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CHAPTER ONE
INTRODUCTION
	Cassava is extensively cultivated as an annual crop in tropical and subtropical regions for its edible starchy tuberous roots, a major source of carbohydrates. It is a shrub with an average height of one meter, and has a palmate leaf formation. Cassava belongs to the family of rubber plants with a white latex flowing out of its wounded stem and leaf stalk. The stem is the planting material from which grows the roots and shoots. Cassava produces bulky storage roots with a heavy concentration of carbohydrates, about 80 percent (Babaleye, 1999).
The shoots grow into leaves that constitute good vegetable rich in proteins, vitamins and minerals. New knowledge of the biochemistry of the crop has proved that the proteins embedded in the leaves are equal in quality to the protein in egg (Philip, 1984). Cassava leaves and roots, if properly processed can therefore provide a balanced diet protecting millions of African children against malnutrition. One of the major constraints to increased cassava production in Nigeria is declining soil fertility due to continuous cropping and erosion losses.
 The use of chemical fertilizers alone to sustain high crop yield has not been quite successful due to enhancement of soil acidity, nutrient leaching, degradation of soil physical condition and organic matter status. Interest in the use of organic manures is increasing day by day. Malcolm (2011) reported that organic manures are fertilizer compound that contain one or more kinds of organic matter. The ingredients may be animal or vegetable matter or a combination of the two. It is possible to purchase commercial brands of organic rich fertilizer as well as prepare organic fertilizer at home by building a compost heap. Animal manure is a common ingredient in the creation of organic fertilizer. Organic manure consists of plants and animal residues at various stages of decomposition.Organicmanure is responsible for most desirable surface soil structure, promotes a greater proportion of larger pore size, improves water and air relations and reduces erosion by wind and water. It also improves nutrient status of soils, increases the level of organic matter in the soils and gives high residual effect on soil fertility. Roy et al. (1990) reported that animal manures are excellent soil amendments, but very little is applied to cultivated fields in the tropics and sub-tropics.
	Although organic matter in most cultivated soil is only 1 – 5% in the top layer of soil (0-25cm) that small amount can modify the soil physical properties. Organic manures are excellent sources of organic matter but relatively low in nutrients; therefore, to obtain optimum yields from continuous cropping, additional nutrients from N.P.K. fertilizers will be needed to compliment organic fertilizer.
	However, Akoroda (1990) reported that the use of organic manure and N.P.K. fertilizer supplies appreciable cash income to peasant farmers.  Since the majority of farmers active in arable crop production in Nigeria are poor, agricultural practices which are cheaper and are more readily available to them should therefore be introduced to them. The response of cassava (Manihot escullenta) to various types of animals manure and N.P.K. fertilizer applied in combinations are not known to have been investigated in Nigeria.

OBJECTIVES OF THE STUDY
1 To access the effectiveness of organic manure and N.P.K. fertilizer on soil properties and shoot dry matter yield of cassava (Manihot escullenta).
2 To establish the optimum rate of combined use of organic manure and N.P.K. fertilizer for cassava production.






CHAPTER TWO
2.1	Description and History of Cassava
	The cassava root is long and tapered, with a firm homogenous flesh encased in a detachable rind, about 1mm thick, rough and brown on the outside. Commercial varieties can be 5 to 10cm in diameter at the top, and around 15cm to 30cm long. A woody cordon runs along the roots axis. The flesh can be chalk – white or yellowish, cassava roots are very rich in starch, and contain significant amounts of calcium (50mg/100g), phosphorus (40mg/100g) and vitamin C (25mg/100g).However, they are poor in protein and other nutrients. In contrast, cassava leaves are a good source of protein and rich in the amino acidlysine, though deficient in methionine and possibly tryptophan (Phillips, 1984).
	According to Stephen (1995), the largest producer of cassava is Brazil, followed by Thailand, Nigeria, Zaireand Indonesia. Production in Africa and Asia continues to increase, while that in Latin America has remained relatively level over the past 30 years. Thailand is the main exporter of cassava with most of it going to Europe. It was carried to Africa by Portuguese traders from the Americas. It is a stable food in many parts of western and central Africa and is found throughout the humid tropics, its cultivation was continued by the colonial Portuguese and Spanish. Forms of the modern domesticated species can be foundgrowing inthe wild in the south of Brazil. While there are several wild manihot species, all varieties of cassava M. esculenta are cultigens.

2.2	Economic Impact of Cassava
Cassava, together with yams (dioscorea species) and sweet potatoes (ipomea batatas) are important source of food in the tropics. The cassava plant gives the highest yield of food energy per cultivated area per day among crop plants, except possibly for sugarcane. Cassava plays a particularly important role in developing countries farming especially in sub- Saharan Africa- because it does well on poor soils and with low rainfall, and because it is a perennial crop that can be harvested as required. Its wide harvesting window allows it to act as a famine reserve and is invaluable in managing labour schedules. It also offers flexibility to resource poor farmers because it serves as either subsistence or a cash crop while underground storage of cassava is advantageous for managing work schedules, it may also lead to reduced quality of the roots, sometimes leaving the root unsuitable for many types of processing. In some areas farmers have to come to increasingly rely on dried cassava chips.
	Nweke et al. (1992) revealed that about 42% of harvested cassava roots in west and east Africa are processed into dried chips and flour. No continent depends as much on roots and tuber crops in feeding its population as does Africa. In the humid and sub-humid areas of tropical Africa, cassava is either a primary staple food or a secondary co-staple. In Ghana, for example, cassava and yams occupy an important position in the agricultural economy and contribute about 46% of the agricultural Gross Domestic product (GDP). Cassava accounts for a daily calorie intake of 30% in Ghana and is grown by nearly every farming family.  The importance of cassava to many Africans is epitomized in the ewe (a language spoken in Ghana, Togo and Benin Republic) name for the plant, agbeli, meaning “there is life”. However, the price of cassava has risen significantly in the last half decade and lower income people have turned to other carbohydrate rich food, such as rice (Philips, 1984).
	In Tamil Nadu, one of the 28 states of India, the national highway 68 between Thalaivasal and Alltur has many cassava processing factories (local name sago factory) alongside it indicating an abundance of it in the neighbourhood. Cassava is widely cultivated and eaten as a staple food in Andhra Pradesh and in Kerela. In the sub-tropic region of southern China, cassava is the fifth largest crop in terms of production, after rice, sweet potato, sugar cane and maize. China is also the largest export market for cassava produced in Vietnam and Thailand. Over 60% of cassava production in China is concentrated in a single province, Guangxi, averaging over seven million tons annually.

2.3	Uses of Cassava
	Cassava based dishes are widely consumed wherever the plant is cultivated. Some of these dishes have regional, national or ethnic importance. Cassava must be cooked properly to detoxify it before it is eaten. Cassava can be cooked in various ways. The soft boiled root has a delicate flavour and can replace boiled potatoes in many uses; as an accompaniment for meat dishes or made into purees dumplings, soups, stews, gravies, etc. Deep fried (after boiling or steaming) it can replace fried potatoes, with a distinctive flavour. Foofoo is made from the starchy cassava root flour. Tapioca (or fecula) is an essentially flavourless starchy ingredient produced from treated and dried cassava root and used in cooking. It is similar to sago and is commonly used to make a milky pudding similar to rice pudding. Boba tapioca pearls are made from cassava root. It is also used in cereals for which several tribes in South America have used it extensively. It is also used in making cassava cake, a popular pastry. Cassava is used in making eba a popular food in Nigeria. Garri soaking is a delicacy in Ghana that cost less than 1USD. You simply soak garri in cold water, add a bit of sugar and roasted groundnut to taste, a quantity of evaporated milk of your choice. Garri soaking when prepared with coconut water with a cube of sugar with same ingredients tastes better.
	The juice of the bitter cassava, boiled to the consistency of thick syrup and flavored with spices, is called Cassareep. It is used as a basis for various sauces and as a culinary flavoring principally in tropical countries. It is exported chiefly from Guyana. The leaves can be pounded to a fine chaff and cooked as a palaver sauce in Sierra Leone, usually with palm oil but vegetable oil can also be used. Palaver sauces contain meat and fish as well. It is necessary to wash the leaf chaff several times to remove the bitterness. The cassava root flour is also used to make cassava bread from boiling enough flour until it is a thick rubbery ball called Bukari in Swahili and Luku in Kikongo. This cassava bread is often affectionatel known as the national ball. The flour is also made into a paste and fermented before boiling after wrapping in banana or other forest leaves. The fermented state is called nkwanga in Lingala.
	This last form has a long shelf life and is a preferred food to takeon long trips where refrigeration is not possible.

2.3.1	Biofuel
	In many countries, significant research has begun to evaluate the use of cassava as an ethanol biofuel feedstock. Under the development plan for renewal energy in the eleventh five – year plan in the People’s Republic of China, the target was to increase the application of ethanol fuel by non-grain feedstock to 2 million tones, and that of bio-diesel to 200 thousand tons in 2010. This would have been equivalent to a substitute of 10 million tones of petroleum. As a result cassava (tapioca) chips have gradually become a major source of cassava production.

2.3.2	Animal Feed
	Cassava is used worldwide for animal feed as well. Cassava hay is used at a young growth stage, 3-4 months, harvested about 30-45cm above ground, and sun dried for 1-2 days until it has finally dried with dry matter of at least 85%. The cassava hay contains high protein content (20-27% crude protein) and condensed tannins (1.5-4% CP). It is used as a good roughage source for dairy, beef, buffalo and goats.

2.4	Soils/Nutrient Requirements of Cassava
	Cassava grows best on light, sandy loams or on loamy sands which are moist, fertile and deep, but it also does well on soils ranging in texture from sands to clays and on soils of relatively low fertility. In practice, it is grown on a wide range of soil texture which is friable enough to allow the development of the tubers.
	Cassava can produce an economic crop on soils so depleted by repeated cultivation that they have become unsuitable for other crops. On very rich soils, the plant may produce stems and leaves at the expense of roots. In some parts of Africa, freshly cleared forests soils are regarded as highly suitable after they have borne a cereal crop. (www.foodmarketexchange.com)
	No fertilization is required when the land is freshly cleared or when there is enough land to enable the cultivator to substitute new land for old when yields fall. Like all rapidly growing plants yielding carbohydrates, cassava has high nutrient requirements and exhausts the soil very rapidly. When cassava is grown on the land for a number of years in succession or rotation, the soil’s store of certain nutrients will be reduced and must therefore be returned to the soil by fertilization.
	Various experiments conducted by Makinde et al.(2001) in Brazil, India, Africa and the Far East have shown significant increases in yield of roots as well as starch content - obtained by the application of fertilizers. Potassium salts favour the formation of starch, and nitrogen and phosphorus are essential for growth. However, if the soil contains large quantities of assimilated nitrogen, the result will be heavy development of vegetative growth without a corresponding increase in root production. Generally, fertilization is practiced at present in most parts of Africa and South America only on commercial plantations. In Thailand, only a few farmers apply artificial fertilizers, as they are usually too costly for the small farmer. Most farmers use different types of organic manures, such as cattle, poultry and piggery. The kinds and quantities required by cassava crop depend on the nature of the soil.

2.5	Agronomy of Cassava
	Even though cassava is a durable crop, it has certain husbandry requirements and is responsive to favorable crop management practices. Healthy, fresh stem cuttings from mature cassava plants are the best planting materials. Depending on moisture conditions of the soil, farmers plant cassava cutting vertically at an angle, or horizontally. Slow initial development of sprouts makes cassava susceptible to weed competition in the first 3-4 months, therefore, weed control involves cultural, biological, chemical and integrated control. Farmers usually intercrop cassava with maize, melon and other crops. Farmers can harvest cassava from 7 months after planting; however, most cassava varieties attain optimum weight and starch content 18 months after planting. Improved varieties selected for early bulking may be harvested after 6 months and attain maximum yield at 9-12 months (Ekanayake et al., 1997).

2.5.1	Land Preparation
	Cassava is an important food crop in sub-Saharan Africa. The crop produces acceptable yields under sub-optimum conditions. Nevertheless, good production requires good land preparation. Land preparation practices depend on; climate, soil type, vegetation, topography, degree of mechanization and availability of labour. In traditional cropping systems, farmers grow cassava traditionally as the first crop after clearing the forests, no land preparation is required other than the removal of shrubs and vine and cutting off branches of large trees to admit sunlight. When the first rains have softened the ground, farmers loosen the soil with a hoe, planting stick or sharp instrument.
	Depending on soil type and drainage, the field may be prepared as mounds, ridges, flat-tilled or zero-tilled. Drainage conditions determine the size of the ridges or mounds and the placement of crops. In wet areas, water loving crops such as rice may be planted between mound or ridges. Upland crops such as cassava, maize and legumes which require good drainage may be planted on the side or top of the mounds or ridges (Ekanayake et al., 1997). Land preparation for planting cassava on upland and in valleys differs. On upland, farmers plant on flat ground or mounds and ridges. In valleys farmers prepare ridges or mounds above ground level to control water logging.
	Cassava cultivation on mounds is common in West Africa; farmers gather the soil into heaps. Mounds range from 30 to 60cm high. They are lower than mounds prepared for yams, but have broader bases. Cassava tuberous roots spread more widely and penetrate less deeply than yam tubers. The space between mounds range from 60to 200cm, where mechanization is available farmers plough and harrow the land down to a depth of 25cm.For planting on flat soil, farmers insert cutting directly into the land. For planting on ridges or furrows, farmers ridge or furrow the land after harrowing

2.5.2	Planting Material
	Ideally, cassava plantis grown from semi-hardwood cuttings. Within 2-3 weeks, adventitious roots develop at the base of the cuttings. Subsequently, roots develop into a fibrous root system. Other roots develop at the base of auxiliary buds or the nodes. Fibrous roots may be up to 200cm long. Some fibrous roots develop into “storage roots” or tuberous roots 20 – 40 days after planting. The quality of cassava stem cuttings depends on;
1 The age of stem	2. Thickness	3. Number of nodes	4. Health of stems
THE AGE OF STEMS: Stem cuttings are taken from plants which are between 8 and 18 months old. Cuttings from older more mature parts of the stem gives better yield than cuttings from younger parts. Cuttings from green parts are susceptible to pathogen and insects. Also immature stems cannot be stored for a long time, because they dry rapidly. Stem cuttings from older plants are lignified and contains only small amounts of nutrients for sprouting.
THICKNESS: Thick stems are used, although any part of the cassava stem can be used for propagation, do not use thin stems. Thin stems have little nutrients and moisture, sprouts are weak and plants produce only few and small tuberous roots.
NUMBER OF NODES: About 20 – 30cm long cuttings with 5 – 7 nodes are the origin of shoots and roots. One may obtain plants from a small cutting with only 1 node, but the possibility of sprouting is low. Cuttings with 1 – 3 nodes do not sprout well because of small amounts of nutrients.
HEALTH OF STEMS: Planting materials from healthy plants are selected. Examine planting materials carefully to prevent transmission of diseases and pests. Planting materials could carry diseases such as African cassava mosaic virus, cassava bacterial blight and anthracnose. Pest includes mealy bugs and scale insects.  Do not use planting materials with disease and pest symptoms.

2.5.3	Planting
2.5.3.1	Orientation of Planting: Cassava cuttings are planted vertically at an angle, or horizontally;
Vertical Planting: Two-third of the cutting is placed in the soil.
Planting at an Angle: Two-third of the cutting is placed in the soil, with an angle ranging from slightly above horizontal to about 60o
Horizontal Planting: The entire cutting is placed horizontally in the soil at a depth of 5-20cm, usually 10cm.
	The orientation of the cutting influences growth characteristics. Cuttings planted vertically sprout and develop foliage quicker than cuttings planted at an angle or horizontally (Ekanayake et al.,1997).
	Vertical planting produces deeper tuberous roots than angled planting, while horizontal planting produces the shallowest tuberous roots (Ekanayake et al.,1997). However, tuberous roots from vertical or angled planting are arranged more compactly and are more difficult to harvest than tuberous roots from horizontal planting. Most modern mechanical planters are designed for horizontal planting. The planter opens a furrow and drops the cutting horizontally.

Experience in different cassava-growing areas shows that:
	In clay soils with sufficient rainfall (1000-2000mm/year), planting may be horizontal, vertical or angled, because the moisture is adequate for sprouting.
	In sandy soils and under erratic rainfall, plant vertically. A 20-30cm cutting planted vertically reaches 20cm deep into the soil and may find enough contact with available moisture.
2.5.3.2	Planting Time: Cassava is planted as early as possible, just before the rains or after the rains begins. Delayed planting leads to reduced yield, when planted early, cuttings sprout, establish well and receive sufficient moisture, plants withstand diseases and pests later in the season.
2.5.3.3	Planting Depth: Planting depth is regulated according to prevailing environmental conditions. Shallow planting at low soil moisture results in poor establishment and low yield. Therefore, in dry, sandy soils, plant cassava cuttings deep; in moist and heavy soils, plant shallow.
	Remember that deep planting makes harvesting difficult and increases production costs. However, deep planting is advisable in areas prone to termite attacks.
2.5.3.4	Plant Density: Plant density depends on soil and climate, variety, soil fertility, cultural practices and use of tuberous roots. 
	Optimum plant density varies from upland to inland valleys and depends on whether cassava is an intercrop or monocrop, denser planting is practiced in inland valleys with distance between cassava plants ranging from 50-100cm.
	In traditional farming, cassava often grows together with yams, maize, groundnut, banana and melon. The distance between cassava plants in the upland depends on the type of intercrop and ranges from 100-400cm. In a monocrop, space cassava 80-100cm within and between rows. Although no universal recommendation exists, in Africa, a plant density of 10,000-15,000 plants/ha gives a good crop (Ekanayake et al., 1997).
2.5.4	Weed Management
	Slow initial development of sprouts makes cassava susceptible to weed competition in the first 3-4 months. Early-branching varieties develop canopies which reduce weed growth. When sprouts are vigorous, Crops are weed free in the first 3-4 months.When plant density is higher than 10,000 plants/ha, plants are free of diseases and pests, environment and soil fertility are favorable.
	Weed competition reduces canopy development and root bulking. Yield reduction varies from 40% in early branching cultivars, to 70% in late or non branching cultivars. When canopies do not provide sufficient cover, weed problems become severe.
	Major weeds affecting cassava production are; grasses such as Andropodon Spp, Imperata cylindrical, Panicum maximum, and Pennisetum Spp.
	Broad leaved weeds such as Comelina Spp., Chromolaena odorata,mimosa invisa,smilax kraussiniana and mucuna pruriens are also common.
	Imperta cylindrica not only competes for resources, but also pierces tuberous roots and provides entry for rot, causing pathogens (Ekanayake et al., 1997).

The five method of weed management according to  Ekanayake et al.(1997). are;
1. Cultural measures
2. Biological measures
3. Genetic measures
4. Chemical measures
5. Integrated control measures
Cultural Measures:Hand weeding is effective on small farms; therefore hand weeding is common among small scale cassava farmers. Farmers clear land from a bush fallowed for more than five years and weed at 3, 8 and 12 weeks after planting.
Biological Measures:Use of situ live mulch in the form of cover crops is an effective method of weed suppression. For example, Mucuna pruriens, Var utilis grown during the season prior to cassava cultivation helps to suppress weeds. Cassava cuttings can be planted directly into the mulch cover with little or no land clearing.
	Appropriate intercrops can significantly reduce weeding frequency and intensity. Intercropping with leguminous species has the additional benefit of soil improvement.
Genetic Measures:Improved cassava cultivars which are vigorous, able to cover the ground rapidly, and are competitive against weeds, effectively suppress weeds during the early and more vulnerable growth stage. Slow-growing and late branching cultivars are less competitive against weeds.
Chemical Measures:Several pre-emergence herbicides have been identified for weed clearing in sole and multiplecropping. They include Chloramben (1-3kg/ha), Diuron (1-3kg/ha), Formulated mixtures of fluometuron and metolachlor (2+2kg/ha), Metobromuron and metolachlor (4kg/ha), Fluometuron and pedimenthalin (2+2kg/ha), Primextra (Pre-mix of atrazine + metolachlor (2-3kg/ha).
Herbicides are most effective if applied before weed infests a field.  When planting or weed control is delayed until weeds become visible, mix pre-emergence herbicides with contact herbicides such as ghifosinate-ammonium (Basta).
Herbicides are cost effective when available in appropriate quantities and when cassava fields are too large to be weeded by hand (Ekanayake et al., 1997).
Integrated Control Measures:Integrated control combines the four weed control methods mentioned. Examples of integrated weed control are; Combining one weeding with the use of an improved variety, planted at optimum density, combining a pre-emergence herbicide with late weeding (Ekanayake et al., 1997).


2.5.5	Fertilizer Application
	Cultivation of cassava is widespread due to its ability to grow in poor soils. Cassava has an extensive root system and uses plant nutrients which are not easily accessible to other crops. In traditional farming, without fertilizers, farmers can obtain yields of 5-6 t/ha on soils that would not support other crops.
	However, for good growth and yields, cassava requires friable, light textured and well-drained soils containing sufficient moistures and a balanced amount of plant nutrients. Under such conditions, yields of 40-60 t/ha are possible (Ekanayake, 1996).
	Like all rapidly growing, carbohydrate-producing plants, cassava impoverishes the soil rapidly, unless nutrients are replaced depending on the soil fertility, amounts of nutrients removed in a monocrop and an intercrop differs as shown in Table 1.0. 




TABLE 1.0: Nutrients Removed (Kg/ha) By Cassava after 4 Months of Monocropping And Intercropping In A Low Fertility Soil
	Cropping System
	N
	P
	K

	Monocrop
	82
	6
	80

	Inter crop (Cassava + Sweet potato)
	
	
	

	
	
	
	

	Cassava	
	56
	4
	45

	Sweet potato
	100
	6
	60


Source: (Kapinga et al., 1995).

NITROGEN: Nitrogen is readily available to plant roots in the form of nitrate nitrogen. Because nitrogen is easily leached into lower layers of the soil, postponing application until plants are well developed is considered. Symptoms of nitrogen deficiency are stunted growth, narrow pale green leaves with yellow (chlorotic) discoloration starting at leaf tips and margins, premature dropping of leaves.
	Sufficient nitrogen to develop foliage is necessary for the development of tuberous roots. Excessive application of nitrogen without the simultaneous application of potassium and phosphate may promote leaf and stem growth without increasing yield, yield may even be reduced.
PHOSPHORUS: Cassava requires modest amounts of phosphorus for the root system. Response to phosphorus application is low. Symptoms of phosphorus deficiency are stunted growth and violet discoloration of leaves.
POTASSIUM: Cassava removes large quantities of potassium, symptoms of potassium deficiency are; i) stunted growth ii) dark leaf color, which gradually becomes pale iii) dry brown spots on tips and margins of the leaves iv) Necrosis on the margins of leaves.
	Potassium deficiency not only affects yield and content, but also roots quality (Ekanayake et al., 1997).

2.5.6	Multiple Cropping
	The humid tropics are characterized by high rainfall and thick vegetation. Top soil are protected by canopies of multistoried or multileveled plant mixtures. Opening up new farmland generally disturbs the soil.
	However, farmers leave large trees like palms and burn the rest of the vegetation, leaving ash as mulch on the soil. Fallowing maintains soil fertility. Farmers adapt to changes in soil fertility by first planting crops requiring most nutrients such as maize, yam and plantain. Root, tuber and legume crops which have lower nutrient requirements are planted later. Multiple cropping with varying canopies reduces soil erosion and pest and diseases incidence. Yields are maintained at a staple but low level.
	Under low soil moisture, as in the Savannah of West Africa, farmers intercrop cassava with cowpea and maize. Differences in root patterns and growth cycle improve the use of water stored in different layers of the soil. Cassava uses available water at the end of the legume or cereal cycle. Multiple cropping with cassava is most common in the humid tropics especially under rain-fed conditions. Multiple cropping includes various form of farming practices where a field produces many crop simultaneously, sole crops in sequence or a combination of both forms. Multiple cropping according to Ekanayake,(1996)can be;
SPATIAL: Several crops grow simultaneously on the same field.
SEQUENTIAL OR TEMPORAL: Several crops grow one after the other on the same field.
	Simultaneous cropping is also called intercropping. Intercropping includes;
Strip Intercropping: Growing two or more crops in strips wide enough to allow independent cultivation and yet narrow enough to induce crop interaction.
Row Intercropping: Growing two or more crops in a well-defined row arrangement
Mixed Intercropping: Growing two or more crops in an irregular arrangement.
Relay Intercropping: Planting one or more crops within an established crop so that the final stage of the first crop coincides with the initial stage of the next crop.
	Mixed cropping is most common in cassava growing areas of the humid tropics.
Advantages of multiple cropping are;
1. Higher gross returns per unit area of land.
2. Higher yields stability and less risk
3. Better satisfaction of dietary variability
4. Better control of pests, diseases, weeds and erosion.
5. More efficient use of resources such as labor and land.
Disadvantages of multiple cropping are;
1. Reduced possibility for mechanization of planting and harvesting operations.
2. More difficult fertilizer and pesticide application
3. More complicated management of experiments 
(Intercropping is more complex than sole cropping).
	Cassava is almost always intercropped except on a few large scale mechanized farms. Farmers intercrop cassava usually with vegetables, plantation crops (such as coconut, coffee), yam, sweet potato, maize, rice, groundnut and other legumes. Intercropping pattern depends on environmental conditions and food preferences of the region.
	In simple mixtures (consisting of only two crops), farmers select arable crops on the basis of differences in growth habit and time of maturity. For example, cassava (slow initial growth, 9-18months to maturity) is often intercropped with; 
Maize (rapid growth, about 100-120 days to maturity)
Cowpea, melon (rapid growth, 70-80 days to maturity)
Groundnut (rapid growth, 120 days to maturity)
Okra (harvested over a period of 100-150 days)
In complex mixtures (consisting of three to four or more crops), high yields have been obtained with;
Maize/cassava/melon
Maize/cassava/okra/melon
Maize/cassava/okra/cowpea
Maize/yam/cowpea
	Complex mixtures also suppress weed infestation, reduce soil temperature, retain higher soil moisture in the top soil up to a depth of 20cm and produce more organic matter than sole cropping or simple mixtures. Nutrient loss from erosion in complex mixture is less than in sole cropping (Ekanayake et al., 1997).

2.5.7	Harvesting
	Cassava is harvested as soon as tuberous roots have accumulated sufficient amount of starch, but not too late, when tuberous roots become woody or fibrous. Early maturing varieties are ready for harvesting at 7 months, while late maturing varieties are ready 12 months after planting (Ekanayake,1996).
Optimum time for harvesting cassava varies according to;
Time of planting
Variety
Climatic and soil factors
Market conditions
	Most cassava varieties attain optimum weight about 18 months after planting when starch accumulates is highest
	Farmers do not usually harvest all the plants on a plot at the same time, because cassava remains in good condition for only a few days after harvest. Farmers harvest only the quantity required for immediate use.
	In traditional farming, farmers harvest manually. Farmers cut the stems a few centimeters above the ground with a machete, then loosen the soil around the tuberous roots, and pull the stub of the stem to lift out the root. Mechanical harvesters are available to uproot tuberous roots, which are then picked by hand.
	Harvesting is easier when the soil is moist. Harvesting is also easier if planting is on ridges or in beds and in loose or sandy soils, rather than on flat ground and in clay or heavy soils (Ekanayake et al., 1997).

2.5.8	Manure/Fertilizer Trials
	Nutrient naturally found in the soil are very essential for the growth of the plants. However, sometimes these nutrients in soil might not be enough to stimulate the plant growth. This is where fertilizers, the protein supplement for plants come handy; fertilizers add nutrients to the soil which are lacking in it. There are two types of fertilizers which are chiefly used by plant growers, i.e. organic and inorganic (Dogra, 2010).
	Manure are used in agriculture to supplement the nutrients which the plant cannot obtain from the soil alone in order to increase yield quality. Okosun et al. (1996) observed that about 70% of farmers who engage in dry season vegetable farming in Kwakwalawa village in Sokoto state of Nigeria have no access to inorganic fertilizers because the cost is exorbitant. More so, consumers in European nations which provide market for vegetable and fruits exported from tropical countries place high value and demand on farm products produced from manure especially organic manure. Farm products produced from organic manure have a better taste when consumed and is of high quality.
	Schnitzer (1978) reported that organic manure increase the soil organic matter content and this helps in improving the soil structure, such as aggregation, water retention capacity and supporting microbial activities in the soil.
	Most farmers that practice mixed farming have large quantities of farmyard manure which serve as substitute to inorganic fertilizer in maintaining soil fertility. Inintensive used gardens, light soil compost at rates up to 175t/ha/year was used in combination with small doses of agricultural lime (less than 0.57t/ha) (Enwezor et al., 1989). Fagbenroet al. (1990) on their work on effect of inorganic and organic fertilizers on the growth and modulation of the Glirieida sepium and leuceana leucocephala in an ultisol observed that all treatments having organic fertilizer, like its inorganic counterparts, produced seedlings that were in most cases significantly taller than those grown in the control. Height increase was observed for Glirieida up to 100mg/kg application level with the maximum increment of 33% recorded between 25 and 50mg/kg application levels. As for leucena, increase in height was observed up to 200mg/kg.
	Obatolu and Agboola (1991) and Agboola et al. (1990) also demonstrated on the use of various organic materials such as cow dung, poultry manure, various tropical weeds and lignite. The use of organically sourced fertilizer material is expected to replace or compliment chemical fertilizer which isbecoming extremely expensive and difficult to get by most farmers (Obatolu, 1995).
	According to Alasiri and Ogunkeyede (1999) poultry manure contains organic matter and nutrients which are available for improving and conditioning the soil thereby increasing crop yield. Considering the size of poultry industry in Nigeria, utilizing poultry manure in crop farms would be a good means of disposing the waste product, which would otherwise pose as an environmental hazard. The seed yield values of okra using organic amendments range between 0.13 and 0.62t/ha with average values of 0.4555 and 0.422t/ha respectively (Alasiri and Ogunkeyede, 1999). This yield compares with the average okra seed yield reported by Gruben (1977) for the tropics and the predicted seed yield of 420kg/ha reported by Akoroda (1986) in Nigeria. Okra seed production by farmers in south western Nigeria according to Alasiri and Ogunkeyede (1999) can be boosted through the application of 10 – 20t/ha poultry manure. The use of organic manure has long been recognized in maintenance of organic matter status and in amelioration of soil physical properties (Okpara-Nadi et al., 1987). Organic matter is believed to reduce aluminum toxicity in Ultisol (Ahmad and Tan, 1986) and also to have many characteristics of an ideal nitrogen fertilizer.
	The potential of traditional organic fertilizers such as compost, farmyard manure, crop residue, mulches and planted fallow for building soil organic matter and nutrient supply of the soil is particularly important in today’s economy; especially in the tropics, where chemical fertilizer are no longer as readily and economically available as they were a couple of decades ago.
	Opara et al. (1987) reported that organic manure maintained more favorable soil chemical properties and caused less nutrient loss than inorganic fertilizer. Organic carbon, total nitrogen, C: N ratio, soil pH,available P, CEC and exchangeable K, Ca, Mg and Na were more under the organic manures treated soils than under the inorganic fertilizer. Organic manure causes less loss of N. K, and Ca than the inorganic fertilizer.

2.5.8.1	Inorganic Fertilizers
	 Inorganic fertilizer also known as chemical fertilizer or synthetic fertilizer is artificially made in the factory and contains all the vital nutrients such as nitrogen, phosphorus and potassium, which are present in the organic fertilizer. Unlike organic fertilizers, inorganic fertilizers do not need to be broken down or decomposed before usage by plants because they contain nutrients that can be readily absorbed by plants (Dogra, 2010).

ADVANTAGES OF USING INORGANIC FETILIZERS
Works immediately:
	Inorganic fertilizers are usually given as a “rescue treatment” to plants that are malnourished, unhealthy or even dying. Inorganic fertilizers are appropriate in this situation because the nutrients needed by the plant are readily available. In comparison, using organic fertilizer would mean that the plant has to wait until the components of the organic fertilizer have been broken down first into its primary nutrients. By then, the plant could be dead already.


CONTAINS ALL NECESSARY NUTRIENTS THAT ARE READY TO USE: 
	Inorganic fertilizers are designed to give plants all the nutrients; nitrogen, phosphorus and potassium that they need in appropriate proportions and amounts. Hence, plants do not get more of one type of nutrient over the other. Instead it has a balance of all the nutrients it needs and are readily available at a given time. Adding inorganic fertilizer into the soil to be planted makes the soil ideal for planting as it is already enriched with nutrients.
Affordable:
	You do not have to spend much buying inorganic fertilizer because it is relatively cheap, of course it is not as cost effective when compared to using compost, yet for the convenience it gives you when it comes to caring for your plants, an inorganic fertilizer is a very good deal already.
Convenient to use:
	It takes a while to make your own organic fertilizer. Though the process is relatively easy to do, still you need to delegate enough time to do the task and wait for the decomposition part to take place. It takes a while with an inorganic fertilizer, you save a lot of time and effort. Inorganic fertilizers are quite cheap and even easier to use and prepare. They are available at almost every gardening store.

DISADVANTAGES OF USING INORGANIC FERTILIZER
Leaching happens:
	Inorganic fertilizers contain nutrients that have been broken down already into the most basic of its components for easier absorption by the plants. Yet, it can also be washed away easily when watering or irrigating the plants. This is called leaching; leaching happens very often as you water your plants. Hence, a lot of the fertilizer goes to waste. Nitrogen is one of the elements that easily get washed away since it usually settles below the roots of the plants quickly. When one is using inorganic fertilizer, one should pay special attention to the roots of the plant and also when watering as watering encourages the leaching of the nutrients in the soil
Some are not affordable:
	Generally, inorganic fertilizers are inexpensive, yet, some specially formulated inorganic fertilizer come at a cost that are considerably higher than most.

Accumulation of toxic wastes:
	Inorganic fertilizers are not entirely composed of the nutrients needed by the plants. It also contains salts and other compounds. These are not absorbed by plants so they are left behind in the soil and build up overtime when found in large amounts in the soil, these compounds can alter the chemistry of the soil that makes it less ideal for planting. Often times, the soil needs to be neutralized using other substances to return it to a normal state that is suitable for planting. Furthermore, these toxic compounds may also get washed away when you water your plants and seep into ground water. It has been reported that the toxic wastes from fertilizers contaminates the water we drink which is bad forhuman health (Dogra, 2010).
Too much is not a good thing:
	Fertilizers are good source of nutrients for plants. However, too much of it can also be harmful to the plants. Applying the fertilizer directly to the plants may burn the delicate plant structures such as the roots. This could affect the over-all development of the plant (Dogra, 2010).

2.5.8.2	Organic Fertilizers
	Organic fertilizers are those that are made by making use of substances that occur naturally. They also include the wasteful remains of the animals as well as dead plants.
	Organic fertilizers are known for being chemically rich as they contain nitrogen, potassium and phosphorus in large quantities.
	Organic fertilizers are also made with natural raw materials, it usually pertains to our biodegradable wastes.
ADVANTAGES OF USING ORGANIC FERTILIZER
All Natural:
	Organic fertilizers are usually composts made by decomposing biodegradable wastes. These wastes may include paper, leaves, and fruit peelings, left over foods and even fruit juices. These are all natural and the process of decomposing them needs no chemical either. An abundance of worms are all it takes to decompose these wastes and turn it into organic fertilizer. You don’t have to worry about build up of toxic wastes because that is not happening with an all natural source of ingredients (Dogra, 2010).
Make the Soil Rich:
	Organic fertilizers make a good condition to the soil. It makes the soil rich and ideal for planting. With a good soil, plants will get the nutrients that they need. Furthermore, organic fertilizers do not upset the balance in the soil as it does not leave behind any artificial compounds (Dogra, 2010).
Transforms Unhealthy Soil:
	If the soil in your garden is not the rich and loamy type, but instead it is sandy or may have a lot of tiny gravel in it or a high concentration of clay perhaps are not good areas for planting. Sandy soil does not hold water and not even the roots of the plants. Clay tends to clump. Adding organic fertilizers to these will improve the content and quality of the soil making it more suitable for planting (Dogra, 2010).
Corrects Imbalances:
	As the soil goes through the plant cycle of planting and harvesting and de-cropping, it becomes stripped bare of nutrients and the pH balance is also affected as well. Organic fertilizers help correct these imbalances in the soil pH to make it more suitable for plant growth. Delivers nutrients in a slow but sustained rate.
	Organic fertilizers are yet to be broken down completely into nutrients that the plants will absorb. Nutrients are delivered slowly in small increments as the organic fertilizer is slowly breaking down. The plants do not suddenly get shocked by a sudden high dose of nutrients that comes with using inorganic fertilizer. Over fertilizing which can be harmful to the plants can be avoided. Furthermore, incidents where the roots get burned from direct application of high doses of fertilizer can also be avoided (Dogra, 2010).
Cost Effective:
	The raw material needed to make an organic fertilizer can be found even in our home. Biodegradable wastes can be recycled and turned into compost.
DISADVANTAGES OF USING ORGANIC FERTILIZERS
Takes Longer Time
	Some plants grow sick and are malnourished; some are even on the verge of dying. At this point; plants need an immediate intervention, meaning it needs high doses of nutrients fast. This is possible with the use of inorganic fertilizer but not with an organic fertilizer.
	The slow and sustained release of nutrients by the organic fertilizer cannot be made to hasten in order to meet the needs of a dying plant. If you wait for the organic fertilizer to release everything it has stored, the plant may die during the long wait.
	Organic fertilizers are broken down into basic nutrients such as Nitrogen, phosphorus and potassium. These are not available in appropriate proportions. It could be that the nitrogen is more abundant than the rest. The plant may end up absorbing a lot of one nutrient over the others. This is similar to having an unbalanced diet. Plants will not grow beautifully (Dogra, 2010).
High Demand, Low Supply:
	If you have a big garden, it is advisable to use organic manure so that it will not be too costly. However, organic fertilizers enough for a big garden is not readily available. While you can make your own organic fertilizer by composting, you really need a lot to fertilize a big garden. The wastes from the house can only make so much organic fertilizers that it is not enough. Furthermore, it takes a while to prepare organic fertilizers.
Simple but Messy and Inconvenient:
	It is very simple to make compost. There are even a lot of recipes for organic fertilizers available. However, whipping it up can get messy not to mention that, it may also smell unpleasant from the rotting of the organic ingredients. A lot of people find making compost far more troublesome than what it’s worth. Hence, they’d rather pay a price for a little bit of convenience.

2.5.8.3 The Combined Use of Organic and Inorganic Fertilizers
	Effective nitrogen fertilizer can improve the yield of crops and also have positive economic benefits since inorganic fertilizers such as N.P.K 15:15:15 quickly ensure good availability of its nutrients to crop. 
	Although chemical fertilizers such as N.P.K ensure quick availability of its nutrients to crop, there is a strong case for combined use of organic and inorganic fertilizers for soil in humid tropics which often are acidic and physically and chemically fragile.
	According to Yaday and Prasad (1992), the tendency to supply all nutrients through chemical fertilizers has to be avoided as this has a deleterious effect on soil productivity on a long term basis. Studies carried out at Ibadan, southwest of Nigeria have recommended combinations of farm yard manure and N.P.K fertilizer for intercropped maize (Eneji et al., 1997).
	Agboola (1997) reported that the combination of soil fertility building practices should be evolved locally for maize production in South West Nigeria. In order to recommend suitable combination of poultry manure and N.P.K fertilizer for sole maize crop on lowly fertile sandy clay loam alfisol located at Akure, Southwest Nigeria, this work was carried out to compare the immediate, and residual effects of N.P.K fertilizer, poultry manure and reduced quantities of N.P.K fertilizer plus poultry manure on soil and plant nutrient contents and yield components of maize, (Ojeniyi et al., (1999). Titiloye (1982)reported that the most satisfactory method of increasing cassava yield was judicious combination of organic manure and inorganic fertilizers. Kang and Balasubramanian (1990) also found that high and sustained crop yields could be obtained with judicious and balanced N.P.K fertilization combined with organic manure amendments. Makinde et al. (2001a) has earlier reported that maize yields from inorganic fertilizer and a mixture of organic and inorganic fertilizer applications were similar and were significantly higher than yields from organic fertilizer application. They also found that organic fertilizer application did not benefit the yield of maize significantly.
	Adeniyan and Ojeniyi (2005) have also reported a higher yield of cassava from a combined use of N.P.K fertilizer and poultry manure than from sole applications. Murwira and Kirchman (1993) have observed that the nutrient use efficiency of a crop is increased through a combined application of organic manure and inorganic fertilizer.
2.5.9	Yield Levels
	Induced productivity of crops may be of yield and income effects of the crops in response to fertilizer use (Ayoola, 1990). An economic analysis of data obtained from fertilizer trial in five agro-ecological zones provides basis for assessing such effects for the whole country.
	According to Ayoola (1990), in terms of the calibration trials incremental yields of cassava attributable to fertilizers nutrients were in order of P followed by N and K. These yields effects were associated with average net returns in the order K, followed by P and followed by N. This implies that economic efficiency of nutrient use is in descending order of K, followed by P followed by N. In terms of the nitrogen source trials incremental yields of cassava attributable to different sources of N is in the order of granulated urea (GU, covered), followed by CAN (uncovered) and followed by regular urea (RU, uncovered). The yield effects were associated with average net returns in the descending order of CAN, followed by GU and followed by RU. This implies that economic efficiency of different nitrogen sources was in the descending order of CAN, followed by GU and followed by RU.
	Ayoola and Makinde (2007) on their work on the complementary use of organic and inorganic fertilizers on growth and yield of cassava reported that, cassava root yield was significantly affected by fertilizer application in the first year of cropping. Inorganic and organic fertilizers had similar yields of 10.34 and 10.01 t/ha respectively, that were both significantly higher than 8.83 t/ha got from sole organic fertilizer. By the second year, both the sole inorganic and the sole organic fertilizers gave comparable yield with complementary application. Yield from the control plots were significantly lower in both year as shown in Table 2.



Table 2: Effect of fertilizer type on yield of cassava (t/ha)
	Fertilizer
	Cassava root  yield

	
	Year 1
	Year 2

	No fertilizer
	6.26
	7.90

	Inorganic
	10.34
	12.43

	Organic
	8.83
	12.40

	Inorganic + organic
	10.01
	11.48

	LSD
	0.603
	1.867


SOURCE: Ayoola and Makinde (2007)

	Similar results was obtain by Syed (2001), as higher yield of water melon were obtained from the combination of organic and inorganic fertilizers than when only organic manure was applied as shown in Table 3.
Table 3: Yield, fruit number/plot and plant of water melon on combined use of organic and inorganic manure applied per plot 
	Treatment 
	Yield (kg)
	Yield/plant
	Fruit 
No/plant
	Fruit
No/plot

	Organic 
	95.33a
	5.96
	19.61
	1547a

	Organic +
	99.59a
	6.22
	19.53
	1341a

	Inorganic 
	
	
	
	


Source: Syed (2001)
2.5.10	Diseases/Pests of Cassava
	Cassava pest according to Iwena (2007) are Variegated Grasshopper & Rodents.
VARIEGATED GRASSHOPPER: Adults and nymphs eat up the leaves and young stems of plants (complete defoliation).
RODENTS: Rodents like cane rats, bush rats and grass cutter, dig the ground and eat up the tubers.
CONTROL: (I) Trapping	(II) shooting with gun (III) Wire fencing round the farm.
	Iwena (2007) summarized that some Disease of Cassava are;
CASSAVA MOSAIC DISEASE: This caused by virus which is transmitted by piercing and sucking insects (white flies).
SYMPTOMS: Symptoms include vein clearing and distortion of the leaves and stunted plants.
CONTROL: (1) The use of resistant varieties (II) Up-root and burn infected plants (III) Disease free planting materials should be used.
BACTERIA BLIGHT: It is caused by bacteria which are transmitted by infected cuttings.
SYMPTOMS: These include angular, water-soaked area of discolored leaf tissue blighting, wilting and reduction in yield.
CONTROL: (I) Use resistant varieties (II) Use clean and disease free stem cuttings.
ANGULAR LEAF SPOT: It is caused by a fungus.
SYMPTOMS: Includes spores which produce pale, brownish color on affected leaves.
CONTROL: (I) Spray with fungicide e.g. Bordeaux mixture. (Iwena, 2007).


2.6	Comparative Effectiveness of Organic Manure and N.P.K. Fertilizer on Soil Properties
		Ojeniyi et al. (1999), reported that the use of both organic and inorganic fertilizers will be rational strategy for maintaining soil fertility in the humid tropics. Agboola and Obatolu (1989) also noted that, the combined use of organic and chemical fertilizers has proved a sound soil fertility management strategy in many countries in the world such as India, Tanzania and Central African Republic. Although the role of organic matter in soil aggregation and structure formation is well known, Adeoye (1987), reportedthat, increase in crop yield from the application of organic manure have often been attributed to increase nutrient supply. This may be due to the fact that, the chemical effects of organic manures are noticeable within few years.The long term application of manures is generally required for any measurable improvement in soil structure.
Adediran et al. (1999) noted that application of organic based fertilizer improved the nutrient status of the soil. According to Schnitzer et al. (1978), organic manure decompose and releases nutrient and are responsible for most desirable soil structure, it modifies the soil physical properties and strongly affects the biochemical and chemical properties. Intensive agricultural systems involving frequent use of high rates of manures and fertilizers may produce both adverse and beneficial effects.	The mixture of organic waste and inorganic fertilizer according to Agboola et al. (1999) produced a greater beneficial residual effect than either materials used alone mostly in enhancing the efficiency of soil applied plant nutrient.
According to Okpara Nadi-et al. (1987 b), the potential of traditional organic fertilizer such as compost, Farm yard manure, crop residues mulches and planted fallow for building soil organic matter and nutrient supply of the soil is particularly important in today’s economy. Even if the nutrient requirements are met, the state of the soil environment is equally important in maintaining sustained agricultural production.
	Okpara Nadi et al. (1987a) reported that soil chemical properties and nutrient loss from treated soil were significantly affected by the type of fertilizer approved.	Generally, the organic manure were superior to the inorganic fertilizers in improving soil chemical properties… cow dung, poultry dropping and piggery dung, increased soil pH.

2.7	Comparative Effectiveness of Organic Manures and N.P.K Fertilizer on Growth and Yield of Cassava
	Kogbe (1976) obtained increase in growth and shoot dry matter leaf of cassava treated with poultry manure (PM). Maynard (1991) observed that the yield of cassava crops were equal to or greater than those obtained with inorganic fertilizer when poultry manure was applied at 20t/ha. Beneficial effects may include increase crop yield from the use of manure and inorganic fertilizer (Okpara-nadi et al., 1987a).	
Smith et al. (2001) on their work on growth, shoot dry matter and leaf nutrient of cassava as influenced by fertilizer source and leaf picking time reported that leaf length and width of cassava was significantlyinfluenced by fertilizer treatments but initial seedling shoot growth two weeks after transplanting (2WAT) was unaffected by either poultry manure or NPK application. Thus, cassava benefited significantly from the application of either inorganic or organic fertilizer.
		Bala et al. (1999) also reported that pepper (Capsicum frufescens) plants fertilized with poultry manure had small leafy production at both the 20 and 40t/ha but was significantly higher than the one at 0t/ha (control). Stem diameter apparently decreased with decreasing poultry manure rates whereas increasing NPK rates did not have any effect. However, the largest leaves were obtained at the higher rates of both fertilizers.
		Amalu and Oko (1998) in their work on respond of Talinum triangulare (water leaf) to nitrogen and organic fertilizer, reported that the effect of cow-dung applied at 10 tonnes per hectare and 20 tonnes per hectare on fresh weight yield was low compared to the control plots. The control plots (no treatment) out yielded those plots that received various level of treatments.
	Alasirii et al. (1999) reported that okra seed production by the farmers in South Western Nigeria was increased through the application of 10-20t/ha of poultry manure.
	Odiete et al. (1999) reported that the growth and yield components of okra such as plant height, girth, leaf length root length, number and weight of pods were increased by application of unground goat manure at 2, 3, 4, 6, and 8t/ha. The growth and yield components of Amaranthus such as plant height and girth, number and length of leaves and seed weight were increased by ground goat manure applied at 2, 3, 4, 6, and 8t/ha. Values of economically important yield components such as number of leaves and seed weight were increased significantly by goat manure applied at 4, 6 and 8t/ha.
	According to Asiegbu et al. (1984), the highest cumulative leaf production leaf area in cassava fertilized was obtained with 100kg NPK/ha + 10t/ha of organic manure.












CHAPTER THREE
3.0 Materials and Methods
3.1 Description of Experimental Site
The field experiment was carried out at Ikot abasi Effiom in Akpabuyo L.G.A, in Cross River State. The site used for the experiment was in secondary vegetation. Calabar is located between latitudes 4.5o-5.2oN and longitudes 8.0o-8.3oEwith elevation of 122m above sea level. The entire Calabar environment is in the tropical rainforest belt of Nigeria with an annual rainfall ranging from 2,500mm to 5,000mm. The annual temperature varies between 25oC to 27oC.

3.2	Collection and Preparation of Materials
	The cassava stem and the N.P.K 15:15:15 fertilizer were purchased. The cassava stems were purchased from a local farmer at Akpabuyo.The poultry dropping, pig dung and the cattle dung were purchased from the University of Calabar farm. The animal manures were dried before applying to the field.
3.3	Land Preparation and Experimental Design
	The secondary vegetation was manually cleared, pegged and demarcated into plots and blocks. The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. An alley of 1.5m was left between blocks and 1.0m between plots.
	The gross plot size was 30m x 37m (810m2) while the net plot size was 9m x 3m (27m2). 

3.4	Treatments and Treatment Allocation
	A total of eleven (11) treatments with different rates of application as shown in Table 4.0 was used in the study. Each treatment was replicated 3 times giving a total of 33 plots. The various rates of animal manures were applied five days (5) before planting by broadcasting without incorporation method, while the N.P.K 15:15:15 fertilizer treatments were applied 2 months after planting (2MAP) by ring method. The application of organic manure was carried out on the 26th of March 2011 while N.P.K fertilizer was on the 25th of May 2011.














TABLE 4.0: Treatment and amount applied per plot
	S/N
	Treatments
	Amount applied per plot size (27m2)kg/plot

	1.
	Control (no manure, no fertilizer)

	0kg

	2.
	N.P.K at 600kg/ha (full dose of N.P.K Fertilizer)
	10.8kg of N.P.K 15.15.15 fertilizer 


	3.
	Poultry manure at 600kg N/ha

	37.4kg of poultry manure

	4.
	Pig manure at 600kg N/ha

	43.5kg of pig manure

	5.
	Cattle manure at 600kg N/ha 

	64.2kg of cattle manure

	6.
	Poultry manure at 400kg N/ha + N.P.K 200kg/ha
	24.9kg of poultry manure + 3.6kg of N.P.K fertilizer 


	7.
	Pig manure at 400kg N/ha + N.P.K 200kg N/ha

	2.9.0kg of pig manure + 3.6kg of N.P.K fertilizer


	8.
	Cattle manure at 200kg + poultry 200kg + N.P.K 200kg
	21.4kg of cattle manure + 12.4kg of poultry manure + 3.6kg of N.P.K 15.15.15 fertilizer


	9.
	Poultry 300kg N/ha + N.P.K 300kg/ha
	18.7kg of poultry manure + 5.4kg of N.P.K 15.15.15 fertilizer


	10
	Pig manure at 50kg + N.P.K 550kg/ha
	3.6kg of pig manure + 9.9kg of N.P.K 15.15.15 fertilizer


	11
	Cattle manure at 300kg + N.P.K 300kg/ha
	32.1kg of cattle manure + 5.4kg of N.P.K 15.15.15 fertilizer




3.5	Planting and Field Maintenance
	Planting of cassava took place on the 30th of March 2011. Two (2) cassava stem cuttings measuring 20cm were planted per hole and 27 stands were accommodated on each plot giving plants population of 54 plants per plot. This gives a plant population of 20000 plants/ha. The stem was planted horizontally in the soil at a depth of 10cm. The stem germinated about 2 weeks after planting. Weeding was donemanually, the first weeding was on the 9-4-2011 and the second weeding took place on 21/5/2011 then the third weeding took place on 25/6/2011. The field was kept weed free throughout the experimental period. The field experiment ended on the 24th of August 2011.

3.6	Data Collection
	The growth parameters were measured after three months of planting at a monthly interval; five plants were randomly selected and tagged per plot for the measurements. The parameters measured were the number of stem per stand, stem girth, the height of the plant, and the number of leaves per plant.
Number of leaves per plant:the number of fully open leaves per plant were counted and recorded. This was done on a monthly basis.
Stem girth:stem girth was determined using a string tied around the plant and a length of the string read off from a meter rule. The diameter in centimeter was obtained by dividing the circumference by ∏ (3.142).
Height of the plant: the length of the stem was measured from the base to the apex of the plant using measuring tape and the length was recorded. 

3.7	Soil Sampling/Processing
	Soil samples were taken from the experiment site before and after experiment using soil auger at two depths0 – 20cm and 20-40cm.
	About 6 – 8 sample points were taken from each plot mixed thoroughly to represent a composite sample after the experiment.
	The composite samples were air dried, ground and sieved with 2mm size sieve, to remove materials greater than 2mm in diameter before using it for analysis. The samples for organic carbon and total nitrogen were further ground and sieved through 0.5mm mesh.

3.8	Laboratory Analysis
	The soil samples and the animal manures were analyzed using standard procedures. The following soil properties were analyzed.

3.8.1	Total Nitrogen
	 This was determined using modified micro Kjedhal method (Jackson, 1969).


3.8.2	Soil Reaction (pH)
	Soil pH was determined using glass electrode pH meter employing the soil water solution of 1:2:5 ratios (20g of soil to 50ml of distilled water). The pH meter was calibrated with buffer solution at pH 7 and pH 4.
3.8.3	Particle Size Distribution
	Mechanical analysis for particle size distribution was  by the bouyoucous hydrometer method using sodium haxametaphosphate (calgon) as dispersing agent.

3.8.4	Exchangeable Acidity (H+ + Al+3)
	This was determined by leaching 5g of soil sample with 25ml of standard potassium chloride in sodium hydroxide (NaOH) solution using phenolphthalein indicator. 

3.8.5	Effective Cation Exchange Capacity
	The determination of ECEC was taken as the sum of the exchangeable acidity and exchangeable bases (Coleman and Thomas 1967).
3.8.6	Exchangeable Bases
	Exchangeable cations were determined by leaching 4g of soil sample with 1ml of ammonium acetic solution. Calcium and Magnesium were determined by EDTA Titration method with Eroichrome black T indicator while potassium and sodium were determined using flame photometer.

3.8.7	Organic Carbon
	Organic carbon was determined using 1g of soil sample with potassium dichromate wet digestion method of Walkey and Black (Jackson, 1969).

3.8.8	Available Phosphorus
	This was extracted by the Bray No I solution and estimated by the molybdenum blue color technique of Murphy and Riley (1962).


3.9 Dry Matter Yield Determination
Plant samples were collected from the field by plucking two of the newly developed leaves from each of the plots at 6 months after planting. The samples were oven-dried overnight at 750C to constant weight and the weight was determined using the laboratory analytical sensitive balance. 

3.10 Data Analysis
Data collected were subjected to analysis of variance using Genstat (2007) and the means separated by Duncan New Multiple Range Test (DNMRT) at 5% level of probability. 





CHAPTER FOUR
4.0	Results and Discussion  
4.1	The Properties of the Soil and Organic Manure before Experiment 
Table 5 shows the properties of the surface and sub-surface soil before experiment.
Table 5:	The properties of the surface and sub-surface soil before experiment.
	
	Surface soil
	sub-surface soil

	Al+
	0.74
	0.75

	[bookmark: _GoBack] (
Cm01/kg
%
)H+	
	1.70
	3.44

	Na
	0.04
	0.04

	K
	0.06
	0.06

	Mg
	0.80
	0.82

	Ca
	1.44
	1.82

	TEB
	4.78
	1.46

	ECEC
	4.78
	6.57

	Base saturation (%)
	49.77
	6.57

	pH (H20)
	49.77
	35.85

	Organic carbon (%)
	5.7
	5.4

	Total Nitrogen (%)
	1.33
	0.98

	Available P(Mg/kg-1)
	0.21
	0.08

	Clay
	31.70
	45.90

	Silt
	9.9
	6.4

	Sand
	8.2
	16.3

	Textural class
	81.9
	77.3



	The surface and subsurface soils were low in organic carbon content with respective values of 1.33% and 0.98%. These values were lower than the critical level of 2.0% reported by Aduayi et al. (2002) for soil of the humid tropical region. Total nitrogen in the surface soil was very high with the value of 0.21% while the value of 0.08% obtained in the sub-surface soil was lower than the critical level of 0.15% given by Aduayi et al.(2002). Available P in the soil was high with values of 31.70mgkg-1 and 45.90mgkg-1 obtained in the surface and subsurface soil respectively Available P in both surface and subsurface soils were greater than 8mgkg-1 given as critical level by Aduayi et al. (2002).
The value of 0.06cmol/kg obtained for potassium indicates that potassium in the soil was very low, this is less than the critical level of 0.20cmol/Kg given by Aduayi et al. (2002). The percentage of clay, silt, and sand indicates a loamy sand texture.
	The soil reaction was medium acidic with pH value of 5.7 obtained in the surface soil and 5.4 obtained in the subsurface. Table 6 shows the chemical analysis of animal manures used in the study.
Table 6 	Chemical Analysis of Animal Manure Used in the Study				
	PARAMETER	
	ANIMAL MANURES (%)

	
	Poultry
	Pig
	Cattle

	Total N (%)
	4.33%
	3.72%
	2.52%

	Total P (%)
	1.44
	1.46
	0.29

	Total K (%)
	0.68
	0.62
	0.60

	Calcium (Ca)
	3.20
	1.04
	1.42

	Magnesium (Mg)
	0.60
	0.54
	0.70

	Organic carbon
	29.3
	27.9
	17.32


				




4.2	The Effects of Organic Manureand N.P.K Fertilizer on Soil Properties of the Surface and the Subsurface Soil
	The effect of organic manure and N.P.K fertilizer on the surface and subsurface soil are shown in Tables 7 and 8 respectively.
	The result showed that the combination of pig manure at 50kgN/ha and N.P.K at 550kg/ha gave significant increase in organic carbon content (1.65%) in the surface soil followed by sole application of pig manure at 600kgN/ha, while the least value of 1.23% organic carbon was obtained from the control. 
	The result confirmed the report of Okpara-Nadi et al. (1987 b) that the use of organic manure has helped in maintaining the content of organic carbon in the soil. There was increase in organic carbon content in the surface soil by all the treatments when compared to the initial status of 1.33% and the value of 1.23% obtained in the control plot.
This shows that the treatments significantly improved the organic carbon content of the soil. In the subsurface soil, the highest value of 0.94% organic carbon obtained with sole application of N.P.K at 600kg/ha was significantly different from all the other treatments and the control. There was reduction in total nitrogen content in the surface soil when compared to the initial status implying high uptake of nitrogen by the cassava plant. Available P content in soil was increased significantly by all the treatments in both the surface and sub-surface soil. The highest values of 202.5mg/kg and 20.25mg/kg obtained in the surface and subsurface soils respectively were obtained with the combination of poultry manure at 300kgN/ha and N.P.K at 300kg/ha treatment. There was no significant increase in exchangeable K content in the soil by all the treatments when compared with the control. All the treatments except the sole application of N.P.K at 600kg/ha and the combination of 50kgN/ha of pig manure with N.P.K at 550kg/ha significantly increase the exchangeable K content in the subsurface soil. The soil properties were general improved with the application of the treatments. 
Alarisi and Ogunkeyede (1999) also reported that organic manure contains more nutrients and organic matter which aid in improving soil condition than inorganic fertilizer. From this study it is seen that the combined use of organic manure increase organic carbon, Available P, calcium, and potassium contents in the soil, while inorganic fertilizer aids in increasing the magnesium content in the soil compared to the control plots.
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Table 7: Physical & Chemical Characteristic of the Surface Soil after Experiment
	Treatment
	Organic carbon %
	Total nitrogen %
	Available P
Mg/kg
	Exchangeable cations
	EA (cmol/kg)
	ECEC
Cmol/kg
	BS %
	Particle Size
%
	Textural
class

	
	
	
	
	Ca
	Mg
	K
	Na
	H
	Al
	
	
	Sand
	Silt
	clay
	

	Control 
	1.23b
	0.10
	22.25h
	4.9b
	0.3d
	0.12a
	0.09a
	3.32c
	1.16
	9.89b
	54.70cd
	74.6
	10.0
	15.4
	SL

	NPK 600
	1.57ab
	0.13
	42.5ef
	2.6cd
	1.9a
	0.09bc
	0.06d
	3.16d
	0.64
	8.45c
	55.02c
	72.6
	10.0
	17.4
	SL

	Poultry 600
	1.37ab
	0.11
	56.00c
	1.1gh
	0.3d
	0.08c
	0.05e
	2.2i
	0.2
	3.93j
	38.93j
	74.6
	8.0
	16.4
	SL

	Pig 600
	1.61ab
	0.13
	137.75b
	1.7f
	1.3b
	0.10a
	0.06d
	3.64b
	0.0
	6.8g
	46.47h
	74.6
	9.0
	14.4
	SL

	Cattle 600
	1.53ab
	0.13
	37.75fg
	2.8c
	0.3d
	0.10a
	0.07c
	3.0e
	0.64
	6.91e
	47.32gh
	75.6
	10.0
	15.4
	SL

	Poultry 400+NPK 200
	1.52ab
	0.13
	41.25efg
	2.5de
	1.2b
	0.09bc
	0.06d
	2.84g
	0.6
	7.29d
	52.81d
	75.6
	9.0
	17.4
	SL

	Pig 400+NPK 200
	1.49ab
	0.12
	56.5c
	2.8c
	0.5d
	0.09bc
	0.06d
	2.92f
	0.44
	6.81h
	50.66ef
	75.6
	7.0
	14.4
	SL

	Cattle 200+poultry 200+NPK 20073.6
	1.55ab
	0.12
	45.0de
	1.0h
	0.9c
	0.08c
	0.05e
	1.72j
	0.8
	4.55i
	44.61i
	76.6
	9.0
	14.4
	SL

	Poultry 300+NPK 300
	1.51ab
	0.12
	202.5a
	2.7cd
	1.2b
	0.10a
	0.07c
	2.36hi
	0.44
	6.87f
	59.24a
	73.6
	12.0
	14.4
	SL

	Pig 50+NPK 550
	1.66a
	0.14
	35.25g
	5.4a
	0.3d
	0.12a
	0.08b
	4.16a
	0.24
	10.3a
	57.28b
	75.6
	8.0
	16.4
	SL

	Cattle 300+NPK 300
	1.33ab
	0.11
	40.5efg
	2.3e
	0.3d
	0.09bc
	0.05e
	3.28c
	0.44
	6.46h
	48.91fg
	75.6
	8.0
	16.4
	SL

	DNMRT (0.05)
	
	NS
	
	
	
	
	
	
	NS
	
	
	NS
	NS
	NS
	


Means followed by the same letter(s) within the same column are not significantly different
NS = Non Significant


Table 8: Physical & Chemical Characteristic of the Sub-Surface Soil after Experiment
	Treatment
	Organic carbon %
	Total nitrogen %
	Available P
Mg/kg
	Exchangeable cations
	EA (cmol/kg)
	ECEC
Cmol/
kg
	BS %
	Particle Size
%
	Textural
class

	
	
	
	
	Ca
	Mg
	K
	Na
	H+
	Al
	
	
	Sand
	Silt
	clay
	

	Control 
	0.90b
	0.08a
	4.25i
	3.9cd
	1.1c
	0.09e
	0.06
	4.68a
	0.84cd
	10.67a
	48.26g
	67.6
	3.7
	28.7
	SL

	NPK 600
	0.94a
	0.08a
	10e
	1.2d
	3.4a
	0.08f
	0.05
	1.96c
	1.24a
	7.93bcde
	59.64f
	67.6
	4.7
	27.7
	SL

	Poultry 600
	0.70d
	0.06c
	13.375b
	4.4b
	0.3g
	0.10d
	0.06
	1.76d
	0.20g
	6.82f
	71.26abc
	66.6
	4.7
	28.7
	SL

	Pig 600
	0.90b
	0.08a
	11.5d
	5.4a
	0.3g
	0.12b
	0.08
	1.56e
	0.26f
	7.72cdcf
	76.42a
	69.6
	2.7
	27.7
	SL

	Cattle 600
	0.86c
	0.07b
	8.5g
	3.9cd
	0.6f
	0.11c
	0.07
	1.72d
	1.00b
	7.4def
	63.24ef
	69.6
	3.7
	26.7
	SL

	Poultry 400+NPK 200
	0.80d
	0.07b
	8.75fg
	4.3b
	1.4b
	0.10d
	0.07
	1.84e
	0.80cd
	8.51bc
	68.97bcd
	68.6
	3.7
	27.7
	SL

	Pig 400+NPK 200
	0.90b
	0.08a
	12cd
	4.3b
	0.8de
	0.11c
	0.07
	0.88f
	0.80cd
	6.96ef
	75.86a
	67.6
	4.7
	27.7
	SL

	Cattle 200+poultry 200+NPK 20073.6
	0.84c
	0.07b
	13bc
	4.2bc
	0.7ef
	0.12b
	0.08
	1.56e
	0.92bc
	7.58cdef
	67.28cde
	67.6
	4.7
	27.7
	SL

	Poultry 300+NPK 300
	0.70d
	0.06c
	20.25a
	4.2bc
	0.8de
	0.10d
	0.06
	1.84cd
	1.00b
	8.0bcd
	64.5def
	67.6
	3.7
	23.7
	SL

	Pig 50+NPK 550
	0.90b
	0.07b
	7.25h
	3.6d
	0.9d
	0.09e
	0.05
	2.24b
	0.76d
	7.64cdef
	60.73f
	64.6
	4.7
	30.7
	SL

	Cattle 300+NPK 300
	0.80d
	0.06c
	0.5j
	5.2a
	1.1c
	0.13a
	0.08
	1.72d
	0.56e
	8.79b
	74.06a
	67.6
	2.7
	29.7
	SL

	DNMRT (0.05)

	
	NS
	
	
	
	
	
	
	NS
	
	
	NS
	NS
	NS
	


Means followed by the same letter(s) within the same column are not significantly different
NS = Non Significant

4.3	The Effect of Organic Manure and N.P.K Fertilizer on Shoot Dry Matter Yield of Cassava
	The effect of combined use of organic and inorganic fertilizers on shoot dry matter yield of cassava is shown in Table 9. The shoot dry matter yield of cassava though not significant was increased by poultry manure at 400kgN/ha + N.P.K 200kg/ha treatment with the value of 2207.41kg/ha, followed by sole application of N.P.K at 600kg/ha treatment with the value 2188.89kg/ha while the least was obtained by the pig manure at 50kgN/ha + N.P.K 550kg/ha which has the value of 1518.52kg/ha. 







Table 9: The Effect of Organic Manure and N.P.K Fertilizer on Dry Matter Yield of Cassava
	Treatment
	Shoot Dry Matter Yield (kg/ha)

	Control 
	1940.74


	NPK 600kgN/ha
	2188.89


	Pig 600 kgN/ha
	1544.44


	Cattle 600 kgN/ha
	1818.52


	Poultry 600kgN/ha
	2044.44


	Poultry400 kgN/ha + NPK 200kgN/ha
	2207.41


	Pig 400kgN/ha + NPK 200kgN/ha
	2062.96


	Poultry 300 kgN/ha + NPK 300kgN/ha
	1625.93


	Pig 50kgN/ha + NPK 550kgN/ha
	1518.52


	Cattle 300kgN/ha + NPK 300kgN/ha
	1592.59


	Cattle 200kgN/ha +Poulty200kgN/ha +NPK 200kgN/ha

	1955.56

	DNMRT (0.05)
	NS


	






				CHAPTER FIVE

5.0	Summary, Conclusion and Recommendation
5.1	Summary
	The effect of organic manure and N.P.K fertilizer on soil properties and shoot dry matter yield of cassava was studied. The major objective of the study was to assess the effect of different animal manure and N.P.K fertilizer on soil properties and shoot dry matter yield of cassava.
	 The study was carried out at Ikot Abasi Effiom in Akpabuyo L.G.A in Cross River State. The experiment was comprised of eleven (11) treatmentsof sole and combinations of organic manure with N.P.K. The design used was randomized complete block design (RCBD). Each treatment was replicated three times giving a total of 33 plots. The soil properties and the dry matter yield were subjected to analysis of variance (ANOVA) using Genstat and the means separated by Duncan New Multiple Range Test (DNMRT) at 5% level of probability. 
The effects of combined use of organic manure with N.P.K fertilizer were superior to the sole application and the control in improving soil condition. From the result, organic manure maintained more favorable soil chemical properties than inorganic fertilizer. Organic carbon, available P, calcium, were more under the organic manure than under the inorganic fertilizer treatment.

5.2	Conclusion
	In conclusion, the combined use of organic manure supported plant growth and also created some favorable effects on soil chemical properties. And it also shows that the combined use of organic and inorganic fertilizer increased the shoot dry matter yield of cassava.
	

5.3	Recommendations
	Based on the results, it is recommended that combined use of organic and inorganic fertilizer should be practiced for increase and improvement in soil properties since organic manure is environmentally friendly and could be cheaper to obtain by farmers. It is also recommended that the combined use of inorganic fertilizer and organic manure should be practiced   mostly where there is nitrogen deficiency in the soil in order to enhance favorable soil environment. The highest shoot dry matter yield of cassava was obtained from the combination of 400kgN/ha of poultry manure and 200kg/ha of N.P.K fertilizer and is therefore recommended. 








REFERENCES
Adediran, J. A. Akande, M. O; Taiwo I. B. and Sobulo R. A. (1999a). Comparative Effectiveness of Organic Based Fertilizer on Crop Yield. Soil Science Society of Nigeria (SSSN)91-95
Adediran, J. A., Taiwo L. B. Akande, M. O. and Subulo, R. A. (1999b). Comparative Effects of Organic Based Fertilizer and Mineral Fertilizer on the Dry Matter yield of Maize. Bioscience Research Communications Vo. 13, No. 1- in press.
Adeniyan, O. A. and S. O. Ojeniyi, 2005. Effect of Poultry Manure, NPK 15-15-15 and Combination of their reduced levels on maize growth and soil chemical properties. Nigeria Journal of Soil Science; 15:34-41.
Adeoye, K. B. (1987). Long term effect of dung on the physical properties of a loamy sand savanna soil of Northern Nigeria MS 105, Proceedings of the 14th Annual Conference of Soil Science Society of Nigeria. Pp 30-35.
Aduayi, E. A., Adebusuyi B. O., Olaywola, S. O. (eds) (2002). Federal Fertilizer Department, Federal Ministry of Agriculture and Rural Development, Abuja. Pp. 188.
Agboola, A. A. (1997). The Relationship between the Yield of Eight Varieties of Nigerian Maize and the content of N.P and k in the Leaf at Flowering stage. Journal of Agricultural Science 79: 391-396
Agboola, A. A. and Obatolu, C.R. (1989). Problems and Prospects of maintaining continuous Arable crop production in the Humid Tropics through soil organic matter. Proceedings international symposium UNESCO.UNDP. Pp 641-653.
Agboola, A. A. Corey, R. B. and Sobulo, R. A. (1999). Soil Testing and N.P.K for Crops in the Soils derived from Metamorphic and Igneous Rocks of Western State of Nigeria. Journal of West African Science Association 17(2): 93-100
Agboola, A. A., Fagbenro, J. A., Obatolu, C. R. (1990). The Nature and Role of Soil Organic Matter in Crop Production in the Humid Tropics Production International Soil Science Society. Kyoto, Japan, PP. 37-39.
Ahmad, R. and Tan, H.(1986). Effect of the line and organic matter on soybean seedlings grown in Aluminum-toxic soils. Soil science society of  Amj.50:656-661.
Akoroda, M. O.(1986). Relationships of plantable okra seed and edible fruit production, Journal of horticultural science 61(2):233-238.
Alasiri, K. O. and Ogunkenkeyede (1999). Effect of different level of poultry manure on seed yield of okra proceeding of 25th annual conference of soil science society of Nigeria at: precious palm royal hotel, pp. 102-104.
Alasiri, K. O., Adebayo O. and Akoun J. C (1991). Effect of Organic Manures and Spacing on the yield of Amaranthus Cruentus, 10th Annual Conference Proceeding of Horticultural Society of Nigeria. Pp 63-67.
Amalu, U. C. and Oko, B. F. D. (1998). The Effects of Fertilizer Application on some Agronomic Parameters of Talinum Triangular in Calabar. Preliminary Report on Nationally Co-ordinate Research Project-Horticulture and Vegetables, pp 28.
Asiegbu, J. E. and Uzo, J. O. (1984). Yield and Yield component Responses of Vegetable Crops to Farmyard manure rate in the presence of inorganic fertilizer. Journal of Agriculture of University of Puerto Rico. Vol. LXviii No. 3: 243-250.
Ayoola O. T. (1990). Yield and Income Effects of Fertilizer Use by the Federal Fertilizer Department Federal Ministry of Agriculture and Rural Development. Abuja PP 37-40.
Ayoola, O. T. and Makinde, E. A. (2007). Complementary Organic and Inorganic Fertilizer Application: Influence on Growth and Yield of Cassava/Maize/Melon Intercrop with a Relayed Cowpea. Australian Journal of Basic and Applied Science INSLnet publication 1(3) 187-192
Babaleye T. (1999). Cassava Africa’s food security crops, international instituted of Agriculture in Ibadan pp 99-101
Bala, M. G., Manyi, A. A., Aiyelaagbe I.  O.  and Arueya, E. A. (1999). Effect of Spacity and N.P.K on the Growth and Yield of Roselle (Hibiscus Sabarith0. Book of Abracts Proceedings of the 17th Horticultural society, Nigeria. (HORTSON) Conference. Port Harcourt, Nigeria. 
Coleman, N. T. and Thomas G. W (1967). The Basic chemistry of soil Acidity. Agron Monograph.
Dogra, A. A. (2010). Organic and Inorganic fertilizer online available.: http://www.buzzle.com/emem doc accessed:11:3:2011.
Ekanayake, I. J., David S. O., Marcio C. M. (1997). IITA Research Guide. Online Available: http://oid.iita.org/cms/details/trn-mat/irg60obj.html#anchor197561. emem doc accessed: 11:3:2011.
Ekanayake, I. Y. (1996). Cassava procedures for growth analysis: Crop. Improvement Division IITA, Ibadan, Nigeria.
Eneji, A. E., Agboola, A. A. and Ibi, B. F (1997). Effect of Farmyard; Manure and NPK Fertilizer on growth and yield of inter cropped maize and sweet potato in southwestern Nigeria Rivista Diagriculture Subtropical tropical 91, 63-78.
Enwezor, W. O., E. Udoh and R. A. Sobulo (1989). Fertility Status and Productivity of “Acid Sands”  of S.E. Nigeria. Monograph No. 1 Soil Science Society of Nigeria.
Fagbenro, J. A., Aluko A. P., Akinsanya A. A. and Omotoso S. (1990). Effect of Inorganic and Organic N.P.K Fertilizers on the growth and Nodulation of Gliriadia Sepium and Leucaena Leucocephala Growt in an Ultisol Soil Science Society of Nigeria (SSSN) 120-128.
Genstate Release (2007). Lawes Agricultural Trust: Rothamsted Experimental Station. 
Grubben, G. J. H. (1977).Tropical vegetable and there genetic resources. International board for plant genetic resources Rome.
Iwena O. A. (2007). Essential Agricultural science for senior secondary schools. Tonard Publishers PP 21-22.
Jackson, M. C. (1969). Soil Chemical Analysis: Advanced Course (2nd ed) Prentice Hall Inc. Eagle Wood Cliff, New Jersey pp. 895.
Kang, B. T. and V. Balasubramanian, 1990. Long term fertilizer trials on Alfisols in West Africa. In Transaction of XIV International Soil Science Society (ISSS) Congress, Kyoto, Japan, pp 350
Kapinga, E. A. Akande M.O., and Agboola A. A. (1995). Effects of Fertilizer type on Performance of Melon in a Maize Melon Intercrop Asset Series A(2) 151-158
Kogbe, S. O. (1976). Studies on Manorial Requirements of Nigerian leafy Vegetables. Effect of Poultry Manure on Component yield of Bush Okra. Nigeria J. Agric. 19/20:145-152.
Makinde, E. A., A. A. Agboola and F.I. Oluwatoyinbo, (2001). the Effects of Organic and inorganic fertilizers on the growth and yield of Maize in a Maize/Melon intercrop. Moor Journal of Agricultural Research 2: 15-20.
Malcolm, M. A. (2011). Effects of Cassava Planting Patterns Pruning Regimes and Fertilizers on Growth and Yield of Cassava-Maize-Melon and Relayed Cowpea. Ph.D Thesis University of Ibadan. 
Maynard, A. A. (1991). Intensive vegetable production using composted Animal Manures Bulletin Connecticut. Agric Expt. Sta. 894.13pp.
Murphy, J. and Riley, J. P. (1962). A modified single solution Method for the Determination of P in Natural Water. Acta. 27:31-36
Murwira, H. K and Kirchman (1993). Carbon and Nitrogen Mineralization of Cattle Manures subjected to different treatments in Zimbabwean and Swedish Soils. In: Mulongoy K and R. Merckk (eds0. Soil Organic Matter dynamics and Sustainability of Tropical Agriculture
Nweke, E. A. Sobulo, R. A. and Vaes A. G. (1992). Fertilizers and their Uses in Pakistan. Pp: 142-149
Obatolu, C. R. (1995). Nutrient Balance Sheet After Coffee and Maize cropping on an Alifisoil Supplied with Organic fertilizer in Ibadan, Nigeria. Proceedings 3rd African Soil Science Conference, University of Ibadan 21-26 August, 1995.

Obatolu, C. R. and A. A. Agboola (1991). The Potential of Saim Weed (Chromoleana adorata) as a source of Organic Matter for Soils in the Humid Tropics. Proceeding of the International Symposium by the Laboratory of Soil Fertility Bilogy, Kastholieke Universitent Leuven (K.U) and International Institute of Tropical Agriculture (IITA) held in Leuken, Belgium, 4-6 Nov, 1991.
Odiete I.Ojeniyi, S. O, Akinola, O. M. and Achor A. A. (1999). Effect of Goat Dung Manure on soil chemical and yield components of okra, Amaranthus and Maize. Soil Science Society of Nigeria (SSSN) 174-179.
Ojeniyi, S. O. Adeyeye, S. A. and Adeniyan, N. O (1999). Effects of Poultry manure and N.P.K Fertilizer on Soil Fertility Nutrient Contents and yield of Maize at Akure South West Nigeria. Soil Science Society of Nigeria (SSSN). 25th Annual conference 185-191.
Okosun, L. A., Baba, K. M and Muoneke, C. O. (1996). Dry Season Vegetable Production in a Fadama in Sokoto State. A case Study of Kwakwalawa Village Procceeding Horticultural society of Nigeria Conference PP 281-285.
Okpara-Nadi, O. A. Ezumah, B. S and Wogu, A. A (1987b). Organic Manures and Inorganic Fertilizers added to and Inorganic Fertilizers added to an Acid Ultisol in South-Eastern Nigeria ii Effects on Soil Chemical Properties and Nutrient loss proceedings of the 18th Annual Conference of the Soil Science Society of Nigeria Kaduna, October 20-24.
Okpara-Nadi, O. A., Ezuma, B. S. and Wogu, A. (1987a). organic manures and inorganic fertilizers added to an acid ultisol in south easthern Nigeria: (10 Effects on uptake Growth and Yield of Tomato (lycopersicum esculentum mill. VAR ROMA). Proceedings of the 15th Annual Conference of the soil science society of Nigeria, Kaduna Oct. 20-24
Phillips, T. P. (1984). An overview of Cassava consumption and production. In cassava toxicity and thyroid, proceeding of a workshop, Ottawa. International Development Research Centre Monograph pp 83-88
Roy, B., Das, D. N. and Mukhopadhyay, P. K. (1990). Rice Fish Vegetable Integrated Farming: Towards a sustainable Ecosystem. Naya/CLARMQ: 13 (4): 17-18.
Schnitzer, M. Smith S. E. and Manard P. C. (1978). “Humid Substance: Chemistry and Reduction”, In Schnitzer M. and S.U. Khan (eds). Soil Organic Matter, Elesevier Scientific Publishing Company New York. pp. 53-54.
Smith, M. A; James, P. and Adeyeye, L. O. (2001). Preliminary Stuffy on Growth Yield and Leaf Nutrient Content of Indian spirach as influenced by fertilizer source proceeding of the 35th Annual Conference of the Agricultural Society of Nigeria. Pp. 80-90.
Stephen K. O. (1995). Tropical Research and Education center, University of Florida, Purdue University Center for New Crops and Plant Product.
Syed, S. O. (2001). Effect of Fertilizer Application on Seeds Yield of some Fruit Crop. Tropical Agriculture 67 (3): 243
Titiloye, E. O., 1982. The chemical composition of different sources of organic wastes and their effects on growth and yield of maize (Zea Mays L) Ph.D Thesis, University of Ibadan, Nigeria, PP: 316


www.foodmarketexchange.com. Online available: http://foodmarketexchange.com emem doc. Accessed: 11:3:2011
Yadav, R. L. and Prasad, S. R. 1992. Conserving the Organic Matter Content of the Soil to sustain sugarcane yield. Expl. Agric 28, 57-62




