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ABSTRACT 

 This research was carried out to determine the optimum cocoyam 

density, time of  cocoyam introduction and poultry manure rates for 

sustainable plantain/cocoyam mixture.  The experiment was a 3x3x2 

factorial arrangement fitted into a Randomized Complete Block Design 

(RCBD) with 18 treatment combinations replicated 3 times to give 54 

experimental plots.  The experiment was conducted in two phases; the 

first phase involved plantain and cocoyam planted the same time in the 

month of May 1999 and the second phase involved the introduction of 

cocoyam two months later i.e. July 1999.  Plantain suckers were 

planted at 1667 plants/ha as base crop and cocoyam introduced at 

densities of 6666, 10000 and 20000p/ha at the two times of 

intercropping.  Poultry manure was incorporated at the rate of 20t/ha, 

40t/ha and 60t/ha.  Growth and yield parameters were measured.   A 

corm yield of 19.97t/ha and 15.86t/ha for cormel were achieved.  Also a 

higher plantain yield of 18.69t/ha was achieved from plantain 

intercropped in the month of July than 13.07t/ha for the month of May.  

Plantain yields were better than sole crop yield.  In this research a 

predictability equation for a leaf-area for and cocoyam was given by: Y 

= -715.71 + 64.46x, where X = leaf length and Y = leaf area.  The 

research showed that plantain intercropped with 20000 cocoyam and 

manured with 40t/ha produced the maximum output and the highest 

benefit cost ratio of 2.8.  
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 FOOD SITUATION IN NIGERIA 

 Post independent Nigeria witnessed accentuation of government 

interest in agricultural development especially by way of agricultural 

planning, policies and programmes.  Yet it was generally believed that 

the golden age of Nigeria agriculture occurred in the pre-independent 

period.  At that time policy framework was relatively simple and direct 

and agricultural activities minimal.  It was an era when agriculture 

dominated the economy.  Nigeria was virtually self sufficient in food 

production despite the obvious emphasis by government on cash and 

export crops development (FAO, 1984). 

 In the post independent decade of 1960-70, government became 

intensively involved in direct large-scale agricultural production where it 

started to take on increasing responsibilities for agricultural 

development efforts from the states.  Invariably, one of the most 

disappointing indicators of Nigeria agricultural performance is its foreign 

exchange earning capacity.  For example the value of agricultural 

export declined from an average of N432.7 million between 1979 and 

1980 to an average of N271.3 million between 1980 and 1982 (FAO, 

1984).  This indicates a decline in export in agricultural product and 

falling price.  Undoubtedly, the nation has one of the best articulated 

agricultural policies in the world, which some nations have borrowed 
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and made best use of.  For instance, Malaysia, which today is the world 

largest producer of palm oil, borrowed the technology from Nigeria. 

 Previous administrations made attempts to alleviate rural poverty, 

deprivation and hunger.  Inspite of these efforts by government and 

millions of Naira spent yearly on various agricultural enterprises, for 

massive food production, it is rather unfortunate that the food situation 

is tending to famine and really solid foundation is yet to be laid at grass 

root level.  This foundation becomes necessary for the nation to check 

imminent food crisis, and for the nation’s food and agricultural sector to 

attain rapid and self sustaining growth and development.  Research and 

extension services were among the first services developed in the 

country but the impact remain fragmented. After the failure of 

government established plantations, ranches, dairies food processing 

companies and related enterprises.  The colonial government was not 

interested in direct production.  Most of these projects failed because of 

the imprecise and faulty goal speculation, irrational corporation, 

structure, inadequate funding, undue government interference with 

management procedure and bad management and fraud.  These 

problems affected the food situation in the country.  In a desperate 

attempt to handle the situation, government established or initiated two 

basic types of programmes, the River Basin Development Authority and 

Agricultural Development Programme (ADP).  These schemes were met 

with frustrations due to high cost of project and poor management.  
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Further attempt to promote agriculture in a broader front were also 

made, and these include National Accelerated Food Production 

Programme (NAFPP), Operation Feed the Nation (OFN) and Green 

Revolution. 

 These programmes sought to achieve general mobilization of 

broad farming population through specific strategies.  But these failed to 

achieve permanent take off of agricultural development and rural 

development. The country witnessed an upsurge in rural immigration 

that left many able bodied and qualified jobless and the food situation 

rather worsen.  With the virtual stagnation of the economy in the early 

1980’s, it was evident that most of government policies including those 

of agriculture had failed.  There was urgent need to resuscitate the 

economy and improve on the food situation.  The National Directorate of 

Employment (NDE) the Directorate of Foods, Roads and Rural 

Infrastructure (DFRRI) and National Agricultural Land Development 

Authority (NALDA) were established to tackle the problem of food crisis 

and to improve on the standard of living of the people.  A report on 

evaluating the effects of SAP on food and agriculture in Nigeria 

released by FAO, Food and Agricultural Organization, indicated that the 

reform varied in their effects on production incentives among 

commodities (FAO, 1984). 

 The effect of (SAP) on our national economy is very obvious Food 

is an essentiality infact, it is such an imperative for both the poor and 
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the rich.  Everybody needed food for survival.  Food, therefore is a 

matter of survival for the young and the old, the sick and healthy. The 

entire populace depend on food.  The issue of food on can be likened to 

inalienable right to life, to his continued existence.  The situation in 

Nigeria is that of food crisis and has assumed frightening proportions.  

Garri which is the staple old reliable diet, once looked upon as the 

common man’s last resort is not readily available, as well as other food 

items such as plantains and cocoyams.  The reasons for this food crisis 

have not been properly addressed.  It is very uncomfortable to observe 

that foreign foods like macaroni, spagetti have virtually replaced many 

of our staple diets.  We must appreciate that to solve food problem, we 

must think of its production, preservation and packaging.  The demand 

for food since 1991 has been on the increase as the population rises 

geometrically.  With the collapse of virtually all the agricultural 

programmes, the food situation is tending towards famine, and if urgent 

measures are not taken by way of research the whole situation would 

degenerate into serious food crisis and eventual famine.  

 

1.2 POPULATION PRESSURE AND LAND SCARCITY 

Undoubtedly, there were grave apprehension about the conduct 

and outcome of 1991 national census in Nigeria.  These worries were 

informed by the low and controversies which resulted from the two 

previous in 1963 and 1973.  The census of 1963, which was the first in 
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the independent Nigeria was marred by inadequate technical support, 

restricted coverage and sectarian disputes and acceptability.  In spite of 

these questions, the Tafawa-Belewa led government went ahead and 

accepted the figures of about 55 million.  In 1973, i.e. 10 years later, 

another census was conducted, this time by General Yakubu Gowon 

military administration and this was expected to be immune from the 

crisis that engulfed the 1963 attempt.  Unfortunately, there was near 

riotous disagreement over the figures of some 75 million recorded in 

1973 by Gowon’s administration. 

The Babangida administration conducted another head-count in 

1991.  A census figure of 88.5 million was recorded for the entire 

country and this put to rest the speculations about the actual size of our 

fast growing population.  Nigeria is witnessing population explosion.  

There is awareness that unless the rate at which the population is 

increasing is checked, a famine is inevitable.  The population is known 

to increase in geometrical progression, while food production in 

arithmetic progression (FAO, 1984). 

In effect population increase in Nigeria would eventually impede 

economic development.  The nations population is presently put at more 

than 100 million people and total available land put at 91.077,000 ha. 

Therefore only a fraction of 23,990,000 ha is available as arable land. 

As population of about 50 million people engaged in agriculture, it 

means that less than half a hectare is available to a farmer for any 
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meaningful agricultural activities (FAO, 1984).  Thus with increasing 

population and increasing pressure on land for urbanization, industrial 

development, residential houses, and ecological disaster, such as 

desertification, erosion menace, land slide, and oil spillage, the problem 

of available land for farming may further be compounded.  Nigeria is 

predominantly an agricultural country even though petroleum product 

contributes to 90% of its national economy.  In the early seventies 

before the oil boom, Nigeria was not only self sufficient in its food 

requirements but was also an exporter of a number of commodities like: 

groundnut, palm produce, cocoa seeds.  The oil boom has adversely 

affected the Nigerian agriculture to such an extent that she has become 

a net importer even for the commodities she used to export.  Even 

though Nigeria has embarked on a number of programmes to achieve 

self sufficiency in food production.  The population pressure on arable 

land has partly affected the full realization of the objectives. The 

population has out-stripped the total land area of this country and the 

population of farmers out number the available arable land for 

agricultural purposes.  Nigeria as an underdeveloped nation has not 

attended the status of few farmers or less than 5% of the population 

feeding the whole nation as it is the case with mechanized systems of 

agriculture of Britain and America.  Therefore, the population pressure 

on land has made it inevitable to seek for new technologies to 

overcome the situation.  All efforts of mankind to provide his basic 



 7

needs (food, shelter, and clothing) through farming, engineering 

construction and manufacturing, inevitably disrupt the environment in 

one way or the other. This legitimate exercise invariably sets him 

against the environment because man is an intruder and his very 

intervention almost always destroys the delicate equilibrium between 

nature and its resources.  Man is an obligate parasite on the 

environment, and the less the time the environment has to adjust to the 

predatory activities of man, the more their disruptive effects.  Presently, 

more than two third of the arable land in the country is already under 

cultivation.  Apart from the remaining one third that could support 

productive agriculture, the rest are marginal and unstable soils on steep 

land or hill in semi-arid parts of the nation.  Even with Nigeria’s 

population of today, which many development analyst believe is below 

optimum, the environment and its resources are being seriously 

degraded by poor farming practices, inappropriate land use methods, 

and other forms of mismanagement of natural resources.   

 

1.3 PROPOSED TECHNOLOGIES TO CHECK FAMINE 

Aside from population control, there is an urgent need for more 

productive and sustainable farming systems.  The old shifting cultivation 

which relied solely on large exposure of virgin soil for its sustainability 

has become anachronistic under the present population situation.  The 

land has to be parceled out among many competing peasant farmers, 
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thereby making continuous cultivation inescapable and long fallow 

period impracticable.  Agro-forestry technique like alley farming 

popularised, by IITA Ibadan is a viable alternative to shifting cultivation.  

Alley farming does not only allow for continuous cropping without soil 

erosion and degradation, its tree components also provides natural 

fertilizers to the soil.  Other soil conserving systems as mulch farming, 

minimum tillage, and crop rotation should be fully embraced by Nigerian 

farmers.  There is also a need for a well planned intercropping research 

which should include the identification of compatible crop combinations, 

optimum spatial arrangement, and plant population (Okigbo, 1979).  

In the humid and sub humid tropics, intercropping is common 

amongst the peasant farmers to the extent that attempts to introduce 

sole cropping systems, which is foreign to the environment and tradition 

have failed. The most important reason for the persistence of this 

farming practice is that gross return per unit area of land is usually 

higher under intercropping than sole cropping.  This system also offers 

the farmer insurance against total crop failure. It helps to control soil 

erosion and weed and brings about a more even distribution of farm 

labour than sole cropping.  Intercropping has several other confirmed 

advantages which include reduction of pests and diseases and better 

utilization of soil moisture, soil nutrients and light leading to increased 

yield over sole cropping per unit time and unit land area (Okigbo, 1979). 
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1.4 PROBLEMS OF SOLE PLANTAIN PRODUCTION 

Commercial production of plantain, beyond compound and 

roadside growing by individuals and government agencies is picking up 

fast following the awareness that plantain is productive and profitable.  

Large sole plantain plantations are being established in recent years but 

this is not without production problem.  Plantains and bananas occupy a 

prominent place in the farming system of people.  A well established 

and maintained plantation will crop the following year (INIBAP, 2001). 

Plantains are shallow rooted and sole plantation are usually exposed to 

direct wind which may break and uproot a heavily laden plant unless 

appropriate staking techniques are adopted as props.  During the dry 

season, plantains stop leaf production and black sigatoka often infect 

the plant.  This has led to adoption of irrigation practice so as to 

stimulate further leaf growth.  The diseases of plantain are much more 

pronounced under monocropping conditions.  Black sigatoka is said to 

be in epidemic proportion in sole plantation (Hugues, 1989).  The 

disease is spread by rain, wind, planting material (sucker), dew water 

and by transfer of plantain bunches and leaves across farms.  The most 

drastic effect is a reduced leaf area essential for photosynthesis.  There 

is  progressive death of leaves from the lowest leaves to those at the 

top.  The death of a leaf reduces the ability of the plant to sustain itself 

or to produce and fill its fruit.  Black sigatoka is known to reduce yield by 

50% within a short time.  Plantain requires enormous water for proper 
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growth, the amount to take up and transpire through the leaves is 

several times the weight of the mature plant.  Field maintenance is a 

problem at early stages, when weed control from the time of planting 

until canopy closes, was the most important task.  Weeds quickly 

outgrow plants and if unchecked will lead to delayed harvest and early 

yield decline (Ndubizu, 1985).  The first three months of planting is 

highly susceptible to weed competition.  Therefore, special effort is 

required to control grass weeds at these stages growth.  Mulching with 

organic mulches, such as sawdust, wood chips, cassava peels, water 

hyacenth, cocoa husk have proved effective control (Hugues, 1989).   

 

1.5 WHY MIXTURE IS A POTENTIAL FOR FUTURE FOOD 

SECURITY 

Intercropping of plantains with other food crops is a common feature of 

the subsistence farming or cash economy sector in Nigeria.  As 

agricultural land decreases in Nigeria, so do the necessity for 

intercropping increases.  The main purpose of plantain based 

intercropping system is to produce a range for home consumption and a 

surplus for sale.  However, management inputs are very limited in such 

system.  In the bush fallow system practised in Nigeria, the land is 

cleared, and a complex cropping mixture involving plantains, maize, 

cocoyam and beans is established (Devos et. al 1983).  When the other 

crops have been harvested plantain are ratooned for one year, after 
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which natural bush suppresses further plantain growth and a bush 

fallow is allowed before replanting. 

 Plantain is also an important intercrop plant for coffee or cocoa in 

which the latter are shaded during their early development.  The full 

exploitation of plantain/cocoyam would add to the daily menu of the 

average Nigerian, who would have choice of diet as plantain can be 

processed into plantain chips, bread, plantain biscuits or roasted or 

parboiled into porridge.  It can also be used for salad or as dessert, and 

can be fried as “dodo” and many other ways.  Post harvest researches 

have confirmed the possibilities of new products being formed from 

plantain such as wine, vinegar, industrial starch and soap.  Plantain 

contains high levels of vitamins and minerals, especially vitamin B 

complex, pro-vitamin A and vitamin C.  Plantain contains high 

percentage of dry matter, carbohydrate, crude-protein, and crude fibre 

and  low  ash and fat content (INIBAP 2001).  

On the other hand, cocoyam flour is suitable in biscuit making and has 

potential for use in production of ethanol.  Common traditional method 

of preparing this specie of cocoyam into human food are similar to those 

of yam.  For example one can peel, the corm and cormel, cut into lumps 

washed and boiled in water, adding some table salt.  The cooked food 

is served with stew.  If a leafy vegetable such as armaranthus spinosis 

or telfairia occidentalis and the ingredients for stew are added to this 

cocoyam while it boils, it gives a dish of porridge.  Boiled corms or 
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cormels may be pounded into a thick paste (fufu) similar to pounded 

yam and swallowed as balls after being dipped in stew or vegetable 

soup.  Cocoyam can also be roasted or sliced and fried in cooking oil. 

However these two crops are yet to be exploited to a sustainable 

level to provide for its availability.  Plantain/cocoyam are lacking in most 

Nigerian diet because of low production, unlike other food crops such as 

cassava, maize, rice, cowpea and beans which have been fully 

exploited.  Part of the essence of this research was to investigate 

strategies for sustainable production of plantain/cocoyam mixture.  A full 

exploitation of these crops would make it available and affordable to 

most Nigerians.  Certain variables such as cocoyam densities, poultry 

manure rate and time of introduction of cocoyam, has to be investigated 

for sustainable production of plantain/cocoyam mixture.  Commercially 

pure stands of plantain are increasing in West Africa in response to the 

higher demand and price (Wilson, 1987).  Intercropping may 

necessitate that the different species are planted at lower densities than 

is normal in pure stands.  Thus, one or more of species will have 

depressed yield although total yield of income is usually higher than will 

pure stand in a small holding situation.  One of the most productive 

combination in Nigeria is plantain/maize/cocoyam and plantain appears 

to be less affected by the competition than the other crops Devos and 

Wilson, 1983).  Cassava and cowpeas are not considered suitable 
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intercrops because they are suppressed under shade of the plantain 

canopy (Devos and Wilson, 1983). 

 Aiyelaagbe and Jolaosro (1994) reported on the productivity of 

“false horn” plantain/soybean intercrop in Southern Nigeria.  This 

research was intended to determine the appropriate cocoyam densities, 

poultry manure rates and time of intercropping for enhanced yield of 

plantain and cocoyam in a mixture situation. 

 

1.6 OBJECTIVES:  This present investigation has the following 

objectives: 

1. To determine the optimum plant population densities for 

improved plantain-cocoyam mixture growth and yield. 

2. To assess the optimum organic manure rates for optimum 

production of plantain and cocoyam in mixture. 

3. To ascertain the optimum time of introduction of cocoyam into 

the mixture. 

4. To determine the income generation of the mixtures 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

In an attempt to exploit and harness the full potential of plantain 

(Musa AAB) and cocoyam (Xanthosoma-sagitifollium) arose the need 

for investigation into appropriate densities, time of intercropping and 

poultry manure rates for sustainable plantain – cocoyam mixture.  The 

plantain sub-group (AAB) and cocoyam (Xanthosoma-sagitifollium) 

have long made useful contributions to local food supplies in South 

Eastern Nigeria as well as for the humid zones of West Africa.  In West 

Africa there is a potential for plantain to be better exploited as a cash 

crop.   Developing plantain production techniques will help alleviate 

poverty and improve food security (INIBAP 2001).  The traditional 

systems survive even today in West and Central Africa but they are 

threatened by rapidly expanding populations.  In many areas increasing 

density of population and intensity of land use have reduced fallow 

period resulting in sharp declines in productivity (IITA 1989). 

Plantain is a particularly useful crop for small farmers in the humid 

forest zone.  As a backyard crop, it is easily compatible with established 

farming systems.  It reduces degradation of the ecosystem and provides 

a reliable source of food (IITA 1989).  Plantain is known to display 

considerable diversity, presumably as a result of accumulated somatic 

mutations.  In West Africa, “False Horn” and French plantains yield 

between 10 and 30 t/ha for subsistence and intensive productions, 
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respectively (Wilson, 1987).  Yield increases are needed for this staple 

food.  In Columbia, pure stand plantains for export yield between 14 and 

20 t/ha, whereas in multiple cropping the plantain yields only 4-5 t-/ha 

(Jaramillo, 1987). 

For the peasant farmer however, choice of component crops, 

crops proportions and planting arrangement in intercropping involved, 

economic, nutritional, and ecological implications.  The desire for 

increased yield per unit area per unit time, are some of the current 

considerations.  The choice of components crops, their proportions, 

cropping pattern, climatic factors and management are some important 

factors that can interact singly or jointly to influence neighbourhood 

effect either negatively or positively in intercropping.  Reports on 

plantain, cocoyam, and cassava associations showed that plantain 

growth and yield was not reduced by these other crops in association 

(Karikari, 1981).  In view of foreign exchange scarcity and high cost of 

living any effort to improve on productivity of plantain and cocoyam will 

no doubt enhance the living standard of our people.  Thus studies on 

cocoyam densities, time of introduction and manure rates for plantain 

cocoyam mixture is a timely intervention. 

 

2.1 FARMING SYSTEMS 

A farming or agricultural system is an enterprise or business in 

which sets of inputs or resources are uniquely employed by the farmer 
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in such a way as to satisfy the needs and to achieve desired objectives, 

in a given environmental setting (Okigbo, 1979). 

In West Africa, the farming system comprises the activity of one 

or more individuals usually a family unit, with some or all members of 

the family participating for some or most of their time in work.  

Accordingly, the farming system functions as a decision making unit as 

it transforms land, capital and knowledge into useful products that can 

be consumed or sold (ROUW, 1991).  A cropping system refers to the 

kinds, combinations and/or sequences of activities in time and space, in 

addition to practice and technologies used in the production of the crops 

in a specific area to satisfy the need of growers and users (Okigbo, 

1979).  The function of the cropping system is the transformation of 

plant material and soil nutrients into useful biomass.  A cropping system 

is a component of the farming system (Rouw 1991). 

Farming systems can be sub-divided on the basis of the types of 

crops cultivated.  Webster and Wilson (1980) distinguished four main 

types of crop or livestock based farming system, which include rain-fed 

arable farming systems, rain-fed and irrigated systems, monoculture of 

perennial crops, predominantly livestock system eg. nomadic pastoral 

and ranching.  On the other hand, three main cropping systems may be 

distinguished based on length of fallow period and the input of labour, 

capital and technology.  These are: 

 Shifting cultivation 
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 Fallow system 

 Semi permanent cultivation 

Furthermore, farming system according to Webster and Wilson 

(1980) is determined in parts by the environmental factors of climate, 

soil, natural vegetation and topography and partly by socio-economic 

factors such as the customs of the people and the level of technology 

they have attained, population density, the financial resources available 

for capital and recurrent inputs and the family or market demand for 

food and cash crops.  The problem of desertification in Northern Nigeria 

is a serious threat to agricultural activities in the North while the menace 

of erosion has seriously destroyed the arable land of the South.  Thus 

the only available land is subjected into continues cultivation of 

moderately erodible land using the largely unsustainable cultivation 

systems.  Also with the increasing poor land quality, productivity could 

not be maintained using the system under an ever-increasing 

population system.  In the Northern part of Nigeria, desertification and 

drought have made the environment highly hostile for man to practice 

agriculture while erosion menace in the South has kept man 

uncomfortable.  Seriously too, water resources are drying up, forage for 

animals are in short supplies, rainfall has also assumed inconsistent 

status.  Heat waves and sandy winds have become unbearable for 

agricultural operation.  Also the slow but steady salinization of 

agricultural land due to irrigation is rendering agriculture impracticable.  
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The present population in Eastern Nigeria has made the practice of the 

age long shifting cultivation impracticable (FAO, 1984).   

 

2.1.1 SHIFTING CULTIVATION 

This farming system is based on natural soil fertility and the input 

of manual labour only.  It is characterized by short period of cropping 

(one to three years) alternating with long fallow periods which serves to 

restore the fertility of the soil.  This system is associated with 

subsistence agriculture.  However, the system is constrained with the 

problems of labour and natural resources, which can hardly be met.  

Shifting cultivation cannot absorb a growing population and does not 

allow increased cash production or the introduction of technical 

innovations (Rottenberg, 1980). The greater population density 

combined by the cultivation of large areas of cash crops in addition to 

food crops has increased the pressure on the land, with the result that 

in many places fallow has been reduced in duration to such an extent 

that they are quite inadequate to maintain fertility (Webster and Wilson, 

1980). 

It is rather true that due to higher population densities and the 

cultivation of cash crops, cropping has become more intensive and 

prolonged fallows are shortened. Traditional cultivation methods and 

crop sequence are modified, resulting in deterioration of the physical 

condition and nutrient status of the soil and increased erosion.  It is 
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because of population pressure on land that the fallow period which is 

the greatest strength of shifting cultivation has to be shortened or 

abolished by most farmers in their field of operations.  This trend has 

led to a situation where land has little or no time to replenish lost 

organic matter and nutrients thereby making the soil to lose its 

structural, integrity and stability.  Such soils are weak and unable to 

support the growth of crops and vegetation cover, and are highly 

susceptible to wind and water erosion.  Gully erosion in Eastern Nigeria 

is degenerating into other acute and life threatening phenomena.  (FAO, 

1984)    

In the Western part of Nigeria peasant farmers have decimated 

the forest zone, just to eke out a living by scratching the land.  Forest 

that took several centuries to reach their current ecological stability are 

relentlessly being cut down and parceled out.  Despite the fact that most 

of the environmental problems are population induced, the population of 

Nigeria is still growing at the rate of about 3 percent and fertility rate 

currently at 6 children per woman.  The momentum for growth, whether 

the population is checked now or not is already there.  This is evident 

from the fact that about 50% of Nigerians are below the age of 15 years 

and are yet to reach the reproductive age to contribute their own quota 

to population boom.  The countries population would therefore continue 

to increase for at least the next 40 years.  Given the fact that more 

people means more farming activities, increased need for housing 
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facilities, fuel, wood and other forest product, the demands of escalating 

human numbers will continue to exceed the sustainable yield of basic 

life support systems, as crop lands, grass land, forest and water 

resources, thus the implication of population pressure on the land 

become manifest (FAO, 1984). 

 

2.1.2 FALLOW SYSTEM 

  With greater population pressure and expanding cash crops 

productions, shifting cultivation will be replaced by the fallow farming 

system.  Within this system, the period of fallow is shorter than that 

under shifting cultivation.  Generally, the time in fallow still exceeds the 

time which the land is cultivated. Ruthenberg (1980) defines the fallow 

system by the fact that between 33% and 66% of the potential area is 

under cultivation at any one time.  In a bush fallow farming system in 

Nigeria, described by Gembremeskel and de Vries (1985), the problem 

in fallow farming systems is the declining fertility status of the soils 

because the fallow periods are too short and the manure applications 

are insufficient to maintain the soils natural fertility.   

 

2.1.3 SEMI PERMANENT FARMING SYSTEMS 

Morgan (1969) described the great problems associated with over 

cultivation, soil degradation and soil erosion occurring in densely 

populated areas of Nigeria.  Shorter fallow period or its eventual 
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absence can result from any intensification of the fallow farming system.  

Vierich and Stoop (1990) reported several degradation of the soils along 

the toposequence in Burkina Faso due to increased population pressure 

and protracted period of low rain fall.  Also semi-permanent farming as 

practised by most small holders commonly comprises modified shifting 

cultivation with the addition of some other form of land use on small part 

of the holding.  Farming becomes semi-permanent when pressure on 

the land restricts the shifting cultivation to a limited area within which 

crop rotates with shortened bush fallow.  Indeed in some areas where 

the banana/plantain is a staple food crop, there are long established 

systems based on the cultivation of this crop, coupled with limited 

shifting cultivation of annuals nearby.  Tothill (1940) and Masefield 

(1944) have reported that Baganda family live permanently on its own 

land and devoted much care to the banana garden which was manured 

with household refuse and mulched with old leaves and pseudo stems 

and sometimes also with elephant grass cut for this purpose.  A similar 

system but one involving irrigation and a closer integration of animal 

and crop husbandry was developed by the Chagga people on the 

southern slopes of mount Kilimanjaro (Swynnerton, 1949).  Limited 

shifting cultivation of other food crops was combined with permanent 

mulched banana garden fertilized with household refuse and with the 

manure of cattle. 
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2.2 DENSITIES AND CROP COMBINATION 

2.2.1 PLANT DENSITY 

Crop yield is a function of yield per plant and number of plants per 

unit area.  In commercial agriculture, the crop is normally a community 

of individual suppressed plants (Donald 1963).  Under these conditions 

yield per plant is relatively low, but since the number of plants per unit 

area is high, total yield per unit area may also be high.  The numbers of 

plants of certain genotypes that can be advantageously planted per unit 

area depend on the environmental resources.  When only limited 

resources are available, the plant population should be low.  Optimum 

population is reached in the presence of abundant resources.  In mixed 

cropping, plant populations should be optimum for the system to be 

advantageous.  For instance, when maize and upland rice were planted 

in association, higher total yields were obtained by associations that 

had a high total number of maize plants per hectare (20,000 and 

43,000) than with a low maize plant population of 14,000 plants/ha 

(Willey and Osiru 1972).  The total yield also increased as the 

interplanted rice population was increased especially for the treatments 

with low maize population indicating that the environment was not 

saturated with the low maize population.  Willey and Osiru (1972) gave 

a good example of mixtures involving maize and beans.  The optimum 

number of bean plants in monoculture was twice the number of maize 

plants.  Thus, one maize plant in the mixture was regarded as being 
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equivalent to two bean plants.  Therefore choosing the correct planting 

density is of vital importance for maximizing the yields of the component 

crops.  Intercropping plantain-cocoyam mixture, so as to obtain the 

highest yields of good quality fruit, there should be optimum plant 

density which should be maintained for the life of the plantation.  A high 

density of plantain could induce a longer crop cycle, smaller bunches 

and smaller fruit size but total yield per hectare will increase due to the 

greater number of bunches.  The optimum density can be defined as 

that at which gross margin per hectare per annum is maximized over 

the entire plantation life (Gowen, 1975). 

Plantation vigour is an important factor influencing choice.  

Optimum density can be correlated to LAI and transmission of 

photosynthetically active radiation (PAR).  Stover (1984) quoted the leaf 

area index values in Honduras of 6.1 for vigorous valery banana at 

1900 plants/ha and 4.5 for mediocre valery 21,000 plants/ha. 

Thus one would conclude that in plantations of different vigour, 

densities should be adjusted to attain the optimal LAI.  In South Africa, 

the LAI (at flowering) for maximum gross margin per hectare was 5.0 

and this occurred at 1666 plant/ha (Robinson and Nel, 1989).  In 

respect of population life, it can be demonstrated that a short life of one 

or two cycles will permit five or more ratoon cycle (Robinson and Nel, 

1989). 
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2.2.2 CROP COMBINATION 

Intercropping of plantain with other food crop is a common feature 

of the subsistence farming or cash economy sector in West Africa.  As 

agricultural land decrease in Nigeria, the necessity for crop combination 

increases.  The main purpose of these plantation based system is to 

produce a range of food crops from a limited area for consumption and 

a surplus for sale.  In the bush fallow system practised in Nigeria, the 

land is cleared and a complex cropping mixture involving plantains, 

maize, cocoyams cassava and beans is established.  When other crops 

have been harvested plantains are ratooned for one year and long bush 

fallow is allowed before replanting (Gowen, 1975). 

The different species are spaced widely and management level is 

higher than with bush fallow.  Cumulatively yield are high but very low 

for cash species separately (Gowen 1995).  Plantain is also an 

important inter-crop for coffee or cocoa in which the later is shaded 

during the early development.  However pure stands of plantain are 

increasing in West Africa in response to higher demand and prices 

(Wilson, 1987).  Intercropping usually requires that the different species 

are planted at lower densities than is normal for pure stands.  Devos 

and Wilson (1983) achieved highest gross income from 

plantain/maize/cocoyam combination in Nigeria and noted that plantain 

was less affected by the competition than either maize or cocoyam. 

However,  Rao  and  Edmunds (1984) reported that cowpeas, maize 
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and sweet potatoes significantly reduced component banana growth 

and yield when inter-cropped in wind ward Island.  The most profitable 

combination was cowpeas with dwarf plantain (Rao and Reid, 1985). 

 

2.2.3 CROP MIXTURES: MERITS AND DEMERITS 

Mixed cropping is defined as growing more than one species on 

the same piece of land at the same time or with a short interval.  The 

different species are either mixed in an organised manner, with a fixed 

pattern of spacing or in an unorganise manner, were species are 

unevenly distributed over the land without distinct row arrangement 

(Gowen, 1995). 

Row intercropping is a form of mixed cropping where all crops are 

planted in a fixed pattern of spacing in separate rows.  For an enhanced 

and effective cultural operation, mixed cropping is practised for various 

reasons.  For instance, where there is a highly variable and unstable 

environment, mixed cropping is an assurance against total crop failure.  

In most stable favourable environments, higher total yields can be 

obtained per unit of land because the available resources such as light, 

nutrients and water are better utilized than in sole cropping (Gowen 

1995).  However, planting the total area available with a mixture of the 

two crops is a better proposition, since in the former case, the land 

devoted to the crop that totally failed will be completely unproductive.  In 

the latter case, part of the resources of the area initially devoted to the 
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species that failed, can to some extent be used by the other species in 

the mixture.  Consequently the species will produce more per square 

meter when mixed cropped than the same number of plants will 

produce when half the amount of land is sole cropped.  Mixed cropping 

to be advantageous the components of the crop association, should 

have different environmental requirements, which generally means 

contrasting habits. 

Crop combinations which are known include, maize and 

soybeans, rice and pulses, maize and bambara nut.  When the 

environment is less variable and genotypes are well adapted, there are 

also advantages for mixed cropping, since frequently no one species on 

its own can fully exploit the environment (Beets, 1982).  Extensive 

selection and breeding of crops has frequently led to great uniformity of 

genotypes such as in single cross hybrids of maize.  Genetic variability 

in such types is very small and the variety is therefore suitable only to a 

narrow range of environments.  Some times too, one genotype cannot 

fully exploit a variable environment. Therefore, planting a mixture of 

different genotypes becomes desirable (Beets 1982).  Another reason 

why different varieties may be superior is that a mixture has a greater 

tolerance to diseases and pests (Schwerfeger, 1954).  When a stand of 

plant that is susceptible to a disease is “diluted” with resistant plants the 

level of infestation of or damage to individual susceptible plant may be 
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reduced.  When fewer plants are attacked the overall effects of 

diseases and pests are reduced. 

Environmental factors such as water, nutrient and light are 

effectively utilized and absorbed under crop mixtures.  Also crop 

mixtures ensure greater yield stability in variable environments.  

Generally, efficient soil protection is one of the characteristics of crop 

mixtures.  One or two of the components may serve as a cover crop 

and thus protect the soil from damage.  Crops mixture also guarantees 

regularity of food supply since different component crops have different 

dates of maturity. Therefore crops are harvested as they mature. 

On the other hand, some demerits have been identified. 

Research problems on improved varieties and cultural practices such as 

weed control, fertilization, insect/pest control are compounded when 

dealing with more than one crop.  Also it is rather difficult to visualize 

the successful information of farm mechanization into systems that are 

dominated by crop mixtures.   

 

2.3 MANURIAL PRACTICE 

2.3.1 ORGANIC MANURE AND SOIL FERTILITY 

Humus is product of decomposition of organic matter in the soil.  

It has physical, chemical and micro and macro biological roles in the 

soil.  Microbial fauna is responsible for many transformations which 

enable the plants absorb the elements in the appropriate form.  The 
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fertility of tropical soil is short-lived due to leaching, erosion and high 

pH.  Organic manures include green manure, dung, compost, mulch, 

decomposition product of vegetable and poultry manure.  Farmyard 

manure is utilized in most tropical farming and many be applied at  

planting or replanting at the rate of 80t/ha (Hugues, 1989).  This can be 

ploughed into a debt of 30cm-40cm over the whole surface of the soil.  

And could best be placed in the plantain holes before planting or placed 

in furrows between the rows or along the rows (Hugues, 1989).  

Compost is another organic matter of interest and this is a result of 

decomposition process in the open air of any vegetable matter available 

on the plantation (mulch, coffee parchment, cocoa pods, domestic 

waste).  To be effective, very substantial amount (60-80t/ha) of compost 

must be applied (Hugues, 1989).  Organic manures supply nutrients for 

plant and the carbon containing compound are food for small animals 

and microorganisms. 

The structure of soil is improved by manure and this may be 

directly through action on bulky diluents in compacted soils or indirect 

when the waste products of animals or microorganisms cement soil 

particle together.  These structural improvements increase the plant-

soil-water relations (Cooke, 1982).  Organic manure is traditionally 

prized for vegetable growing and many experiments have tested them 

on outdoor and glass house crops (Webbe and Batsman, 1967).  

However, experiments on agricultural crops both material tested and 
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results have been variable but poultry manure usually gave one of the 

highest yields.  Certainly, poultry manure has been effective in 

improving aeration and drainage and encouraging good root growth by 

providing enough pores of the right sizes and preventing the soil 

becoming rigid when dry or completely water logged and devoid of air 

when wet. 

Experiments in the tropics have tested local animal manures and 

composts and found them to be effective as manures in the temperate 

or tropical farming system (Djokoto and Stephens 1961).  Organic 

fertilizers contain little or no solube salt (unless inorganic fertilizer had 

been added) and this can be applied at a large rate without the risk of 

damage to crop roots that may occur if inorganic fertilizers are used to 

supply corresponding quantities of plant nutrients (Djokoto and 

Stephens, 1961).  Organic matter has been reported to stabilize soil 

aggregate. Charreau (1974) confirmed that straw mulch had beneficial 

effects on the structure of soil in Ibadan where the texture of the surface 

layer was mostly fine loamy and organic matter ranged from 1.5 to 2.0% 

which was attributed to the effects of both protection against erosion 

and increased activity of earthworms.  The contribution of organic 

matter to the cation exchange capacity is very important as most 

tropical soils are mainly kaollonite clay mineral and low in exchange 

capacity.  Agboola and Corey (1973) found that soil organic matter is 

significantly correlated in a positive manner with pH, K, Ca, and Mg.  
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Aina (1979) observed that the most noticeable effects of long term 

arable cultivation in the rainforest zone were changes in the soil organic 

matter content.  Before the advent of inorganic fertilizer, farmyard 

manure, compost and poultry manure constituted the principal sources 

of nutrients to crops.  However, poultry manure are used by farmers in 

Nigeria in random mixtures and indeterminate amounts or rates in most 

intercrops, particularly in plantain-cocoyam mixture. 

The amount of N2, P2O5, and K2O is dependent on the quantity of 

poultry manure applied.  Hills (1981) reported that poultry manure is ash 

free to about 61% irrespective of the dry matter component.  Cooke 

(1982) observed that poultry manure is composed of 61-71% moisture, 

0.3%-3.5% Nitrogen and 0.04-2.3% potassium.  In Nigerian traditional 

agriculture, the use of household refuse, night soil dung; poultry 

dropping as manure are important factors in the maintenance of soil 

fertility.  One effect of these practices, besides increasing the total 

content and availability of plant nutrient, is to maintain the level of 

organic matter in the soil (Jones, 1972).  The use of poultry manure has 

gained increasing popularity in crop production.  However, Lombin 

(1978) was of the view that widespread use of the manure has been 

hampered by two factors: firstly the prohibitive cost of transportation due 

to bulky nature of the commodity.   Again, it is hardly available to meet 

the needs of farmers.  Indeed poultry manure is a major contributor of 

organic matter, which is very important in crop production.  Agboola and 
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Sobulo (1981), reported that towards the Northern area, the amount of 

organic matter decreases as the amount of rainfall decreases.  Bursh 

burning reduces the amount of organic matter content of the soil.  

Oganic matter has much influence on soil pH.  When the soil is too 

acidic, organic matter reduces the acidity of the soil.  If the soil pH is too 

alkaline, organic matter equally reduce the alkalinity of soil.  It has 

liming and buffering effects on the soil 

 

2.3.2 INORGANIC MANURE AND SOIL FERTILITY 

Inorganic manure or fertilizers improve the quality and yield of 

crops.  In many parts of the tropics, inorganic fertilizers are imported at 

considerable expenses.  Chemical fertilizers have become widely used 

in crop production in some tropical areas, particularly where they are 

readily available (Tindall, 1983).  Plantain tolerates slightly acidic 

condition of 5.0-6.5 soil pH, with an ideal mean temperature of 28OC.  

Soils with high organic matter contents are preferable for plantain and 

cocoyam production.  Consequently Soil productivity impinges the 

physical, chemical and biological properties of the soil and their 

interaction with the plant community, climate, and management 

practices in a dynamic system.  Therefore using soil analysis for 

fertilizer management may best be done if seasonal variations in soil 

nutrient contents are known (Tindal, 1983).  Fertilization policy can be 

established on the basis of critical rainfall levels and maximum and 
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minimum nutrients contents in the soil.  High rates of fertilizer strongly 

influence nutrient status. For example higher calcium and magnesium 

leaching losses occur with increasing Nitrogen supply.  In order to make 

the results of field experiments more meaningful efforts have been 

made in analysis of soil with the aim of estimating the amount of 

fertilizer required to optimize yields. 

In a series of experiment in Israel (Lahav, 1973), it was found that 

farm yard (FYM) at up to 80t/ha/year enhanced growth and hastened 

flowering to harvest period. FYM alone increased yield by 33%, but it 

was always necessary to apply inorganic fertilizer with organic manure.  

The beneficial interaction between organic matter and nitrogenous 

fertilizer was demonstrated both in banana (Lahav, et. al 1978).  The 

main effects was on bunch weight in plantains and on the number of 

bunches/ha in bananas.  Best results are obtained from the combination 

of organic manure and inorganic fertilizer as compared with manure.  

 

2.4 DISEASES AND PESTS INCIDENCE 

In general, cocoyams are relatively free from serious attacks of pests 

and diseases.  Pests which attacked tannias include Aphis gossypii and 

this is controlled by use of insecticide.  Also root rot diseases attack with 

various degrees of severity.  The banana weevil (Cosmopolites 

sordidus) is the plantain’s main pest.  This is a brown to black beetle of 

about 12-14mm long.  Some bore tunnels which can be recognized by 
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deposit of dust which mark its position.  These tunnel weaken the corm 

and the plant may subsequently fall over. 

Currently, the most important disease of cocoyam is cocoyam 

root rot blight complex (CRRBC).  The disease has been reported in the 

humid low land forest region of Cameroun that has the highest 

concentration of growers and consumers of this crop.  The pathogens 

associated with the disease complex has not been identified, although 

some fungi have been implicated such as Pythium – myriotylum dreshsl 

and Fusarium solani (Theberge et al 1985).  The organism causes the 

petiole to drop while the leaves dry and are shed prematurely. In field 

plants remain stunted with necrotic and shriveled leaves while the root 

system is greatly reduced by decay (Hahn et. al 1989).  On plantain, 

black sagitoka caused by Mycosphaerella musicola and leave streak 

caused by Mycosphaerella fijiensis are common diseases to which most 

cultivated musa varieties are susceptible.  These are wind borne 

diseases.  Leaves develop brown streaks which grow in size, and 

spread extensively and turn black (IITA, 1992). 

 In Africa increased damage caused by nematode is associated 

with poor fertility.  The general yield decline particularly of plantain is 

attributed to certain factors which affect the plant growth and vigour 

(Braide and Wilson, 1980).  The leaf blades of both cocoyam and 

plantain are attacked by various types of lepidoptera caterpillars.  The 

plantain was infested by caterpillar which caused substantial damage to 
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both cocoyam and plantains.  Most were found feeding on the soft 

tissues and attacks heart leaves before the unfurl.  Often times, 

caterpillars of several species of lepidoptera caused defoliation. 

 There were certain insect pest witnessed in the farm such as 

locust (Zonocerus variegates) which caused considerable damage. 

Other insect pests such as cochineal, thrips and spider mites (Acarida), 

caused damaged to the leaves and fruits.  Important diseases such as 

bacterial, fungal and viral diseases were slightly observed in the farm.  

Equally noted were the presence of root lesion nematodes, fruit pests, 

leave pests, and sucking insects.  Some other disease of plantain are 

known to cause havoc, notably the moko diseases.  This was reviewed 

by Buddenhagen (1961).  Rorer (1911) showed that the disease was 

caused by the bacterium, Pseudomonas solanacearum.  Moko was 

reportedly introduced to the Philippines (South Mindanao) in the late 

1960’s apparently on contaminated plant materials introduced from 

Central America (Rillo, 1979, Buddenhagen, 1986).  It is now present in 

several desert banana plantations in the region (Ropereos and 

Magnaye 1991).  Another disease observed in the farm was black leaf 

streak which was caused by Mycosphaerella fijiensis and this was 

characterized by the appearance of large brownish colored streak.  

Hugues (1989) indicated that in the absence of control, the streaks 

coalesce with necrotic patches appearing on the topside of the leaf.  He 

also indicated further that plantains affected by black leaf streak have 
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only four to five leaves at flowering and that the bunches rarely reach 

maturity. 

 Weeds constitute major constraints to the subsistence plantain 

farmers.  In West Africa, Wilson (1987) stated that weed growth is very 

prolific and that lack of effective weed control is a key factor in the 

overall yield decline of plantain.  In Nigeria, Ndubizu (1985) evaluated 

hand weeding regimes on False Horn plantain.  Yields declined 

considerably from 16.6 to 2.3t/ha as weeding was delayed from two 

weeks to ten weeks respectively.  However due to the cost of manual 

labour, a weeding interval of six weeks was the most cost effective 

treatment.  Obiefuna (1989) demonstrated that it is also feasible to 

control weeds in plantain biologically, using the Egusi melon 

(Colocynthis citrullis) as live mulch.  Intercropping plantains with 5,000 

melon plants per hectare suppressed weed growth and significantly 

increased plantain yield.  At 2,500 melon plants per hectare, weed 

control was inadequate and at 10,000 melon plants per hectare, 

plantain yields declined due to direct competition with the melon plants..
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 EXPERIMENTAL SITE 

The experiment was conducted at Federal University of 

Technology, Owerri Teaching and Research Farm located between 

latitudes 5O20/N and 5O27/N and longitudes of 7O00/E and 7O07/E.  The 

soil texture is sandy loam.  The mean monthly rainfall was 276.04mm 

distributed over months (May, 1999 - October 2000).  A relative 

humidity ranged between 57-89% and air temperature range of 26O-

29OC.   

 

3.2 THE SOIL PHYSICAL AND CHEMICAL PROPERTIES 

 The pH of the soil was determined by random sampling of the soil 

by means of soil augur.  The samples were taken from top soil (0-15cm) 

and subsoil (15-30cm) depth before and after cropping and analysed. 

The soil pH was determined by means of electro-potentiometer; 

standardized with a buffer solution of pH 7.0 and 4.0 (Udo and 

Egunwale, 1978).  Organic carbon was determined by Walkley and 

Black method.  Total nitrogen (%) was obtained by modified micro-

khjeldahl process (Bremmer, 1965).  Available phosphorus was verified 

by Bray Number two method, (Sobulo 1970).    Exchangeable cation  

(Ca2+, Mg2+, K+, Na+ and AL3+) were assessed by Neutral Molar 

Ammonium Acetate Displacement procedure (Jackson, 1962).  
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Exchangeable acidity was estimated by 1 N KCI extraction procedure 

(Mclean 1965).  Physical analysis was conducted by Bouyoucous 

method (Bouyoucous 1951).     

 

3.3 TREATMENTS 

 The treatments consisted of three cocoyam densities (6666, 

10,000 and 20,000 plants/ha), three poultry manure rates (20, 40, 

60t/ha and two times of cocoyam introduction cocoyam planted the 

same time with plantain on May, 1999 and cocoyam introducted two 

months later (July, 1999) on plot basis.  A sample size of 3 plants per 

plot for plantain and 10 cocoyam plants per plot were taken.  The three 

cocoyam densities gave to 16, 20,40 cocoyam/plot, while the manure 

rates were 27, 54, 81 kg/plot and the two periods of intercropping were 

simultaneous planting and introduction 8 weeks after planting the 

plantain.  There were a total of 18 treatment combinations which were 

randomly assigned and replicated three times.     

 

3.4 EXPERIMENTAL LAYOUT/DESIGN 

 The area of the farm was 1863m2, with a length of 54m and width 

of 34.5m.  There were 54 plots marked out and each measured 13.5m2, 

with length 4.5m and width 3.0m.  The farm layout was marked and 

measured with the aid of ranging poles, ropes, measuring tape, pegs 

and matchet. 
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The design of the experiment was 3x3x2 factorial, arranged in 

Randomized Complete Block Design, (RCBD). 

   

3.5  LAND PREPARATION 

 The farm was slashed, cut, cleared and packed.  The planting 

holes for plantain (45cm x 45cm x 45cm), were dug at a planting 

distance of 3m x 2m.  Also 4 ridges each of 4.5m length and 30cm high 

were constructed manually per plot at the distance of 1m inter row, for 

cocoyam.  The various plots were properly labeled for the purpose of 

identification.  The land preparation was carried out in two phases, first 

was in May, 1999 and the second was in July, 1999. 

 

3.6 PLANTING OF PLANTAIN AND COCOYAM 

 Planting was done in two phases: the first phase was in May 

1999.  The second phase of planting of cocoyam was done two months 

later that is, July, 1999 in plots randomly assigned for second planting.  

At each planting, plantain suckers which were obtained from university 

plantain orchard were cleaned and planted at a planting distance of 3m 

x 2m given a total of 1667 plants/ha.  Prior to planting, top soil was dug 

out and later put back into the bottom of the holes to form a mound on 

which the suckers were placed.  The neck of the suckers or small 

“head” were placed below the level of the soil.  The holes were filled in 
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with the remaining soil which was lightly earthed up around the sucker 

and the soil around the plantain firmed. 

 The cocoyams were planted at 1.0m x 1.5m, 1.0m x 1.0m and 

1.0m x 0.5m respectively, on ridges at the depth of 10cm.   

 

3.7 MANURE APPLICATION 

 The different rates of poultry manure at 20, 40, and 60t/ha, were 

respectively weighed and applied at two periods in May, 1999, and July, 

1999, to  the appropriate plots. 

 The first application was on treatment in which plantain and 

cocoyam were planted simultaneously.  The second application was 

done two months, after the introduction of cocoyam.  The different rates 

of poultry manure were applied broadcast and worked into soil on plot to 

plot basis.    

 

3.8 MEASUREMENT OF GROWTH PARAMETERS 

 The following parameters were measured in the course of the 

experiment and data collected were subjected to analysis of variance 

(ANOVA). 

 

3.8.1 PLANT HEIGHT 

 The first measurement of plant height was taken 3 months after 

planting of plantain.  Measurements continued until the flowering stage 
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in plantain and maturity in cocoyam respectively.   The heights of ten 

randomly selected samples of cocoyam at vegetative stage were 

measured per plot using metre rule.  This was done by measuring from 

ground level to the tip of the petiole.  At bulking stage, another 

measurement was taken from ground level to the tip of the petiole.  At 

maturity a final measurement was taken also from ground level to the tip 

of the petiole to obtain the final height. 

The mean height was obtained and subjected to statistical 

analysis.  The same method was also adopted for measuring the height 

of plantain from three sample size, using a measuring tape and 

measurements were taken from ground level at vegetative, flowering 

and fruit maturity stages.  The mean for three plants/plot were obtained 

and subjected to statistical analysis. 

 

3.8.2 CANOPY COVER (%) 

 The leaf area of both plantain and cocoyam were distinctly 

measured.  From sample size of three plantains per plot, the leaf area 

of plantain was obtained per plant per plot.  A measuring tape was used 

to obtain the length and widest width of each leaf on the plant and 

multiplied by the factor 0.75.  This factor was used to obtain the actual  

area of the leaf, which occupied three quarters of a rectangle of equal 

length.  The total leaf areas of the three plants per plot were calculated 

and the mean leaf area per plant per plot worked out. 
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The same was done for cocoyam using counting square method 

to obtain the mean leaf area of 10 sampled plants per plot, and 

multiplied by the number of leaves per plant per plot. 

The total leaf areas of both plantain and cocoyam were 

respectively divided by the plot area occupied by the plants and 

multiplied by 100% to obtain the measure of canopy cover, for each 

crop. 

 

3.8.3 COCOYAM LEAF AREA (cm2)  

 At vegetative and reproductive stages, 10 cocoyam leaves were 

sampled and measured using a measuring rule to obtain the leaf length.  

The leaf area of the sampled leaves were measured by placing on 

graph sheets and the total area obtained.  The mean leaf length was 

obtained as X = 28.23cm and mean leaf area, Y = 1104cm2.  To 

establish this relationship, a regression equation was used where; y = a 

+ bx.  Thus ‘a’ = intercept and ‘b’ = slope.  Linear relationship was 

established between leaf length and leaf area.   Thus a predictability t-

test for slope and intercept were both tested to know whether the slope 

was significant or not and the intercept tested to ascertain if there is an 

intercept i.e. when line does not pass through the origin.  Therefore a 

general prediction equation for cocoyam leaf area is established as:     

Y = - 715.71 + 64.46X. 
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3.8.4 LEAF AREA OF PLANTAIN 

 The leaf length and the widest part of the leaf were measured 

using a measuring tape.  The leaf area was estimated by the product of 

the length and width (widest part) and multiplied by a factor, 0.75.  This 

factor is used because, when a plantain leaf is placed on a rectangle of 

same length, the leaf occupies three quarters of the rectangle.  Thus 

leaves were measured from each of the three plantains on each plot.   

 

3.8.5 PSEUDO STEM CIRCUMFERENCE (cm) 

 Pseudo stem circumference was measured after harvest by 

random sampling on plot to plot basis.  A cross-section of the base of 

each plant was cut out with a matchet.  A measuring tape was used to 

obtain the diameter of each cross-section of the base and the 

circumference obtained as X = πD. 

Where: X = circumference,  π  = 3.14, D = Diameter of cross section. 

 

3.9 YIELD PARAMETERS 

3.9.1 CORM/CORMEL YIELD (t/ha) 

 At harvest, cocoyam tuber yield was separated into corm and 

cormel.  A sample of 10 plants were harvested per plot and the cormel 

carefully detached from the corm and both separately weighed using a 

sensitive balance.  The mean weight of corm and cormel were 

calculated per plot. 
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To calculate yield per ha 

Plot size = 4.5m x 3m = 13.5m2 

1 ha = 100m x 100m = 10,000m2 

Yield/ha = 10,000m2  x  Yield/Plot.   
   13.5m2   
 

3.9.2 FRUIT YIELD 

 At about 15 months from planting most of the fruits were due for 

harvest and were harvested.  With the aid of a sensitive spring balance, 

bunch weights per plant per plot were obtained.   

 Yield/ha = 10,000m2 X Yield/Plot 
       13.5m2   
 

Each fruit bunch was counted to determine the number of hands 

contained in the fruit bunch and number of fingers per fruit bunch for all 

the fruits harvested from 3 plants/plot.   

 

3.9.3 HARVEST PATTERN 

 Harvesting in plantain normally begins with fruit maturity which 

occurs 90 – 120 days after shooting.  At maturity bunches were 

normally held at one end and given a cut for severing it from the 

attached end before cutting down the entire pseudo-stem.  The tall 

plantains were cut midway and the top end fell over before the bunch 

was handled and cut.  
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Harvesting of cocoyam was done as soon as the leaves turned 

brownish yellow, which is a sign of senescence.  Shovel was used for 

the harvest which was done on plot to plot basis.  The cormels were 

detached from the corms and weighed separately to obtain, the corm 

yield and the cormel yield. 

 

3.10 PEST AND DISEASE CONTROL 

During the dry season, the farm was irrigated weekly using water 

sprayer connected to a tap, to stimulate further leaf growth and to check 

the spread of diseases. 

The farm was relatively free from diseases.  The intercropping of 

plantain with cocoyam, manuring and weeding measures adopted 

helped to control diseases. 

 Some leaves of Neem plant (Azadiracta indica) were collected 

and ground and extracted with 1:3 leaf: water ratio. Neem powder was 

also obtained by grinding sun-dryed seeds.  The extract was sprayed 

with the aid of knapsack sprayer on weekly basis.  The powder was 

mixed at the rate of 48g per litre of water and sprayed on weekly basis 

to check the incidence of pests such as grasshoppers, trips, spider 

mites, Banana weevil (Cosmopolite sordidus) and Aphis-gossypil.  
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3.11 WEED CONTROL 

Control of weed commenced 4 weeks after planting and 

subsequently with the use of hoe and matchet.   Intensive weeding was 

carried out at the later stages of the experiment as a result of 

proliferation of weeds after the harvest of cocoyam. 

 

3.12 SUCKER MANAGEMENT 

Plantains were desuckered with iron diggers at each crop harvest. 

Only the first and third suckers were retained for the ratoon crops.  

 

3.13 ECONOMIC ASSESSMENT OF PLANTAIN/COCOYAM 

MIXTURE. 

 Partial budgeting was the econometric tool adopted for the 

analysis of various treatments.  The essence of partial budget was to 

compare the costs and benefits of different treatments.  Gross benefit 

was obtained by multiplying the yield by its field price.  The net benefit 

was estimated by deducting the total costs of production from total 

gross benefit. 

Benefit – Cost – Ratio (B.C.R) 

This is one of the best economic tools for assessing any project or 

enterprise. It gives a picture of how viable or otherwise a project or 

enterprise was operated. It is also a guide to the entrepreneur on 
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whether to adopt the improved technology or not.  Benefit cost ratio is 

defined as:        

      Change in net benefit      
        Change in total variable cost 
 
  A positive benefit: cost ratio indicates that the control practice is 

economically inferior to the improved technology adopted while a 

negative benefit cost ratio shows that the traditional practice is 

economically superior. 

INPUT DATA:   The fixed and variable inputs of production are: land, 

labour, capitals, plantain suckers, cocoyam sets, poultry manure and 

transportation costs. 

LAND:    This was ascribed to inheritance right and was not included in 

the economic analysis if the land belongs to the farmer. 

LABOUR: Labour is quantified in terms of man-day per hectare.  The 

prevailing labour cost, per man-day at the time of research was 

N350.00. 

CAPITAL INPUTS:  The cost of capital involved in this experiment were 

plantain suckers, cocoyam sets, poultry manure and transportation 

costs:  These were based on the prevailing market prices.  The cost of 

input was obtained by the product of market price and quantity of input. 

OUTPUT DATA: The value of plantain yield and cocoyam yield per 

tonne per hectare was obtained based on the prevailing market price 

after conducting market survey. 
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DATA ANALYSIS: All data collected were subjected to statistical 

analysis using analysis of variance (ANOVA) procedure to evaluate the 

effects of Cocoyam densities, poultry manure rates and time of 

introduction of cocoyam for plantain cocoyam mixture production. 

Growth and yield parameters were measured in the course of the 

experiment. Separation of means for significant differences was 

conducted using the F-test while mean separation using the least 

significant differences (LSD) was used to detect which means were 

significantly different from the other. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 SOIL STATUS 

 The acidity of the soil at the start of the experiment was high at 

both topsoil (pH 4.16) and subsoil (pH 4.31).  However soil acidity 

decreased markedly (pH 5.60 and 5.71) at both depths of soil at the end 

of the experiment due largely to manurial effects.  Poultry manure 

contributed to soil substantial portion of its inherent 18.35% organic 

carbon, 31.75% organic matter, and 1.68%, total N and thus enhanced 

the nutrient status of the soil to higher levels (Table 1). 

 Also, poultry manure added to the soil 10.22ppm available 

phosphorous, 5.45Cmolkg-1 available K and 5.20Cmolkg-1 ca available 

calcium.  These no-doubt improved the cation levels in the subsoil with 

even a post cropping balance of 3.45 ppm of phosphorus, 2.79Cmolkg-1 

and 0.660Cmolkg-1 ca.  Virtually cations as sodium, magnesium, 

aluminum, hydrogen were reduced by reduction in application.  The 

minor reduction in the percentage sand of 94.40% at the start of the 

experiment to 94.38% was due largely to poultry, manure incorporation.  

Conversely, silt was reduced from 3.00% to 2.96% after harvest, and 

clay was increased from 2.60% to 2.66% at topsoil levels.  But at 

subsoil levels, silt was slightly raised from 6% to 6.02% and clay 

reduced from 6.6% to 6.4%.  Texturally therefore, the soil is essentially 

sandy loam. 
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Table 1: Physicochemical soil analysis for pre-experimental croppings 

at different depths. 

 

 

 
Pre-cropping 

Soil chemical characteristics: 0-15 cm 15-30 cm 

Soil pH 4.16 4.31 

Organic carbon (%) 1.377 1.257 

Organic matter (%) 2.380 2.1733 

Total N (%) 0.132 0.103 

Available P (ppm) 1.295 1.435 

Potassium Cmolkg-1 1.874 2.597 

Calcium Cmolkg-1 0.20 0.22 

Magnessium Cmolkg-1 0.10 0.12 

Sodium Cmolkg-1 0.779 1.109 

Aluminium+H Cmolkg-1 0.875 1.05 

Aluminium Cmolkg-1 0.55 0.65 

Hydrogen Cmolkg-1 0.325 0.400 

Soil Mechanical Characteristics:   

Sand % 94.40 87.40 

Silt % 3.00 6.00 

Clay % 2.60 6.60 
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4.2 EFFECTS OF POULTRY MANURE ON SOIL 

CHARACTERISTICS 

Poultry manure (Table 2) enhanced the growth and yield of 

plantain and cocoyam mixture. The pH of the soil reduced 

remarkably with increasing rates of poultry manure. The organic 

carbon and available phosphorous appreciated at all level of 

treatments. Soil organic matter was higher at subsoil (15-30cm) 

than topsoil (0-15cm) depth. At 40t/ha and 60t/ha treatments, 

levels, the percentage organic matter recorded was 3.978% and 

4.470% respectively. Total Nitrogen recorded at topsoil level at 

40t/ha and 60t/ha treatments were 0.302% and 0.344% 

respectively. But at subsoil, for some treatments, the percentage 

Nitrogen reduced to 0.267% and 0.270% presupposing that most 

of the nitrogen at topsoil level were utilized for plant growth. The 

exchangeable cation concentrations of Mg2+, Ca2+, AL3+, H+ K+, 

were more higher in subsoil than in topsoil.  

The mechanical analysis showed appreciable increase in the 

amount of silt and clay. The increase in silt to 8.93% and 8.98% at 

40t/ha and 60t/ha respectively and clay at 8.96% and 9.12% at 

same level enhanced the productivity of the soil. 
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Table 2: Effects of poultry manure on soil physicochemical 

properties: 

 0 – 15 cm 15 – 30 cm 

 Poultry manure (t/ha) Poultry manure (t/ha) 

 

Soil Chem. Characteristics: 

 

20 

 

40 

 

60 

 

20 

 

40 

 

60 

Soil pH 4.71 5.84 6.76 4.83 5.99 6.13 

Organic carbon (%) 2.153 2.614 2.873 1.939 2.364 2.586 

Organic matter (%) 1.248 1.454 1.664 3.353 3.978 4.470 

Total Nitrogen (%) 0.258 0.302 0.344 0.203 0.267 0.270 

Available Phosphorus,  (ppm) 3.696 4.812 4.928 4.116 4.902 5.488 

Potassium Cmolkg-1 2.273 2.852 3.030 3.150 3.909 4.467 

Calcium Cmolkg-1 0.384 0.468 0.512 0.72 0.89 0.96 

Magnessium Cmolkg-1 0.192 0.234 0.256 0.23 0.28 0.31 

Sodium Cmolkg-1 0.623 0.467 0.372 0.918 0.689 0.559 

Aluminium+H Cmolkg-1 0.50 0.315 0.290 0.780 0.585 0.490 

Aluminium Cmolkg-1 0.30 0.23 0.18 0.40 0.30 0.26 

Hydrogen Cmolkg-1 0.20 0.15 0.11 0.38 0.29 0.20 

Soil Mechanical Characteristics       

Sand % 93.26 91.74 91.10 88.10 82.11 81.90 

Silt % 3.55 4.34 4.74 6.22 8.93 8.98 

Clay % 3.19 3.92 4.16 5.68 8.96 9.12 
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4.3 CLIMATIC CONDITIONS 

 The climatic conditions (Table 3) showed that the mean maximum 

temperature in the year 2000 was 33.1OC which was relatively higher 

than 32.9OC for 1999.  The slight variation in mean maximum 

temperature was also similar to the mean minimum temperature for the 

two years.  22.8OC and 22.9OC for 1999 and 2000 respectively.  The 

mean ambient temperature distributed over the year in 1999 and in 

2000 were 27.9OC and 28.0OC respectively.     

 The lowest maximum temperatures were recorded in the months 

of July, August, September and October of both years.  The percentage 

relative humidity recorded for the two years were appreciably high at 

80.3% and 79.2% for 1999 and 2000, respectively.  In the year 2000, 

the highest rainfall of 372.9mm was recorded in September with zero 

rainfall in the months of December, January and February.  The mean 

monthly rainfall of 224mm and 201.5mm were observed for 1999 and 

2000, respectively. 
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Table 3: Climatological Data at Nekede, 0.5km from the 

experimental site for 1999 and 2000 calendar years  

 Maximum 

Temperature 

Minimum 

Temperature 

Ambient 

Temperature 

Relative 

Humidity 

Rainfall 

Amount 

Month 1999 
OC 

2000 
OC 

1999 
OC 

2000 
OC 

1999 
OC 

2000 
OC 

1999 

% 

2000 

% 

1999 

(mm) 

2000 

(mm) 

January 33.9 34.6 22.5 22.8 28.2 28.7 69 76 35.9 0.0 

February 34.5 35.1 23.6 22.7 29.1 28.9 76 57 66.6 0.0 

March 34.9 35.2 24.0 22.0 29.5 29.6 77 76 117.4 74.4 

April 34.7 33.5 23.7 23.2 29.2 28.4 79 79 128.4 376.2 

May 33.7 33.8 23.3 23.3 28.5 28.6 78 80 246.5 255.5 

June 32.5 32.4 22.7 22.8 27.6 27.6 83 82 269.4 232.3 

July 31.5 32.1 22.3 22.5 26.9 27.3 85 84 264.4 209.1 

August 30.7 30.1 22.6 22.3 26.7 26.2 86 88 310.6 337.6 

September 30.8 31.7 22.0 22.6 26.4 27.2 89 85 660.5 372.9 

October 30.8 32.0 21.5 22.6 26.2 27.3 87 84 424.1 236.5 

November 32.7 33.3 23.3 23.4 28.0 28.4 80.0 80.0 164.3 122.0 

December 34.1 NA 21.8 NA 28.0 NA 75 NA 0.0 NA 

Mean 32.9 33.1 22.8 22.9 27.9 28.0 80.3 79.2 224.0 201.5 

 

NA = Not Available 

Source: Agro-meterological Station Nekede, Owerri. 
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4.4 INFLUENCE OF TIME OF INTRODUCTION AND COCOYAM 

DENSITIES FOR GROWTH AND YIELD OF COCOYAM 

 

4.4.1 COCOYAM LEAF AREA (cm2) 

Table 4, showed that planting cocoyam with plantain in the month 

of May, resulted in decreased leaf area at higher cocoyam density.  The 

largest leaf area of 1753.04cm2 was obtained for cocoyams at 10,000 

plants/ha while 846.51cm2 was recorded for 20,000 cocoyams/ha.  

When cocoyam was introduced in July the largest leaf area of 

1547.55cm2 was recorded for a density of 20,000 plants/ha and 

1184.79cm2 obtained for the lowest density of 6666 cocoyams.   

Ten thousand cocoyams introduced in May, gave leaf area of 

1753.04cm2.  Higher population density caused decreased leaf area. 

Cocoyams planted in the month of May gave larger leaf area. 

 

4.4.2 COCOYAM HEIGHT (cm) 

 Cocoyams introduced in May attained higher height than those of 

July (Table 4).  Highest plant height of 97.33cm occurred at population 

density of 20,000 plants/ha, whereas 90.56cm was recorded for 10,000 

plants/ha.  However, 6666 cocoyams planted in July reached a height of 

80.11cm with the lowest height of 68.11 recorded for 20,000 plants/ha.  

This is in response to natural growth habit, as crowded plants compete 

for light.  
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Table 4: Cocoyam densities and time of introduction effects on 

growth and yield of cocoyam 

Time of 

introduction 

Cocoyam 

density 

Leaf 

Area 

(cm2) 

Plant 

Height 

(cm) 

Leaf 

Area 

Index 

Corm 

Yield 

t/ha 

Cormel 

Yield 

t/ha 

Total 

Yield 

t/ha 

May 6666 1680.05 91.11 0.20 6.91 6.31 13.22 

 10,000 1753.04 90.56 0.26 8.47 10.25 18.72 

 20,000 846.51 97.33 0.58 17.26 14.37 31.63 

 X 1426.53 93.00 0.35 10.88 10.31 21.19 

July 6666 1184.79 80.11 0.14 3.32 2.35 5.67 

 10,000 1232.41 74.11 0.18 5.40 3.35 8.75 

 20,000 1547.55 68.11 0.46 8.59 5.01 13.60 

 X 1321.58 74.11 0.26 5.77 3.57 9.34 

 LSD0.05(AB) NS NS NS 1.84 2.14 2.92 

 LSD 0.05 (A) 256.60 NS 0.05 1.31 1.51 2.06 

 LSD 0.05 (B) 209.51 8.71 0.04 1.06 1.25 1.67 

 

4.4.3 LEAF AREA INDEX 

 Cocoyams introduced in May, recorded a better land coverage 

than those introduced in July.  Largest leaf area index of 0.58 was 

obtained for cocoyam population density of 20,000 and the least 

obtained from cocoyams intercropped in the month of July (Table 4).   
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4.4.4 CORM YIELD (t/ha) 

 Cocoyam introduced in the month of May gave a corm yield of 

17.26t/ha at 20,000 plants/ha, while the least was recorded for 6666 

plants/ha planted in July.  Relatively better yields were obtained from 

cocoyams planted in May than those introduced in July at all densities.  

Table 4 showed that the best yield of cocoyam was achieved when 

20,000 cocoyams were planted/ha in the month of May.  

 

4.4.5 CORMEL YIELD (t/ha) 

 Cormel yield increased with increased cocoyam population 

density. For example, the yield of 14.37t/ha of cormel was obtained 

when 20,000 cocoyams were introduced in the month of May.  The 

same density of cocoyam yielded 5.01t/ha when cocoyams were 

introduced in July and the difference was highly significant. 

 

4.4.6 TOTAL YIELD (t/ha) 

 Cocoyam yield at 20,000 plants/ha in May was 31.65t/ha while 

18.72t/ha was obtained at 10,000p/ha. 

 But in July the highest yield recorded was 13.60t/ha from 20,000 

cocoyams with the least yield of 5.67t/ha obtained from 6666 cocoyam 

population.     
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4.5 EFFECTS OF POULTRY MANURE AND TIME OF 

INTRODUCTION ON GROWTH AND YIELD OF COCOYAM 

 

4.5.1 LEAF AREA OF COCOYAM (cm2) 

 Increasing poultry manure application rate increased cocoyam 

leaf area (table 5).  Cocoyam introduced in May and treated with 60, 40 

and 20t/ha poultry manure produced leaf area of 2410.60cm2, 

1774.38cm2 and 1197.96cm2.  Furthermore the crops introduced in July 

and fertilized with 60t/ha poultry manure recorded the largest leaf area 

of 1583.51cm2.  The largest leaf area of 2410.60cm2 was achieved 

when 60t/ha of poultry was applied in the month of May.  The lower the 

quantity of poultry applied, the lower the leaf area; even for intercrops in 

both months.  The least leaf area of 1015.11cm2 was recorded at 20t/ha 

poultry applied in the month of July. 

 

4.5.2 COCOYAM HEIGHT (cm) 

 The plant height increased with higher poultry manure applied to 

cocoyam.  Therefore cocoyams planted in May and manured with 

60t/ha grew to a height of 115.22cm.  Reducing the quantity of poultry 

to 40t/ha and 20t/ha respectively rather reduced the crop height to 

91.67cm and 72.11cm respectively. 
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Table 5: Poultry manure and time of introduction effects on growth 

and yield of cocoyam  

Time of 

introduction 

Poultry manure 

t/ha 

Leaf Area 

(cm2) 

Plant 

Height 

(cm) 

Leaf 

Area 

Index 

Corm 

Yield 

t/ha 

Cormel 

Yield 

t/ha 

Total 

Yield 

t/ha 

May 20 1197.96 72.11 0.32 7.71 7.15 14.86 

 40 1774.38 91.67 0.35 12.82 9.92 22.74 

 60 2410.60 115.22 0.46 12.11 13.87 25.98 

 X 1794.30 93 0.35 10.88 10.31 21.19 

July 20 1015.11 63.44 0.21 4.92 2.04 6.96 

 40 1366.13 69.89 0.27 5.99 5.70 11.69 

 60 1583.31 89 0.30 6.39 2.98 9.37 

 X 1321.58 74.11 0.26 5.77 3.57 9.34 

 LSD 0.05 (BC) 362.88 NS 0.002 1.84 2.14 2.92 

 LSD 0.05 (B) 256.60 10.66 0.05 1.31 1.51 2.06 

 LSD 0.05 (C) 209.51 8.71 0.04 1.06 1.25 1.67 

 

4.5.3 LEAF AREA INDEX OF COCOYAM 

 The leaf area index varied with time of introduction and the 

quantity of poultry manure applied.  The highest leaf area index of 0.46 

was obtained when 60t/ha poultry manure was applied to crops planted 

in May.  Application of 20t/ha of poultry manure produced a lower leaf 

area index of 0.32.  In July intercropping however, the application of 

60t/ha on crops produced a leaf area index of 0.30 which varied 
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significantly from the leaf area index of 0.27 obtained by applying 40t/ha 

of poultry manure. 

 

4.5.4 CORM YIELD (t/ha) 

 Cocoyam planted in May yielded 12.82t/ha at 40t/ha of poultry 

manure.  The yield was slightly less when 60t/ha was applied.  For the 

crops planted in July, the highest yield of cocoyam was 6.39t/ha with 

the application of 60t/ha of poultry manure.   

 For growth parameter measured, 60t/ha of poultry performed 

better than other treatment but for yield; 40t/ha poultry was a better 

application as 12.82t/ha was achieved.  Manure involving 60t/ha was 

used more on vegetative growth than on yield (Table 5). 

 

4.5.5 CORMEL YIELD (t/ha) 

 Application of 60t/ha poultry manure on crops planted in May, 

gave a cormel yield of 13.87t/ha.  Reduction in the quantity of poultry 

manure to 40t/ha significantly reduced cormel yield to 9.92t/ha, while 

the application of 20t/ha produced the least yield of 7.15t/ha.  Poultry 

manure at 40t/ha gave highest yield (5.7t/ha) of cormel in July. 

 

4.5.6 TOTAL YIELD (t/ha) 

 The yield of cocoyam planted in May, which received   60t/ha of 

poultry manure was 25.98t/ha.  The total yield of 22.74t/ha was also 
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obtained from the application of 40t/ha poultry manure.  But in July 

intercrop, the highest yield of 11.69t/ha was obtained from those crops 

treated with 40t/ha poultry manure, but when crops were treated with 60 

and 20t/ha, the yield reduced to 9.37t/ha and 6.69t/ha respectively. 

 

4.6 EFFECTS OF COCOYAM DENSITIES AND TIME OF 

INTRODUCTION ON GROWTH AND YIELD OF PLANTAIN 

 

4.6.1 TOTAL LEAF AREA OF PLANTAIN (m2)  

Cocoyam densities did not significantly affect the leaf area of 

plantain.  For example, plantain leaf area in 6666p/ha and 20,000p/ha 

cocoyam plants population were 19.04m2 and 17.61m2 respectively 

(Table 6).  This suggests that leaf area of plantain was not affected by 

cocoyam population density variation. 

 

4.6.2 PLANTAIN HEIGHT (cm) 

 The lower cocoyam density had a more effect and influence on 

plantain than a higher density of cocoyam.as regards to plant height.  

The growth of plantain in low density (6666) cocoyam was 289.11cm 

but 275.11cm was recorded in high density cocoyam.  The difference 

was however non significant.  But plantains intercropped with 10,000 

cocoyam in July were 282.98cm tall. And this was better than them 

treatments (table 6). 
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4.6.3 THE LEAF AREA INDEX OF PLANTAIN 

 The highest leaf area index of 4.23 was recorded for plantains 

intercropped with 6666 cocoyams in the month of May.  But when 

intercropped with 10,000 cocoyams the plantain leaf area index was 

reduced to 3.74.  In July intercropping, the highest leaf area index for 

plantain was 3.57 at 20,000 cocoyams in association  

 

Table 6: Cocoyam densities and time of introduction effects on 

growth and yield of plantain  
Time of 

introduction 

Density of  

Plant/ha 

Total 

Leaf 

Area 

(m2) 

Plantain 

Height 

(cm) 

Leaf 

Area 

Index 

Pseudo  

Stem 

circum 

(cm) 

Bunch 

Yield 

t/ha 

No. of  

hands/ 

bunch 

No. of 

fingers 

May 6666 19.04 289.11 4.23 40.74 8.85 4.89 20.00 

 10,000 16.83 267.67 3.74 36.33 10.26 5.54 24.00 

 20,000 17.61 275.11 3.91 37.96 10.86 6.22 28.44 

 X 17.83 277.30 3.96 38.34 9.99 5.52 24.15 

July 6666 15.96 275 3.55 36.96 9.37 5.67 23.89 

 10,000 15.99 282.89 3.55 39.59 12.55 6.78 29.44 

 20,000 16.05 272.11 3.57 38.15 14.96 7.78 36.22 

 X 16.00 276.67 3.57 38.22 12.29 6.74 29.85 

 LSD 0.05(AC) NS NS NS NS NS NS NS 

 LSD 0.05(A) NS NS NS NS 1.96 0.67 2.45 

 LSD (C) 0.90 NS 0.20 NS 1.59 0.53 2.00 
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4.6.4 PSEUDO-STEM GIRTH (CM) 

The girth of plantain associated with varying cocoyam densities 

was similar (Table 6).  Girth of 40.74cm was recorded for plantains 

intercropped with 6666 cocoyams in the month of May.  39.59cm was 

recorded for those intercropped with 10,000 cocoyams in the month of 

July.  Pseudo-stem girth of 38.15cm was recorded for plantain 

intercropped with 20,000 cocoyams, in the same month of July    

 

4.6.5 BUNCH YIELD (t/ha) 

 The bunch yield of plantains intercropped with 20,000 cocoyams 

in the month of May was 10.86t/ha.  But intercropping plantains with 

10,000 cocoyams produced a plantain yield of 10.26t/ha.  However, a 

much better yield of 14.96t/ha was harvested from plantains 

intercropped with 20,000 cocoyams in the month of July (Table 6).  

Similarly intercropping plantain with 10,000 cocoyams produced a 

plantain yield of 12.55t/ha in July.  Intercropping at different populations 

of cocoyam did not affect plantain growth parameters, yield and yield 

components. 

 

4.6.6 NUMBER OF HANDS/BUNCH 

 Although the number of hands increased at higher densities and 

time of introduction, such increase was non significant.  Intercropping 

20,000 cocoyams with plantains produced 7 hands of plantain per 
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bunch, when planted in July.  The lower density of 6666 cocoyams 

intercropped with plantain in May gave as low as 5 hands per bunch. 

 

4.6.7 NUMBER OF FINGERS/BUNCH 

 The number of fingers per bunch is consistent with number of 

hands.  There were as much as 36 fingers recorded for plantains in 

association with 20,000 cocoyams introduced in July, and 29 fingers for 

plantain in association with 10,000 cocoyams.  But the intercropping of 

20,000 cocoyams with plantains in the month of May, gave 28 plantain 

fingers and 20 fingers for plantains intercropped with 6666 cocoyams. 

 

4.7 EFFECTS OF POULTRY MANURE AND TIME OF 

INTRODUCTION ON GROWTH AND YIELD OF PLANTAIN 

 

4.7.1 TOTAL LEAF AREA OF PLANTAIN (m2) 

 Table 7, showed that plantain total leaf area increased with 

increasing levels of poultry manure.  However, such increases were not 

significant.  The largest leaf area of 20.5m2 was obtained at 60t/ha 

poultry manure application in May.  At 40 and 20t/ha, total leaf area of 

18.42m2 and 14.56m2 were obtained respectively.  Thus plantains total 

leaf area consistently decreased with decreases in poultry manure 

application.  This was for both months. 
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Table 7: Poultry manure and time of introduction effects on growth 

and yield of plantain  
Time of 

introduction 

Poultry manure 

t/ha 

Total 

Leaf 

Area 

(m2) 

Plantain 

Height 

(cm) 

Leaf 

Area 

Index 

Pseudo  

Stem 

circum 

(cm) 

Bunch 

Yield 

t/ha 

No. of  

hands/ 

bunch 

No. of 

fingers 

May 20 14.56 226.89 3.24 30.4 6.89 4.22 16 

 40 18.42 279.56 4.09 41.22 12.04 6.56 27.56 

 60 20.5 325.44 4.56 43.37 11.04 5.78 28.89 

 X 17.83 277.30 3.96 38.34 9.99 5.52 24.15 

July 20 13.19 265.33 3.09 33.96 8.21 5.22 21.44 

 40 16.68 286.56 3.71 39.63 15.27 7.67 33.67 

 60 17.42 278.11 3.87 41.07 13.14 7.33 34.44 

 X 16.00 276.67 3.56 38.22 12.30 6.74 29.85 

 LSD 0.05(BC) NS 19.05 NS NS NS NS NS 

 LSD 0.05 (B) 1.10 13.48 0.25 2.86 1.96 0.07 2.45 

 LSD 0.05 (C) 0.90 NS 0.20 NS 1.59 0.53 2.00 

 

Table 7a:  Effects of poultry manure rates and time of cocoyam 

introduction on plantain bunch yield (t/ha) 

 Poultry manure rate  

  

Time of cocoyam introduction 

 

20 

 

40 

 

60 

 

Mean 

 

May 

 

6.9 

 

12.0 

 

11.0 

 

9.9 

 

July 

 

8.2 

 

15.3 

 

13.1 

 

12.2 

 

Mean 

 

7.6 

 

13.7 

 

12.1 

 

LSD 0.05 (B) = 1.96, LSD 0.05 (C) – 1.59. 
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4.7.2 PLANTAIN HEIGHT (cm) 

 Plantains treated with 40t/ha and 60t/ha poultry manure in the 

month of May grew taller than those of the month of July (Table 7).  The 

application of 60t/ha poultry manure in May, greatly influenced the 

growth of plantain to 325.44cm whilst same amount in July recorded a 

growth in height of 278.11cm.  Nevertheless, with lesser treatment as 

40t/ha poultry manure applied in July, the height of 286.56cm was 

attained than same amount applied in May (Table 7).  

 

4.7.3 LEAF AREA INDEX OF PLANTAIN 

 Application of 60t/ha poultry manure in May, gave plantain leaf 

area index of 4.56.  There was a progressive increase in leaf area index 

as poultry manure increased in both months of introduction.  Similarly, 

60t/ha applied in July gave the highest leaf area index 3.87.  When 

40t/ha poultry manure was applied leaf area indices of 4.09 and 3.17 

occurred in May and July respectively.    

 

4.7.4 PSEUDO STEM GIRTH 

 The development of pseudo stem of plantain did not differ 

remarkably at 40 and 60t/ha poultry manure rates irrespective of month 

of application.  For application made in the month of May, the pseudo 

stem enlarged to the size of 41.22cm and 43.37cm for both 40t/ha and 

60t/ha poultry manure respectively.  Similarly, when 40t/ha and 60t/ha 
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were distinctly applied to plantains in the month of July, the growth in 

girth were recorded as 39.63cm and 41.07cm respectively.   

 

4.7.5 BUNCH YIELD (t/ha) 

Bunch yield increased with increasing quantity of poultry manure 

(Table 7). The highest bunch yield of 15.27t/ha for plantains which 

received 40t/ha poultry manure in the month of July was recorded 

against 12.04t/ha obtained with the same amount of poultry applied to 

plantains in the month of May. However, the application of 60t/ha on 

plantains in the month of July gave a yield of 13.14t/ha and 11.04t/ha 

for same amount of poultry manure applied on plantains in the month of 

May. 

 

4.7.6 NUMBER OF HANDS PER BUNCH 

 Poultry manure applied at the rate of 40t/ha and 60t/ha to 

plantains in the month of July produced 7 hands respectively.  But the 

application of same amounts in the month of May produced 6 and 5 

hands only.   

 

4.7.7 NUMBER OF FINGERS 

The relative increase in poultry manure resulted to corresponding 

increase in the number of fingers especially in the month of July.  Thus, 

the application of 60t/ha and 40t/ha separately on plantains in the 
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month of July, produced as much as 34 and 33 fingers respectively.  

Whereas, 27 and 28 fingers were recorded for plantains treated with 

40t/ha and 60t/ha poultry manure in the month of May. 

 

4.8 EFFECTS OF TIME OF INTRODUCTION, PLANT DENSITY 

AND MANURING ON THE ASSOCIATED CROPS. 

 

4.8.1 LEAF AREA OF COCOYAM (cm2) 

 With the application of 60t/ha poultry manure to 20,000 cocoyams 

intercropped with plantain in the month of May, 2539.52cm2 leaf area 

was recorded.  Similarly the application of 40t/ha poultry manure on 

20,000 intercropped with plantain in the month of May produced a leaf 

area of 2013.10cm2.  But in the month of July the same amounts of 

poultry on same density recorded lesser leaf area of cocoyam (Table 8).     

Least leaf area of 630.86cm2 was recorded at 20t/ha poultry manure on 

6666 cocoyams intercropped with plantain in July.  

  

4.8.2 COCOYAM HEIGHT (cm) 

 Cocoyam recorded the highest growth of 129cm at 60t/ha poultry 

manure on 20,000 cocoyams introduced in May.  Application of 20t/ha 

poultry manure on 10,000 cocoyams reduced plant height to 64.33cm.  

But introducing 20,000 cocoyams in July, with the application of 60t/ha 

poultry manure the mean growth in height recorded was 75.0cm.   
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4.8.3 LEAF AREA INDEX 

 With application of 60t/ha poultry manure on 20,000 cocoyams 

intercropped with plantain, leaf area index of 0.75 was recorded for 

cocoyams.  The reduction of the poultry manure to 40t/ha on 20,000 

cocoyams intercropped with plantain resulted to leaf area index of 0.6 in 

the month of May. Leaf area index as low as 0.08 for 6666 cocoyams 

treated with 20t/ha poultry manure was recorded for the month of July. 

Applying 40t/ha or 60t/ha poultry manure with 20,000 cocoyams in the 

same month of July, leaf area index of 0.49 was recorded respectively. 

(Table 8). 
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Table 8: Densities and associated manurial effects as influenced by 

time of introduction for cocoyam production 

Time of 

introduction 

Density  x 

manure t/ha 

Leaf 

Area 

(cm2) 

Cocoyam 

Height 

(cm) 

Leaf 

Area 

Index 

Corm 

Yield 

(t/ha) 

Cormel 

Yield 

(t/ha) 

Total 

Yield 

(t/ha) 

May 6666x20 1318.21 76.67 0.16 5.06 4.78 9.84 
 6666x40 1525.21 96 0.18 8.73 5.14 13.87 

 6666x60 2195.95 100.67 0.26 6.95 9.01 15.96 

 10,000x20 978.73 64.33 0.15 4.96 7.48 12.44 

 10,000x40 1784.05 91.33 0.27 9.93 8.76 18.68 

 10,000x60 2496.33 116 0.37 10.52 14.52 25.04 

 20,000x20 1296.95 75.33 0.39 13.12 9.19 22.30 

 20,000x40 2013.10 87.67 0.60 19.97 15.86 35.65 

 20,000x60 2539.52 129 0.75 18.86 18.07 36.94 

 X 1794.23 93 0.35 10.91 10.31 21.19 

July 6666x20 630.86 51.67 0.08 2.79 1.16 4.40 

 6666x40 1232.49 72.67 0.15 3.04 3.34 6.38 

 6666x60 1691.01 116 0.20 4.12 2.11 6.23 

 10,000x20 1081.86 76 0.16 5.3 2.68 7.70 

 10,000x40 1211.00 70.33 0.18 6.52 5.37 11.89 

 10,000x60 1404.38 76 0.21 4.64 2.02 6.66 

 20,000x20 1332.61 62.67 0.39 6.95 1.84 8.79 

 20,000x40 1654.91 66.67 0.49 8.41 8.38 16.79 

 20,000x60 1655.13 75 0.49 10.41 4.82 15.23 

 X 1321.58 74.11 0.26 5.80 3.52 9.34 

 LSD 0.05(ABC) NS 26.12 NS NS NS NS 

 LSD 0.05 (A) 256.60 NS 0.05 1.31 1.51 2.06 

 LSD 0.05 (B) 256.60 10.66 0.05 1.31 1.51 2.06 

 LSD 0.05 (C) 209.51 8.71 0.04 1.06 1.25 1.67 
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4.8.4 CORM YIELD (t/ha) 

 The application of 40t/ha poultry manure on 20,000 cocoyams 

intercropped with plantain in the month of May, yielded 19.97t/ha (Table 

8).  But with the application of 60t/ha poultry manure on same cocoyam 

density, the corm yield was 18.86t/ha.  However, cocoyam introduction 

in the month of July recorded a corm yield of 10.41t/ha when treated 

with 60t/ha on 20,000 cocoyams and 8.41t/ha when 40t/ha poultry 

manure was applied on same density. 

 

4.8.5 CORMEL YIELD (t/ha) 

 Application of 60t/ha poultry manure on 20,000 cocoyam 

intercropped with plantain in the month of May resulted to cormel yield 

of 18.07t/ha.  Also the application of 40t/ha poultry manure on the same 

cocoyam density produced a cormel yield of 15.86t/ha.  Application of 

40t/ha poultry manure on 20,000 cocoyams intercropped with plantain 

in July yielded 8.38t/ha of cormels. 

 

4.8.6 TOTAL YIELD  (t/ha) 

 The application of 40 and 60t/ha of poultry manure on 20,000 

cocoyams intercropped with plantain in the month of May, yielded 

35.65t/ha and 36.94t/ha respectively.  Also the application of 40t/h and 

60t/ha poultry manure applied on 20,000 cocoyams intercropped with 

plantain in the month of July yielded 16.79t/ha and 15.23t/ha of tuber 
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respectively (Table 8).  At 20t/ha poultry manure applied in both months 

lower yields were recorded.  There was no significant difference in yield 

between 40 and 60t/ha.  But higher tuber yield was achieved by 

applying 40t/ha on 20,000 cocoyams in the month of May. 

 

4.9 DENSITIES AND ASSOCIATED MANURIAL EFFECTS AS 

INFLUENCED BY TIME OF INTRODUCTION FOR PLANTAIN 

PRODUCTION 

 

4.9.1 TOTAL LEAF AREA OF PLANTAIN (m2) 

 Application of 60t/ha poultry manure on plantains with cocoyam 

density of 6666 plants/ha in the month of May, recorded a total leaf area 

of 21.19cm2 (Table 9).  The same results was obtained when the same 

quantity was applied on plantain with 20,000 cocoyams.  However when 

60t/ha poultry manure was applied to plantain with 10,000 cocoyams 

the leaf area decreased to 19.13cm2.  Intercropping in the month of July 

involving 20,000 cocoyams treated with 60t/ha poultry manure recorded 

a leaf area of 17.92m2.  But 16.43m2 was obtained when 40t/ha was 

applied on same cocoyam density. 

 

4.9.2 PLANTAIN HEIGHT (cm) 

 Tallest plant height (331.33cm) was attained when 60t/ha poultry 

manure was applied on plantains intercropped with 20,000 cocoyams in 
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the month of May.  But same quantity of poultry applied on plantains 

with 10,000 cocoyams recorded plantain height of 315.33cm.  The 

performance of plantains intercropped with cocoyams in the month of 

July had its best as 291.33cm when 40t/ha was applied on plantain with 

10,000 cocoyams.  The application of 40t/ha poultry manure on 

plantains with 6666 and 10,000 cocoyams recorded similar heights. 

 

4.9.3 LEAF AREA INDEX OF PLANTAIN 

 The leaf area index was not significant at all levels of poultry 

manure applied, irrespective of the density and time of application.  

Thus incorporation of 60t/ha poultry manure in plantain intercropped 

with 6666 cocoyams and 20,000 cocoyams in the month of May, 

recorded plantain leaf area index of 4.71.  Also when plantains 

intercropped with 6666 cocoyams were fertilized with 40t/ha poultry 

manure, a leaf area index 4.46 was recorded.  The result also showed 

that intercropping plantains with cocoyams in the month of July equally 

produced a large leaf area index.  Thus plantains in 20,000 cocoyams 

which received 60t/ha poultry manure recorded a leaf area index of 

3.98.  However, when the quantity is reduced to 40t/ha poultry manure 

on plantain with 10,000 cocoyams, the leaf area index was reduced to 

3.77. 
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4.9.4 PSEUDO STEM CIRCUMFERENCE 

 The plantain girth was relatively large for all plantains manured 

with 60t/ha. Thus the application of 60t/ha poultry manure on plantain 

with 6666 and 20,000 cocoyams in the month of May enlarged plantain 

girth to 44.78cm and 43.44cm respectively.  Also application of 40t/ha 

poultry on plantains with 6666 cocoyams recorded pseudo stem 

circumference of 43.78.  The plantains in association with 10,000 

cocoyams planted in the month of July, recorded stem circumference of 

42.22cm, when treated with 60t/ha poultry manure.  This is closely 

followed by 41.45cm girth, obtained by applying 40t/ha poultry manure 

on plantains in association with 20,000 cocoyams. 

 

4.9.5 BUNCH YIELD 

 The application of 60t/ha poultry manure on plantains 

intercropped with 20,000 cocoyams in the month of May, gave the 

bunch yield of 11.94t/ha.  Incorporation of 40t/ha poultry manure on 

plantain with 20,000 cocoyams produced a bunch of yield of 13.09t/ha.  

Also application of 60t/ha poultry manure on plantain intercropped with 

20.000 cocoyams in the month of July yielded 16.33t/ha.  But the 

application of 40t/ha poultry manure on same density recorded a yield 

of 18.69t/ha. 
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4.9.6 NUMBER OF HANDS 

 Higher densities with increasing poultry manure recorded large 

number of hands.  Thus the highest number of hands recorded was 

8.67 which was obtained by the application of 40t/ha poultry manure on 

plantains intercropped with 20,000 cocoyams in the month of July.  

Also, when 40t/ha was applied on plantain with 10,000 cocoyams about 

7.67 hands were produced.  But application of 60t/ha poultry manure in 

the month of May, recorded 6.33 hands.  The least number of hands 

recorded was 3.33 which was obtained by the application of 20t/ha 

poultry manure on plantains with 6666 cocoyams. 

 

4.9.7 NUMBER OF FINGERS 

 There were 39 and 38 fingers  recorded in favour of plantain 

intercropped with 20,000 cocoyams and treated with 40t/ha and 60t/ha 

poultry manure respectively in July (Table 9).  Also applying 40t/ha and 

60t/ha on plantain with 10,000 cocoyams produced 34 and 35 fingers 

respectively.  Also the application of 40t/ha and 60t/ha poultry manure 

on plantain associated with 20,000 cocoyams intercropped in May 

produced 32 plantain fingers. 
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Table 9: Densities and associated manurial effects as influenced by 

time of cocoyam introduction for plantain production  
Time of 
introduction 

Densities 
X manure  

Total 
Leaf 

Area 
(M2) 

Plantain 
Height 

(cm) 

Leaf 
Area 

Index 

Pseudo  
Stem 

circum 
(cm)  

Bunch 
Yield 

t/ha 

No. of  
hands 

No. of 
fingers 

May 6666x20 15.87 242.00 3.53 33.66 5.49 3.33 11 

 6666x40 20.07 295.67 4.46 43.78 10.28 6.00 24 

 6666x60 21.19 329.67 4.71 44.78 10.79 5.33 25 

 10,000x20 13.35 208.00 2.97 26.67 7.63 4.33 16 

 10,000x40 18.01 279.67 4.01 40.44 12.76 6.33 30.33 

 10,000x60 19.13 315.33 4.25 41.89 10.39 5.67 25.67 

 20,000x20 14.47 230.67 3.21 31.00 7.56 5.00 21.00 

 20,000x40 17.17 263.33 3.82 39.44 13.09 7.33 32.33 

 20,000x60 21.19 331.33 4.71 43.44 11.94 6.33 32.00 

 X 17.83 277.30 3.96 38.34 9.99 5.52 24.15 

July 6666x20 13.81 253.00 3.07 32.44 6.87 4.00 14.00 

 6666x40 16.61 290.33 3.69 36.56 11.56 6.67 29.67 

 6666x60 17.45 281.67 3.88 41.89 9.70 6.33 28.00 

 10,000x20 14.09 275.33 3.13 35.55 7.90 4.67 19.00 

 10,000x40 16.99 291.33 3.77 40.89 15.56 7.67 34.33 

 10,000x60 16.89 282.00 3.75 42.22 14.19 8.00 35.00 

 20,000x20 13.8 267.67 3.07 33.89 9.87 7.00 31.33 

 20,000x40 16.43 278.00 3.65 41.45 18.69 8.67 39.33 

 20,000x60 17.92 270.67 3.98 39.11 16.33 7.67 38.00 

 X 15.99 276.67 3.55 38.22 12.30 6.74 29.85 

 LSD 0.05(ABC) NS NS NS NS NS NS NS 

 LSD 0.05 (A) NS NS NS NS 1.96 0.67 2.45 

 LSD 0.05 (B) 1.10 12.48 0.25 2.86 1.96 0.07 2.45 

 LSD 0.05 (C) 0.90 NS 0.20 NS 1.59 0.53 2.00 
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4.10 TIME FOR 50% FLOWERING IN PLANTAIN 

 Flowering in plantain was recorded at anthesis for each plantain 

crop.  The incidence of flowering was first noticed after 9 months of 

planting for a plantain stand in a plot which received 60t/ha poultry 

manure consisting of 20,000 cocoyam densities.  At about 10 and 11 

months, it was observed that at least 50% of plantains in the farm have 

flowered.  Particularly in plots which received 40 to 60t/ha poultry 

manure and 20,000 cocoyams in the month of May. 

 

4.11 INCOME ASSESSMENT TECHNIQUES 

4.11.1 COST ESTIMATE OF PLANTAIN/COCOYAM MIXTURE 

 The sum of N55,000.00 was required to produce 

plantain/cocoyams mixture in terms of labour requirements (Table 10).  

The major labour cost item are ridging, weeding, land clearing and 

packing.  The sum of N63.840,00 was required to procure inputs and a 

marginal cost of N14,000.00 was involved in second planting operations 

and manuring (Table 11). 
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Table 10: Production cost estimates of plantain cocoyam mixture per 

hectare 

Budget Elements Cost  
Per 
Manday (N) 

Total 
Manday 

Variable 
Cost (N) 

Clearing/Packing 350 20 7,000.00 

Ridging/Digging 350 40 14,000.00 

Planting of 

Plantain/Cocoyam 

 

350 

 

20 

 

7,000.00 

First Weeding 350 20 7,000.00 

Application of Manure 350 10 3,500.00 

Second Weeding 350 20 7,000.00 

Harvesting of 

Cocoyam / Plantain 

 

350 

 

20 

 

7,000.00 

Transportation   2,500.00 

Total  cost   55,000.00 
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Table 11: Cost estimates of farm inputs and marginal cost of 

production 

Items Quantity Per 
Ha 

Unit Cost Total Variable 
Cost (N) 

Plantain sucker 1667 N20 per sucker 33,340 

Cocoyam setts 0.50-1.5t/ha N15 per kg 22,500.00 

Poultry manure 20-60t/ha N400 per tonne 8,000.00 
Total cost     63,840.00 
Cost of land is ascribed to inheritance rights.  

Marginal cost of production in plantain cocoyam mixture   

Items Cost/manday 
N 

Total manday 
 

Total variable cost 
            N 

July ridging 350 20 7,000.00 

July planting  

of cocoyam 

 

350 

 

10 

 

3,500.00 

July manure 

application 

 

350 

 

10 

 

3,500.00 

Total cost     14,000.00 
 

 

4.11.2 INCOME RETURNS FOR MIXTURE COCOYAM IN       

RELATION TO SOLE 

The highest cocoyam yield were obtained when introduced in 

May.  Based on the prevailing market prince of N10,000 per tonne of 

cocoyam, the income from each enterprise was assessed.  Thus the 

highest sole crop yield of 15.73t/ha is valued at N157,300.00.  The 

highest returns of N369,400.00 was obtained from 20,000 cocoyams 

applied with 60t/ha poultry manure.  This is closely followed by 20,000 
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cocoyams at 40t/ha poultry manure which had a return of N356,500.00.  

However in the month of July, the best yields were 16.79t/ha and 

15.23t/ha obtained from 20,000 cocoyam with 40 and 60t/ha 

applications respectively and whose values were N167,900.00 and 

N152,300.  Also the least yield of 4.4t/ha which valued at N44,000.00 

was obtained when 6666 cocoyams were intercropped in July. 

Table 12:  Income returns for mixture cocoyam 

Time of 
intercropping 

Density X 
manure (t/ha) 

Cocoyam 
yield (t/ha) 

Value in 
Naira (N) 

May 6666x20 9.84 98,400.00 

 6666x40 13.87 138,700.00 

 6666x60 15.96 159,600.00 

 10,000x20 12.44 124,400.00 

 10,000x40 18.68 186,800.00 

 10,000x60 25.04 250,400.00 

 20,000x20 22.30 223,000.00 

 20,000x40 35,65 356,500.00 

 20,000x60 36.94 369,400.00 

July 6666x20 4.40 44,000.00 

 6666x40 6.38 63,800.00 

 6666x60 6.23 62,300.00 

 10,000x20 7.70 77,000.00 

 10,000x40 11.89 118,900.00 

 10,000x60 6.66 66,600.00 

 20,000x20 8.79 87,900.00 

 20,000x40 16,79 167,900.00 

 20,000x60 15.23 152,300.00 

Sole crop yield  15.73 157,300.00 

Cocoyam is valued at N10,000.00 per tonne 

Source:  Prevailing market value. 
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4.11.3 INCOME RETURNS FOR MIXTURE PLANTAIN 

 The income returns for plantain in mixture  was shown in the 

Table 13.  At the prevailing market value of N13,400.00 per tonne for 

plantain.  The sole crop yield of 11.62t/ha was valued N155,708.00.  

The highest plantain yield of 18.69t/ha was obtained when intercropped 

with 20,000 cocoyams with application of 40t/ha poultry manure in July, 

and this was valued at N250,446.00.  The plantain yield of 16.33t/ha 

which received treatment of 60t/ha in the July intercrop was valued at 

N218,822.00.  Also the poorest plantain yield of 5.49t/ha from 6666 

cocoyams applied with 20t/ha in May intercrop is valued at N73,566.00. 
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Table 13:  Income returns for mixture plantain in relation to sole crop. 

Time of introduction Density X 
manure (t/ha) 

Plantain yield 
(t/ha) 

Value in 
Naira (N) 

May 6666x20 5.49 73,566.00 

 6666x40 10.28 137,752.00 

 6666x60 10.79 144,586.00 

 10,000x20 7.63 102,242.00 

 10,000x40 12.76 170,984.00 

 10,000x60 10.39 139,226.00 

 20,000x20 7.56 101,304.00 

 20,000x40 13.09 175,406.00 

 20,000x60 11.94 159,996.00 

July 6666x20 6.87 92,058.00 

 6666x40 11.56 154,904.00 

 6666x60 9.70 130,114.00 

 10,000x20 7.90 105,860.00 

 10,000x40 15.56 208,504.00 

 10,000x60 14.19 190,146.00 

 20,000x20 9.87 132,258.00 

 20,000x40 18.69 250,446.00 

 20,000x60 16.33 218,822.00 
Sole crop yield  11.62 155,708.00 
 

Plantain is valued at N13,400.00 per tonne  

Source:  Prevailing market value. 
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4.12 PRODUCTION COST AND INVESTMENT RETURNS 

FOR PLANTAIN AND COCOYAM MIXTURE 

 

4.12.1 TOTAL GROSS BENEFIT  

 Table 14, showed the highest total gross benefit of N531,906.00 

obtained from applying 40t/ha poultry manure on density of 20,000 

cocoyams with plantain in the month of May.  And a gross benefit of 

N529,396.00 was obtained from applying 60t/ha on same density of 

cocoyam and plantain intercropped in the month of May.  The difference 

in value between the two treatments is not significant.  Also the lowest 

total gross benefit of N136,058.00 was obtained from applying 20t/ha on 

6666 cocoyams in association with plantain. 

 

4.12.2 TOTAL VARIABLE COST 

 A total variable cost of 163,724.00 was incurred in production of 

1667 plantains and 20,000 cocoyam mixture treated with 60t/ha poultry 

manure.  And the application of 40t/ha on plantains with 20,000 

cocoyams mixture cost N154,924.00.  The difference in expenditure for 

the two enterprises is N8,800.00. The lowest total variable cost of 

N114,224.00 was incurred by applying 20t/ha on 6666 cocoyams in 

association with plantain (table 14). 
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4.12.3 NET BENEFIT AND BENEFIT COST RATIO 

Any economic activity without financial reward or benefit does not 

attract much interest.  Cost benefit ratio is one of the best tools for 

assessing economic benefit.  Thus a farmer who embarked on plantain-

cocoyam production would eventually realize the highest benefit of 

N392,382.00 and N381,072.00 both resulting to benefit cost ratio of 2.8 

and 2.6 respectively table (14).  Thus the use of 40t/ha poultry on 

plantains and 20,000 cocoyam mixture established in early planting 

season (May) resulted to the highest benefit over cost ratio of 2.8. 

Intercropping plantain with 20,000 cocoyam in the month of July, 

using the same quantities of poultry manure gave significantly reduced 

benefit cost ratio of 1.7. 
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Table 14:  Production cost and investment returns for plantain and 

cocoyam mixture 

Time of 
introduction 

Density x 
manure 
(t/ha) 

Total 
gross 
benefit (N) 

Total 
variable 
cost (N) 

Net 
benefit  
(N) 

Benefit/
cost 
ratio 
BCR 

May 6666x20 171,966.00 114,224.00 57,742.00 0.5 

 6666x40 276,452.00 123,024.00 153,426.00 1.2 

 6666x60 304,186.00 131,824.00 172,362.00 1.3 

 10,000x20 226,642.00 118,349.00 108,293.00 0.9 

 10,000x40 357,784.00 127,149.00 230,635.00 1.8 

 10,000x60 389,626.00 135,949.00 253,677.00 1.9 

 20,000x20 324,304.00 130,724.00 193,580.00 1.5 

 20,000x40 531,906.00 139,524.00 392,382.00 2.8 

 20,000x60 529,396.00 148,324.00 381,072.00 2.6 

July 6666x20 136,058.00 129,634.00 6,437.00 0.05 

 6666x40 218,704.00 138,424.00 80,280.00 0.6 

 6666x60 192,414.00 147,224.00 45,190.00 0.3 

 10,000x20 182,860.00 133,749.00 49,111.00 0.4 

 10,000x40 327,404.00 142,549.00 184,855.00 1.3 

 10,000x60 256,746.00 151,349,00 105,397.00 0.7 

 20,000x20 220,158.00 146,124.00 74,034.00 0.5 

 20,000x40 418,346.00 154,924.00 263,422.00 1.7 

 20,000x60 371,122.00 163,724.00 207,398.00 1.3 
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 NUTRIENT STATUS 

 The pre-planting soil physical and chemical analysis (Table 1) 

showed a low nutrient status both in topsoil and subsoil.  Impoverished 

soils do not promote good yield, implying that crops like yam, cassava, 

cocoyam, plantain, potato which are heavy feeders would inevitably 

experience poor yield, especially where there is a low nitrogen content 

(Berger 1968, Cooke 1982).  Cocoyam and plantain thrive better in soils 

of pH 5.5-6.0 and could tolerate saline soil (Onwueme 1991).  This 

experiment was carried out under relatively acidic condition than 

preferred.  Thus soil of southeastern agricultural zone according to Ohiri 

(1992) are of group two classification and characterized by low pH, ca, 

mg, k.  Poultry manure supplied essential nutrients particularly nitrogen, 

organic carbon, organic matter, available phosphorus and potassium as 

evident in post cropping analysis (Table 1), which enhanced and 

promoted good growth and yield in both cocoyam and plantain.  The 

results support the reports by Uguru (1981) that poultry manure is a 

good source of Nitrogen, phosphorus and potassium needed by plants 

for good growth and maximum production. 

The percentage nutrient in poultry was so high that even the post 

cropping nutrient reserve was higher than the pre-cropping status.  

Therefore, addition of poultry manure corrected earlier nutritional 
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deficiencies.  Poultry manure increased the nutrient status of the soil 

which was hitherto poor and impoverished.  Perhaps poultry manure 

which was alkaline at pH  8.21 evidently decreased the acidity of the soil 

to (pH 5.71).   

 

5.2 CLIMATOLOGY 

Mean maximum temperatures of 32.0OC and 33.1OC were 

observed from 1999 and 2000 respectively in contrast to mean 

minimum temperature of 22.8OC and 22.9OC recorded within the same 

period.  Also the prevailing ambient temperatures of 27.9OC and 28.0OC 

respectively were maintained (Table 3).  This difference in mean 

maximum temperature have been found to affect growth and yield in 

crops (Fletcher et al, 1996), particularly in banana and plantains 

(Arscott et al, 1965).  These findings could explain the high yield of 

plantains reported in the experiment.  Fairly high temperature between 

25OC and 27OC during the growing period with fairly low relative 

humidity were confirmed by Purseglove (1968) as being relevant to crop 

growth.  Cocoyam is a warm weather crop and does best when 

temperature is above 21OC (Onwueme 1996).  The months of August, 

September and October of 1999 and 2000 gave the highest relative 

humidity of between 86% - 89% which was as a result of high rainfalls 

recorded within the same period (Table 3). 
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5.3 PERCENTAGE WIND DAMAGE 

 Table 3, showed high incidence of rainfall, (310.6mm) in the 

month of August 1999.  Following the heavy rainfall of August and 

September of 1999, most plantain were affected by the accompanying 

south west trade wind that ushered in the rain.  However, less than 10% 

of the total number of plantains in the field toppled over or were felled 

by the wind.  It was noted that the presence of bushes and trees around 

the farm helped to serve as wind breakers.  The damage done was 

relatively low, and only in few plots.  Moreover strong stakes were used 

for angular support on the pseudo-stem for firm and stability.  These 

stakes serves as props for the plantains. 

 

5.4 GROWTH AND YIELD OF COCOYAM 

 The productivity of cocoyam intercropped with plantain had been 

documented by Devos and Wilson (1978) and Karikari (1981).  The 

combination is popular among West African farmers but optimum 

density for which the present experiment was investigated has not been 

reported in literature.  Cocoyams were tested at various densities of 

6666, 10,000 and 20,000 in plantain population of 1667 plants/ha.  

Generally, Xanthosoma Sagittifolium had decreased yield at lower 

population densities while the highest yield at the highest density of 

20,000 cocoyams was obtained. 
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 At Umudike and Uyo, yields of Xanthosoma sagittifolium at 

20,000 stands/ha were significantly larger than those at 10,000 per 

hectare but did not differ significantly from those at 30,000 and 40,000 

stands/ha.  This finding suggests that 20,000 plants/ha is adequate for 

intercropping especially in the month of May.  However, growth 

parameters measured did not differ significantly with respect to the 

various cocoyam densities (Table 4).  This result was in line with the 

finding of Safo-kantanka (1990) who observed that spacing were not 

statistically different as regards growth parameters.  The largest lamina 

area of 1753.04cm2, and highest leaf area index of 0.58 observed were 

within the records of (Safo-kantanka, 1990). The tuber yield of 31.63t/ha 

reported in this experiment is in line with past records.  In yams, rapids 

tuber bulking starts after the attainment of maximum leaf area.  The 

rapid decline in leaf area after maximum foliation contrasted sharply 

with the results of cocoyam (Plucknett, 1971), in which leaf area 

increased from planting to 24 weeks and declined slowly (Sivan, 1980).  

Similarly plant height increased markedly and declined with time under 

upland conditions in Nigeria, maximum leaf areas is low and last for not 

more than 2-3 weeks (Sivan, 1980).  This may readily explain the 

results of leaf area index (Table 4).  Flowering in Xanthosoma is rare 

(Wilson, 1979) but when it occurs, the inflorescence consist of a spadix 

of flowers enclosed in a spathe.  Indeed flowers were completely absent 

in this research as cocoyam production recorded complete absence of 
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flowering.  It is possible that planting in May could not allow full cycle 

expression of Tannia.  The cocoyam height increased markedly and 

declined at time of maturation.  The corm out yielded the cormel but 

both corm and cormel yields appreciated with increase in cocoyam 

density (Table 4).  The experiment witnessed low pests and diseases 

infestations on cocoyam and this may be due to the reported resistant 

ability of the red cultivars of cocoyam as current research efforts 

indicates that red fleshed cocoyam is resistant to root-rot (Aguequia et 

al, 1984).  In the white cultivars and yellow cultivars, deterioration in 

storage was ascribed to the immaturity of corm tissue (Ora 1977).  

Currently, the most serious disease of cocoyam is the cocoyam root rot 

blight complex (CRRBC).  The pathogen associated with this disease 

complex has not been identified although some fungi have been 

implicated, such a Pythium myriotycum dreshsl Fusarium solani (Hahn 

et al, 1989).  The development of chlorotic leaves which show broken 

blight from the periphery of lamina and extending towards the petiole 

indicated the presence of root rot blight complex in the field.  In 

agreement with the findings of (Hahn et al, 1989), some of the plants 

were found to remain stunted with necrotic, shriveled leaves while the 

root system greatly reduced and decayed.  The high yield of cocoyam 

(Tables 5 and 8) and high yield of plantain (Tables 7 and 9) could be 

attributed to improved agronomic practices and treatment effects.  

Yields could be improved by appropriate cocoyam densities, optimum 



 90

poultry manure and appropriate time of intercropping.  It is reported that 

cocoyams are relatively free from pests and diseases but root-rot 

caused by Corticum spp. was reportedly serious in Ghana (Purseglove 

1972).  

 

5.5 GROWTH AND YIELD OF PLANTAIN 

 Plantain yield responded to increased poultry manure application 

with the highest yield of 18.69t/ha recorded at 40t/ha poultry manure in 

July (Table 9).  The number of hands and fingers increased 

progressively with the quantity of poultry manure applied (Table 7, 9).  

The yield of plantain in this work confirmed an earlier report (Karikari, 

1981) that there is a 5% increase in the yield of plantains intercropped 

with cocoyams.  Higher densities of cocoyam and increased quantity of 

poultry manure significantly affected the growth and development of 

plantain.  The largest leaf area index of 4.23 was recorded in this 

experiment was in accord with the result by Turner (1972) who found 

that the leaf area index (LAI) of giant Cavendis of a population density 

of 1912 unit/ha was 4.7.  In the same work by Turner (1972) a total leaf 

area at shooting for a Grand Nain was 16.9m2, and Valery 23.5m2.  

Thus the findings of Turner (1972) supports this work which recorded a 

total leaf area of 19.04m2.  Leaf production has been used as a guide to 

when floral initiation occurred.  This experiment observed that floral 

initiation occurred within the range of 27 to 32 leaves.  This was in close 



 91

agreement with the studies of Stover (1979) who found that floral 

initiation took place after (26-31) leaves.   

 It was observed, that the number of leaves produced prior to floral 

initiation was too variable to indicate when the stimulus occurred. 

Application of manure at 40, or 60t/ha on plantain in the month of May 

enhanced prolific growth in height and other vegetative growth 

parameters but the supply of nutrient was not consistent enough for 

yield increases.  But application of the same amount of poultry manure 

in the month of July supported better yield (Table 9).  

 The highest yield of 18.69 t/ha was obtained from the application 

of 40t/ha poultry manure on 20,000 cocoyam in plantain mixture 

production in the month of July.   

 Wilson (1987) who confirmed that in West Africa, False plantain 

and French plantains yield between 10 and 30 t/ha. 

 

5.6 INTERACTION EFFECTS 

The interaction effects among the treatments: cocoyam densities, 

poultry manure and time of intercropping were not significant in most of 

the parameters (Table 8,9).  Cocoyam densities significantly influenced 

the growth and yield parameters of cocoyam, with the best yield at 

20,000 cocoyams which was significantly different from 10,000 

cocoyam.  Poultry manure and time of introduction of cocoyam had 

significant effects on growth and yield of cocoyam.  However cocoyam 
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densities did not influence the growth parameters of plantain but 

significantly influence the yield of plantain.  Both poultry manure and 

time of introduction had significant influences on the yield and yield 

components of plantain (Table 8,9).  The high yield performance 

observed in cocoyam and plantain with different canopy heights and 

growth cycles may have completely utilized plant growth environments 

and hence produced higher yield than sole crops.  Therefore, mix-

cropping of species which differ in time of maximum demands on 

growth factors extends the duration of resources exploitation (Spitters, 

1979) and Willey (1979) referred to this as temporal dimension in terms 

of complementarily.  Adjusting planting patterns of crops to 

accommodate associated crops, improved light transmission without 

reducing yield of component crops (Tsay et al, 1987).  But the 

interaction between any two treatments as, cocoyam densities and time 

of intercropping effect and (ii) poultry manure and time of intercropping 

effects on yield and yield components of cocoyam were significant 

(Table 4, 5). 

 

5.7 ECONOMIC ASSESSMENT 

 The benefit/cost ratio analysis of plantain/cocoyam mixture at 

various levels of treatment was compared. The economic analysis of 

plantain/cocoyam mixture was analysed using partial budgeting. 
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The highest benefit/cost ratio of 2.8 was recorded for crops planted in 

May with application of 40t/ha poultry manure on 20,000 

cocoyam/plantain mixture.  For the same treatments in the month of 

July, the highest benefit/cost ratio was 1.7 (Table 14). 

 The treatment with the highest benefit/cost ratio of 2.8 is most 

economically viable than other treatment levels.  Therefore, utilizing 

economic assessment with respect to total variable cost of production 

and Net-benefits, showed that the treatment involving 20,000 cocoyam 

and 40t/ha poultry manure applied to plantain/cocoyam mixture in the 

month of May, was better economically.  Treatments whose benefit cost 

ratio were less than unity suggested that the new technology adopted 

was inferior to the traditional method. However, improve technology was 

superior in most treatment with positive benefit cost ratio (Table 14).   
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CHAPTER SIX 

6.0  CONCLUSION AND RECOMMENDATION 

 The pre-cropping physical and chemical analyses carried out, 

showed that the soil was low in nutrient contents and was highly acidic.  

Thus the use of poultry manure becomes inevitable.  The incorporation 

of poultry manure in the soil no doubt enhanced the growth and yield of 

both plantain and cocoyam.  The increasing levels of poultry manure 

enhanced maximum yield performance and the optimum for a plantain 

cocoyam mixture was 40t/ha. The economic assessment of treatments 

using the benefit cost ratio analysis showed that 40t/ha on 20,000 

cocoyam/plantain intercrops was best.  If the interest of the farmer is to 

have more yield of plantains than cocoyams, he could apply as much as 

40t/ha and such intercropping would rather be done in the month of July 

to achieve greater plantain yield (Table 7a).  However the month of May 

is the most favoured month for intercropping to achieve a balanced yield 

of cocoyam and plantain (Table 8, 9).  The outcome of this research has 

proved that increasing levels of cocoyam densities, enhanced growth 

and yield of both cocoyam and plantain and the optimum cocoyam 

population was attained at 20,000 cocoyams as intercrops, which is 

economically best when combined with 40t/ha poultry manure.  A 

farmer applying the optimum of 40t/ha poultry manure to 20,000 

cocoyams in plantain mixture, in the month of May, stands the chance 

of making higher profit.  Higher levels of poultry manure, as much as 
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60t/ha, encouraged more of vegetative growth than fruit yield due to 

luxury consumption particularly for plantain manured in the month of 

May. 

 All the plots with 20,000 cocoyams were mostly free of weeds and 

had minimal presence of diseases.  The yield from these plots were 

better than those of other plots with lesser cocoyam densities.   Thus 

cocoyam acted as suppressant to most of the weeds.  Also, it was 

evident that simultaneous planting or intercropping plantain and 

cocoyam at the same time in the month of May, gave better results than 

intercropping done after two months of plantain establishment.  The 

interaction of cocoyam densities, poultry manure and time of 

intercropping were statistically non-significant in most cases. The 

differences in the effect of 20t/ha and 40t/ha of poultry manure with 

respect to bunch yield of plantain were statistically significant.  Also the 

yield difference between 20t/ha and 60t/ha was statistically significant.  

But the difference in bunch yield with respect to the effects of 40t/ha 

and 60t/ha was not significant, (Table 7a).  The optimum for poultry 

manure application was established at 40t/ha.  In summary the 

economic assessment showed that the highest benefit: cost ratio of 2.8 

was achieved in the treatment combination which involved application of 

40t/ha poultry manure on 20,000 cocoyam introduced in plantain in the 

month of May.   The improved technology was superior in all but two 

treatment combination with benefit cost ratio of 0.05 and 0.9 in the 
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month of May.  But in July, the traditional method was superior to most 

treatments, and the month of May is economically better (Table 14).  

In view of these findings, it is rather recommended to the 

commercial sole plantain growers to introduce with cocoyam density of 

20,000 cocoyams to ensure maximum profit.   

The introduction of cocoyam at the recommended density and 

application of poultry manure at the recommended rate will act as weed 

suppressant and reduce the cost of weed control.  The yield 

components of plantain were not adversely affected at both times of 

introduction of cocoyam.  Therefore, cocoyam introduction is an 

insurance against plantain failure, produce better yields, and ensure 

sustainability.  Thus the set objectives of this research were achieved 

and recommendation ready for utilization.  Farmers can be encouraged 

to embrace plantain cocoyam production with high benefit cost ratio of 

2.8, as it is highly profitable. Future investigations should be conducted 

to determine the cause of the non-decay or deterioration of planted sets 

of red fleshed cocoyam even after harvest contrary to the general 

behaviour of roots and tubers.   
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APPENDIX 1 

Determination of leaf area of cocoyam by Linear regression equation 

Y  =  1104cm2 

Y2  =  3255214 

∑xy = 49054.54 

∑x2 = 760.95 

b = ∑Xy  = 49054.50 
  ∑X2   760.95 
 

Slope = b  =  64.46 

a = Intercept = Y – b X 

a = Y – b X 

a = 1104 – 64.46 (28.23) 

  1104 – 1819.71 = - 715.71 

Y = a + b X 

Y = - 715.71 + 64.46X 

 

Predictability test 

Total SS = ∑Y2   = 3255214 

Regression SS = b∑XY   

64.46 x 49054.5 = 3162053.07 

Residual SS = total SS – regression SS 

= 3255214 – 3162053.07 = 93160.93 
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ANOVA FOR LINEAR REGRESSION 

Sources d.f SS M.S Fcal 

Total  9 32552143   

Regression 1 3162053.07 3162053.07 271.53 

Residual 8 93160.93 11645.12  

 

Inference Fcal  =  271.53 

 There is a significant linear relationship between leaf length and 

leaf area. 

Interpretation 

 Slope b, = 64.46 

 Since b – value is positive, it means as leaf length increases, leaf 

area also increase i.e. as X – increases, Y = increases. 

Intercept “a”  This is the value of Y, when “X” is zero 

Predictability test t – test for slope and intercept. 

Slope 

 t – test for the slope 

 Ho: B = O 

 Ha: B ≠ O 

t = b – B  = b – o 
       sb      sb 
 
Where, Sb = S2b   = S2YX 
     ∑X2 
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Residual, m.s = 11645.12 
    SS of X   760.95 
 
Sb  = 3.91 

t = b – B 
     Sb 
 
 = 64.46-0 
  3.91 
 

t = 16.49 
 
For: t tab 0.025 (residual d.f) 

 t tab  = 2.306  = 2.31 

 t cal = 16.49  

Since, t cal is greater than t tab 

 t = 16.49** is significant 

Thus slope is significant: 

 t – test for Intercept “a” 

 Ho: A = O; The Intercept is zero 

 Ha: A ≠ O, There is an intercept or the line does not pass through 

the origin 

 t = a – Ao = a –O 
     Sa     Sa 
 
Where; Sa = S2a 

S2a  =  S2Y.X (1 + X2) 
     n    ∑X2 
 
 S2a = 11645.12 (1  +    28.232) 

10 760.95 
S2a  = 11645.12 (0.1 + 1.05) 
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S2a   =  11645.12 (1.15)  = 13391.89 

Sa =    13391.89  = 115.72 

t = a – 0 
  115.72 
 
t = -715.71 –0  = - 6.18 
  115.72 
 
tcal  = -6.18 

t tab  =  t0.025 (8) = 2.31 

 

Inference: There is an intercept 

General prediction equation for cocoyam leaf area 

 Y = -715.71 +  64.46X 
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APPENDIX 2 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

PLANTAIN HEIGHT: (cm) 

TREATMENT COMB. BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 246 234 246 726 

2 255 255 249 759 

 

2 

1 273 324 290 887 

2 306 309 256 871 

 

3 

1 321 338 330 989 

2 268 333 244 845 

 

 

 

2 

 

1 

1 200 230 194 624 

2 273 304 249 826 

 

2 

1 257 309 273 839 

2 285 294 295 874 

 

3 

1 296 335 315 946 

2 309 297 240 846 

 

 

 

3 

 

1 

1 224 228 240 692 

2 238 316 249 803 

 

2 

1 242 267 281 790 

2 288 273 273 834 

 

3 

1 318 344 332 994 

2 259 279 274 812 

Block totals: 4858 5269 4830 14957 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 71060.98 

BLOCK SS  = 6711.59 

TREATMENT SS = 51022.31 

EXPTAL  ERROR SS = 13327.08 

C.F = 149572 
     54  = 4142812.02 
 

ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 71060.98   

BLOCK r-1=2 6711.59 3355.80 8.56** 

A a-1=2 720.15 360.08 0.92NS 

B b-1=2 28885.15 14442.58 36.85** 

C c-1=1 5.35 5.35 0.01 NS 

AB (a-1)(b-1)=4 1668.51 417.13 1.06 NS 

AC (a-1)(c-1)=2 1973.92 986.96 2.52 NS 

BC (b-1)(c-1)=2 16948.04 8474.02 21.62** 

ABC (a-1)(b-1)(c-1) =4 1321.19 330.30 0.84 NS 

ERROR (abc-1)(r-1)=34 13327.08 391.97  

 

LSD 0.05(B)  = 13.48,  LSD 0.05(BC)   = 19.05 
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APPENDIX 3 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

COCOYAM HEIGHT: (cm) 

 TREATMENT COMB. BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 86 84 60 230 

2 70 43 42 155 

 

2 

1 111 96 81 288 

2 77 74 67 218 

 

3 

1 103 98 101 302 

2 98 171 79 348 

 

 

 

2 

 

1 

1 69 59 65 193 

2 83 78 67 228 

 

2 

1 114 75 85 274 

2 52 82 77 211 

 

3 

1 114 118 116 348 

2 73 82 73 228 

 

 

 

3 

 

1 

1 74 80 72 226 

2 59 72 57 188 

 

2 

1 73 107 83 263 

2 64 65 71 200 

 

3 

1 143 115 129 387 

2 91 64 70 225 

Block totals: 1554 1563 1395 4512 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 31539.33   

BLOCK SS  = 992.33 

TREATMENT SS = 22198 

EXPTAL  ERROR SS = 8349 

C.F = 45122 
     54  = 377002.67 
 

ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 31539.33   

BLOCK r-1=2 992.33 496.17 2.02 NS 

A a-1=2 115.44 57.72 0.24 NS 

B b-1=2 10817.33 5408.67 22.03** 

C c-1=1 4816.66 4816.66 19.62** 

AB (a-1)(b-1)=4 616.56 154.14 0.63 NS 

AC (a-1)(c-1)=2 787.45 393.73 1.60 NS 

BC (b-1)(c-1)=2 749.78 374.89 1.53 NS 

ABC (a-1)(b-1)(c-1)=4 4294.78 1073.70 4.37** 

ERROR (abc-1)(r-1)=34 8349 245.56  

  

LSD 0.05(B)  = 10.66, LSD 0.05 (C) = 8.71, LSD 0.05(ABC)   = 26.12. 
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APPENDIX 4 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

COCOYAM LEAF AREA (cm2) 

TREATMENT COMB. BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 1497.20 1669.31 788.14 3954.65 

2 895.79 573.49 423.30 1892.58 

 

2 

1 1153.63 2056.07 1368.28 4577.98 

2 1540.39 1261.28 895.79 3697.46 

 

3 

1 2228.18 2163.72 2195.95 6587.85 

2 2486.02 1067.90 1519.12 5073.04 

 

 

 

2 

 

1 

1 1058.87 960.25 917.06 2936.18 

2 1045.98 1347.01 852.60 3245.59 

 

2 

1 2614.94 1390.20 1347.01 5352.15 

2 1196.82 1132.36 1303.82 3633 

 

3 

1 2399.64 2593.02 2496.33 7488.99 

2 1927.15 1003.44 1282.55 4213.14 

 

 

 

3 

 

1 

1 1132.36 1690.58 1067.90 3890.84 

2 616.68 1883.96 1497.20 3997.84 

 

2 

1 2507.29 2012.88 1519.12 6039.29 

2 1862.69 1819.50 1282.55 4964.74 

 

3 

1 2700.67 2378.37 2539.52 7618.56 

2 1669.31 1841.42 1454.66 4965.39 

Block totals: 30533.61 28844.76 24750.9 84129.27 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 18998929.86   

BLOCK SS  = 982437.76 

TREATMENT SS = 13184529.63 

EXPTAL  ERROR SS = 4831962.47 

C.F = 84129.272 
     54  = 131069149.46 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 18998929.86   

BLOCK r-1=2 982437.76 491218.88 3.46** 

A a-1=2 1015180.48 507590.24 3.57** 

B b-1=2 7141260.12 3570630.06 25.12** 

C c-1=1 3016894.31 3016894.31 21.23** 

AB (a-1)(b-1)=4 143102.41 35775.60 0.25 NS 

AC (a-1)(c-1)=2 46038.01 23019.01 0.16 NS 

BC (b-1)(c-1)=2 961922.06 480961.03 3.38** 

ABC (a-1)(b-1)(c-1)=4 860132.24 215033.06 1.51 NS 

ERROR (abc-1)(r-1)=34 4831962.47 142116.54  

  

LSD 0.05(A)  = 256.60,  LSD 0.05(B)   = 256.60 

LSD 0.05(C)  = 209.51, LSD 0.05 (BC) = 362.88 
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APPENDIX 5 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

PSEUDO STEM CIRCUMFERENCE (GIRTH) (cm) PER PLANT/PLOT 

TREATMENT COMB. BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 33.33 35.33 32.33 100.99 

2 31.33 33 33 97.33 

 

2 

1 38.33 49 44 131.33 

2 33 40 36.67 109.67 

 

3 

1 47.50 48.50 38.33 134.33 

2 43.33 48.33 34 125.66 

 

 

 

2 

 

1 

1 23.33 29 27.67 80 

2 32.33 40 34.33 106.66 

 

2 

1 31 49 41.33 121.33 

2 40 41.67 41 122.67 

 

3 

1 46 46.67 33 125.67 

2 44.67 43 39 126.67 

 

 

 

3 

 

1 

1 28 31.33 33.67 93 

2 30.33 37 34.33 101.66 

 

2 

1 34.33 39.67 44.33 118.33 

2 41.67 42.67 40 124.34 

 

3 

1 48.33 47 35 130.33 

2 33.67 45.33 38.33 117.33 

Block totals: 660.48 746.50 660.32 2067.30 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 2187.03   

BLOCK SS  = 274.56 

TREATMENT SS = 1311.55 

EXPTAL  ERROR SS = 600.92 

C.F = 2067.302 
     54  = 79143.14 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 2187.03   

BLOCK r-1=2 274.56 137.28 7.77** 

A a-1=2 8.79 4.40 0.25 NS 

B b-1=2 1027.47 513.74 29.07** 

C c-1=1 0.20 0.20 0.01 NS 

AB (a-1)(b-1)=4 16.73 4.18 0.24 NS 

AC (a-1)(c-1)=2 110.86 55.43 3.14 NS 

BC (b-1)(c-1)=2 90.60 45.30 2.56 NS 

ABC (a-1)(b-1)(c-1)=4 56.90 14.23 0.81 NS 

ERROR (abc-1)(r-1)=34 600.92 17.67  

 

 LSD 0.05(B)  = 2.86 
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APPENDIX 6 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

CORM YIELD (t/ha) 

TREATMENT COMB. BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 4.15 4.50 6.52 15.17 

2 2.84 3.46 2.07 8.37 

 

2 

1 7.35 9.13 9.72 26.20 

2 3.32 2.73 3.08 9.13 

 

3 

1 6.87 7.11 6.87 20.85 

2 4.50 3.36 4.50 12.36 

 

 

 

2 

 

1 

1 5.93 3.96 4.98 14.87 

2 5.87 4.83 4.38 15.08 

 

2 

1 10.07 9.19 10.52 29.78 

2 6.81 7.11 5.64 19.56 

 

3 

1 11.85 9.33 10.37 31.55 

2 3.70 5.19 5.04 13.93 

 

 

 

3 

 

1 

1 15.81 11.28 12.26 39.35 

2 5.57 5.27 10.01 20.85 

 

2 

1 13.96 24.93 20.48 59.37 

2 7.43 8.31 9.50 25.24 

 

3 

1 15.70 22.22 18.67 56.59 

2 11.26 10.07 9.89 31.22 

Block totals: 142.99 151.98 154.50 449.47 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 1350.23   

BLOCK SS  = 4.07 

TREATMENT SS = 1221.16 

EXPTAL  ERROR SS = 125.00 

C.F = 449.472 
     54  = 3741.17 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 1320.23   

BLOCK r-1=2 4.07 2.04 0.55 NS 

A a-1=2 600.96 300.48 81.65** 

B b-1=2 109.02 54.51 14.81** 

C c-1=1 352.62 352.62 95.82** 

AB (a-1)(b-1)=4 15.28 3.82 1.04 NS 

AC (a-1)(c-1)=2 85.97 42.99 11.68** 

BC (b-1)(c-1)=2 39.16 19.58 5.32** 

ABC (a-1)(b-1)(c-1)=4 18.15 4.53 1.23 NS 

ERROR (abc-1)(r-1)=34 125.00 3.68  

  

LSD 0.05(A)   = 1.31, LSD 0.05(B)  = 1.31, LSD 0.05(C) = 1.06  

LSD 0.05(AC) =  1.84, LSD 0.05(BC) = 1.84  
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APPENDIX 7 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

CORMEL YIELD (t/ha) 

TREATMENT COMB. BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 4.50 6.52 3.32 14.34 

2 1.77 1.42 1.65 4.84 

 

2 

1 8.06 3.69 3.67 15.42 

2 3.66 3.07 3.30 10.03 

 

3 

1 10.07 8.06 8.89 27.02 

2 3.00 2.13 1.19 6.32 

 

 

 

2 

 

1 

1 5.63 4.96 11.85 22.44 

2 3.76 1.99 2.28 8.03 

 

2 

1 14.93 4.41 6.93 26.27 

2 4.19 6.85 5.07 16.11 

 

3 

1 13.78 15.26 14.52 43.56 

2 1.48 2.96 1.63 6.07 

 

 

 

3 

 

1 

1 8.30 11.85 7.41 27.56 

2 1.56 1.52 2.43 5.51 

 

2 

1 12.70 18.33 16.56 47.59 

2 9.48 7.08 8.57 25.13 

 

3 

1 21.63 14.81 17.78 54.22 

2 6.30 3.48 4.67 14.45 

Block totals: 134.80 118.39 121.72 374.91 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 1449.38   

BLOCK SS  = 8.36 

TREATMENT SS = 1271.85 

EXPTAL  ERROR SS = 169.17 

C.F = 374.912 
     54  = 2602.92 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 1449.38   

BLOCK r-1=2 8.36 4.18 0.84 NS 

A a-1=2 259.13 129.57 26.02** 

B b-1=2 152.17 76.09 15.28** 

C c-1=1 612.93 612.93 123.08** 

AB (a-1)(b-1)=4 54.47 13.62 2.74 NS 

AC (a-1)(c-1)=2 66.03 33.02 6.63** 

BC (b-1)(c-1)=2 117.80 58.9 11.83** 

ABC (a-1)(b-1)(c-1)=4 8.17 2.04 0.41 NS 

ERROR (abc-1)(r-1)=34 169.17 4.98  

  

LSD 0.05(A)  = 1.51,  LSD 0.05(B) = 1.51,  LSD 0.05(C) = 1.25 

LSD 0.05 (AC) = 2.14,  LSD 0.05(AC) = 2.14 
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APPENDIX 8 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

COCOYAM LEAF AREA INDEX PER PLANT/PLOT 

TREATMENT COMB BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 0.18 0.20 0.09 0.47 

2 0.11 0.07 0.05 0.23 

 

2 

1 0.14 0.24 0.16 0.54 

2 0.18 0.15 0.11 0.44 

 

3 

1 0.26 0.26 0.26 0.78 

2 0.29 0.13 0.18 0.60 

 

 

 

2 

 

1 

1 0.16 0.14 0.14 0.44 

2 0.15 0.20 0.13 0.48 

 

2 

1 0.39 0.21 0.20 0.80 

2 0.18 0.17 0.19 0.54 

 

3 

1 0.36 0.38 0.37 1.11 

2 0.29 0.15 0.19 0.63 

 

 

 

3 

 

1 

1 0.34 0.50 0.32 1.16 

2 0.18 0.56 0.44 1.18 

 

2 

1 0.74 0.60 0.45 1.79 

2 0.55 0.54 0.38 1.47 

 

3 

1 0.80 0.70 0.75 2.25 

2 0.49 0.55 0.43 1.47 

Block totals: 5.79 5.75 4.84 16.38 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 1.94   

BLOCK SS  = 0.03 

TREATMENT SS = 1.71 

EXPTAL  ERROR SS = 0.20 

C.F = 16.382 
     54  = 4.97 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 1.94   

BLOCK r-1=2 0.03 0.015 2.50 NS 

A a-1=2 1.26 0.63 105** 

B b-1=2 0.23 0.12 20** 

C c-1=1 0.10 0.10 16.67** 

AB (a-1)(b-1)=4 0.03 0.008 1.33 NS 

AC (a-1)(c-1)=2 0.01 0.005 0.83 NS 

BC (b-1)(c-1)=2 0.04 0.02 3.33** 

ABC (a-1)(b-1)(c-1)=4 0.04 0.01 1.67 NS 

ERROR (abc-1)(r-1)=34 0.20 0.006  

 

LSD 0.05(A)  = 0.05, LSD 0.05(B) = 0.05,  LSD 0.05 (C) = 0.04 

LSD 0.05(BC) = 0.002 
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APPENDIX 9 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

COCOYAM TOTAL YIELD t/ha 

TREATMENT COMB. BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 8.65 11.02 9.84 29.51 

2 4.61 4.88 3.72 13.21 

 

2 

1 15.41 12.82 13.39 41.62 

2 6.98 5.80 6.38 19.16 

 

3 

1 16.94 15.17 15.76 47.87 

2 7.50 5.49 5.69 18.68 

 

 

 

2 

 

1 

1 11.56 8.92 16.83 37.31 

2 9.63 6.82 6.66 23.11 

 

2 

1 25.00 13.60 17.45 56.05 

2 11.00 13.96 10.71 35.67 

 

3 

1 25.63 24.59 24.89 75.11 

2 5.18 8.15 6.67 20.00 

 

 

 

3 

 

1 

1 24.11 23.13 19.67 66.91 

2 7.13 6.79 12.44 26.36 

 

2 

1 26.66 43.26 37.04 106.96 

2 16.91 15.39 18.07 50.37 

 

3 

1 37.33 37.03 36.45 110.81 

2 17.56 13.55 14.56 45.67 

Block totals: 277.79 270.37 276.22 824.38 



 127

NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 4954.76   

BLOCK SS  = 1.70 

TREATMENT SS = 4641.67 

EXPTAL  ERROR SS = 311.39 

C.F = 824.382 
     54  = 12585.23 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 4954.76   

BLOCK r-1=2 1.70 0.85 0.09 NS 

A a-1=2 1623.86 811.93 88.64** 

B b-1=2 513.91 256.96 28.05** 

C c-1=1 1895.35 1895.35 206.92** 

AB (a-1)(b-1)=4 109.53 27.38 2.99** 

AC (a-1)(c-1)=2 271.11 135.56 14.80** 

BC (b-1)(c-1)=2 175.03 87.52 9.55** 

ABC (a-1)(b-1)(c-1)=4 52.88 13.22 1.44 NS 

ERROR (abc-1)(r-1)=34 311.39 9.16  

  

LSD 0.05(A)  = 2.06, LSD 0.05(B) = 2.06,  LSD 0.05 (C) = 1.67 

LSD 0.05(AB) = 3.57, LSD 0.05(AC) = 2.92, LSD 0.05(BC) = 2.92 
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APPENDIX 10 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

PLANTAIN BUNCH YIELD (t/ha) 

TREATMENT COMB. BLOCKS/REPLICATES TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 5.19 11.02 9.84 29.51 

2 9.63 4.88 3.72 13.21 

 

2 

1 12.93 12.82 13.39 41.62 

2 15.85 5.80 6.38 19.16 

 

3 

1 12.74 15.17 15.76 47.87 

2 14.85 5.49 5.69 18.68 

 

 

 

2 

 

1 

1 4.22 8.92 16.83 37.31 

2 7.78 6.82 6.66 23.11 

 

2 

1 14.07 13.60 17.45 56.05 

2 15.56 13.96 10.71 35.67 

 

3 

1 12.11 24.59 24.89 75.11 

2 14.63 8.15 6.67 20.00 

 

 

 

3 

 

1 

1 5.93 23.13 19.67 66.91 

2 8.63 6.79 12.44 26.36 

 

2 

1 10.74 43.26 37.04 106.96 

2 16.67 15.39 18.07 50.37 

 

3 

1 10.63 37.03 36.45 110.81 

2 15.44 13.55 14.56 45.67 

Block totals: 277.79 270.37 276.22 824.38 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 925.81   

BLOCK SS  = 11.28 

TREATMENT SS = 633.07 

EXPTAL  ERROR SS = 281.46 

C.F = 601.752 
     54  = 6705.61 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 925.81   

BLOCK r-1=2 11.28 5.64 0.68 NS 

A a-1=2 131.69 65.85 7.95** 

B b-1=2 366.86 183.43 22.15** 

C c-1=1 71.72 71.72 8.66** 

AB (a-1)(b-1)=4 9.82 2.46 0.30 NS 

AC (a-1)(c-1)=2 32.29 16.15 1.95 NS 

BC (b-1)(c-1)=2 8.17 4.09 0.49 NS 

ABC (a-1)(b-1)(c-1)=4 15.93 3.98 0.48 NS 

ERROR (abc-1)(r-1)=34 281.46 8.28  

  

LSD 0.05(A)  = 1.96, LSD 0.05(B) = 1.96,  LSD 0.05 (C) = 1.59 
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APPENDIX 11 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

FOR PLANTAIN NO OF FINGERS/BUNCH/PLANT 

TREATMENT COMB. BLOCKS/REPLICATION TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 11 9 13 33 

2 13 12 17 42 

 

2 

1 26 27 19 72 

2 34 35 20 89 

 

3 

1 26 22 27 75 

2 27 32 25 84 

 

 

 

2 

 

1 

1 12 17 19 48 

2 15 20 22 57 

 

2 

1 33 30 28 91 

2 36 32 35 103 

 

3 

1 30 26 21 77 

2 32 36 37 105 

 

 

 

3 

 

1 

1 20 25 18 63 

2 30 28 36 94 

 

2 

1 32 31 34 97 

2 38 39 41 118 

 

3 

1 31 33 32 96 

2 39 37 38 114 

Block totals: 485 491 482 1458 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 3872    

BLOCK SS  = 2.33 

TREATMENT SS = 3429.33 

EXPTAL  ERROR SS = 440.34 

C.F = 14582 
     54  = 39366 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 3872   

BLOCK r-1=2 2.33 1.17 0.09 NS 

A a-1=2 973.44 486.72 37.58** 

B b-1=2 1860.11 930.06 71.82** 

C c-1=1 439.19 439.19 33.91** 

AB (a-1)(b-1)=4 64.78 16.20 1.25 NS 

AC (a-1)(c-1)=2 34.48 17.24 1.33 NS 

BC (b-1)(c-1)=2 1.14 0.57 0.04 NS 

ABC (a-1)(b-1)(c-1)=4 56.19 14.05 1.08 NS 

ERROR (abc-1)(r-1)=34 440.34 12.95  

  

LSD 0.05(A)  = 2.45, LSD 0.05(B) = 2.45,  LSD 0.05 (C) = 2.00 
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APPENDIX 12 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

FOR PLANTAIN NO OF HANDS/BUNCH/PLANT 

TREATMENT COMB. BLOCKS/REPLICATION TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 3 3 4 10 

2 4 3 5 12 

 

2 

1 5 7 6 18 

2 7 8 5 20 

 

3 

1 5 5 6 16 

2 6 8 5 19 

 

 

 

2 

 

1 

1 3 4 6 13 

2 4 5 5 14 

 

2 

1 6 6 7 19 

2 8 7 8 23 

 

3 

1 7 6 4 17 

2 8 9 7 24 

 

 

 

3 

 

1 

1 5 6 4 15 

2 7 6 8 21 

 

2 

1 7 7 8 22 

2 9 8 9 26 

 

3 

1 6 7 6 19 

2 8 8 7 23 

Block totals: 108 113 110 331 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 146.09   

BLOCK SS  = 0.70 

TREATMENT SS = 111.42 

EXPTAL  ERROR SS = 33.97 

C.F =   3312 
     54  = 2028.91 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 146.09   

BLOCK r-1=2 0.70 0.35 0.35NS 

A a-1=2 26.70 13.35 13.48** 

B b-1=2 56.26 28.13 28.41** 

C c-1=1 20.16 20.16 20.36** 

AB (a-1)(b-1)=4 3.30 0.83 0.84NS 

AC (a-1)(c-1)=2 1.45 0.73 0.74NS 

BC (b-1)(c-1)=2 0.78 0.39 0.39NS 

ABC (a-1)(b-1)(c-1)=4 2.77 0.69 0.70NS 

ERROR (abc-1)(r-1)=34 33.97 0.99  

 

 LSD 0.05(A)  = 0.67, LSD 0.05(B) = 0.07,  LSD 0.05 (C) = 0.53 
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APPENDIX 13 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

FOR PLANTAIN TOTAL LEAF AREA (m2) 

TREATMENT COMB. BLOCKS/REPLICATION TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 15.96 15.40 16.24 47.60 

2 13.72 14.84 12.88 41.44 

 

2 

1 18.76 23.52 17.92 60.20 

2 17.08 18.20 14.56 49.84 

 

3 

1 19.88 22.40 21.28 63.56 

2 19.60 17.64 15.12 52.36 

 

 

 

2 

 

1 

1 12.32 15.40 12.32 40.04 

2 14.28 15.12 12.88 42.28 

 

2 

1 15.96 19.60 18.48 54.04 

2 14.84 19.32 16.80 50.96 

 

3 

1 18.76 19.60 19.04 57.40 

2 17.08 17.92 15.68 50.68 

 

 

 

3 

 

1 

1 12.32 14.28 16.80 43.40 

2 11.76 16.24 13.44 41.44 

 

2 

1 17.08 15.68 18.76 51.52 

2 14.00 17.92 17.36 49.28 

 

3 

1 19.04 23.24 21.28 63.56 

2 19.88 17.08 16.80 53.76 

Block totals: 292.32 323.40 297.64 913.36 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 422.19   

BLOCK SS  = 30.70 

TREATMENT SS = 303.85 

EXPTAL  ERROR SS = 87.64 

C.F = 913.362 
     54  = 15448.64 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 422.19   

BLOCK r-1=2 30.70 15.35 5.95** 

A a-1=2 10.86 5.43 2.10 NS 

B b-1=2 212.06 106.03 41.10** 

C c-1=1 44.97 44.97 17.43** 

AB (a-1)(b-1)=4 8.39 2.10 0.81 NS 

AC (a-1)(c-1)=2 11.78 5.89 2.28 NS 

BC (b-1)(c-1)=2 13.30 6.65 2.58 NS 

ABC (a-1)(b-1)(c-1)=4 2.49 0.62 0.24 NS 

ERROR (abc-1)(r-1)=34 87.64 2.58  

 

LSD 0.05(B) = 1.10,  LSD 0.05 (C) = 0.90 
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APPENDIX 14 

Data arrangement for analysis for a 3x3x2 factorial in RCB Design.  

FOR PLANTAIN LEAF AREA INDEX. LAI PER PLANT PER PLOT 

TREATMENT COMB. BLOCKS/REPLICATION TREATMENT 
TOTALS 

A B C I II III  

 

 

 

1 

 

1 

1 3.55 3.42 3.61 10.58 

2 3.05 3.30 2.86 9.21 

 

2 

1 4.17 5.23 3.98 13.38 

2 3.80 4.04 3.24 11.08 

 

3 

1 4.42 4.98 4.73 14.13 

2 4.36 3.92 3.36 11.64 

 

 

 

2 

 

1 

1 2.74 3.42 2.74 8.90 

2 3.17 3.36 2.86 9.39 

 

2 

1 3.55 4.36 4.11 12.02 

2 3.30 4.29 3.73 11.32 

 

3 

1 4.17 4.36 4.23 12.76 

2 3.80 3.98 3.48 11.26 

 

 

 

3 

 

1 

1 2.74 3.17 3.73 9.64 

2 2.61 3.61 2.99 9.21 

 

2 

1 3.80 3.48 4.17 11.45 

2 3.11 3.98 3.86 10.95 

 

3 

1 4.23 5.16 4.73 14.12 

2 4.42 3.80 3.73 11.95 

Block totals: 64.99 71.86 66.14 202.99 
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NOTE: TABLES OF TREATMENT TOTALS FOR CALCULATING: AB, 

AC, BC, INTERACTIONS WERE ALSO CONSTRUCTED. 

THE TREATMENT COMPONENTS ARE: A, B, C, AB, AC, BC, AND 

ABC. 

CALCULATION IN SUMMARY 

TOTAL SS = 20.88   

BLOCK SS  = 1.51 

TREATMENT SS = 15.03 

EXPTAL  ERROR SS = 4.34 

C.F = 202.992 
     54  = 763.05 
 
ANOVA TABLE FOR 3X3X2 FACTORIAL IN RCB DESIGN: 

SOURCES OF 

VARIATION 

 

D.F 

 

SS 

 

M.S 

 

FCAL 

TOTAL rabc-1=53 20.88   

BLOCK r-1=2 1.51 0.76 5.85** 

A a-1=2 0.54 0.27 2.08 NS 

B b-1=2 10.49 5.25 40.38** 

C c-1=1 2.23 2.23 17.15** 

AB (a-1)(b-1)=4 0.42 0.11 0.85 NS 

AC (a-1)(c-1)=2 0.58 0.29 2.23 NS 

BC (b-1)(c-1)=2 0.66 0.33 2.54 NS 

ABC (a-1)(b-1)(c-1)=4 0.11 0.03 0.23 

ERROR (abc-1)(r-1)=34 4.34 0.13  

  
LSD 0.05(B) = 0.25,  LSD 0.05 (C) = 0.20 
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