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ABSTRACT 

This paper investigates the technical efficiency of sorghum production and its determinants, using the 
stochastic frontier production function which incorporates a model of inefficiency effects. Farm level 
data were collected from a sample of 100 sorghum farmers in Hong local government area of Ada-
mawa state using structured questionnaires. The empirical result shows that land, seed, and fertilizer 
were the major factors that influence changes in sorghum output. Farm specific variables such as 
education, extension contact and household size were found to have significant effects on the technical 
inefficiency among the sorghum producers. The technical efficiency of farmers varied from 0.1562 to 
0.9214 with a mean technical efficiency of 0.7262. The implication of the study is that efficiency in 
sorghum production among the farmers could be increased by 28% through better use of land, seed 
and fertilizer in the short term given the prevailing state of technology. This could be achieved 
through policy interventions by the government in terms of better access to land, improved seed and 
fertilizer .The inefficiency effect also shows that improved farmer’s educational levels through better 
education and literacy campaigns would help tremendously to increase efficiency. 
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Agriculture plays a significant role in the 

economy Nigerian. The sector provides food for 

the timing growing population, employs about 

70% of the labour force, and provide raw mate-

rials for our young industries (Adegboye, 2004). 

In view of the above, since independence the fed-

eral government of Nigeria has focused its atten-

tion of its agricultural policies on the small-scale 

farmers who constitute majority of the farming 

population. The rate of growth of Nigeria food 

production has been very slow; food production 

grows at the rate of 2.5% per annum in recent 

years while food demand has been growing at the 

rate of more than 3.5% per annum due to the rate 

of high rate of population growth of 2.8% (Na-

tional Bureau of Statistic, 2010). 

The importance of sorghum in Nigeria can-

not be over emphasized, because it provides food 

for both man and animals. Food and agricultural 

organization (F.A.O., 2003) reported that world 

annual sorghum production is over 60 million 

tones, of which Africa produces about 20 million 

tones. This makes sorghum the second most im-

portant cereal grain in Africa after maize. Ac-

cording to Akinyele, (2006) he said that the pro-

duction of the commodity is not given due con-

sideration despite its importance in Nigeria. This 

can be seen in the decline in output of the com-

modity in the savannah zone, where sorghum is 

grown on an estimated area of 4.5 million ha with 

an annual production output of about 6 million 

tons (NAERLS,2007).This is a threat especially 

to those  who widely cultivate the crop and con-

sume it. The commodity is used in making alco-

hol and non alcohol drinks in Nigeria, particular-

ly in the northern part of the country, it is also 

used for feeding  of livestock and the stalks is 

used  for making houses and making fences. 

Therefore to increase sorghum productivity, there 

is a need to understand the efficiency of produc-

tion, since increase productivity is directly related 

to production efficiency, it is necessary to raise 

productivity of the farmers by helping them to 

reduce their technical inefficiencies. 

Efficiency is concerned with the relative 

performance of the processes used in transferring 
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given inputs into outputs. Farrell (1957) indenti-

fied three types of efficiency- technical, alloca-

tive and economic. Technical efficiency is de-

fined as the ability of the firm to produce at max-

imum given little inputs with available technolo-

gy. Efficiency measurement is that firms operate 

on the outer bound of production function, that is, 

on their efficiency frontier. When firms fail to 

operate on the outer bound of the production 

function, they are said to be technically ineffi-

cient. The stochastic frontier production function 

was first independently proposed by Aigner et al 

(1977) and Meeusen and Van den Broeck (1977). 

A stochastic frontier production function com-

prises a production function of the usual regres-

sion type with a compose disturbance term equal 

to the sum of two error components. One error 

component represents the effects of statistical 

noise (example weather, measurement error, etc) 

the other is attributed to technical inefficiency. 

The major advantage of the stochastic frontier 

production function model is the introduction of 

disturbance term representing noise, measure-

ment error and exogenous factors beyond the 

control of the production unit, in addition to the 

inefficiency component. This property of the sto-

chastic frontier model account for its appro-

priateness for efficiency measurement in agricul-

tural production owing to agriculture’s inherent 

characteristics. 

In recent years, the application of stochastic 

frontier production function in efficiency analysis 

has been employed by Battese et al (1993).  

Seyoum et al (1998), Ojo (2003), Amaza and Ta-

shikalma (2003), Amos et al (2004), Amaza and 

Maurice (2005), Umoh (2006). 

The objective of the study therefore was to 

investigate the technical efficiency in Sorghum 

production in Hong local government area of 

Adamawa state. 
 

MATERIALS AND METHODS 
 
The study was carried out in Hong local 

government area of Adamawa state. Hong is lo-

cated in the northern part of Adamawa State, it 

lies between latitude 7-11 N and longitude 11-14 

E. The local government was created in 1991. 

Hong local government area shares boundary 

with Mubi local government to the East, Gombi 

local government area to the West, Song and 

Maiha local area to the South and Askira Uba 

local government area of Borno State to the 

North. Hong local government has a land area of 

about 117,240 square kilometers with a popula-

tion of about 169,126 (National Population 

Commission, 2006). The major occupation of the 

people is farming and few traders, civil servants 

etc. The major crops grown in the area are 

groundnut, sorghum, maize rice millet etc. the 

local government has seven district. 

A multi stage random and purposive sam-

pling techniques were used to select respondents 

for the study.  Firstly 5 districts out of the eleven 

districts in the local government area were se-

lected based on their relative importance in sorg-

hum production. Secondly, two villages were 

randomly chosen from each of the selected dis-

trict giving a total of 10 selected villages. Finally 

10 farmers were selected randomly from each of 

the selected villages. Data were collected with 

the aid of structured questionnaires on house-

holds’ sorghum production activities of the far-

mers. Data were also collected on the socio-

economic characteristics of the farmers. 
 

Data were analyzed using the stochastic 

frontier model ( Battese and Coelli 2005) . The  

stochastic production function is of the form: 

 

Yi = f(Xk β)єi           (1) 

i…….1……n 

k = 1……….k 

Where: 

Yi = output of the ith farm, 

Xk = vector of parameters. 

 

This stochastic frontier is also called a’ 

composed error’ model because the error term is 

composed of two independent elements: 

 

��  = �� - ��          (2) 

 

The symmetric component Vi permits ran-

dom variations in output due to factors outside 

the farm such as weather and disease as well as 

the effects of measurement error in the output 

variable, left out explanatory variables from the 

model and stochastic noise. It is assumed to be 

independently and identically distributed as 

N(0,σ�
� ). A Ui is a one sided non negative (u>0) 

random variable which reflects the technical effi-

ciency relative to the stochastic frontier. f(Xi, 

β)e�	 , thus Ui = 0 for any output lying on the 

frontier and is strictly positive for any output ly-

ing below the frontier representing the amount by 
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which the frontier exceeds the actual output of 

firm i. Ui is assumed to be identically and inde-

pendently distributed as N(0,σ

�  ), that is the dis-

tribution of U is half normal. 

It follows that the maximum likelihood of 

equation 1 yields estimate for β and λ where β 

was as earlier defined as: 

 

� = 
� ���               (3) 

and 

�� = ��
� + �

�        (4) 

 

Battese and cora (1977) on the other hand 

defined λ as the total variation in output from the 

frontier which is attributable to TE, that is 

 

� = 
�
�

��
�              (5) 

So that 0≤� ≤1. An estimate of � can be ob-

tained from estimates of �� and �. 

The frontier production functions 1 and 2 is 

defined by the logarithm of production, therefore 

the production for the ith farm, exp(Yi ). The 

measure of technical efficiency (TE) for the ith 

farm is thus: 

TEi = exp(-ui)       (6) 

So that 0≤TEi≤1. The measure of technical 

efficiency is equivalent to the ratio of the produc-

tion for the ith farm, exp(Yi ) = exp(Xi,β + Vi – 

Ui ) to the corresponding production value if the 

effect of I was zero, exp(Xi, β + Vi ). The tech-

nical efficiency measure( 6) is not dependent on 

the level of factor input for the given firm. The 

mean technical efficiency of the farms that cor-

responds to the measure of equation (6): 

 

TE = {1–�{�- (� �⁄  )}/ 1 – � (-� �⁄  ) exp (-U +1 2�  ��)  (7) 

 

Where � represents the density function for 

the standard normal random variables. The fron-

tier production function specified  for the yam 

enterprises in the prevailing state was defined by: 

 
Log Yi = β0+β1X1i+β2X2i+β3X3i+β4X4i+β5iX+Β6X6i+ Vi - Ui     (8) 

 

Where: 

Y= logarithm of the output (kg), 

X1= Land cultivated (hectares), 

X2 = quantity of seed (kg), 

X3 = family labour used (in mandays), 

X4 = quantity of hired labour used (mandays), 

X5 = quantity of fertilizer use (kg), 

X6 = quantity of herbicide used (litres). 

 

The random variables Vi and Ui in the model 

2 were assumed to have the properties specified 

for the corresponding unobserved random va-

riables in the frontier production model 1 and 2. 

Ui denotes inefficiency effects, defined as: 

 

Ui = δ0+δ1Z1+δ2Z2+δ3Z3+δ4Z4+δ5Z5     (9) 

 

Where: 

Z1 = Education (number of years of education), 

Z2 = membership of association (dummy, 1 for 

membership 0, otherwise), Z3 = extension contact 

(number of visits by extension agent), Z4 = 

household size (number of persons in household) 

Z5 = gender (dummy 1 for male and 0 female). 

Given the functional and distributional as-

sumptions, the variance parameters defined by 

equations( 4) and( 5), the technical efficiency 

defined by equation (6) and the maximum like-

lihood estimates for all parameters of the stochas-

tic frontier production and inefficiency model by 

equation (8) and( 9) were simultaneously esti-

mated using the program, frontier 4.1 (Coelli 

1996). 
 

RESULTS AND DISCUSSION 
 
The estimates of the parameters of the sto-

chastic frontier production function are presented 
in table 1. The production function estimates in-
dicates the relative importance of factor inputs in 
sorghum production. From the results, all had the 
expected positive sign. This suggest that more 
output of sorghum would be obtained from the 
used of additional quantities of these variables. 
The estimated coefficient of land resource was 
positive and significant at 1% level. This is in 
line with the finding of Umoh (2006). The signi-
ficance of the variable could be attributed to its 
importance in crop production in the sense that 
its shortage would not only have a direct negative 
effect on the production but also an indirect nega-
tive effect on output. The coefficient of seed was 
also positive which confirms to a prior expecta-
tion and significant at 5% level. This indicated 
that higher seed rate would result in high sorg-
hum yield except where there is overcrowding 
leading to competition of available nutrients 
which will consequently lead to lower yield. The 
estimated coefficient of Fertilizer input was posi-
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tive as expected and significant at 1% level.  The 
significance of the fertilizer variable shows that 
used of fertilizer improves the productivity of the 
land. 

The elasticities with respect to land seed and 
fertilizer were positive. This indicates that alloca-
tions of these resources were in the rationale 
stage (stage 2) of the production process and in-
crease in the use of the resources would result in 
increase in yield. The estimated return to scale 
(RTS) was 0.5439 suggesting a decreasing return 
to scale. The study of this study implied that a 

unit increase in the quantities of the productive 
resources would lead to less than proportionate 
increase to output of sorghum, ceteris parabus. 

The variance ratio (γ) which is associated 
with the variance of technical inefficiency effects 
in the stochastic frontier was estimated to be 
0.6062. This suggested that systematic influence 
that are unexplained by the production function 
were the dominant sources of random errors. In 
other words, it means that 60% of the total varia-
bility of sorghum output for the farmers was due 
to differences in technical efficiencies. 

 
Table 1 – Maximum likelihood estimates for parameters of the cobb-douglas 

stochastic frontier production function 
 

Variable Parameters Coefficients t-ratio 

Production factors 

Constant β0 3.6695 4.6244* 

Land β1 0.1899 3.7395* 

Seed β2 0.0396 2.1915** 

Family labour β3 0.0428 0.69411 

Hired labour β4 0.0366 0.4632 

Fertilizer β5 0.1407 3.9908* 

Herbicide β6 0.0105 0.4135 

Diagnostic statistics 

Variance �� 7.5874 3.9429* 

Variance ratio � 0.6062 2.9726* 

Ln likelihood – – 162.213 

Number of observations – – 100 
 

* Significant at 1% level, ** significant at 5%. Source: computed print out of field data 2010. 
 

The sources of inefficiency were examined 
by using the estimate δ-coefficients associated 
with the variables. The inefficiency variable was 
specified as those relating to farmer’s socio-
economic characteristics. They include the far-
mer’s level of educational attainment, member-
ship of association, contact with extension 
agents, household size and gender. The result of 
the inefficiency model is presented in Table 
2.The sign of the estimated coefficient in the 
model have important implication on the technic-
al efficiency of sorghum production. The coeffi-
cient of education was estimated to be negative 
and is significant at 1%. This indicates that far-
mers with more years of formal schooling tend to 

be more technically efficient. This agrees with 
the findings of Uaiene and Arndt (2009) and Bo-
zoglu and Ceyhan (2007). They asserted that 
more years of formal education is imperative to 
better understand and adoption of new technolo-
gy which subsequently make it possible to move 
close to the frontier. Furthermore, educated far-
mers are expected to be more receptive to im-
proved farming techniques and therefore should 
have higher level of technical efficiency than 
farmers with less education (Ajibefun and Aderi-
nola 2003). Farmers with low level of education 
would be less receptive to improved farming 
techniques.

 

Table 2 – Maximum likelihood estimates for parameters of the Cobb-Douglas 
inefficiency model for Sorghum farmers 

 

Variable Parameters Coefficients t-ratio 

Inefficiency variables 

Constant δ0 -0.3146 -3.3391* 

Education δ1 -0.4809 -2.9753* 

Membership of Association δ2 -0.0625 -0.0623 

Extension contact δ3 -0.4570 -5.0280* 

Household size δ4 -0.9454 -2.3036** 

Gender δ5 -0.1816 -0.3668 
 

** Significant at 5% level, * significant at 1%. Source: field data, 2010. 
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The predicted coefficient of household size 
was negative and is significant at 5%. indicating 
that these variable led to decrease in technical 
inefficiency or increase in technical efficiency, 
also the  negative coefficient was in agreement 
with the hypothesized expected sign and implied 
that as the number of adult farmers in a house-
hold increases, efficiency also increases. This 
agreed with the findings of Villano and Flem-
ing(2004). A possible explanation is that more 
adult persons in a household meant that more 
quality labour would be available for carrying out 

farming activities in timely fashion, thus making 
the production process more efficient. 

The technical efficiencies of the sample 
sorghum farmers were less than one. The pre-
dicted farm specific technical efficiency for the 
farmers ranged from 0.15 to 0.92 with a mean 
technical efficiency of 0.72 (Table 3). This imply 
that in the short run, there is scope for increasing 
sorghum production by about 28% by adopting 
the technology and techniques used by the best 
practice farmer. It also shows that about 64% of 
the farmers have technical efficiency of more 
than 70%. 

 

Table 3 – Frequency Distribution of Technical efficiency in Sorghum Production* 
 

Efficiency level Frequency % 
≤0.15 2 2 

0.30-0.39 1 1 
0.40-0.49 1 1 
0.50-0.59 6 6 
0.60-0.69 26 26 
0.70-0.79 29 29 
0.80-0.89 30 30 
0.90-1.00 5 5 

Total 100 100 
Mean efficiency 0.7262 – 

Minimum efficiency 0.1562 – 
Maximum efficiency 0.9214 – 

 

* Source computed from MLE result. 
 

From the results of the study, it should be 
noted that technical efficiency of the sorghum 
farmers varied due to the presences of technical 
inefficiency. The attainment of an average tech-
nical efficiency of 72% indicates that efficiency 
of the farmers could be increased by about28% to 
attain maximum possible output. The results also 
suggests that farmers could increase output 
through more intensive use of land, seed and fer-
tilizer inputs given the prevailing state of tech-
nology. This could be achieved through devel-
opment of land by the government, prices of im-

proved seeds and fertilizers at the grass root 
should also be considered by the government so 
that the farmers can have access to these inputs at 
the right time and affordable. In the long run 
term, higher technical efficiency could be 
achieved by improving farmers’ educational sta-
tus. Also, extension agents should be adequately 
made available to the farmers at all times, so that 
they will have first hand information on new 
farming techniques and new innovations in agri-
cultural production that would ensure increased 
sorghum production in the study area. 
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