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ABSTRACT 

Most farmers in the Northern Region of Ghana are unaware of other NPK formulations such as 

NPK 20-10-10, 20-20-20, 17-17-17, 23-10-10 and 23-10-5 but the most commonly used one is 

NPK 15-15-15. Pot and field experiments were set-up at the University for Development 

Studies (UDS) in the Guinea Savanna Zone of Ghana from January to April (Dry season) and 

June to October (Rainy season) respectively, to study the growth and yield response of maize to 

the application of NPK fertilizer formulations. In both pot (Experiment I) and field (Experiment 

II) studies, 4 x 4 factorial experiments were laid out in Randomized Complete Block Design 

(RCBD) with four replications. The sixteen treatments were made up of four NPK formulations; 

15-15-15, 23-10-5, 23-10-10 and 20-10- 10, each applied at four rates; 0, 350, 375 and 400 

kg/ha where 0 kg/ha was the control. Vegetative growth and yield parameters of maize were 

measured in both experiments. With all the parameters, application at 375 and 400 kg NPK/ha 

recorded the best performance in respect to the fertilizer formulations, and at all instances did 

not differ significantly from each other. Grain yield highly correlated positively with 

chlorophyll content, leaf area, stem girth, cob length, cob weight, stover weight, number of 

seeds per cob and thousand seed weight. Result for cost benefit analysis revealed that all control 

plots recorded losses, whiles all treated plots recorded profits. The application at 375 kg/ha 

maximised the most profit in all fertilizer formulations, except for NPK 23-10-10, where 

maximum return was achieved by application at 400 kg/ha. Among various formulations, NPK 

15-15-15 recorded the highest average return, followed by 23-10-5, 20-10-10 and 23-10-10. The 

study recommends that irrespective of NPK fertilizer formulation, application at 375 kg/ha is 

recommended in maize production for maximum grain yield and profit; but for application at 

350 kg/ha, 23-10-10 NPK is recommended for optimum yield and profit. Also based on 

accessibility and affordability, NPK ISIS-IS is highly recommended among the various 

formulations.  
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INTRODUCTION  

1.1 Background  

 

Maize (Zea mays L.) is a member of the Poaceae family and it is among the 

popular cereal crops with high yielding potential (Jaliya et al., 2008). Maize is 

primarily grown for the grain which is used for food but the crop is also cultivated 

for fodder especially in developed countries (Badu-Apraku et al., 2003). Maize 

grain is a major source of feed for poultry and livestock across the globe (Morris 

et al., 1999). Maize grain is nutritionally enriched, containing 72% starch, 10% 

protein, 4.8% oil, 8.5% fibre, 3.0% sugar and l.7% ash (Chaudhary, 1983), with 

the endosperm containing approximately 80% carbohydrates, 20% fat and 25% 

minerals; whiles the embryo contains about 80% fat, 75% minerals and 20% 

protein found in the kernel (Van Kempen et al., 2003).  

Maize is the largest staple crop in Ghana and contributes significantly to 

consumer diets (F AO, 2008). It is the number one crop in terms of area planted 

and accounts for 50-60% of total cereal production (MoF A, 2000). Additionally, 

maize represents the second largest commodity crop in the country after cocoa 

and it is one of the most important crops for Ghana's agricultural sector and for 

food security. Utilization of maize varies among people in different parts of the 

world. It is consumed indirectly as secondary produce, mainly in meat, eggs and 

dairy products in developed countries (DARSA, 2003). In developing countries, 

maize  
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is consumed directly and serves as staple diet for some 200 million people (Morris et 01., 

1999; DARSA, 2003). Most people regard maize as a breakfast cereal. However, in a 

processed form it is also found as fuel (ethanol) and starch. Starch in turn involves 

enzymatic conversion into products such as sorbitol, dextrine, sorbic and lactic acid, and 

appears in household items such as beer, ice cream, syrup, shoe polish, glue, fireworks, ink, 

batteries, mustard, cosmetics, aspirin and paint (Du Plessis, 2003).  

Successful maize production depends on correct application of production inputs that will 

sustain the environment as well as agricultural production. Keen among these inputs is 

fertilization. Maize is a heavy feeder, particularly of nitrogen, phosphorus, and potassium; 

and requires adequate and balanced supply of these nutrients to attain optimum yield 

(Adediran and Banjoko, 2003). The assimilation of nitrogen, phosphorus and potassium 

reaches a peak during flowering. At maturity, the total nutrient uptake of a single maize 

plant is approximately 8.7 g of nitrogen, 5.1 g of phosphorus and 4.0 g of potassium (FAO, 

2005). Each ton of grain produced removes 15.0 to 18.0 kg of nitrogen, 2.5 to 3.0 kg of 

phosphorus and 3.0 to 4.0 kg of potassium from the soil (FAO, 2005).  

1.2 Problem statement  

Food security is an urgent global issue (Jain, 2010). World population is 

expected to grow by over 2.3 billion between 2009 and 2050. Nearly all of this 

growth is forecast to take place in the developing countries, among which sub-

Saharan Africa's population would grow the fastest (+114 percent) (pinstrup-

Aderesen,  
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2002; FAO, 2009). The need to produce more food and fibre to feed a growing 

population is challenged with a multiplicity of factors.  

Eighty percent (80%) of the growth in crop production in developing countries is 

expected to come from higher yields and increased cropping intensity, with the remainder 

coming from land expansion (Kabat, 2013). Arable land expansion of about 120 million 

in developing countries faces competition for other infrastructure development and 

expansion. With limited land resources, the impact of continuous cultivation has 

contributed adversely to the rapid depletion and imbalances of soil plant nutrients. Several 

decades of nutrient depletion has transformed the originally fertile arable lands that 

yielded 2 to 4 t/ha of cereal grain, into infertile ones where cereal crops yields of less than 

1 t/ha are common (Bekunda et 01., 1997). Low soil fertility has been identified as one of 

the major biophysical constraints adversely affecting maize production in the tropics 

(Sanchez et 01., 1997).  

According to Adesina et a1. (1997) though there is increase in the production of fertilizer 

in Sub- Saharan Africa, crop yield is still not high. Therefore, it is glaring that high 

productivity is the function of the use of new innovations like fertilizer technology. 

Although 95% of farmers in Ghana are aware of inorganic fertilizer, 47% have used it in 

the last 2 years (AGRA, 2010). The most common fertilizers reported in the study area 

were sulfate of ammonia and NPK 15:15:15, according to 38% of the farmers. The only 

other fertilizer reported by more than 5% of farmers in the study area was urea. Farmers, 

however, are unaware of the NPK  
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formulations such as NPK 20-10-10,20-20-20, 17-17-17, 23-10-10 and 23-10-5 (AGRA, 

2010).  

 

1.3 Justification  

The projected trends in population growth will mean that market demand for food would 

continue to grow (Jain, 2010). Demand for cereals as human food and animal feed, is 

projected to reach some 3 billion tons by 2050 (HEF, 2009). This implies significant 

increases in the production of several key commodities. Annual cereal production, for 

instance, would have to grow by almost one billion tons, 72% of which is expected to 

come from developing countries, up from the 58% today (HEF, 2009).  

The low fertility status of most tropical soils hindered maize production because maize 

has a strong exhausting effect on the soil. According to Adediran and Banjoko (2003), 

maize fails to produce good grain in the absence of adequate nutrients. Inorganic 

fertilizers exert strong influence on plant growth, development and yield (Stefano et al., 

2004). The availability of sufficient growth nutrients from inorganic fertilizers lead to 

improved cell activities, enhanced cell multiplication and enlargement and luxuriant 

growth (Fashina et al., 2002). Luxuriant growth resulting from fertilizer application leads 

to larger dry matter production (Obi et al., 2005), owing to better utilization of solar 

radiation and more nutrient (Saeed et al., 2001).  

With the introduction of new and high yielding crop varieties, soil nutrient mining will 

be on the increase when mineral fertilizer additions are absent or not in  
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adequate amounts. Safo et al (1998) noted that, for most crops, the best fertilizer type, 

rate and time of application are not known and that this constitutes a constraint to the 

use of mineral fertilizer. They also noted that mineral fertilizers are not used because of 

their high cost, suggesting that mineral fertilizers should be included in fertilizer trials 

as those may be more financially acceptable to producers.  

1.4 Objective  

The objectives of this study were to determine;  

 Growth and yield response of maize to NPK fertilizer formulations and application rates  

 Most suitable NPK fertilizer formulations for improved growth and yield of maize in 

the Guinea savanna zone of Ghana  

 Most appropriate NPK rate for improved growth and yield of maize in the Guinea 

savanna zone of Ghana  

 The most economical NPK fertilizer formulation and application rate.  
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2.1 Origin and botany of maize  

There are numerous theories as to the ancestors of modem com and many scientific articles 

and books have been written on the subject. According to Galinat (1995) it is widely 

accepted that maize was domesticated from its ancestor teosinte (Zea mexicana), though 

several authors have diverse opinions as to whether it is actually so. Evidence suggests that 

cultivated com arose through natural crossings, perhaps first with gamagrass to yield 

teosinte and then possibly with backcrossing of teosinte to primitive maize to produce 

modem races. Com is perhaps the most completely domesticated of all field crops. Its 

perpetuation for centuries has depended wholly on the care of man. It could not have 

existed as a wild plant in its present form.  

Although maize is indigenous to the western hemisphere, its exact place of origin is far less 

certain. Archeological evidence of com's early presence in the western hemisphere was 

identified from com pollen grain considered to be 80,000 years old obtained from drill cores 

200 feet below Mexico City (Oladejo and Adetunji, 2012). Another archeological study of 

the bat caves in New Mexico revealed com cobs that were 5,600 years old by radiocarbon 

determination. Most historians believe com was domesticated in the Tehuacan Valley of 

Mexico. The original wild form has long been extinct (Oladejo and Adetunji, 2012).  

CHAPTER TWO  

LITERATURE REVIEW  
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Maize plant is often 2.5 m in height, though some natural strains can grow 12 m. The 

stem is commonly composed of 20 internodes which are 18 cm in length (Karl, 2013). A 

leaf grows from each node, which is generally 9 cm in width and 120 cm in length 

(Stevenson and Goodman, 1972). Maize can form 8-20 leaves which are usually 

arranged spirally on the stem in two opposite rows. Its leaf is typical of the grasses, 

consisting of a sheath, ligules, auricles and a blade. The leaf blade is distinctively 

conspicuous, long, narrow, undulating and tapers towards the tip and is glabrous to 

hairy. The plant has a fine root system that grows profusely. Total root length, excluding 

the root hairs, can reach 1.5 m under optimal conditions.  

 

The female inflorescence (ear) is enclosed by bracts and the silk (Hitchcock and Chase, 

1971). The silk of the flowers at the bottom appear first and before those on the upper 

part of the ear. The silk remains receptive to pollen for approximately three weeks; its 

receptivity however, decreases after the tenth day.  

2.2 Production  

Maize is the largest staple crop in Ghana and contributes significantly to consumer diets. 

It is the number one crop in terms of area planted and accounts for 50-60% of total 

cereal production followed by paddy rice (23%), sorghum (13%) and millet (9%). 

Additionally, maize represents the second largest commodity crop in the country after 

cocoa. Maize is the most important cereal crop on the domestic market in Ghana, 

however, it is the 7th largest agricultural commodity in terms of value of production 

over the period 2005-2010 accounting for 3.3% of total  
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agricultural production value (FAOSTAT, 2006). Maize is also an important component 

of poultry feed and to a lesser extent the livestock feed sector as well as a substitute for 

the brewing industry.  

 

Maize production in Ghana is currently dominated by smallholder farmers who rely 

mostly on rain fed conditions with limited use of improved seeds, fertilizer, 

mechanisation, and post-harvest facilities. As a result, average yields in Ghana are well 

below attainable levels and post-harvest losses are high. Maize yields in Ghana average 

approximately 1.5 Mt/ha though the Ministry of Food and Agriculture in 2009 recorded 

an average yield of 1.9 Mt/ha which was still below an estimated achievable yield of 

around 2.5 to 4 Mt/ha (MoF A, 2009). However, yields as high as 5.0-5.5 Mt/ha have 

been realized by farmers using improved seeds, fertilizer, mechanisation and irrigation.  

2.3 Climate and soil requirements  

Maize is a warm weather crop and is not grown in areas where the mean daily 

temperature is less than 19 DC or where the mean of the summer months is less than 

23DC. According to Fageria et al (1997) maize does well within a temperature range of 

21-300C. Minimum temperature for germination is 12 DC. Germination will, however, 

be faster and less variable at soil temperatures of 16 to 18 DC (Belfield and Brown, 

2008). At 20 DC, maize should emerge within five to six days. The critical temperature 

detrimentally affecting yield is approximately 32 DC. Frost can damage maize at all 

growth stages and a frost-free period of 120 to 140 days is required to prevent damage. 

While the growth point is below the soil  
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surface, new leaves will form and frost damage will not be too serious. Leaves of mature 

plants are easily damaged by frost and grain filling can be adversely affected. 

Approximately 10 to 16 kg of grain are produced for every millimeter of water used. A 

yield of 3152 kg/ha requires between 350 and 450 mm of rain per annum. At maturity, 

each plant will have used 250 litres of water in the absence of moisture stress (Belfield 

and Brown, 2008).  

 

Maize thrives in well drained sandy loam soil with a pH of 5.7-7.5 and 500-800 mm of 

rainfall evenly distributed throughout the growing season for good yield. The most 

suitable soil for maize is one with a good effective depth, favourable morphological 

properties, good internal drainage, an optimal moisture regime, sufficient and balanced 

quantities of plant nutrients and chemical properties that are favourable specifically for 

maize production (paliwal et al., 2000). Although large-scale maize production takes 

place on soils with a clay content of less than 10% (sandy soils) or in excess of 30% (clay 

and clay-loam soils), the texture classes between 10 and 30% have air and moisture 

regimes that are optimal for healthy maize production (paliwal et al., 2000).  

Maize can be grown on a wide variety of soils, but performs best on well-drained, well-

aerated, deep warm loams and silt loams containing adequate organic matter and well 

supplied with available nutrients (Paliwal et al, 2000). Although it grows on a wide range 

of soils, it does not yield well on poor sandy soils, except with heavy application of 

fertilizers. On heavy clay soils, deep cultivation and ridging is necessary to improve 

drainage. Maize is suited for off-season cropping in swamps provided drainage is 

adequate though planting in swamps is not always  
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Recommended for environmental reasons. It does not tolerate water logging; it can be 

killed if it stands in water for as long as two days. 

Maize can be grown successfully on soils with a pH of 5.0 - 7.0 but a moderately acid 

environment of pH 6.0 - 7.0 is optimum (Benneh et a1., 1990). Outside the range results in 

nutrient deficiency and mineral toxicity. Liming is required for good yields on more acid 

soils. Maize has a high nitrogen requirement; and high yields of maize make a heavy drain 

on soil nutrients. High yields are obtained from optimum plant population with appropriate 

soil fertility, and adequate soil moisture. Where possible, it is advisable to have soils 

routinely analysed in order to know the characteristics of the soils and to get advice on 

how to improve soil fertility and/or correct soil pH for optimum maize production.  

Low organic carbon(<1.5%), total nitrogen (<0.2 %), exchangeable potassium (<100 

mg/kg) and available phosphorus (<10 ppm) are characteristics of soils in the major maize 

production areas in Ghana (Adu, 1995; Benneh et a1., 1990). Large proportions of the soil 

are also shallow and contain iron and manganese at high concentrations (Adu, 1969). 

These shortcomings together with poor soil fertility management, is a major constraint to 

maize production in the country.  

2.4 The Ghanaian soil  

Relative to other continents in the world, most of the soils in Sub-Saharan Africa (SSA) 

are naturally not very fertile (Kolawole and Joyce, 2009). They are typically low in 

available nitrogen and commonly deficient in sulphur, magnesium and zinc (Grant, 1981). 

Additionally, they are heavily leached, with high acidity  
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The soils of Ghana are highly weathered with predominantly light textured surface 

horizons in which sandy loams and loams are the common textural classes (FAO, 

2006). The lower soil horizons have relatively heavier textures varying from coarse 

sandy clay loams/sandy loams to clays. Heavier textured soils are normally 

abundant in the valley bottoms, which are ideal for rice cultivation (FAO, 2006). 

The B-horizons - subsurface horizons showing features of accumulation or 

significant alterations - may contain abundant coarse material either as gravel or 

stone/concretionary materials. The coarse nature of the soils has an adverse impact 

on their physical properties, particularly their water holding capacity. Thus crop 

water stress is not uncommon during the growing season.  

Nutrient input and output balances are very essential for maintaining balances in soil 

nutrient (Buri et al., 2008). Considerably more plant nutrients are being removed and 

lost than are being applied, with a consequent progressive impoverishment of soils. 

Traditional, soil exhausting cultivation practices are still used extensively (Gerner et 

al., 1995). According to FAO (2004a) almost all the crop balances in Ghana show a 

nutrient deficit (the difference between the  

11  

(pH<5.5), low amount of soil organic matter and cation exchange capacity (Alwis, 

1995). In addition to chronic macronutrient deficiencies, micronutrients such as zinc 

and boron are reportedly limited at site subjected to continuous cropping (Wendt et 

al., 1995). Physically, SSA soils are low in soil organic matter coupled with poor 

land cover resulting in poor soil structure, root depth and subsequent susceptibility to 

periodic soil erosion.  
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quantities of plant nutrients applied and the quantities removed or lost). This represents 

a loss of potential yield and progressive soil impoverishment.  

2.5 Economic importance  

Maize is the third most important cereal grain in the world after wheat and rice, 

providing nutrients for humans and animals (IITA, 2009). Maize is an important food in 

Asia, Africa, Latin America, and parts of the former Soviet Union (Adetiminrin et al., 

2008). Each country has one or more maize dishes that are unique to its culture; ogi 

(Nigeria), kenkey (Ghana), koga (Cameroon), to (Mali), injera (Ethiopia), and ugali 

(Kenya). Most of these products are processed in traditional ways. In Africa, ground 

maize is cooked into a paste or mush and eaten while still warm, accompanied by a thick 

low-alcoholic beer. In some areas of Africa, maize mush is fried or baked. In Central 

and Latin America, maize is consumed in the form of maize bread or tortillas. It is also 

used as animal feed and raw material for industrial use. In industrialised countries, a 

larger proportion of the grain is used as livestock feed and as industrial raw material for 

food and nonfood uses. On the other hand, the bulk of maize produced in developing 

countries is used as human food, although its use as animal feed is currently on the rise 

(IITA, 2009). It also serves as a basic raw material for the production of starch, oil, 

protein, alcoholic beverages, food sweeteners, and fuel. Maize has the highest average 

yield per hectare among the cereals (Morris, 2002).  

Maize constitute a major staple food in Ghana especially in the savanna agroecological 

zone where it is even replacing sorghum and millet which were the major staples some 

years ago (Quarrie et al., 1999). Domestic maize production  
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seems to be meeting the local demand for human consumption. However, human 

consumption is competing with the poultry industry and to a lesser extent the livestock 

industry. While there is no reliable data for maize used in animal feed, the Government of 

Ghana estimates that 85% of all maize grown in Ghana is used for human consumption and 

the remaining 15% is used for the animal feeding sector (mainly poultry) (Morris, 2002). 

The per capital consumption of maize in Ghana in 2000 was estimated at 42.5 kg (MoFA, 

2000), and an estimated national consumption of 943000 Mt in 2006 (SRID, 2007). Data 

obtained from major feed mills in Ghana indicates that about 250 000 Mt of maize is used 

for poultry feed annually.  

Maize is currently produced on nearly 100 million hectares in 125 developing countries and 

is among the three most widely grown crops in 75 of those countries. About 67% of the total 

maize production in the developing world comes from low and lower middle income 

countries and thus maize plays an important role in the livelihoods of millions of poor 

farmers (FAOSTAT 2008).  

Maize is a multipurpose crop because every part of its plant has economic value. The grain, 

leaves, stalk, tassel and cob can all be used to produce a large variety of food and non-food 

products (UTA, 2001). According to Ogunsumi et al (2005) maize has a variety of uses. Its 

grain is a rich source of starch, vitamins, proteins and minerals. The oil present in com (rich 

in embryo) is far and widely used for cooking and manufacture of soaps. Sticky gum 

contains dextrin used for sealing envelopes and labels. Corn silk contains maizeric acid, 

fixed oils, resin, sugar, mucilage, salt and fibres essential for our diet. Corn starch is well 

recognized for  
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its uses in cosmetics and pharmaceutical industries as diluents. Corn syrup from maize 

contains high fructose and act as sweetener and retains moisture when added to certain 

foods. Corn seeds are functional in making alcohol and stem fibres for manufacture of 

paper. Maize is also a source of raw materials for industries to produce products such as 

com flakes, maltodextrines (com oil). Corn syrup and products of fermentation and 

distillation are produced from maize (Agbato 2003). Roasted seeds are used as coffee 

substitute. Phytochemical secondary metabolites such as saponin, allantoin, sterol, 

stigmasterol, alkaloids, hordenine and polyphenols are found in the leaves, seeds and silk 

(Breadley, 1992).  

 

From the ancient time com has been used to pacify kapha, pitta, anorexia, general debilities, 

emaciation and haemorrhoids (Kumar and Jhaliya, 2013). It is a potent antioxidant that 

guards body from harming by free radicals responsible for cellular damage and/or cancer. It 

has the potential to alleviate pain and possess analgesic activity as well (Owoyele et al., 

2010). Due to production of sex related hormones assemble; maize is good for sexual health 

especially for men with erectile dysfunctions (Kumar and Jhaliya, 2013). It is believed to 

improve symptoms of rheumatism as the presence of B-complex is able to improve joint 

motility. Major nutrient of com silk is potassium that is a powerful diuretic. In Europe and 

some other countries such as French, Spain, Greece, and India, com silk is used to conquer 

urinary tract infections and kidney stones (Lans, 2006). In China it has been widely taken in 

case of fluid retention and jaundice. Corn silk improves blood pressure and support liver 

functioning as well as producing bile. Roots,  
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fillers, secondary nutrients and coating agents. For example NPK 15-15-15 are formulated to 

supply 15% each of N, P20S and K20, whiles 23-10-10 and 20-10- 10 are formulated to 

respectively supply 23 and 20% of N, and 10% each ofP20s and K20 respectively. On the 

other hand, actyva supplies Sulphur (S), magnesium oxide (MgO) and zinc (Zn) in addition 

to 23, 10 and 5% of N, P and K respectively (Nyalemegbe et al., 2012).  

Regardless of the availability of numerous fertilizer formulations on the Ghanaian market, 

the use of adequate fertilizer remains low due primarily to poverty among farmers, coupled 

with their unawareness of different fertilizer formulations (Banziger et al., 1997). 

 

2.7 Fertilizer Recommendations 

Soil conditions have changed over the years and the old recommendations are not the most 

efficient today hence the need to update fertilizer recommendations for crops in Ghana. It is 

therefore necessary to update fertilizer recommendation for maize. Over supply or under 

supply of plant nutrients can have negative consequences on crop growth and this may result 

in the desired outcome not being obtained. The principle of balanced fertilization requires 

that this damaging effect be eliminated through the judicious use of fertilizers in order to 

sustain an economically viable and environmentally friendly agriculture that will meet the 

requirements of the future (Ernst and Mutert, 1995).  

 

With the introduction of new and high yielding crop varieties, soil nutrient mining will be 

on the increase when mineral additions are absent or not in  
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adequate amounts. Safo et al (1998) noted that, for most crops, the best fertilizer type, rate 

and time of application are not known and that this constitutes a constraint to the use of 

fertilizer. They also noted that mineral fertilizers are not used because of their high cost, 

suggesting that lower rates of mineral fertilizers should be included in fertilizer trials 

because they may be more acceptable financially to producers. IFDC (1998) reported that 

annual rate of nutrient depletion from soils of Ghana between 1993-95 in kg of N + P20S + 

K20 per ha was 51-100 kg while the average annual rate of nutrients required to achieve 

optimum levels of crop production in kg of N + P20S + K20 per ha was greater than 80 

kg/ha.  

 

2.8 Fertilizer use in Ghana  

During the 1970s, fertilizer consumption increased ten-fold with a peak of about 31 000 

tonnes total nutrient in 1977 (FAO, 2005). The FAO Fertilizer Programme was very active 

in Ghana and this probably contributed to the increase. However, this level still represented 

a low average rate of fertilizer use per hectare of cultivated land. From 1984 onwards 

fertilizer consumption fell following the introduction of the Structural Adjustment 

Programme and the removal of most agricultural support, including fertilizer subsidies (F 

AO, 2005). It increased in the second half of the 1990s following an improvement in the 

national economy but fell again as a result of renewed financial problems and depreciation 

of the Cedi. Nevertheless, in 2002 it recovered to the level of the early 1980s. However, at 

about 5 kg per hectare of cultivated land, it is at half the level of sub-Saharan Africa and at 

a quarter of the level of Africa as a whole. Currently, fertilizer use in  
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Sub-Saharan Africa averages 9 kilograms per hectare, the lowest of any developing region 

by far (FAO, 2004b).  

Although the importance of mineral fertilizer is clearly emphasised in development plans, 

its adoption in Ghana is very slow. The average application rate is less than 8 kg/ha, which 

is relatively lower than in other countries like Malawi and Kenya where application rates 

are 22 and 32 kg/ha (Fuentes et al., 2012). The major cash crops like cocoa and cotton 

account for the highest application rates in Ghana. Application rate is moderate for maize 

and negligible for crops such as millet, cassava, sorghum and yam (FAO, 2005). The 

number of households using fertilizer is less than 20% on average, although it varies from 

one place to another within the country (Quinones and Diao, 2011).  

Fertilizer consumption (kg/ha of arable land) in Ghana was measured as 11.88 kg/ha 

(World Bank, 2006). Fertilizer consumption (100 g/ha of arable land) measures the 

quantity of plant nutrients used per unit of arable land. Fertilizer products cover N, P 

(including ground rock phosphate) and K fertilizers. Traditional nutrients, such as animal 

and plant manures, are not included.  

 

2.9 Fertilizer use in Sub-Saharan Africa  

Food production in Sub-Saharan Africa continues to lag behind population growth. 

Population growth will greatly increase the amount of food needed to adequately feed 

Sub-Saharan Africa's population. Food security on the continent has worsened since 1970 

and the proportion of the malnourished population has remained within the 33-35% range 

in Sub-Saharan Africa (Rosegrant et al., 2005).  

18  



www.udsspace.uds.edu.gh 

 

 

Agriculture in Sub-Saharan Africa is characterised by over-reliance on primary agriculture 

low soil fertility and minimum use of external farm inputs (Kherallah et al., 2002). There 

is an overall decline in farm input investment including fertilizers seeds and technology 

adoption. Soil fertility management must be enhanced if Africa is to overcome its food 

production crisis. Mineral fertilizers and improved management strategies play vital roles 

in achieving such efficacy.  

The need for fertilizer application is widely recognised as it is readily observed that plants 

grown in soil with freshly applied fertilizer shows better response to growth and yield (F 

AO. 2003). Mineral fertilizer will remain a key component of soil fertility management 

and an essential element of any agricultural development strategy or plan to increase food 

production in Sub-Saharan Africa (Donovan and Casey. 1998). According to Viyas 

(1983). 50-75% of crop yield improvement obtained in some non-African developing 

countries since the mid-1960s has been attributed to fertilizers. Soil nutrient depletion is a 

fundamental bio-physical limiting factor responsible for slow growth of crop production. 

and is a consequent of most African agriculture (Stoorvogel et al.; 1993). Estimated net 

loss in SSA has averaged about 660 kg of nitrogen. 75 kg of phosphorus and 450 kg of 

potassium per hectare over the last thirty years over about 100 million hectares of 

cultivated lands (Smaling, 1993; Sanchez et al., 1995). According to Dudal and Byrnes 

(1993), the outcome of low fertilizer use in the nearest future will be nutrient mining and 

continuous use of marginal lands the effects of which will be devastating than those 

anticipated for increased fertilizer use. With reference to the high soil nutrient depletion 

and poor soil fertility management coupled with  
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2.10 NPK fertilizer application and maize production  

Maize is a heavy feeder and thus very responsive to timely and adequate application of 

NPK fertilizer. Fertilizer recommendations are made based on routine soil analysis, 

hence they vary from one soil to another as different soils vary in properties. Application 

of 15% each of the primary macro-nutrients, NPK either at planting or two weeks 

afterwards of 50 kg bag per acre followed by topdressing with either sulphate of 

ammonia or urea at 50 kg or 25 kg per acre, respectively, just before tasseling is 

accepted as the recommended rate of mineral fertilizer for maize production in Ghana 

(MoFA, 1998). The use of chemical fertilizers brings about increase in yield of crops 

because the elements in those fertilizers are readily available to be used by crops as 

compared to organic fertilizers. According to Ashgar et al. (2010), mineral fertilizers 

play an important role in increasing maize yield and their contribution is 40-45%. NPK 

fertilizers exert strong influence on plant growth, development and yield and the 

availability of sufficient growth nutrients in NPK fertilizers lead to improved cell 

activities, enhanced cell multiplication and enlargement and luxuriant growth (Fashina et 

al., 2002).  

Mineral fertilizers have proven very useful in modem agriculture in supplying readily 

available nutrients essential for crop growth. These available nutrients are used to 

correct known plant-nutrient deficiencies which aid plants in withstanding stress 

conditions, maintain optimum soil fertility conditions and to improve crop quality. NPK 

fertilizers are very crucial to the nutrition of most cereal crops especially maize. The 

usefulness of NPK fertilizer on maize is evident throughout  
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its growth stages. The fertilizers are influential on growth parameters such as plant 

height, stem girth, and biomass accumulation. The fertilizer dictates the pattern of 

vegetative growth to a significant extent (Niehues et al., 2004).  

Nitrogen promotes rapid vegetative growth (leaf and stems) at the expense of 

reproductive parameters, and consequently results in prolonging maturity in maize 

(Ekwere et al., 2013). Jaliya et al. (2008) conducted a research and reported that 

increase in fertilizer rate resulted in increased number of grains/cob, cob 

weight/plant, cob yield per ha, grain weight per plant, grain yield per ha and 100- 

grain weight. Results from an experiment conducted in Kenya by Achieng et al. 

(2010) revealed a significantly higher number of cobs, stover yield and grain yield of 

maize when treated with NPK (17: 17: 17) at the rate of 144, 60 and 120 kg/ha of 

each respectively at planting followed by 56 kg/ha top-dressing with urea, 

supplemented by Mg (MgS04.7H20) at 20 kg/ha and B (Na2B407.10H20) at 5 kg/ha 

at planting. Another study carried out in Nigeria revealed an extensive residual effect 

of NPK in the soil. Grain yield of maize positively correlated with soil organic 

carbon, CEC, aggregate stability and bulk density (Mbah and Onweremadu, 2009). 

Obdiebube et al. (2012) studied the effect of different levels of NPK (15:15:15) at the 

rate of 0.10, 0.13, 0.15 kg/ha and a control (0 kg/ha) on maize. Results from the study 

showed that 0.15 kg/ha level improved parameters measured (plant height, number of 

leaves, leaf area, fresh weight, ear length, 100 seed weight and grain yield) better 

than the lower application rates. Kolawole and Joyce (2009) also conducted a field 

study to estimate the effect of NPK 15:15:15 fertilizer on the growth and yield of 

maize. NPK fertilizer applications . 
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significantly increased plant height, stem girth, number of leaves, leaf area, leaf area 

index, dry matter accumulation and yield. The optimum level of NPK 15: 15: 15 

fertilizer for successful production of maize grains was 400 (60 kg N + 27.16 kg P + 

49.80 kg K) kg / ha compound fertilizer based on the fact that it had the greatest dry cob 

yield (12.44 t / ha), grain yield (7.95 t /ha), relative grain yield (2.26) and 100-seed 

weight (11.62 g).  

Xie et al (2004) investigated the effect of N-P20S-K20, kg/ha at 0-0-0,195-75-90, 0-75-

90, 195-0-90 and 195-75-0 on two high quality maize varieties. The yield increase 

produced by the balanced NPK application was significantly higher than the unbalanced 

NPK and treatment without fertilizer in both maize hybrids in the order 

NPK>NP>PK>NK. Egbe et al. (2012) studied the impact of N application on growth and 

yield of maize grown alone and in combination with Calliandra prunings, Gliricidia 

prunings or Senna prunings. The greatest grain yield was observed in Calliandra + 

fertilizer (4696kg/ha) and least in control (3332 kg/ha). Ahmed et al. (2006) also 

combined organic fertilizer source with 50% of recommended NPK fertilizers and found 

that these fertilizers produced the greatest grain and biological yields of maize over the 

50% NPK treatment and were statistically similar to the 100% NPK fertilizer. A similar 

study revealed that the application of poultry manure plus inorganic fertilizers resulted in 

greatest grain yield whiles the least yield was obtained when only inorganic fertilizer was 

applied (Adamu and Leye, 2012).  

Shepherd et al. (1997) worked on nitrogen, phosphorus and other nutrients at different 

concentration responses and found out that under conditions of minimal  
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phosphate, growth is substantially reduced. Hoekstra (1988) also reported that 

characterisation studies in the highlands of western Kenya identified decline in soil 

fertility as a factor limiting crop production. Crop production on tropical soils is highly 

limited by nitrogen and phosphorus deficiencies mainly because of the continuous 

cropping without or little application of these nutrients. There have been concerns about 

the continued decline in soil productivity under smallholder farming systems, hence 

increased call for increased fertilizer use, as limited use of fertilizers adds to decline in 

yields and narrows marginal profits (Heisey and Mwangi, 1996).  
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3.1 Location and site characteristics  

Two experiments; Experiment I (pot study) and Experiment II (field study) were carried out. 

Both experiments were conducted at the University for Development Studies, Tamale, 

Ghana, during the 2014 cropping season from January to April and June to October, 2014, 

respectively, for the pot and field studies.  

The experimental location lies on an altitude of 183m, and latitude 09° 25' N and longitude 

0° 58'W. The area is within the Guinea savannah agroecological zone and is subjected to 

marked wet and dry season with a unimodal rainfall approximately 1000 mm which is 

evenly distributed from May to October, reaching a peak in August and September. 

Temperature distribution is uniform with mean monthly minimum of 23.4°C and maximum 

of 34.5°C. The minimum relative humidity is 46% and maximum relative humidity 76.8% 

(SARI, 2008).  

3.2 Soil Sampling and analysis  

Soil samples were taken along the two diagonals of the field prior to the pot experiment. 

Ten cores, picked at a 15 cm depth along each diagonal at a regular interval of 5.17 m were 

composited. The samples were air dried by placing them on a shallow tray in a well-

ventilated area. The soil lumps were crushed so that the gravel, roots and organic residues 

could be separated. Smashing of any soft gravel was avoided. The soil was sieved through a 

2 mm sieve, and then gently rubbed  

CHAPTER THREE  

MATERIALS AND METHODS  
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 Number of leaves  

Number of leaves on and above the second node from the soil surface were  

counted and recorded at 7 W AP .  

 Chlorophyll content  

Leaf chlorophyll concentration was measured with a SP AD chlorophyll meter  

(Minolta SPAD- 502) that measures a relative index of leaf chlorophyll  

concentration. The instrument was first calibrated and clipped to three points:  

lower, middle portion and towards the top of the leaves. The leaves (from top,  

middle and base of plant) were selected and averages were computed .  

 Stem girth  

Using a micro meter screw gauge, the girth of each stem was measured at the 

third  internode from the soil surface and recorded in millimeters (mm) .  

 . Leaf area  

Leaf length was measured from the junction of the leaf blade and leaf sheaths, 

and leaf width measured at the widest part of the leaf. They were measured on 

three leaves sampled from tagged plants from the bottom, middle and upper 

sections of the canopy. Leaf area was calculated according to the following 

equation:  

Leaf area = LLxLWxK (Equation 1)  

 

Where LL= leaf length, LW= leaf width and K is a constant = 0.73 according 

to McKee (1964); Dwyer and Stewart (1986); Stewart and Dwyer (1999).  
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 Shoot and roots biomass  

Plants were uprooted prior to tasseling. The roots were cut from the shoots. The  

Hand weeding was done at 2 W AP, then twice afterwards at 3 weeks interval.  

3.5.1 Land preparation and planting  

Field was ploughed and harrowed on the 19th June, 2014 and 26th June, 2014 

respectively. On 27th June, 2014, the field was lined, pegged and divided into 

16 plots, each measuring 12 m with 1 m and 2 m alleys between plots and  

replications respectively. Planting was done on 30th June, 2014 at a spacing 

of80 cm x 40 cm and seeding rate of 2 per stand giving a total of 40 stand and 

80 plants per experimental unit. The design used was RCBD, with four 

replications.  

 

 

3.5 Set up of Experiment II  

3.5.2 Cultural practices  

30 

Basal application of respective NPK fertilizer formulations; 15-15-15, 20-10-

10, 23-10-5 and 23-10-10, was done at 2 W AP and top-dressing with sulphate 

of ammonia were done 8 WAP. The fertilizer, NPK formulations were applied 

by side placement, 5 cm away from the plants. Five plants in each plot were 

tagged for data collection.  

 

 

fresh shoot and roots were weighed and recorded. They were then kept in 

brown paper envelops and oven dried at 80°C for 48 hours. The dried shoot 

and roots weights were recorded 
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  Plant height  

Heights of the tagged plants (5 plants) in each plot was measured and 

recorded from their bases to the flag leaf at 3, 4, 5 and 6 W AP. Their 

means were computed prior to analysis and recorded in cm .  

 Number of leaves  

Number of leaves on and above the second node from the soil surface 

were counted and recorded at 7 WAP .  

 Chlorophyll content  

Leaf chlorophyll concentration was measured with a SPAD 

chlorophyll meter (Minolta SPAD- 502) that measures a relative index 

of leaf chlorophyll concentration. The instrument was first calibrated 

and clipped to three points: lower, middle portion and towards the top 

of the leaves. The leaves (from top, middle and base of plant) were 

selected and averages were computed.  

 Stem girth  

Using a micro-meter screw gauge, the girth of each stem was 

measured at the third internode from the soil surface and recorded in 

millimeters (mm).  

 Leaf area  

Leaf length was measured from the junction of the leaf blade and leaf 

sheaths, and leaf width measured at the widest part of the leaf. They 

were measured on three  
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leaves sampled from tagged plants from the bottom, middle and upper sections 

of the canopy. Leaf area was calculated using equation (1).  

 Stover weight  

After harvest, the stovers were uprooted, chopped into pieces and kept in brown 

envelops. It was then dried in an oven at 80°C for 24 hours. The weight after 

oven-drying was recorded in grams (g).  

 1000 seed weight  

Thousand seeds, counted at random from each treatment at 13% moisture 

content were weighed and recorded in grams (g).  

 Grain yield  

After harvesting and threshing, the seeds were dried to 13% moisture content 

and their weight was recorded and converted to kg per ha.  

3.5.3 Statistical analysis  

Count and percentage data were transformed using square root and arc-sine 

transformations, respectively. Data collected on various parameters were subjected to 

analysis of variance using Genstat statistical package, 12th edition. Means were 

separated using LSD at 5 % probability level. Correlation analysis was also 

conducted for the parameters measured.  

3.5.4 Cost-benefit analysis  

The Cost-Benefit (CB) ratio was calculated according to Adegede and Dittoh 

(1985).  
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4.5 Cost-benefit analysis  

 
According to Adegede and Dittoh (1985), when cost-benefit analysis is less 

than one then the business enterprise is running at loss. When it is equal to 1 

the business is breaking even and when it is greater than one the business is 

running at profit. The higher the cost-benefit analysis from one, the higher the 

profit margin, and the lower the cost-benefit from one, the higher the loss. It 

was indicative from the results that all control plots recorded losses (Table 6). 

All the treated plots recorded profits. Application at 375 kg/ha maximized 

profit in all fertilizer formulations, except for NPK 23-10-10, where maximum 

return was achieved by application at 400 kg/ha (Table 6). Among the various 

formulations NPK IS-ISIS recorded the highest average return (1.76), followed 

by 23-10-5 (1.70), 20-10- 10 (1.69) and 23-10-10 (1.67) (Table 6).  
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 Of P and K in effective root proliferation and N uptake respectively. This result 

is in conformity with the findings of Babatola (2006), as well as Kolawole and 

Joyce (2009) who reported that increasing level of fertilizer application results 

in a consequent increment in crop growth and yield.  

:

.  

5.2.2 Number of leaves  

Number of leaves obtained for individual plants throughout the sampling 

periods of the experiments for various fertilizer formulations were dependent 

on application rates, as it increased with increase in fertilizer application rates 

with respect to time. These findings are in lined with the view of Stefano et al. 

(2004) who reported that, fertilizer application resulted in luxuriant growth with 

excessive leaves. Greater number of leaves on fertilizer treated plants 

contributes to a better canopy and suppression of weeds which reflected in 

increased grain yield.  

5.2.3 Chlorophyll content  

Increased chlorophyll of plants from respective NPK formulation due to 

increase in application rate can be attributed to difference in nitrogen content 

and uptake at different application rates. The higher chlorophyll values of 

plants treated with respective NPK fertilizers could be attributed to increased 

photosynthetic activity that resulted that resulted in increased crop yield crop 

yield (Ramesh et al., 2002). All plants treated with the various NPK 

formulations recorded significantly higher chlorophyll content than the 

untreated control. This is because NPK fertilization supplied soil 

macronutrients, which are assimilated by plants and utilized for various 

metabolic activities to synthesize chlorophyll, required for their normal growth 

and developments (Morteza and Shankar, 2013). The 375 and 400 kg/ha of  
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various fertilizer formulations significantly increased the availability of N, P and K 

more than the other rates of application and this resulted in increased chlorophyll 

yield. In general, N supply and availability is fundamental to the synthesis of 

proteins, enzymes and chlorophyll, whiles P and K function in the proliferation of 

strong root system and N uptake respectively. These nutrients were absorbed by 

plants in the present study through the applied fertilizers, which worked in 

coordination and contributed in chlorophyll structure and synthesis, and resulted in 

high grain yield.  

 

5.2.4 Leaf area  

Luxuriant growth was expressed through greater leaf area mostly in plots treated 

with 400 and 375 kg NPK/ha and rarely in plots treated with 350 kg NPK/ha from 

all NPK fertilizer formulations. This was attributed to higher availability of potash 

which is known to stimulate the synthesis of carbohydrate for the development of 

the framework structure of maize, which according to Hersshey (2002) and Kiran  

(2004) have been reported to be accelerated by sufficient quantities of nitrogen.  

The increase in leaf area was probably possibly due to the improved leaf expansion 

in plants treated with NPK fertilization. 

In general 375 and 400 kg/ha of NPK especially from 15-15-15 and 20-10-10 

enhanced leaf area development in the treated plants. Leaf area is a key determinant 

of crop growth due to its influence on photosynthesis. This implies that, higher 

availability of N, P and K at higher application rates were important for leaf growth 

of maize. This result is similar to the findings of Gobron (2009). Increasing NPK 

fertilizer rate probably increased the photosynthetic activity and leaf area also 

increased (Dwyer and 
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 Anderson, 1995; T6th et al., 2002, Vig et al., 2008) and this reflected in 

increased yield of grains. The increase in leaf area with increasing fertilizer 

levels might also be due to increased amount of cellular constituents, mainly 

protoplast and also due to the influence of phytochroms in promotion of cell 

division, cell enlargement, cell differentiation and cell multiplication resulting 

in increases in total leaf area per plant and leaf area index. This observation in 

the present study is similar to the findings by Arun et al. (2007).  

5.2.5 Stem girth  

The low response in stem girth recorded from the unfertilized plots is attributed 

to the low fertility conditions of the soil. This implies that, amendments of the 

soil with the various NPK fertilizer formulations should improve its nutrient 

holding status for efficient crop performance (Morteza and Shankar, 2013).  

5.2.6 Stover weight  

The trend of result obtained for stover weight is similar to the findings of 

Olufolaji et al. (2002) in a related study on Celocia argentea. Increase in stover 

is as a result of the effective role of NPK as part of the essential primary 

nutrients and prerequisite for the production of the meristematic and 

physiological activities such as leaves, roots, shoots as well as dry matter 

production, leading to an efficient absorption and translocation of water and 

nutrients, interception and utilization of solar radiation and carbon dioxide 

(Stone et al., 2001). These consequently result in ensuring an effective 

photosynthesis, and subsequent efficient translocation of assimilates from 

sources to sinks, hence the production of higher stover weight (Kolawole and 

Joyce, 2009). Jaliya et al. (2008) also made  
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 similar observations. Increased stover production was a result of increased 

fertilizer application might also be due to the role of NPK in determining the 

efficient use of sunshine by increased biomass production, as inadequacy of 

nitrogen reduces the sunshine use efficiency or ability to photosynthesize as 

reported by Wadsworth (2002).  

5.2.7 Cob length and weight  

The greater cob length and weight with increase in fertilizer levels could be 

attributed to adequate nutrient supply, which in tum improved all growth and 

yield influencing characters. NPK fertilizer supplied nutrient elements N, P and 

K and therefore higher rates results in higher amounts of these elements. This 

result is in agreement with earlier findings by Whitbread et al. (2004).  

5.2.8 Seeds per pot  

The increase in number of seeds per cob with increased fertilizer application 

could be attributed to the increased physiological processes in maize, leading to 

higher growth and increased supply of photosynthates to silks. This might be 

due to better utilization of NPK supply (Selvaraju and lruthayaraj, 1994).  

5.2.9 Seed weight  

Increased seed weight with increasing NPK rate might be due to the formation 

of more leaf area which might have intercepted more light and produced more 

carbohydrates in the source which was translocated into the sink (the grain) and 

resulted in more increased seed weight than the control. This result is in 

agreement  
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with the findings of Miao et al (2006) and Raja (2003), who indicated that higher rate of N 

level increased seed weight in maize.  

Increase in stem girth and leaf area of plants also have a direct increase in stover weight and 

this has implication on livestock feeding because stover is used in feeding livestock after 

harvesting the grain. The trend of result obtained for stover weight is similar to the findings 

of Olufolaji et al. (2002) in a related study on Celocia argentea. Increase in stover is as a 

result of the effective role of NPK as part of the essential primary nutrients and prerequisite 

for the production of the meristematic and physiological activities such as leaves, roots, 

shoots as well as dry matter production, leading to an efficient absorption and translocation 

of water and nutrients, interception and utilization of solar radiation and carbon dioxide 

(Stone et al., 2001). These consequently result in ensuring an effective photosynthesis, and 

subsequent efficient translocation of assimilates from sources to sinks, hence the production 

of higher stover weight (Kolawole and Joyce, 2009). Jaliya et al. (2008) also made similar 

observations.  

5.2.10 Grain yield  

The greatest rate of NPK formulation gave the greatest grain yield. Results obtained for 

grain yield was in agreement with findings of Adediran and Banjoko (2003). Result of the 

present study indicated that 375 and 400 kg/ha levels of the fertilizer NPK formulations 

notably 15-15-15 significantly produced similar results as evident from the growth 

parameters to the yield components. This implies that exceeding 375 kg/ha may not be 

economically and environmentally useful in maize production. The difference in response of 

the NPK fertilizer rate in  
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the various fertilizer formulations may be attributed to differences in their supply of the 

elements N, P and K. Also, since grain yield highly and positively correlated with leaf 

area and yield components, an increase in these parameters resulting from increasing 

NPK fertilization will consequently increase grain yield. The plants without fertilizer 

treatment had the lowest yield which could have been partly due to deficiency of 

nutrients as revealed by low nutrient status of the soil from the initial physic-chemical 

analysis. This agrees with statement by F AO (2003) that increment in maize production 

occurred with higher levels of fertilizer application, especially NPK.  

5.3.0 Cost-benefit analysis  

According to Adegede and Dittoh (1985), when cost-benefit analysis is less than one 

then the business enterprise is running at loss. When it is equal to one (1) the business is 

breaking even and when it is greater than one the business is running at profit. The 

higher the cost-benefit analysis from one, the higher the profit margin and the lower the 

cost-benefit from one, the higher the loss. The results obtained for cost-benefit analysis 

indicated that all fertilizer treatments in various NPK fertilizer formulations resulted in 

profits and this could be as a result of the efficiency of NPK to supply essential plant 

nutrients in optimum quantities and proportions required by maize plant to increase 

grain yield and consequently profit. Similar result for increased net profit in maize due 

to NPK fertilization has been reported by Dev (1998).  

The supply of a more balance proportion of essential nutrients by NPK 15-15-15, 

relative to 20-10-10, 23-10-5 and 23-10-10 could account for its highest average  
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return. According to Dev (1998), balanced and adequate fertilizer application is essential 

for increasing crop yields and net returns, whiles ensuring sustainability.  
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6.1 Conclusion  

The results of the study revealed significant increase in growth parameters, yield 

components and grain yield following the application of 375 and 400 kg/ha of the 

various NPK fertilizer formulations notably NPK 15-15-15 and NPK 20-10-10.  

In general, growth parameters were increased as NPK fertilizer rate increased. Control 

treatments showed the least performance in terms of growth parameters, yield 

components and grain yield. An increasing trend on measured parameters in all the 

fertilizer formulations were observed with increasing rates of NPK fertilization.  

This study revealed that, fertilizer application rates has a profound effect on the 

overall performance of maize. Application of NPK fertilizer at the different levels 

used in this study had significantly effect on the growth and yield of maize. Fertilizer 

application rate of 400 or 375 kg/ha was effective for the optimum growth and yield of 

maize, and in most cases did not vary significantly from each other in terms of growth 

and yield of maize.  

The cost/benefit ratio for the 400 kg/ha and 375 kg/ha from various NPK fertilizer 

formulations were similar, but the values obtained for cost/benefit from NPK 15-15-15 

were the highest among the fertilizer formulations. In general, however, the cost-

benefit analysis revealed that application at 375 kg/ha was more profitable than 

application at 400 kg/ha for 15-15-15, 20-10-10 and 23-10-5 NPK. Contrary 

maximum profit was achieved by application at 400 kg/ha for 23-10-10 NPK.  

CHAPTER SIX  

CONCLUSION AND RECOMMENDATIONS  
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With respect to various formulations, the highest average profit was obtained 

by 15-15-15 NPK, followed by 23-10-5, 20-10-10 and 23-10-10 respectively.  

6.2 Recommendations  

The study therefore recommends that;  

 irrespective of NPK fertilizer formulation, application at 375 kglha is 

recommended in maize production in the study area for maximum yield 

and profit.  

 based on accessibility and affordability NPK 15-15-15 is highly 

recommended among the various formulations.  

 for application at 350 kglha, 23-10-10 NPK is recommended for 

optimum yield and profit.  

71  



www.udsspace.uds.edu.gh 

 

 

farmyard manure and inorganic fertilizers on maize production on Alfisols 

and Ultisols in Kakamega, western Kenya. Agriculture and Biological 

Journal of North America, 1(4): 430-439.  

 

Adediran J. A. and Banjoko V. A. (2003). Comparative effectiveness of some  

compost fertilizer formulations for maize in Nigeria. Nigerian Journal of Soil  

Science, 13:42-48.  

Adegede A. J. and Dittoh J. S. (1985). Essentials of Agricultural 

Economics. Impact Publishers Nigeria Limited, Ibadan. Pp 

217-220.  

 Adesina A., Chianu J. and Mbila D. (1997). Property rights and alley 

farming Technology Adoption in West and Central Africa. 

Paper presented at the workshop on property rights, collective 

action and technology adoption, ICARDA, Aleppo, Syria.  

 

 
Adetiminrin V. 0., Vroh-Bi I., Menkir A., Mitchell S. E. and Kresovic S.  

(2008). Diversity analysis Africa using SSR markers. Maydica, 53: 199-207.  

 of elite maize inbred lines adapted to West and Central  

72  

REFERENCES  

Achieng, J. O., Ouma G., Odhiambo G. and Muyekho, F. (2010). Effect of  

Adamu S. and Leye B. O. (2012). Performance of maize (Zea mays L.) as  

                      influenced by complementary use of organic and inorganic fertilizers  

International Journal of Science and Nature, 3(4): 753-757.   



www.udsspace.uds.edu.gh 

 

 

Adu S. V. (1995). Soils of the Nasia basin. Memoir No.6. Soil Research 

Institute. Kumasi.  

Adu S. V. (1969). Soils of the Navrongo-Bawku area, Upper region of 

Ghana. Memoir No.5. Soil Research Institute. Kumasi.  

Agbato S. O. (2003). Principles and practices of crop production. Odumatt 

Press Publisher, Oyo, pp. 57-62.  

AGRA (2010). Baseline survey, Final report.  

Ahmad R., N aseer A., Zahir Z. A., Arshad M., Sultan T. and Ullah M. A. 

(2006). Integrated use of recycled organic waste and chemical 

fertilizers for improving maize yield. International Journal of 

Agriculture and Biology, 8: 840- 843.  

Alwis K. (1995). Recapitalization of soil productivity in Sub-Saharan 

Africa. Discussion Paper. World Bank-FAO. Washington D. 

C.  

Arun K. M. A., Gali S. K. and Hebsur N. S. (2007). Effect of different levels 

of NPK on growth and yield parameters of sweet com. 

Karnataka Journal of Agricultural Science, 20(1): 41 - 43  

Ashgar A., Ali A. Syed W. H., AsiC M., Khaliq T. and Abid A. A. (2010). 

Growth and yield of maize (Zea mays L.) cultivars as affected 

by NPK application in different proportions. Parkistan Journal 

of Science, 62 (4): 211 - 216.  

                                             73  



www.udsspace.uds.edu.gh 

 

 

Babatola I. A. (2006). Effects of NPK 15:15:15 fertilizer on the performance 

and storage life of okra (Abelmuschus esculentus). 

Proceedings of the Horticultural Society of Nigeria 

Conference, pp. 125-128.  

Badu-Apraku B., Fakorede M. A. B., Ouedrago M., Carsky R. J. and 

Menkir A. (2003). Maize revolution in West and Central 

Africa. Proceedings of a regional maize workshop, UTA 

Contonou, Benin Republic, 14-18 May, 200l. 

WECAMAN/UTA, Ibadan, Nigeria. 566pp.  

Banzigar M., Betran F. J. and Lafitte H. R. (1997). Efficiency in high 

nitrogen selection environments for improving maize for low 

nitrogen target environments. Crop science jouurnal 30: 556-

561.  

Bekunda M. A., Bationo A. and Ssali H. (1997). In Buresh R. J., Sanchez P. 

A. and Calhoun F. (eds) Replenishing Soil Fertility in Africa. 

Soil Science Society of America Special Publication, 

Madison, Wisconsin, USA. No. 51, pp 63-79.  

Belfield S. and Brown C. (2008). Field Crop Manual: Maize A Guide to 

Upland Production in Cambodia. New South Wales 

Department of Primary Industries. ISBN 97807347 18822.  

Benneh G., Agyepong G. T. and AUotey J. A. (1990). Land degradation in 

Ghana. Commonwealth Secretariat, London and University of 

Ghana. Legon.  

Bouyoucos G. J. (1951). A recalibration of the hydrometer method for 

making mechanical analysis of soil. Agronomy Journal, 43: 

34-95.  

74 



www.udsspace.uds.edu.gh 

 

 

Breadley P. R (1992). (Ed). British Herbal Compendium, Volume I, British 

Herbal Medicine Association.  

Bremner J. M. and Mulvaney C. S. (1982). Nitrogen-Total. p. 595-624. In 

Page A. L. et al., (ed.) Methods of soil analysis. Part 2. 2nd ed. 

Agronomy Monograph, 9. ASA and SSSA, Madison. WI.  

Buri M. M., Issaka R. N. and Wakatsuki T. (2008). Determining optimum 

rates of mineral fertilizers for economic rice grain yields under 

the "Sawah" System in Ghana. West African Journal of 

Applied Ecology, Vol. 12.  

Chaudhary A. R. (1983). Maize in Pakistan. Punjab Agri. Co-ordination 

Board, University of Agriculture Faisalabad.  

Dankyi A. A., SaUah P. Y. K., Adu-Appiah A. and Gyamera- Antwi A. 

(2005). Determinatiion of the adaptation of quality protein 

maize, Obatampa in Southern Ghana- Logistic regression 

analysis. Proceedings of the 5th West and Central Africa 

Regional maize workshop, liT A, May 2-7, Cotonou, Benin.  

Department of Agriculture-Republic of South Africa (DARSA). (2003). 

Maize production. http://www.nda.agric.zaipublications. Date 

accessed: 10-10-2010. 11:45 am.  

Desai G. M. and Gandhi V. P. (1990). Policy Issues in growth of fertilizer 

use in Sub-Saharan Africa. Washington, D.C.: IFPRI.  

75 

http://www.nda.agric.zaipublications./


www.udsspace.uds.edu.gh 

 

 

 

 

 76 

 

Dev G. (1998). Balanced fertilizer use increases crop yield and profit. Better 

Crops International, Vol. 12, No.2.  

Donovan W. G. and Casey F. (1998). Fertility management in Sub-Saharan 

Africa, Vol. 23-408.  

Du-Plessis J. (2003). Maize production. Agricultural Information Service, 

Department of Agriculture, Pretoria, South Africa. 

httpll:Fastonline.org/CD3WD40/LSTOCKJOOI/SAInfoPaks/d

ocs/maizeproduction  

Dwyer L. M. and Anderson A. M. (1995). Changes in maize hybrid 

photosynthetic response to leaf nitrogen, from pre-Anthesis to 

grain fill. Agronomy Journal, 87: 1221-1225.  

Egbe E. A., Fonge B. A., Mokake S. E., Besong M. and Fongod A. N. 

(2012). The effects of green manure and NPK fertilizer on the 

growth and yield of maize (Zea mays L) in the mount 

Cameroon region. Agriculture and Biological Journal of North 

America, 3(3): 82-92.  

Ekwere O. J., Muoneke C. O., Eka M. J. and Osodeke V. E. (2013). 

Growth and yield parameters of maize and egusi melon in 

intercrop as influenced by  

Dudal R. and Byrnes B. H. (1993). The effects of fertilizer use on the 

environment. In H. van Reuler and W.H. Prins (eds.), The Role 

of Plant Nutrients for Sustainable Food Crop Production in 

Sub- Saharan Africa. Leidschendam, The Netherlands: VKP 

(Dutch Association of Fertilizer Producers).  



www.udsspace.uds.edu.gh 

 

 

 

 

cropping system and different rates of NPK fertilizer. Journal of Agriculture 

and Crop Research, 1(5): 69-75  

Ernst W. and Mutert E. (1995). Plant nutrient balances in the Asian and 

Pacific Region. The consequences for agricultural production. 

In Food and Fertilizer Development Centre 2005. An 

International Information Centre for farmers in the Asia-

Pacific region, Taiwan R. O. C.  

Fageria N. K., Baliga V. C. and Jones C. A. (1997). Growth and mineral 

nutrition of field crops. Mercel Dekker Incoperated 

Publication Limited, New York. pp 624.  

Fashina A. S., Olatunji K. A. and Alasiri K. O. (2002).  Effects of 

different plant population and poultry manure on yield of Ugu 

(Telfairia occidentalis) in Lagos State, Nigeria. Proceedings of 

the annual Conference of Horticultural Society of Nigeria 

(HORTON), pp. 123-127.  

Food and Agriculture Organisation of the United Nations (FAO) (2009). 

Newsarticle: Farming Must Change to Feed the World, 

http://www .fao.org/news/story/eniitemi9962/icode/  

Food and Agriculture Organisation of the United Nations (FAO) 

Statistical Databases. (2008). FAOSTAT: Agriculture Data. 

Available online: http://faostat.fao.org. 

77 

http://faostat.fao.org./


www.udsspace.uds.edu.gh 

 

 

Food and Agriculture Organisation of the United Nations (FAO) Statistical 

Databases. (2006). Agricultural markets and trade. New 

Approaches to Analyzing Market Structure and Instability, 

Edited by Alexander Sarris and David Hallam.  

Food and Agriculture Organisation of the United Nations (FAO) (2005). 

Fertilizer use by crop in Ghana. Rome. pp.39.  

Food and Agriculture Organisation of the United Nations (FAO). (2004a). 

Scaling soil nutrient balances. FAO Fertilizer & Plant 

Nutrition Bulletin No. 15. Rome.  

Food and Agriculture Organisation of the United Nations (FAO). (2004b).  

Increasing fertilizer use and farmer access in sub-Saharan 

Africa. A literature review. Draft. Agricultural Management, 

Marketing and Finance Service (AGSF), Agricultural Support 

Systems Division, Rome.  

Food and Agriculture Organisation of the United Nations (FAO). (2003). 

Fertilizer and the future IFA / FAO Agricultural conference on 

Global food security and role of sustainability. Fertilization 

Rome, Italy 16th - 20th March 2003 Pp 1- 2.  

Food and Agriculture Organisation of the United Nations (FAO). (1998). 

Guide to efficient nutrient management. Rome.  

Fuentes P., Bumb B. and Johnson M. (2012). Improving fertilizer markets in 

West Africa: The fertilizer supply chain in Ghana. 

International Fertilizer Development Center (IFDC) and 

IFPRI, Muscle Shoals, Alabama (forthcoming)  

                                                        78  



www.udsspace.uds.edu.gh 

 

 

Galinat W. C. (1995). The origin of maize: grain of humanity. Economic 

Botany, 49: 3-12.  

Gerner H., Asante G. H., Owusu-Bennoa E. O. and Marfo K. (1995). Ghana 

privatization scheme, IFDC-Africa, Lome.  

Gobron N. (2009). Leaf Area Index 

ftp:/ftp.fao.org/docrep/fao/Ol110197e/i0197e15.pdf. 

Sep 1, 2010. 12:02 pm.  

Grant P. M. (1981). The fertilization of sandy soil in Peasant Agriculture. 

Zimbabwe Agriculture Journal, 78: 169-175.  

Heisey P. W. and Mwangi W. (1996). Fertilizer and maize production in 

sub-Saharan Africa: Use and policy options. Paper presented 

at the workshop, The emerging maize revolution in Africa: 

The role of technology, institutions, and policy, 9-12 July 

1995, Michigan State University, East Lansing, Michigan.  

Hersshey D. (2002). How do the amount of fertilizer affect plant growth. 

Madsci. Network. 

http://www.madsci.orglposts/archives/2002-

04/1019088560.Bt.r .html. Apr 17,2002. Accessed at 17:23  

High-Level Expert Forum (HEF). (2009). How to feed the world. Global 

agriculture towards 2050. Rome, 12-13.  

Hitchcock A. S. and Chase A. (1971). Manual of the grasses of the United 

States Volume 2. p. 790-796. Dover Publications: N.Y.  

79  

:

:

  

http://www.madsci.orglposts/archives/2002-04/1019088560.Bt.r
http://www.madsci.orglposts/archives/2002-04/1019088560.Bt.r


www.udsspace.uds.edu.gh 

 

 

Hoekstra D. (1988). Summary of the zonal agroforestry potentials and 

research across land use systems in the highlands of eastern 

and central Africa. AFRENA Rep. 5. International Consortium 

for Research in Agroforestry, Nairobi, Kenya  

 
International Fertilizer Development Center (IFDC). (1998). Soil Nutrient 

Depletion. In Report of the Sub-Committee on Fertilizer Use 

for the National agricultural Research Project (NARP), Ghana. 

(E. Y Sarfo and E. A. Dennis, ed.).  

 

International Institute of Tropical Agriculture (IITA). (2009). Cereals and 

Legumes Systems.  

 International Institute of Tropical Agriculture (IITA). (2001). Annual Report 

on Maize Production. Ibadan, Oyo State.  

 
Jain S. M. (2010). Mutagenesis in crop improvement under the climate 

change.  

Romanian Biotechnological Letters. Vol. 15, No.2. 88-106.  

Jaliya M. M., Falaki A. M., Mahmud M. and Sani Y. A. (2008). Effect of 

sowing date and NPK fertilizer rate on yield and yield 

components of quality protein maize (Zea mays L.). Journal of 

Agricultural and Biological Science. 3(2): 28-33.  

Kabat P. (2013). Water at a crossroads. Nature Climate Change, 3: 11-12.  

80  

Karl J. R. (2013). "The maximum leaf quantity of the maize subspecies". 

The Maize Genetics Cooperation Newsletter 86: 4. ISSN 

1090-4573.  

 



www.udsspace.uds.edu.gh 

 

 

Kiran R. J. (2004). Effect of weeding and levels of Nand P20S fertilizers on 

the grain yield of maize. Nepal Agricultural research J., 5: 69-

70.  

Kherallah M., Delgado C., Gabre-Madhin E., Minot N. and Johnson 

M. (2002). Reforming Agricultural Markets in Africa. IFPRI. 

The Johns Hopkins University Press, Baltimore MD, USA.  

Kolawole E. L. and Joyce E. L. (2009). The Performance of Zea mays as 

Influenced by NPK Fertilizer Application. Available online at 

www.notulaebiologicae.ro. Accessed on 7th April, 2014.  

Kumar D. and Jhariya A. N. (2013). Nutritional, Medicinal and 

Economical importance of Com: A Mini Review. Research 

Journal of Pharmaceutical Sciences, 2(7), 7-8.  

Lans C. A. (2006). Ethnomedicines used in Trinidad and Tobogo for 

urinary problems and diabetes mellitus, Journal of 

Ethnobiology and Ethnomedicine,  
2(45).  

Larson B. A. (1993). Fertilizers to Support Agricultural Development in 

SubSaharan Africa: What is Needed and Why. Washington, 

D.C.: Center for Economic Policy Studies, Winrock 

International for Agricultural Development, Mimeo.  

Mbah C. N. and Onweremadu E. U. (2009). Effect of organic and 

mineral fertilizer inputs on soil and maize grain yield in an 

Acid Ultisol in AbakalikiSouth Eastern Nigeria. American-

Eurasian Journal of Agronomy, 2(1): 7-12  

81 

http://www.notulaebiologicae.ro./


www.udsspace.uds.edu.gh 

 

 

Ministry of Food and Agriculture (MoFA). (2010). Statistics, Research and 

Information Directorate (SRID), "Agriculture in Ghana: Facts 

and Figures.  

Miao Y., Mulla D. J., Robert P. C. and Hernandez J. A. (2006). Within field 

variation in com yield and grain quality responses to N 

fertilization and hybrid selection. Agronomy Journal, 98: 129-

140.  

Ministry of Food and Agriculture (MoFA). (2000). Food and Agriculture 

Sector Development Policy (FASDEF I). pp. 55.  

Ministry of Food and Agriculture (MoFA). (1998). National Fertility 

Management Action Plan - Ministry of Food and Agriculture, 

Accra, Ghana.  

Morris M. L. (2002). Impact of International Maize Bredding Research in 

Developing Countries, 1996-98. Mexico, D. F. CIMMYT.  

Morris M. L., Tripp R. and Dankyi A. A. (1999). Adoption and impacts of 

improved maize production technology. A Case Study of the 

Ghana Grains Development Project, Economics Program 

Paper 99-01. Mexico, D.F., CIMMYT.  

Morteza S. and Shankar L. L. (2013). Role of organic fertilizers on 

chlorophyll content in rice (Oryza sativa L.). Trends in Life 

Sciences, 2 (3): 2319-4731.  

Murphy J. and Riley J. P. (1962). A modified single solution method for the 

determination of phosphate in natural waters. Analytica 

Chimica Acta, 27: 31-36.  

82 



www.udsspace.uds.edu.gh 

 

 

Niehues B. J., Lamond R. E., Godsey C. B. and Olsen C. J. (2004). 

Starter Nitrogen Fertilizer Management for continuous 

NO-Till Com Production. Agronomy Journal, 96: 1412 - 

1418.  

Nyalemegbe K. K., Hotsonyame G. K., Ofori F. and Osakpa T. Y. 

(2012). Comparative study of the efficacy of actyva 

compound fertilizer (N23 PI 0 K5 3 S 2MgO O.3Zn) on maize 

cultivation in the coastal savanna and the humid forest 

ecologies of Ghana. International Research Journal of 

Agricultural Science and Soil Science. Vol 2(1): pp 008-016.  

Obi C. 0., Nnabude P. C. and Onucha E. (2005). Effects of kitchen waste 

compost and tillage on soil chemical properties and yield of 

Okra (Abelmuschus esculentus), Soil Sci., 15: 69-76.  

Obidiebuba E. A., Achebe U. A., Akparobi S. O. and Kator P. E. (2012). 

Effect of different levels of NPK (15:15:15) on growth and 

yield of maize in rainforest agro-ecological zone. International 

Journal of Agriculture Science, 2(12): 1103-1106.  

Ogunsumi I. O., Ewuola S. O. and Daramola A. G. (2005). Socio-

economic Impact Assessment of maize production technology 

on farmers' welfare in South west, Nigeria. J. Central Euro. 

Agric., 6(1): 15-26.  

Olufolaji A.O., Kintomo A. A. and Alasiri K. O. (2002). Comparative 

evaluation of soil applied and foliar fertilizers on the growth of 

Sokoyokoto Celocia argetea. Plant Science, 3: 73-80.  

83 



www.udsspace.uds.edu.gh 

 

 

Owoyele B. V., Negedu M. N., Olaniran S. 0., Onasanwo S. A., Oguntoye S. 

0., Sanya J. 0., Oyeleke S. A., Ibidapo A. J. and Soladoye A. O. 

(2010). Analgesic and anti-inflammatory effect of aqueous extract 

of Zea mays husk in male Wi star rats. Journal of Medicinal Food, 

13(2): 343-47.  

Paliwal R., Geradons G., Lafilte H. and Violic A. D. (2000). Tropical maize; 

improvement and production. Food and Agriculture organization, 

Rome.  

Pinstrup-Aderesen P. (2002). Food and Agricultural Policy for a Globalizing 

World: Preparing for the Future. Amer. J. Agr. Econ.84: 1201-

1214. American Agricultural Economists Association  

Quarrie S. A., Lazic-Jancic V., Konacevic D., Steed A. and Pekic S. 

(1999). Bulk segregant analysis with molecular markers and 

its use in improving drought resistance in maize. Journal of 

Experimental Botany 50(337): 1299-1306.  

Quinones Esteban J. and Xinshen D. (2011). "Assessing Crop Production 

and Input Use Patterns in Ghana -What Can We Learn From 

the Ghana Living Standards Survey (GLSS5)?," Development, 

Strategy and Governance Division, IFPRI, Ghana Strategy 

Support Program (GSSP) Working Paper No. 0024.  

Raja V. (2003). Effect of N rates and plant population on yield and quality 

of super sweet com. Indian Journal of Agronomy, 46: 246-249.  

Ramesh K., Chandrasekaran B., Balasubramanian T. N., Bangarusamy 

U., Sivasamy R. and Sankaran N. (2002). Chlorophyll 

dynamics in rice (Oryza sativa L.) before and after flowering 

based on SPAD (chlorophyll) meter  

84 



www.udsspace.uds.edu.gh 

 

 

monitoring and its relation with grain yield. Journal of Agronomy and Crop  

Science, 188: 102-105.  

Rosegrant M. W., Cline S. A., Li W., Sulser T. B. and Valmonte-Santos R. A.  

(2005). Looking Ahead. Long-Term prospects for Africa's Agricultural  

Saeed I. M., Abbasi R. and Kazim M. (2001). Response of maize (Zea mays L.)  

.  

Safo E. Y., Ofori F. and Dennis E. A. (1998). Report of the sub-committee 

on fertilizer use for the National Agricultural Research 

Programme (NARP), Accra, Ghana.  

 

 
Sanchez P. A., Valencia I., Izac A. M. and Pieri C. (1997). Soil fertility  

replenishment in Africa. Nairobi, Kenya: ICRAF.  

Sanchez P.A. Valencia I., Izac A. M. and Pieri C. (1997). Soils fertility  

                    replenishment in Africa: An investment in natural resource capital, 

In Replenishing Soil Fertility in Africa, Buresh, R.J., Sanchez, 

P.A., and Calhoun, F., Eds., Soil Science Society of America 

Special Publication 51. SSSAI AS A, Madison, WI, 1-46.  

  

Savanna Agricultural Research Institute (SARI). (2008). Annual Report.  

85  

Development and Food Security. Washington D.C.: IFPRI.  

to nitrogen and phosphorus fertilization under agro-climatic condition of  

Rawalokol, Azad Jammu and Kaslim and Kashmir. Pakistan Journal of 

Biological Sciences, 4: 949-952 



www.udsspace.uds.edu.gh 

 

 

Smaling E. M. A. (1993). Soil nutrient depletion in sub-Saharan Africa. In van 

Reuler H. and Prins W.H. (eds.), The Role of Plant Nutrients for 

Sustainable Food Crop Production in Sub-Saharan Africa. 

Leidschendam, The Netherlands: VKP (Dutch Association of 

Fertilizer Producers).  

Smaling E. M. A., Nandwa S. M. and Janseen B. H. (1997). Soil fertility in Africa 

is at stake. In Buresh, R.I., P.A. Sanchez, and F. Calhoun (eds.) 

Replenishing Soil Fertility in Africa. pp. 47-61. Madison, WI: SSSA 

Special Publ, S1. SSSA.  

SRID (2007). National Crop production estimates 2002-2006. Statistical Research 

and Information Department, Ministry of Food and Agriculture.  

Shepherd K. D., Ndufa J. K., Ohlsson E., Sjogren H. and Swinkels R. 

(1997). Adoption potential of hedge-row intercropping in 

maize-based cropping systems in the highlands of western 

Kenya. In: Background and agronomic evaluation. 

Experimental Agriculture, 33: 197-223.  

~

 

i

  

Stefano P., Dris R. and Rapparini F. (2004). Influence of growing conditions 

on yield and quality of cherry. II. Fruit. Journal of Agriculture 

And Environmental Ethics, 2: 307-309.  

86 

Selvaraju R. and Iruthayaraj M. R. (1994). Influence of irrigation 

scheduling, methods of irrigation and nitrogen levels on 

growth and yield of maize. Madras Agricultural Journal, 81: 

418-420.  



www.udsspace.uds.edu.gh 

 

 

Stevenson J. C. and Goodman M. M. (1972). Ecology of Exotic Races of 

Maize. 1. Leaf Number and Tillering of 16 Races Under Four 

Temperatures and Two Photoperiodsl ". Crop Science, 12 (6): 

864.  

Stone L. R., Goodrum D. E., Jaafar M. N. and Khan A. H. (2001). Rooting 

front and water depletion depths in grain sorghum and 

sunflower. Agronomy Journal. 93, 1105-1110.  

Stoorvogel J. J., Smaling E. M. A. and Janssen B. H. (1993). Calculating 

soil nutrient balances in Africa at different scales. 1. 

Supranational scale. Fertilizer Research, 35: 227-235.  

Tisdale S. L., Nelson W.L., Beaton J. D. and Havlin J. L. (2003). Soil 

fertility and fertilizers, 5th edition, Pearson education, Inc. 

New Jersey, pp 634.  

Toth V. R., Meszaros I., Veres Sz. and Nagy J. (2002). Effects of the 

available nitrogen on the photosynthetic activity and 

xanthophyll cycle pool of maize in the field. Journal of Plant 

Physiology, 159(6): 627-634.  

Van Kempen T. A., van Heugten E. and Moeser A. J. (2003). Dehulled, 

degermed com as a preferred feed ingredient for pigs. North 

Carolina Annual Swine Report, North Carolina State 

University, Raleigh, N. C.  

Vig R., Dobos A. and Pongracz Z. (2008). Comparative examination of 

meadow and chernozem soils on the Hajdusag loess ridge. 

Cereal Research Communications, 38: 1887-1890.  

                                                           87  



www.udsspace.uds.edu.gh 

 

 

Viyas V. S. (1983). Asian agriculture, achievements and challenges. Asian 

Development Review, 1: 27-44.  

Wadsworth G. (2002). Forage maize fertilizer requirement. Potash 

Development Association, Brixtarw, pp. 25-29.  

Walkley A. and Black I. A. (1934). An examination of the Degtjareffmethod 

for determining soil organic matter and a proposed 

modification of the chromic acid filtration method. Soil 

Science, 37: 29-38.  

Wednt J. W. Jones R. B. and Itimu O. A. (1995). An Integrated Approach to 

Soil fertility Improvement in Malawi, including Agro-

Forestry. In craswell E. T. and Simpson 1. (eds). Spiol fertility 

and climatic constraints in dryland Agriculture Canberra: 

ACIA Proceedings No 54.  

Whitbread A., Mushayi P. and Waddington S. (2004). Modeling the effects 

of phosphorus on maize production and nitrogen use 

efficiency on small holder fanners in Sub-Humid Zimbabwe. 

Fourth International Crop Science Congress in Brisbane, 

Australia.  

Xie J., Zhang K., Wang X., Wang L., Zhang and Yin C .. (2004). High 

Quality Maize Response to Nitrogen, Phosphorus, and 

Potassium in Jilin. Better Crops With Plant Food, volume 88, 

number 4.  

88 

World Bank. (2006). Ghana Environmental Analysis. Environmental and 

Natural Resources Management Department. Washington, DC: 

World Bank.  



www.udsspace.uds.edu.gh 

 

 

 

 

 



www.udsspace.uds.edu.gh 

 

 



www.udsspace.uds.edu.gh 

 

 



www.udsspace.uds.edu.gh 

 

 



www.udsspace.uds.edu.gh 

 

 



www.udsspace.uds.edu.gh 

 

 



www.udsspace.uds.edu.gh 

 

 

 

 

 

 

 

 

 



www.udsspace.uds.edu.gh 

 

 



www.udsspace.uds.edu.gh 

 

 


