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ABSTRACT  
The study examined rice input-output relationship in Yobe State states, Nigeria. A multi stage sampling 

technique was used to collect primary data from 300 rice farmers in three major rice producing local 

governments in the state. The data was collected with the aid of questionnaire. The data was analysed 

using stochastic production frontier to determine input-output relationship of rice farmers and to identify 

and estimate determinants of technical efficiency of the rice farmers. Given the specification of Cobb 

Douglas frontier model, the input-output relationship result shows that there was a positive and significant 

relationship between rice output and the farm size, quantity of seed planted, fertilize applied, and 

irrigation service and insecticides at 5% level of probability implying that increases in the quantity of 

these inputs lead to increases in rice output. The quantity of herbicide and green manure use has positive 

relationship with rice output but not statistically significant at 5 percent probability level; the coefficient 

of labour and hired machine were negative at 5 percent probability level indicating that increase in the use 

of these inputs decrease output level. There was a return to scale value of 0.51 indicating a decreasing 

return to scale. The implication of decreasing-returns-scale in this study means farmers can still increase 

the level of output at the current level of resources at their disposal as the farmers are not using their 

resources efficiently. The estimated value of gamma (γ) was 57% and was significantly at 5 percent, 

thereby, establishing the fact that inefficiencies exists among these farmers. In other words, 57% of the 

difference between the observed output and the potential production output was due to technical 

inefficiency. The mean technical efficiency for small scale rice farmers was 63%. This suggests that 

technical efficiency could be increased by 37% given the current level of technology if the available 

resources are efficiently utilized. The study recommends that research institutes should undertake a 

thorough extension exercise to advise the rice farmers in the study area on the recommended input usage 

and application rates. 

Keywords:  Input, Output, Stochastic frontier, Cobb-Douglas   

  

INTRODUCTION 

Rice is a staple food of more than 50% of world population (Saka, & Lawal (2009. P.23). the food 

security of rice consumers depends on greater national, regional and international effort and investment 

towards achieving sustainable production increase. Increasing rice production is a complex process 

involving more intensive and extensive use of land, water, increased availability of basic agricultural 

inputs such as seed, fertilizers, biocides etc. The productivity of rice cultivation in the developing country 

is low while there is a higher potential for production increase. In Nigeria, the country average yield is 

about 3 metric tons per hectares while the yield of East Asia countries like Japan has about 6 metric tons 

per hectare. The variation in the yield is reflecting the uneven distribution (inefficiency use) of inputs and 

skills (United State Agency for International Development, 2014, p.54). 

The desire to stem increasing local rice supply deficit and reverse persistent rice importation has 

prompted Federal Government policy actions and interventions. These policies and programmes include: 
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the Federal Rice Research Station (FRRS), established in 1970 and in 1974 the FRRS changed to the 

National Cereals Research Institute (NCRI); the River Basin Development Authorities (RBDAs), 

established in 1977; and Abakaliki Rice Project (ARP), established in 1978; the Presidential Initiative on 

Rice (PIR), established in 1999; the National Program for Food Security (NPFS), the first and second 

phases were launched in 2001 and 2007 respectively and Agricultural Transformation Agenda (ATA) was 

launched in 2012.  

Despite these numerous efforts and policies to increase rice farming, there has not been any significant 

improvement. The difficulties in improving the yield could be attributed to the inefficient farm 

management despite the intensive use of inputs.  

In Yobe state, the state government provides irrigation facilities and other farm inputs such as fertilizers 

and pesticides to attract more rice farmers to the agricultural sector. According to the state government, 

the state is determined to become a major producer of rice and wheat among other vegetables that are in 

high demand for house hold and industrial use. The federal government under the ANCHOR borrower 

scheme distributes farm inputs to13, 992 in Yobe state to boost rice production in the state in 2018 

(Matazu, 2018). Input distribution was aimed to boosting rice production in the study area so as to bridge 

the gap created by the banned of rice importation by the federal government. Despite numerous efforts 

and policies to increase rice farming, Yobe state is still agriculturally backward in Nigeria and there has 

not been any significant improvement in the Yobe rice-subsector 

A number of broad economic and environmental constraints have been identified that are militating 

against improving production and economic efficiency levels as well as higher output by rice farm 

households. These are: low utilization of fertilizer and other farm chemicals, use of poor varieties of rice 

seeds, impact of market failures, failure of extension services, and lack of rural infrastructure (Nin-Pratt, 

Johnson, Magalhaes, Diao & Chamberlin, 2010, p. 36). Other factors include: frequent floods, irregular 

patterns of rainfall, water shortage, and poor credit delivery to farmers. As a consequence, many small-

scale rice farmers in are trapped at subsistence levels of rice production, discouraging taking actions to 

promote a higher productive and economic efficiency and the commercialization of rice production.  The 

aim of this paper is to analysed the efficiency of  rice input-output relationship in rice production in Yobe 

state. 

 

Theoretical Framework  

Koutsoyians (1979) conceptualized a production as a purely the technical relationship between the 

physical inputs and output. It describes the law of proportion, represent the technology of the firms and 

include all the technically efficient methods of production. According to Jhingan (2003), a production 

function expresses a functional relationship between quantities of inputs and outputs. It shows how and 

what extent output changes with variation in inputs during a specified period of time. Technical and 

allocative efficiency are two important concepts relating to production function. Technical efficiency 

refers to the ability of producer to obtain a certain level of output while allocative efficiency is the ability 

to choose the level of inputs that maximizes profit, given a factor cost (Olayide & Heady 1982). 

According to Umoh and Yusuf (1999), productivity is generally measured in terms of land, labour, 

fertilizer, herbicides, tools, seed, and equipment etc. Alipour (2012) identified two measures of 

productivity, namely partial productivity and total productivity. Partial productivity is measured as a ratio 

of output to a single input (p. 53-66). The ratio of output to all inputs combined is the total factor 

productivity. Generally two approaches are used in measuring total factor productivity. These are the 

growth accounting or index number approach and the econometric or parametric method. The 

econometric method is based on an econometric estimation of the procedure. 

Cobb-Douglas production model is used extensively used for examining the relationship between inputs 

and production (Slim, Burhan & Cemal, 2009,p. 427-428). Several structural forms of Cobb-Douglas 

production are used for assessing the relationship between energy inputs and crop yield but in practice the 

commonly used forms are linear, logarithmic, second degree polynomial function and Cobb-Douglas 

function.   
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Cobb-Douglas production function is used more than the others because it satisfies the economic, 

statistical and econometric criteria of many studies (Ogidi 2003). According to Singh, Mishra and Nahar 

(2002), Cobb-Douglas production function yielded better estimates in terms of statistical significance and 

expected signs of parameters than linear, logarithmic, second degree polynomial function. 

This research work therefore adopted Cobb-Douglas production. Cobb- Douglass model can be expressed 

mathematically as follows:   

lnYi=lnα+  (Xij)+  --------------------------------------------------------------------------- (1) 

where i =1.2,…n, Yi  denote the yield level of the ith farmer, Xij is the vector of inputs used in the 

production process, α is a constant, represent  the coefficients of inputs which are estimated from the 

model and i is the error term for farm. 

 

METHODOLOGY  
Research Design  
In this study, cross-sectional type of design was used. These include exploratory and explanatory designs to 

describe each of the many variables that are necessary for the study. 

Population of the Study and Sample 
The population of this study comprised of all rice farmers in the selected local governments in Yobe State. A 

list of 402 rice farmers in the three selected local government was obtained from Yobe state Agricultural 

Development Project, Damaturu. This study adopts multistage sampling technique because using all the 

elements in the selected clusters may be prohibitively expensive or unnecessary. This was done using the 

administratively delineated Yobe agricultural zones by Yobe state Agricultural Development Project. The state 

is divided into three agricultural zones. These are zone A, B, and C. the three zones were taken as the sampling 

units as first stage of sampling. At the second stage, one local government area was randomly selected to 

represent each zone making a total of three (3) local governments. The third stage involves the random 

selection of villages from each local government. On the whole, six rice production villages (Balle, Shuwari, 

Kurkushe, Zabudum, Gashua and Azbak) were selected from the respected local governments. The simple 

random sampling was utilized to pick respondents from each of the selected villages. In other to avoid bias in 

the selection of the respondents from each of the selected villages, a proportionate sampling was used. In 

proportionate sampling, the proportion of the rice farmers in the population are reflected in the sample and it is 

given as: 

 

 = X sample size 

Table 1: Sample size of the population 

LGAs Villages Population Sample size 

Gediam Balle 81 
 X 300=60 

Shuwari 53 
  X 300=40 

Jakusko Kurkushe 67 
X 300=50 

Zabudum 55 
 X300 =41 

Bade Gashua 79 
X300=59 

Azabak 67 
 X 300=50 

Total   402 300 

Source: Author’s Computation 
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Model specification 

Stochastic (Cobb-Douglas) frontier production function was specified on the survey data to determine 

input-output relationship in rice production. Thus, the neo-classical two-factor Cobb-Douglas production 

function in this study was denoted as:  

 

Yt = e
at
 L

b
 K 

(1-b)
, for 0<b< 1.------------------------------------------------------------------------------(2) 

 

Where: Yt is output, K is the physical capital input and L is labour or human capital input,  e
at 

is the 

production efficiency, while b and i-b super subscripts, represent the output elasticity relative to labour 

and capital. 

The stochastic production function for the estimation of technical efficiency of rice farmers in the study 

area was expressed in a log-linear form as: 

lnY = o + lnXi +I  --------------------------------------------------------------------------------(3) 

lnYi = βo + β1lnX1+β2lnX2+β3lnX3+β4lnX4+β5lnX5 + β6lnX6+ β7lnX7+ β8lnX8+ β9lnX9+ +Vi-Ui-------(4) 

The  a prior expectation is that all estimated coefficient of inputs carry positive sign which indicate an 

increase in the quantity of the inputs lead to an increase in rice output in Yobe state  

Where;  

ln = Natural Logarithm, Yi = Quantity of rice output (kg),  X1 = Farm size (ha),  X2 = Quantity of seed 

used (kg),   X3 = Quantity of fertilizer (kg),  X4 = Labor input used (both family and hired labor) (man 

days),  X5 = cost of hiring machine (#),  X6= quantity of insecticide (liters), X7=quantity of herbicides 

(Liters), X8= green manure (kg),  X9=Irrigation service (#),    Vi = Error term which are random variables, 

Ui = Error term which are non-random variables or technical inefficiency effect, βo = Intercept, β1-β9 = 

Regression coefficient   

The a-prior expectation for each of the production inputs was positive on output, meaning that output 

elasticity for each parameter was expected to be positive.  

The sources of technical inefficiency is modeled in terms of rice farmers’ characteristics and specified as: 

U=σo nZi ----------------------------------------------------------------------------------------------(5) 

U=   δ0 + δ1Z1i+ δ2Z2i+ δ3Z3i+ δ4Z4i+ δ5G5i+ δ6Z6i+ δ7Z7i+ δ8Z8i+ δ9Z 9i+ δ10Z 10i + δ1 Z11i +ui --(6) 

 Where Ui is the technical inefficiency indices based on SFA estimation; Z1 = gender, Z2 = marital status, 

Z3 = age, Z4 = access to credit, Z5 = varieties, Z6 = access to market information, Z7 = access to extension, 

Z8 = level of education, Z9 = years of experience, Z10 =household size, Z11 = Membership of cooperative 

society. 

These socio-economic variables are included in the model to indicate their possible influence on the 

technical efficiencies of rice farmers in the study area. The a priori expectation is that all the estimated 

independent variables Z1 to Z11, will carry negative signs which indicate that the associated variables has 

a negative effects on inefficiency and a positive sign indicate that the reverse is the case.  
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DATA PRESENTATION AND ANALYSIS 
Table 2:  Maximum likelihood Estimate of the Translog Stochastic Production Frontiers 

Variable                          coefficient                         standard error                             t- ratio 

Constant                           5.906                                      0.222                                         26.667* 

Ln farm size                     0.274                                      0.052                                         5.325* 

Ln seed                            0.326                                       0.051                                         6.352* 

Ln fertilizer                      0.014                                       0.008                                        1.773* 

Ln labour                        -0.02                                       0.013                                       -0.161*                                       

Ln machine                     -1.216                                      0.296                                        -1.786* 

Ln  insecticides                0.384                                       0.294                                        1.304*             

Ln  herbicides                  0.530                                       0.383                                        1.345 

Ln  green manure             0.002                                      0.010                                         1.211 

Ln irrigation                     0.210                                       0.310                                        1.341* 

_________________________________________________________________________ 

Sigma square  σ2               1.324                                           0.332                    4.597 

Gamma                 0.57                                          0.129                              4.171* 

Likelihood function        -463.4 

Chi square                        103 

Prob.> Chi-square              0.0 

Min-efficiency                    5 

Max efficiency                  88 

Mean efficiency                63 

                                                        

* Significant at 5% level; ns not significant 

Source: STATA Version 14.1 Computer software  

 

Productivity of farm inputs in rice production 

Technical efficiencies was estimated and the values of the likelihood ratio (LR= -463.45), sigma 

square (σ
2
 = 1.324) and chi-square (P>0.000) in table 2 above indicated that the model had a 

good fit and that inefficiency effects of a stochastic nature existed in the study areas. Given the 

specification of Cobb Douglas frontier model, the results show that there was a positive and 

significant relationship between rice output and farm size, quantity of seed planted, fertilizer 

applied, irrigation service and insecticides applied at 5% level of probability. This indicated that 

the use of these variables increased significantly the rice frontier outputs.  

 The coefficient of farm size (0.274) was positive and highly significant at 5 percent level. This 

indicates that farm size has a positive relationship with output. This implies that a unit increase 

in the variable under static condition of other explanatory variables result in increased output 

level by 0.21 percent. This result is in conformity with Ntuokwa and James (2012).  

The coefficient of quantity of seed (0.326) was positive and significant at 5 percent level. This 

indicates that higher seed rate or improved seed rate would result in high yield and this result 

also agrees with Ntuokwa and James, (2012).  

Quantity of herbicide and green manure applied were positively related to rice output but were 

not statistically significant at 5 percent level of probability; meaning that increase in any of this 

would result in increase in output but not significantly. The result also showed that there was a 

negative relationship between rice output and the quantity of Labour applied and machine hiring. 

The implied that the increased use of labour by 5 percent reduced quantity of rice output by 

0.210 percent, meaning that the farmers were operating at the third stages of production function, 
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when marginal output becomes zero and total output starts to fall. More labour per hectare is 

currently being employed than is needed. This may be due to the fact that farm labour is 

relatively cheap in the study area and farm activities are usually carried out in groups. This 

system results in more labour being employed than is necessary. This finding is consistent with 

the study done by Rahman et al. (2012) on a stochastic frontier approach to model technical 

efficiency of rice farmers in Bangladesh: An Empirical Analysis also recorded a negative 

coefficient for labour for all the farm sizes. But disagree with the work of Himayatullah and 

Imranullah (2011)  

The coefficient of machine is also negative and significant at 5 percent. This is due to small and 

sparsely distributed farm cultivated by rice farmers were mechanization of the field difficult. 

This result disagrees with the study done by Bäckman, Islam & Sumelius (2012) on determinants 

of technical efficiency of rice farms in north-central and north-western regions in Bangladesh (p. 

73-94). This variable showed a positive relationship to mean output (0.631). 

The key parameter is γ (gama), and is bounded between 0 and 1, where if γ=0, inefficient is not 

present, and if γ=1, there is no random noise (Battese and Coelli, 1995). The estimated value of γ 

is 57% and is significantly at 5 percent level of probability, thereby establishing the fact that 

inefficiencies exists among these farmers. In other words, 54 percent of the difference between 

the observed output and the potential production output was due to technical inefficiency and 46 

percent of the deviations from the production frontier are occasion by the noised. The return to 

scale value of 0.51 (0.274+0.326+0.014+-0.02+-0.216+0.384+0.530+0.002+0.210=0.51) 

indicates a decreasing return to scale. The return to scale parameter indicates what happens when 

all production resources are varied in the long run by the same proportion. The implication of 

decreasing-returns-scale in this study means farmers can still increase the level of output at the 

current level of resources at their disposal as the farmers are not using their re-sources 

efficiently. 

 The estimates of predicted technical efficiency showed a wide variation among and within 

sampled populations (looking at the minimum, maximum and mean values) of rice in the above 

table. The wide variation in technical efficiency estimate is an indication that most farmers are 

still using their resources inefficiently in the production process and there still exists 

opportunities for improving on their current level of technical efficiency. The mean technical 

efficiency for rice farmers is 63%. This suggests that technical efficiency could be increased by 

37% given the current level of technology if the available resources are efficiently utilized.  
Table 3. Maximum likelihood Estimate of Determinants of Technical Efficiency in Rice Production 

 Variables                                  Parameter     Coefficients        Standard error            T-ratio 

Constant                                           δ0                            0.524                     0.608                     0.775* 

Gender                                             δ1                             0.394                     0.009                     0.016 

Marital status                                   δ2                             0.220                     0.017                      0.004 

Age                                                  δ3                             - 0.045                    0.181                   - 0.014* 

Access to credit                               δ4                                 -0.040                     0.104                   - 0.077*  

Varieties                                           δ5                             -0.021                    0.176                     -0.978* 

Accesses to market information      δ6                             - 0.080                    0.286                     -0.510* 

Access to extension                         δ7                            - 0.109                     0.169                    - 0.012* 

Level of education                           δ8                             -0.530                    0.037                     - 0.642* 

Years of experiences                        δ9                             -0.360                    0.211                     -0.230* 

Household size                                  δ10                          -0.040                   0.263                     - 0.113 

Membership of corporative society δ11                         - 0.080                    0.348                      -1.060* 

 

* Estimate is significant at 5% level  

Source: STATA Version 14.1 Computer software  
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Social, economic, demographic and institutional factors are hypothesized to have influences on 

the rice farmers‟ technical efficiencies in all the three selected local government areas of the 

state. An attempt was made to ascertain the sources of technical inefficiency differential among 

rice farmers across the three local government areas combined. The coefficients of the 

exogenous variables in the technical inefficiency model are of particular interest in terms of 

making policy options for performance improvement. As a rule, a negative sign on an 

inefficiency parameter means that the variable reduces technical inefficiency, while a positive 

sign increases technical inefficiency.    

Out of the eleven exogenous variables that explained technical inefficiency variable eight were 

statistically significant and carried the expected signs as showed in table 3 above. The age of the 

farmers, varieties, access to market information, years of rice production experience, years of 

schooling, extension visits on rice production area, membership of cooperative society and 

access to credit significant factors found to explain technical inefficiency in rice production in 

the study areas.  Gender and marital status does not carry the expected signs while the household 

sizes carries the expected signs but were not significant at 5 per cent. 

The variable age of the farmers is positive and statistically significant at 5% levels level. This 

suggests that younger farmers are more efficient than the older ones across the three local 

governments’ combined. The reason for this is probably because the age variable picks up the 

effects of physical strength as well as farming experience of the farmer. Although farmers 

become more skillful as they grow older, the learning by doing effect is attenuated as they 

approach older age, as their physical strength starts to decline.  This finding is consistent with 

study by Amaza and Maurice (2005) in which they found that age of rice farmers was a good 

determinant that decreases technical inefficiency and concluded that younger farmers were more 

efficient than the older ones. Also, Awotide, Ezihe, & Odoemenem, (2010) observed that age of 

rice farmers in Nigeria is positively correlated with the rate of adoption of improved rice 

technology which invariably increases the efficiency level of the farmers (p.12).   

The variable years of schooling is used as proxy for managerial input. Increased farming 

experience coupled with higher level of educational achievement may probably lead to better 

assessment of the importance and complexities of good farming decision, including efficient use 

of production inputs. Results suggest that years of schooling and years of experience in rice 

production across the three local governments combined were negative and statistically 

significant determinants of a farmer’s technical efficiency. Years of schooling reduces 

inefficiency significantly at 5 per cent levels in the production area. Similar findings was 

reported by Saka and Lawal (2009) in which they noted that more educated rice farmers are more 

likely to be efficient as compared to the less educated counterparts as a result of their better 

access to information and experience as well as good farm planning and high rate of 

adoption(p.23-32).   

Amount of credit variable was used to capture the effect of credit usage on the technical 

efficiency of the rice farmers. It is assumed that the availability of credit soften the constraints of 

high prices of modern production inputs, facilitating timely access of inputs and hence is 

supposed to increase the technical efficiency of the farmers. In line with this assumption, the 

variable is found to be negative and statistically significant at 5 per cent levels in the production 

area. This suggests that availability and accessibility of credit is an important factor for achieving 

a higher level of technical efficiency. The finding is consistence with that of Usman and 

Suleiman (2010) who noted that technically inefficient farmers can possibly get more efficient in 
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the short run by facilitating their access to credit. Access to improved varieties and market 

information improve technical efficient at 5 per cent level of probability. 

The number of extension visits and membership of cooperative variables show the expected 

negative signs and are statistically significant determinants of technical efficiency in the study 

area. The decreased inefficiency level with more number of extension visits a membership of  

farmers‟ cooperative society were most probably due in large part adopting the improved and 

recommended practices of rice production brought to them by extension officers individually or 

through the farmers‟ cooperatives. This result agrees with the finding of Jirgi Abdulrahman & 

Ibrahim (2009), who observed that extension visit reduces technical inefficiency and increases 

farmers‟ productivity among rice farmers in Niger State, Nigeria, (95-101).    

 

CONCLUSIONS AND RECOMMENDATION 

This study was undertaken to determine the efficiency of input-output relationship in rice 

production in Yobe state using stochastic frontier model approach. The results revealed that farm 

size, quantity of seed planted, fertilize applied, irrigation service and insecticides have significant 

effects on the output of rice production at 5% level of probability implying that increases in the 

quantity of these inputs lead to increases in rice output. The quantity of herbicide and green 

manure use has positive relationship with rice output but not statistically significant at 5 percent 

probability level; the coefficient of labour and hired machine were negative at 5 percent 

probability level indicating that increase in the use of these inputs decrease output level. The 

results revealed that the age of the farmers, varieties, access to market information, years of rice 

production experience, years of schooling, extension visits on rice production area, membership 

of cooperative society and access to credit decrease technical inefficiencies of the rice farmers in 

the study area. 

The study recommends that research institutes should undertake a thorough extension exercise to 

advise the rice farmers in the study area on the recommended input usage and application rates. 
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