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ABSTRACT 
 

 The study estimated the constant elasticity of substitution of fertilizer for manure in arable crop production in 
Akwa Ibom State. The approximation of the generalized constant elasticity of substitution (CES) model using Taylor’s 
expansion series yielded a linear equation that was estimated using OLS method. The CES parameters were 
estimated through a system of coefficients relationship and were later used to calculate the constant elasticity of 
substitution for each crop enterprise. Empirical results revealed that, waterleaf has constant elasticity of substitution 
less than unity: while pumpkin and maize had constant elasticity of substitution greater than unity. Increased supply of 
fertiliser and repackage extension services were recommended as these would help to increase fertiliser use as well 
as growth rate of crops in the state.       
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INTRODUCTION 
Arable crop production is one of the agricultural sub-
sectors that have thrived over the years in Akwa-Ibom 
state. Its popularity can be linked to various factors 
including low cost per unit of resources used in 
production, short gestation period and quick returns on 
invested fund compared to other sub-sectors of 
agriculture (Udoh 2005 and Umoren, 1998). In the past 
years, arable crop production in Akwa-Ibom state was 
practiced using traditional shifting cultivation system that 
was associated with land fallowing. In the system, 
farmers allowed soil to rest or fallow (at least for the 
period of 7 years as was practiced in the state) 
adequately in order to ensure optimum regeneration of 
organic biomass that would promote sustainable soil 
fertility. Due to population pressure and rapid 
urbanization, the former cropping system was no longer 
sustainable in term of enhancing soil fertility and 
increased yield of crops. Hence continuous cropping 
without appropriate soil management leads to 
deterioration in soil physical, chemical and biological 
properties (Chinedu et al., 2002). Consequently, 
declining yields, low resource productivity among other 
resource problems would follow. The failure of the 
previous cropping system and prevailing problems 
prompted farmers to adopt alternative technologies (that 
is the use of organic manure and inorganic fertilizer) to 
improve soil fertility and enhance crop yield (Reijnties et 
al. 1992 and Adepetu 1997). 
 Many researchers have reported the use of 
organic manure (animal dung, poultry droppings, farm 
yard manures and compost manures) as soil enhancing  
 
 
 
 
 
 
materials to increase arable crop productivity in the 
south - south and south east Nigeria (Beckman 1973; 
Udoh et al. 2007; Udoh 1993; Chinedu et al. 2002; and 
Olayinka et al.1998). Also, significant impact of fertilizer 

usage by arable crop farmers in the southern region of 
the country had been reported by numerous researchers 
(Udoh et al. 2007; Osuhor et al. 2002; and Carsky et al. 
1999). 
 Fertilizer and manures are also production 
inputs that have economic value and are thus limited in 
supply (Udoh 2005 and Udoh et al. 2001). The 
quantities of fertilizers and manures available to farmers 
are constrained by fluctuation in prices of these inputs. 
Therefore, efficient combination or substitution of these 
inputs (for each other) is an important part of agricultural 
sustainability in the state. One way subsistence farmers 
can achieve agricultural sustainability in their production 
is to rise the productivity of their farms by improving 
resource substitution within the limits of existing 
resource base and technology (Udoh 2005 and 
Harwood 1987). The existence of budgetary constraint 
in acquiring fertilizer and manure by the farmers in the 
state created the need for a plan for the substitution 
between the two inputs to help maximize farmer’s 
income. The prevalence of land fragmentation in the 
rural areas of the state and low growth rate in crop 
outputs also necessitated the argument for efficient 
fertilizer-manure substitution among the arable crop 
farmers in the state. 
 Despite the early adoption of these technologies 
by arable crop farmers, the crop outputs have not shown 
an encouraging growth rate (CBN, 2003). Large  
 
 
 
 
 
 
proportion of some of these arable crops produced like 
maize, yam, and cucumber are brought in from the 
neighbouring states to complement local production. 
With rapid population increase in the state, there is an 
overwhelming need for reassessment of the fertilizer 
policies in the state. Therefore, given the present 
situation of low growth rate of arable crop outputs, rapid 
population growth and highly publicized fertilizer subsidy 
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programme in the state: the necessary question is, why 
are arable crop farmers in the Akwa Ibom state despite 
the incentive from government unable to produce 
enough food to feed the citizens and rather depend on 
food items from the neighbouring states? To answer this 
question, we assumed that crop farmers in Akwa Ibom 
state do not have enough quantity of fertiliser to 
augment efficiently the depleted soil and decided to 
substitute fertilizer for more affordable but poorly 
composed organic manure. In addition, we also 
assumed that, the substitution of fertiliser for manure in 
the state by arable crop farmers assumed fairly stable 
ratio and that other production factors are not 
constrained to the production of the crop enterprises.  
 The study specifically focused on the 
determination of the assumed constant elasticity of 
substitution of fertiliser for manure by arable farmers in 
Akwa Ibom state. The results will reveal the approximate 
values for constant elasticity of substitution of the two 

inputs in each of the crop enterprises used in the 
analysis. In addition, the results will also unveil the need 
for government and private intervention in the provision 
of both inputs to farmers and as a basis for formulating 
future sustainable fertiliser policy in Akwa Ibom state. 
 
MATERIALS AND METHODS 
 The study was conducted in Akwa Ibom state. 
Three local government areas were randomly selected 
for data collection. The local government areas were Itu, 
Uyo and Ibesikpo. Twenty farmers from each of the 
three local government areas, producing each of the 
selected arable crop enterprises were randomly picked 
from areas of intense cultivation. A total of sixty farmers 
were used for each of the crop enterprise. Baseline 
information on socio economic characteristics, inputs 
use and outputs as well as unit prices were collected. 
The crop enterprises were waterleaf, pumpkin (Telfairia 
occidentalis), and maize.  

 
EMPIRICAL MODEL 
The generalized constant elasticity of substitution (CES) was specified. The variables were normalized by output 
price.  
Yi=ƒ(Xi, X2) =A{δX1

-β
 + (1-δ)X2

-β
}
-V⁄β JJJJJJJJJJJJJJJJJ.(1)       

Where, 
A= efficiency parameter (A>0) 
δ = distribution parameter (0<δ<1) 
β = substitution parameter (β≥ -1) 
Yi= normalized output of ith crop in Kg 
X1= normalized quantity of fertilizer used in ith crop 
X2= normalized quantity of manure used in ith crop 
V= return to scale parameter (V>0) 
 
Kmenta (1967) states that in the above CES function, when β is in the neighbourhood of zero or when the elasticity of 
substitution σ is in the neighbourhood of unity, that the CES function can be approximated with a Taylor expansion 
series around β = 0. Then equation (1) becomes: 
In(Yi)=In(A)+VδIn(X1)+V(1–δ)In(X2)–βVδ/2(1–δ)In(X1)

2
–βVδ/2(1– δ)In(X2)

2
+ β Vδ(1–δ) In(X1) In(X2) + 

eiJJJJJJJJJJJ(2) 
Further simplification yields equation (3) 
In(Yi)=In(A)+VδIn(X1)+V(1–δ)In(X2)–βVδ/2(1–δ){In(X1)–In(X2)}

2 
        +ei JJJJJJJJJJJJJJJJ(3) 

Equation (3) is recognized as a linear equation by which ordinary least squares estimation can be applied. The new 
form of equation (3) now becomes: 
In(Yi) = bo + b1In(X1) +b2In(X2) + b3In{In(X1) – In(X2) }

2
 + eiJJJJ.J(4) 

 
The implication of the transformation is that, if fertilizer and manure technology is believed to have a constant elasticity 
of substitution in the production of the various crop enterprises and have this elasticity of substitution in the 
neighbourhood of unity: then the input and the output values observed for the production of these crops may be fitted 
to equation (4). It then follows that the restriction stated below must be used to test whether the estimated function 
does in fact approximate the CES function in equation (1) and thus estimate the CES parameters A, δ, β  and V. 
A = antilog of bo, V = b1 + b2,   δ = b1 ⁄ (b1 + b2), and β = -2b3(b1 + b2) ⁄b1b2      
σ = 1 ⁄ (1+ β)   JJJJJJJJJJJJJJJJJ.(5) 
Where, σ is the constant elasticity of substitution of fertilizer for manure in the production of each crop output. Given 
the above definition of σ, the following relationships between σ and β hold (Bruno et al, 2005). 
� σ

 
= ∞ then (β = –1): CES takes the linear form and the inputs are perfect substitutes so that the farmers have 

 no special preference for any of the inputs. 
� σ

 
=1 then (β= 0): CES becomes Cobb Douglas function and expresses a perfect balance between substitution 

 and complementary effects. That is unity elasticity of substitution between the two inputs. 
� σ

 
<1 then (β> 0): CES function becomes production function with significant complementarity effects between 

 inputs. 
� σ >1 then (β< 0): CES function shows inputs that are partial substitutes. 
 
RESULTS AND DISCUSSION 
Table 1: Result of estimating equation (4) for specified crop enterprises and the corresponding approximate of CES 
parameters including elasticity of substitution of fertilizer for manure for each crop enterprise.   

Variable & Parameter Waterleaf Pumpkin Maize 
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bo 3.16*** 
(4.48) 

2.27** 
(2.18) 

3.76*** 
(2.38) 

b1 0.30 
(0.63) 

0.25** 
(2.55) 

0.60** 
(2.07) 

b2 1.10*** 
(3.32) 

0.15 
(0.40) 

0.75 
(1.53) 

b3 -0.10* 
(-1.95) 

0.003** 
(2.00) 

0.08** 
(2.14) 

R
2
 0.52 0.33 0.44 

F-cal 8.45*** 1.89* 4.65*** 

    
CES    

A 23.6 9.69 42.95 
V 1.39 0.39 1.35 
δ  0.213 0.63 0.45 
β  0.836 -0.07 -0.45 
    

σ  0.545 1.070 1.820 

 
Note: Figures in bracket are t- values, while *, ** and *** 
represent 10%, 5% and 1% significance levels 
respectively. All other variables are as defined in 
equation (1) and (4).  
The first part of the result in Table 1 shows the 
estimated equation (4) for the specified crop enterprises. 
The result reveals F-value of (8.45) for waterleaf, (1.89) 
for pumpkin and (4.65) for maize significant at 1%, 10% 
and 1% respectively. This indicates a good fit for the 
specified double log model in equation (4) for each crop 
enterprise. The value of R

2
 for each crop enterprise 

shows that considerable variation in output was caused 
by the used of fertilizer and manure. The second part 
shows the approximated CES parameters: each 
parameter satisfies the condition specified in equation 
(1). This confirms the fact that CES production function 
could be fitted to each of the crop enterprise specified 
using fertilizer and manure as production inputs. The 
last part reveals the constant elasticity of substitution of 
fertilizer for manure in each of the crop enterprise used 
in the analysis. The constant elasticity of substitution of 
fertilizer for manure was estimated following equation 
(5).  
 The result reveals that in the production of 
waterleaf, the constant elasticity of substitution (0.545), 
of fertilizer for manure is less than unity. This implies 
that fertilizer and manure inputs in the estimated CES 
production function for waterleaf has a significant 
complementarity effect between them. This indicates 
that, waterleaf farmers in Akwa Ibom State use fertilizer 
to complement manures in enhancing soil fertility. 
Farmers that cultivate the crop used more of manure 
than fertilizer. From the result, it could be asserted that 
waterleaf production in the state is organized in small 
scale basis with minimal financial investment especially 
in fertilizer procurement and usage. The possible reason 
could be the insufficient quantity of fertilizer which could 
likely be attributed to high purchasing cost. 
 The constant elasticity of substitution of fertilizer 
for manure in the production of pumpkin (1.070) and 
maize (1.82) is greater than one. The estimated CES 
production functions for the crop enterprises showed 
that fertilizer and manure are partial substitutes. The 
results imply that, the quantity of fertilizer used in place 
of manures by pumpkin and maize farmers in Akwa 

Ibom State exhibits insignificant variations. The 
estimated index of CES for the two inputs reveals that 
more of fertilizer is substituted for manures, but at 
insignificant quantity levels. The results also show that 
pumpkin and maize farmers in the state are more 
conscious of the importance of both inputs and hence 
tend to utilize them rationally. This connotes that, the 
crops are market oriented and thus farmers have to 
invest more money in purchasing fertilizer and manures, 
but giving more preference to fertilizer in order to 
increase yield. 
          
CONCLUSION AND POLICY IMPLICATION OF 
RESULTS 
 The study modelled the constant elasticity of 
substitution of fertilizer for manure in arable crop 
production in Akwa Ibom state. Constant elasticity of 
substitution of fertilizer for manure was assumed 
following low production growth rate of crop output in the 
state manifested by influx of some of food items into the 
state from the neighbouring states. Waterleaf crop 
enterprise has constant elasticity of substitution of 
fertilizer for manure less than one: pumpkin and maize 
enterprises had CES greater than unity. To increase 
arable crop output, the following policy 
recommendations are advocated. 
 
� Farmers with constant elasticity of substitution 
 less than unity have more access to organic 
 manures than fertilizer. As such, state extension 
 programme should be repackaged to address 
 the problem of poor fertilizer adoption by these 
 farmers, while concerted effort should be made 
 by the state ministry of agriculture to increase 
 fertilizer supply at a subsidized rate to these 
 farmers. 

 
� Farmers with constant elasticity of substitution 
 greater than unity, have access to both fertilizer 
 and organic manure; but higher preference to 
 fertilizer procurement. This means that, these 
 crops are market oriented crops, and farmers 
 tend to be rational in resource allocation. As 
 such, government should provide incentive to 
 such farmers while private investment should be 



 encourage in these crop enterprises, as their 
 revenue could adequately offset the fertilizer 
 cost. 
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