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ABSTRACT    

  This study comparatively examined the demographic and production characteristics of rain-fed upland rice 

farmers in Osun and Oyo states of Nigeria; estimated the profitability of rain-fed upland rice production as well as 

determined the technical efficiencies of rain-fed upland rice production in the study areas. A combination of purposive and 

multi-stage random sampling techniques were employed in obtaining primary data from 300 rain-fed upland rice farmers in 

the study areas, and the data obtained were analyzed using descriptive statistics, gross margin analysis, performance ratios 

and the stochastic frontier production function analysis. 

 Results showed that the mean ages of the rice farmers were about 44 years and 38 years while the mean rice 

farm sizes were 1.3 ha and 1.9 ha for Osun and Oyo states respectively. Rice paddy outputs averaged about 1,679.5kg/ha in 

Osun while that of Oyo state was about 1,158kg/ha. Rice paddy farmers in Osun state earned average gross margin/ha of 

N34, 181.38 while their counterparts in Oyo State received N25, 448.84. The benefit cost ratio of 2.69 and 2.49 obtained 

for rice farmers in Osun and Oyo states respectively, showed that rain-fed upland rice production is a worthwhile 

investment.  

 Results of the stochastic frontier production function analysis showed that land was the most productive 

resource with elasticity of production of 0.961 and 0.314 for Osun and Oyo states respectively while the predicted 

technical efficiency estimates showed that rain-fed upland rice farmers in Oyo state (with mean technical efficiency of 

94.3%) were more technically efficient than their counterparts from Osun state (with mean technical efficiency of 90.1%). 

 The results showed that although rice enterprise was profitable in the study areas, rain-fed upland rice farmers 

were not fully technically efficient in the use of production resources available to them.     
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INTRODUCTION 

 In spite of the dominance of petroleum as the major revenue earner in Nigeria, agriculture still constitutes a very 

significant sector of nation’s economy.  Almost 70% of the Nigeria populace obtains their means of livelihood from 

agriculture which also provides raw materials for the manufacturing sector and the generation of foreign exchange 

(Odoemenem and Inakwu, 2011). 

 Rice, Oryza sativa, has been cultivated in parts of the Northern parts of Nigeria since the sixteenth century but its 

importance in the food economy of the nation dates back to the early 20th century (Agboola, 1979).  Today, rice is 

cultivated in virtually all the agro-ecological zones in Nigeria, but on a relatively small scale.   According to PCU (2001), 

in the year 2000, out of about 25 million hectares of land cultivated to various food crops, only about 6.7% was under rice.  

According to WARDA (1993), rice has become a staple food of considerable strategic importance in many rapidly growing 
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African cities where its consumption among urban poor households has increased substantially. It is one of the most 

popular food commodities in Nigeria being widely accepted and consumed in one form or another by households across all 

ethnic, religious, and geopolitical zones in the country. Its economic importance is also strengthened by the fact that unlike 

other cereals,  rice is less prone to storage pest attacks and as such, may be stored over a relatively longer period 

(Aderinola, 1997).  

 Despite efforts by several government agencies in Nigeria, a wide gap continues to exist between domestic rice 

supply and demand in the country. The insufficiency in rice production in Nigeria has been attributed to low (and 

declining) yield. Specifically, rice yield in Nigeria dropped from about 1.5 tons per hectare in 1997 to 1.01 tons per hectare 

in 2003 (FAO, 2004). As a result of divergence in supply and demand gap, imported rice has continued to be sourced to 

supplement domestic production. The rice import bill for Nigeria, which was N123.61 million in 1980 (Okorji and 

Onwuka, 1994), was projected to rise to N9.72 billion in year 2000 (FOS, 1998). This did not only drain the nation’s 

foreign exchange reserves but almost virtually crippled the domestic rice industry. In Nigeria, the diverse rice production 

conditions cover three major ecologies of rain-fed upland, rain-fed lowland and irrigated lowland (Odoemenem and 

Inakwu, 2011).  

 The south western Nigeria which is noted for its large land area (916,380 ha), suitable for rain-fed upland rice 

production, had the highest indices of productive efficiency in rice in the country (Aderinola, 1997). However, much of the 

estimated potential hectarages suitable for rain-fed upland rice production had not been put into productive use (Adesimi 

and Fabiyi, 1995). Despite the great potential of rain-fed upland rice production in Southwestern Nigeria, no empirical 

study had been conducted to economically appraise and compare the performance of rain-fed upland production in Osun 

and Oyo states of south western Nigeria.  

 Thus, this paper examined the demographic and production characteristics of rain-fed upland rice farmers; 

determined the profitability of rain-fed upland rice production; estimated and compared the technical efficiencies of rain-

fed upland rice farmers in the study areas.  

        It was therefore hypothesized that:  (i) rain-fed upland rice farmers were producing in the efficient region of 

production surface, and (ii) there was no technical inefficiency effects in rain-fed upland rice production in the study areas. 

MATERIALS AND METHODS 

1. The Study Areas 

 The study was conducted in Osun and Oyo states of Nigeria. These two states are among the six states constituting 

the South western zone of Nigeria. The other four states are Ekiti, Lagos, Ogun and Ondo States. Oyo state spans an area 

of 28,454 square kilometers (2,845,400 Ha) while Osun state spans an area of 9,251 square kilometers (925,100 Ha) (FOS, 

1997). The two states have two distinct ecological zones: The moist forest to the south and the intermediate savannah to 

the north. The climates in the areas are of tropical type with two distinct rainfall patterns suitable for upland rice 

production. The rainy season, which marks the agricultural production season is normally between the months of April and 

October.  

 The heaviest rainfalls are recorded between the months of June and August while driest months are November to 

March.  The average total annual rainfall ranges between 1000mm and 1500mm with high daily temperature ranging 

between 280C and 300C (FAOSTAT, 2004). Agriculture is the main occupation of the people and small-scale traditional 
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farming system predominates in the area. The major food crops grown in the areas are:  maize, rice, yam, cassava and 

cocoyam. 

2. Sources of Data and Sampling Techniques  

          Primary data which were supplemented with secondary data were used for this study. The primary data were 

obtained through sample survey using structured questionnaire, administered by trained enumerators under the supervision 

of the researcher. The secondary data were obtained from publications of the Federal Office of Statistics (FOS), Food and 

Agricultural Organization (FAO), State Agricultural Development Programmes (ADPs), journals and other relevant 

publications.  

 The study used a combination of purposive and multi-stage random sampling techniques in order to obtain the 

relevant data.  The first stage involved purposive selection of the two Local Government Areas (LGAs) noted for rice 

cultivation in each of Osun and Oyo states. These are Atakunmosa East and Oriade LGAs from the Ife/Ijesa agricultural 

zone in Osun state and Ogo-Oluwa and Surulere LGAs from Ogbomoso agricultural zone in Oyo state. The second stage 

involved random selection of six towns/villages from the list of rice-growing towns/villages obtained from the Information 

Unit of each LGA-making a total of twenty–four villages comprising of twelve villages from each state. 

  The last stage involved a simple random sampling of thirteen rice farmers from each of the 24 villages in both states. 

Thus, a total of 312 farmers out of all the population of rain-fed upland rice farmers were interviewed, using a structured 

questionnaire with interview schedule. However, 300 well-completed copies of the questionnaire, representing 150 

respondents from each of Osun and Oyo states were used for the analysis.  

3. Methods of Data Analysis                

Descriptive statistics, budgeting technique and stochastic frontier production function were employed to analyse the data 

for the study. 

a. Descriptive Statistics      

 The descriptive statistics used were: mean, standard deviation, minimum and maximum values. They were used to 

discuss the demographic and production characteristics of rice farmers.   

b. Budgeting Technique     

 The budgeting technique involved the use of gross margin (GM) to determine the profitability of the rice cultivation. 

The GM is as specified by equation (1) below. 

iii TVCTRGM −=     ………………………………            (1)                       

Where:  GM  =     Gross margin (N/farmer); 

    TR  =     Total revenue from the sale of paddy rice (N); 

    TVC =     Total variable cost (N);  

 The TR from the sale of paddy rice was the value of total sales and imputed value of paddy used for home 

consumption. Other measures of profitability and economic performance of rain-fed upland rice production adopted for 

this study were: 

(a) Benefit Cost Ratio= TR/TC ………………………………            (2) 
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(b) Rate of Return on Investment (%) =NR/TC*100 ………….           (3) 

(c) Gross Ratio = TC/TR ………………………………………          (4) 

(d) Expense Structure Ratio = FC/TC ………………………….          (5)   

       (Harsh et al, 1981) 

c. The Stochastic Frontier Model   

 For the purpose of this study, the stochastic frontier production functions where the functional form of the 

production frontier is Cobb-Douglas proposed by Battese and Coelli (1995) and used by Yao and Liu (1998) was applied 

in the analysis of data to capture the efficiency of rain-fed upland rice farmers.  The Cobb-Douglas functional form is 

easily adaptable for most agricultural productions.  It has been widely used in many empirical studies in agriculture 

especially in developing countries (Xu and Jeffrey, 1998).  According to Heady and Dillon (1966), Cobb-Douglas 

functional form possesses some unique characteristics which make it easy to work with.  These characteristics include:     

1. when the input and output quantities  are transformed to their logarithms, the resultant function  is linear in 

the log, hence it is easy to fit data with the Cobb-Douglas form; 

2. the estimated co-efficients  are  the direct elasticities of production and,  

3. the sum of estimated  coefficients are used to deduce returns to scale (RTS) directly.      

 The model of the stochastic frontier production for the estimation of the TE is specified as: 

           Yi=f (X i,β)+Vi-Ui ……..……………………………………           (6) 

This is log-linearised as:  
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Where subscript i refers to the observation of the i th farmer, and 

 Y = output of rice grain (kg); 

 X1 = land area devoted to rice cultivation (ha); 

 X2 = family labour used (man-days); 

 X3 = hired labour used (man-days); 

 X4 = quantity of fertilizer used (kg); 

 X5 = quantity of rice seed planted (kg); 

 X6 = amount spent on agrochemicals (N); 

 X7 = amount spent on implements (N); 

 βi's = the parameters to be estimated. 

 ln's = natural logarithms. 

 Vi = the two-sided, normally distributed random error. 
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 Ui = the one-sided inefficiency component with a half-normal distribution. 

The Inefficiency Model 

 For this study, it is assumed that the technical inefficiency measured by the mode of the truncated normal 

distribution (i.e. Ui) is a function of socio-economic factors (Yao and Liu, 1998). Thus, the technical efficiency in equation 

(7) was simultaneously estimated with the determinant of technical efficiency defined by: 

)8(..................................................55443322110 iiiiii ZZZZZU δδδδδδ +++++=  

Where: 

 Ui = technical inefficiency of the ith farmer; 

 Z1 = age of farmer (years); 

 Z2 = years of education; 

 Z3 = number of contacts with extension agent; 

 Z4 = years of farming experience; 

 Z5 = amount of credit available; 

 si
'δ  = the parameters to be estimated. 

 In the presentation of estimates for the parameters of the above frontier production function, two basic models were 

considered. Model 1 is the traditional response function in which the inefficiency effects (Ui) are not present. It is a special 

case of the stochastic frontier production function model in which the parameter γ = 0. Model 2 is the general frontier 

model where there is no restriction in whichγ , s2σ  are present.   The estimates of the stochastic frontier production 

function were appraised using the generalized likelihood ratio test, and the T-ratio for significant econometric relevance. 

RESULTS AND DISCUSSION 

Demographic and Production Characteristics of Rain-fed Upland Rice Farmers   

           Table 1 shows the summary statistics of selected demographic and production characteristics of the rice farmers. 

The  minimum and maximum age of rice farmers in Osun state were 21 and 70 years respectively with the  mean age of 

about 44years, while the minimum and maximum age of rice farmers in Oyo state were 20 and 62 years respectively with 

the mean age of about 38 years. The summary statistics of age obtained for the respondents suggest that in addition to 

being energetic, rice farmers in the study areas would be receptive to innovations to boost rice production hence, profits 

level; all other factors remaining unchanged. The respondents had about 3 years of formal education in Osun state and 4 

years of formal education in Oyo state.  The level of education attained by a farmer is known to influence the adoption of 

innovation, better farming decisions making including efficient use of inputs. The findings on education reported in table 1 

implied that the literate farmers would be more innovative than the non-literate farmers there by boosting rice production 

all other factors remaining unchanged. The average household size per farming family was 3 persons in Osun state and 

about 7 persons in Oyo state. The size of the household affects the amount of farm labour, determines the food and 

nutritional requirements of the household, and often affects household food security. The results on household size shows 

that the respondents in Osun state had moderately small household sizes while their counterparts in Oyo state had large 
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household sizes.  It is expected that the family members of a farm operator will contribute labour to farm work, thus, the 

farmer’s family in the study areas assisted in planting, weeding, bird scaring and harvesting of rice.  The mean amount of 

credit available to rice farmers in Osun state was about N6, 101 while the mean amount of credit available to their 

counterpart in Oyo state was about N10, 967.  It is expected that the larger the amount of credit available to rice farmers, 

the greater the encouragement of these farmers in the adoption of improved technologies to enhance rice productivity. The 

mean output of rice paddy production was about 2183kg from an average of 1.3ha of farmland in Osun state and 2200kg 

from an average of 1.9ha of farmland in Oyo state, while the average revenue was about N65, 486 in Osun state and N74, 

349 in Oyo state. The crop output of any farmer depends on the size of farm he operates.  It is revealed from the results in 

table 1 that farm sizes cultivated are generally small scale in nature (Olayide, 1980).   Average profit made by rice farmers 

in Osun State was about N41, 132.74 and about N44, 476.8 in Oyo state.  

Table 1:  Summary Statistics of Demographic and Production Characteristics of Rain-Fed Upland Rice 
                   Farmers in the Study Area 

 
Demo-graphic Variable Osun State Oyo State 

Min Max Mean SD Min Max Mean SD 
Age (Years) 21 70 44.3 11.3 20 62 37.5 6.7 
Education (Years) 1 15 3.2 3.4 1 17 4.2 3.9 
Experience (Years) 2 52 14.1 9.9 1 34 10.5 7.0 

Household Size (No) 1 15 3.2 3.4 1 20 6.7 3.2 

Product-ion Variable 
Farm Size (Ha) 0.3 6.0 1.3 0.9 0.1 13.0 1.9 1.7 

Amount of Credit (N) 1000 60000 6100.7 8838.3 500 45000 10966.9 10232.3 

Output (kg) 500 9500 2183.3 1387.97 150 10000 2200.4 1516.7 

Revenue (N) 18000 285000 65486.4 41650.14 600 455000 74349.3 51078.6 

Profit (N) -2675 208050 41132.74 34393.6 -19600 237700 44476.8 32602.5 

 
Min = minimum values; Max = maximum values; SD = standard deviation. 

(US1 dollar =132 Nigeria naira) 

Source: Results obtained from Data Analysis. 

Budgetary Analysis 

 Table 2 presents the results of profitability analysis for rain-fed upland rice farmers in the study areas. Table 2 

shows the estimate of the costs, revenues as well as gross margin which was used to determine the profitability of rain-fed 

upland rice production in the study areas.  The gross margin per hectare is defined as the difference between gross revenue 

per hectare and total variable costs of production per hectare. The table 2 showed that average total variable costs per 

hectare were N16, 192.77 and N13, 682.35 for paddy farmers in Osun and Oyo states respectively. Cost of labour 

accounted for 57.86 percent and 71.76 percent of average total variable costs per hectare of paddy farmers in Osun and 

Oyo States respectively.  

 Table 2 also shows the percentage of the total cost allocated to fixed and variable inputs. For a potential farmer 

who wants to invest in rain-fed upland rice production, 50.01 percent and 62.45 percent of the average total cost of 

production per hectare of paddy rice would be expended on hired labour in Osun and Oyo states respectively, 20.03 

percent and 4.31 percent would be spent on seeds in Osun and Oyo states respectively, 5. 40 percent and 11.27 percent 
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would be spent on fertilizer respectively in Osun and Oyo states, while 11.0 percent and 9.0 percent on agrochemicals 

respectively in Osun and Oyo states. For the fixed input items, 5.65 percent would be expended on land in both Osun and 

Oyo states respectively while 7.91 percent and 7.32 percent would be expended on tools respectively in Osun and Oyo 

states.  The average total revenue per hectare was about N50, 374.20 and N39, 131.20 for paddy farmers in Osun and Oyo 

states respectively.     

 The average gross margin per hectare for farmers in Osun State was N34, 181.38 while it was N25, 448.84 in Oyo 

State.  These results which conformed to the findings of Aderinola (1997); Agbamu and Fabusoro (2001); Odoemenem and 

Inakwu (2011) suggested that rice production was profitable in the two states. However, it was more profitable to produce 

rice in Osun state than Oyo state because of the highest level of gross margin per hectare obtained in the state; all other 

factors remaining unchanged. 

 The data in table 3 shows the summary of the performance ratios of the rain-fed upland rice farmers in both Osun 

and Oyo states.  The Benefit cost ratio (BCR) of 2.69 and 2.49 obtained for farmers in Osun and Oyo states respectively, 

showed that rain-fed upland rice production was a worthwhile investment since the ratios obtained were greater than one 

 (Harsh et al, 1981). 

 The rate of return (ROR) of 168.9% and 148.9% estimated for Osun and Oyo states respectively, indicated that for 

every N1.00 invested in rain-fed upland rice production, about  N1.70 naira and  N 1. 50 were gained as revenues in Osun 

and Oyo state respectively. The gross ratio (GR) of 0.37 and 0.40 obtained for Osun and Oyo states respectively implied 

that for every N1.00 returns to rain-fed upland rice farming, 37 kobo and 40 kobo are being spent respectively by farmers 

in Osun and Oyo states.  

 The expense structure ratio (ESR) of 0.14 and 0.13 estimated for farmers in Osun and Oyo states respectively 

indicated that 14% and 13% of the total costs  rain-fed upland rice  production in Osun and Oyo states respectively were 

made of fixed cost components. The results of the performance ratios reported in table 3 therefore lend credence to both 

the viability and   profitability of the rain-fed upland rice production in both Osun and Oyo states of Nigeria. 

Table 2:   Average Costs and Returns Per Hectare of Upland Rice Production in Osun and Oyo States, Nigeria. 
 
 

Items Mean Figure Mean Figure 

 Osun % of 
TFC  

% of 
TVC  

% of 
TC  

Oyo % of 
TFC  

% of 
TVC  

% of 
TC 

Farm size (ha) 1.30    1.90    

Rice output (kg)  2183.3    2200.4    

Rice yield(kg/ha) 1679.48    1158.11    

Total Revenue (N) 65486.40    74349.26    

Total Revenue/ha 
(N/ha)  

50374.15    39131.19    

Variable Cost         
Cost of seeds (N) 4879.68  23.18 20.03 1286.32  4.95 4.31 
Cost of fertilizer  (N) 1315.79  6.25 5.40 3366.79  12.95 11.27 
Cost of labour (N) 12179.60  57.86 50.01 18656.09  71.76 62.45 
Cost  of agrochemicals 
(N) 

2675.53  12.71 11.0 2687.27  10.34 9.00 

Total Variable Cost  
(N) 

21050.60  100.0  25996.47  100.0  
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Items 
Mean Figure Mean Figure 

 Osun % of 
TFC  

% of 
TVC  

% of 
TC  

Oyo % of 
TFC  

% of 
TVC  

% of 
TC 

Total Variable 
Cost/ha(N/ha) 

16192.77    13682.35    

Gross Margin (N) 44435.80    48352.79    
Gross Margin/ha 
(N/ha) 

34181.38    25448.84    

Fixed Cost          
Rent on land(N) 
 

1376.99 41.69  5.65 1689.11 43.58  5.65 

Depreciation on 
tools(N) 

1926.07 58.31  7.91 2187.20 56.42  7.32 

Total Fixed Cost(N) 3303.06 100.0   3876.31 100.0  100.0 
Total Fixed Cost/ha 
(N/ha)   

2540.82    2040.16    

Total Cost (N) 24353.66   100.0 29872.78    
Total Cost/ha (N/ha) 18733.58    15722.52    
Net Farm Income (N)  41132.74    44476.48    
Net Farm Income/ha 
(N/ha) 

31640.57    23408.67    

 
(US1 dollar =132 Nigeria naira) 
Source: Results obtained from Data Analysis. 

 
Table 3: Performance Measures for the Rain-Fed Upland Rice Farmers in Osun and Oyo States 

 
Measure Osun  Oyo 

Benefit Cost Ratio 2.69 2.49 

Rate of Return on Investment 168.9 148.9 

Gross Ratio 0.37 0.40 

Expense Structure Ratio 0.14 0.13 

 
Source: Results obtained from Data Analysis. 
 
Maximum Likelihood Estimates of Stochastic Frontier Production Functions 
  
 The ordinary least squares estimates (OLS) (Model 1) and the maximum likelihood parameter estimates (MLE) 

(Model 2) of the stochastic frontier production functions for Osun and Oyo States are presented in tables 4 and 5. 

 The coefficients of the variables are very important in discussing the results of the analysis of data.  For Osun state, 

farm size had the highest coefficient with a value of 0.949 and 0.961 (Table 4) for the two models respectively. Farm size, 

family labour, quantity of fertilizer and amount spent on agrochemicals carried positive sign for the two models while 

hired  labour, quantity of rice seed planted and expenditure on implements carried negative signs. The variables with 

positive coefficients implied that any increase in such a variable would lead to an increase in rice paddy output, while an 

increase in the value of the variable with a negative coefficient would lead to a decrease in output of rice paddy.  Negative 

coefficient on a variable might indicate an excessive utilization of such a variable.  In Oyo state, however, all the variables 

carried positive signs (Table 5) while the coefficients of the farm size and hired labour were significant at 5.0% level of 

significance across the two states.  

 The elasticity of rice output with respect to farm size (from model 2) had the highest value across the two states 

(0.961 for Osun and 0.314 for Oyo). This was an indication of the fact that land was the most important factor in the 
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production of rice; hence, there was the need for the farmers to increase their farm size in order to increase the output of 

rice.  Other variables that were of significant importance in increasing rice output were hired labour, quantity of fertilizer, 

amount spent on agrochemical and family labour.   

 The sum of the elasticities (1.40 and 0.83) obtained from model 2 for Osun and Oyo states respectively showed that 

farms in Osun state had increasing returns to scale and that the rice farmers were operating in the irrational zone of 

production (Stage I). However, in Oyo state, returns to scale (RTS) parameter had a value between 0 and 1 (0.83), which 

showed that the rice farmers were operating in the rational zone of production (Stage II) and that the resources were being 

efficiently used in rice production in Oyo state. The overall economic implication of these results is that farmers in Osun 

state can improve on their productivity by employing more resources while farmers in Oyo state can only improve their 

productivity by reducing their current level of resource-use.    

           The estimated gamma (γ) parameter of farms in Osun state was 0.99 and highly significant at 5.0% level of 

significance (Table 4). This means that 99% of the variation in rice output among the farms in Osun state was due to the 

differences in their technical efficiencies.  In the case of the farms in Oyo state however, it was only about 16% of 

variation in their rice output that was accounted for by differences in technical efficiency (Table 5). These results confirm 

the presence of the one sided error component in the model, therefore, making the use of Ordinary Least Squares (OLS) in 

model 1 inadequate in representing the data. These results are consistent with the findings of Ajibefun et al (2002); 

Ajibefun and Aderinola (2004); Idiong et al (2006). The estimated sigma square (2σ ) of each of the farms were 0.008 and 

0.018   for farmers in Osun and Oyo States respectively.  The values were large and significantly   different from zero 

(Tables 15 and 16).  This was an indication of a good fit of the model and the correctness of the specified distributional 

assumptions. 

Table 4: Maximum Likelihood Estimates for the Parameters of the Stochastic Frontier Production Function for 
                 Rice Farmers in Osun State. 

 
Variables Model 1 Model 2 

General Model (Production Function) 

Constant 2.703 
(7.720) 

2.943 
(11.31) 

Farm Size 0.949*  

(18.95) 
0.961* 
(22.24) 

Family Labour 0.011 
(0.803) 

0.016 
(1.459) 

Hired Labour -0.014 
(-0.435) 

-0.036* 
(-2.136) 

Quantity of Fertilizer 0.240 
(0.808) 

0.534* 
(2.479) 

Quantity of Rice Seed Planted 0.024 
(0.525) 

-0.063* 
(-2.098) 

Amount spent on Agrochemicals 0.068*  
(4.354) 

0.037* 
(2.788) 

Expenditure on Implements 0.020 
(0.067) 

-0.047* 
(-2.506) 

Inefficiency Model 
Constant 

0 
0.3947 
(7.301) 

Age of Farmer 
0 

-0.007*  

(-4.139) 
Years of Education 

0 
-0.003 

(-0.869) 
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Contact With Extension Agents 
0 

-0.014* 
(-1.993) 

Variables Model 1 Model 2 
General Model (Production Function) 

Years of Farming Experience 
0 

0.001 
(0.935) 

Amount of Credit Available to Farme 
0 

0.007 
(1.152) 

Variance Parameters 

Sigma Squared 0.004 
0.008* 
(8.260) 

Gamma 
0 

0.999* 
(236.2) 

Log Likelihood Function 199.2 217.4 

  
           Notes: * means estimated coefficients which were significant at 5.0% level.  

                     Figures in parentheses are t-ratio values. 

          Source: Results obtained from Data Analysis. 

Table 5: Maximum Likelihood Estimates for the Parameters of the Stochastic Frontier Production Function for 
Rice Farmers in Oyo State 

  
Variable Model 1 Model 2 

General Model (Production Function) 
Constant 2.093 

(9.676) 
2.376 

(9.603) 
Farm Size 0.306* 

(3.692) 
0.314* 
(3.933) 

Family Labour 0.162* 
(2.943) 

0.142* 
(2.563) 

Hired Labour 0.308*  

(3.783) 
0.284*  

(3.588) 
Quantity of Fertilizer 0.010 

(0.556) 
0.001 

(0.044) 
Quantity of Rice Seed Planted 0.065 

(0.846) 
0.026 

(0.346) 
Amount spent on Agrochemicals 0.007 

(0.323) 
0.010 

(0.437) 
Expenditure on Implements 0.079 

(1.239) 
0.051 

(0.794) 
Inefficiency Model 

Constant 
0 

0.061 
(0.609) 

Age of Farmer 
0 

0.001 
(0.573) 

Years of Education 
0 

0.008 
(1.526) 

Contact with Extension Agents 
0 

-0.067 
(-1.195) 

Years of Farming Experience 
0 

-0.002 
(-0.491) 

Amount of Credit Available to Farmers 
0 

-0.00001 
(-1.471) 

Variance Parameters 
Sigma Squared  

0.019 
0.018* 
(8.047) 

Gamma 
0 

0.159 
(1.613) 

Log Likelihood Function 90.16 93.65 
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      Notes: * means estimated coefficients which were significant at 5.0% level.  

                            Figures in parentheses are t-ratio values. 

Source: Results obtained from Data Analysis. 

 The distribution of decile range of technical efficiency estimates of the farmers (Table 6) showed that technical 

efficiency (TE) indices ranged from a minimum of 66.8% to a maximum of 99.8% for the farms in Osun state, with a mean 

of 90.1% and a standard deviation of 6.6%. Thus, in the short run, there was a scope for increasing rice production of an 

average farmer by about 10.0% by adopting the technology and techniques used by the best practiced (most efficient) rice 

farmers. Such farmers could also realize a 9.7% cost savings (i.e., 1–[ ]8.99
1.90 ) in order to achieve the TE level of his 

most efficient counterpart (Bravo-Ureta and Pinheiro, 1997 and Raphael, 2008). For the most technically inefficient 

farmer, he has to achieve a cost saving of about 33.0% (i.e., 1-[ ]8.99
8.66 ) to become the most efficient farmer. This 

could be achieved by addressing the issue of negative elasticities of hired labour, quantity of rice seed planted and 

expenditure on implement (Table 4). The decile range of the frequency distribution of the TE indicates that about 1.0% of 

the rice farmers had TE of less than 71.0% while about 99.0% had TE of equal or greater than 71.0% (Table 6). 

 In Oyo state, the predicted farm specific TE indices ranged from a minimum of 84.4% to a maximum of 99.4% for 

the farms in the sample, with a mean of about 94.0% and a standard deviation of 4.3%. Thus, in the short run, there is a 

scope for increasing rice production of an average rice farmer by about 6.0% by adopting the technology and  technique  

used by the best-practiced (most efficient) rice farmer. Such a farmer could also realize a 5.1% cost savings (1-

[ ]4.99
3.94 ) (Bravo-Ureta and Pinheiro, 1997 and Raphael, 2008). A similar calculation for the most technically 

inefficient farmer reveals a cost savings of about 15.1% ((1-[ ]4.99
4.84 ). This could be achieved by addressing the issue 

of low elasticities obtained for quantity of fertilizer, amount spent on agrochemicals and expenditure on implements (Table 

5). The decile range of the frequency distribution of the TE indicates that about 83.0% of the rice farms had TE of over 

90.0% and about 17.0% had TE ranging between 71.0% and 90.0%. 

Table 6: Decile Range of Frequency Distribution of Technical Efficiencies of Rain-fed Upland Rice Farmers in 
Osun and Oyo States 

 
Decile Range of 
Technical Efficiency (%) 

Osun state 
  

Oyo state 
  

  No % No % 
> 90 73 48.67 124 82.67 
81 – 90 66 44 25 16.67 
71 – 80 10 6.67 1 0.66 
61 – 70 1 0.66 0 0 
Total No of Farms 150 100 150 100 
Mean % 90.1 94.3 
Minimum % 66.8 84.4 
Maximum % 99.8 99.4 
Standard Deviation 6.6 4.3 

 

Source: Results obtained from Data Analysis. 
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TEST OF HYPOTHESES  

Test of Hypotheses that Rice Farmers are Operating In Stage II of the Production Surface 

 The null hypothesis states that rice farmers are operating in the efficient region (stage  II) of the production surface 

where RTS should be between zero and unity that is, O<  RTS<1.  H01: RTS = Stage II 

 The null hypothesis was rejected for farmers in Osun State because for Osun State RTS  = 1.40 and accepted for 

farmers in Oyo State, where RTS = 0.83.  

Test of Hypothesis of Absence of Inefficiency Effects 

 H02: γ = 0 

 The test used was the generalized likelihood ratio test and the test statistic computed was the Chi-square(χ 2) 

distribution and the results are as presented in Table 7. The results showed that the null hypothesis, γ = 0, was rejected for 

farmers in Osun state. This implied that the traditional average response function was not an adequate representation of the 

rain-fed upland rice production in the state and there were inefficiency effects in the production processes of the farmers. 

However, in Oyo state, the null hypothesis was accepted. This implied that the technical inefficiency effects were not 

strong in the production of rain-fed upland rice in the state and that variation in their production processes was only due to 

random effects.  

Table 7: Test of Hypothesis on Technical Efficiency 

H02: Rice farmers are fully technically efficient (γγγγ = 0) 

State 
L (H 0) L (H a) 

2

Computed

χ  d.f 
2

05.0,7

χ  Decision 

Osun 199.2 217.4 36.4 7 14.07 Reject H0 

Oyo 90.16 93.65 6.98 7 14.07 Accept H0 

 

Source: Results obtained from Data Analysis. 

CONCLUSIONS 

 This study comparatively examined the demographic and production characteristics of rain-fed upland rice 

farmers in Osun and Oyo states of Nigeria; estimated the profitability, of rain-fed upland rice production as well as 

determined the technical efficiencies of rain-fed upland rice production in the study areas. Data collected from 300 rice 

growers in the two States through a combination of purposive and multi-stage random sampling techniques were analyzed, 

using descriptive statistics, gross margin analysis and the stochastic frontier production function analysis. Results showed 

that the mean ages of the rice farmers were about 44 years and 38 years which implied that rice farmers in Oyo state were 

younger than their counterparts in Osun state, while the mean rice farm sizes were 1.3 ha and 1.9 ha for Osun and Oyo 

states respectively.  

 Rice paddy outputs averaged about 1,679.5kg/ha in Osun while that of Oyo state was about 1,158kg/ha. Rice 

paddy growers in Osun state earned average gross margin/ha of N34, 181.38 while their counterparts in Oyo State received 

N25, 448.84. Thus, rain-fed upland rice production could be said to be profitable among small-scale farmers in Osun and 
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Oyo States. The benefit cost ratio of 2.69 and 2.49 obtained for rice farmers in Osun and Oyo state respectively, showed 

that rain-fed upland rice production is a worthwhile investment.  

 Results of the stochastic frontier production function analysis showed that land was the most productive 

resource with elasticity of production of 0.961 and 0.314 for Osun and Oyo states respectively, the predicted technical 

efficiency estimates showed that rain-fed upland rice farmers in Oyo state (with mean technical efficiency of 94.3% were 

more technically efficient than their counterparts from Osun state (with mean technical efficiency of 90.1%). 

Although rain-fed upland rice enterprise was profitable in the study areas, rain-fed upland rice farmers were not fully 

technically efficient in the use of production resources available to them because there were scopes for increasing paddy 

production by 9.9%  and 5.7% technical efficiencies in Osun and Oyo state respectively using the present technology.  
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