the authors as high for 1983 and moderated for the
year 2000.

6. Stoorvogel, J. J., and E.M.A. Smaling. 1990. Assessment of Soil Nutrient Depletion in Sub-
Saharan Africa: 1983-2000. Volume I: Main Report (second edition), Report 28,
Wageningen, The Netherlands.
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A comparative study on Ghana’s soil-nutrient depletion was done in this report using
information from FAO results for the 1989 cropping season and adjusting nutrient uptake
by the intensity of cropping systems. The main results are summarized in Table 6. The
total amount of nitrogen, phosphorus, and potassium depleted from Ghana’s agricultural
areas during the 1989 cropping season was about 150,000 tons. Ghana’s fertilizer use during
the same year was less than 50,000 tons. It can be seen in Table 6 that cassava, maize, and
cocoa are taking about 55% of the total amount of nutrients from the Ghana soils in 1 year.
Food crops are taking about 120,000 tons of nutrients. That represents about 80% of the

total nutrient losses.

The above results reveal inevitable declining in soil fertility in most of the
agroecological areas in Ghana. This is due to nutrient depletion as a direct consequence of
current agricultural practices and low use of fertilizer. The results in Figure 6 show that
depletion in soil nutrients can be more critical in the deciduous forest and Guinea and
Sudan savannah zones. These areas are more densely populated and prone to severe sheet
and gully erosion, the pressure over the land is continuously increasing, and the use of

fertilizers is low.

Nutrient deficits are very large and tend to increase when compared with actual and
projected fertilization levels (Figure 6). Fertilizer demand projections for the year 1995
(Obeng et al’”), still look short of the quantities required to maintain the actual
productivity of the soils. Drastic options, such as doubling the use of mineral fertilizers and
manure applications or reducing erosion losses, even if feasible, would not be enough to
make up for the calculated deficits. Improving fertilizer use and efficiency by appropriate
fertilizer formulations, based o soil-testing methods and proper soil-crop management
practices, should be priorities in future agricultural planning, developing programs, and

agronomic research activities.

7. Obeng, H. B, K. G. Erbynn, E. O. Asante. 1990. "Fertilizer Requirements and Use in
Ghana," Submitted to the Government of Ghana.
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To realize the full potential for correcting nutrient deficits and increasing production

in Ghana’s agricultural areas, research priorities should be directed toward:

VIL.

In-depth fertilizer research on sources, time of application, and rates on selected
benchmark sites with emphasis on liming, macro, and micronutrient studies to
establish transferable fertilizer packages at acceptable cost. This technology should

be available to farmers at the right time.

Evaluation of integrated fertilizer management systems combined with breeding and
testing of new crop varieties and cropping systems. Fast results in crop productivity
and increased fertilizer efficiency can be obtained—mainly in the interior
savannahs—by careful selection of varicties, the use of good seed, timely planting,

weed control, and rotational intercropping of legumes and cereals.

Continued research on the use of crop residues and other organic manures that can
be added as mulch in mixed cropping, incorporated into the soil, burned to provide

cation-rich ash, or added as compost.

Studies of the restorative effects of grass and legume covers in deciduous forest and
the Guinea and Sudan savannah zones. Managed fallow should be evaluated in terms
of the buildup of organic matter, changes of soil structure and available water-
holding capacity, effective cation exchange capacity, and infiltration rate. Perennial
or seasonal crop species that can be grown on eroded soils with minimal chemical

input should be identified and evaluated.

Evaluation of Fertilizer Response

Data on crop response to applied fertilizer rates provide the most important

information in assessing agronomic potential. This information is also useful for fertilizer

use planning, demand projections, fertilizer use efficiency evaluation, marketing and

distribution, and the formulation of fertilizer recommendations to farmers.
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Data from experiments performed on different agroecological zones and agricultural
districts in Ghana—during the period of 1970 to 1990-were compiled and analyzed for the
response of food and cash crops to nitrogen, phosphorus, and potassium. Most of the
available data come from the FAO Fertilizer Programme as part of joint industry-
government collaborative research programs. Fertilizer information was also available from
Ghana agricultural research stations, University of Ghana, the Ministry of Agriculture, and

collaborative agricultural development programs.

Researchers in Ghana have often reported fertilizer responses to both nitrogen and
phosphorus and, in a few cases, to varying levels of potassium and micronutrients. Generally,

little information describing crop yields in quantitative terms is available.

One reason for the dearth of information on crop responses to inputs is that research
efforts in Ghana have not focused greatly on specifying crop response functions. This stems
in part from the disciplinary thinking that in the agricultural sciences single-input response

functions no longer seen to comprise a major area of research.

A second reason for the paucity of fertilizer response studies in Ghana is that the
methodologies have not generally been well suited for the agricultural systems characteristic
of the research environment. In contrast to the monoculture crop farming systems in Asia
and other tropical areas, the mixed-cropping systems and the variety of cropping systems
make it extremely difficult to develop research and to evaluate farm-level response functions
to fertilizers. On-station experiments can offer good data for estimations; however, they
should be carefully planned and evaluated to make sure they are relevant to actual on-farm

conditions.

Other characteristics of the Ghanian and, in general, of the African agricultural
research environment add to the problems faced by researchers. Poor roads and inadequate
transport make it difficult to manage on-farm experiments in remote areas. Pronounced
variability in soil types, agroclimatic factors, and an inadequate data recording system make

it difficult to collect data and to compare results from region to region.
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The present results on fertilizer response must be treated with some caution.
Fertilizer response data were taken either from experiment station trials or from on-farm
trials that manage somewhat more than typical farm fields. As a result, farmers may not
actually achieve the high levels of response reported from experiment results in this report.
The yields obtained from the experiment results, therefore, are termed potentials since they
reflect conditions that generally are not those prevalent on farmers’ fields. The critical
aspect is that, in spite of these caveats, fertilizers do indeed produce vast improvement in
crop yield in the different Ghana agroecological environments under appropriate

management conditions.

1. Fertilizer Response and Yield Potential for Root and Plantain Crops

Root and plantain crops are staples extensively cultivated in Ghana for their starchy
output. Some of the factors that account for their extensive cultivation are the ease with
which they grow in soils that are too impoverished for other staple crops and their resistance
to drought once they have been established. These crops generally thrive on a wide variety

of cropping systems, soils, and climate environments.

Analysis of experimental results for root crops in Table 7 shows that most of the
variability in yields across the country is accounted for by factors associated with use of
mineral fertilizer rates, the use of improved varieties, changes in soil characteristics, and the
predominant climate variations among the agroecological regions. About 65% of the
variability in cassava tuber yields, 72% in yams, and 41% in cocoyam is accounted for by
changes in these factors. The remaining percentage of variability in root yields is due to
other key factors—mainly diseases and pest problems, plant population, planting dates, and
weed management. Some researchers identify diseases and pests as the major constraints
to the future increase in crop productivity and stable tuber production in Ghana and most

African agroenvironments.

According to results in Table 7, cassava—grown as monocrop system—appears to
produce better in the deciduous forest zone and in Fluvisol soils where deep, well-drained,

friable sandy loam soils are the most suitable. Use of improved varieties, combined with the
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use of fertilizer, produces increases in average yields of more than 50% over the use of local

varieties or no fertilizer applications.

The average yields of yams are high in the transitional and Guinea savannah zones
predominantly within Nitosol and Vertisol soils. However, these soils are constrained with
low phosphorus availability, high erosion hazard, and seasonal waterlogging. The use of
improved varieties and mineral fertilizer applications increases yam average yields by more
than 100%. Similarly, cocoyam yield variability is mostly influenced by application of
fertilizers. The use of fertilizer produces an increase in average cocoyam yields of more than

50% over cultivations with no use of mineral fertilizers.

Among nutrients, phosphorus and potassium have more positive effects on cassava
yields than do nitrogen fertilizers. Phosphorus particularly affects yam yield responses.
Response of yams to potassium could be expected primarily on leached soils of the forest
zones and under a system of permanent rotations. There is not a clearly defined nutrient
effect on cocoyam. It is apparent from the experimental results that nutrient effects are
significant and have a more positive effect on improved crop varieties than in local varieties.
Marginal elasticity values of crop response on fertilizer applications as shown in Table 8
confirm the above suggested nutrient effects. Estimates of response functions,
complementing the above results, are presented in Appendix Tables B1 to B3. These
appendix tables include the estimation and statistical evaluation of main and interaction

effects of nitrogen, phosphorus, and potassium for the selected root Ccrops.

The highest poicntial yield in cassava is about 24 mt/ha obtained with the old
varieties Ankra and Black Ankra (Table 9). This potential yield is often obtained in cassava
grown as monoculture in the deciduous forest zone—mainly in the Volta region. To reach
this yield or even higher, applications of 70-90 kg/ha of nitrogen, 40-45 kg/ha of phosphorus
as P20s, and 60 kg/ha of potassium as K20 will be required. The average production index
of cassava at this maximum potential yield ranges from 89 to 103 kg of cassava per kilogram
of NPK fertilizer.
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Results for yam and cocoyam are also shown in Table 9. The highest potential yields
for yam range from 22 to 25 mt/ha, when using the variety Tula and fertilizer applications
of 45-65 kg/ha of nitrogen, 60-65 kg/ha of phosphorus, and 40-45 kg/ha of potassium. The
highest yiclds in yams are obtained in the Guinea savannah and transitional zones. Average
productivity index in yams for the highest yields ranges from 94 to 111 kg of yam roots per
kilogram of NPK fertilizer. Cocoyam yicld responses to fertilizer amount to about 5.5 mt/ha
with applications of 65 kg/ha of nitrogen, 45 kg/ha of phosphorus, and 25 kg/ha of
potassium. The average productivity index ranges from 18 to 24 kg of cocoyam roots per

kilogram of NPK.

Although fertilizer applications have shown noticeable increases in root crop yield,
it has been observed by agronomists that root crops often grow vigorously and yield well
without fertilizer applications, particularly when they are planted immediately after a field
has lain fallow for a period. However, after succeeding crops or intercropping seasons,
fertilizer applications will be required. Similarly, although yields are low, root crop varieties
grown in intercropping systems often thrive with low use of fertilizers and other
complementary inputs like irrigation and pesticides. However, more extensive field work
activities should still be developed in Ghana to evaluate several fertilizer alternatives and

crop management practices under mixed-cropping systems.

Research results on plantain response to fertilizer rates are scarce in Ghana. At
present, fully established and functioning research projects are only operating in Cameroon
and Coite d’Ivoire. Kade Research Station of the University of Ghana, once the center for
plantain research, has not been very active in the past 6 years. Some experiments with
fertilizer and crop management, including the use of mulch, have indicated great increase
in plaintain productivity. Nutrient responses and potential yields in plantain, obtained from

several research reports in African environments, are summarized as follows:

In order to maintain potential yields of about 20 to 30 mt/ha, the nutrient
requirements on a low-fertility soil include an application of P20s of about 150 to 250 kg/ha.

This application is required only for the first year. Thereafter, phosphorus fertilizers should
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be applied after each replanting only. N.itrogen and potassium applications are generally
based on potential production levels. For high production levels, the annual dressings are
between 200 and 300 kg/ha of nitrogen and 300 and 400 kg/ha of K20.

The total N and K20 should be divided over several split applications. These
requirements assume a plantain population of about 1,500 to 2,000 plants/ha. With the
above nutrient requirements, the average productivity index for plantain in Ghana
production areas could range from 25 to 30 kg/kg of NPK/ha. Average plantain production
in Ghana actually ranges from 6 mt/ha for plantations in a mixed cropping system with no
use of mineral fertilization to 20 mt/ha for monoculture or pure-stand commercial-type

plantations with high use of mineral fertilizers and chemical pest control.

2. Fertilizer Response and Yield Potential for Seed Grain Crops

Fertilizer trials conducted by Ghanian researchers throughout the country, both on-
farm and on-station, have demonstrated that commonly planted varieties of cereals respond
well to applications of chemical fertilizers and irrigation practices. The response of cereal
crops to both fertilizer and irrigation suggests that technologies exist to increase the
productivity of cereal crops in Ghana. Thus, although research is needed to continue to
develop new varieties for resistance to disease and pests, increases in productivity wiil be

obtained with the use of appropriate fertilizer rates and crop management practices.

Analysis of experimental results shows (Table 10) that most of the variability in
cereal yields across the country is accounted for by factors associated with use of mineral
fertilizer rates and improved varieties. The soil characteristics and the predominant climate
of the agroecological regions are fa.ctors affecting crop output. About 75% of the total
variability in maize grain yields, 73% in sorghum, and 72% in millet is accounted for by
changes in these factors. The remaining variability in grain yields is due to other key
factors—mainly diseases and pest problems, plant population, planting dates, and pest and
disease management. Agronomists identify diseases and pests as major constraints in maize,

while weeds and diseases affect sorghum and millet.
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According to results in Table 10, maize, grown as a continuous monocrop system,
appears to produce better in the Guinea savannah, deciduous forest, and transitional zones.
Rhodic Ferralsols and Fluvisols offer better conditions for growing maize. Although maize
prefers deep, well-drained loamy soils, it can be grown in any agroecological region in
Ghana. However, sandy, gravelly, and shallow soils (Arenosols) should be avoided whenever
possible as they are more affected by drought. For maize grown in soils located in low areas
or bottom lands (Fluvisols), there are also constraints in increasing yields because of poor
drainage and waterlogging condition. Use of improved varieties, combined with the
moderate use of fertilizers, has increased average yields more than 100% over the use of

local varieties or no fertilizer applications.

Sorghum produced relatively high average yields in thc Guinea and Sudan zone when
grown in Fluvisols and Ferralsols soils. However, the soils in sorghum cultivation are
constrained with low-phosphorus availability, high erosion hazards, and seasonal
waterlogging. The use of improved varieties and mineral fertilizer applications has increased
sorghum average yields by more than 50%. Millet potential production in Ghana behaves
about the same as sorghum. As expected, the best potential to produce high yields of millet
is in the Sudan savannah in Nitosol soils where application of fertilizers have increased
yields by more than 100%. The use of new varieties of millet appears to be a promising

alternative to increase average yields.

Upland rice is mainly affected by changes in varieties and by differential response to
fertilizer applications. Lowland rice is more influenced by site characteristics and the use
of improved varieties. As expected, lowland rice is less affected by crop management factors
than is upland rice, mainly because weed control and fertilization are more efficiently

controlled under flooded conditions.

Nitrogen and phosphorus appear to be the key nutrients affecting the yield response
of maize grain to fertilizer in Ghanian agroenvironments. Estimates of marginal elasticities
in Table 11 show significant and positive proportional increases in maize yield of improved

varieties by proportionally increasing the rates of nitrogen and phosphorus. Sorghum—local



and improved varieties—responds significantly to N, P, and K applications, and millet has
a high response to phosphorus (Table 12). Lowland rice responds mainly to nitrogen
applications, while upland rice responds to both nitrogen and phosphorus applications
(Table 13).

Summary results of agronomic potential and fertilizer use for different agroecological
regions in Tables 11 and 12 suggest that appropriate nitrogen and phosphorus fertilization
could be the main constraints in maize-production areas. Sorghum yields will be more
affected by reductions in N, P, and K fertilization. Millet will be mainly affected by
reductions in phosphorus applications. The fertilizer constraints will be more important on

improved varieties.

Lowland rice varieties are highly responsive to nitrogen application, whereas upland
varieties respond to both nitrogen and phosphorus (Table 13). Until recently, rice
development programs in Ghana have been aimed at the selection of varieties that have
been found to be the highest yielders under existing conditions of low soil fertility without
the increasing use of mineral fertilizers. It was, in fact, as a successful result of this type of
work that in Ghana and in many tropical areas the average production levels have been

maintained in spite of decreasing soil fertility.

During the past years, agronomists have developed good packages of fertilization and
crop management practices for most of the cereal crops in Ghana. These packages are
based on experimental results obtained in the country and from experiences in other tropical
areas. The results presented in Tables 14 and 15 are intended tc complement these
packages. The tables also summarize most of the experimental results performed in the
country and, thus, reflect the potential of grain cereals for efficiency of fertilizer use in the

agroecological environments of the different areas.

Results in Table 14 show that maize grown during the major season could potentially
yield more than 4 mt/ha. The analysis of the experimental results showed that with
applications of about 80 kg/ha of nitrogen, 70 kg/ha of phosphorus as P20s, and up to
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15 kg/ha of potassium as K20, the new commercial variety Okomasa produced about
4.9 mt/ha in the deciduous forest. This potential yield amounts to an average productivity
index of about 21 kg of grain per kg/ha of NPK fertilizer. Other maize varieties like Dobidi,
Aburotia, Safita-2, and Golden Cristal also perform well in most agroecological areas. As
expected, local varieties had low response to fertilizer applications, and their average
productivity value at maximum potential yield ranged from 8 to 11 kg of grain per kg of
NPK. Results for maize short-scason production showed that the variety Debidi produced
an average maximum of 3.4 mt/ha with applications of 85 kg/ha of nitrogen, 70 kg/ha of
phosphorus, and 30 kg/ha of potassium. The average product value due to fertilization was
13 kg of grain/kg of NPK.

It should be noted that Ghanian researchers in a collaborative effort with
international institutions have released a good set of open-pollinated maize varieties that
respond efficiently to fertilizer and other management practices. Improvements are being
made to varieties for disease and pest resistance. More research should, alternatively, be
dedicated to evaluate management practices, particularly the use of organic and mineral
fertilizer as a means to maintain soil fertility and crop productivity under multiple cropping
or rotation systems. It has been noted from several publications that the maize crop benefits
considerably and significantly reduces applications of nitrogen when rotated with legume

crops.

Results of experimental fertilizer evaluation in sorghum and millet are presented in
Table 15. Potential maximum response to fertilizer in sorghum ranges from about 1 mt/ha
to about 3 mt/ha. The average production value ranges from 6 kg to 18 kg of grain/kg of
NPK fertilizer. The maximum potential yield obtained was 2.7 mt/ha in the Sudan savannah
with the old variety Naga and with applications of 45 kg/ha of nitrogen, 40 kg/ha of
phosphorus, and 25 kg/ha of potassium. The average maximum for all experiments was
about 2 mt/ha with 13 kg grain/kg of NPK as average product value. Millet’s highest
production was about 2 mt/ha obtained in the Guinea savannah with the variety Manga and

with applications of 35 kg/ha of nitrogen, 40 kg/ha of phosphorus, and 35 kg/ha of
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potassium. The average product value for this maximum potential yield was 15 kg grain
millet/kg of NPK.

Although the varieties evaluated were responsive to fertilizer applications, it is
apparent from the analysis of the experimental results for sorghum and millet that more
research is needed in Ghana to develop higher yiclding varieties with good disease
resistance and tolerance to drought. Several high-yielding hybrids and varieties have been
identified in the past 2 years. Susceptibility to diseases like head mold has kept them from

being released and recommended for commercial production.

Rice response to fertilizer applications is also presented in Table 15. Lowland
varieties produce higher yields than upland varieties. The maximum yields for lowland
varieties range from about 2 mt/ha for the local variety to 5.7 mt/ha with the variety IR 442
in the coastal savannah zone and with applications of 80 kg/ha of nitrogen, 30 kg of
phosphorus, and 30 kg of potassium. Average product values range from 15 kg of grain to
34 kg of grain/kg of NPK. The maximum grain yield potential for upland rice varieties was
4.1 mt/ha~obtained with the variety ROK3 and applications of 55 kg/ha of nitrogen, 60
kg/ha of phosphorus, and 30 kg/ha of potassium. This maximum yield was obtained in the

Guinea Savannah.

As observed from the rice experimental results of the present study, emphasis should
continue to be given in research to the production of suitable lowland and upland high-
yielding rice varieties and lodging of resistant varieties responsive to applications of N, P,
and K fertilizers; it appears that only by combinations of fertilizer applications and suitable

adapted varieties will a substantial increase in production be possible.

Estimates of response functions for the selected seed grain crops, complementing the
above results, are presented in Appendix Tables B4 to B13. These appendix tables include
the estimation of model one~which provided the best fit—and the statistical
evaluation—across agroecological regions—of main and interaction effects for nitrogen,

phosphorus, and potassium.
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3. Fertilizer Response and Yield Potential for Legume Crops

Beans and nuts as grain legume crops supply a large part of the protein requirement
of the people of Ghana. National average yields of grain legumes is less than 1 mt/ha
(Table 16). The main reasons for the low yields are the variability in rainfall and the
continuous soil water deficit, high incidence of diseases and insects, and limited use of
inorganic fertilizers. Furthermore, not enough resources have been devoted to produce

improved varieties and seed quality in most of these crops.

From results in Table 16, it appears that the transitional and interior savannah zones
as well as Nitosol soils offer the best conditions for growing legume crops in Ghana,
Likewise, both fertilizer applications—mainly phosphorus—and use of improved varieties are
the best alternatives for increasing yields in most of the legume crops. According to the
estimates of marginal elasticities in Tables 17 and 18, significant responses to phosphorus

and potassium were obtained in improved varieties of groundnut, cowpeas, and soybeans.

The highest potential yield in groundnut was 1.9 mt/ha of unshelled seed, obtained
with the variety Kumawu in the deciduous forest zone (Table 19). The average productivity
value at this maximum yield was about 12 kg seed/kg of NPK, which corresponds to
fertilizer applications of 25 kg/ha of nitrogen, 50 kg/ha of P20s, and 25 kg/ha of K20.

There is a lot of scope for increasing productivity of groundnuts in Ghana
agroenvironments. If adequate soil moisture is maintained, groundnuts would perform well
in the dry temperatures of the transitional, deciduous forest, and Guinea savannah zones.
This is one of the most acid-tolerant crops although it is moderately susceptible to soil
salinity. Groundnut harvesting is constrained, and yields are reduced because of the heavy-
textured soil and the waterlogging conditions in production areas of the deciduous forest and

Guinea savannah zone.

Cowpea is another important warm-season grain legume cultivated in almost all the
agroecological regions in Ghana. The productivity of this crop has been dramatically

improved with the release of early- and medium-maturity varieties produced by cooperative
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efforts between the Governments of Ghana and Canada. The highest yield as shown in
Table 19 was obtained from fertilizer station experiments in the Guinea savannah zone with
the new early-maturity variety, Asontem. The average product value for this maximum yield
was 13 kg dry seed/kg of NPK and fertilizer applications of 20 kg/ha of nitrogen, 50 kg/ha
of phosphorus, and 10 kg/ha of potassium.

Local and improved varieties of cowpea are commonly affected by bacterial and viral
diseases. Insect pests constitute the single most important constraint to cowpea production
in Ghana; therefore, the use of insecticides, principally on improved varieties, is strongly
recommended to avoid total crop failure. Water stress, weeds, and adverse soil conditions
also affect cowpea yields. Local and improved varieties are generally grown as intercrops

or as relay crops with maize and sorghum.

It is well known that soybean is the most important warm-season legume grain in the
temperate climate; however, its use is growing in the tropical areas. Its adaptability to
tropical areas has increased as cultivars with a different degree ot photoperiod and better
disease resistance have been developed. It should be noted that there is still a lot of scope
to increase yield in Ghana. The maximum potential yields obtained from station experiments
for soybeans are shown in Table 20. The maximum yield of about 2 mt/ha was obtained
with the variety Jupiter in the deciduous forest zone and with fertilizer applications of
25 kg/ha of nitrogen, 40 kg/ha of P20s, and 20 kg/ha of K20. The average production value
for the maximum yield was 16 kg of drv seed/kg of NPK.

Potential yield for bambara beans using local varieties is presented in Table 20. The
maximum yields for the interior savannah were about 760 kg/ha of dry seed. These yields
were obtained with applications of 10 kg/ha of wtrogen, 35 kg/ha of P20s, and 30 to
35 kg/ha of K20. The average product value for this crop wss 8 kg dry seed per kg of NPK.
This crop is generally adapted to low soil fertility conditions o the interior savannah soils

and the predominant climate of the Sudan savannah and deciduous torest zones.
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Estimates of response functions for the selected grain legume crops, complementing
the above results, are presented in Appendix Tables B14 to B19. These appendix tables
include the estimation of model one—which provided the best fit—and the statistical
evaluation across agroecological regions of main and interaction effects of nitrogen,

phosphorus, and potassium.

4, Fertilizer Response of Selected Cash and Tree Crops
Experimental results for selected cash and tree crops are presented in Tables 21
and 22, The results have been obtained from the few experiments developed by Ghanian

researchers and from experiments performed in other areas in West Africa.

Cotton is a cash crop grown mostly in the coastal and interior savannah zones. It is
grown extensively in the Upper and Northern regions but also in Brong-Ahafo, Ashanti, and
Volta regions. Nearly all the cotton used in Ghana’s textile mills is still imported, and thus
domestic production is encouraged so as to decrease the need for foreign exchange.
Application of fertilizers produced a maximum yield of about 2 mt/ha of seed in the
deciduous forest with applications of 65 kg/ha of nitrogen, 55 kg/ha of P20s, and 30 kg/ha
of K20. The average productivity of cotton was 10 kg cotton seed/kg of NPK. Estimates of

response function model are presented in Appendix Table B20.

Fertilizer data for air-cured tobacco show a maximum yield of about 4 mt/ha with
applications of 20 kg/ha of nitrogen, 60 kg/ha of P20s, and 40 kg/ha of K20. The average
product value at maximum yields ranged from 17 to 24 kg of green leaf yield/kg of NPK.
The trials showed marked response to phosphorus and low response to nitrogen and
potassium. The results of these experiments suggest high increases in Ghana tobacco
productivity by using fertilizers. The Pioneer Tobacco Company (PTC), the management
agent of a Ghanian tobacco conglomerate, is providing technical assistance in fertilizer use
and crop management to tobacco growers. PTC observes that area, production, and

productivity are growing steadily. Ghana is becoming self-sufficient in air-cured tobacco.
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Sugarcane for chewing purposes has been grown in Ghana for many years in a variety
of soils, usually on small patches situated in valleys and on land that is flooded during the
rainy season. The most suitable conditions for large-scale sugarcane plantaiions occur in the
southeast in the Central, Volta, and Eastern regions in the coastal savannah and deciduous
forest zones. Cultivation of sugarcane in these soils presents problems due to salinity, but
they are expected to produce high yields after proper soil management. Sugarcane is also
grown in the soils of the forest areas that are also heavily cropped with cocoa, oil palm, and
other tree crops. The areas in the forest soils are not quite suitable for large-scale sugarcane
plantations because of the undulating and broken nature of the land and the large

distribution of shallow soils.

Results from sugarcane experiments performed in the coastal savannah and
deciduous forest zones showed significant responses to NPK. The highest response to
fertilizer was 120 mt/ha of plant crop. This yield was obtained in the coastal savannah with
the variety 334104 and with applications of 90 kg/ha of nitrogen, 90 kg/ha of P:0s, and
70 kg/ha of K20. The average product value was 176 kg plant crop/kg of NPK. Most of the
experiments have been conducted with high-yielding varieties that have a high content of
sucrose and produce good quality ratoons. These varieties are mid-season to late maturing

and are highly resistant to all common diseases.

Ghana has a comparative advantage in tree crop production—mainly cocoa, coffee,
oil palm, rubber, and coconut. The tree production areas are concentrated in the deciduous
and rain forest zones and some areas of the coastal savannah, mainly in the southeastern
and southwestern corners of the country. Although tree crops are by far the major
agricultural products exported, the care given to the crop trees varies from year to year
according to the price received for the products. With the present emphasis on production
for export and the necessity for foreign exchange, farmers are encouraged to manage these
crops better. These crops are also the main cash crops in the forest areas and where plant

parts are used for fuel, food, building materials, and many other purposes.
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Current agronomic practices are to fertilize only seedlings or to apply fertilization
during the early years. Some general fertilizer applications and potential maximum responses
obtained from Ghana experimental results and other West African agroenvironments are
presented in Table 22. Experiments carried out in cocoa in West Africa have shown greater
responses to fertilizers in unshaded cacao than in under-shaded conditions. The general and
old opinion of agronomists is that the highest yields of cocoa are obtained without
permanent shade but that elimination of shade is only possible if the following conditions
are fulfilled: (a) the soils should be deep with large root space and good physical conditions,
(b) fertilizers should be applied in fairly large amounts, (c) there should be no marked dry

seasons, and (d) weeds as well as pests and diseases must be controlled effectively.

Oil palm has been regarded as a crop with heavy demands for NPK and Mg as
compared with other perennial crops. This is in view of the large quantities of nutrients
removed with yields apart from the nutrients immobilized in roots, stem, and leaves. The
various estimates of nutrient removal in Africa show an average nutrient removal by 20 tons
of fresh fruit bunches of about 56 kg of N, 22 kg of P20s, 105 kg of K20, 18 kg of MgO, and
14 kg CaO. Responses to nitrogen and potassium are generally observed in the development
of young plants before they come into bearing. Magnesium deficiency is a problem in some

soils of the coastal savannah in Ghana.

There is no doubt that judicious applications of fertilizer are essential and beneficial
to coconuts. This is especially true on poor soils in which food crops have been grown with
short cycles of bush fallow. Continuous applications of a good balance of NPK and Mg
fertilizers are required for the sandy soils of the deciduous forest and coastal savannah

Zones.

Soil fertility requirements of rubber are lower than those of cacao, oil palm, and
coffee. Consequently, most of the rubber soils are poor in plant nutrients, although often
of good physical conditions. However, in spite of this situation, fertilizer use in rubber is
increasing, given the importance of fertilizers for maintaining vigor and high yield of

producing trees. Another important factor is that most of the old rubber was planted on
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clearings of either primary or secondary forests, but most of the replanting is on

impoverished soil needing careful husbandry and efficient use of fertilizers.

Fertilizer requirements for coffee are high in spite of the fact that the amount
removed by the yield is moderate, particularly if the pulp is returned to field. It has been
estimated that a hectare of fast-growing, high-yielding coffee will take up at least 130 kg N,
34 kg of P20s, and 145 kg of K20. Because flowering and production capacity are limited
by shade, fertilizer requirements are lower for coffee under shade than for coffee with little

or no shade, especially with regard to nitrogen.

VIIL. Concluding Assessments on Agronomic Potential of Fertilizer Use

Given good crop varieties and sound agronomic practices, fertilizers and water are
essential in maintaining and increasing production levels in Ghana. The agricultural future
of the country depends on rainfed areas and improvement in soil fertility at the farm level,
Proper crop management and fertilizer practices are the key elements for maintaining and

improving food crop yields.

The ability of good crop varieties and appropriate fertilizer technologies, developed
by national and international institutions, to achieve high yields suggests that significant
potential exists to improve Ghana’s agricultural productivity of current food and cash crops

using current technologies.

The fertility and productivity of the land are complex issues and, although the main
concern is the farmer’s profit in the short run, the government must be concerned with ways
to maintain the productivity of the soils. This could be achieved through price incentives for
input and outputs, availability and use of mineral fertilizers and good-quality seed, and

technical assistance or extension services.

Large areas exist in Ghana where the use of low-input technologies, based on crop
management, rotation techniques, organic matter recycling, and use of green manures can

increase yields and help to reduce the fallow period needed for soil fertility restoration. In
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other areas, particularly where there is a population pressure, mineral fertilizers will be
needed if yields are to be increased. Where a reliable food and cash crop market exists, the
combination of crop variety, labor availability, and good marketing infrastructure will lead

to a rapid increase in production based on fertilizer use.

Drought and waterlogging are physical constraints that affect production areas in
Ghana. Research is needed to adapt—for Ghana’s areas—techniques based on tillage

practices, land forming, mulching surface, and subsurface drainage.

Itis important that fertilizer and nutrient management research be closely integrated
with crop improvement and management of soil physical properties. Research objectives
include greater use of inherent and applied nutrients, improved seed, improved water

utilization, and decreased risk of soil erosion.



Table 1. Agroclimatological Information for the Forest Zone in Ghana—Average of

30 Years
High Rain Semideciduous
Forest Deciduous Forest Forest
Factor Axim Kumasi Ho Wenchi
Precipitation 2246.0 1459.0 1418.0 1338.0
# 250.0 280.0 310.0 300.0
Temperature Average 26.3 25.5 26.6 25.5
Temperature Mean Maximum 29.3 29.9 31.8 29.6
Temperature Mean Minimum 23.2 20.8 219 20.7
Temperature Mean Day 24.7 27.0 28.7 26.7
Temperature Mean Night 25.2 23.7 25.0 23.5
Sunshine % 50.0 44.0 53.0 50.0
Total Radiation 430.0 409.0 441.0 407.0
Evapotranspiration 1423.0 1371.0 1470.0 1465.0
Growing Season:
Dry Days 75 73 78 100
Wet Days 202 190 188 155
Season No 1:
Begins 2/14 2/12 2/9 3/2
End 7/24 12/1 11/24 11/22
Length 161 293 289 266
Season No. 2:
Begins 9/25
Ends 1/15
Length 132

Precipitation: mm
Temperature: Degree Celsius
Total Radiation: Cal/cm/day

Evapotranspiration: (PET) Pemman Method (mm)

Season Dates: Month/day
Season Length: Days

#: Standard Deviation



Table 2. Agroclimatological Information for the Savannah Zones in Ghana—Average of

30 Years
Sudan Guinea Coastal
Savannah Savannah Savannah
Factor Wa Navrongo Bole  Tamale Ada
Precipitation 926.0 850.0 1087.0 1070.0 401.0
#  450.0 375.0 410.0 400.0 430.0
Temperature Average 273 28.2 26.1 27.8 27.3
Temperature Mean Maximum 34.5 34.1 31.7 334 29.5
Temperature Mean Minimum 21.7 222 20.5 22.2 24.1
Temperature Mean Day 29.8 30.3 28.1 29.8 27.8
Temperature Mean Night 25.5 26.0 24.0 25.8 25.8
Sunshine % 65.0 67.0 59.0 60.0 56.0
Total Radiation 460.0 466.0 440.0 442.0 430.0
Evapotranspiration 1726.0  1753.0 1526.0 1667.0 1611.0
Growing Season:
Dry Days 189 203 158 167 212
Wet Days 92 87 149 119 61
Season No 1:
Begins 6/3 5/2 4/4 4/9 3/23
End 17/10 11/10 28/11 11/24 7/13
Length 155 143 208 199 113
Season No. 2:
Begins 9/21
Ends 11/1
Length 43

Precipitation: mm

Temperature: Degree Celsius

Total Radiation: Cal/cm/day

Evapotranspiration: (PET) Pemman Method (mm)
Season Dates: Month/day

Season Length: Days

#: Standard Deviation



Table 3. Harvested Area of Major Food Crops in Agroecological Regions—Ghana, 1988

Agroccological Regions

Sudan Guinca Deciduous Rain Coastal
Crop Savannah Savannah Transitional Forest Forest Forest Tola! %
--------------------------- (ha)- - w e e e e
Maize 48,500 150,400 59,500 229,000 39,000 14,000 540,400 24.1
Rice 10,000 20,000 7,500 9,700 4,000 600 51,800 23
Millet 127,200 100,000 1,000 228,200 102
Sorghum 122,200 99,400 2,800 3,200 227,600 101
Cassava 12,000 60,000 220,600 44,700 16,300 353,600 158
Cocoyam 16,500 86,700 16,200 119,400 53
Plantain 56,000 90,100 22,200 168,300 75
Yam 8,000 67,000 37,000 86,000 1,300 199,300 8.9
Beans 85,000 20,000 2,500 3,280 20 1,400 112,200 5.0
Groundnut 67,200 55,000 5,200 2,800 600 130,800 58
Vegetable 14,000 24,000 50,200 6,000 18,000 112,200 5.0
Total 468,100 537,800 272,000 781,580 133,420 50,900 2,243,800 100
% 20.9 24.0 12.1 34.8 5.9 23 100
* Cl 0.6 0.8 0.7 0.8 0.6 0.5

Data Source: Ministry of Agriculture, Accra, Ghana,
CL: Ratio harvested land to land under crops plus fallow,



Table 4. Production, Area, and Yield for Principal Food and Cash Crops Harvested in Ghana
During 1989—Year Growth Rates for 1980-89 Period

Production Area Yield
Growth Growth Growth
Crop 000 mt  Rate, % 000 ha Rate, % mt/ha Rate, %
Cassava 3320 3.7 446 4.0 7.4 -0.3
Yam 1280 14.0 204 12.0 6.3 2.5
Cocoyam 1200 4.3 249 39 4.8 0.5
Plantain 1040 3.9 182 4.1 5.7 -0.3
Maize 715 11.0 568 82 1.3 2.9
Sorghum 215 3.8 295 22 0.7 0.7
Millet 180 4.1 244 0.3 0.7 3.5
Rice 67 8.1 72 3.9 0.9 3.7
Beans -8 1.7 168 4.2 0.1 2.5
Groundnut 200 7.2 159 5.6 1.3 1.8
Pepper 163 10.0 57 10.0 2.9 -0.3
Tomatoes 96 2.7 20 2.1 4.8 0.5
Garden vegetables 7 -16 2 -19 3.5 3.3
Tnracco 2 -3.3 2 -1.1 1.2 -2.1
Cotton** 5 2.2 9 -1.1 0.6 -1.1
Okra 147 11.0 28 7.7 5.3 3.1
Cocoa 295 2.8 900 7.2 0.3 -5.6
Oil Palm 643 -6.3 98 -7.0 6.6 0.7

Source: Ministry of Agriculture

*Growth rate was calculated using the exponential model: y = a * EXP(bT).
**Cotton seed.



Table 5. N, P, and K Content of Harvested Product and Crop Residues

Harvested Product

Crop Residues (Minimum-Maximum)

Crop N P,Oq K,0 N P,Oq K,O
-------------- (kg/mt harvested product) - - - - = === - - - - - -
Wheat 22.3 9.9 7.0 4.3 4.1 32.0
Rice 11.6 7.8 4.1 9.0-13.6 3.6-7.0 34.0-51.8
Maize 16.8 94 5.7 7.6-11.8 3.0-5.8 23.0-28.4
Barley 15.5 6.4 7.2 7.0 23 25.2
Millet 19.2 13.7 6.5 16.1-24.6 8.4-9.8 66.3-77.1
Sorghum 14.5 12.6 4.5 8.1-13.5 7.8-13.2 30.5-39.5
Other cereals 16.7 10.1 5.8 8.2-13.6 4.2-6.4 27.0-38.6
Potatoes 4.4 3.0 8.3 2.3 1.6 5.4
Sweet potatoes 4.8 1.8 8.8 2.1 2.7 3.9
Cassava 4.2 1.1 5.1 2.4-6.8 0.7-3.5 1.6-1.8
Other roots 4.6 0.7 35 1.9 1.1 3.7
Plantain 0.7 0.2 4.1 1.2 0.7 7.7
Beet ... ... Not Relevant for Sub-Saharan Africa - - - -« = - - - -
Cane 0.6 0.5 14 0.3 0.7 04
Pulses 20.0 7.8 13.3 10.4 23 15.7
Vegetables 9.0 2.1 3.1 3.2 3.2 9.4
Bananas 1.2 0.7 5.4 1.6 0.7 14.3
Citrus 1.8 0.5 2.8 0.6 0.5 5.3
Other fruit 2.0 0.5 2.4 1.8 0.5 5.9
Oil crops 2.6 1.1 5.3 0.3 1.4 6.5
Palm oil 2.9 1.6 49 3.344.1 1.2-1.4 2.5-5.5
Soybeans 62.1 25.1 24.0 13.0-2.2 6.3-7.3 16.4-18.2
Groundnuts 37.2 13.7 9.8 12.2-19.6 2.8-8.2 11.6-24.2
Sunflowers 24.0 8.0 6.6 23.0 73 49.6
Sesame 30.0 14.0 8.1 15.0 124 25.3
Coconut 61.0 16.5 11.8 27.0 13.1 30.4
Cacao 40.0 19.5 23.1 19.9 10.8 39.9
Coffee 35.0 6.0 20.2 43 8.7 11.1
Tea 35.0 8.7 16.1 0.1 0.0 0.0
Tobacco 56.0 18.8 87.2 0.1 0.0 0.2
Cotton 18.7 22.2 10.8 11.4-16.4 11.1-16.7 31.4-40.2
Fibers 5.0 0.9 7.2 2.1 1.6 10.8
Rubber 6.9 2.7 55 1.0 0.5 4.8
Fodder 6.8 3.0 5.7 0.0 0.0 0.0

Other crops

---------- Not Relevant for Sub-Saharan Africa




Table 6. Production and Nutrient Uptake for Main Food and Cash Crops Harvested in
Ghana During 1989

Nutrient Uptake

Crop Producticn N P,0; K,O NPK %
(000 mt)  ------.--- (000 mt)- - - - - - - - -
Cassava 3320 13.9 3.7 16.9 34.5 22.4
Yam 1280 4.6 0.6 32 8.4 5.5
Cocoyam 1200 52 0.8 4.2 10.2 6.6
Plantain 1040 0.7 0.2 4.3 5.2 34
Maize 715 12.0 6.7 7.2 26.0 16.9
Sorghum 215 3.1 2.7 1.4 2 4.7
Millet 180 35 2.5 1.5 1.5 4.8
Rice 67 0.8 0.5 0.4 1.7 1.1
Beans 18 1.1 0.5 0.4 2.0 1.3
Groundnut 200 7.4 2.7 2.0 12.1 7.9
Pepper 163 1.3 0.3 0.5 22 14
Tomatoes 96 0.7 0.2 0.3 1.2 0.8
Garden vegetables 7 0.1 0.0 0.0 0.1 0.1
Tobacco 2 0.1 0.0 0.2 0.3 0.2
Cotton ** 5 0.1 0.1 0.1 0.3 0.2
Okro 147 14 1.8 14 4.6 3.0
Cocoa 295 11.8 5.8 6.8 244 15.8
Oil Palm 643 1.9 1.0 3.2 6.0 3.9
69.7 30.3 53.9 153.9
Total
% 45.3 19.7 35.0 100.0

Source: Ministry of Agriculture

**Cotton seed



Table 7. Potential Mean Yields for Tubers and Root Crops From Controlled Experimental
and Farmers’ Field Experiments, Period 1970-90

Crops
Factor Cassava Yam Cocoyam
------------------- (kg/ha)- = = - - eee L.
Region
Coastal Savannah 8,562
Deciduous Forest 13,704 3,800
Transitional 9,109 13,945 3,768
Guinea Savannah 12,304
Sudan Savannah 6,634
Soil
Nitosols 10,494 13,207 3,880
Ferralsols 12,784 3,608
Fluvisols 17,142 9,370
Vertisols 12,799
Variety
Local 9,149 6,794 3,789
Improved 13,679 15,461
Fertilizer
No Fertilizer 5,700 5,075 2,033
Fertilizer 12,568 12,457 3,877
Mean 12,240 12,221 3,789
Standard Error 2,850 3,007 648
Percent of total yield variability (%)

Region 222 16.2 6.1
Soil 26.0 18.1 9.7
Variety 4.3 21.8
Fertilizer 12.7 15.7 254

R2 (%) 65.2 71.7 41.2




Tzble 8. Marginal Elasticities at Average Yield Response of Fertilizer Applications for
Roots and Tuber Crops—Fertilizer Experiments, Period 1970-90

Average
Crop Zone + Variety N P,0O, K,O Yield
(kg/ha)
Cassava
Coastal Savannah Improved 0.072 ** 0.207 ** 0.073 ** 8,562
0.018 # 0.023 0.017
Deciduous Forest Local 0.010 0.073 * 0.014 9,187
0.035 0.036 0.029
Improved 0.059 * 0.093 ** 0.066 ** 15,579
0.031 0.032 0.025
Transitional Zone Local 0.027 0.088 * 0.022 9,255
0.035 0.036 0.029
Yams
Guinea Savannah Local 0.085 0.137 * 0.053 7,253
0.080 0.082 0.072
Improved 0.060 * 0.089 * 0.077 * 13,988
0.041 0.042 0.037
Transitional Zone Local 0.071 0.129 * 0.400 6,495
0.069 0.072 0.062
Improved 0.051 0.111 ** 0.057 * 17,670
0.050 0.044 0.018
Sudan Savannah Local 0.103 * 0.129 * 0.032 6,634
0.075 0.008 0.067
Cocoyam
Deciduous Forest Local 0.045 0.051 0.024 3,800
Transitional Zone Local 0.064 ** 0.030 0.049 3,768
0.029 0.039 0.046

* Significant at 0.05 probability level.
** Significant at 0.01 probability level.
# Standard error of estimate.



Table 9. Fertilizer Rates, Potential Yiclds, and Average Product Value of Fertilizer
Response for Roots and Tuber Crops—Fertilizer Experiments, Period 1970-90

Crop Crop Minimum  Maximum  Avcrage
Zonc * Region Varicty N PO, K0 Yicld Yicld Product
------------- (kg/ha) - - - - - - - oo (kg/kg)
Cassava + #
Coastal Savannah G.Accra TMS9134 50 40 70 1,458 13,000 72
Decciduous Forest Western Ankra 60 50 50 4,091 17,501 84
Volta Ankra 70 45 60 5,647 23,755 103
B.Ankra ] 40 60 6,021 23,000 89
Ashanti Ankra 60 60 45 7,676 16,800 55
B.Ahafo Local 70 50 40 5,341 11,163 36
Transitional Zonc  B.Ahafo Local 70 52 45 4,600 11,162 39
Gen. Mean 67 48 53 4976 16,626 69
Yam
Guinca Savannah ~ Northern  Dedenpuka 70 50 40 7,078 16,261 57
Local 50 50 30 3,524 10,867 56
Tula 65 60 40 7,232 22,676 94
Transitional Zone  B.Ahafo Dedenpuka 80 60 30 6,159 19,506 79
Local 45 65 30 2,796 9,003 44
Tula 45 65 45 8,293 25,461 111
Sudan Savannah Eastern Local 70 60 35 2,670 9,582 42
Gen. Mcan 61 59 36 5,393 16,194 70
Cocoyam
Decciduous Forest  Ashanti Local 65 45 25 2,020 5,272 24
Transitional B.Ahafo Local 75 50 30 2,060 4,807 18
70 48 28 2,040 5,040 21

Gen. Mg

+ Potential yicld with no fertilizer use

# Potential yicld with fertilizer use



Table 10. Potential Mean Yields for Sced Grain Crops From Controlled Experimental and
Farmers’ Field Experiments—Period 1970-90

Grain Crops

Upland Lowland
Factor Maize Sorghum Millet Rice Rice
-------------------- (kg/ha)- = - - - e e e mmem e e
Region
Coastal Savannah 2,374 3,228
Deciduous Forest 3,103 3,091
Transitional 2,656 585 2,793
Guinea Savannah 2,975 1,401 982 2,285 4,203
Sudan Savannah 1,674 1,690 1,297 2,605
Rain Forest 2,139
Soil
Nitosols 2,429 1,087
Ferralsols 2,754 1,772 663
Fluvisols 2,991 1,294 1,016 2,180
Vertisols 3,194
Variety
Local 1,264 1,065 627 1,336 2,193
Improved 3,096 1,692 1,287 2,618 3,644
Fertilizer
No Fertilizer 1,078 642 298 684 972
Fertilizer 2,853 1,617 964 2,463 3,644
n 1,346 187 66 78 87
Mean 2,767 1,565 925 2,371 3,194
Std err 675 537 251 648 566
Percent of total yield variability (%)

Region 15.0 4.8 35.0 4.1 20.8
Soil 7.4 13.0 7.8
Variety 30.1 35.5 12.9 29.6 21.2
Fertilizer 22.6 19.3 16.3 19.3 23.0

R2 (%) 75.1 72.6 72.0 53.0 65.0




Table 11. Marginal Elasticities at Average Yield Response of Fertilizer Applications for
Seed Grain Crops—Fertilizer Experiments, Period 1970-90

Average
Crop Zone + Variety N P,Oq K,O Yield
(kg/ha)
Maize

Coastal Savannah  Improved 0.176 ** 0.115 ** 0.020 2,853
0.060 # 0.050 0.012

Deciduous Forest  Local 0.100 ** 0.051 * 0.024 1,018
0.018 0.019 0.032

Improved 0.153 ** 0.109 ** 0.036 3,052
0.031 0.030 0.030

Transitional Zone Local 0.102 ** 0.081 **  -0.034 1,485
0.025 0.031 0.052

Improved 0.171 ** 0.101 *=* 0.042 3,096
0.038 C.039 0.035

Guinea Savannah  Local 0.145 ** 0.055 0.100 * 1,416
0.028 0.031 0.053

Improved 0.179 ** 0.123 **  -0.024 3,159
0.011 0.009 0.006

Sudan Savannah Improved 0.134 ** 0.126 * -0.003 1,674
0.051 0.066 0.065

Rain Forest Improved 0.087 0.043 0.074 2,374

* Significant at 0.05 probability level.
** Significant at 0.01 probability level.

# Standard error of estimate.



Table 12. Marginal Elasticities at Average Yield Response of Fertilizer Applications for

Seed Grain Crops—Fertilizer Experiments, Period 1970-90

Average
Crop Zone + Variety N P,O, K,O Yield
(kg/ha)
Sorghum
Guinea Savannah  Local 0.023 0.042 ** 0.074 * 1,067
0.014 0.015 0.032
Improved 0.102 ** 0.109 ** 0.073 * 2,103
0.011 0.022 0.028
Sudan Savannah Local 0.025 0.043 * 0.138 ** 2,206
0.017 0.019 0.041
Improved 0.094 ** 0.113 ** 0.112 ** 1,827
0.018 0.023 0.025
Millet
Guinea Savannah  Local -0.015 0.152 * 0.097 687
0.076 0.103 0.102
Improved -0.018 0.195 == 0.071 1,270
0.105 0.136 0.138
Transitional Zone Local -0.104 0.204 0.031 585
0.105 0.137 0.138
Sudan Savannah Improved -0.006 0.168 * 0.237 * 1,290
0.066 0.089 0.089

* Significant at 0.05 probability level.
** Significant at 0.01 probability level.

# Standard error of estimate



Table 13. Marginal Elasticities at Average Yield Response of Fertilizer Applications for

Seed Grain Crops—Fertilizer Experiments, Period 1980-90

Average
Crop Zone + Variety N P,Oq K,O Yield
- (kg/ha)
Lowland Rice
Coastal Savannah  Improved 0.143 * 0.119 0.067 2306
0.106 0.102 0.091
Deciduous Forest  Improved 0.264 ** 0.132 0.050 2200
0.115 0.129 0.089
Guinea Savannah  Improved 0.213 ** 0.065 0.055 3000
0.060 0.047 0.037
Transitional Zone Improved 0.247 ** 0.015 0.041 2600
0.105 0.117 0.096
Local 0.035 0.095 0.112 * 1340
0.040 0.054 0.061
Upland Rice
Guinea Savannah  Local 0.054 0.073 0.152 1336
0.030 0.103 0.102
Improved 0.202 ** 0.183 ** 0.042 2320
0.075 0.073 0.021
Sudan Savannah Improved 0.130 * 0.150 * 0.060 2605
0.105 0.137 0.138

* Significant at 0.05 probability level.
** Significant at 0.01 probability level.

# Standard error of estimate



Table 14. Fertilizer Rates, Potential Yields, and Average Product Value of Fertilizer
Response for Seed Grain Crops—Fertilizer Experiments, Period 1970-90

Crop Minimum  Maximum Avcrage
Crop Zonc * Varicty N P,Oq K,O Yield Yicld Product
--------------- (kg/ha) - - ----cooomoo (kg/kg)
Maize (Major Scason) + #
Coastal Savannah Dobidi 105 65 20 1300 3700 13
La Posta 110 50 20 1250 4150 16
Aburotia 82 65 30 780 3750 17
Okomasa 75 00 20 1800 4350 16
Safita-2 90 65 20 1230 3470 13
Deciduous Forest Dobidi 100 70 20 1400 4700 17
Golden Cristal 120 50 30 1050 4000 15
Okomasa 80 70 15 1350 489%) 21
La Posta 75 50 35 625 3390 17
Safita-2 110 75 15 1050 3610 13
Local 110 30 10 400 1560 8
Guinea Savannah Dobidi 90 35 20 1060 3525 17
Aburotia 85 30 10 1455 3965 20
Local 130 45 20 330 2030 9
Transitional Zone Okomasa 105 70 30 900 4415 17
Golden Cristal 80 50 25 1020 4300 21
Dobidi 95 65 30 820 4100 17
Local 80 40 15 610 2125 11
Sudan Savannah La Posta 90 60 20 285 2500 13
Rain Forest Diacol-153 100 80 35 1036 2854 8
Gen. Mcan 96 56 22 988 3569 15
Maizc (Short Scason)
Deciduous Forest Dobidi 85 70 20 1050 3200 12
Transitional Zone  Aburotia 70 50 30 1090 2970 13
Dobidi 85 70 30 915 3400 13
Gen. Mcan 80 63 27 1018 3190 13

+ Maximum potential yield with no fertilizer use
# Maximum potential yield with fertilizer use



Table 15. Fertilizer Rates, Potential Yields, and Average Product Value of Fertilizer
Response for Seed Grain Crops—Fertilizer Experiments, Period 1970-90

Minimum Maximum Average
Crop Zonc * Crop Varicty N PO, K,O Yicld Yicld Product
--------------- (kg/ha) - - - --ov-anoooo (kg/kg)
Sorghum + #
Guinca Savannah Framida 60 50 20 339 1702 10
IRAT 204 35 40 20 850 2102 13
Local 45 35 640 1334 6
Naga 45 40 20 765 2690 18
Sudan Savannah Framida 40 45 507 2139 16
IRAT 204 35 40 20 907 2200 14
Local 45 30 30 480 1392 9
Naga 45 40 25 715 2719 18
Gen, Mean 44 40 23 650 2035 13
Millet
Guinca Savannah Local 35 40 30 264 %6 7
Manga 35 40 30 460 1805 13
Transitional Zone Local 30 35 10 325 960 8
Sudan Savannah Manga 35 40 35 264 1900 15
Gen. Mean 34 39 26 328 1415 11
Rice (Upland)
Guinca Savannah Var 165 55 50 35 815 3280 18
Local 40 20 25 636 1825 14
ROK3 55 60 30 200 4140 27
Sudan Savannah ROK3 50 65 35 150 3517 22
Gen. Mcan 50 49 31 450 3191 20
Rice (Lowland)
Coastal Savannah IR 442 80 30 30 1048 5750 34
Deciduous Forest IR 442 80 30 630 5163 32
Guinca Savannah IR 20 100 20 20 1281 5743 32
Transitional Zonec IR 20 100 20 430 5100 32
Local 60 40 30 833 2800 15
Gen, Mean 84 28 27 844 4911 29

+ Maximum potential yield with no fertilizer usc.
# Maximum potential yield with fertilizer usc.



Table 16. Potential Mean Yields for Grain Legume Crops From Controlled Experimental
and Farmers’ Field Experiments—Period 1970-90

Legume Grain Crops

Bambara
Factor Cowpea Groundnut Soybean Beans
------------------- (kg/ha)- - === voeuooo.
Region
Deciduous Forest 860 1287 1161
Transitional 1010 962 1123
Guinea Savannah 1039 770 1250 450
Sudan Savannah 847 765 465
Soil
Nitosols 1166 1276 1168 450
Ferralsols 824 890 465
Fluvisols 989
Vertisols 982
Variety
Local 500 653 724 454
Improved 965 1017 1365
Fertilizer
No Fertilizer 392 429 592 156
Fertilizer 957 1028 1193 469
n 236 265 117 84
Mean 924 996 1168 454
Std err 288 331 235 181
Percent of total yield variability (%)

Region 4.7 16.0 12.1 7.1
Soil 124 7.4
Variety 21.0 8.8 335
Fertilizer 16.0 18.8 20.9 154

R2 (%) 54.1 51.0 66.5 22.5




Table 17. Marginal Elasticities at Average Yield Response of Fertilizer Applications for
Grain Legume Crops—Fertilizer Experiments, Period 1970-90

Average
Crop Zone + Variety N P,Gq K,O Yield
(kg/ha)
Groundnut
Deciduous Forest  Improved 0.083 0.150 * 0.109 * 1211
0.033 # 0.062 0.071
Guinea Savannah  Local -0.080 0.176 * 0.009 620
0.090 0.101 0.090
Improved 0.037 0.274 ** 0.109 * 950
0.086 0.096 0.030
Transitional Zone Improved 0.011 0.067 0.084 827
0.038 0.051 0.034
Sudan Savannah Improved -0.009 0.168 ** 0.131 * 1020
0.042 0.057 0.061
Cowpea
Deciduous Forest  Local -0.083 0.082 0.137 300
0.095 0.128 0.149
Improved -0.046 0.124 * 0.077 854
0.105 0.053 0.138
Guinea Savannah  Improved 0.031 0.173 * 0.078 990
0.073 0.082 0.070
Transitional Zone Improved 0.004 0.057 0.102 * 943
0.055 0.060 0.054
Sudan Savannah Improved 0.071 0.150 * -0.131 796
0.138 0.083 0.136

* Significant at 0.05 probability level.
** Significant at 0.01 probability level.

# Standard error of estimate



Table 18. Marginal Elasticitics at Average Yield Response of Fertilizer Applications for
Grain Legume Crops—Fertilizer Experiments, Period 1970-90

Average
Crop Zone + Variety N P,O; K,O Yield
(kg/ha)
Soybeans
Deciduous Forest  Local 0.044 ** 0.089 ** -0.017 706
0.017 0.017 0.017
Improved 0.029 * 0.137 ** -0.001 1772
0.014 0.015 0.014
Guinea Savannah  Improved -0.035 0.120 * 0.076 1366
0.052 0.061 0.067
Transitional Zone Improved -0.056 0.094 0.087 1510
0.073 0.085 0.093
Bambara Beans
Deciduous Forest  Local -0.105 0.153 * 0.173 * 403
0.058 0.079 0.084
Sudan Savannah Local -0.039 0.073 0.175 437
0.075 0.102 0.108

* Significant at 0.05 probability level.
** Significant at 0.01 probability level.

# Standard error of estimate



Table 19. Fertilizer Rates, Potential Yields, and Average Product Value of Fertilizer
Response for Grain Legume Crops—Fertilizer Experiments, Period 1970-90

Crop Minimum Maximum  Average
Crop Zone * Variety N PO, KO Yield Yield Product
------------- (kg/ha) - -~ --------- (kg/kg)
Groundnut +
Deciduous Forest Kumawu 25 50 25 795 1960 12
Manipintar 33 20 45 532 1747 12
Natal-Red 20 65 35 484 1577 9
Guinea Savannah  Chinese 10 35 40 200 1392 14
Kumawu 20 60 20 432 1434 10
Local 20 60 20 302 920 6
Transitional Zone Manipintar 40 45 65 480 1257 5
Sudan Savannah Chinese 10 40 50 199 1026 8
Chitowchi 25 55 30 368 1533 11
Manipintar 25 35 45 330 970 6
Gen. Mean 23 47 38 412 1382 9
Cowpea
Deciduous Forest  Amantin 20 45 10 465 1183 10
Asontem 15 50 10 485 1511 14
Ejura-Red 30 40 30 325 1045 7
Local 0 45 10 210 685 9
Soronko 20 40 20 463 1361 11
Vallenga 20 40 25 514 1672 14
Guinea Savannah  Asontem 20 50 10 704 1715 13
Vallenga 20 55 25 326 1517 12
Transitional Zone  Amantin 40 40 10 391 1309 10
Asontem 10 45 10 617 1486 13
Vallenga 20 55 25 470 1547 11
Sudan Savannah Asontem 20 45 10 443 1291 11
Gen. Mean 20 46 16 451 1360 11

+ Maximum potential yield with no fertilizer use.

# Maximum potential yield with fertilizer use.



Table 20. Fertilizer Rates, Potential Yields, and Average Product Value of Fertilizer
Response for Grain Legume Crops—Fertilizer Experiments, Period 1970-90

Crop Minimum Maximum  Average
Crop Zone * Variety N PO, K,O Yield Yield Product
------------- (kg/ha) - - oo (kg/kg)
Soybeans + #
Deciduous Forest  Davis 20 45 10 823 1800 13
Jupiter 25 40 20 564 1935 16
Local 20 40 15 418 443 7
Guinea Savannah  Jupiter 20 45 20 584 1469 10
Transitional Zone Jupiter 15 40 20 680 1650 13
Gen. Mean 20 42 17 614 1559 12
Bambara Beans (Voandezeia subterranea) Mature Pods
Deciduous Forest  Local 10 35 30 150 760 8
Sudan Savannah Local 10 35 35 174 705 7
Gen. Mean 10 35 33 162 733 7

+ Maximum potential yield with no fertilizer use.
# Maximum potential yield with fertilizer use.



Table 21. Fertilizer Rates, Potential Yields, and Average Product Value of Fertilizer
Response for Selected Cash Crops—Fertilizer Experiments, Period 1960-80

Crop Minimum Maximum  Average
Crop Zone * Variety N PO, KO Yield Yield Product
------------- (kg/ha) - - ----------  (kg/kg)
Cotton Seed + #
Coastal Savannah  Allen 333 55 45 35 310 100 5
Deciduous Forest  Allen 333 65 55 30 492 2007 10
Local 100 40 65 519 1245 4
Transitional Zone Allen 333 50 50 40 463 1313 6
Gen. Mean 68 48 43 446 1394 6
Tobacco (Air-Cured)
Coastal Savannah  Virginia 20 40 45 1100 2900 17
Transitional Zone Garcia 20 60 40 1300 4200 24
Gen. Mean 20 50 43 1200 3550 21
Sugarcane (Plant-Crop) @ @
Coastal Savannah  B34104 90 90 70 76 120 176
PQJ2878 70 90 70 60 80 87
Deciduous Forest B34104 80 110 100 70 110 138
POJ2878 60 110 65 40 65 106
Gen. Mean 75 100 76 62 94 127

+ Maximum potential yield with no fertilizer use.
# Maximum potential yield with fertilizer use.

@ ton/ha.



Table 22. Fertilizer Rates and Potential Yields for Selected Tree Crops—Fertilizer Experiments,

Period 1960-90

Crop @ Maximum
Crop Zone * Variety N P,0; K,0 Yield
Cocoa (Unshaded young cocoa—kg/ha) Dry
(kg/ha)
Deciduous Forest 100 88-133 66-88 500
Rain Forest 110 88-133 66-88 900

Oil Palm (2 ycars and over—kg/ha)

Deciduous Forest 30
Rain Forest 40

Coconut (4 years and over—g/trec)
Deciduous Forest 90
Rain Forest 95

Rubber (4 years and over—g/tree)
Deciduous Forest 80
Rain Forest 120
Coffec (kg/ha)

Deciduous Forest  Shaded 120
Unshaded 150

Fruit Bunches

(tons/ha)
20 75 6
20 90 10
Nuts/tree
90 400 60
60 400 80
(kg/ha)
120 120 900
120 120 1500
Dry beans
(kg/ha)
40 140 900
40 180 1500

@ Source: MOA Ghana,
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Appendix B1. Model Estimates for Cassava Yield Response to Fertilizer Applications—
Selected Experiments, Period 1970-90

Model Estimates +

Est 1 2 3 4 5 6 7
(@) - (Kg/ha) - - - -
Int. 1457.9 **  4091.0 **  5647.8 ** 60214 * 7676.0 ** 53394 * 4598.6 **
980.8 # 1257.0 1321.2 755.1 1435.8 776.4 734.5
N 814 * 87.7 180.5 ** 1263 * 80.1 67.6 * 73.8 **
315 45.9 55.9 31.9 52.4 27.0 255
P 287.0 ** 1552 * 110.9 2139 * 81.7 69.7 814 *
67.4 60.1 64.8 37.0 68.6 419 39.7
K 66.4 * 239.7 ** 310.0 ** 221.1 ** 177.4 ** 72.3 * 78.9 *
18.0 49.8 58.1 33.2 56.8 36.8 34.8
N2 -0.5 -1.0 * -1.7 ** -0.7 * -1.0* -0.7 -0.7 **
0.3 04 0.5 0.3 04 0.2 0.2
P2 -2.9 ** -13* -1.5* -1.9* -0.8 -0.8 -09 *
1.5 0.1 0.6 0.3 0.5 0.4 0.4
K2 -0.3 ** 2.7 ** -3.2 ** -2.4** 2.4 ** -1.2 ** -1.2 **
0.1 0.4 0.6 0.5 0.5 04 0.4
NP -0.6 0.1 -0.7* 0.2 0.2 0.1
0.5 0.6 0.3 0.5 0.2 0.2
NK 0.7 1.0 * 0.6* 0.7 0.5 05*
0.4 0.6 0.3 0.4 0.2 0.2
n 27 21 30 30 21 30 30
mean 8562 a 12169 16781 16945 12667 9187 9109
mse 1502 b 1257 1931 1103 1435 898 850
R2 79 ¢ 86 83 94 83 72 69
+ Model 1: Coastal Savannah - Greater Accra - Var: TMS9134

N Hhwy

x X

a,b kg/ha
c %

Deciduous Forest - Western - Var: Ankra
Deciduous Forest - Volta - Var: Ankra

Deciduous Forest - Volta - Var: Black Ankra
Deciduous Forest - Ashanti - Var: Ankra
Deciduous Forest - Brong Ahafo - Var: Local
Transitional Zone - Brong Ahafo - Var: Local

@ Response Function (Empirical Model-1)

,** Significant at .05 and .01 probability levels, respectively.
# Standard error of estimates.



Appendix B2. Model Estimates for Yam Yield Response to Fertilizer Applications—
Selected Experiments, Period 1970-90

Model Estimates +

Est 1 2 3 4 5 6 7
(@) ~e-eeree (kg/ha) - -+ == e vem e
Int. 6968.9 ** 34459 **  7155.6 ** 6079.9 ** 27673 ** 8289.1 **  2596.0 *
1091.5 # 1074.0 1175.0 1341.7 830.3 1317.4 919.8
N 30.3 18.7 85.1* 54.2 30.0 116.6 * 275 .
33.9 33.3 36.4 41.6 25.7 40.9 28.5
P 198.7 ** 169.6 ** 297.8 ** 2980 ** 1563 **  299.0 ** 148.4 **
44.9 44.2 48.4 55.3 34.2 54.3 37.9
K 119.4 * 102.5 * 162.7 **  109.4 ** 30.6 200.0 ** 842 *
48.4 47.6 321 59.5 36.8 584 40.8
N2 -0.3 -0.3 -05 * -0.1 -0.2 -0.6 * -0.2
0.2 0.2 0.2 0.3 0.2 0.2 0.2
P2 -1.5 ** -12* 2.2 ** 2.0 ** -1.1 ** 2.2 %+ -1.0 **
0.3 0.3 0.4 0.4 0.3 0.4 0.3
K2 23 ** -2.1 ** 2.0 ** -1.6 * -0.6 -1.6 * -1.7 **
0.6 0.6 0.6 0.7 0.4 0.7 0.5
NP -0.1 -0.1 -0.1 05 * -0.2 -0.2 -0.2
0.2 0.2 0.2 0.3 0.2 0.3 0.2
NK 0.5 0.5 -04 -0.5 -0.1 -1.2°* 0.4
0.4 0.4 0.5 0.5 0.3 0.5 0.4
n 60 30 30 30 30 30 30
mean 12199 a 7253 17566 15475 6495 19866 6634
mse 1727 b 1202 1315 1501 929 1474 1029
R2 = 63¢ 76 89 83 76 91 77

+ Model 1: Guinea Savannah - Northern - Var: Dedenpuka
Guinea Savannah - Northern - Var: Local

Guinea Savannah - Northern - Var: Tula
Transitional Zone - Brong Ahafo - Var: Dedenpuka
Transitional Zone - Brong Ahafo - Var: Local
Transitional Zone - Brong Ahafo - Var: Tula
Sudan Savannah - U. East - Var; Local

AR A ol

LI & 4

,** Significant at .05 and .01 probability levels, respectively.
# Standard error of estimates.

a,b kg/ha
¢ %
@ Response Function (Empirical Model-1)



Appendix B3. Model Estimates for Cocoyam Yield Response to Fertilizer Applications—

Selected Experiments, Period 1980-90

Model Estimates

Estimates 1 2
(@ e (kg/ha)- - -« - -omvaa oo
Int. 2020.00 ** 2060.00 **
264.86 # 291.82
N 2071 * 17.35
8.01 8.83
P 70.00 ** 56.82 **
13.47 14.84
K 66.60 ** 43.15
22.64 24.95
N2 -0.31 ** -023 *
0.06 0.06
P2 -0.93 *=* -0.68 **
0.13 0.15
K2 -1.73 == -1.15 ¢
0.41 0.45
NP 027 =** 0.12
0.08 0.08
NK 035 * 040 *
0.16 0.18
n 42.00 21.00
mean 3080.00 a 3768.80
mse 374.57 291.82
R2 84.00 ¢ 89.00

+ Model 1: Deciduous Forest - Ashanti - Var: Local
2: Transitional Zone - Brong Ahafo - Var: Local

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates

a,b kg/ha
c %

@ Response Function (Empirical Model-1)



Appendix B4. Model Estimates for Maize Yield Response to Fertilizer Applications—
Selected Experiments, Coastal Savannah Zone, Ghana, Major Season

Model Estimates +

Est 1 2 3 4 5
(@) - (kg/ha)- - - e ceee el
Int. 1303.00 ** 1250.00 ** 780.00 ** 1800.00 ** 1230.00 **
161.00 # 151.00 279.00 166.20 209.00
N 18.70 * 22,30 ** 28.84 * 3425 ** 17.17 *
8.15 5.77 11.48 8.04 8.64
P 35.50 ** 3533 ** 3921 * 3344 ** 37.94 =**
8.46 6.80 14.90 11.07 12.12
K 3440 * 7727 ** 32.26 28.28 23.50
15.53 19.24 23.82 16.73 19.99
N2 -0.08 -0.12 * -023 * -0.30 * -0.10
0.11 0.05 0.11 0.10 0.09
P2 -0.25 ** -0.29 ** -0.32 -0.27 ** -0.27 **
0.06 0.05 0.20 0.09 0.09
K2 -0.88 ** 221 ** -2.81 ** -1.35 ** -0.94 *
0.27 0.43 0.54 0.27 0.35
NP -0.28 *
0.12
NK -0.04 0.20 093 =** 040 * 0.15
0.20 0.16 0.30 0.20 0.23
PK -0.11 -0.34 089 * -0.18 -0.11
0.12 0.12 0.43 0.15 0.16
n 25 34 36 23 46
mean 2849 a 3193 2853 3470 2734
mse 164 b 222 408 167 298
R2 94 ¢ 93 84 95 80
+ Model Var Dobidi

1:

2: Var La Posta
3: Var Aburotia
4. Var Okomasa
5: Safita-2

*,** Significant at .05 and .01 probability levels, respectively.
# Standard error of estimates.
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix BS. Model Estimates for Maize Yield Response to Fertilizer Applications—Selected
Experiments, Deciduous Forest Zone, Ghana, Major Season

Modecl Estimates +

Est 1 2 3 4 5 6
(@ - (kg/ha)- = = me oo

Int 1400.00 ** 1050.00 ** 1350.00 ** 62500 ** 40149 **  1050.00 **
207.00 # 532.85 121.00 261.38 102.32 125.00

N 26.10 * 35.16 38.68 ** 3321 ** 1198 *+ 2467 **
9.72 21.90 4.72 10.03 2,63 5.86

P 4332 ¥+ 55.06 5226 ** 2874 * 13.52 ** 2848 **
13.58 30.21 5.68 1222 4.10 8.19
K 3797 * -36.08 26,18 * 45.57 4896 ** 20.95
20.71 57.19 10.15 25.49 9.59 12.48
N2 -0.12 -0.29 0.19 ** -0.13 -0.04 -0.12
0.12 0.25 0.04 0.07 0.02 0.07

P2 -0.18 -041 -0.27 ** -0.17 -0.17 ** -0.18 **
0.11 0.21 0.05 0.12 0.05 0.06

K2 -1.53  ** -0.19 -1.02  ** 0.18 -139  ** 095 **
0.35 1.14 0.13 0.56 0.25 0.21

NP -0.13 -0.19 -0.14 0.08 -0.02
0.18 031 0.07 0.08 0.03

NK 0.38 128 ¢ 0.17 -048 * -015 * 0.15
0.23 0.61 0.10 0.21 0.07 0.14
PK -0.19 0.32 <023 *+ -0.47 -0.17
0.17 0.45 0.06 0.25 0.11
n 46 25 176 42 84 46
mean 3768 a 3128 4012 3052 1018 2744
mse 296 b 538 373 401 253 179
R2 % c n 82 80 63 93

+ Model 1: Var Dobidi
Var Golden-Cristal
Var Okomasa

La Posta

Var Local

Var Safita-2

A oy
<
o
-

*,** Significant at .05 and .01 probability levels, respectively
# Standard crror of estimates
a,b kg/ha
c %
@ Responsc Function (Empirical Model-1)



Table B6. Model Estimates for Maize Yield Response to Fertilizer Applications—Selected
Experiments, Guinea and Sudan Savannah Zones, Ghana, Major Season

Model Estimates +

Est. 1 2 3 4
(@) - (Kg/ha) - - - -« - - eene e
Int. 1455.00 ** 1060.00 ** 330.00 ** 285.00
308.00 # 395.00 191.00 237.00
N 42.03 ** 3576 ** 14.87 ** 26.18 **
13.71 11.13 3.80 8.45
P 39.20 27.05 1948 * 20.07
25.19 41.31 8.90 13.43
K 40.61 76.38 34.27 5397 *
44.67 43.76 18.22 25.20
N2 -023 * -0.18 * -0.05 ** -0.18 *
0.08 0.07 0.02 0.06
| ) -0.58 -0.17 -0.19 * -0.22
0.44 0.93 0.09 0.11
K2 -1.47 -438 ** -0.91 -1.60 *
1.42 0.88 0.50 0.65
NP -0.83 -0.17 -0.01 0.05
0.16 0.30 0.04 0.08
NK -0.09 0.20 007 *
0.33 0.16 0.19
PK
n 36 20 50 43
mean 2945 a 2495 1416 1674
mse 501 b 394 356 414
R2 63 ¢ 87 63 69

+ Model 1: Guinea Savannah - Var Aburotia
: Guinea Savannah - Var Daobidi
Guinea Savannah - Var Local
Sudan Savannah - Var La Posta

LN

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B7. Model Estimates for Maize Yield Response to Fertilizer Applications—Selected
Experiments, Transitional Zone and High Rain Forest Zone, Ghana, Major

Season
Model Estimates +
Est 1 2 3 4 5
(@) - (Kg/ha) - - = mc e en e
Int. 904.00 * 1020.00 * 820.00 ** 610.00 ** 1036.00 **
450.00 # 460.00 296.00 153.00 75.95
N 40,29 * 4156 * 29.20 * 16.60 ** 972 **
26.34 17.21 12.30 3.28 2.52
P 30.60 * 4781 * 4094 * 2049 * 20,77 **
26.00 24.77 16.19 8.16 2.59
K 24.01 31.85 3893 * 59.78 ** 28.53 **
44.90 41.92 25.54 20.17 5.y4
N2 -0.41 -0.39 * -025 * -0.09 -0.05 *
0.41 0.17 0.13 0.20 0.02
P2 -0.47 -0.52 ** -0.51 * -0.20 * -0.15 **
0.36 0.16 0.22 0.07 0.05
K2 -1.61 220 ** 2.17 ** -2.61 ** -0.77 **
0.77 0.78 0.58 0.67 0.14
NP 0.39 -0.06 -0.04 *
0.64 0.05 0.01
NK 0.79 080 * 0.51 0.12 0.09
0.63 0.45 0.33 0.14 0.05
PK -0.26 0.22 0.73 0.09 0.19 =**
0.47 0.32 0.48 0.28 0.06
n 23 54 51 59 21
mean 3177 a 3300 3096 1485 2374
mse 454 b 657 529 316 82
R2 86 ¢ 57 76 69 98

+ Model 1: Transitional Zone - Var Okomasa

2: Transitional Zone - Var Golden-Cristal
3: Transitional Zone - Var Dobidi

4: Transitional Zone - Var Local

5

: High Rain Forest - Var Diacol-153

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B8. Model Estimates for Maize Yield Response to Fertilizer Applications—Selected
Experiments, Ghana, Short Season

Model Estimates +

Est. 1 2 3
(@ el (kg/ha)- <= = e e e e

Int. 1050.00 ** 1090.00 ** 915.00 **
223.00 # 258.00 212.00

N 28.77 ** 2625 * 27.05 =**
8.40 15.50 7.45

P 19.41 14.24 18.63 *

1141 13.19 7.68

K 31.56 37.95 4695 **
19.44 45.21 16.51

N2 -0.16 ** -027 * -022 **
0.06 0.17 0.06

P2 -0.16 * -0.21 ** -022 **
0.07 0.08 0.05

K2 -0.72 -0.45 -1.56 **
0.52 0.42 0.38
NP 0.22 0.03
0.19 0.06
NK -0.05 0.31
0.22 0.19
PK -0.18 0.29
0.16 0.19
n 47 18 57
mean 2473 a 2249 2620
mse 438 b 263 391
R2 61 ¢ 84 75

+ Model 1: Deciduous Forest Zone - Var Dobidia
2: Transitional Zone - Var Aburotia
3: Transitional Zone - Var Dobidi

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B9. Model Estimates for Sorghum Yicld Response to Fertilizer Applications—
Selected Experiments, Guinea Savannah Zone, Ghana, Major Season

Model Estimates +

Est 1 2 3 4
(@ e (kg/ha) - -« oo eeem
Int 339.00 850.00 ** 640.00 ** 765.00 **
232.00 # 188.00 84.00 76.00
N 6.71 13.51 5.36 40.23 **
7.12 11.21 2.95 345
P 1690 * 2771 * 1597 =** 39.77 =**
11.21 15.54 3.93 4.34
K 24.01 40.04 2179 * 1798 *
26.62 23.18 9.00 8.07
N2 -0.11 * -041 * -0.06 * -040 **
0.05 0.17 0.03 0.04
P2 -026 * -047 * -0.21 *= -048 **
0.14 0.22 0.05 0.06
K2 -0.99 -1.54 = -0.44 * -0.30
0.67 0.68 0.19 0.17
NP 0.08 0.09 -0.05
0.07 . 0.21 0.02
NK 0.12 0.49 0.05 -0.11
0.16 0.33 0.06 0.07
PK 0.19 0.32 -0.03
0.27 0.38 0.09
n 21 15 19 26
mean 745 a 1527 1067 2103
mse 232 b 188 84 76
R2 64 ¢ 89 88 98

+ Model 1: Var Framida
2: Var IRAT-204
3: Var Local
4: Var Naga

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B10. Model Estimates for Sorghum Yield Response to Fertilizer Applications—
Selected Experiments, Sudan Savannah Zone, Ghana, Major Season

Model Estimates +

Est. 1 2 3 4
(@) e (kg/ha) - - - evveai

Int. 507.00 ** 907.00 * 480.00 ** 715.00 **
183.00 # 311.00 123.00 50.00

N 2135 * 18.84 6.02 3898 **
10.88 18.53 433 2.96

P 37.14 = 31.95 17.30 ** 45.61 **
15.09 25.69 5.78 3.57

K 41.80 32.16 3485 * 22,10 **
22.50 38.30 13.21 547

N2 -0.54 == -0.51 * -0.07 * -044 **
0.16 0.28 0.04 0.04

P2 -052 +* -0.59 -0.21 ** -0.56 **
0.22 0.38 0.05 0.05

K2 -144 = -1.43 -0.68 * -0.40 **
0.66 1.13 0.29 0.13

NP 0.24 0.24 -0.05
0.20 0.35 0.04

NK 0.45 0.44 0.05 -0.03
0.32 0.55 0.09 0.07
PK 0.27 0.04 -0.05
0.62 0.11 0.07
n 40 15 19 42
mean 1424 a 1570 1063 2206
mse 259 b 311 123 71
R2 80 ¢ 79 83 98

+ Model 1: Var Framida
2: Var IRAT-204
3: Var Local
4: Var Naga

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates

a,b kg/ha
¢ %

@ Response Function (Empirical Model-1)



Appendix B11. Model Estimates for Millet Yield Response to Fertilizer Applications—
Selected Experiments, Ghana, Major Season

Model Estimates +

Est. 1 2 3 4
(@) e (kg/ha) < = === e ee e
Int. 264.00 460.00 ** 325.00 * 274.00
178.00 # 105.00 120.00 167.00
N 11.06 25.64 ** 9.88 2578 *
10.61 6.29 7.14 9.93
P 2484 = 2082 * 2520 ** 3562 *
14.70 8.72 9.01 13.77
K 6.17 19.75 * 4.00 26.06
14.62 8.66 9.14 0.14
N2 -0.20 -0.39 ** -0.17 -041 *
0.16 0.09 0.10 0.15
P2 -036 * -0.38 * -0.36 * -044 *
0.21 0.13 0.14 0.20
K2 -0.12 -0.36 * -0.11 -0.40
0.29 0.17 0.13 0.27
NP 0.05 0.08 0.03
0.19 0.12 0.12
NK -0.04 0.10
0.11 0.19
PK 0.06 -0.06
0.14 0.22
n 15 15 21 15
mean 687 a 1277 585 1297
mse : 178 b 105 132 167
R2 78 ¢ 97 81 94

+ Model 1: Guinea Savannah Zone - Var Local
2: Guinea Savannah Zone - Var Manga
3. Transiticnal Zone - Var Local
4: Sudan Savannah Zone - Var Manga

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B12. Model Estimates for Rice Upland Crop Response to Fertilizer Applications—
Selected Experiments in Ghana

Model Estimates +

Est 1 2 3 4
(@) e (Kg/ha)- - <<= mcmm e
Int 815.00 ** 636.00 * 200.00 150.00
188.00 # 166.00 408.00 362.00
N 3771 ** 2164 * 64.22 ** 5729 **

942 9.91 20.37 18.10
P 31.02 ** 5.16 45.16 * 29.81
9.63 13.73 20.82 18.50

K 4047 ** 5780 * 48.46 51.63 *
12.65 20.50 27.35 24.31

N2 -035 ** -0.21 -0.54 * -047 *
0.08 0.14 0.19 0.17
P2 -046 ** -0.32 -0.33 -0.17
0.09 0.20 0.18 0.16

K2 -0.93 ** -139 * -0.88 * -0.88 *
0.20 0.61 0.44 0.39
NP -0.05 -0.06 -0.05 -0.20
0.07 0.18 0.16 0.15
NK 0.09 -0.08 0.08 0.13
0.12 0.29 0.26 0.24
PK 042 ** 0.49 0.08
0.12 0.33 0.24
n 21 15 31 21
mean 2316 a 1336 2933 2605
mse 208 b 166 451 401
R2 93 ¢ 88 87 86

+ Model 1: Guinea Savannah Zone - Var 165
2: Guinea Savannah Zone - Var Local
3: Guinea Savannah Zone - Var ROK3
4: Sudan Savannah Zone - Var ROCK3

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B13. Model Estimates for Rice Lowland Crop Response to Fertilizer
Applications—Selected Experiments in Ghana

Model Estimates +

Est. 1 2 3 4 5
(@) - (kg/a)- - - e
Int 1048.00 630.00 1281.00 ** 430.00 833.00 **
260.00 # 184.00 266.00 665.00 122.00
N 55.42 * 46.19 68.51 ** 73.99 == 21.54 *+
11.59 8.20 8.82 22.00 3.98
P 55.34 69.28 22,25 58.61 20.17 =
33.87 23.97 25.11 62.67 8.36
K 101.00 * 99.67 90.65 ** 93.92 68.77 **
29.44 20.84 26.36 65.79 12.67
N2 -0.50 -0.30 -0.33 ** -043 ** -0.20 **
0.13 0.09 0.05 0.13 0.03
P2 -2.29 -1.55 -0.68 -1.27 -0.32 **
0.70 0.49 0.50 1.26 0.11
K2 236 * -1.75 230 ** 333 * -1.37 **
0.32 0.23 0.61 1.51 0.27
NP 0.71 0.17 -0.33 0.04
0.32 0.23 0.37 0.06
NK 0.08 -0.08 -0.17 0.59 0.07
0.17 0.12 0.18 0.46 0.08
PK 1.18 0.45 0.21 0.63 0.11
0.77 0.54 0.57 143 0.13
n 32 32 39 39 47
mean 3229 a 3091 4203 3647 2193
mse 260 b 184 287 717 122
R2 98 ¢ 98 96 84 94
+ Model 1: Coastal Savannah Zone - Var IR 442
2: Deciduous Forest - Var IR 442
3: Guinea Savannah Zone - Var IR 20
4: Transitional Zone - Var IR 20
5: Transitional Zone - Var Local

X %X

»** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates

a,b kg/ha
c %

@ Response Function (Empirical Model-1)



Appendix B14. Model Estimates for Groundnut Response to Fertilizer Applications—Selected
Experiments, Interior Savannah, Ghana, Major Season

Model Estimates +

Est 1 2 3 4 5 6
(@)  +-mmrrrree e (Kg/ha)- - - -+ = s s
Int. 200.00 432.00 ** 302.00 * 199.00 368.00 **  330.00 *
254.00 +# 103.00 79.43 166.00 118.00 112.00
N -12.39 2788 * 12.29 -3.54 10.01 12.10
17.39 11,91 9.09 11.38 8.11 8.38
P 3331 * 7.55 930 * 1998 * 3428 *» 14.89 *
18.81 547 4.18 12.31 8.77 7.04
K 2627 * 53.59 =** 2723 * 1825 * 8.63 8.84
12.78 15.20 11.61 8.37 5.96 5.50
N2 -0.12 -073 * -0.36 -0.14 -0.07 -032 *
0.18 0.31 0.24 0.12 0.09 0.15
P2 -0.57 ** -0.11 -0.13 * -0.30 ** -0.28 ** -0.25 **
0.17 0.06 0.04 0.11 0.08 0.08
K2 -0.37 * -1.65 * -0.80 -0.24 * -0.07 -0.15 *
0.15 0.53 041 0.10 0.07 0.06
NP 0.11 0.17 -0.08
0.16 0.12 0.07
NK 0.22 -0.23 -0.42 0.15 -0.06 0.09
0.19 0.36 0.28 0.13 0.09 0.09
PK 0.18 0.20 0.14 0.09 -0.06 0.08
0.2 0.17 0.13 0.13 0.10 0.06
n 31 25 25 42 31 31
mean 669 a 1029 653 628 1151 651
mse 254 b 103 79 235 119 112
R2 75 ¢ 95 94 50 90 81

+ Model 1: Guinea Savannah Zone - Var Chinese
Model 2: Guinea Savannah Zone - Var Kumawu
Model 3: Guinea Savannah Zone - Var Local
Model 4: Sudan Savannah Zone - Var Chinese
Model 5: Sudan Savannah Zone - Var Chitowchi
Model 6: Sudan Savannah Zone - Var Manipintar

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B15.

Model Estimates for Groundnut Response to Fertilizer Applications—Selected
Experiments, Deciduous Forest and Transitional Zones, Ghana, Major Season

Model Estimates +

Est. 1 2 3 4
() (. R

Int. 795.00 ** 532.00 ** 484.00 ** 480.00 *
133.00 # 167.00 76.90 129.00
N 50.80 ** 36.01 ** 25,07 * 6.67
12.51 10.89 8.84 7.40
P 8.99 10.16 * 13.74 * 10.51
7.11 7.10 4.09 7.82

K 2738 * 2145 ** 20.57 * 12.68 *
11.94 8.76 5.75 6.20

N2 <142 *= -0.56 ** -091 = -0.27 *
0.22 0.15 0.23 0.10
P2 -0.11 -0.09 -0.08 -0.17
0.07 0.07 0.04 0.09

K2 -0.79 *= -025 * -0.80 -0.15 *
0.25 0.09 -0.05 0.06
NP 0.14 -0.18 0.11 0.09
0.11 0.13 0.12 0.07

NK 0.55 0.10 0.31 0.16 *
0.22 0.16 0.14 0.06

PK -0.08 -0.04
0.12 0.06

n 31 73 25 31
mean 1389 a 1281 1175 962
mse 147 b 383 76 129
R2 90 ¢ 46 97 76

+ Model 1: Deciduous Forest Zone - Var Kumawu

Model 2: Deciduous Forest Zone - Var Manipintar
Model 3: Deciduous Forest Zone - Var Natal Red

Model 4. Transitional Zone - Var Manipintar

*,** Significant at .05 and .01 probability levels, respectively

# Standard error of estimates

a,b kg/ha
c %

@ Response Function (Empirical Model-1)



Appendix B16. Model Estimates for Cowpea Response to Fertilizer Applications—Selected
Experiments, Deciduous Forest, Ghana, Major Season

Model Estimates +

Est. 1 2 3 4 5 6
(@) +oeemee (Kg/ha) = - === e e e e e e
Int. 465.00 * 485.00 *  325.00 ** 210.00 * 463.00 *= 514.00 =**
149.00 # 156.00 98.00 68.90 123.00 121.00
N 7.49 17.18 7.65 -3.24 5.16 7.73
9.79 12.68 6.38 3.12 5.67 11.46
P 24.19 * 27.64 * 1197 * 1148 =** 24.61 ** 36.01 **
9.40 9.64 6.20 3.65 6.63 10.25
K 18.45 38.32 2344 * 7.02 3032 = 3298 *
32.60 32.47 8.76 1.36 13.37 13.75
N2 -0.08 -0.27 -0.17 -0.01 -0.09 -0.58 *
0.09 0.19 0.10 0.03 0.06 0.24
P2 -027 * -0.31 * -0.15 * -0.12 ** -0.33 ** -0.51 *
0.12 0.13 0.06 0.04 0.06 0.17
K2 -1.07 -2.84 -0.39 * -0.24 -0.88 * -0.88 *
1.53 1.59 0.19 0.17 0.31 0.38
NP -0.03 -0.13 0.05 0.15
0.09 0.14 0.07 0.25
NK -0.24 -0.16 0.02 0.08 -0.08 0.46
0.36 0.55 0.13 0.06 0.11 0.27
PK 0.46 -0.02 0.19
0.49 0.09 0.15
n 29 25 29 31 31 25
mean 801 a 955 782 304 893 1219
mse 172 b 168 99 68 123 121
R2 80 ¢ 92 84 77 90 94
+ Model 1: Deciduous Forest Zone - Var Amantin
Model 2: Deciduous Forest Zone - Var Asontem
Model 3: Deciduous Forest Zone - Var Ejura-Red
Model 4: Deciduous Forest Zone - Var Local
Mocdel 5: Deciduous Forest Zone - Var Soronko
Model 6: Deciduous Forest Zone - Var Vallenga
*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
a,b kg/ha
c %

@ Response Function (Empirical Model-1)



Appendix B17. Model Estimates for Cowpea Response to Fertilizer Applications—Selected
Experiments, Interior Savannah and Transitional Zones, Ghana, Major Season

Model Estimates +

Est. 1 2 3 4 5 6
(@) < (Kg/ha)- - - e e mm e
Int. 704.00 ** 32600 * 39100 * 617.00 * 470.00 ** 44300 *
108.00 # 166.00 150.00 208.0 96.00 120.00
N 21.00 * 24.20 11.53 16.40 1453 * 14.91
8.80 14.07 9.85 16.86 8.30 9.70
P 30.99 =** 23.62 * 26.88 * 20.32 22.80 ** 2449 *
6.69 9.57 9.45 12.82 5.79 7.38
K 29.82 22.99 21.70 53.90 27.60 * 26.87
22.54 17.10 32.78 43.18 10.08 24.84
N2 -0.31 * -0.52 -0.16 -0.14 -0.46 * -0.20
0.13 0.30 0.09 0.25 0.18 0.15
P2 -0.37 ** -0.18 -0.38 * -0.22 -0.17 ** -027 *
0.09 0.09 0.13 0.18 0.06 0.10
K2 257 * -0.51 -3.61 * -2.48 -0.64 * -2.06
1.10 0.41 1.54 2.11 0.25 1.21
NP -0.06 -0.11 -0.12 -0.10 -0.09
0.09 0.18 0.19 0.11 0.11
NK -091 * 0.22 -0.66 0.35 -0.25
0.38 0.36 0.73 0.21 0.42
PK 0.61 * 0.67 -0.08 0.32
0.35 0.44 0.12 0.38
n 40 26 29 25 41 25
mean 996 a 1118 774 982 1165 847
mse 166 b 166 173 223 135 128
R2 92 ¢ 90 83 85 85 93

+ Model 1: Guinea Savannah Zone - Var Amantin
Model 2: Guinea Savannah Zone - Var Vallenga
Model 3: Transitional Zone - Var Amantin
Model 4: Transitional Zone - Var Asontem
Model 5: Transitional Zone - Var Vallenga
Model 6: Sudan Savannah Zone - Var Asontem

*,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates
ab kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B18. Model Estimates for Soybean Response to Fertilizer Applications—Selected
Experiments, Ghana, Major Season

Model Estimates +

Est. 1 2 3 4 5
(@) < (Kg/ha) - - -+ x v e
Int. 823.00 ** 564.00 * 418.00 ** 584.00 ** 680.00 **
99.79 # 94.00 52.37 70.67 132.00
N 15.80 * 10.02 15.49 ** 21.62 * 29.16 *
6.28 9.45 3.29 7.06 13.28
P 3485 ** 40,13 ** 13.56 ** 18.86 * 20.67
4.43 7.93 2.32 5.93 11.15
K 2.88 40.84 * 871 * 2446 * 28.79
6.28 11.18 3.29 8.36 15.72
N2 -0.19 -0.34 -0.23 ** -0.73 ** -0.58
0.13 0.23 0.07 0.17 0.33
P2 -0.34 ** -048 ** -0.11 ** -023 * -0.19
0.06 0.10 0.03 0.08 0.14
K2 -0.12 -0.63 -0.24 ** -0.45 -0.45
0.13 0.31 0.07 0.24 0.45
NP 0.15 * 0.23 -0.13 ** 0.22
0.07 0.15 0.04 0.11
NK -0.03 -0.18 -0.31
0.09 0.27 0.31
PK -0.26 -0.03 -0.17
0.16 0.03 0.12
n 46 25 36 25 25
mean 1448 a 1519 724 1123 1250
mse 152 b 94 80 71 132
R2 84 ¢ 97 78 97 92

+ Model 1: Deciduous Forest Zone - Var Davis
Decidious Forest Zone - Var Jupiter
Deciduous Forest Zone - Var Local
Guinea Savannah Zone - Var Jupiter
Transitional Zone - Var Jupiter

Model 2:
Model 3:
Model 4:
Model 5:

* X%

,** Significant at .05 and .01 probability levels, respectively
# Standard error of estimates

a,b kg/ha
c %

@ Response Function (Empirical Model-1)



Appendix B20. Model Estimates for Cotton Yicld Response to Fertilizer Arplications—
Selected Experiments, Ghana, Major Season

Model Estimates +

Est. 1 2 3 4
(@) - (Kg/ha) - -+« < me e
Int 310.00 ** 492.00 ** 519.00 ** 463.00 **
94,58 # 86.78 54.15 112.60

N 17.18 ** 2481 ** 10.96 ** 15,775 *=*
5.22 4.86 2.74 6.28

P 1124 * 16.65 ** 5.32 1898 **
5.51 4.93 3.28 6.40

K -1.78 1495 ** 1.59 -0.40
4.64 433 2.64 5.49

N2 -0.14 * -021 ** -0.05 -0.13 *
0.06 0.05 0.03 0.06

P2 -0.10 * -0.21 * -0.15 -0.15 *
0.05 0.05 0.07 0.07

K2 -0.05 -0.13 * 0.03 -0.05
0.06 0.95 0.03 0.06

NP -0.07 0.10 * 0.07
0.06 0.04 0.05

NK 0.06 -0.09 -0.06 0.06
0.06 0.05 0.04 0.06

PK -0.06
0.05

n 25 41 31 63

mean 819 a 1546 1079 1080

mse 101 b 134 66 216

R2 82 ¢ 89 95 46

+ Model 1: Coastal Savannah Zone - Var Allen 333
Model 2: Deciduous Forest Zone - Var Allen 333
Model 3: Deciduous Forest Zone - Var Local
Model 4: Transitional Zone - Var Allen 333

*,** Significant at .05 and .01 probability levels, respectively

# Standard error of estimates
a,b kg/ha
c %
@ Response Function (Empirical Model-1)



Appendix B19. Model Estimates for Bambara Beans’ Response to Fettilizer Applications—
Selected Experiments, Ghana, Major Season

Model Estimates

Estimates 1 2
@ e (kg/ha) - - - - - - wmene
Int. 15033 * 174.00
7343 # 132.00
N -0.54 -0.21
4.01 7.22
P 18.06 ** 14.30
6.24 11.23
K 18.56 ** 17.14
5.53 9.96
N2 -0.06 -0.03
0.03 0.06
P2 -0.30 ** -0.28 *
0.06 0.12
K2 -0.35 ** -0.31
0.10 0.18
NP -0.02
0.04
NK 0.08
0.07
n 63.00 21.00
mean 449.00 a 465.00
mse 127.00 b 132.00
R2 66.00 ¢ 66.00

+ Model 1: Deciduous Forest Zone - Var Local
Model 2: Sudan Savannah Zone - Var Local

*,** Significant at .05 and .01 probability levels, respectively

# Standard error of estimates

a,b kg/ha
c %

@ Response Function (Empirical Model-1)
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Figure 1.

Agricultural Districts and Agroecological Regions—Country: Ghana.
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Figure 2. Soils of Ghana—FAO/UNESCO Soil Classification.
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Figure 4. Soil Suitability Map for Food Production in Ghana.
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Figure 6. Estimated Nutrient Balance for 1989 Cropping Season in Ghana and Projected
NPK Applications During 1995.
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